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PREFACE 

THE series of readings contained in the pl'esent volume give in 
somewhat expanded form the substance of a Cou rse of illustrated 
lectures which has now for several years heen deli vered each 
semester at the U oi versity of Michigan. The keynote of the course 
may be found in the dominant characteristics of the different earth 
featul'es and the geological processes which }lave been betrayed 
in the shaping of them. Such a geologica.l exam ination of land~ 
seape is replete with fascinating revelations) and it lends to the 
study of Nature a deep meaning which cannot but enhance the 
enjoyment of her varied aspects. 

That there is a real place for such a cultural study of geology 
within the University is believed to be ShOWll by the increasing 
number of students who llavc eler.tec1 the work. El'en more than 
in former yeal's the American travels afar by Car or steamship, and 
the earth's surface features in all their manifold diversity are thus 
one after the other unrolled before him. The thousands who each 
year cross the Atlantic to roam over European countries may by 
historical, literary, or artistic studies prepare themselves to derive 
an exquisite pleasure as they vis it places identified with past 
achievement of one form or another. Yet the Channel coast, the 
gorge of the Rhine, the glaciers of Switzerland, and the wild scenery 
of Norway or Scotland have each their fa.scinating story to tell 
of a history far more remote and varied. To read this history, the 
runic characters in which it is written must first of all be mastered j 
for in every landscape there are strong individual lines of char­
acter such as the pen artist would skillfully extract for an outline 
sketch. Such character profile8 are often many times repeated in 
each la.ndscape, and in them we have a key to the historical record. 

An object of the present readings has thus been to enable the 
student to himself pick out in eaoh landscape these more significant 
lines and so read directly from Nature. In the landscapes which 
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haH' heen rrpresf>lltetl. tilt, aim has hl'PII to dra.\v RS far as possible 
UpOIl lu<:aliLies \\,(,11 kTlown to tl'aw'!el's and likely to he visited, 
t~it.ller because of theil' hi,-;L""iclUl int.erest OJ' their pUl'£dy scenic 
attractions. It slwnltl thus lit' ]'ussiblt> for a tuurist in America 
QI' Europe t.n }lU\'l,)\\(> 1Ii7o; hmd::.cape l-it\\dif':-:i whem~\ler he sets out 
"POll hi!:i tJ':"wcls. '1'11 (' het-Ler to aid him in this ellCleaxol', some 
sllggel:itioll:S cOIH'el'llillg t.he itillt'rary of journeys kl.ve been supplied 
in an appemlix. 

R ega.rded as a t.extbook of geology, the present work offel's some 
tl£'}l<utul'es from existing exaIllJ,les. Though it has been cnstomary 
to combine ill a Sillg-lc t.ext lti!$iOl'icai wit,1l dynamical and strllctt.u'al 
geology, a tCl.ldcllry ]ll.lS alrN\dy b('('oUl{' apparent to treat the his~ 
tori cal <livisioll apart h OH! tlie others. Again, a desire to treat the 
science of geolngy comprehensively has \{'d some authors into in~ 
cl11l1ing so UH11lj' subjects as to render tiJpir texts unnecessarily 
encyclopedie and cOlTespondillgly uninteresting to tlw general 
reader. ]t is the 3.llthOl'·s belief that there is a I'caineed for a book 
which nHly he I'ead inlelligt;'nt.ly by the general publi c, and it must 
he rcco~nizccl t.hat tlH' heg-imler ill t.he subject cannot cover the 
entire hrld hy iI single {"HIl'St' of readings. The pl'eseut woi'k has, 
t herefore, bet'n l)l'cpal'ed with a view to selectiug fol' study those 
dominant geologil·al pl'Oeesst's which are best illustrated by features 
ill northern ~ot'th Allleric~t and Europe. It. is this desil'e to illus~ 
tra1,e the readings by tl'3.Yels afield , which accounts for the promi~ 
nence given to the subject of gla.ciation j for the larger number of 
colleges and universities in both America a.nd Europe are surrounded 
by the heavy accumulations that have resulted from former glacia~ 
tiolls. 

Em phasis has also been placed t1 pOll the dependence of the domi~ 
llant gf'ological processes of any region upol1 existing climatic con~ 
djt;iuIls, a fact to which too little attelltion has generally been given. 
This CXpla.jllS the rather flllJ treatment of UeS61't regions, of which, 
in our own country particubdYI much may be illustrated upon the 
trallscoutineutai railway journeys. 

More tha.n in most texts the attempt has here been made to teach 
dirf'ctly through the eye with the efficient aid of apt illustrations 
intimately interwoven vdth the text. For sllch success as has been 
reached in this endea\'or, the author is greatly indebted to two 
students of the University of l\fichigan

J 
- Mr. James H . Meier, 

who has prepared tbe linedrawlllgs of landscapes, and Mr. Hugh M. 
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Pierce, wJIO has dranghted the dia.grams. Though credit has in 
most ca~e."l heen given where illustral"ioll~ have been made from 
another'f) photographs, let especial mention should here be Inade 
of the df.:!ut to Dr. H. 'f. Ftli rbank R of Berkeley, CaJifornia, whose 
bea.utiful amI instl'l1cti,'e photographs a.l'e I'e produced upon ma.ny 
a page. 

As given at the UniverHity of l\ f_ ichigauJ the lectures reflected 
in the pl'e!ient "O!UIIH' :trc supplement.ed by excursions and by so 
much laboratory practice as is necessa.ry to become familiar with the 
more eommon lllinerais and I'ocks. aud to read intelligently the usual 
topographical aud geolof!"lcai mttps. In tLe apjJcodices the means 
for carrying out such stuuies, ill part with newly devised apparatus, 
h ave been inclicatetl. 

The scope of the buuk )wf'rludes the possibility of furni shing the 
reader with the soun:es for t.he body of fa,ct and theory wh ich is 
presented, altl loug-!t lUucli ma.y he infefTed from the names which 
appear hellcath t.he illustrations, and more defiuite knowledge will 
be found in the ,'efel'eI1GeS to literature supplied at the ends o[ 
chapters, A large (\'mOllnt oC original and unpublished material 
is fo ]" a silllilar J'('il~UIl 1I1Li<LiJeit;d, allli it has heen left for the pro­
fessional geologist tu detect these new stra.nds which hal'e been 
ura.wn iuto the wph, 

A NN ARBOR, lIhC Ul(lAs, 
October 25, 1911, 

WILLIAM ll};ItBERT nOBBS. 
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EARTH FEATURES AND THEIR MEANING 

CHAPTER I 

THE COMPILATION OF EARTH HISTORY 

The sources of the history. - The science which dcals with the 
chapters of earth history that antedate the carliest human wri t,.. 
ings is geology. The pages of the record nre the layers of rock 
which make up the outer shen of our world. Here as in old 
manuscripts pages nre sometimes found to he missing, and on 
others the writing is largely effaced so as to be indistinct or even 
illegible. An intell igent interpretation of this record requires a 
knowledge of the materials and the structure of the earth, as 
well as a. proper conception of the a.gencies which have cP.used 
change and so dcYcloped thr history. These agencies in opera­
tion are physical and chemical processes, and so the sciences of 
physics and chemistry are fundamental in any extended study of 
geology. Not only is geology, so to speak, founded upon cbemis­
try and physics, but its field overlaps tbat of many other im­
portant sciences. The earliest earth history bas to do with the· 
form , size. and physical condition of a minor planet in the Bolar 
system. The earliest portion of t.be story belongs tberefore to 
astronomy. and no sharp line can be drawn to . .,eparate this chap­
ter from those later ones which are more clearly within the domain 
of geology. 

Subdivisions of geology. - The terms II cosmic geology" and 
U astronomic geology" have sometimes been used to cover the 
astronomy of the earth planet. The later eartb history develops, 
among other things. the varied forms of animal and vegetable life 
wbich have bad a definite order of appearance. Their study is 
to a large extent zoology and botany, though here considered 
from an essentially different viewpoint. This subdivision of our 
science is called paleontological geology or paleo.ntology, which 

I 
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in ('om01OU lIsap;:(' in('iudf'S the plant a~ wf'1I :l:o; the animal world , 
Or what i~ ~oU1ctilllc::$ CD-lied pakobotany. In order to fix the 
order of (-"v('nts ill p;:eologicul history, these biological studies are 
np('Pssa r~', for the page:: (If the fPrord have lTIany of t.hem been 
mi:;;ptuN'<i as :J. f£'suit of Ow vitissitudes of eart.h history, !lnd the 
rema ins of life in I he rock byers supply a pagination from which 
it. is possihle to corre(,tly rearrange the mi!piaccd page:'\, As com­
piled int.o a eOlll'5ccuLivp history of the earth since life appeared 
upon it , we hnve the division of historical geology ; though this 
diffPr:-> hut little from strntigraphi(!al gpofogy, the f'mphasis in the 
f·/l.":(' of thr former heing pl::tC'Pd on the hi foi1o ry its('lf and in 1hr 
latter upon the [lrr!Ulgemcnt of events - t,be pagination of the 
record. 

:-;0 far as they are known t.o us, the materials of which the 
PlHth i~ ('ompol'ed are millcrals grouped into various characteristic 
:I~gr{'gt!l.('s k!W\\'1l :I::; rorks. Here the f;c i('n('c is founded upon 

rllilwralogy a!:i well :lS dH:'lllistry, and :1 study of the rork materials 
of tlw e:\ rth is dcsigmltcd petrographi(':iI geology or ppt.rogra.phy. 
Thr ":Iri()ll~ ro('k~ which f'ntf'r into f he l"ompol'ition of the ('arth's 
out,('r ~llf'll - the only portion known t,o us from dirf'('t ohserva~ 
tion - art' built into it in an architet'ture whir-h, whpil carefully 
studied, di:;c loses important, events in the earth's uistory. The 
division of the science which is concerned with earth architecture 
is geotectonic or structural geology. 

The study of earth features and their significance. ~ The 
features upon the surface of the earth bave all their deep sig­
nific3.ll c{', and if properly under tood, a flood of ligh t is thrown, 
not only upon present conditions, but upon many chapters of the 
earth's earlier history. Here the relation of our study to topog­
raphy and geograpby is very close, so that the lines of separa~ 
tioll arC' but, ill defined. Tht' tenm; IlphYRiogrnpbical geology," 
"phYf'iography," and" geomorphology" are concerned with the 
('onfiguration of the earth'fi surface - its physiognomy - and with 
the gem'sis of its individual surface features. It is this ge~ 

netical side of physiography which separates it from topograpby 
and lends it an absorbing interest, tbough it causes it to largely 
overlap the division of dynamical geology or the study of 
geological processes. In fact, the difference between dynamical 
geology and physiograpby is largely one of empbasis, the stress 
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being laid upon the processes in the former and upon the result· 
!lnt features in the latter. 

Under dynamical geology nTe included important subdivisions, 
such as seismic geology, or the study of earthquakes .. a.nd "u1-
cnnology, or the st,udy of volcanoes. Anoth('r Inr,gr· subj c'('i, 
giuciul gl'olugy, b{'iullgs withill tli(:> brOllCl frontier eommUIl t.o lIoUI 
dynamical gf'ulug~' and pilysiup:rapily. A I'elativl'ly IIt'W suiJ­
division of geological seience is orientatiollul geology, which is 
toncerm~d wi th the lrenJ of enrth feutu re~, and is closely related 
both to physiography and to dynami('a l and st runt,uml geology. 

Tabular recapitulation. - 1 n ~\ s ligh1.I~1 different arrangement 
from the ahovp ord c"r of mention, the subdivisions of geology are 
:1." foll ow~: -

Petrogrtlphi,c ,1 Geology. 
Gwtecionic Geology. 

SabtNIri,lIi()WI of Geol()(JY 

Materials of t.ha earth. 
Arl'uiu,'{'l,un uf t.ho earth's ouw r 

shell. 
Dvnamical Geol(J(}Y. ~art.b proc~·ssPS. 

Seismic Geology - f'arthQuakes. 
\- ull·analogy -VOiNLD<WS. (: il\(·iui 
Gooiogr - glo£ ie rs, elc.:. 

PhYililJ!fT(l7Jit ical eeoloyy. Eart.ll physiognomy u,IlII i t~ 

Orio/{a/i0l4ul (/('olnyy. 
genesis. 

Tlw l1.rrangulfwnL und t.he In·nil 
or earth feat,ureH. 

In onc way or another all of the above ~ubdivi sion s of geology 
are in some way concerned in the genesis of earth ph~'siognomy, 
Hnd they must, therefore he gi\'('T1 con:-; idcration in 11 work which 
is devoted to a study of t he meaning of earth fea.tures. The 
compiled record of the rocks i.-i, howevf'r, i:iomcthiu~ quite apart 
and without pertineocf' to thl-' prc!-)cnt work. A.~ !tlrt'ady indi{!at.ed 
its 8ubdivision~ art~:-

Astro,wmic Gcolu{IY. 
Slalignt.phic GI:()(lJrIY. 
JJ l:sloric{ll GeolorlY. 

Pa1eont.ological Geolouy. 

Pla.netary hisLor.v or t.ho ('Mill. 
']'he pagination or ('anh rt"cords. 
The oornpilttd rl'corll and its in w r-

prE:tation. 
The evolut ion o( tiff.! upon t.he earth. 

In every attempt at systematic arrangement difficulties art" 
encountered, usually h{'c:mse no one consideration cnn be wo:cd 
tbroughout as the ba...,;;i:-: of rlnssi fi cation. Ruch term:-; :lS It e(:o-
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nomic geology" and H mining geology J1 have either a pedagogical 
or a commercial significance, and so would hardly fit into the 
system which we hove outlined. 

Geological processes not universal. - It is inevitable that the 
geology of regions which Rre easily accessible for study should 
have absorbed the larger measure of attention; but it should not 
be forgotten that geology is concerned witb the history of the 
entire world, and that perspective will be lost and erroneous 
conclusions drawn if local conditions are kept too often before 
tbe eyes. To illustrate by a single instance, the best studied 
regioll .. ~ of the globe nrc those in which fairly abundant precipita­
tion in the form of rain has fitted the land for ens), conditions of 
life, nnd has thus permitted the development of a high civilization. 
In degree, and to some extent also in kind, geologic processes 
are markedly different within tho8e widely extended regions which, 
because eit.her arid or cold, have been but ill fitted for human 
habitation. Yet in the historical development of the earth, those 
geologir processes which obtain in desert or polar regions are none 
the less important because less often and less carefully observed. 

Change, and not stability , the order of nature. - Man is ever 
prone to emphasize the importance of apparent facts to the dis­
advantage of those less clearly revealed though equally potent. 
The ancient notion of the terra fi'rma, the safe and solid ground, 
arose because of its contrast with the far more mobile bodies of 
water; but this illusion is quickly elispelled with the sudden quak­
ing of the ground. Experience has clearly shown that, both upon 
and beneflth the earth's surface, chemical and physical changes 
are going on, subject to but little interruption. "The hills rock­
ribbed and ancient as the sun" is a poetical metaphor; for the 
Himalayas, the loftiest mountains upon the globe, were, to speak 
in g~ological terms, raised from the sea but yesterday. Even 
to-day they are pu.hing up their heads, only to be relentlessly 
planed down through the action of the atmosphere, of ice, and of 
running water. Even more than has generally been supposed, the 
earth suffers change. Often within the space of a few seconds, 
to the accompaniment of a heavy earthquake, many square miles 
of territory are bodily uplifted, while neighboring areas may be 
relatively depressed. Thus change, and not stability, is the order 
of natu",-
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Observational geology VtTSU& speculative philosophy. - There 
appears to be a more or less prevalent notion that the views which 
are held by scientists in one generation are abandoned by those 
of the next; and this is apt to lead to the belief that little is really 
known and that much is largely guessed. Some ground there 
undoubtedly is for such skepticism, though mucb of it may be 
accounted for by a generai failure among scientists, as. well as 
others, to clctlrly differentiate that which is essentially speculative 
from what, is based broadly upon ob~erved facts . Even with 
extended observation, the pos.~ibi]ity of exp:aining the facts in 
more than ont' way is not excluded ; but the line is nevertheless 
a broad one which separates t.his entire field of observation from 
what is essentially speculative philosophy. To illustrate: the 
mechanics of the act.ion which goes on within volcanic craters is 
now fairly well understood ... a resul t of many and extended 
observations, and it is little likely t.hat future generations of 
geologists \\--ill discredit the main conclusions which have been 
reached. The cause of the risc of the lava to the earth's surface 
is, on the other hand, much les.'S clearly demonstrated , and the 
views which are held express rather the differing opinions tJhan 
any clear deductions from observation. Again, and similarly, the 
physical hist,ory of the great continental glaciers of the so-called 
" ice age " is far marc thoroughly known than that of any existing 
glacier of the sa me type; but the cause of the climatic changes 
which brought on the glaciation is still largely a matter for specu­
lation. 

In the present work, the attempt will be, "0 far ... possible, to 
give an exposition of geologic processes and the earth features 
which result from them, with hints only at those ultimate causes 
wbich lie hidden in the background. 

The scientific attitude and temper. - The student of science 
should make it bis aim, not only clearly to separate in hL'S studies 
the proximate from the ultimate causes of observed phenomena, 
but be should keep bis mind always open for reaching individual 
conclusions. No doctrines should be accepted finaily upon faith 
merely, but subiect rather to his own reasoning processes. This 
should not be interpreted to mean that concerning matters of 
wbich be knows little or nothing be sbould not pay respect to the 
reco~zed autborities; but his acceptance of any theory should 
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be subject to review !olO ~oon as his own horizon 11 ft!' heen sufficiently 
rnlarged. False th{'ori eg l'ould hardly have endured so long in the 
pa!'it, had not too great rcsped been given to authorities, and in­
di vidual ff'a:.;oning: processes breD held too long in subjection. 

The value of the hypothesis. - Because all t he facts necessary 
for a full interpretat ion of ohsen-ed phenomena are not at one's 
hand, tbis should not he made to E'tanci in the Wfly of provisional 
f·xpbn:ltions. If scien('e i::; to :ldnwcc, the use of hypothesis is 
a":-:o\utpiy cssrnti :-d ; but the pnTticular hypothesis adopted sbould 
be Tf'gnrcied a:' tl'mporary and as indicating It line of observation 
or of ('xp(' riIlH'uhltioll whidl i:-: to he followed in t.(':-;t,inp; it. Tilli s 
fPp;ankd wit,h all opel1 mind , inadequa te h~'pot iwl"P:-; are PVt'lltu­

flll~' foulld to h(' untl'llahlr. whr rf>[ls corr('('t I'xplanations of the 
f::lctl'l by t Iw sn llw pn)l'p:-(:-( :1 1"(' ('onfirmed. l'vfo:-;t hypotheses of 

:'Wil'IH:f' arC' hilt pnrtinll.v rorrel'l , for we now II ~e(' through a glass 
darkly" hilt ("'('11 !'lO , if J1ro Jl(' rl~' j ,('~t,pd, the ffll se plements in the 
h~"poth('si:-( :lrr OIH' aft(' r the other ('limina tpd a~ tht:' embodied 
t ruth is ('onfirnwrl ami ('nhtrgcd. Thu!'" working hypothesis 1/ 

pa.!;sp:o: into tlWOf Y and i)('('ome~ I:In iniC'g:ral part of science, 

H!::AIHN{; H.E"'E It,.;,..('f·~.", nIT! ClUl'T,.;H I 

1'b(' most ('ompr('ilf.'nl'iv(' or ~t' lH'ral JrMlogi('aJ lcxi.i'i wrilten in English is 
C hamhf'rlin anci Salishllr,V ':; "Gt~o Jog.r " ill three \'ol llrn ('~ (Honry Bolt, 
!!)04- 1H06 ). thl'l firs1 yolllTllf' of whif'h i!-i dp\,otoo exdusively to geologi f!al 
prOf'f'ssef; and their resul ts. An !\.hridgecd one-volumf' edhion of Lb(' work 
intf'uded for u;.;e M a ('ollege lext, wa.~ issued in 1906 (College Geology, 
Henry H olt ). Otber standard text!) are:-

SIR ARCHIBALD GEIKIE. Text-book of Geology, 4th ed. 2 vols. Lon­
don. 1902. pp. 1472. 

W . B . SCOTT. An In troduction Lo Geology. 2d ed. Macmillan, 1907, 
pp. S !G. 

J . D . D ANA. Manual of Geology. New edition. American Book Com­
pany, 1895, pp. 1087. 

JOSEP H LECONT E. Elements of Geology, (Revised by Fairchild.) 
Applet.on. 190[1, pp. 667. 

A very valuahle guide to the recent litera.ture or dynamical and st.ruc­
tural geology is Branner 's "Syllabus of a Course of Lectures on Elemen­
tary Geology" (Stanford University, 1908). 

On the relation of geology to landsca.pe, a number of interesting hooks 
hav~ been written:-

J AlIES GEI'K1E. Earth Sculpture or the Origin of Land-Forms. New 
fork a.nd London, 1800, pp. 397. 
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J OHN E. MARR. The Scientific: Study of Scenery. Methuen, London, 
WOO, pp. 368. 

81R A . GEIKIE. The Scenery or Scotland . 3d ed. Macmillan. London, 
! \lOl, pp. MO. 

SIR JOHN LUDDOCK. The Scenery of Switzerland and the Causes to width 
it is Due. Macmillan. London. 1896, pp. 480. 

LORD AVEBUTtY. Tbf' Seeneryof England. Mll('millan, London. J!102. 
pp.5:14. 

SIR A. GEIKIE. Landscape in History, tLlld Other gfolsa.yl'i. Ma,(,lTlilian. 
London. 1905, pp. 35:2. 

N. S. SUALER. ASPf'ct.!l of tlle }~arth. Rcrihnf'rs, Nt'w York. 1 ,~H!f, pp. :i44. 
(;. J)~: LA Nm: l ' t F."IM. I)E lVl AIWt:nllf.. I.J(' ~ F'(lrlTl('!l dll Tflrrf~in, S('n' i('() 

C'::oJ!Taphiqllf' dp J'Armfc. Parifl. I &_~. Pf>. 20:'). pIs. 4;":. 
W, M. DAn~. PrtWI\I'a,\ l<:xf'rd~~s in Physif'l\\ Oi'(l~r'Lphy . with At'f'j)n\­

punying Atla .. '!. Ginn nnd Co .. BO!;tOIl, I ~, pp. 148. pi:.:. 4fi . 
• JOHN]\1 Uln. The Mountainsor California. Unwin, London, 1804, PJl.~I. 

Upon the usc and interpretatlon of topographic mapS in iH"ustration or 
ehar:1cteristi(' earth features, the following are recommended: -

R. D. SALISJJUHY and W. 'V. ATWOOi). The luterpretatioJl of Topo­
gra»hic Ma.ps. Ptof. Pap., (j() U.S. Gool. Sun .• pp. 84, pis. 170. 

D. w. JOl:l._N~or.; and P. E. MATTHES. 'l'hp Relation or OI~logy lu 
'I'opography, in Breed and Hosmer's Prinr-ipil.'s Rilli PrIL(-ti.-c or Sur­
vpying, vul. 2. Wiley, Nf'w York, 1908. 

O~:.'\t~RAL BI;;R'l'HAUT. Topologie, Ef.ude du Terrain. St'rvi(>e (M{)~rn.-
pbique de L'Arm6e. Paris, 190H. 2 vols .. pp. 330 ami 674. pI !;. 26ij. 

The United Slates Goological Sur .... ey is~ues fr~ or charge a list. of 
100 topogrl1ph il: altas sheets which illustrate the more imllOrtant physi­
ographi,' types . 10 his" Traitli de Geographie Ph.vsiqu(l," Profossor E. dt' 
Mart.onne bas gi\'~n at the end of etu·b cbapter the illlporLlLnt fureigll 
maps which illustra.te the physiob'l"aphic types thoro described . 

.• The Principlo!; of Geology. " by Sir Charles Lyell . puhlished first in thr/'O 
volumes. appea.red in the years 1830-J8a3. and may be snid to mark I,.hf' 
ilegi.uu.ing at tllor.Wru geotogy. L.a.tet tedllf!OO t.o two VOhllUes.~ au ew.v~\\tll 
edition of the work wa.c; jssuf:d in 1872 (Apl))('ton ) and ma.s he profitably 
read llnd studied to-day by aU folt,udents of geology. Thus£' fn.miliar with 
tbl-' Dennan h\oguage will derive both pleasure and profit. from a perusal 
of ~cumnyr's .. Erdgeschichtf''' (2d ad. revised by Uhli£. l.tlipzig and 
Vienna. 2 vols .. 189;j....1897). and especially the first volume ... Allgemein(' 
Geologie." A rooent ~-"tetleh work to be rooommended ll!. Ha.ug·~ .. Trait.e 
de Geologie" (Paris, l00i ), 

Some texts of physical geography ma.y weU be consulted, especially 
Emm. de },{artonne's "TraiL6 df' Geographie Physique." Colin. Paris, 
1909. pp. 910, pis. 48, and figs_ 396. 

NOTE. An explanatory list of abbreviations used in tbe reading refer­
ences follows the List of TIiustra.tions. 



CHAPTER II 

THE FIGURE OF THE EARTH 

The lithosphere and its envelopes. - The st.ony part of the 
earth is known as the lithosphere, of which only a thin surface 
shell is known to us from direct observation. The relatively un­
known central portioo, or It core/' is sometimes referred to as the 
centrosphere. Inclosing the lithosphere is a water envelope, the 
hydro'phere, which comprises the oceans and inland bodies of 
water , and has a mass n'n that of t he lit hosphere. If uniformly 
distributed, the hydrosphere would cover the lithosphere to the 
depth of about two miles, iustead of beiug collected in basins as it 
now is. Though apparently not continuous, if we take into account 
the zone of underground water upon the continents, the hydro­
sphere may properly be considered as a continuous film about the 
li thosphere. It is a fact of much signifi cance that all the ocean 
basins are connected, so that the levels are adjusted to furnish a 
common record of deposits over the entire surface that is sea­
covered. 

Enveloping the hydrosphere is the gaseous envelope, the atmos­
phere, with a mass ~ t hat of the lithosphere. The atmos­
phere is a. mixture of the gases oxygen and nitrogen in parts by 
volume of one of the former to four of the latter, with a relatively 
small percent.age of carbon dioxide. Locally, aud at special 
seasons, the atmosphere may be charged with relatively large 
percentages of water vapor ; and we shall see that both the carbon 
dioxide and the vapor contents are of the utmost importance in 
geological processes and i ~ the influence upon climate. Unlike 
the water which composes t he hydrosphere, the gases of the 
atmoophere are compressible. Forced down by tbe weight of 
superincumbent gas, the layers of the atmoophere at the level of 
the sea sustain a pressure of about fifteen pounds to the square 
inch ; but this pressure steedily decreases in ascending to higher 
levels. From direct instrumental observation, the air has now 

8 
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been investigated too a. height of more than twelve miles from tbe 
ca.rth's surfa.ce. 

The evolution of ideas concerning the earth 's figure . - The 
ideas which ill all ages have been promulgated concerning the 
figure of the earth have been many and varied. Though among 
them aTe not wanting the purely speruln.ti,·e and fantastic, it will 
be interest ing to pass in review such theories ms have grown directly 
out of observatioll. 

The ancient Hebrews and the Babylonians were dwcllcno of the 
dese rt, and in th(' mountains which boundpd their horizon t hey 
saw the confi nes of t he earth. Pushing at, In.:.;t westward beyond 
the moulltain~, tlH'Y found t he M editerranea.n, a.nd thus arrived at 
the "jew t hat t he ear th was a. disk with a rim of mountains wbich 
was Hoated upon water. The rare but violent rainfulls to which 
they were acrustomed - the desert cloudburst - further led them 
to the belief that the mountai n rim was continucd upward in a 
dome or firmament of transparent crystal upon which the heavenly 
bodies were hung and from which out of II windows of heavcD " 
the water II whi ch is above the earth " was poured out upon the 
carth's surfa.ce. Fantastic as t.his theory may seem to-day, it 
was founded upon obsen'ation, a nd it well illustrates the dangers 
of reasoning from observation within too limited a field. 

As soon as men began to s:li i the sea, it was noticed that the 
,vater surface is convex, for the musts of ships were found to remain 
vis ible long after their hulls had disappcared below the horizon. 
It is difficult to say bow soon thc idea of the earth's rotundity wrut 

acquired, hut it is certainly of great antiquity. The Dominican 
monk Vincent ius of Beauvais, in a work completed in 1244, declared 
that the surfaces of the earth nnd t he sen were bOlh spherical. 
The poet Dante made it clear that these surfaces were oue, a.nd 
in his famous address upon If The Wa.ter I.1nd t he Land ," which 
was delivered in Verona on the 20th of January, 1320, he added 
a statement that the continents rise higher than the ocean. His 
expla nation of this was that the continents are pulled up by the 
!lttraction of the fixed stars after the manner of attraction of 
magnets, thus giving an early hint of the force of .gravitation . 

The earth 's rotundity may be said to have been first proven 
when Magella.n's ships in 1521 had accomplished the circumoavi .. 
~atioll of the globe. Circumnavigation., soon after again carried 
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till I [,.\' ,"'ir Fnwt: ;:-: Dnlk(~. pro \'pd t1wl, O, l' Nllth i ... :1 cJD.'!ed boily 
hou ndt·d I I)" ('urving :-:; urfaN':"\ in part enveiopf'u by the oeeans and 
(.\'C'rywherr hy the ntmospherc. The great discovery of Copernicus 
in 1530 that thp ('a rt h, like '~enusJ !\1ars, and the other planets, 
revo!ve~ about. the $Ull [I ... n pl1rt of n system, left litt le room for 
douht t h:l1 ilw fig-un' of til!' f'a l'th Wa R. (':-sentially that of a sphere . 

The oblate ness of the earth. - Every schoolboy is to-day fn.­
miliar with t ht' ftl('t thnt thr Nl. rth dpparts from n perfect, spherical 
fi~(jr(' hy hpill~ flatt ,ruNl ;11 t h(' pnfl," of itfo: Ilxis of rotation. The 
poinr rli :1JlWtPf I:; uS\I :dly p;;iv(, 11 :1:-: ::h jo;.hort.f'f than t,hl' f'quatori!11 
0 11('. Th;:;: 0\,1:111'11(-':-:. .... of t h ... splwroid wa .... prov('n hy v;eodcsisb 
WhC'l1 thr~' (':1 111(, to t'ompan' t ht, lengths of nWfi~ur('d oegree!'l of 
nrc: upon flH 'ridi :t l1,-: in hig-II :lIld in low l:ttitudcH. 

TIl(' ohl:dt'll("~~ of 111(' _gt'oid i:-: wrll ullderstood from accepted 
h~'po1he~e:;, 10 he tlw r('sult of ih(' onc(' more rapid rotation of t he 
planC't when it ~ rnatrri:ll f' Wf' I't' more plastic, and hence more re­
H pon.·:;i n~ to d('forrmd,ion . An ('b ... tie hoop rot.ating r.::tpidly ~,bout. 

:lJl Hxi:-: in i1 :-: phll1e ,-lppf'ar~ 1,0 the pye as :1 Rolid, and becomE's 
tbtten('d :1t till' l'nds of i1. ;-; axi:-, in proportiun :It\ t he velocity of 
roi:1tion is in('J't':.l~t'( 1. l ,ik(, t h<' <-':u·t.h , the ot.iwr pl::Lllct.s in t he 
:->ult:tr !-iy:-:tcm :lr(~ :-; ifllil:l rly (Jb l:ltt-' :Hld by amolluts uep-endent on the 
rdati\'(' vl'lo('itip:o:. of rot a t,ion. 

TIlt' d<'p:.\I't urt' of tilt-' ~t'oid from the Rphrri r.ai surface, owing t.o 
il:, ohbtplH':-':'. i:-::.;o :-;m:l ll lh~)t in t h(, figun.-':-i which Wf' sha ll use fur 
illu:-: tm t i(JfI it would he le:'H t han t. h(' tldGkne:'l~ of a line. Si nce it 
L-.; well r('eo~ni zrd nnt! not important in our preF'ent consideration. 
W(, ~h all for till' time Iwing ~pcn.k of the figure of t he eart h in terms 
of d('p:\ rturf'~ from :1 :5tand:-lrd sphrricai surface. 

Th e a rrangement of oceans and continen ts. - 'I'here a r(' other 
departur('r-: from 3 :;:.phericni surf:I('c t,h:m the oblateness jURt rc­
ferrc'd to, and 1 hf:'Re drparturp:o:., whilc' not huge, are believed to bf' 
full of ~ignlfieHncp. Lt,:-;t, thE' rf':lder should gain a "'Tong impre~­
sion of, their ffil1grtitlJdf', it may be well to introduce a diagram 
drawn to scale and represent,ing prominent. elevations and depres­
sion~ of the t'ar th (Fig. 1). 

'Wrong impressions cOllcerning the figure of the lithosphere are 
sometimes gained because its depressions are obliterated by the 
oceans. The oceans are l indeed , useful to us in showing where 
the depressions are located, but the figure of the earth which we 
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art' considering iioi fhe naked !'urfaec of the rork. In a hroad way, 
the earth's shap(' will be given by til(-' arrangf:'tncnt of t.he oceans 
and the continents. AF. 
~oon <L<; we take up thp 
l:itudy of this a.rrangement., 
w{' find that quite si~n_ifi­
l'~1I1t fa,ct.., of distribut.ion 
are disclosed. 

H"'C_~I' 

FkJo..- aFM.;;:;;'~B~o:======> 
I"kor",A .... I"IC_ 

G ___ ~*"'QIow...-_ 

a 
One of the most signifi­

mUlt fncts involved in the 
LiiRtribution of land :lIld 
~rtl, i~ a. c:oncentration of 
I he land areas within th(~ FlU ,' 1. - Dia1:ran, ,, to, :I(Tprd 

a ('I,rn'('l inlpn's~itlll (If 11 1" 
110rth(>-fll find tbt, Sf'(lS DWH;oIUrF' (I f thp irH'l/lJ/ditlf'J< 

within the southern Iwmi~ "1'011 til(' f!l\t'th'!i "urflU't:' ('llrp ~ 

~phpr('. The noteworthy 
('xf'{'ption is the occurrence 
of t 11(> great and hjgh 
Antaret.il' (\ontinenL f'('n~ 

tf'rf'd near t,he p:'1r1h's 

Ptlr"d tn th., earth '" r:ldilt l', 
Th~' tllwll rClm'/II'ntpd ill I, il'oo 

lbo of tlw Ptlrth '!I rndill fl. :Inti 
ill (I tillfl 7.1111(' iF nlUtmitipd 
for (:(lllJptl.ri!«)U ..... ith "Hrf:w,· 
inl''1uu.lities, 

~outh polE" ; and there arc cxtcn~ions of j ,tH' norl hf'rll 
f'ontinf'lli as narrowinp; \(111<1 ma::;:o,('!-; to th(' soulll\\":lrd 
of .t,IH' equator. H:udly I{·s~ ~i{!:nifi(:Hn1 t,han thr f'X­
i:,tence of land and water hemisphere:.; is the' reci procal 
or antipodal distribu tion of la.nd and sea (Fig. 2). 
A thi rd fact of significance .is a dovetailing together of 1SP;l and 

FIo. 2. - Map on Mercator's projection to 8how the 
reciprocal relation of the land und Belt aretlB (sfter 
Greg()ry and Arldt.). 

land along an east­
and-west direction. 
While the seas are 
generally A-shaped 
and narrow north­
ward, the land masses 
at e V -shaped and nar­
row southward, but 
th1:S occurs mainl.y in 
the southern hem'i­
sphere. Lastly, there 
i~ some indication of 
a belt of sea dividing 
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the land masses into northern and southern portions along the 
course of a great cireif> whi ch makrs a smnll angle with the earth's 
equator. Thus the- western cont inent iF; ncady divided by a 
mediterranean sea, - the Caribbean, - and the eastern is in part 
so divided by the ~epar3.tion of Europe from Africa. 

The figure toward which the earth is tending. - Thus far in 
OUf disc llssion of thl' {'arth ';j figure W (' have becn guided entirely 

by the present dis­
tribution of land and 
water. There arc, 
hon'ever, deprcs~ 

sians upon the sur­
fllee of tbe "'ud , in 
some cases extend­
ing below tbe level 
of the sea, which are 
not, to-day occupied 
by water. By far 
tbe most notable of 
these is the great 
Caspian Depression, 
which with its ex­
tension divides cen-

FlO. 3. - The form toward whirh thE' ftgurE' of the earth 
is tending, Ii tetrahedron \dth symmetrically truncated 
anglce. 

tral and eastern Asia 
upon the east from Africa and Europe upon tbe west. This 
depression was quite recently occupied by the sea, and when 
added to tbe present ocean basins to indicate depressions of the 
lithospbere, it shows that tbe earth 's figure departs from the 
standard spheroid in the direct ion of the form represented in ' 
Fig. 3. This form approximntes to a. tetrahedron, a figure bounded 
by four equal triangu lar faces, here with symmetrically truncated 
angles. Of all regular figures with plane surfaces tbe tetrahedron 
has the .smallest volume for a given surface, and it presents more­
over a reciprocal relation of projection to depression. Every 
line passing through its center thus finds the surface nearer than 
the average distance upon one side and correspondi_ngly farther 
upon the other (Fig. 4). 

Astronomical versus geodetic observations. - Confirmation of 
the conclusions arrived at from the arrangement of oceans and 
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continents has been secured in otber fields. It was pointed out 
that the e:l.tth 's oblateness was proven by comparison of the 
me!lSured degrees of latitude upon the earth 's surface in lower and 
higher la titudes, the degree being found longer as tbe pole is 
approached. Any variation from the spberical surface must ob~ 
"iously increase the size of he measured degree of latitude in 
proportion to the departure from the standard fo rm, and so 
the tetrahedral figure with onc of its angles at, the south pole 
will require that thc;o degrees 
of latitude be longer in t.he 
Routhern tJwu tbey a re in tbe 
northern bemispher('. This 
Jm~ lweD found hy measure­
ment to be the case, and the 
result is furth er confirmed by 
pendulum studies upon the 
distribution oi t he earth 's at­
traction or gravity. If Je' of 
the mtlss of the earth irs oon­
(,pJ]t.rated in the ~ouf,hern 

hemisphere, its attract,ion as 
measu_red in vibrations of FIG. 4. -A truucated tetrBhedmll. showing 
the pendulum should be cor- bowthedepressiolluponouc tl idcof thecen-
rcspondingly smaller. tcr is bilillllced by t.he OPllOSite projection. 

Other confirmations of the tetrailedral figure of the earth bave 
been derived from a comparison of a..C)tronomical data, which assume 
the earth to be a perfect spheroid, wi th geodetic measurements, 
which are based upon direct measurements. Thm; the urc meas­
ured in nn east-aod-west direction across Europe revealed [l, differ­
ent curvature near the angle of the tetrahedral figure from wbat 
was fouud farther to tbe eastward. 

Changes of figure during contraction of a spherical body. - If 
we inquire why the earth in cooling should tend to approach the 
tetrahedral figure, an answer is easi ly found. ViThen formed, 
the earth appears to have beeu a but slightly oblate spheroid, 
or practicall.v a sphere - the shape which of all incloses the 
mo t space for a given surface. Cooled and solidified at the sur­
face to the temperature of the surrounding air, and the core 
still hot and continuing to lose heat, the core must continue to 
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contract tuougb the outer .shell is no longer :1111(' t,o do :';0 . Th l:" 
:-; uperficial area being thu~ maintained constant while the VOIUlIH~ 
t'Olltiuup:-\ to diminish. till' figUrl' must change from the initial one 
uf great('st bulk to otlH'l':-3 of smaller volume, and ultimately, if the 
prot (:';';;O: should continta\ indctirutely, to tilE' tetrahedron, which of 
~dl regular figures ha:.; the minimulll volume for a given surface. 

Tb:lt 1.1 (·~ntr.'lctjng sphere does indeed pass througb such .'l. 

:"l{)ri{'~ of ('hange:o: h~lS been ~hown by the behavior of contracting 
soap bubbles [lnd of rubber balloons, ns well as by experiments 
lIpon tlw exha u!-\1 ion of air contained in hollow metal spberes of 
only moderate strength. 1n nil t,hese instances, the ultimlltf' 
form produt'C'd indicatf'~ nn indenting of four sides of the sphere 
which !Ul\'e the positiolli' of Uw faces of [\. tetrahedron. The l~te 
Pror('~:o:.or PrillI'. of Rrll~;.:(:'lfo: K('cmred some pxtremely interesting 
Tl' . ..;ults in ",hic'\! Ill' oiJ1:Iinf'd intermf'llin.te form:.; with s ix flngle:-;, 
bu t unfortunately th('~(' studies were not, prf:"pared for publication 
:11 thr' t.illl(, of hi:-l dl':dh . 

Tlu· l~:lrih ';.: dl'p:uturp frolU tiu' :-;pheroid ill the direct ion of t.ht~ 
IlltJdifip<\ tl't":LiIl;·dl'OIl i l'l . a:-; Wf' 1Iav(' :-;P('I1, 110 hypotheRi!:l, but uh­
,";(,,1'\'('1/ f:l('( ren·:tled in ( 1) tllc' ('oIWerd,t'flti<:!rl of the land ::thout. 
:L ('('I1Lm] u('c:Ul ill t ht, IIUl'lht'rn ht·JtIisphere; in (2) the ;·mtipoLi:.d 
u·bt;vr. ~!' tlw land to thp w:ltcr nrt.~rIS, and in (3) the thre-efold 
subdivi:-:ion (If tILt, su r fa(·t' illtU Horth :wd :-:outh belts by the two 
,!.!;r('all'l' Ol:('an:-: all(j til(' ('a;-;pitlIl Depre~sion. 

The earlier figures of the earth. - The ma.nner in which conti­
nent ~\l1l1 OCCrul a re dovetailed into enell other in an east-anel-west 
direction hns been ~enerally adduced as additiona l evidence for 
the tetrahedral figure as nbove described. C loser examination 
show~ that instl'u.ci of being in harmony with this figure, it indi­
cnt,(;';-; a d('partu.r(~ from it \ and, :15 we !'hall see, fI significant clepar­
tun' ",hi('h undoui>t.edly hal" it~ origin in the earlier history of 
ULI:' l)lnnpl. Tht, lllediterranean sea!" of both th€' eastern ano tht.' 
westf'rB ·hemi:-:puen·g likp\yi!'t· intt'rf('re with the perfect.ion of 1 he 
tetrahedral figur(' and require ::til explanat,ion. 

Let. us thf>11 p'X~lmine ill outline thE' past hi:;t,ory of the world 
with l'efpJ'en tt' e~p{'('iall~' to the evolution of t.lw f'ontilwnt.:-; nncl 
to t,he timp),) flnd I'llr· ImuUlf'r s of surf~l(:(' changl'. Jt is now weB 
known t.hM thert:- h:lv(' hPf'l) till't.)e major periods of great. c\efOTJl1n­

tion nf th(\ ellrth' :-: shell. Thf:' first of t hese of \'~' hicb we have 
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record came al, LiJ(' end of t,hl:' tir~t grca,t em of geologic hist ory, 
tbp 80-('a l1('(( Eozoir' efa j II :"i(>('onrl gn'at i nll1sformat ion came at 
1IlP dO:-ie of t he t-\('c'ond or Pnlf'ozoie era ; :llul n t.hird hegan at, the 
(' !lel of t,be next or 1\1 l"~o zoi c ern , an adjust,ment whi('h is nppat'cntly 
('ontinuinp; to-day. Each of tbesf' great 8urfaee dcforTl1at.ion~ wns 
acrompnnied hy great volcanic eruptiol1!3 of which we have t he 
f'\ricirn('(' in 1hc InvaR remaining for our inspect/ion, and ench was 
followed hy the formati on of ~rf'Rt glaciers which spread over 
large areas of the mdsting cont inents. 

Heforu the eariic8t of t,hese great changes, t he ('a rt h appears to 
ha\,(' npproximatcd in its figure somewhHt, closely to tht' ideal 
spheroid, for it was ever)',vilerc enveloped in th~ hydrof':phcrr a~ n. 
universal oce~ln. T oward the closp of this period cnmp the adjust­
ments \vhich brought t hf' lithoRphere to protrude t hrough t he 
hydrosphere in shield-like continents whose distrihllt,ion, a,o;: ~ho\vl1 
hy the rocks of this period, iR of great :-;ignificancc. 'Vi thin t.he 
northern hemisphere rOR(:' th rl'f' land shields spaced at nearly 
pqual interval:; and at nearly equal distanee~ from the northern 
pole. One of these was centered where uow 1;;' Hud:;.on Bay, 
another about tbe present Baltic Sea, and the relics of t be t hird 
arc found in northeastern Siberia. These earliest continents 
have been referred to as the Laurentian, Baltic, and Angara shields. 
Within t he soutbern bemisphere shields appear to have developed 

FIG. 5.- Approximatiou!! to earlier Il ild prescnt figUft:8 uf thf' CH.rlh. 

in f:iomewhat simila r grouping, namely, ion South America., in South 
Africa, and in Australia (Figs. 3 and 5) . 

These coigns or anglps of a form int,Q wbich t he ear lier spheroid 
of the cart.h was being transformed have persisted through tbe 
greater part of subsequent geologiC' t ime, and have been enlarged 
by the growth of sediment .• " bout t hem as well as by t he later 



lG EAR1'H ~'EA'I'URES AND THEIR MEA"1TSG 

cle\,~ltion and \\Tinkling of thC'Re df'posits into margina.l mounta.in 

rangei'. 
The continents and oceans which arose at the close of the 

Paleozoic era. - At t hp c]o:,,(' of th(, second grcnt era in the recorded 
hisL()I'Y of IIII' {'~trt h, f h(' no\\' somewhat enlarged continents were 
pl'of{)~Il(I!.\' tiltcl'cd during,'] series of cOJJvulsive movements ,,~thin 
the surfn('(' ::;1)('11 of th<.' litJio~ l;her(>. '\"ben t.hese convulsions wpre 
over, (herr \\,:1."'; :l IH' W di::;po::-ition of land and sea. but one C]uite 
different, from t.he present arrangement. Instead of being ex­
tended in north-Hout h belt~ , fl.:s they are at. present, t.he continents 
strctrhC'Cl out, in broad ('n~t·wcst zoneR, one in the northern and 
the oLlwr in til{' Rout ilf'rIl ilemi;..;phPrc, To Uw hrOtld Roulhrrn 
contiJwnt of whidl t-'CJ litlll' now rC'main:->1 tbe name I , Gondwana 
Land I' hilS h('(,11 given, :1ncl to tile sen which di\'ided the northern 
from tlw l'louthern continent, the name" Ocean of TelbYR," The 
nortbern ('ontinent ~trf't , ch(>(1 aLTOi'SS the sit.e of the present Atlantic 
Ocea.n fiR the I , r\(lrth Atlanl,i!':," its northern shore to OJe west ­
ward heing sOIU('what, f~lI'tlwr sou t,h than the present northern 
('onst, of North ArnCl'ie[l. ~ill('e Iif(, fOI'111.,; migrated in the north­
ern O('(,:ltl from tbr Fite of Behring Sea. t.o tha.t of the present 
North Atlantic. 

Thi~ HrrangclllC'nt, of bnd ami wate'r during the middlf' period 
of t.he earth'~ r('{'o rder! hi f'torY I when considered wit.h reference 
both to its earlier and to it~ btrr evolution, may perhaps be Les t 
ac('ountl'd foJ' by the ,aS5umrt ion j hat t.he litho.';;pherc W.'}s then 
shaped ,like Fig. 5 (middle). In thi:.; figure t.wo truncated tetra­
hedrons are joined in ~\ common plane of cont~lct which ma,y be 
described as the twin plane, This medial depression upou tbe 
li t hosphere was occupied by the intercontinental sea, tbe Ocean of 
Tel,bys. 

Kear the close of this second great era of the earth's contj­
nental history, crustal convulsions, which were perhaps the most 
remark..'lble in the entire record, resulted in the almost complete 
disappearance of the southern continent and a concentration of 
the land within the northern hemisphere as a somewha.t inter­
rupted belt surrounding a central polar ocean (Figs. 3 and 5). 

Cpon tbe assumption of twin tetrahedrons in the intermediate 
era of continental evolution, both the Ocean of Tethys of that 
time nnd its present remnants, the Caribbean and Mediterranean 
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~(,!l.':i, are accounlpd for. The V-sbapecl cont,inent extensions 
and t,he A-fi haped oceans of the southern hemispht'I'c (Fig. 2) may 
likrwi:3e be consiclereu as rel ics of the now brgely submerged tet­
mhedron of the southern hemisphere, sinee this haJ its apex to t he 
northward (Fig. 6). 

Thus we see that the lithosphere can scarcely be regarded as a 
pf'rfect spheroid, since in the course of geologic ages it has under­
gone successive de­
partures from this 
original form. In 
its present state it 
has been descrihed 
as tetrahedral, 
though we mu~t 

keep in mind 1 hat 
the sharp angles 
of that figure are 
deeply truncated. 
The so undings 
fir!-'t by Nanscn 
and more recently 
by Pearl' in the 
Arctic basin, fur 
to the north of the 
continental bor-

/.Qnd 

FlO. 6. - Diagrams for t:omparillfln of Ilhore lincs upon 
tl-trllht.'l:iruUfI which IHLVe un unglc, the first at the south 
und the second ut the north. 

der, showed that this depression is characterizcd by ptofound 
depths, and so have afforded confirmation of the tetrabedml fig­
urc. To match this depression at the northern extremity of the 
earth's axis, a high continent reaching to elevations in excess of 
10,000 I eet has been penetrated by Sir Ernest Shackleton at the 
opposite e"."tremity of this polar diameter. Considering its size 
and its elevation, the Antarctic continent with its glacier mantle 
is the largest protuberance upon the surface of the lithosphere. 

In our study of the departures of the earth Irom the standard 
spheroidal surface) we might even go a step farther and show how 
the tetrahedron, whieh best represents the symmetry of t he present 
figure) is somewhat deformed by a flattening perpendicular to the 
Pacific Ocean. To draw attention to this flattening of the earth, 
it has sometimes been described as II potato-shaped," since the 
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outline pcrpemii Guhlr 10 this face is impf'rfcf'lIy hea.rl..-shnprrl or 
Jikr ;1 fh1tt,rn cd II peg top.l' 

Th e floode d portions of the present continents. - \\" (' ;11'(' :l1'l'1l::­
lomrd to t.hink of the {'ontin('nt~ a~ ending :1t. the ~hore~ of til(' 

ilf'(':lllS. If. how('\'('r. we 
N 

5 5 

:1 n' to !'cg:nnJ t 0(,111 :_\i"\ 

pbtJorm:-: whic'h risC' 
from the o('('an <ll'l1rl';O:­
sion:; , thrir margins 
should be I·ollf.;id{~rahly 

extended. fur :l Rub­
merged :-:hclf now pnt('­
tic:llly surround:-: all the 
('ontinents to ;1 nearly 

FlO. 7.-nlf',~~~:~'~~~{:;'i~~ii~~('t;;~:.rged pDTtiOlls uniform dppth of 100 

fath()m~ or flOO fcf't. 
The OCf':ll1S t hu:; lIlorp than fill their h:lsins and may he thuuj:!;ht of 
as ~pilling oy(>r upon t il{' (~ontin('nt:::.. in Fig. / , tl1(' :-:.uhmerg(·d por­
tion:o; of the ('.ontinrn{:"; han' Il(;'en join('({ to tho:;!" u~uall~' reprcf\('nh·d. 
tilU:-i adding ahout -10,000,000 ~qll;\T(' miles to th('ir area, :tnd g:iving 
tlH'JIl Que third, in:o;tead of one fourth, of tlw lithosrhere .:::.urface. 

The floors of the hydrosphere and atmosphere. - The highest 
:tltjtllde~ upon the continents Rnu the profoundest deeps of the 

• x;«JO"> 

'~4(}(X) ~ ~ ~ 

_"'..., r\_ ~ ~ h " ~ .... Un< 
. ~q: 

~ 

..tP..QOC 
~ ~<t 

. .?q(}(X) :=::::" 

p>; j i i 
.~ 

,,",,""'" 
Fl{;. S.-Diagram to indi(Jate the (lltitud~ uf diffen'lli p~rts of liw 

lithosphere Rurhlt;f:. 

ocean a.re each removed Hhout 30,000 feet , or nearly 6 miles, 
from thE' Ip.vel of tbE' sea.. In romparison with the enti re surface 
of the lithosphf'rf\ t.he~p extremc~ of elevation represent such 
.mall areas as to b(' almo,t illltppreciable. Only about . .frr of the 
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lil,llOsphetc surfacf' ri:w:-: morc th:tn 0000 fet"t ~tbovc :-;en level. 
und about. tht' SHllle proportion lit!~ decIJer than 18,000 feet helow 
the same ontum plane (Fig. 8). Almost the entire arCH of the 
lithospberf' is included either in thl~ sQ-<:ailed continental pla1,cau 
or plntform, in the oc'eanie platform, or in tbe slapf' whinh ~epara1e:-; 
the two. The cQntinentni platform includes the continental :o;hclf 
~lbo\'(~ rcff'.r red to, and J'rpref'ents about one 1 hird of the entire 
~lri:'n of thE' planet. This platform ha." ~l range of eip\'ation frum 
6000 feet nbove to 000 feet helow sea level and has Qil average 
altitude of about 2300 feet. The oceanic p}a,tforrn slopes mort' 
streply, ranges in depth lrom 12,000 to 18,000 fret below sea level, 
and compris('s about one half thc liti1osph('re surf:1ce. Th(' 
r(>mainin~ portion of tht"' surface, ~omething le~~ than one eight.ll 
of ~dl, i::; included in the ~t('ep slopes betw('en U'lf' t,wo phttforms. 
bf'fwPf'J) 1300 ;lIld 12,000 f(,(,t Iwlow sea. The fWD pli..Itforms and 
the slope hetw{"('n t.hem mll~t. not, howe-vcr, he thought of :l:o' 

t'ontinuous featurt~::; upon thl" ~UrfiH:e. hut ll1f'rf'1.\' }l!-i rf'prPKf'nting 
l}tl~ :l\'f'rage elp\·ut.;lm . ..; of portion..; (if tbfo Jit.ho.-;phe.rf'. 
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CHAPTER III 

THE NATURE OF THE MATERIALS IN THE LITHOSPHERE 

The rigid quality of our planet. - For n. long t ime it was sup­
pOi)cci thilt. the solid cllrLh constituted a. crust only \\'hich was 
float,cd upon n liquid interior. Thi~ notion was clearly an OUt.­

growth of the then f,rl'llcrally flCeeptpd Laplacian hypothesis of 
the origin of the unin·rse. which assumed fluid interiors for the 
plalwts, the cl'tI~L being sugge~t('d by tit£> winter crust of frozen 
wairr upon th(, !!l urf~I ('c of our inlnnd Inkes. ,]\)-.dny t.be nebular 
hypo1 hC:-ii!' in till' Laplntinn form is fast giving pbcc to quit.e 
different ('ollceptions, in which solid particles, und not. gaseous 
ones, nre l'onc( '; \'pd to have built up the lithosphere. The analogy 
with fl'ozrl1 ",nier ha~ iike"T;se bCC'11 n.iXllldoJ1f'd wit.h Ult~ discovery 
t.h~i fl'07.pn rock, instead of flonting , sinks in its molt.en equivairnt. 

Yet ('ven more ('ogent arguments h:tve heen brought forward 
to show thnt whnt('\'('r In:))! 1;(' the state of aggreg!ltion within the 
earth's core - and it may ue different from flny now known to 
us - it neyertheif'ss hn:-3 many of the properties recognized as 
belonging to soliel and rigid bodies. Provisionally! therefore, we 
may regard the earth's core as rigid and essentially solid. It wus 
long ago pointed out by the late Lord Kelvin that if our litho­
sphere wcre not more rigid 1 han H ball of glass of the same size, it 
would be constantly passing th rough periodic six-hourly distortions 
of great amplitude in response t.o the varying attractions of the 
moon. An equuIly striking argument, emanating from the same 
high authority is furnished by the well-known egg-spinning demon­
stration. For illustration , Kelvin was accustomed to take two 
eggs, '{me boiled and tbe other ra\v, and nttempt t.o spin them 
upon their ends. For the boiled, and essentiaUy solid, egg this is 
easily accomplished, but internal friction of the l.iquid contents of 
the raw egg quickly stops any rotary motion which is imparted to 
it. Upon the same grounds it is argued that had the earth's 
interior possessed the properties of a liquid, rotation must long 
since have cen.sed. 

20 
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A stronger proof of earth rigidity than either of these bas been 
lately furnished by the instrument,,1 study of earthquak es. With 
the delicate apparatus which is now installed for the purpose, 
heavy earthquakes may be sensed which have occurred anywhere 
upon the cartb 's surface, the earth movement sending its own 
messngc by tbe sbortcHt rou te through 1,he core of the earth to the 
observing station. A heavy shock which occurs in New Zealand 
il';l recorded in England , almost diametrically oppositlc: in about 
twenty-one minutes after its occu rrence. The laws of wave 
propagation and their felat.ion to the properties of the transmitting 
mediulD are well known, and in order to explain 8u{:b extraordinary 
yclocity it is necessary to assume thHt for such impulses the earth 's 
interior is much more rigid than the finest tool steel. 

Probable composition of the earth 's core. - In deriving views 
concerning the nature of the earth '::; interior we arc greatly aided 
hy astronomical studies. The common origin long ago indicated 
for the planets of tbe solar system and the sun has been confirmed 
by tbe analysi ~ of light with the aid of tbe spectroscope. I t has 
thus been found that the same chemical elements which we find in 
the earth are present also in the SUD and in the other stellar bodies. 
Again, the group of planets of the solar system which are nearest 
to t he Sun - ]\1ercury, Venus, the Earth, and J\1ars - have each 
a high density, all except lvlars, the most dist.ant, having specific 
gravities very closely 5t, tbat of Mars being about 4. This 
average specific gravity is also tbat of the solid bodies, the so-called 
meteorites, which reacb the surface of our planet from the sur­
rounding space. Yet tbough the earth as a whole is thus found 
to have n, specific gravity five and a half times that of water, its 
surface shell has an average density of less than half this value, 
or 2.7. 

The study of meteorites has given us a po;~ble clew to the 
nature of the earth 's interior j for when both terrestrial and 
celestial rock types are classified and placed in orderly arrange­
ment, it is found that the chemical elements which compose the 
two groups are identical, and that these are united according to 
the same physical and chemical laws. No new element has been 
discovered in the one group that bas not been found in the other, 
and though some compounds of these elements, t he minerals, oc­
cur in the earth 's crust that have not been _found in meteorites, 
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:wcl though ,.;oOle o('('ur jn mf't.{'orit,rs whi{'h are nol known from 
Ow pnrtil, .\'pt of tho!'ll' whirh 3rf' ("ommon '\.0 h01h hodies ther(' i~ 
agn'('mpn1. (,ypn t.o the minor c\ rtai\!' (Fig. ~) ) . it is found, how­
rver , that tiw eommone~t of the' min('ral~ in the earth's shell arc 
ah!,pni frolh m<'teori1.es, :1':': til{' ('ommoner (:onstiturnts of meteor­
it('~ afC' wHnting in thE' f'arth 's ('ru~t. This ohs£'rnLtion would go 
fitr t,o :-;hol\' tlwt \\"(' may in the two cU!'c."i be cxtlmining different 

b 

c 

d 

i 

9 

h 

f 'IIL \1 , - Diltgrllll1 to show how tl..'rn.:striu.l rucks grad!' imo those of the meteorites. 
I. ox~'getl : 2, silkn[J; J. lliumilliuOJ; 4, (dku li metals; 5. :\Jkalio(! cu r-til metalg ; 
6, iron, nickel, cohalL, ote. ; {I, p:rullitc8 and rhyolites: b, I!"ycnitcs ::l.fld trachytes; 
c. diorites und IlDdesitl!s: d, gabbros and basalts: e. ultra-basiC' rocks; f. hn.sic 
iuclosures in oosalt. etc.: (J, iroll ba.Oj:ruts of west Greenland: Ii. iron masses of 
OVifnk. west Creclllnnd : a:-d', m!'teorites in order of density (after J udd). 

portions of quite similar bodies i and t.his vjew is ~trikingly con~ 
firmed when the rocks of the two groups are arranged in the order 
of thair densities (Fig. 9). 

In a broad way , densit,y, structure, and chemical composition 
are all similarly involved in the gradations illustrated by the 
diagram j and it is significant that while there are terrestrial rocks 
not represented by meteorites, the densest and the most unusual 
of the terrestrial rocks are chemically almost identical with the 
less dense of the celestial bodies. 
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The earth a magnet. - The tit'Il SN , :md iikewi :-)e the mor(' 
common , of the met€'oril e rocks - t il{: su-(mlled Inct.eoric irons­
are composed almost ent irely of the elements iron , nickel, and 
cobalt . Such aggregates are not known as yet from terrestrial 
sources, although transit ional types appear to exist upon the 
island of Disco off t he west coast of Greenland . If it were pos­
sible to e:\IJl ore t he earth's in terior, would such combinations of 
the iron minera ls he ell cQull terC'd ? Apa rt, from t he surprising 
veloci ty of transmi~s i on of (;,Hrt. hqua kf' W:l\'PS , the ~trongf'~1 argu­
ment. for :.Ill iron corp to the li thospllPfc i ~ found in thp m:\gneti (~ 

property of t he ea.rt h as a whole. Th l" only magnetic elements 
known to uS ar e t hose of t hr beavy meteorites - iron, nickel) 
and eohalt , - and t he earth is} as we know, a great magnet whose 
nort hern pole in Bri t ish America :lnd whose southero pole in 
Antarctica have at last been visited by Amundsen and David, 
respectively. The speci fi c gravity of iron is 7.15, and those of 
nickel and cobalt , which in t he meteorites are present in relatively 
smtlll amollnts, a re 7.8 and 7.5, respecti vely. C'on.'Sidering that 
the ~urface shell of t il€' eart h h ~l,s a specific b,rrllvi ty of 2.7/ t hesf' 
va lues mu:;;tl ue regarded as agreeing well with t he determined 
density of t he ear t h (5. ()) ~U1d t he other pl aneb of its group (Mer­
cury 5.7, Venus 5.4, M ars 4). 

The chemical constitution of the earth 's surface shell. - The 
number of t he so-called chemical elements which enter in to tilt" 
earth IS composit ion is morc than eighty, hut few of these figurp 
as important, eonstitucnts of t he portion known to us. Nearly 
one hllif of the lllass of t his shell is oxygen, and more t han a quarter 
is silicon. T he remaining quarter is la rgely made up of a luminium l 

iron, c~\l cium , magnesium, and the a lkalies sodium find potassium, 
in the order named . These eight consti t uent elements are thus 
the only ones \vhich play any important role in the composition 
of t he eurt h/s surface shell. They are lIot found there in t he free 
condi t ion, but combined in t he defini te proport ions chara.cteristic 
of chemical compounds, and as such they are known as mine,.als. 

The essential nature of crystals. - A crystal we are accWi.­
turned to think of as something transparent bounded by sharp 
edges and angles, our ideas having been obtained largely from the 
gem minerals . This outward symmetry of form is, however, but 
aD expression of n, power which resides, so to speak, in the heart 
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or soul of the cryst.al indivitlual - it has its own structural make­
up, iti:i indi\Tiduality. No more correct est imates of the compari~ 

son of C/'yslflJ jmlividuuiilies would be outained by t.he study of 
outw:trd forllls :l.lone of two minerals than would be gained by a 
judgment of persons frortl the cut of their clothing. Too often 
this Qutwfl.rd dress tells only of the cond itions by which both men 
nnd crystals have been surrounded, and but littlp of the power 
jnherent. in 1,he indi\ricluaL .Many n bnt.tered mineral frngment, 
wit.b little beau(,y to recommend it, when placed under suitable 
conditions for its dcveloplIlcnt.1 has grown into a marvel of beauty. 
Few minerals art' so mean that they have not within them this 
inherent, power of individuality which lifts them above the world 
of the ~.!1nol'phous :tlld sbapeless. 

Just as the real nature of a 

o . I 

. 

Actian of an add 

FlO .• IU . -Comparison of Il ('rystullinc 
with un amorphous suhUullcc when ex ­
panded bl' heat and ..... hen attacked by 
add . 

person is first disclosed by his 
behavior under try'"ing circum­
stances, so of a cr~rstal it is its 
conduct under stress of one sort 
or another which brings out 
its real character. By way of 
illustration let us prepare a. 
sphere from the mineral quartz 
- it matters not whether we 
destroy the beautiful outlines of 
tbe crystal or employ a bat­
tered fragment - and then pre­
pare a sphere of similar size and 
shape fro III a noncrystalline or 
amorphous substance like glass. 
If noW these two spheres be in-
troduced into It uath of oil and 
raised to a higher temperature, 
the glllSs globe undergoes an 
enlargement without change of 
its form; but the crystal ball 
reveals its individuality by ex­
panding into a spberoid in 

\vhicb each new dimension is nicely adjusted to tb is more complex 
figure (Fig. 10). 

We may, instead of SUbmitting the two balls to the" trial by 

~ 
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fire, " a llow each t.o ue a t.tacked u.Y tht! power f ul reagent, bydro~ 

Huaric acid . The common gl as.<:; under the attack of the acid 
remains !l...'i it was before, a sphere, bllt with :oi hrunken dimensions. 
The crystal, on t he other haud, is able to control the action of the 
solvent, and in so doing its individuality is again revealed in a 
beautifully etched figure having many curving outlines - it is as 
though the crystal bad possessed" '0111 which under this trial has 
been revealed. This glimpse into t he nat.Ufe of t he crystal, so as 
to reveal its structural heauty, is still more surprising when the 
crystal is taken from the acid in t he 
early stages of t he action and held 
close beneath the eye. Now the lit­
tle etchings upon the surface displa~' 
cl1ch t.he indjyiduabt.Y of the .sui ,· 
::;tancc, and joining with their neigh­
bors they seud out a beautifully 
!':iymmetrical and entirely character­
istic picture (Fig. 11 ). 

The lithosphere a complex of 
interlocking crystals. - To the lay­
man the crystal is somet hing rafe 
and expensive, to be obtained from 
a. jeweler or to be seen disp layed in 
the show cases of the great muse­

F IG, 11 . - " Ligllt fi~lIr1' ,. !>('t'll upooa 

:111 cv'hod s urr:lI.:e of " f' rystll. l 1.11 
t.'~,Jcitc (:dtf'T Goldschmidt nnd 
Wright). 

ums. Yet the one most striking quality of the li t hosphere which 
separates it from the hydrosphere and the atmosphere is its crys­
taJJine struc ture, -& structure belonging also to the meteori te, and 
with little doubt to a ll the planets of the earth group. A snowflako 
caught during its fa ll from the sky revea ls oil the delicate tracery 
of crystal boundary; collected from a thick layer lying upon tho 
ground, it a.pp(~ars as :m in t ric:ate aggregate of broken fragments 
mOre Of less firmly cemented together. And so i l if; of the li tho­
Rphere, for the myriads of individuu1s a re eit her the ruins of former 
crystals, or they are grown together in such H. manner t hat crystal 
facets had no opportunity to develop. 

Such mineral individuals us once possessed the cloystal form may 
have been broken and their surfaces ground away by mutual attri­
tion under t he rhythmic beating of the waves upon a. shore or in 
the continuous rolling of pebbles on a stream bed, until as bat-
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1erecl relics they are piled 3way together in a bed of ss nd. Yet 
no ~mou llt of such rough handling is :::.ufficicni to destroy the crYR­
tuJ indiddwdil,.v, ~i.Od if tllt.Y' Hr(~ no\\' surrounded with conditions 
whic'h arc ~uitab l e for their growth, their individual na.t.ure again 
be('omes n>vf'ulf'd in new crystal outlines. Many of our sand­
sLones when turned in the bright sunlight send out ft~l.shes of light 
to rintI n In1~k of snow in ea rly spring. These bright, flashes 
prot:eed from the facets of minute crystals formed about each 
rounded gmin of the sand, and if we examine them under a lens, 
we may notr the beauty of lint formed with such exactness that 
the most delicate instruments can detect no difference between 
the similar angles of neigbboring crystals (Fig. 12). 

b 
c 

Q 

FlO. 12. - Bu1ff'red s,'HJd grains which h.:l1 'C t:lkcJJ on 1I IlCW Jm18c of life nlld hn,.e 
devd\JI)(·d a ('r.rata! form. (I, fI sindc gra in gr() Wll into all indidduul cryatlLl; b, 
tl 1)~II'lIIIt'1 growth ohollt a single grflill; c, J!rowth of neighboriug grains until they 
haw! mutually jutcrfcrt'd aud so dcstro.}'L>d [III' crystal [:l('Cls- the (''()mmOll call­
dition within t he mUli!! or u ro('k (:tltcr Ining aud Vall Risc). 

This individual nature of the crystal is believed to reside in a 
symmetrical grouping of t he chemical molecules of the substance 
in to larger and so-called" crystal molecules." The crystal quali ty 
belongs to the chemical elements and to their compounds in t he 
solid ,condition! but, not to ordinary mixtures of them. 

Some properties of natural crystals, minerais.- No two mineral 
species appear in crystals of the sftme appearance, any more 
than two animal species have been given the same form ; and so 
minerals may be recognized by the individual peculi!tri t ies of their 
crysta ls. Yet for the reason that crystals have so generally been 
prevented from developing or retaining their characteristic faces, 
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in the vast number of instances it is the behavior, and not the 
appearance, of the mineral substance which is made use of for iden­
tification. 

'Wben a mineral is broken under the blow of a hammer I in­
stead of yielding an irregular fracture, like that of glass, it generally 
tend~ to part along one or more directions 80 as to leave plane 
surface!';. This property of cleaIJage is strikingly'illustrated for 
a single direction in the mineral mica, for two directions in feld­
spar, and for three directions in calcite or rceland spar. Other 
properties of minerals, such as hardness, specific gravity, luster, 
color, fusibility, etc., are nit made use of in rough determinations 
of the minerals. Far more delicate methods depend upon the 
behavior of minerals when observed in polarized light, and such 
behavior is the basis of those branches of geological science known 
as optical mineralogy nnd as microscopical petrogra phy. An out­
line description of some of the commOn minerals and the means 
for identifying them will be found in appendix A. 

The alterations of minerals. - By far the larger number of 
minerals have been formed in the cooling and consequent con­
solidation of molten rock material such as during a volcanic erup­
tion reaches the earth's surface as lava. Beginning their growth 
at many points within the viscous mass, the individual crystals 
eventually may grow together and so prevent a development :Jf 
their crystal faces. 

Another class of minerals are deposited from solution in water 
within the cavities and fissures of the rocks; and if this process 
ceases before the cavities have been completely closed, the minerals 
are found projecting from the walls in a beautiful lining of crys­
tlil - the Krystallkeller or H crystal cellar." It is from such 
pockets or veins within the rocks that the valuable ores are ob­
tained, as are the crystals whicb are displayed in our mineral 
cabinets. 

There is, however, a third process by which minerals arc formed, 
and minerals of this class are produced within the solid rock as 
n product of the alteration of preexisting minerals. Under the 
enormous pressures of the rocks deep below the earth's surface, 
they a re as permeable to the percolating lVaters as is a sponge 
at the surface. Under these conditions certain minerals are 
dissol ved and their material redeposited after traveling in the 
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solution, or ,<.:olution and redeposition of minoral mat,ter may go 
on together within the mass of t he same rock. One new minera l 
nlily have been produced from the dissoh'ed maieriuls of a num­

1", ..... l a . -Ctye-
tnl of gnrrH't 
de\'eloped in 

grlli II II tJ r 
q U Il.rtz in· 
(. j ud I,d 10 ,· · 
cau~ not UIj-

8imilatrd. 

ber of parlier spcl'iefi. or sevC'ral new milH'ral~ may 
he t il(' rl'l' ult, of 1,11(' altl'rntion of a preexist.ing min­
eral with a more I'omplex ehrmi('aI8truct.Ute. Where 
th(' nrw minl'rai has hl'l'n formed If in pinc'(' ," it has 
i'oml'tin]('~ »('(' n ahle t,o ut.iliz(' t he materials of a ll 
til(' minprab:; whi('h J,efore: cxi~1l'd there, or it nlll~r 

h:wc h('cn ohlig(ld to ilH'lo~c within itself tho~e earl ipr 
constituenti-i which it ('ould not assimilate in it:;; Own 
strurture (Fig. 13). 

At, other time!; a <; ry::-tal whi('h i:-> imiK'(.hlt'ci in 
rock h:11" hl'Cn :-lt tacked upon it..; ... urflwc by the per­
('oluting :iolulions, anrl t,h{' di s~ol\'l:·d 

matNialJoi havr hren (it'po:-; i1C'd in pln('(' 
:1:0; :t ('rown of new minerals whi('h ~tp:Hlily 'Viti('llS its 
zone until thr eenlcr is r£'ll('hrd :llltl fllf' origina l 
crystal hil S 1)('('1\ ent.irely transform ed (Fig. } .. 1). Ii 

i:-; some't imp!" PQ8~ib l(' 1,0 Ra ~r 

Owl I h(' :1d,ion hy whi{'h 
t hr:o;{' dUlIlg<'1'i han' iWC' 1l 

brought about, hat-> involw'd 
a nice nrijustlUrnt, of Hllpply 
of the chpmic:l1 cOllst.ituen t,s 
necessary t.o tho formation 

FIG . 14. - ,\ 
f·rYiit.alofaug. 
itc withill the 
IlI li.'SSofll ro('k 
uitf'N"(iiuJ)Jlrt 
to form a rim 
of tlJe min· 

of the new mineral or min- eral!; horu. 

(~raI8. In roeks which are bl r ude und 

aggregates of several min­
F w. I,'). - A new mineral eral species) a newly formed 

magnetite . 
1'\otethcorig­
illllioutline of 
t h e augite 
crYlltal. 

?~~:~~:D:i~t~o~~i::eUtSi:: mineral may appear only at 
rim" between the mineral the common margin of cer­
hll \'i.Q.g irregula.r fractures 
(olivine) and the dusty 
white mineral (lime-soda. 
feldspar). 

t.ain of these species, thus showing that 
they supply those chemical element .. which 
were necessary to the formation of the 
new substance (Fig. 15). Thus it is seen 

that below the earth 's f'urface chemica.l reactions are constantly 
going 011 , and the earlier rocks are tIn" locally being transformed 
into others of a different minera,l constit ut i on. 
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Near the ennb's surface [he ('arbon dioxjde and the mois ture 
which are present in the at.mosphere are constantly changing 
the exposed pOl'tions of the lithosphere into carbonates, hydrates. 
and oxidt:':-i . TIIt··s ... eOlupounds fJ.r(_. mOr[" :.:.oluble thfi.n are the 
millel'als oul of whit·!. t, h(~.\· wer(~ formed , ~tnd t,bey arc also more 
bulky ~lnd sO tend t,o cm ck off from the parent ma.")),i on which 
t hey were formed . As we are to see, for both of these reasons 
the surface rock~ of the lithosphere succumb 1.0 this nttnck from 
t,he atmospherf". 

III con llf'Ct ioll with tho:.:!" wrinkliogs of tlJ(, .'iurf~w(' shell of the 
lithosphere from whit'll IHountain:-; rt':-;ult" LIi(' underlying roeh 
aft' subjeded to gr(':lt st.rll.in:-; , and rven whf."rf' no vi~ihl(' part,ings 
:}I'" prociu(>t'J . 1,11(' HlI'ks 10'(' d(>ronn(~d sO t hat individual minerftls 
HHly ue bpnt ililn ('l'e~ej' 1I1-s lmpt>d or S-shl1ped furm:s. Uf' they an' 
P:1l't c·J into 011(' or IlIurt· fJ'~lgln e nt :oi whi c' li rrlTInin imilf'ddf'd withill 
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CHAPTER IV 

THE ROCKS OF THE EARTH'S SURFACE SHELL 

The processes by which rocks aTe formed . - Rocks may be 
tormN\ in :lny Qnp of several ways. " ' hen a portion of the molten 
jitho,"iphcrc, so-c~l ll cd magma, cools und consolidates, t he product 
is ,,'gneous rock. Eit.her igneous or other rock rna.y uecome dis­
int.('gl'ated at t he eart h's surrat·c, and after more or less e;.,:tcnded 
tran", r ithf'l' in the air, in water, or in ice, be bid down as a sedi­
mrnl. SU(,11 setiimcllts, \vh('t ll er cemented into u. coherent mnss 
ur not, are descrihed as scd£mcntary or clastic rockR. If the fluid 
frOIll which t.hry were deposited was the atmosphere, they arc 
known as sli liaerial or eolian sediments j but if water, t,llf'Y arc 
kllo\\rn as subaqueous d('po~ i ts. Still another d:lsS al'e ice-deposited 
and are knowll as glacial deposits. 

nut, as we have learned, rocks may undergo trnllslormations 
through mineral alteration, in whi (.;h case t hey are known as 

FIG. 16. - Laminated structure of sedimentary rock. 

rnelanwrphic rocks. 
When these changes 
consist chiefly in the 
production of more 
soluble minerals at 
the surface, accom­
panied by thorough 
disint,egratioll , due 
to tbe direct attack 
of the atmosphere, 
the resulting rocks 
are caUed residual 
rocks. 

The marks of ori­Western KallBIU (after Il. p hotogrnph by E. S. 
Tucker). 

gin. - Each of the 
three grea.t classes of rocks, the igneous, sedimentary I and meta­
morphic, is characterized by both coarser and finer structures, in 
t he examination of wbich they may be identified. The igneous 

30 
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i"ocki'i h!lVing been produ('cu from magmas, whi ch are c.iscnt ially 
homogt'1H'UU8, are URulllly wi t hout. definite flin~djon:t.I structures 
d ue to :-In arrangement of t he·ir com;ti t uent:s, and :ue said to hnvc 
:1 1I1.Cls;-n:ve struct.ure. Spdinwnfa ry roeks, upon th t; oLla:r hand, 
h:I\'c veen formed hy an rtRso rt,ing process, the inrger and heavier 
fragments ha\'ing hpcu laid down wh{'n there \\'aR high velocity of 
either wind or water ('urrrll t, and the smn.lIcr and lighter frag­
ments d uring intcrnwdiate prri ods. They nre t herefore morc or 
1(':,:; handed, und urc said to have a bedde(l or laminated structure 
(Fig. 16). 

Again, igneous rocks, being due to a process of crystallization, 
a re composed of minera l indiridu.::ds which arc hounded either 
by cryst,n.l plancs or by irregula r surfaces along whith neighbodng 
crystals have ink rfcrccl with cach other; but in eitber Casp the 
grain~ possess sharply angular boundaries. Quite different has 
n€'PI1 the result of the attrition hetween grains in the transpor~ 

tai ion and deposition of s(·din1Pnts, for it is characteristic of t he 
sf'dimcn tary rucks that thc'ir constituent grains arc well rounded. 
Eolian scdiments have usually more perfectly row'ldcd grains than 
suhaq ueous df'posits. 

Clacial clepo:sits, if laid down directly by the icc, are unstrati­
fied, relati v·ely coarse, and rontain pebbles which arC both fat:c1,eci 
and striated. Such nC'posits arc deseribed a.<:.i till or Ull.ite. lr 
glacier-derived material is taken up by tlle streams of t haw 
wat,ol' and is by thcm redeposited, the sediments a re assorted 
or stratified , and they are described as jl:ullio-glacial deposits. 

The metamorphic rocks. - Both the coarser structures and 
the finer t.extures of the metamorphic rocks are intermediate 
between those of the igneous and the sedimentary classes. A 
metamorphosed sedimentary rock, ill proportion to its alteration, 
loses the perfect lamination and the rounded grain ,,-hich were 
its distinguishing characters; while an igneous rock takes on in 
the process an imperfect handing, and the sharp angles of its 
constituent grains become rounded off by a sort of peripheral 
crushing or granulation. Metamorphic rocks are therefore 
characterized by an imperfectly banded structure described as 
schislQ8ity or gneiss band'iny, and the constituent, grains may be 
either angular or rounded. If the metamorphism has not been 
too intense or too long continued, it is generaUy possible to deter-



mine, parlit-ularl:;- wit,h tllf' aid of the polarizing mi('fo8copC, 
wlJf->tJH'r thl' origimtl rock frolll whil'h it, was df'rived wa::; uf igncom3 
ur of sedimentary origin. Thl'rI ' arc, however , Illany rxumples 
which hun' defied it relia.ble vrrdit,t, eoncern ing their or igin. 

Characteristic tel:tures of the igneous rocks. - 1n addition to 
t!lt, mas!oii\'en<~ss of their general a.."pect and the angular bound­
aril'~ of 'Iwir eonstit,ucnts, t Iwr(' are many addit,ional t('}."lUres 
which art' ('hara('t('ri~1 i(' of tilt' igll{,ou:s roek ;.;. ,rhil t, thos(' t.hat 
IIH.vt' ('o!H;olidalpd heluw the ('a.rth 's :'i urfat'(' , till' ';11 11'1.181" " roeb, 
arc' notably t'ompad, the maglTla~ whi('h ar ri n' at t h(' surface of 
UH.' litho:;phcrp I)('for(' their consolidation reveal Spt'('iul ~tru('ttlrcs 
df'pcndcnt, ('it,her upon the expan~ion uf :'itt'am and ulliN ga...;('s 
within them, or upon th(' cOIHlition:; of How OV{'f t.he earth'::; :,;u r­
faer. .Magma ... ..; whi(:h thus reach tilt' surface of the (!arth a re de­
sc'ribl'd as -Ia/'a.~ , and the rocks produced uy their consolidation 
llrc~ cxlru.o;;'it-e or /'(Jlcanic rocks. The steam included in the lava 
expands int.o buhblf's or vesicles whi<:b may be large or l-imall , 
frw or many. }\f:c:ording to the numher and the ~i7.(, of tllP:;c 
cavitil'~, t.he rock iii said t.o have a vesicular, Ilcoriaccou,o;;, or pUlui­
Cf'tI"~ tl'xt,ur{'. 

l\1o:-:t lava . ..;, n'/l('11 they arrin' at, the eurth 's surfu(:(' , ('ontain 
cry:-.tnls whidl arC' mon' or less disseminated throughouf the 
molb'l\ l1laK~. Thr tourist who visits Mount Vesuvius at tht! time 
of u ligh t eruption may thrust, his staff into the stream of la\'8 
and extract a port.ion of the vi.scous substance in which a re seen 
beautiful whit.e crystals of the mineral Icucite, each bounded by 
twpnty -four cr.vstaJ faces. It is clear that these crystals must. 
have developed b~' a slow growth within the magma while it was 
still below t he surface, and when the inclosing lava has con­
solidated, these earlier crystals lie scat.tf'...fpd wit.hin a. groll,oomass 
of glassy or minutely cr,p;talline materiaL This scattering of 
crystals belonging to an earlier generation within a groundmass 
due t.p later consolidation i ~ thus an indication of in terruption in 
the proces.." of crYstalliliation, and t llP tC'xtur(' which results is 
describor! ,., porphyritic (Fig. 17 b). Rhou\d the lava arrive at 
the surface hefore a.ny (' r.v~tali' base hf'cl1 generated and consoli­
date rapidly as " rock glass, its te,-ture is described as gla .. sy 
(Fig. 17c). 

'Vhen the' crystals of the earl ier ·generation are numerous and 
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Ileed le-like in forln , a .. ..; i ... n'ry oftt'll tlw (:~I."'('! Liwy arl'all!:!:t' t hl' lIl­
:-lelvcs "('nd on " during t IH' rock How. :"\0 that. whcll ('oIlRulida­
lion hllH occurred, t.h(' rotk has a kind of puckered lamination which 
is the charaeteri:.;ti(: uf tht' fluxion or jlo//l t,pxiurt'. Thi:- texture 
haf' somet.imes beell (~onfu~i('d with the' laminat ion of thl' sedi ­
Hlentary rock~, :-;0 l h;_tt wrong c:ollclut)ioll1'i hu.vc bf'im reac'hed 

FI t;, 17. - C hl.lrIU·tCri iitic texture" 1)£ igucous rockll. u. !;fIluitil' tl'Xlllrt' (· hUTII(' lPri sti c 

of thedecp-8ell.tcd intrusive TW·!.!!: II, porphyritil' textuTe dl;lrlu'lt'ristic of the Cl;· 
t ruwve und of the ncur-surfll.C't· illtrusivc rl!(·ks: c. glus:;y tcxturcof an t'xtrusivc rock. 

regarding origin. At other tilll" .... tlH' )-;a nJ( ' nccdk .... like crystals 
witbjn the lava have grouped thplllselvps radially to form rounded 
nodules called spherulites. Such nodules give to t h£' rock a 
spherul'itic texture, which js nowhere bett er di8pJaycd t han in the 
beautiful glassy lavas of Obsidian Cliff in the Yellowstone Na­
tional Park, 

Those intrusive rocks which consolidate deep below the ea rth's 
surface, pa.rt with t heir heat but slowly , and so the process of 
crysta.lliza.tion is continued without interruption. StaMing from 
many centers, the crystals continue to grow unt il they mutually 
intersect in an interlocking complex known as the granit.ic t ex­
ture (Fig, 17 a), 

CJassiticatioD of rocks.-In tahulnr form rocks mar thus be 
c1 MSificd as followf': -

1M ' d {/ntr UlSiVf!' Granitic or porphyritic texture. 
on~~~8. h ~SSlye ~u Exlnuive. Glassy or porphyritic text.ure ; 

W I . 8 arp y angn ar often also with ~·esi(>ulB..r. soorjaceous. pumi ... 
grams. ('pous. flu xion. or 5pheruli ~ic texl lire!'!. 
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Snlimclllar!J. Ll.tll1ina.l('d G'ltlc'ilil. CoarHe. unstratified deposits with I
Sl'bflt'r i oto Sa,ud!) aod lof'ss. 
S(lb(Jq(lI'Oll,~. (See helow.) 

and Wilh ruulJdt:d fac.·('tt'dpt-,ubles. Tillandt.i!IitH. 
grilinR. FhllliO-[llacial. Stratifjed sa.nds and gravels 

wi I h "worked over" gJn.cial ehn.mc l.!lT$. 

M(;(flIllQl'pft ic . Sebi,;!.osn {Md(l1l10TJlitiC prow:". Due to oolow surface 
auel with gruin~ i.' ithcr {' hungt's. 
a.nguhlr or rounded. Hl'sirhwl. Dis.inlegra.l,cd at. or ncar surface. 

Subdivisions of the sedimentary rocks.- While the eolian 
sediments arc all t.he product of a purely mechanical process of 
lift ing, transportatioll, and deposition of rock particles, this is 
not always the ('asc wi th the suhaqueous sediments, !Since wat,cr 
11ft.') the power of dis:iuh'ing mineral substance, as it has also of 
furnishing a homr for animal and vegetable life. Deposited 
materials which han' hecn in solution rn water are described as 
chenl1:cal d('po~it~, and tbose which have played a part in the life 
pr-ocrss a~ organic drposits. The organi(: deposits from vege­
table SOUf('e~ are peat and the coals, while limestones and marls 
al'e the chief deposilories of the remains of the animal life of the 
water. The ta.bular classification of the sediments is 8.'5 follows 

Mechanical 

Chemjcal 

Organic 

Clussification of Sediments. 

SlJ/lO(J"eOlJIt 

D eposiLf..'Ci by water. 
Subaerial or Eol£an 

D eposited by wind. 
Glacial 

D eposited by ice. 

Conglornerate. sand­
stone and sbale. 

Sandstone and loess. 

Till and tilli teo 

PllIlJio-gLacial Sa.nds and gravels. 
Olacier~water deposits. 

J Calcareous tufa 

lOOlitiC limestone 

{

FOrm.ed or plant ro-­
mams. 

Formed of anima.l re.­
mains. 

Deposi ted in springs 
and rjvers. 

Deposi ted a.t the 
mouths or tivers 
between high and 
low t ide. 

Peats and coals. 

Limestones a.nd 
marls. 
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Winds are under favorable conditions capable of transporting 
botb dust and sand, but not the larger rock fragments. The dust 
deposit.s are found accumulating outside the borders of des­
erts as the so-called loess (Fig. 216), thougb the sand is never 
carried beyond the desert border, near which it collects in wide 
belts of ridges described as dunes. Wben this sand bas been 
cemented into a coherent mass, it, is known as eolian san dstoJle. 
A section of th. appendix (B) is devoted to Un outline description 
of some of the COmmoner rock types. 

The different deposits of ocean, lake, and river.-Of the sub­
aqueous sediments, there are thrp.{, distinct types resulting: 
(1) from sedimentation in river~, tbe fluviatile d('!)()sits i (2) from 
sedimrntation in lakes, the la.custrine deposits i and (3) from sed­
imentation in the ocean, marine deposits. Again, the widest 
range of character is displayed by the deposits which are laid 
down in the different parts of the course of a stream. Near the 
source of a river) coarSe ri ver gravels may be fotmd ; in the middle 
course the finer sil ts; and in the mouth or delta regioll, where the 
deposits enter the sea or a lake, there is found an a,'3sortment of 
silts and clays. Except, wli,bill the delt.a r egion, where the area 
of deposition begins to broaden, the deposits of rivers are stretched 
out in long and relatively narrow zones, and are so dlstinguished 
from the far more important lacustrine and marinE> deposits. 

Lakes and oceans have tbis in common that both are bodies 
of standing as contrasted with flowing water; and both are su b­
ject to the periodical rhythmic motions a.nd alongshore currents 
due to the waves raised by the wind. About their margins, the 
deposits of lake and ocean are thus in large part wrested by the 
wa.v'es from the neighboring land. Their distribution is alway$ 
such that the coarsest materials are laid down nearest to the shore, 
and the deposits become ever fincr in the direction of deeper 
water. Relatively far from sbore may bo found the fillest sands 
and muds or calcareous deposits, while near the shore are sands, 
and, finally, along the beach, beds of beach pebbles or shingle. 
When cemented into coherent rocks, these deposlts become shaJes 
or limestones, sandstones, and conglomerates, respectively. 

As regards the limestones, their origin is involved in consid­
erable uncertainty. Some, like the sbell limestone or coquina 
of the Florida coast, are an aggregation of remains of mollusks 
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wilicu live near Lil t! border of t.he so:_.a . Other limestohes are de­
posited directlr from cnrbonate of lime in solution in thp 'water . 
.-\. deposit of t.his llUtUI't- i:) funning in southern Florida, both as 
:l floc('ult-nt l'HI('U I'~'VUS ILL lid awl as crystals vi" limp carbonate 
UpOll :I liIlH'SI.Ull!' ~L1 l' r;It'I'. .\gai II , tliel'l' il'\ t.h(· I't-'-f'f Jimestolll' 

whit,}! is huilt tip (If th,· St,U II~' parb of Lil t' coral animal , and, 
lastly, tilt· ('ah'areous (lC):t.1' uf 1,11t, dpep-sea dppos.its. 

The marine sediments which arc derived from the cOllti­
ll£'nt.s, tlit, so-c'alll"d l('rri(/fJnuu.~ cirposit.s, arf' fOllud only upon tll(> 
('.lmtill('ntal :-;hplf :llld upon tht' contiTwntal slope just outside it. 
Of OWSt· j,{'ITigPII()US dl'])(J:-;its. it is tll:'\tolnal'Y to d istinguish : 
( I ) li/lural or alon~;o;h(m~ ch'posit;o;, whit·1I :J.J'e laid down betw(>en 
hiV;lt :lIlJ 11)\\' tidt· 11'\'1,1:-; ; (2) .. ,.!waf II I(ll pl' dt~ p();o;it, s, whit:h are found 
\II't,\\'f'PIl IO\\'-\\' :tl,l~ 1' llIark :tful tilt' I-·dgl' or t , h (~ ('olltinental silplf ; :md 
( :~ ) :lkt.iall or olf:"Ollol't.' dl'PI):"Oits, wilit,h an' found lI]JOII t 11(> t~onti-

1lI·IIt.al ,..;10)11" TIff' Ii! tllral alld :.:Ilo:t.l Wat,(-·" tif'posit.s an' mainly 
,l!;ru\'f'ls :(1{<1 sallds, wllilt · 1 hi' oll'l·dllll'tl d"/lt)sit,;o; al'f' principally 
IIHU(. ... 01' lilll(' lh·]Jusi1. .... 

Special marks of littoral deposits,-TIII' 1l1al'ks ( Jf "ippli's :In' 
ul'll'l\ Idt ill \ hi' :..;alltl of a IU':l('h , anti BItt,\' 1 It ' PI'l'sf'r\'l'd ill I,hi' :-;antl­
st.one \dlidl I'f'stilb (1'0111 j he ~:f'Il1t'lltutioll of slI('h dt'po:;its (pI. II A ). 
rery similar markings ar(' , 110W(-'vf'r, quite chamcterist.ic of t,hc 
sUrfu()e of \\'ind-hIO\vll :-land. For th(' reason that deposits a re 
subjed [,0 ma_"J~' d(·is..,itud{!~ in their :mhsequent history, so that 
UH'.Y ::;ollwiill1C'S st.and at, ~tl'(, P flnglf's or UI'P ('ven overt,urned, 
it is illlpUl'tallt 1v ohs{'rv(' the' ('urv!'!» of sand rippit's so ;IS 10 dis­
j ingui,;h tIl(' uPlw/, fl'Ol/1 t hl' lo\\'f'" .... W·[tl (·('. 

I II tlH' finrr ~ands :-lud llIuds of sill'it(' I'C,t) tidal ft~\t,s may 1)(' prl'­
,";{'/Ted tJlf' impl'f'.'i,'I;(f1l1'i frolll raiIJdl'Opl'\ (lr of tfw feeL of animals 
wl!i,·!J 11:1\'" W!ult\Pl'l'd 1)\'",. j hr' fbi duriJlg all t'bh tid". \Vhpl1 
j III' lid" i:-i al flol)d. 11t'\\' 1I1ajpriai is l:lid down upon t,lll' sUl' faer' 
and lilt' il1lpn'ssioll:"O :11'(' {Hi(,d, hilt t huugll hurdened into rOt.: k , 
these Slll'f"l( '(~S an' j !rOSI ' 111'1111 \\'lIi( ' il t,hl' rock is 1'a.. ... i1y parted, 
:L1HI :"00 j 11P illlpn· ... siolls 111'(' l)rl':-l('IT('(I, In t.llt· Stlllrist,olles of t.he 
('olllwct,icut vallt,~, t h('l'(, It ns bl"€11 presrrved a q uite remarkable 
H'eord in l,hp foot pr\nt~ of anima\~ helonging to extinct species, 
whieh at t ire timp 1h('s(' d(\pORits werC' laill clown m ust have been 
!1bundant upon till' llPighhoring :-;liorf's. 

B,·t",·C'en the t.ilit's muds lIlay dry (Jut and (~ rack in inlersecting 
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lineR like the walls of a honeycomb, and when t.he cracks have been 
filled at high tide, a structure i:; prodlwcd which may later be 
recognized and is usually referred t.o as " ll1ud-erack " structure. 
This structure is of sp('cial ~('f\' i {:{_. in uistingui::iil il1g murine ct<'­
posit.s from the subaerial o r cOIlt.im'lll.td c!('po:;its. 

A var iation in the din'cLion of wind . .; of sU('(.~es:; in' :-:tOI'UI :-; 

lIl ~l~' be rosponsible for Lhe piling up of t,he beach sand in a pr-e ul­
iar .. piung<' and Row " or d cross-bedded n st.ru ('t ul"(' , :1 :-:t flld,url' 

which is l'xtr('mcl~' ('ommon in littoral tippo::iit.s, thull~h s im u­
lut.t'd in roeks of eolian origin. 

The order of deposition during a transgression of the sea.­
!VI.nny shore lint';.; of 1,hl' c'ontill('nt.:"\ art' nlrll(J . ..;t (·oll .... tallt\ .\· llli~l'a.t­

ing pit-her landwaru or seaward. \Vhen tlu' ~hOIT linl' ;J..(h'ances 
Lc. ....... __ 1 

, ' \ - \, -" :~~:'!'J:~<;"'::':~:?:~'5;~1e;,~;; 
\ \ ' ~"" 

Fit;. IS. -Diagram to ::IhoYo' tIlt' ordt 'r of llw :t1'di Il1l'1I1 )\ !:tid dow It dllri lll.!. ;1 Ir;LII~' 

I!rt'HI! io ll vr t h t • 1011'11 . 

ov(' r the land, til{' cou~1 i:;; ~inkillg, :LllIl Ilw.r illl' lh'pu:sih will \w 
formed dir£'ctiy abo\"£' whal, wa:-; r£'('('ntly j hI' ,. dry Jaml. !! Suc·1I 
an invu:sion of the land ny lIw ~ea, duf' to a !"j \lb~id( 'n('(' of the coa.":it., 
is called a t ransgrl'f'siull uf t,h(' spa, or simpl." :t transgression. 
Though at any moment t.hl' littoral, ~boal wakl', and offshore 
deposits are each being laid down in a partieu lar zone, it.. is evi­
dent that each must aclva\lC'c in turn in the dirrction of the shore 
and so be deposited above the ZOUl'~ near~r shore. Thus there 
comes to be a definite series of continuous beds, one above the other, 
provided only t hat the proceBs is continued (Fig. 18). At the 
very bottom of this series there will usually be found a t h in bed 
of pehbly beach materials, \\'hich later will harden into the so­
called basal CQnglom.era)~. If the size of the pebbles is such as t -o 
make possible an identification, it will generally be found that these 
represent the ruins of the rock over which th(' sea ha.r;. advanced 
Upon the land. 

Next in order al)()v(~ the ha .. 'iu.I eongiol.11('rat<', will follow t,ht~ 

COarser and then the fin er sands
l 

upon whi ch in turn will be la id 
down the offshore sediments - the muds and the lime deposits. 
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Later, \\'hen cemented together, these become in order, coarser 
and finer sandstones, shales, and limestones. The order of super­
position, reading from the bottom to the top, thus gives the order 
of decreasing age of the formations. 

A sub"quent uplift of the coast will be accompanied by a 
recession of the sen, and when latcr dissect.ed by nature for our 
inspection, t.he order of superposition and the individual character 
of (·.jch of thf' deposits may be stucJjed at Jeisure. From such 
studies it has ueen found that along with the inorganic deposits 
there arc often found the remains of life in the hard parts of such 
invertebrate animals as the mollusks and the crustacea. These 
so-called fossils represent animals which were gradually developed 
from simpler to marc and more complex forms; and they thus 
sen'e the purp05e of successive page numbers in arranging the 
order of disturbed strah1, at the srune time that 1.ilOY supply 
the most secure foundation upon which rests the great doctrine 
of evolution, 

The basins of earlier ages. - It, was thf' great Viennese geolo­
gist, Professor Suess) who first pointed out that in mountain. regions 
there are found thc thickest and the most complete series of the 
marine deposits; whereas outside these provinces the forma~ 

tions arc separatf'd by wide gaps representing periods wben no 
deposits were laid down because the sea had retired from the 
region. Thl? completeness of the series of deposits in t.he mountain 
districts can only be interpreted to mean that where these but 
lately formed mountains rise to-day, were ror long preceding ages 
the basins for deposition of terrigenous sediments. It would 
seem that the lithosphere in its adjustment had seJected these 
earlier Sea basins with their heavy layers of sediment for zones of 
special uplift. 

The deposits of the deep sea. - Outside the continental slope, 
whose base marks the limit of the terrigenous deposits, lies the 
deeper sea, for the most part a series of broad plains, but varied by 
more profound steep-waUed basins) the so-called (f deeps ,) of the 
oceau. As sbown by the dredgings of the Challenger expedi­
tion !tnd others of more recent date, the deposits upon the ocean 
floor are of a wholly different character from those which are 
derived from the contincnts. Except in the great deeps, or 
between depths of five bundred and fifteen hundred fathoms, 
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these deposits are the so-called "ooze," composed of the cal­
careous or ch itinous parts of alg::e and of minute animal organisms. 
The p te' lagie or surfa.ce waters of the ocean ure, as it were, a. great 
meadow of these plant forms, upon which the minute crustaceu, 
such as globigerina, foraminifera, und the pteropods, feed in count­
less myriads. The bard pnrts of both plant :lnd animal organisms 
descend to the bottom and there form the ooze in which are some­
times found the ear bones of whales and t.he teeth of sharks. 

In t he deeps of the ocean, none of these vegetable or animal 
deposits are being laid down, but only tbe so-called H red clay," 
which is believed to represent decomposed volcanic materia l 
dc-posited by the winds as fin e dust on the surface of the oceau, or 
the product of submarine voJcanic erupt jon. From the absence 
of the ooze in these profound depths, the conclusion is forced upon 
us that the bard parts of the minute organisms are dissolved while 
falling through three or four miles of the ocean \Vater. 
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CHAPTER V 

CONTORTIONS OF THE STRATA WITHIN THE ZONE OF 
FLOW 

Th e z.ones of fracture and fl ow. -It i:-; easy to th ink of t he 
ntmo."'phf'rt, and ilw hydro~p}lCrf' ; j$ ('ach su~tHinjng a t, a ny point 
the load of the :;:upcrincumiJent m ateria l. At t he sea. level the 
weight of air upon ench square inch of surface is ahout fifteen 
poulH I ~J \\" h['rl':I:O: upon til(' Hoor of t he hydrosphere in t he m Ore 
profoullll lll'Pj):::' tll{, IO:ld 1I1)UI1 Ibt, ~qU: Ll'e inch must ue measured 
in lOllS. Se:lr Lilt' lifho . .;ptH'n· .'iUrf:1GC thr I'o("k...; support by thpir 
:-;In' llgth the load of nil'\..: :t11(}\'P thP Hl t but :It gl'e~lLer dppt h:-i t llt'y 
:11'(' ullall [(' t,o do tillis, fur the load beanj "pon ead l port,ion 

uf the' roc' \': with :1 pn'~:-;lI r(' l'qui\':l lent to thf' weight of !l rock 
eolUIl1H whi(,h t·xtt ·nd."i ujJward to tl1(' Hu rbec. Thp ~veruge 

spf'('ifjc' gr:n'ir,y (If fQ('k i:-: 2. 7, :wcl i t il'i t,h us Ctll:i.' · to calculate t he 
irngt ll of til(' inel! ~quHn' colu mn which h:u:i a wpight f'q uivalen t 
to till' cru:-;hing strength of a n." given rock. At t he dppt h repre­
Rent.ed hy t.he lengt,h of such a column, rocks cannot y if"ld to pres­
sure by fracture, fo r the opening of a crack i_mplies that the rock 
upon either side is 5trong enough to prevent the walls from clos­
ing. At, thi::; depth, tock must therefore yield t.o pressure not uy 
fraeturc, :l.S it would :I..t. till' :'IlI r fa(;c, hut by How after tihe manner 
uf n. liquid ; :md ; .. 0 1 h(' ZOIl{' I)('il)w t .h i~ cri t ic::i1 level is referred to 
as ilw zon(' of flow . 

In con1.r:l:-;t. (11(' 1lf':lr-:·;;urf:l c(' 7.01U' i::: ea ll ('d t he zone of fracture. 
But diffc'r('lIt rock;.. 1'0:-;:-1(':':-; dHT('I'(-'nt :;tr~ngtb s, and these are 
subj('t:t to moditic'ntioll~ f!'Olli ot.h(·r (;onliitions, 8u{!h, for example, 
a,-; .the proximity of :tIl UlH:ooled mll,gIn:t. The zone of fl ow is 
t.herefore joiucd t,o t.he zone of fract.urC'. not, upon a defini te surface, 
hut in :111 int('rmrLi inte zone d(,~('fihcd ~u; t he zone of fracture and 
flou:. 

Experiments which illus trate the fracture and flow of solid 
bodie s. - A prism:'1tif' blo(:k prepared from stiff mol{lers' wax, 
if rrushed between the jaws of u. t,estlng mfichine, yields a system 

40 
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of intersecting fractures which are perpendicular to the free ~lIr­

faces of the block and take two dire(itions eHeh inciinpd hy hnlf 
of a righ t angle t.o the direction of compression 
(F ig. 19) . This c}.."pcriment may illustrate the 
manner in which fractures a re produced hy 
the Gomprcsf"iol1 within tJlC zone of fracture 
of the lithosphere, u.~ its vore con t.ill!u\<;; 10 

<'ontr:lrt. 
T u ]"pprodll('{' t,jH' ('OJllliti oll ~ within 1,11(, zone 

(Jf flow, it, will 1'e n(H!(!IfSllr~" t.o load tll(' Int(lraJ 

~urf:\cp",; of the hlock in ~t,('ad uf ipaving tlwm 
unconstrnincd aR in tlw ahovf'-d ('~cril)pd ex­
periment. The c)I:perilnent, is h('~t devised as 
in Fig. 20. H eTE' n. scri e~ of layers hnving 
varying degrees of rigidity is prepared from 
hCf'RWa.X as a base, either !'itiffcned by ad­
mixture of varying proportions of plaster of 
P aris, or wcaken{"rl by the use of Venice turpen-

tine. Ruch:l sNie:; of layers may n}prc!ol('nt FI~:{'t:~~-;a:~;~!l~~~:'~~ 
rocks of as wi th'ly different chH racterl'i 3l'i Iime- offru.("turespNxiuN'd 

~tone and shale. Tlie load which i ~ to rep- upon Cllf·h ffl~ !!Cur­

f('sent superin cumbent rock i ~ supplied in the ~~~I~f ll~i~)~:;I~:~~: 
experiment by a deep layer of shot . 

When compression is a pplied to the byers 
from t he end f':. , t hese normally solid material!'., 
im;tcad of frftcturing , a re bent into a. 5;eries 

wax when broken by 
compression from the 
I!uds (after Daubr6e 
ilnd 1'resca). 

of folds. The stiffer, Or morc cornpet,ent, layers arc fOWld to be 
l~f' t'ont,ortpci than are the' wenker layers, particularly if thr-

i '·IO. :!(J._:_APP:lrlltu" t" iUuslr:.lt.c t ho (ohliug of :;lrutu withiu tll (' Will' of fiow 
(w lerWiJlis). 
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la t te r have been protected under an arch of the more competent 
layer (pI. 2 A) . 

The arches and troughs of the folded strata. - Every series 
of folds is made up of alterna.ting a.rches and troughs. The arche; 
of tbe strata tbe geologist calls antiC/inc8 or anticlinal f olds, and 
the troughs be calls synclines or synclinal folds (Fig. 21). When a 

strat um is mCI'f'iy dropped in a 
~" b / bend to a lower level without 
~ producing a complete arch or a 

complete trougb, this balf fold 
iR termed a m.onocline. 

Flc. 2 1. - Diagr:lIl1s rt'pr(!scllting a, Any fl cxuring of the strata 
nuticlim': /), U !<~'Il"liIlC; aud c, II mono- implies a reduction of their 
di lle. surfat.e area, or, considering a 

single sN,t.iol1 1 a. shortenhlg. If the arches and troughs a re low 
and broad, the deformation of the strata is slight, t he shorten­
ing is comparatively small, and the folds are described as open 
(Fig. 22 b). If tbey be relatively both a 
high and narrow, the deformation is =======" 
considerable, a larger alllount of crli.-;tul /) ~ 
shortening has gone all, and the folds 

:r;'i~;sc~~,e~f at~:lo;~IJ:i!:: c~~nt:l~i; c ~ 
un t il thei r sides have practically the 
Sume slope) in which cnse they are suid «\ 
to be isocl inal (Fig. 22 d). d _ _ 

The elements of folds. - Folds must 
always be thought of liS h.ving ex­
tension ill each of 1 he t hree dimensions 
of spaee (Fig. 23) , and not as properly 
ind udpd within a single plane like the 
cross sections which we so often LL"3e in 
illustration. A fold Illay be conceived 
of as dh'icled in to equal parts by a plane 

FiG, 22. - .A comparison of 
fulds to express increasing 
degrees of crustru s hortf.'1lilJg 
o r progrcssiyc defol'mutiou 
within the zone of flow: a, 
stmtum before folding: b, 
OPCll folds ; c. close folds; 
d, isocliosJ folds. 

which p9.Sses a long the middle of e ither the arch or the trough, 
and is called t he axial plane. The line in which this plane inter­
sects the arch or the trough is the axis, which may be called the 
crestNne in an anticline, and the troughZine in a syncline. 

I n the case of many open folds tbe axis is practically bori-
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zan tal, but in more complexly folded regions this is seldom true. 
The departure of the axis from the horizontal is called the pitch, 
and folds of this type are described as pitching folds or plunging 

FIG. 23. - A . .Qticlinal and synclioal folds in strata (after Willis). 

folds. The llxis is in reality in these cases thrown into a series 
of undulations or Ie longitudinal raIds," and hence pitch will 
va ry along tbe axis. 

The shapes of rock folds . - By the axial plane eacb fold i. 
divided into two parts which are called its limbs, which may have 
either the same or different average inclinations. To describe 
now the sbapes of rock folds and not the degree of compression of 
the district , some additional terms arc necessary. Anticlines 
or synclines whose limbs have about the same inclinations are 
known as uprl:ght or symmetrical folds. The axial plane of the 
symmetrical fold is vertical (Fig. 24). If this plane is inclined to 
the vertical, the folds are unsym'metricaZ. So soon as the steeper 
of the two limbs has passed the vertical position and inclines in 
the same direction as the flatt.er limb, tbe fold is said to be over­
turned. The departure from symmetry may go so far that the 
axial plane of the fold lies at a very fiat angle, and the fold is then 
said to be recumbent. The observant traveler by train along any 
of the routes which enter tbe Alps may from bis car window find 
illustrations of most of these types of rock folds , as he may also, 
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\,huug;h l;t'Hcra\\y \p~;-; t'a;-;ily, in pa:,;-;ing. through Ilw Appalachian 
MOLintain . .:., 

SYI7?rn.1"rico/ 

, 
""~ '\ ~ 
~ , '--

FlU. :!4, - DiagrallLs to illustrate 
the difl"I'rclit tllllllJt'l> of roc'k fold .. , 

in regions whieh have been closely 
folded the larger flexures of the strata 
may be found with folds of a smaller 
order of magnitude superimposed 

.upon them, and thesE' in turn may 
:-ihow cru mpling:; of ,,,,till lower orrkrf;, 
It, ha.<:i been found that UIC fold:; of 
t.ht" smaller order:;; of magnitude pos­
:-;p;-;~ t he shapei' of the larger fif'XUTC'S , 

and IlIl1ch ili t hen'fore' to lw ipanwd 
frOlli lIH.' ir ('an'flll ~t lldy (Fig. 2.~ ) . 
It i:-; al:-,o quit.{' gPIH'rally di .... <:o\'(· f(,<l 
that parall C'1 plalws of ready parting, 
",hi,,11 art' dC':-it'rih(·d a:;; rtl('/" c!CWIU{/l ', 

I :Ike I heir ('0111'.":(' paraliC' I t,o til(> axial 
pblw wit.hin (':ith minor fold. A:-:, 
wa,. .. long ago :o:hown hy Lhe piOllf'f'f 

Briti:sh gf'oiogisis, thl'se plant'S of 
cleavage are essentially parallel and 
follow the fold axes throughout large 
arras, 

The overthrust fold . - 'Vhene\'er 
a :-;tnlt.UIIl is bent, thl'n' is a tendency for its particles t.o be 
lSeparated upon the convex side of the hend, at thr :o;arn(' time 
that those upon the con­
cave sidC' are crowded 
closer together - there 
is t,enslon in the former 
case nnd compression 
in the latter (Fig. 26). 
\Vitbin an llllsymlllf'i­

rieal or un overturned 
fold, the p{'{'uliar dis­
tortions in t,be different 
sections of t he stratum 

• ~tr 
are less simple and are FIG, 25. -&lcoodary nod tertiary Bexures superim. 
best illu s trated by posed UPOD th e prim&rY ODCS. 



PLATt: 2. 

A. Layers coIllpre:;!:Ied in ('xperimcnts and showing the effecl uf 1) COIUJ,lctCllt lttycr 
in the process of folding (after Willis). 

B. Experimcntal production of {l series of parallel thrusts within closely folcll..'{l stmta 
(nftcrWillis). 

C. Apparatus to illustrate shearing action within the overturned limb of !l fold. 
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pJ. 2 C. This apparatus shows two similar piles of paper sheets, 
upon the edges of earh of which a st::ries of circles has been drawn . 
\Vhen now one of the piles is bent into an unsymmetrical fold, it 
is Re£>11 t.hat t hrougb an ac('oIlIInodnt,;oll by th£:' paper sbppt.s sliding 
,'adl ( Iv.~r it.s lIt·i~bll()r !mgt-' di:o'lurfiul1s of ('1If> ei"t"'"R 11:1\,1' u('('urrpd. 

In tllat :-; tt~('p('r lilli b whit' l, wilh ('lo,-wl' fuldinp; will lit' fl\"f' r tllrllrd 

I he circles havfl been drawn 
out into long and narrow 
ellipses, and this indicate:o; 
I,hat. thost> rock particlf's 
which hefore the bcndin~ 

Wf>rp ineJui)f·d in tlw cirr-1L' 
have l'cclI 1'110\'0<.( past ca(:h 
other in the manner of the 
blades of a pail' of shears. 

F,(:. 2Ii.-A "('Ill str:dll"1 I" illll,:lralt· tf' lI:!iou 

UPOll the L't)U\'\'X al,ll '·I'1l11U·.·"' ... i,,', lIll"fW tl .. · 
I:OIl('IlVe sid,· (after Villi Hisc ). 

Such e;..-tl'emc .. shearing" action is thus localized in the undcr­
turned limb of t.be fold, and a time must (;omf' with ront,illllll.t',ioll 
of thf' ('ornprPHsion whrn thp fold will I'liptu n~ a.t th i~ nit,it'al pilU'l' 
:tlnn~ a pluut, pal'all('i to tlu' iOllJ.!;('~t. ax i ~ (If t.llt' ('llipsf'~ 01' l\l':.l.d~· 

pa.l'allt'l 1.0 Ill<' axial phuH' of I ht, ant it'lilll'. ~ll('h:-;t nwt IIJ'('~ proh­
alily u('('ur in thl' 7.(I)W (If t'OlllbillPd frUt:tllJ'f': anti Huw, up into 
whit-II th(' bpcb arc' for('('d in l'zl)o;rs of doS(' eomprc8Hion, Hr li pf 
thlls hring found upon t,hil:i plaut' (If fra('1"urf', tilf' IIpp('r portioll 
(If thp fold will now rid£' ove!' t,h(' !o\wr, and th(' displacement if' 
dt 'l:icrihl'd n.s a thrwsl or OJ1erlhru..s1. 

In t,!II' long ~t"rics of <'XPf'filll(,lltR (:omiudt-'d hy Mr, Bail(',)' 
'Vilfi :-; of flw Ullit.c'd Rt.att~R Ct'ologi('al Hllrw'y, all t1w Sh.lJ,,"('R IK'­
I \\ '('I'I! t ht~ uVf'rtllrJlI:d fold and till' m'('rLiJl'tlst fold \\'('1'(' rt'product,d. 
'''111'1'1 ' :t ."IPl'it·s of folds \\'3,." ('Iosf'!.\' (!ompr(· . ..;s('rl , n parallel ::lp ri l"s of 
thrusts u('v('lopf'd (pI. 2 B), so that a sNh's of sli<)('s cutting Hcrc_ws 
lH'ip;hhoriag strata. \\,:1." ~ I id in l"U(·,('p::t":iion , ~a<:h ov('1' th{' (11)(-'1', 
likf' t ht, ."i('3.1('s upon a fish or tilt' shingl('s upon !l roof. Quite 
I't'rnarkablf> sl.rut't,llrt':-; of thi:-; kind hav(' 1)('('11 di:,('()vt~r('d in !'o('ks 

of su(,I, ('lo.':;('J.)' foltlt·u cii::.;t.rit:l:-i 11.<.; 1.11 (' ~orthwpst Highlands or Scot­
land, \\'ilerp thp overriding i!-i m('[l."lIl'f'd in miles. Near the thrui-it 
planes thp rocks show a (' rushing of thp grai ns, :l.ud 1.h(' planes them-
5(1lv(';;, 3.1'(' Ron)('tilm'~ ('o!'I'ugnlf'u !lnd flolislwd by "'L(' 1L10V('ll1cnt. 

Restoration of mutilated folds . - Sille(' fit"'xtlring of the rock'" 
tukes pla('(' Wit hill tilt, zunf' of flow ill a t1ist.all(,(:· of scvf'ral milc:J 
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below the eartb's surface, it is quite obvious tbat the results of the 
process can be studied only after some thousands of feet of super­
incumbent strata have been removed. " Te are a little later to see 
by what processes this IO\\'cring of the surface is accomplisbed, 
but for the present it may be sufficient to accept the fact, realizing 
that before foldings in the strata can reach the surface, they must 
have passed through the upper zone of fracture. 

It might perhaps be supposed that the anticlines would appear 
as the mountains upon the surface, and occasionally this is true; 
as, for example, in the folded Jura l\1ountains of w~stern Europe, 
More generally, the mountains lul.\'c a synclinal structure and the 
valleys an anticlinal onr j but as no general rule can be applied, 
it is necessary j,o make a. rc:storation of the truncated folds in each 
dist rict before their character can be known. 

The geological map and section. - The earth's surface is in 
most regions in large part covered with soil or with other inco­
herent rock material , sO that over eOllsicierabte areas the Liard rocks 
UI'C hidden from view. Each locality at which the ruck is found 
at the earth 's surface I I in place" is described as an oulcropp.,;ng 

or exposure. I n a study of the region each such exposu re must 
be examined to de- 'Lertnine the nature of the rock , especiully for 
the purpose of rorrelation with neighboring exposu l'e~, and, in 
addition, both the probable direction in which it is continued along 
the surfllc£, - the slrUf.:e - and the inclination of its beds­
thc-' dip. If the outcroppings are sufficiently numerous, and rock 
type, strike and dip, m.y all be determined, thc folds of the dis­
t rict may be restored with almost as mueb accuracy as though 
their curves were everywhere exposed to view, A cross section 
through the surface which represents the observed outcrops with 
their inclinatiolls and the assumed intermediate strata in their 
probable attitudes is described as a geological section (Fig. 27). A 
map upon which the dllta have been entered in their correct loca­
tions, either with or without assumptions concerning the covered . 
areas, is kl}own as a geological map. 

If tbe axes of folds are absolutely horizontal, and the surface 
of the earth be represented as a plain, the lines of intersection of 
the truncated strata with the ground l or with any horizontal sur­
facc, will give t he directions of continuation of the individual 
strata. This strike direction is usually determined at each expo-
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sure by use of a ('om pass provided \vitli a spirit \pvpl. \Vhen that 
edge of the leveled l'ompa8S which is parallel 10 Uw north-south 
line upon the dial is held against, t he sloping roek st mtllln , 1l11' 

angle of strike is measured in degrees by the compass needle. If 
the cardinal direct.ions have been placed in their correct positions 
upon th(' compass dial, tile needle will point to the northwest 
when the ~t rik e is northeast, and m:ce versa (Fig. 28 a), Upon 

FIG. 28. - Dill.grnm to illustrate the manner of determining the strike of rock heda 
at 110 outcropping. (1, a {:ompass which has the cardinal directions in their 
natural positions; b, II. compass with the C!lst and west initials reversed upon the 
diul; c, bome-mude clinometer in position to determine tbe dip. 

the geologist's compass it is therefore customary to reverse the 
initials which represent the east and west directions, in order that 
the correct strike may be read directly from the dial (Fig. 28 b). 

By the dip is meant the inclination of the stratum at a.ny expo­
sure, and this must obviously be measured in a vertical plane 



ulull~ till' ~1 ·('('IIt' . .;t lillt, ill t Ill' l,t'ddil1~ plaJl(-~. 'J'hf' dip angl(, i~ 

alway;o; ",·f('rn'cl tv a hori:ml1lul plum', and heIH'(' H'rti('al heds hun' 
a dip of HO D. The u(,\·i,,·(.' for lUl'u::-uring t hi:-; angle of dip, the 
clinOlIll.'ia, j~ Ilwrf'ly a :;impic pendulum which :jerves as an indi­
cator and is centered at the corner of a. graduated quadrant. A 
horne-made variety i:;; easily constructed from a square pierI.' of 
board and un attached paper qtmdrant (Fig. 28 c), but the gf'olo­
gist's compass is always pl'Ovidcd with a clinolDC'tpr at.tachmf'nt 
1,0 the dial. 

Hinc'(' th(' :;;1 rikr if: t h(' intersection of the bedding plane "'it h a 
hori7.0ntaJ snrf~{'(', a.nd tilt' dip i:-; tlw inter::,(,(·tion with tha.t pa-rtii:­
uh-l.r vertical plan(' whidl gin'~ t hL' :-:tt'l'pr.st inclinatioll, the l'itrikt· 
and dip arf' Iwrp('ndi{'ular 1,0 Nl.rh otht'r. To n~pre:-\('nl i 11{~m 
upon \'\)'\.P.;, ,t \':"1 \1\0\'\ ' \)1 \~':"I t\lshmmry \'0 U:-'\' '\_,\w :-.o-tal\p\\ T 
:;ymbol:-:, tilt' top of til[' T giving t he dir('et.ion of thp. st rike and tht · 
shank t.hal of tht' dip. If nwridian~ arf' drawn upon til(' map, lil(' 
din'('tioll or attit,II(\t· of t,ht' T ('an II{, found by t.he liSl' of a simpl(' 
protradol'; and ,,'h(,11 ('ntf'rf'd upon the' map, the t'xact angle of 
ttw :-:t rikt' may br supplied by a figun_' Ilear tht· top of til[' T, and 
1 he dip anglp by n figure at till' Pllti of t,h(' ~hank. It i;-; til(' Ctlstmll, 
al:-:o , 1·0 make the I('ngt b of Uw :;hank in\'er:-;ply proportional to 
t h(' :-;tet\pnp;05!'; of til(' dip , so that. in a broad way the ntt itucit's of 
the st rut.a Ina.~· be taken in at a glance (Fig. 29). It i;.; furt,lwr of 

N 
advantage to make the top of Lhe 
T a double line, so that some 
symbol or color may show the 

% 60 correlat'ions of the different expo­
sures. To illustrate, in Fig. 29, 
the symbol marked a. represents 
an outcrop of limeskne, tile strike 
of which is 500 cast of north (N . 
. ';0 0 E.), aod t.he dip of which is 
-1-.1 0 ~uthea:-;t. In the same figurl' 
,) "('prCHPnt,:-; a sbalt· Qut.crop in hori-

f'HI. :!9. - Dillgntlll h' 1;IH,W till' \I!:ll' 

of T l!ym\)I)b ~'I i1l'\i. ~·atl' till' dip ami 
I!trikr or uut"'rul'pillg~ . 

zoni al bed", which bavt~ in <:OIlSC­

quence a uni"cr:sal titrikl' and a dip of 0°. All exposure of limestone 
in \'erticaJ bedti which strike N. 60° E . is shown at c, etc. 

Measurement of the thickness of formations. - When forma­
tions still lie in horizontal beds, we may sometimes learn their 
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thickness directly either from the df'pth of borings to the under­
lying rock, or by measurements upon steep ('anOIl walls. If tilt· 
beds stand vertically, the matter is exceedingly simple, fot, in thiJS 
case the thickness is t.be width of the outcrops of tlIP formation 
urtwf"en the bf'cis which bound it upon either Ri{h'. In th(' g(,Ill'I'a.i 
case, iu which the beds art' 
l1f>ither horizontal nor ver­
tical, Uw th ickness must bp 
obtained inclin·(·tly from the 
width of tbe exposures and 
the angle of the dip. The 
fu.(:tor hy which the ex­
Pl):-:Hr{, width lllu~t be mul ­
I iplif'd ii" known a.'"i t he ~ill{, 
of t.he dip al1!(lr (Fig. 30), 

FIG. 30. -Diagrnrn t.o show how tile IhkkncKs 
(If a formation may he ohtuilWd from til,.. 
an~ll' (l[ t1u .. dip lint! nil' width IIf tlw ~'X~ whi('h i:-\ gin·a with ;-;uffieif'ni 

ac('uracy for mm.;t purpo:,cs pO~lIn'lI. 

in t. lw following tahle, It is obvious that in order to obtain 
111(' full th ieknc:--:-; of u format.ion it is necessary to meUSurf' from 
ihe (mntact with the adjacent formation upon the one side to 8. 

similar eontuct. with the nearest formation upon the other. 

l\'al1lral Sinc6 

0' .00 350 .. 57 70' .94 
5' .09 40' .M T' ., JI7 

10' .17 45' .71 80' .98 
150 .26 SO' .77 &-;0 1.00 
20' .3>1 550 .82 90' 1.00 
25 0 .42 60' .87 
30' .SO 65' .91 

The detection of plunging folds. - When the axis of a fo ld is" 
horizontal, its outcrops upon a plain will continue to have the saffi(' 
:-; j rike uutil the formation comes to an end. Upon a generally 
Il'\'el surface, therefore, any regular progressive variation in the 
strike direction is an indication that tbe folds have a plunging 
or pitching character. Many serious mistakes of interpretation 
have been made because of a failure to recognize tbis evidence of 
plunging folds. The way in which the strikes are progressively 
·modified will be made clear by the diagra!Il. of Figs. 31 and 32, 

£ 
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the fif!~t I'f'Iwpsenting a pite·hing antiriinf' and the sf'cond a pitch­
ing syncline. In both these reciprocal cases the strikes of the 

FIG. 31.- Combi [Jed surfllce and &:ctioual d cwsofn plunging unticline (alter Willis). 

beds undergo thf' same changes, and the dip directions serve to 
distingui:·dJ \\,hich of the two st. ructures is present in a givcu case. 
There ii', however, Oill" furt.hel' diff('renee in that. the hard layers 

FIG. 32.-ComhiDl .. '<i surface and sectional views of a plunging syncline (after Willis). 
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of the plunging anticline, where t.hey disappear below the surface 
in the axis, will present a domed surface sloping forward like the 
back of a whale as it rises above the surfac(, of the sen. Plunging 
folds in series will thus appear in the topography as a series of 
sharply zigzagging ranges at t hose localitif's where the harder 
layers intersl?ct the surface. ,uch features are euC'ountered in 
eastern Pennsylvania, where t he hard formations of the Appala­
chian Mountain system plunge' northeastward under the later 
formati ons. The pitch of the larger fold is oft,cn disclosed by that 
of the minor puckerings superimpospd upon it. 

The meaning of an unconformity. - Tht, rock beds, which are 
deposited Olle above the other during a transgression of the sea, 

FlO. 33.- Unconformity between a IOW{,T aDd an upper series of beds upon the coast 
of Cu{ifornia. Note how the hard layer Btand~ ill relief upon the connecting 
surface (after Fairbanks). 

are usually parallel and thus represent a continuous process of 
deposition. Such beds are said to be conformable. Where, upon 
the other hand, two series of deposits which are not parallel to 
each other are separated by a hreak, they arc said to form un­
conformable series, and the break or surface of junction is an un~ 
confo~mity (Fig. 33). 
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H ere it is evident that, the sediments which compose the lower 
series of beds have been folded in the zone of fiow, though the 
upper series has evidently escaped this vicissitude. Furthermore, 
thr :-\u rfal'p whjch delimits the lower series from the upper is sonw­
wh:tI iJ'l'I'~ublr alI(I ~J.o\\' .... :L hal'll 1:t,\'('1' :-\tallJjllg ill n'ii('f, as it. 
w!!uld if it had UPPi),',;{·t! ~n 'lItl'l" 1't'~i . ..;tal1( ·I' 10 tht · at,t,ul;k~ of the 

:Itrtl(l .... pht,rt· upon it. 
In f<'aiijy, all ullconfoflllity iwtwPE'n formations lllus1 bf' ill­

tf'l'pr{\ff'tI to llIean that tilt' lowrl' series is not only older than thf' 
UPP<'J'. u_;,,: :-: h(l\nl hy t1w order of Ruperposit,iol1, hut that the time 
(If it:" dl'p()sitioll \\":1.,"\ :o;pp:lraipd froll1 t.hat of tile upper hy a hiatus 
in which import.allt (·hallges took place ill the lower series, The 
~tag{~~ or l'pi~(Jd('s ill the history of the beds represented in 
Fig, 33 lllay 1)(, r~a.d fl."; follows (see Fig, 34 a-e) :-
------.,- (a) D,' pos ition 

a 
of the lower series 
duriug a transgres­
s ion of the sea, 

(b) Co n ti nlled 
subsidence and 
Ilu rial of 1 h(' lowN 
!'H'l'ir-s !J('n{'at h 
o\'prlyjng sf'cli­
IlwntsJ and fif':\'-Uf­

ing in tht· ZUlU' of 
flow, 

((') EII'vatiol1 of 
til!' eornhilH'd d t, ­
j.J()$its to azul far 
ahove sea Jev(,j and 
removal by erosion 
of vast tb ickm':.;,o.;t's 
of the upper sedi­
ments, 

Flli, 34. - Series of diagrams to illustrate in succession the 
cpisodt1s involved ill tilt.· hiStorit;al developmeot. of an 
angular Utu.:onformity. The vcrtical arrows indicate 
the directi~1I of mO\'cment of thc lnnd, and the horizontn1 
arrows the direction of shore migration. 

(d) A new sub­
sidenC'e of the tl'uncated lower series a.u.d deposition of the upper 
se l'i (:':"; across its eroded surface. 

(e) :\ ne\\' elevation of the double series to its present position 
a llen't· !,Pft !C\·Cl. 
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From this sliccession of t'pisodes it is seen that a break of this 
kind between two series of deposits involves a double oscillation 
of subsidence followed by eievatioll- a large depression followed 
by a large elevation, a smaller subsidence followed by elevation. 
The time interval which must have been represent ed by these re­
peated operations is so vast as at first to stagger the mind in con­
templating it. When, as in this instan('c, t.he dips of Lhe lower 
~('ries of beds differ from those of tbe upper , we havr to do wi th 
au al/gula?" lUl.cOII!oTmitJJ. It rn a~' IX', howc\'er, that til{' lower 
serie:; was not so far depl'(!tised 1\.8 t.o rllter the zone of flow , and 
that its hed!"! Ineet those of the upper sC'T'i ('s with appaN'nt (,:011-

fonllit~· . :--iUl'il all wltonformit,y is often extremely difficult, to 
n 't'ugniz('1 alld it it:i ucscriiJed as a deceptillc or erusional uncon­
f()rlll i/,y. 

\Vi t h a cie<:rptive un conformity the clew to its rca l nature i ~ 

usually some fa(,t whi ch indicates t hat the lower f:r rics of sedi­
ments had been rai ~cd above the 
level of the sea before the upper 
serie~ was deposited upon it. 
This may be apparent either in 
the irregularity of the surface on 
which the two series are joined, 
in some evidence of the action 
of 'waves such as would be fur-

A. BIllowy SurFoce. 

~:s~~~ ~~p:r ~:~:s~~~g~~::r~~~ ~ '~""i :·V .. ,::: ;: ~.; .. ::<;: 
dication of difff'rent resistance of D. 80$0/ Cong/ol??erore. 
different rocks of the lower series 
to attacks of the atmosphere 

upon them (Figs. 33 and 35 a-c). ~. . . ' I ~ 
In most cases, at least, the " " '/ I J: 

lowest member of the upper _ . . . - -

series will be a different type 01 C Ckpre .... ion of" ~vrf"Octf o ... r 

rock from the uppermost mem- a .- w.akrlX'k,ono'p-'O_iecl'li'JnOYPr 

ber of the lower series, hence the 6- f1rrr::mg rock. 

frequent occurrence of the dis- FIG. 35. - T ypes of deceptive OT erosiona.l 

cord ant cross bedding in sand- UllconfoTmities. 

stone should not deceive even the novice into the assumption 
of an unconformity. 
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R f.:AI)ING REFEItENCES TO CUAl'TER V 

Tho zones of fracture alld flow; -

C. R. \'AX TTISE. Principles of ~ortb Amcri,,:ul Precambrian Geology, 
16th Ann. n(~pL. ll . .':;, 0001. Sun'" 189:}, Pt. r, pp. 581-603. 

BAII.E1' WILLI~. l\lechanics of Appalachian Structure, 13t.h Ann. Rept. 
U.S. Ceol. Surv,. 18!)a. P1. II. pp. 217-2.~3. 

/I.. D .HJlHH~t; . ":turl{'~ Synthetiqucs £If' Geologie Experimcntale. Paris, 
1879, pp. :mO- 32S. pI. I I. 

'V. PllINl.. QudqUl's rl'lllltrque.-: g~tH~ralcs U propos de I'cssai de em-rt.e 
Lu('I.uniquc df" I:L hplgiquf', eLc .. filllL Soc. Belgo Ceol., vol. 18, 1904, 
p. 14 :~, pI. Y. 

Analj'sis of folds ; -

VAN RISE and \rILLl S as nhovE': DE ]\1J.RCEIHE et H Enl ; Les disloC8'­
tiolJS dl' I'~l'orcc lp l" restr(,l (in French and German languages). Zurit:h, 
J888. 

G('Qiogicai maps: -

Wid. B . HOUBS. The Ma.pping of the Crystall ine Schists, Jour. Gool., 
vol. 10, 1002, pp. 78(}-7!)2, 858-890. 



CHAPTER. VI 

THE ARCHITECTURE OF THE FRACTURED SUPER­
STRUCTURE 

The system of the fractures. - In referring to cxperjment~<; made 
upon the fracture of solid blocks under compression (p. 41 ), it was 
shown that two s(~r i f's of parallel fractures develop perpendicular 
to each free surface of 
the block, and that 
these series are each of 
them inrlined by half 
of a right angle to the 
direction of compres­
sion, and thus perpen­
dicular to each other. 
The fragments in to 
w hkh a block with ODC 

frce sUT'faee would thus 
tend to be divided 
should be sq uare prisms 
perpendicular to the 
free surface. It would 
be interesting, if it were 
practicable, to learn 
from experiment bow 
these prisms would be 
furtber fractured by a 
contin uation of the Com-
pression. From me-

.. 
Fto. 3G.-A seto! U1W1ter joints developed in shale 

upou the Bbor~ of Cuyuga Lake near Ithaca, 
New York (after U. S. G. S.). 

chanical considerations involving the resolution of forces with refer· 
ence to the ready-formed fractures, it seems probable that the next 
series of fractures to form would bisect the angles of the first double 
series or set. Wherever rocks are found exposed in their original 

55 
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/ 

Fin. 37.- Dia,ttrum tu.sliowllOw sets uf IUtll!tcr joiuts 
dilTf'f iu,g in dircctiou by half a right a ugle may 
nhrulJUy replace cuch other. 

attitudes, they are, III 

fact, seen to be inter­
sected by two parallel 
se ries oi fr act ures 
which are perpendicu ­
lar 1,0 fhr ' l'ort-h's sur­
faf'l' and to Nwh othN 
and an' clp~('rih('d a~ 

J(jillf.l:. . III llWIl.)' ('af'f':o' 

11I OI'{' than two sl' l'i ('~or 

such fra ct ures a rc 
found, yet even in 
these ca.'Scs two more 
perfectly developed 
series are prominent 
and almost exactly 
perpendicular to each 
other as well as to the 
earth 's surface. This 

oll1nip l' l'~('n t double series or 
.~el of joints is the well-known 
S('t of lIIaster jointS', and very 
oft.en it i; found deyeloped 
prUj'tielllly alone (Fig. 36) . 
Over lurge a rC:Lo.; , t he di rection 
of the :,;ct of mast.er joints 
ma.\· remain practically con~ 
stant, or th is set may quite 
sucldt'niy gin' place to a sim~ 
ilar Sf't whi ch i~, however, 
turned t.hrough half n right 
angle from the first (Fig. 
37). 1\ot in freq uently two 
~uch sets of mas ter join ts 
il l'£, found together bisecting 
eurh other'f.; angles \d t hin the 
fo;anw rof'k~, ann to them 

FI(l . 38. - Diagram to show the different 
c·rnnbinut iolls of the scrieti composin g twO 
double sets of mnstcr joint !!. :lIId in fl, a, a 
additionnl di!!oTderh ' [rlwlures. 
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are sometimes added additional though less perfect series of joint 
planes. 

Studied througbout a considerable district, the various Reries 
which make up these two sets of master joints may be seen locally 

FIG. 39. - View on til(' shoff' ut Hoi"tellsuorg, \\ cst Grecnio.ud, to sbow the BUb­
equal sptlcing of the joints (after KOfllcrup). 

developed in different combinations as well as in association with 
additional fissure planes which are not easily reduced to any simple 
law of ulTangement 
(Fig. 38 a, a, aJ. 
Only rarely H re reg­
ular joint series ob­
served wbjch do not 
stand perpendicular 
to the original atti­
tude of the rock 
b.,cis. In afewlocal ­
itie:3, lwwever, rec­
tangular joint sets 
have b('en discov­
ered which dividr 
the rock into prisms 
parallel to the 
earth 's surface and 

FlO . 40.- Vil'W of tin cxpo~l'd hills ide in l cdand upou 
which the snow collected in crannies alollg the joints 
brings out to !\d\'[lntagc both the IflTger and t he slllaHer 
inten·als of the joint system (after Thoroddsen). 

with the joint series inclined to it each by half a right angle. 
Where the rock beds have been much disturbed, the complex of 
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joints may ue such as to defy all attempts at orderly arrange­
ment. 

The space inte rval s of joints. The same kind of subequal spac­
ing which characterizes the fractures near the surface of the block 
in Daubree's expl:'riment (Fig. 191 p. 41) is found simulated by the 
rock joints (Fig. 39). Such unit intervals bet,,,'een fractures may 
be grouped togrlher into larger units which arc separat ed by frac­
tUfes of unusual perfection. \Vc may tbink of such larger space 
unit!=; as having the sma.ller ones superimposed upon them (Fig. 40). 

The displace ments upon joints- faults.-]n the vast majority 
of ca.'5es, t,he joint fractu res ",hen carefully examined betray no 
ev idence of any appreciahlr movement of the two walis upon each 
other. Generally the rotk luyers are S('('11 to cross the joints with­
out apparent displacement. Joints art therefore planes of dis­
junction Duly, and not planes of displacement . 

Within many districts, however, a displacement may be seen 
t,o have occurred upon certain of the joint planes, and these are 
thpll described ~L"i fa.ult s. Such displacements of necessity imply 

FlO. 41. -Filultt'cl blocks of basalt didded by joints llcar Woodbury, COlluecti('ut. 
To sllow the ~trul'tur(' /If the rock. some of the foliage bas been removed ill prtlJiur· 
iug the sketch from II photograph. 

a different.ial movement of se(!tions or blocks of the earth'~ crustJ 

the so-called orO(Jr01)hic blocks, which are bounded by the joint 
planes and play individual roles in the JllO\·l3ment. A simple case 
of such displacements in rocks intersected by a single set of mas­
ter joints is represented in the model of plate 4 C. The most promi­
nent fault represented by this model runS lengthwise through the 
middle, and the displacement which is measured upon i~ not only 
varies betwef'Jl wide limits, but is marked by abrupt changes at 
the margins of the larger blocks. This vertical displacement upon 
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thl' fault is called its throw. Though not illustrated by the model, 
horizontal displacements may likewise occur, and these will be 
mOfe fully discussed when til(' subject of earthquakes is considered 
iu the following chapter. An actual example of blocks displaced 
by vert ical adjustment is represented ill Fig. 41 , a simple type of 
faulting which has taken place in rocks but s lightly djsturbecl from 
their original att,itucie, but intersected by a relatively simple sys­
t('n! of llw, .. ,ter joints. 111 those rel:,riolls tdwrc the beds ha.w' been 
fokh'd and perbaps on'rthrust before their elevation into thr zone 
of fracture, and which arp further intersected h~' disorderly fissUfP 
pIHtlf'~, t h(' J'f'!'UltR al'p fa r llIorl;.' ('omplex. in such cases 1 be 
phulf's of indi\ridual rlisplac:ement may not br vertical, though 
the) are generally st.('('pel' t.han 45°. For their description it is 
necessary to I1Htkc USt' of addi­
tional tecbnical tcrms (Fig. 42) . 
The inclination of a s loping fault 
plane mem;ured against the ver­
tical is railed the h"de of til(> faulL 
The tolal displacement is measured 
along tbe plane of the fault from a 
point upon one limb to tho point 
from which it was separated in 
the ot.her. The additional terms 
are made sufficiently clear by tbe 
diagram. 

FlO. 42. - A fault in previously dis· 
turbed strata. AB. displacement: 
A C, throw: ED. stratigraphic throw; 
BC, heave: angle CA B, hade. 

Methodso! detecting !aults.-The first effect of a fault is usually 
to produce a crack at the surface of the earth i and, provided there 
is a vertical displacement or throw, an escarpment which rises 
upon the upthrown side of the fault. In general it may be said 
tha.t escarpments which appear at the earth's surface as plane 
surfaces probably represent planes of fracture, though not neces­
sarily planes of faulting. In many cases tbe actual displacements 
lie buried under loose rock debris near to and paralleling tbe es­
carpment, and in some cases as a result of the erosional processes 
working upon alternately hard and soft layers of rock, the escarp­
ment may later appear upon the down thrown side or limb of the 
fault (Fig. 43). As an illustration of a fault escarpment, the 
fa9ade of EI Capitan and many other rock faces of the Yosemite 
valley may be instanced. 
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\Vheu we have further studird the erosional processes at the 
earth's surface, it, will be appreciated that faults tend to quickly 

.r . _':':,: , 
a 

fIG . 43. - Diagrams to show how 
un esca.rpDlcnt (lri!;i(lu.n ~· on thc 
upthrown siue (If the fault may, 
through (·roSiUll. appear upon tltl' 
dllwuthnJ\\'1l ~i{h ·. 

bury themselves from ~ight, where­
as fold structures will long remain 
in t:'vici('nce. l\1any faults will thus 
be oVf'rlooked , and too great weight 
i, likely to be ascribed to the folds 
in a('counting for t.,he existing atti­
tudes ancl posit-ions of the rock 
masses. FauJt;:-; must therefore he 
,.,;ought out if mifo;take~ of interpreta­
tion arc to be avoided. 

Th e most sat.isfa ctory f'vidcl1('e of 
a fault is tbr dis -:,overy of a rock bed 
which may be casiJy identified , and 
which is actually !'een displaced on 
a plane of fracture whi ch int ersects 
it (Fig. 42, p. 59). \Yhon such all 
ea:o:;ily recognizable layer is not to be 
found. t.he plnne of di!$placcmcnt 

may perhaps ue discovered as a narrow zone composed of angular 
fragment:; of the rock cemented together by minerals which form 
out of solution in water. Sucb a fractured rock zone \yhich 
follows a plane of fault.ing is 
a f ault breccia. 1f the fault 
breccia, or \'ein rock, is much 
stronger than the rock on 
either side, it ma~' event.ually 
~tand in relief at the surface 
like a dike or wall. At ocher 
times the displacement pro­
duces little fracture of tbe 
walls, but they slide over each 
other in sl,lCh a m91Uler a.o:.:. to 
yield eit.her a smoothly {'O l' ­

ruga ted or an en :>nly polished 
surface which is described 8.'S 

r t slickensides," It may he, FIG. 44.-AfnuJtplnnl'cxhibiting"drllg," 

.howf'ver, thatduringtbe move- Tbt! opening is tIort.ificial (after Scott). 
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ment either one or both of the walls have I( dragged," and so are 
curled back in tbe immediate neighborbood of tbe fault plane 
(Fig. 44). 

" ' hen, as is quite generally the case, the actual plane of di~­

placement of a fault is not oprn to info:lwctioJ1, t,llf' 1TI00'f'lnf'nt mn.\' 
1)1' provt'li by till' ul'St'I'\'a tiulI of 
abrupt., a .. ('ontra .. -;t(,d with grad­
ual , cbangrs ill til£' strikes and dipR 
of neighboring t'xposurcs (Fig . .J5); 
or b~' noting that some easi ly rec­
ognized formation has been 
sharply offset ill its outcrops (Fig. 
46). 

There are in :.tddition mallY in­
dicat.ions rat hef tban proofs of the 
presence of faulis, whi ch mllst be 
tnkrTl account of in every genpral 
study of the grology of a district. 
Thus the outcrop.:'i of all neighbor­
ing formations miL.\! terminate 
abruptly upon R straight line \rhicl. 
intersects all alike. Deep-seatL'c( 
fissure springs may he aligned ill 
a striking manner, ruld .'~o indicatr 

FIG. 45. ~ l\1aI) ttl 1Ii10\\" how Ii f!Hllt 
may 1"1(> illdi(·uli.,d ill ahrupt dU.Lugf·>j 

of tlJ{' strik"lIud dip or lleighhoriuJ.(, 
('x posun·iI. 

the-' l'ourl"(' of a promjnrnt frartuJ't', 
though nut Ill'cessarily of a faull. 
Much the sanl{> may be said of tue 
dikes of cooled magma which have 
been injected along preexisting frac­
tures. 

FlO. 4(1. - A se.ries of I)flrallei 
faults indicated by lIuCCeUi\'l;l 
offsets ill the course of all 
easily ttlcoKlljzablc rock for-
OIatiot\. 

The base of the geological map. ­
IVlodern topographic maps form an im­
portant part of the Iihrary of the serious 
student of physiography; they are the 
gazet.teer of this hranch of science. 

Eyery civilized nation ha."3 to-day either completed a topographic 
atlas of its territory, or it is vigorously prosecuting a survey to 
furnish maps which represent the relief with some detail , and puh­
lishing the results in the form of an atlas of quadrangles. Thus 



62 EARTH FEATURES AND THEIR MEANING 

a relief map will erelong be outainable of any purt of the civilized 
world, and may be purchased in separate sections. Nowhere is this 
work being taken up with greater vigor than in the United States, 
where a vast domain representing every type of topographic pecul­
iarity is being atta.cked from many centers. Here and elsewhere 
the relief of the land is being expressed h,\' ~o-c[ll l ('rl (~ont.ours OJ' 

lines of equal allitucif' UpOJl tlH' ('arLh',-; surf:l(;(:', JI j . ..; It.-i tlJOugb 
a series of hurizont al pJtLlH'~, :.wparated h~' uniform intervals of 20 
or 40 or 100 [N'L, had hecn madp to inter::iect the surface, and the 
inter::!ediun eU fn':; , after consecutive numeration, had been d ropped 
int o a Sillgl t· pl:tIH' foJ' printing. 

\o\'h('r(' the !;Iopes arc steep, t !w contour li nes ill the topographic 
luap will appear el'owded togethf>I' and so produce a deep shade 
upon the map ; wlJ('refl~ with relatively Hat surful'('s white patl'hes 
will stand out prominently upon the map. "More and morc the 
topographic map i£.: ('omrllg into use, and for the student of nature 
ill parti cular it is important to :lcquire f:lei/jty in interprcting the 
relief from t he topographic' UlHP, T o fu riher t.hiR end, !1 :-;pc('i:l1 
model ha!'i lleen ded~('d, and it::; u~e i~ u(':"e rii )(,d ill :tpp4'lIdix ( ' , 
Usually f,pfol'f.' any ::::1.tisfaC'tor,\' gt'utugi('ai Intlp ('a ll hI' 1)1'('1':11'('<1, 
a ('ontouJ'(~d tupu~J':lphit· IIW1) uf till ' di.-.: tl'id to hi" ,-;tudit'd 1I1U . ..;t 
1)1' a"ailahll'. 

The field map and the areal geologicsl map, - :\. . ..; tJl(' at.la .... of 
topographit: rnups i .... t h(' phy:'l iogr!tphi<- gazettef'r, :-;0 g('ological 
maps togfi'thcr constitute tht· reference di('t,ionary of <.[(ls(:riptivl' 
geology, 1\ at Duly are t.opographic maps of many districts now 
gencraiJy available, but more and mOf(~ it has become lhe pol icy 
of gO\'ernmcnts to supply geological maps in the samf' quadrangle 
form whirh is the. unit of tlw topogra.phic map. The geological 
Il'H1P is, how(,ver, a complex of SO Illany conventional :-ymbols, 
that without some practical f'XperiPllce in the actual preparation 
of one, it is exceed ingly diffirult for t.he student to comprelwnd 
its 8ignific ~Ulce. A modern geologlcal map is usually n Tf'ctangulnr 
sheet prin ted in color, upon whirh a re many irregular areas of in­
dh'idual hue joined t.o each other like the parts of a child's picv 

ture puzzif', ' 
The colored areas upon tll(' geological map arf' each suppo!,<pd 

to indicate where a certain rock typ<, or formation Jj e~ immeciiat.ely 
below t he surfacf', and thi foi di."itrihution r(~presents t,hc b(~st judg-
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ment. of t,h!' geologist who, aftN n study of the di ~tri ct, bas pr('p~\_red 

the map. Unfortunately the conventions in USt> are such that his 
observation and hi~ theory have hp{'11 hopf'lf's::';/y int.ermingled 
in the fini sJwri produrt , Armed with t hf' ~t'ologi(,/ll mltp, the 
student, who "is it:-i t he distri ct find:; spn.':trl out bl'fof(, him , it may 
b(>, a land:;capt' of 11m and \'ulley, of grt'C'll fore;-;t a nd brown farming 
land, which i ~ u.s diffc rC' nt as rna . .,.. he fl"OlI'I t h!' ('o!oIT·d pu zr.l p which 
hp holds in his hand. Hidden umlt>f till' farm \Tgl'Lat ioll or lllu.'.;J.;:(·d 
hy thf' wood:" arp sf'aUt'rpd Qutcropping;-; of rock whit'h have 1)(-'('11 
thr ba~i!i of t he g<.'ologi st'~ judgment in pr{'paring tbe' map. Ex­
pC'rif'nc(' shows th at in order t.o hridgp thp wior gap bf'hvt'cn the 
gt 'olog:y in tiw landscape and the putchc:s of rolor upon t he map 
:iom('t,hing mOT<' than Jnrre {'xamination of thr potored shf'('t is 
nt'0('Ssary. 1\'(, . .,hall thf'refort, dp."cribe, wjfh thr .aiel of laboratory 
models, the variou:-; Rtag(_~:-\ JlI-'('~~:'if;ar:v to t il£' pl'Ppa ration of a gro­
logical map, and ('very studpnt :-houlcl he advis('(l to follow this by 
prarti('al Rtmly of some small arpa wherr rocks arc found in out­
(,I'Op. 

T1Jou~h tli!' pl!hli~h('d areal geolog~'cal map represents hoth fact 
and theory, t he map maker retains an unpuhlished field mUI) or 
ma.p of obspn·at.ions, upon which the final map has been hasnd. 
This field map shows the location of each outcrop that has been 
s1 udied, ·wi th a record of the kind of rock and of surh ohservations 
as strike, d ip, and pitch. Our task wifJ thrreforr he to prr pare: 
(I ) a fi eld map; (2) an areal geological map; and (3) some typical 
geological R('ctions. 

Laboratory models for the study of geological maps, - In order 
to represent in the labora t.ory tb(' disposition of ro(' k oul .crops 
in t he fie ld, special laboratory tables are prepared with removable 
covers and with fL'Xccl Lops, which a re divided into squares num­
bered like t he township sections of the nat ional domain (Fig. 47). 
To represent the rock outcrops, blocks are prepared which may 
be fixed in any desired position by fittinll a pin in to a small augur 
hole bored through the table. The outcrop blocks for the sedi­
mentary rock types are so constructed as to show the strike and 
dip of the beds. (See Appendix D.) 

The method of preparing the map. - T o prepare the map, use 
is made of a geological compass Mt.h dinomet,er at.tachment, a 
protractor, and a map base divided into sections like the top of 
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j,he table, and on 1,h(' :-;(,:1)(' of on£' inch to t bp foot. Each e).,'posurc 

ff'presenl('d upon til(' tahl(' i.-; /. vi:-:it{'d " ~lnd then located upon the 
ba..;;;t' map in it:-; propP!' po:-;it ion llnd attitude. Tb{' rpsult if' tile 
fi{'ld liMp (Fig. ~7). whi('h thu :'> rt'pl't':';l'nl:-; th(' f:H·t~ only, unless 

~ffo i=- "t j J 
~1 

"" 
· f r 1 

~ 
- T 1'( . 1 J 

~i H r i 
Uj 10 0 ,- C l('. 111 

t-oto fl .-'~ 
01 " C fj i "I , , ~ 

0 )0 a Wb ~ ITr- , It ~ 
FIG. J.7.-J.'icld mnp prepared from a lahoratory table. 

there haw' Iwen uncrrtainti('s in the cOI'I'('ia.t.ion of exposures or 
in determining the pORition of the bedding plane. 

To prepare l,he area] gf'ologi('al map from the field map, it is 
first necessary to fix the boundaries which srparate formations at 

E20il ~j.4p;.ii£A[L,Lj! 

I--~C-\---~--l ,_ 

@i""+-+-+-+-+--I.~, 

= = (..~! , .":,, 

= 

FI G. 48.-t\rcal geological mup COIH:l tructoo from the field mapoi F.ig. 47, with two 
selected gl.'<.Iiogicru sections. 

tbf' surface; and now perhaps for the first time it, is realized how 
largf' an element of ullcertainty may enter if t he exposures were 
widely separated. It is clear that no two persons will draw these 
lines in the same positions throughout, t hough certain portions 
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of thp.m-wilr l'f' llw fact~ are more l1f'arly adeQuat.f - muy ('(Ir­

T('sponu. ]11 Fig. ·18 iR r{'presented t,IJrI areal g('ological map con­
struct(,d frolU th(' licld map, with the d(Julltful urea at one side left 
hlank. 

~OTlW tondusioll:-: frolll thi:-: Illap ma.~· now Ill' profitably ('UII­
sider('d. The tOlllph.'xiy fold('d 8andstonc fonnatioll at 1 he \('[t, 

uf t,h(' map a pJwar ... us till' oldl':-:t, JTl{!ll1bl'r repl'(':"pntt'li, ~inc(' its 
urea has b(,(,ll ('ut through b~' th(' intrusiv(' granitt, whir·h durs not 
intrude' oUWl' fOl'l1uttiollS, twd is lHlconformabJy on::-rlaid by the 
limestone and its basal la~'eJ' of conglomerate, The li mestone in 
turn is un(,onformably o\'('riaid by the merely tilted s!l11dstone 
beds at the right of the mup. These three sedimentary forma­
tions (, Iearly repr('s£'nt deC'rc:lsing amountR of ('Iose folding, from 
"'hirh it if.; clear that ('a.ch ('arlier formation has passed through 
an episode not shared by that of nf'xt younger age. Of the other 
intrusive rocks. the dik(, of porphyry is younger than all the other 
formations, with tlle possihle ex('eption of til£' uppf.'r sandston('. 
()fT~etting of th£' formations has disclosed thf' ('our~f' of a fa.ult , 
and from it5 rela.tions to thr dikes we may If'arn that. of these t.he 
porphyrj' is younger and the basalt older than the date of the 
faulting. 

1'h~ dtlshcd Jines UpOll the map (AS and CD) have been select.ed 
HS n.ppropl'iate lines along which to construct geological sf'rt,ions 

(Fig. 48, helow map), and from these sections the exposed ihick­
ne8S(~S of the diffprent formations may be calculated. In one in­
stance only, that of tIle conglomerate, can we be sure that this 
exposed thickncs~ measures the entire formation. 

Fold versus fault topograpby. - The more resistant or II stronger" 
rock beds, as regards attacks of the atmosphere, in the course 
of time come to stand in relief, separated hy depressions which 
overlie the II weaker" formations . Simple open folds which are 
not plunging exercise an influence upon topography by producing 
generaHy long and straigh t ridges. More complex flexures, since 
they generally plunge, make themselves apparent by features 
which in the map are represented by cu rves. Fracture f.tr lJctures, 
and especially block displacements, are differentiated from these 
curving features by the dominance of straight or nearly rectilinear 
lines upon the map. The effect of erosion is to reduce the !l.Sperity 
of features and to mold them with flowing curves. The {rRco 
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t,un' slru('fun':-; art' fur this reason much morc likely to h£' QV('f­

look<'d, and if they are not to elude the observer, t.hey must be 
sought out with carp. Fold and fracture structures may both be 
revealed upon the Rallle map. 
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CHAPTER Yll 

THE INTERRUPTED CHARACTER OF EARTH MOVE­
MENTS: EARTHQUAKES AND SEAQUAKES 

Nature of earthquake shocks. - l\1an 's bf'lief in the stability of 
M-other Earth - tbe terra firma - is so inbred in his nature that 
even a light shock of eart hquake brings a rude awakening, The 
ter ror which it inspires is no doubt iargf'iy to he cxpiainf'd by this 

FlU . 4!J. - ri t;w uf a portion of the ruiu>i or M el:lS LlJU u.ftcr tLc Cu.rlhlllmkc of 
Dc('cmber 28, 1908. 

disillusionment from t ht' most fundamf'ntal of his bel ief)'), WCrt~ 

11(' het ter ad visf'd , t he' long periods of quipt which separate earth­
quakes, and not t he lighter sho(:ks which follow all gra.nder dis­
turh~mces, would o{'casion him roncern. 

(i7 
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Earthquakes are the sensible manifestations of cbanges in level 
or of lateral adjustments of portions of the continents, and the 
seismic disturbances upon the sea - seaquakes and seismic sea 
wa\'{'~ - relate to similar changes upon the Hoor of the ocean. 

During the grander or catastrophic earthquakes, the changes 
are illde('ci terrifying, and have usually been accompanied by losses 
to life and property , which are only to be compared with those of 
great cOllflagrations or of inundat.ions on thickly populated plains. 
The conflagration ha!" all too frequently been an aftermath of 
thf> great historic {'arthquake~. Tht.' purthquake of D('c('mber 28, 
lH08, ill suut.tlt'rn ltaJ.\' , (..h~stroYf'd almos1 the cutin' population of 
n great city I and It'ft. (If its massive building~ onl~t a confused heap 
of rulJhle ( Fig. 49). Two years later H heavy earthquake resulted 
in grent dumagp to cities ill Costa Rica (Fig. 50), \yhile t.WO )'t'urs 

FIG. 50. - Ruiu9 of the Carncgit! PnJ ace of Peace at Cl1rtago, Costl1 RiCI1, de­
stroyed whell almost completed by t.he grellt earthquake of May 4, 1910 (after 
!l photog-mph by Rear-Admiral Singer. U.S.N.). 

earlier our own country was first really awakened t.o the danger 
in whic'h it .stands from these convulsive earth throes; though, as 
we shall Sf'e, these dangers can be largely met through proper 
methods of construction. 

Earthquakes are usually preceded for a brief installt by sub­
terranean rumblings whose int.ensit.y appears to bear no relation 
to the shocks wbich follow. The ground then rocks in wavelike 
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motions, which, if of large amplitude, ma.y iJuiuc(' nausea, prevent 
animals from keeping upou their [{-'ct, and wreck all structures 
not specially adapted to withstand them. Heavy bodies are somp­
times thronn up _from tbe ground (Fig. 51), and at other times 

51. - -Bowlders thrown into tile air and QVcrturlled durillg the .t\tlSIHU 

earthquake of 1897 (after R. D. Oldham). 

similar heavy masses are, apparently because of their inertia, more 
deeply imbedded in the earth. Thus gravestones acd heavy stone 
posts arc often sun k more deeply in the ground and are surrounded 
by a hollow and perhaps by small 
open cracks in th(' surface (Fig. 52). 
,"Vhen bodies are thrown upward, it (rliir 
would imply that a quick upward .. ",_., . 
movement of the ground had been FIG. 52. - He(iv y post Bunk dCf'per 

suddenly arrested, while the burial into the ground during t.he 

of heavy bodies in the earth is prob- ;~:!llr~~~~:r~::t~:~~::t August 

ably due to a movprnent which 
begins suddenl y and is less abruptly te rminat"d. 

Seaquakes and seismic sea waves. - Upon the ocea.n the quakes 
which emacate from the sea Boor are felt on shipboard as sudden 
joltings which produce the impression that the ship has struck upon 
a shoal, though in most instances there is no visible commotion in 
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jhc wat(' f. The distribution of these shocks" as indica.ted either 
b,Y the' experiences of neighboring ships at the time of a particular 
shock, or by the records of ves:;els which at different times hayc 
8ail,,<1 0\'('" an area of frequent seismic disturbance, appears to be 

limited to narrow zones or lines (Fig. 
\ ~ J'llf ~ 53). The same tendency of lluder~sea 
'.,. 'i"" . di :5turIHlIH:e:s to be lotulizcd upon ddi-:'" J~/~< r., ~~ "I I' h I f 'II '-- I f. lUte ~tj:.lIg It lIlt·g as )('Cil 0 ten I lIS-

t ~j --.T--t:.- '.\ < '" tratf'ti by the heha "jor of dN·!H.;t·U 
• I, • ~"'-, ,', I:~-' I bl h' I I '! ' "t t 'I eu. · l'J'i W 1(' 1 arc al( IJl prOXl1l1J y () 
.! .. \{I\ ' :-,'~ - :,'"-" '* :h '- on(' anottH'r and whic·h han' h('('l1 

"' )' )(' ': ""'-.;~,J,. I -__ 
.. )' I t..:<J_ · .... 'n known tn p:lrt f'ill1l11tn'H'oll:o:I~' at poillt;-; 

Fill , i'1:i. - l\IIIi' !j ho\\"iu~ tlw 10_ r[lllgt'd UPOJl a :-;tr:-dght liTH'. 

\'i1litil'., :1 1 Wlli,'h ~hod.~ h:lV!' Fur grandl'r di;-;t urbalH'<',": upon t Iw 
IH'I'II r('l" Jr ll'd :~1 ~I'n nfT c:1)1P floor of t.iu,' o('{'an have iwpn H'\:ealrd 
M"ud(lI"illh, ("!Ilifnruia. h~' t hr great sea waYf"~ - tllf' so-ealled 

I. tidal \\'a\'p:-;, I' propt,rly l"t-'f('ITPd to as lsunann· .<; - which recur in 
ihost' Sf'a di;-;trieis which adjoin t ill' ~p('{'ial earthquake zones upon 
the continents (p, 86) , The forerunner of i:iul:h asea wave approach-

--==--------- -
FIG. 54,- Effect of a seismic water wave at Kamai!lhi, Japan. in 1896 (after E, R. 

Scidmore), 

ing the shore is usually a sudden withdrawal of the wat.er so as to 
lay bare a portion of the bottom, but this is well-recognized to be 
the premonition of a gigantic oncoming wave which sweeps all hefore 
it and is only halted when it has rolled over all the low-lying coun-
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try and encountered a mountain wall. Such seismir Wa\'e:-> huvt· 
been especially common upon the Pacifie shore of ::;outh Ameriea 
and upon t.he Japanese littoral (Fig. 54). TllI:'~(! Wfives procerd 
from aboyc the great deeps upon the ocean bottom, and clearl.Y 
result from the grander earth movements to which til(!se depres· 
sians owe their exceptional depth. The withdrawal of the water 
from neighboring shores may bf' presumed to be connect,pd with 
a des(,ent. of the floor of t,he depression anel the consequent draw­
ing-in of the o(:can surfacf' ahove, The lat,er high wa ve \\'ould 
thus r('prp:;;cnt t. iLl"' dispf'TSion of till' mountain of water whi ph is 
raised hy Ow llwcting of the- watf'r~ frol11 till' tiifT{'r{'nt sidf'~ of th(' 
df'prnssion. 

The grander and the lesser earth movements. - Upon t be 
land the grander and so-called catastrophic earthquakes ar€, 
usually the accompanim£'nt of important ('hal1ges in the sur­
face of thr ground that will be discussf:'d in later sections. 
Tho:"<(' shocks which do little damag(:_> to st.ructures produce no 
Yisihle ch:Ulges in thp pa.rt-h's surfacf>, excf"pt., jt. rnay hp, to shl1kp 
down some watt'f -:-;oakpd masses of rarth upon 1 he stet'per s l op(~8. 

Still otllel' rnOVf'Olf.'nt:-i, c1.nd tIlE'S(:_> too slight to hf' felt even ill 
the night wt_wn t he animal world is at rpst , ma:v yet be dist.in­
gui:shrd by t.heir ~ounds, the unmistakablt' l'ulIlb ling:-i whieh al'l' 
cha.ru('t £, l'i~tj(' alike of ti l(' heaviest. and tJu' iight{>s(' of earth­
quake ~ho(' ks . 

Cha.nges in the earth 's surface during earthquakes - faults and 
fissures. - Each of the grander among historic earthquakes has 
been accompanied by noteworthy changes in the configuration (If 
the earth 's surface within the district 
,,-here tile shocks were most intcJ1s£'_ 
A s('c tion of t be ground is usuaIly 
found t.o ha\-e moved with referen('(! to 
another upon the other side of a verti­
cal plane which is usually to be seen ; 
we havr here to do with the actual 
making of a fault or displacement such 
as we find the fossil examples of within F'G. 55.- A fault of vertical 

the rocks. The displacement, or throw, displaccment. 

upon the fault plane may be either upward or downward or 
laterally in one direction or the other, or these movements may be 
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comLined. A movement of adjacen t sections of the ground 

F, (;, :)0. ~ E~I ';Lrplllf'iJl I lrndu(lI'd hy nn 

l·art.hqlmke fault of "tortii'll] di::iplat·('­
Ill t' u t whieh ('ut !I('r(l;u! Lh(' ('IH'(iruuJ! 

upward or down ward with refer~ 
encr to eacb other (Fig. 55) has 
been often observed, notably 
at Midori after the great J ap­
anese earthquake of 1891, and 
in the Chcdrang valley of Assam 
after the l"urthquake of 1897 
(Fig.56). 

A lateral throw, UlW .. f'rOI11-

panied by apprceiabie vertieal 
displucemellt (Fig. 57), is espe­
cially well illustrutcu by the 
fault in California whi('h was 

RivL'r and tbus pr(Jduc'ed It wuterfull. 
Assum earthqu:l.h uf 11)97 (after R. D. 
OLd l.IlH11) . formed Juring the earthquake 

A combination of the two types of displace-of 1906 (Fig. 58). 
ment in one (Fig. 59) is exempli -

Fl(:. 57. ~A f:lUlt of Illt.em.! d i$plaf·emc nt.. 

lied by tbe Baishiko fault of 
Formosa at the place shown in 
plate 3 A. 

FIG. 58. -]~CDCf' p[lrt ed aDd displaced 
fiftCf'U feet. by !l t.mlls\'crsc flLUlt 
formed during tho Culifornia earth­
quake of 1906 (a(t.er W. B. Scott). 

The m easure of displacement. - To 
afford some measure of the displacemenb; 
which have bf'en observed upon earth­
quake faults, it may be stated that the 
maximum vertical throw meaSul'ed upon 
the fault iI' the Neo valley of Japan (1891) 
was 18 feet, in the Cbedl'ang valley of 
Assam (189i) 35 feet, and of the Alaskan 
coast (1899) 47 feet. Large sections of 
Jand were bodily uplifted in these cases 
within the spa~ of 1\ few seconds, or 

FIG. 59. - Fuult with verti­
cal Ilnd lateral displa(,'e­
ments combined. 



PLATE 3. 

,'I. .:ill earthquake fault olwnt'1:l in Fcmnos:1 in 1900. with "ertic~l uud lui.eru! di~ 
p!UCCn1(,llt:; combim'(] (after Omori). 

B. Earthquake faulbl opened in Alaska III 1~~. OIl wlncl.} verticil] slices of t.he 
enrth'sshel1 have undergoneindividulll adjustments (after Tarr an'd Martin) . 
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at most a f('w minutes, by the amounts given. The la l'gtst re­
corded lateral displacement measured upon an earthquake fault 
is about 21 feet upon the California S (.( r r 0' C e 
rift after the ear thquake of 1906 j ~ : ~:~'./:~. 
though an amount only slightly less ... : . . " 

~ ~ ,' ... :. 

than th is is indicated in the shifting ,'.­
of roads and arroyas dating from the 
earthquake of 1872 in till' Owens valley, - ,' 
California. Fault line~ once pstablishcd 

, . , 
, .. 

arc plane's of special wrakness and 
become l&tC'T the scat. of ri'pcat(~d 

man·men t:s of the same kind. 
The greater numbN of enrthqua kf' 

faults are found in tIw loose rock eO"f'r 
which so generally mantles th(' firmr[" FIG. {lO. - Db~nLlIl to show huw 

rock basement, BJ~d it iti almost {'f'rtain ~11;~:IJ1~ ~::~.~~\~~I ~:::~~'kn~JUt~~: 
that the throws within the solid I'o('k Hurf:H'C through udjustmcllt!i 

are considerably larger LlllW tho~e within thp lool1C rock lllUllLlc. 

which are here' Iflpasurcc! at the ~u rfa.cp, owing to tlw udju:::.tment.s 
which so readily take place in the loo;:;pr materials. Thosp lighter 
s hocks of earthq uake which are m1eom panicd by no vis ilJle d is­

F lO, G I. - Dingrl:l.lu to show the I\ppcnr­
Ullce of (L ., mole hill" (Lboyc u buried 
clU'thqullke f(Lult (after Kot{). 

plarelTI<'nb; at the surfuc(> do, 
however, in some install c(-'s affect 
in a measure the flow of water 
upon the sUl'face, and thus indi­
catc that small changes of sur­
face level have occurred without 
breaks suffidently sharp to bt, 
perceived (Fig, 60), In termedi­
ate between t.hestE'ep escarpment 
and the masked di8placement 
just described is tile so-calJed 
II mole-bill" effc('t,~a rounded 
and variously cracked slope or 
ridge above the position of a 
buried fault (Fig, Gl) , 

The escarpments due to earthquake faul ts in loose materials 
at the earth 's surface can obviously ret.ain their steepness for a 
few years or decades at the most; for because of their verticality 
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t,llt'.\' mll~l g l':.u.lll u l1 y di s:iplWar ill I'Ollllllt~d ~1(Jpcg undt'!' t,he action 
of 1 ill' (·lellU'II L:-;. ~nHlII('r displuC"t'rnentt:i wi t hin a rock which 

}'IG. G~. - Post-glm.:i:lll'artbquakc faults of snmll 

rapidly disintegrates under 
the action of frost and sun 
will likewise before long be 
effaced. In (.hose excep­
t ional instances where a 
I'psistant rock type has had 
all ait,crt,d upper l aYN~ 

phuwd away until a (r<'sh 
and hard l'iurfac:(' i ~ ex­
pox('d! and hit .. " furt-ht'r 
h('C' 1l prot,pct ed from t he 
frost and SWl beneath a 

~~~trk C~~~1:1~\~:Odd~~~I:;:~~n l ellt, f!Usterll New t.h in layer of soil , its origi -

nal surface may be 1'('­

lainl-'d unaiU-'/'('{1 for many centu ri (,R . lipon such a surface th(' 
iigill('st of ~·a·n;o; iI J!t, ;o;hueks, or t'Vf'U th(' smaller part,h movemf'nt s 
wliich :l.1'(~ 1I0t pf'n~t'i\'('d at ttl(' li l lll-', may let'lvr a n almost indrliblr 
rt'('o r ti. Kudl 1'('('01'((:-; pnrt.i t' u­

lady :-; how that t hI' mov(~m('nts 
",!lith tht~y J'('gi~t('r oCCur upon 
tIu' plallf,';: of jvinting- ,l'i th il1 t he 
rtlt'k , and that t h(_'st' ready 
forllled crac k:-i klve prohably f---",:-,,"-f""I~~-"" ':'8J~ ,' .,..-..j 
heen the i>eats of rf'j)('att-d and 
cUlllulat,iv(> adjustmentx (Fig. 
U2). 

Contraction of the earth 's 
surface during earthquakes. ­
'fhl-' \\'jd(' variations in the 
allloLint of tire latt' ral di1:iplacc­
mellt UpOH earthquake fau lts, 
like those opened in California 
in 1906, show that at the time of 

a beavy parthquake there must ~:;:(~!:~hh~~~~a~:c:;~8~=:;:~.o 
be large local cbanges in the 
density of the surface materi als. Literally, thousands of fis­
sures may appear in the lowlands, many of them no doubt a 
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secondary effect of the shaking, hut other's, like til£' quebradas of 
the southern Andes or ti1(' " f'arthquakc crack::: II in thp Colorado 
desert (Fig. 63) , may have a dceper-scatcd origin. Many facts 
go to show, however, that though local expansion docs oc('ur in 

Fit;, G4. - Oial!r:ull l:! to tlhow bl/w wilwa)' lr:lf'b ar,' \'itlwr hrokl ' fl 01 IHIt'I.I"d 
"waily withiu the dis! rirL "isilcd h~' all "art IIq1l:lk", 

,<';0 111(' iundi t il':'\, a ~u rf:-tt~ (' (·Olltl'l.u·tion i:-; a far 111\11'1' ,!.!;{' I wral ('IJI I :-\{'­

qlJ('TH'(:' of carlh IllU\'{'IlwnL In ('iviiiz('d "olilltric':-; uf high inciu1'­
trial development, wht,!,!· lin('/'i of lllf't.aJ (If OIH' kind or :tllull1('f rlllt 

for long distanl'cs hcnf'ath or upon til£' l"u rfaee of til£' ground, ~u('h 
general contraction of the surface may \)(' ea:'lily prOYf'n. ('0111-

Fw. 65.-The Biwa.iinut ru.ilroad bridge ill JIlj)lln IIIter the earthquake of Ib91 
(after Milne and Burton). 

parativeJy seldom are Jines of metal pulled apart in Huch a way 
as to show an e:~."pansion of the surface; whereas bucklings and 
lcinkings of the lines appf'ar in many places to prov(:' that the area 
within which they arC' found htL':;, as a \\'holr , heen reduced . 

Wau,r pipes laid in the ground at a depth of some feet may be 
bowed up into an arch which appears above the surface; lines of 
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curbing: arE' raised into broken arches, and the tracks of railways 
[irC' th rown into local loops and kinks which imply a very consid­
erable IDeal contraction of the surface (Fig. 64). Witb unvarying 
J'Pgular'ity railway or other hridges which crosS rivers or ravines, 
if the structu re:; arf' seriously damaged, indicate that the river 
hanks haw' cira"'n near-f'1' togf'ther at the t ime of the disturbance. 

In such cases, whenever 
~A . ., the bridge girder has re­
I I I I I I I I I ! I ~I I r r I I I I I I I I I' maineci in place upon its 

~ abutlllellts, these tl a\'e 
either been brok('ll or lJack-

B t ilted as a whole in such a 
FIG. f,n, - I )iaitnln1S hi l>h(1w IU>I\" tIl(' ('omprl'/r 

fli()n of :I dil'ltri (' t lind its ('Oll!;('quont. f'ontm('tiull 
durillC till I'!lrthquukl' ilia,\' close Ui) thf' joint 
:-PllI'l'!' withiu t IIf' n:lI'k has()Uleut !Hld ('01)1'('11-
ttal> ' thf' 1'!I!l tr;wlion of Ih(' on~_r!yillg mau tl .. 
wl)('I"I ' Ihi l" it< 11I1I·tiltll.\' ('liE thtouch unci so 

[nanner as to ind icate an 
approach of th~ founda­
tions wbi ch was prevented 
Hi the t.op hy j he sWfnrss 
of t Ite gird,'r (Fig. u.5). 

TIl{' silTlplf'st explana-
1i1)11 ()f ~Udl nn npproar\t of 1\1£' hank::. :\1. thl' sides of the valley~ 
rut iu loo:,,!' !'urfaee material is to be fOUIld ill a general closing up 
of the joint spaces within the underlying rock, and an adjust­
rflpn{ of t h(' mantiC' upon t.he Hoar mainly in the vaile." sections 
(Fig. GG). 

The plan of an earthquake fault. - In our consideration of earth­
quake faults we have thus far given our attention to the displace-

F1G , 67,- 1'\'1/\1) of the C'llt'drnng fn.ult whi{'h mad~· its [l.pJWllTunce during the Assam 
clirthqllUkf' of P.,\ji, TIll' fi,e:ut~ .. ,l!:in· tIlt' ;IIl IOUllts of the locol vertical displace­
rLlClit 1Ul!!18ur\·d in fl'I'1 ( urter Il. D. Old haw), 

m('l1t as "icwpd at n single iocalHy only. Such displacements are, 
howevf'r, continued for many miles, and sometimes for hundreds 
of mBes; a nd when now we examine a map or plan of such a line 
of faulting, new facts of large significance make their appearance. 
Tbis may be well illustrated by a study of the plan of the Ohedrang 
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fault which appeared at the time of the Assam eartbquake of 
1897 (Fig. 67). From this map it " 'ill be noticed that lhe upward 
or downward displacement upon the perpendicular plane of the 
fault is DOt uniform, but is subject to larg(' ;wd suddell {·}Iltnges. 
Thus in order the measurements in feet 
are 32-, 0, 18, 35, 0, 8, 25, 12, 8, 2, O. 
Tbe fault formed in 1899 upon the 
shores of Russell Fjord ill Alaska (Fig. 
GS) reveals similar sudden changes of 
throw, only that here the direction of 
the movement is often reversed; or, 
ot herwise expressed, the upthrow is 
suddenly transferred [rom one side of 
the fault to tbe other. Such abrupt 
changes in the direction of the dj f.\ ­
placement have becn observed upon 

FIG. 69.-Abrupt change in the direction 
of throw U()QII an earthquake fault which 
was formed in the Owens vullcy, Califor­
nia, in 1872. The observer looks directly 
along the course of the faul! from the loft 
foreground to the cliff' /xl\'ond and to the 
left of the impoundL'(). ~'atcr (after a 
photograph by W _ D . J ohnllou). 

~ 
" ". \ '. 

lolO . GS.-Mflp gh-iug the 
displac{!lllcnts ill feet 
m CII.SUT<:d ulollg all eart.h­
quake fuult formed ill 
AJtlsku illl ~99{afterTIlIT 

aod l\·ltlrl-in) . 

many earthquake faults, and a particularly striking one is repre­
sented in Fig. 69. 

The block movements of the disturbed district. - The displace­
ments upon earthquake faults are thus seen to be subdi vided into 
sections, each of which differs from its neighbors upon either side 
and is sharply separated from them, at least in man_)' instances. 
These points of abrupt change of displacement arc, in many cases 
at least, the intersection points with transverse faults (Fig. 69). 
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Ru('h point :, of allfUI)t (·I I:mgt> ill till' degJ'P(' 01' in the din"ct,ion of 
the dispiu('ellll'lIt IIlay be, wlu' ll looked at from ubove, abrupt 

+ 

tUl'nlug pOiJlt~ in the direction 
of extension of t,he fault, whose 
f'OUJ':'t'- upon t.he map appears il."I 
ti zigzag lille maup. up of .-;truight 
8(·ttiolls ('oIlHPctf'd by sharp 
ol l)ow; (Fig. 70). 

Such a grouping of surface 
faults as are represented upon 
the map is evidence that the 
area of the earth's sbell, which 
i ~ in cl udNl, has at the time- of 
th(' f'a rthquake been suhj('ct. to 
Mljust.rnents as a s('rips of sf'pn­
r~d (' units or blocks, c('rta.ilJ of 
tile houndarif' ::; of which ate the 
!ault lines I't'presentf'd. The 
('hanges ill displacement nwas­
lJl'(-'d upon t Iw larger faults 
IHake it clear that tht" observed 
faults can represent O;Jt a frac­
tion of the total number of 
liues of displacement, the others 
being masked by variations in 
the compactness of the loose 
mantling deposits. Could we 
but have this mantlE' rt'moved, 
we ; hould doubtless find a rock 
floor separated into parts like 
~ln ancient Pompeiian pavement, 
the individual blocks in which 
have lx.>eIl thrown, some upward 

F'~r ~~~.(;~~ ,[~;~ ~~a~::~~.~a~.~~~;~::~~~ ~~Lr~:: and some downward, by vary-
ill part durill~ thf' l'flrthquak{' of 1e:72, ing nmounts. Les.., tha.n a 
lUlU ilL P:lrt UU(, to !'urly ui~turblLlif'CS. hundred miles away to t he east-

!::'I~:~t.(.~\;t':~:~:~1! ~i~:~i!;~\t~::ud~~:~~~; ward from the Owens valley, a 
devosits tLlih without deviut ioll of di- portion of this pavement has 
reC'tion (after It ffl:lP hy W, D, J Ollll flO ll). been uncovered in the extensive 
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operat.ions of t.he Tuuupah .Mill­
ing District" so thai there we 
may study in all its detail tlw 
ciaborat(' paU('rtl of rarth mar­
quetry (Fig. 71 ) which for the 
floor of t he Owens ,'alley is as 
yct denird u::;, 

The earth blocks adjusted 
during the Alaskan earthquake 
of 1899. - Fur a study of the 
adjustments whidl take pluC'(' 
hetween neighboring earth block:; 
during a grt'at, earthquake, the 
fPcent Alaskan disturhancc has 

!-'I(;, 71. -l\'luJ"f.luptry of lilt, rU('1.. fluur 
of lbt' Ton:lpllh Milling: Uislrif'l, 
Nevadn (lif t er Spurr) . 

FlO, 7::!. - Map of u portion of t he Atuskall co~1. to 
.how the adjulrt.mcuts in I(wel during the earth­
Quakeo( 1800 (ufter Tarr (Iud Martin), 

offered thr ad\'antag( ' 
that the mu,t all('cl<'d 
distrid. was upon t hI' 
s('a{'oa~t, wiwn' changes 
of level could he rdcrr('d 
to the datulIl of the sca'~ 
surface. Here a grea.t 
island and large sections 
of thl' neighboring shorf' 
tmderwcnt movements 
both as a whole in large 
blocks and in adjust­
ments of their subordi­
nate parts among them­
selves (Fig. 72) . Some 
sections of the coast were 
here ele\Oated byaslDuch 
as 47 fcet , "ohile neigh­
boring s('ctions ''''err up­
lifted by smaller amounts 
(Fig. 73), ancl eertain 
smaller spctions werc 
even dropp('d below t he 
level of the sm. The 
amount of such subsid-



80 EARTH FEATCRES AND THEJR MEANING 

enc'£' is, however, difficult to l1scf'rtain, for the reason that tbt· 
former shorf' fp:,ltuJ'Ps mc' 1I0W ('oYerI'd with waier and thus rcmovt'ci 

FI (:. 7 :{'~ ' ' I t' \\' 1)1\ 1I!1('Il('k(' l l'lllll d, Di~('n-

1'lr/J.lrll1!1'1l1 " 1.~-. . \l." .'iktl. f/'\"I ·:tllllt; the IlllOre 

thut !'O,I' Si·,rPt:l1 (,{'II f",,\ al,Qq· tILl' S{, II duril1~ 

tire l'lrr!lrqlwkt· (If 1~!l9. ;!WU "'::1," foulld wjlh 
l'urmwl('!\ lO t ill t' l ing;ll~ to tllf' rOf'1i: ( :l.ft.flr 
T LtrrllOd l\\llrtill ). 

frulII obsPJ'vatiou. ]1'1 fa\'ur­
fillIp luralitif's the minimum 
amount. of RubnH'l'gf'I1C'(:_' may 

l'iollH'tinw8 I It' IIwasured upon 

forest in .. 'cs ",hi('il art.' lIOW 

fluodf'd with :"wa water. ]It 

Fig. 74 a portion of the 
coast is J'epn'sf'nt(~d whf'J'(, 
the beach sand is 1l 0 W ('x­
tended uu(:k into tlw spruce 
farcRt I a di stanC'C' of a hun­
cirl'd f('('t or morr! and whrrc 
spdgy beach gr:1.'iS i.'i gron-jng 
among trres wiJOf'f' roots arc 
1)0\\' Ja\"f'd in Ralt water. 

At tlw front of thil'l forl' st, the gl'f'at storm waves on'rturn the 
tl"f"rs amI pill' til(' wrC'("kagc in front of those that still remain 
standing. 

LTpon thC' glaeiat.f'd rock l'urful'C'1S of thf' Alaskan coa~t, {'X('('P­
t,ionally fLl\'orahle opportunities are found for sLudy of tht' intricate 

Fi ll. 7-t . - Partially submerg{ld forest 
LJPoJl llll'short'of Ii:llighthl.'lmi, .-\lask.:l. 
due to (he sinking of [I fM!Ction of til(' 
('mist durinl!! t ill' (>urthqu1l.kc of 1899 
(aftf'r Tarr !tnd l\lartin). 

4#--
- _- _ - ;_. . - . "1; ~ 

- .~ ~;;-:~:;-:~-'~~ 
Fia. 75.-Settlemcllt of a sect.ion of the 

shore at Port Royal, Jamaicu, during 
the eurthqullke of .January 14, 1907, 
adjaccnt to a similar but lnrgt'r setUe­
ment of the ncar shore during the 
cllrthqUlIkp of 1692 (ufter a photo-­
graph by Brown) . 

patt.ern of the earth mosaic which is under adjustment at the time 
of an earthquake. Upon Gannett Nunatak the surface was found 
divided by parallel faults into distinct slices which individually 
underwent small changes of level (plate 3 B). 
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THE INTERRUPTED CHARACTER OF EARTH MOVE­
MENTS: EARTHQUAKES AND SEAQUAKES (Concluded) 

Experimental demonstration of earth movements. - The study 
of lhe AlaskrLn earlhquake of 1899 showed tbat during t,his adjust­
ment within the earth IS shell some of tbe local blocks moved up­
w:lrd and hy larger amounts than their neighbors, and tbat still 
uth('fs were actually depressed so that tll(' ~('a flow('d OV('I" t.hem. 
It IllU:'It he cyident. that ~lIch ciifTC'J'f'nLiai Y('I'tieai mOVf'Tnents of 
IIcighlJuring hlod.:s at the eal't,h'~ slIrfa('c ('an only take place 
if Internl t.ransfcf15 of maj'('l'iul un' ma<i(' bf'Iwath il. From under 
those strips of coast lanu which were drprcsseci , ITltti.{'r ial mur;t 
Itav(' Ut'Cll moved so as t.o fill the void whi ch would othcrwi,sp have 
fornwd heneath the sections that Wl're uplifted. If we t.ake into 
con~id('raiion much larger fractions upon UK' surface of ou r planet, 
Wl' arC' taught hy the great seaquakes which arc now rrgistered 
Uj)OIl <.'arthquakc in.:;truI.ll('nts at distant stations that large down­
ward lll{)VCrnent!'5 arC' t.o-day in progress beneath tlw sea much 1ll3fC 
tltall sufficient. t.o compensate all extensions of the earth's surface 
within those districts where the land is rising in mount~dns. Fl'om 
uncif'r t,hc of Ish ore deeps of the o(;ean to beneath the growing 
mountains upon the shore, a transfer of carth material must be 
assumed to tak(' place when disturbances are registered. 

Within the time interval that separates the sudden adjustments 
of the surface which are manifested in earthquakes, the condition. 
of strain whi ch brings thpIn about is steadily accumulating, due, 
as we generally assume, to earth contraction through loss of its 
heat. It RC'ClllS prohable that the resistance' to an immrdiate ad­
justment is found in the rigidity of the shell bcealls(' of the com­
prpssion to which it is subjected. To il/ustrat,p: a row of blocks 
well fitted to each other may be held firmly as a bridge between 
the jaws of a vice, because so soon as each block starts to fall a 
large resistance from friction upon its surfact' is callt'd into exist­
ence, a force ","hich increases wit.h the degree of compression. 

S1 
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It Ii' thU :-5 posfi ihl {' upon I his as,.;;u IllpI lOll (Tucirly t o df'mon~trat f' 

the adjustlllf'nt of f'arth bloeks by t h~ ' ;-;illlpl f' drvi c;p represent ed in 
plate 4 A. TIl{' cons truction of thi.-; ('xperimC'nt,al tank ii) so simple 
that litt le explanation is 11('4'essar.v. \VuOtll' ll blocks of riifkrcnt 
Jwights a rt' ~ lIprortf'd in wat('f within H l ank having a glaf.;~ front, 
a nd arf' kl'pt in n sf ra im·,d !'(mdiJjoIl at Of,hPf than I hf'ir naiufHJ 
ro~iti on s of fl o t ation hy tlw ('o mprt'~s i oll of Ii simple \'1('(' at Uw 
top. Hf' ld firml y in lhl:-; po~iti o ll , they may t hus f{'pres('nt the 
neighboring blocks within l h~ ' C'art b ':-; outer shell ,vliich art' 8Up­
rorted upon relati vrly yir-Iding matC'ri ais beneath , and prl'vrntrcl 
from at oncl' aciju:-;ting tlwm:-;elves to their natural po~iti on R t hrough 
the {'ompre~sion to which thcy are subj t'ct.ed. H£'ld as they now 
are, the wut<'r near the ('ndH of t bp tank is forcrd up beneath the 
blocks to higher than it ~ naturRI If'vp l, und thus tenel i' t o ft ow from 
both ends toward t,lle cent,(' r. 8u<:h a movement would permit 
the end blocks t.o drop tUld fore(' the middle ones to ri f'f'. The end 
blocks are, let U l') say, thf' sections of Alaskan coast line which sunk 
during til(' earthquakp, as the center bloeks are the sections whieh 
rosp the full measure of 47 feet. Upon a larger scalf' the end blocks 
may equally well be considered as the floor of the great deeps off 
the Alaskan coast, whose sinking at the time of the earthquake 
was the cause of the great sea wave. Upon this assumption t he 
center blocks would represent t he Alaskan coast regarded a.'5 a 
wholc , which underwent a general uplift, 

Tllough we may not , in our experiment, vary the tendency to 
adjustment by any contractional changes in either t he water or 
the blocks, we may reduce the compression of t he vice, which leads 
to the same general resul t. As tbe compression of the vice is 
slowly relaxed , a point 'is at last reached at which fri ction upon 
the block surfaces is no longer sufficien t to prevent an adjustment 
taking place, and this now suddenly occurs with the result shown in 
plate 4 B. In the elISe of the earth blocks, this sudden adjustment 
is a('companied by mass movements of the ground separated by 
faults, and .these movements produce slJccf'...ssionai vibrations that 
are part icularly large near thf' block margins, and ot/her frictional 
vibrations of such small measure as to 1,)(, generally appreciated by 
sounds only. The jolt of tbe adjustment, has thrown some blocks 
beyond their natural position of rest , and these sin_k and rise su}).. 
seqllently in order to readjust tbemselves witb lighter vibrations, 



l'uTE 4. 

A. Experimelltul t!lnk to ilIustrntc the earth movements wluch lIfC 

manifested in earthquakes. The sections of the earth's shell ure here 
represented before Ildjustment hils taken place. 

B. The same appamtu8 after!l sudden adjustment. 

C. Model to illustrate a block displacement ill rocks which urc intersected 
by master jOints, 
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whic·h may \.)(> repf!rtt,(,ci and ('ontinllPd for some time. In the ('ase 
of the earth ihest' latr l' adjustllwlIlS are the so-called aflers/lOcks 
which usually continue throughout tl considerable period follow­
ing fivery great f'arthq uake. Gmdually they fnll ofl' in intensity 
:lrld frequenc'y unt,it tllf'Y ('an no longPI' bf' (Pit , und flrf' t.twff'aft.er 
(:ulltin ued foJ' a t.imt' a:-: rumblings olily. 

Derangement of water flow by earth movement. - 'I'll(' wiLter 
whit.:h supp0l't£·d tht' 1,lock:-: ill Our t'xperiuwllt has represented 
tbf' more mobilf' portion of the parth 's substancE> brneath its outer 
zone of fra(·ttlr(~. Tlw :mrfacp watpr layers in the t.ank may, how­
ever, b(' consicierpd in a ciifff'fl'llt 
way, since their hf'hayior i ~ rt'mark­
ably like that of thf' watpl' withill 
:.1Ilc! upon till' ('ar1h':-; ~lI rfu('e uurin,!.!; 
~UI f'anh ::uJj u:-;t.llH'nt. At the in:-;talll 
Wllt'll atljufitnwnt t,akel:! pia(!(' ill 1'111' 

tank, watpr fr(~q u Pl1 tl 'y fipurls upward 
from the cracks hf'twPl'1I tht' sinkin,!.!; 
puel hlo(1ks; and if ill pl ac(' of 0 11(' 

of the highC'r (:('III('r 1J1(J('ks W(, insf'rt 

ont:' whose top is helow the If'w'l of 
the water in the ttlllk, a II lake" will 
Iw formed ahove it. V\' hen the ad-
ju::;tmcnt occurs, thi::; lake is im-

!TOTf 
ffT31:1 

FIG. iO.- Dillgnllfls to ilIUSLrate 
Lilt' drui llill ~ of lu kt·" duri llg 
eurthquakes. 

mediately drained by outAow of the water at. its bottom along 
ant' of the cracks between tho blocks (Fig. 76). 

Such derangements of water How as have been illustrated by 
tlH' (>xpcriment arC' among thp commOllPst of the phenomena 
whieh uC'company rarthquakps. Lakes and ~wamp lands haYf" 
during earthq llukps I)('en !,;llddcnl~r drained, fountains of water 
have heen seen t.o shoot up from thE' surface and have played fo r 
some minutes or hours before their sudden disappearance in a suck­
ing: down of the water with later readjustment. During the great 
earthquake of the lower Mississippi vallcy in 1811, known as the 
New l\1n.drid earthquah', the earlier Lake Eulalie was completely 
dl'ained, and upon the now exposed bed there appeared parallel 
fissures on which were ranged funne)-likf' openings down which 
the water had been sucked. In other sections of tbe affected 
region the water shot lip in sheets ulong fissures to the tops of high 
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trees. Areas where such spurting up of the water has been ob­
served have in most cases been shown to correspond to areas of 
depression

l 
aod such areas hn,yc sometim(;!s been left flooded with 

WUj Pf. During t.lw Indian purth quake of 1819 an a rea of somc 
200 square miles suddenly sank find wa." tmnsforlTIPcl in to a lake. 

Sand or mud (. unes and craterlets. - From a very moderate 
depth below the surface to that of t'\(' \'cral mileR) all pore spaces 

FI G. 77 . - DiaJ,,!;rull\ to illustrat.e t.he dcmllgl'nlCnts of flow ~f wutl'r at lhe tir(l(' of 
:11/ eart.hquake: willer iS8uinj! at tlw !mrfll{'{' QV(lr dowllthrowu rc)("k.s. :wd !lCing 
sll{'kf,d down in upthrowll blocks. 

a nd alJ larger openings within ihp l'Ork 81'(' ('ompieteJr filled with 
water l the If trunk lines II of whose circulation is by way of the 
jojllt~ Dr along thp bpdcling planes of thr rocks. The principal 
rt·servoil's. :';0 to spf'ak, of this water indoscd within the ro('k :Ire 

FJO. ib , - Mud cone~ aligned upon II fissure opened at M oraza, Sen'ill, during 
the ca.rthquakc of April 4. 19(H (after MichujJovitch). 

the porous sand formations. 'Vhen, now, during an earthq uake a 
block of the earth's shell is suddenly "unk and as suddenly arrested 
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ill its dowll\"'urd movement, t he ~ffcct is to compress the porous 
layC'ri'l and so force the contained \Yater upward along: the joints to 
the surface , carr~'ing with it, large quantities of tbf' sand (Fig. 77), 

Fw, ,9. - Qne of t il l" many ('rulerlf'ts fornwd ncar Charleston, South Curolina, 
during the c:J.fthqul1kt' uf Augu,:;t 3 1. IS1-i£.i. TIll' 1l,>I.'utng jij twellt)' fc(::t acruss, 
and th~ lean·s nhout. it. are elleasl'd in i!~lIld a!{ Wf'rf' tho.-e (11)011 till' hranches 
of the oY'!rbftuginc; trl'CB to 1\ bt'ight of some twcnO' f~t (uft.er Dutton ). 

Ejected at U1P su rface this watf'T appears in fountains usually 
arrangrci ill line over joints, or even in continuous sheets, and the 
sand collecting ahout 
the jets builds up lines 
of sand or mull cones 
sometimes dc!<cribed as 
II mud yolcanoes '! (Fig. 
78). The amount of 
sand thus pouf'{'d out 
is sometim(':; ~o great 
that hlullkd~ of quick­

sand ar(' spr<'ud over Ftc. MO. -Cross StlcLiuu of U crakrll't. to show thl; 
large sections of the trumpet-like form of the Sllud column. 
country. Most fre-
quently! however, the sand is not built above the general level 
of the surface, but forms a series of craierlets which are largely 
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shaped as the water is su(;ked don"n.at the time of thE' readjustment 
wit.h which the play of l5uch ('urthquake fountains is terminated 
(Fig. 79), SubRcquent cxcavntions made about ~uch cratetlets 
havp shown them to have Uw form of .a trumpet, and that in tbe 
sand whi(:h so largely fill s them there are generally found scales of 
mica and such light bodies as would bf' picked out from the hetero­
geneous materials of t hf' sand Jayers rulCl earrjed upward in t.he 
rush of water to (,h(' surface (Fig, 80) . 

The earth 's zones of beavy earthquake. -Ki_Jl('c earthquakes 
give notice of a change of level of the ground, th(' special danger 
zones from this source are the gro\ving mountain f'yst,crus whi eh 
an~ wmall~' found Iwar f,hr horders of tilt' 8(~~l. Su('h Jines of motln~ 
f,ain~ ar!' l o~day ri ~ing: witt'ft' fur long pcriod~ in thl' pi\~t, wrrf' the 
ha.",in~ of d('llO~ition of fOrl]JI'r sp:\.<.;, 1'11(')" thus rf'presf'n1, t he 
I\UIWS IlpOIl j Ill' ('artl\ '~ surfltl'l ' wllic'h art' the' 111O:-;t lIn~tab J('­

whir" in 1 he retenl period han' IU1df' rgone the grpat,f':.:.t changes 
of level. 

By far the mO~l umilahlp Ilell upon 1,1)(' ('arlO'S :m rfacc is the 
rim surrounding till' Pacifi(' Oc'pan, wit hin whi ch margin it. ha~ 

b<'cn f'stimah,d that about 54 }wr t('n t of the re(·ordcd shock:; of 
earthq uakt' ha\'" occurt<·d , ~l'xt in importanc(' for seismic in­
stability i:i the ZOll(, "'hil'h bonirr,"l both t,ile Mcciiterralwan Spa 
and the C'aribhran-tll{' Ameril;an Medit.erranean-and ito; ex­
t,ended across ('(' nt ral Asia through tbe Himalayas int.o J\1alaysia, 
Both zones approximat.(· to great circles upon the earth 's !'urface 
and intersect each otl1f'r at an angle of about 67°. Ii has been 
e.'itimated that about. 95 per cent of the recorded continental earth­
quakes have emanated from these belts. 

The special lines of heavy shock. - W.ithin any earthquake 
district the shocks are not felt with equal severity at all places, 
but there ate, on the contrary, defini te lines whjch the disturbance 
seems to search out for special damage, From their relations to 
the relief of the land these lines would appear to be lines of fracture 
upon the boundarie~ of those sections of the crust that play in­
dividual roles in the block adjustment which takes place. More 
or less masked lLS these lines are beneath the rounded curves of 
the land~cape, they are given an altogether unenviable prominence 
with each succeeding earthquake. At such times we may think 
of tbe eartb 's surface as specially sensitized for laying bare ita 
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hidden stru('t,urI\ :.1:-i i:-; t III' ~pn~itizNI platt' uHriN' 1,111' magi('ul in­
fiuen('e of t..11I~ X. rays. 

,"Vhen, at the time of an earthquake, blocks are adjusted with 
reference to their neighbors, the movements of oscillation are 
greatest in those marginal portions 
of direct CO:1tact. Corners of blocks 
- the intersecting points of the im­
portant faults - ~hould for the same 
r('ftson h(' shakf'1l with ~J. douh'" 
vioh'Il('l', and t hi :-; a:-;.-;tunption ap­
pear,oj to bl' cOllfirmrd hy uhsr rvation. 

FIG. 82.-Alincofcnrth 
fl<' ctum indieated ill 
t1u: pi un of thp relief, 
which mu.y at UIlY tirup 
become t.he lKlat of 
mO"emeut aud result­
ant shock. 

1 ~ pon till' island 
of behia, off tlw 
Bay of N aple" 
the shocks frOID 

rec e nt {'nrth~ 

_______ [f'''.nl~u." of IIIIS 

_ .. _ .. ~ I"II!"s.d.st, .. ~'I ". A'I!(> 

'III> 
/'83 

FlO. 81. - t\'Inp of tll(' i!!llllid of 
q U 11 k P."; hay p I IWhiu to ~how how 1.11{' ;j hoekll 

bl' t'll ~trungl'ly 
('UIH'PlltI'Ut,pd 

Iwar the town of 
Casamiceiola, 

of tl"l'l'n1. I'llrt.b(Jll!>kel! lun'{' \"*'I.!:II 

Ilow'('ntrlltt'd ut thl! crn:kli llg 
point IIf two rructurea ( Ilrt~r 
l\'! f' rt'all i ;llId ,JohUBWl}-Luvia), 

which was 1a.'St, destroyed in ]883, This un­
fortunat.(' city lies at the crossing point of 
important fract,ures whose course upon t.he 
island is marked by numerous springs unci 
""jfioni (Fig. 81). 

Seismotectonic lines. - The lines of im­
portant earth fractures) as will be more clearly 
shown in th€' s(\queJ (p, 227)/ are often incli­
cM.teti. " 'ith some clearnf>Fls by straight linf's in 
th,· plan of the surface "elief (Fig. 82) . Lines 
of thi:-; nature are eMily made out upon the 
map of the West Indies, and if we represent 
upon it by circles of different diameters the 
combined intensities of the recorded earth­
quakes in the various cities, it appears that 
the heavily shaken localities are raoged upon 

lines stamped out in the relief, with the most severely damaged 
places at their intersections (Fig. 83). These lines of exceptional 
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FLtl . S3.- ::;cisInotcctQnic lines of the West ludics. 

instahilit.y arc known as seilSUioicciortic lines - earthquake stru('~ 
ture lines. 

The heavy shocks above loose foundations. -]t is character· 
ist.ic of fauJts that tiwy soon bury tbt>lUsclvcs from sight. under 
loose materirus, and are t.}lU:; made diffinult of insprction. Tho 
escarpment wbich is the direct consequence of It vertical displace­
ment upon a fault tends to migrate from tue pinel;' of it:" fo nllatioll, 
rounding the surfac(\ as it do(>!'; so and burying the fault (ine beneath 
its deposits (Fig. 43, p. 60). 

This is not) however, the sole l'ea:"ion wh~' IOOHe' foundations 
fShonlrl be pi act's of spt'ciui da.nger at thr time of earth shocks) for 
tlw re.'lSQn that, earthqullke wan's are sent Dut in all directions 
from the surfaces of displacement througb the mediulD of the un­

FlO. M. - D evice to iIIustrntl! the 
difI~rcllt effects UPOIl the trans­
mission lind the chll.rtlctc.r of 
IIhocks which arc produced by 
firm rOCK llnd b;r looS(! IllllterialS. 

dt'rl~' ing rock. These waves tra\-eI 
witlrin the firm rock for considerable 
distances with onJy a gradual dissipa­
tion of their Cl1crb'J', but with their 
entry i.nto the loo$c surface deposits 
their energy is quickly uSf-'d up in 
local vibrations of largf' amplitude, 
and hence dcstructi\'e t.o buildings. 

The ('sst:.ntial difference between 
firm rock and such loose materials as 
ar(_> found upon a river bottom or in 
the II made land I, about our cities 
may be illustrated by tbe simple 

device which is represented in Fig. 84. Two similar metal pans 
are suspended from a firm support by bands of steel and If elastic U 

braid of similar size and shape, and carry each a small block of 
wood standing upon its end. Similar light blows are now admin­
istered directly to the pans with the effect of upsetting that block 



89 

whiclr is suppurl,·d b\' t, llt~ hH,ISt' braid bPf·ausi ' of tilt" tal"J.~l ' raugl ' 

or amptit,urll' of IlIOV!'IUelll , that, j:-; impartt."d to til(' pall . Til t, 
.. dast.il· " uraid, b et:uUdf' of thes(1 large vibrations o f which it is 
susceptible1 may l'epl'csrnt the loose materialR when an earthquuke 
wave passes jnto them. In the ('asp of till.' steel support, th(' 
('Iwrgy of tlw hlow, in~knd or ]wing disI')ipat,pd ill 10(:al ~ \\'illgjngs 

of til(' pan, is to :t latgf ' ('xt('llt trnn:'mlitt,f'd through the' f' la ... tic 
Illrtnl to mat,~ria,ls lu·yunci. Tlw st"l '] t hll ~ rf's('lnhh's ill it:; high 
('Iastiri t)" t Ill ' fir'lflt'l' n H'k Ilu .. ·.(·ltwnj" wili{'1t I'f'(' ('·iVt,:-; and t ramilllits 

till' NlrthqunJa' ~ h() ('k~ , hut t'xc(_'pt wlwn ruptur(,d ill a fault is 
suiJjt'ct to "il ,ratiol1i:i of Rll1ull ampiitu(/(' only, 

Construction in earthquake regions, - ~VhereYf'r earthquakes 
han" heen felt, the~' arc cer tai n tv OCCli r ag-aln; and whf'rl'>v!'r 
rtl()lInt ai ns art' growing or ('hangps of 1('\'('1 are in progress, 1 hf'l'f' 

110 "f'( 'Ul'd of pa.st ('art hqllak(':-: i:-: I'('quirt 'd in OI'<it"I' to fOI'4'('u:-:t tILt · 
futtll't~ :'wil-ani(' history, :\llhou~h tilt' I'UII1I'(' t'l tI,thquukf's IlIll ," 1)(' 
pn'di('kd , t \11 ' tillU' of I IH'ir ('wlr illg i1". fort ullal ('\y 0 1' llllfll J'1 ,UlUtlt ,ly, 

still hiddt' ll from \1 :-\, II' ntH":, \n1. is to h,' I'll:'t in an I'nrthqu:\kt, 
l't)UntI'Y, t.ll(· olll,\' S:lUI ' ('UUI':-:(' lu plll':-:I U' i:-: t.o l'lJill! with tlU(-' I'('~ll rd 

1,,, fut Iln~ ('( Iut ingt'IJt'i(' .... , 
Tlit' dallg!-'I' fl'ul1I d{~stl'lwl ive fir<' t-i may to-day 1)(' \al'j!:I ' \Y 111('1 

I,), JIlt'1iJ(h \S of ('UIl:-;tl'tH'1iol1 which It'vy an addi1iullal 1"11'(11'11 of 

cost. Though t /t(' dang!'!' fl'olll sei:-;mit di :".it.lI rhaJ1(~t' :-i can hardly 
ht, 11'1<'1 as fully as t hut frolll {in ', y pt it is t.rw-' Hrat buildings may 
h(, so ('ollRtrucwd a,-.; 10 wiLh:-;tand [tIl !-iav(' thn~f' il f'av if'Rt shu('ks 
in tht· immrdil1l'f' vit'inity of 111P liJlf'~ of largf' ( l i~p!at{'nwnt.. Hpl'l' , 
al:-;o, a ('onsiLirl'ahlt' additiolltll f'xpcn~f' is involv('d in UI(, m£'!ilo(/ 
uf {'ons! ructionl in tilt ' l'U:':'(' of resideu!:f'R parti('ulurly. 

From ",Ilat has IwPJ'l said, it i~ obvioti:' thfl.t. Illll eh of til{' dangf'r 
from I ' III I't hqllak{'s (':In I,f' !lIPt hy n f'hoi(·p of sitt· awny from lin('1-; 
or import ant fract.llff' and froltl ll!'l\aS of !'dati v(' I,\' loost' foundat ion . 
The (')Il)ke uf huilding IlIut('rial:-i ifi lIt'xt, of import,uIWI', Thu:,!' 
hllilding~ whi('h SU('{'umh to ('art hquak('~ arc in most ('a.~(·s ra('ked 
or shak(' Jl apart, and j 1111:-; I he,\' hcromp a pr(,'), to thf' ir OWJl inhprt'lIt 
prupcrt.ip.s of inert.ia, EU('iJ pari of a strueturf' may hI-' rpgal'licd 
<1.<;; a weight which i::i ImlaneNI upon a Rtiff rod and pi vot('d upon 
HlP ground, ' Vhell shotks ar rive, eac.:h part t('llci:-; t,o he thrown 
into vibration aft!'r Uw manner of an invertNI pendulum, In 
prorortion, therefore, as the weightR are large and r£'st upon long 
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supports, thp dangf'f of overthrow and of tearing apart is increa.c;ed. 
In genera.I, :-;iructuTPS ;lTC besieonstructrd of light maierial ~ whose 
weight is concentrated near the ground. Masonry structures, 
and f'5pE'cially high ones, arc, tberefore, the lea::;t suit.ed for resisting 
earthquakes. of which tIle Jate complet.e destruction of the city 
of :Messina is a, grewsome reminder. Despite repeated warnings 
in the past, the hLliJding~ of that. stricken city were generally COll~ 
strll('t('d of hea\'y rllbbk, which in addition had been poorly ce­
men ted (Fig. 49, p. 67). Such structures are usually first ruptured 
at the edgcs u,ml comer:;, ~inc(' here th(' vibrations whicb tend to 

Fu;. S5. -HoIJSe wrP,ckt.'d ill .san Frulwi:lC'u eart.hquuke qf 190G 1..1(!<!ll.u!)c the floor!) 
nod PllrtiHons were not &\curely (usteued to the w(l.US (!l.ftcr H. L. Humphrey). 

tear th(' building asu_nder are resisted by no supports and are 
reenforced from neighboring walls. 

An advantage of t.he first importance is evidently secured if the 
rods of the penduhnn, of which t,he building i8 conceived to be COllJ­

pospel , have sufficient elasticity to I.>f' considerably distorted with­
out ruphlTl' and to again TPcovcr thcir original position. Thi~ is 
t1w supreme advantagt~ of structural l'lt;ecl for all large buildings, 
which is couplt·d) however , wit,h t,bf" disadYantage that the 
riveted fastenings are apt fo be quickly sheered off under the 
vibrations. Largp and high building:;;., when sufficiently clastic, 
havp fortunat.ely Ole property of dt'stl'oying t.he e:lrtb WHves 

by interfe rence before they have traveled abon~ the lower 
stories. 

For large structures in which wood cannot be used) strongly 
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f('enforced concrete is well adapted, fo r it has in general the snme 
nth-antages as st.eel with somewhat reduced elasticity, but wit,h a 
morc effective binding together of the parts. This r('quircment 
of thoroug:h bracing and ty ing toget.her of the several parts of a 
building causes it tiD vibrato, not a"J many pendulums, but as one 
bodr. If mrt, it r('moves largely the danger from racking strains, 
llnd for small st ructures particularly it is the requirt'mont which 
hi most ('a"ily ('ompiil'ci \\~iLh. For su('h building:-; it i ~ l,iJereforc 
necessary tlia.t the framewol'k shuuld uc built in a dO::ic network 

/.11 •• 1 .. 1..\ 
FIG. 86. - Building wr('chd Ill. San Mute~. Ca.lifornia. during the la.te earth­

q uake. The hen\"y roof lind upper floor, acting a8 a unit. hS" e battered down 
the upper ..... alls (after J. C. Bmnller). 

\lith every joint firmly braced and with all parts securely tied to­
gether. Especial attention should be given to the fastenings of 
floor and partition ends. The house shown in Fig. 85 could not 
have heen subjected to heavy shocks, for though the walls are 
thrown down, the floors and partitions havf' heen If'ft ncar their 
original positions. 

This tendency of the walls, floors, partitions, and roof to act 
as individual units in the vibration, is one that must be reckoned 
with and be met by specially effective bracing and tying at the 
junctions. Otherwise these larger parts of the structure may act 
like battering rams to throw over the walls or portions of them 
(Fig. 86). 
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CHAPTER IX 

THE RISE OF MOLTEN ROCK TO THE EARTH'S 
SURFACE 

VOLCANIC MOUNTAINS OF EXUDATION 

Prevalent misconceptions about volcanoes. - The more or less 
common impression t.hat a volcano is a I< burning mountain " 
or a 1/ smoking mountain" has been much fosteJ'pd by the Rchool 
tpxts in physical geography in u~e du ring an earlier period. The 
l)pst introduction to a discussion of volcanoes is, thel'cfOr(', a disil ­
lusionment from thl;'; notion. Far from heing burning or smoki ng, 
tlwre is llOl'lllally no combustion whatever in connection with u. 
volcan ic f'ruption. The unsophisticated tourist who, looking out 
from Naples, SI..'05 the steam eap whicb overhangs the \'e.suyian 
crat.er tingpd with brown, ('asily recf'ives the impression that the 
material of t he cloud is smok(_;. Even mol'(' at night, when a bright 
glo\,,- is reHpct,ed to his eye and SOOI1 fades away, only to again glow 
brightly after a few moment.s have passed, is it difficult to rcmo\"e 
the irnpl'ession that one is watching an intermittent (:ombustion 
wit.hin the crat.er. The cloud which floats away from the crf'st of 
the mountain is in reality composed of steam with which is acl­
mixp.d a larg<'l' or smaller propol'tion of fine rock powci('r which 
gi\'cs to I he cloud its brownish tone. The glow observed at. night 
is only a reflection from molten lava within the crater, and the 
vRriat,ion of its brightness is cxpls,ined by t.he alternatin.g ri sf' and 
fall of t,hr lava surface by a process pr('sently to be explained. 

Not only is ther(, no combust.ion in connection \Vith volcanic 
erupt,ions, hut so far as the volcano is a mountain it is a product 
of its own act ion. Th e grandest of volcanic eruptions have pro­
duced ilO mountains whatever, but only vast plains or plateaus 
of cOll.<;olidated molten rock, alld every volcanic mount.ain at 
some time in its hist,ory bas risen out of a relatively level surface, 

When the traditional notions about volcanoes grew up, it was 
supposed that the solid earth w8S merely a "crust 11 enveloping 
still molten material. As has already been pointed out in an ear-

94 
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lil'" rhaptt'r, 1 hi~ view is 110 longer tcnl1u!~\ for Wf' now know Ulat, t Iw 
('OIHlition of m:\tlf'r wi1hin the t'ar1h':;; interior, wilile perhaps not 
din·ctly cOlllpural,ll' to ally that. i:; known, .'"(·,t ha.s properties IHost 

rt'i'l'Ulbling kno\Yll ma.tt"r ill :l :-:olid state; it i:-; tnuf'b mort.' rigid 
t Ii it 11 the he:'5t tool sh·el. \rhile there must, be J'e~t'f\'oirs of molten 
rock beneath ad.i\"('1 "OI(' IlIlO('fi, it is none the l('ss cll'a r that they 
art' small, loral, and telllporary. This is shown by the eompnra­
tin' st.udy of voJc~llli(: outlets within any c'ircumscribed district. 

It is pE'rhaps not easy to frame a definition of a volcano, but 
its ('s~rlltial part, instead of heing n mountain, is rather a vent or 
channel which OP(,IlS up connection iwtw('cn a suhsurfacC' reservoir 
of moltcn roek and the surfut·(" of thr ('artb. An {'fuption occurs 
whenrver there i ~ a ri1':c of this lJu:1Jerial , t.ogf'thcr wit It more o r less 
stram and u.dmixrci gases, to tl1(> !-iu rfaee. Ruc h molten rock a r­
r;"ing at, til{' surface is des ignated lcwa. The changes ill pressure 
upon this material during itf' cjc" aUon induce secondary phenom­
ena a.'S the f' urface i.<:: approadlf'd~ and til es£' manifesta.tions a re 
oftNl most awe' inspiring. \VhilE' often lo('all~1 def:.tructive~ the 
geologi('al importanc£' of slich phC'tlomena is hy reason of thei r 
terrifying a.-';Pt'('t. likf'ly to he g reatly exaggeratc·d. . 

Early views concerning volcanic mountains. - As already pointed 
out, a vol('ano at its hirth is not a mountain at all, but only, so to 
~pt'tlk, a shaft or channel of communi cation between t.he ~urface 
and a subtcrranmm reservoir of molte n rock. By bringing t,his 
melted rock to the surface there is built up a local elevation which 
may be designated a mountain, except where the volume of t he 
mate rial is so large and is spread to such distances as to produce a 
plain (see fissure eruptions below). 

tn the earl y history of geology it was t he view of the great Ger­
man geologist von Buch and his friend a nd colleague von Hum­
boldt, that a volcanic mountain was produced in much the same 
manner as is a blist,er upon the body. The fluids which push up 
the cuticle in the blister were here replaced by fluid rock wh ich 
elevated t he sedimentary rock layers at, the surface into a dome or 
mound which was open at the top - the so-callrd craler. This 
II elevation-crater 'f theory of volcanoes long held the stage in 
geological science, although it ignored the very patent, fact that 
the layers on t he Banks of volcanic cones are not of sedimentary 
rock at all, but, on tbe contrary, of the volcanic materials which 



art ' I!roLlg:ld lip 10 IIH' ,-.:ur f; wl ' durin!!; IIJt' ('I'up1ioll. 'I'll(' OI!!'i('f\·1,l· 
!iUllal 1)111.1 :-0(' of ,.;cil'll('t, \\'a .. -.:, 110\\'\'\' ('1' , dawlling:, ;.tl td tilt, ~Ilglisll 

I ,\'ndi lll! d"II!1 "~f tlU' l'Il'di uH'll lar.\ ~tnltll 

ill LIII' Il"ichhur liood (,f tli l' \ '\'UI (aftf'r 
1l l'lI phy a ud ~t'roPl' ) . 

~('(,)Iogi:-;t. :; ~l'rUpl' and Lyt·1\ 
Wi'ft' ailll ' to :show Ily !'i1udy of 
, 'oll 'anl e rnouJltuins that the 
1l10Ulid ahou!, illl' \"ull':-Ln i(' Vt'nt, 
\\· ~L"'; due tu tht, i1tTUllluiat,ion 

~,f 011(,(" lIlultl'll ruck whidl kld 

IWI'II either t'x lililld or ('jl'('tt'u. 
]\Iakillg u:-;p of data d('ri\"l'd 

frolll ]\'('W Zl'alalld , Hnopl' 

:-; ilc)\\'('d that, in:-:tt'ad (.If Ilt' lug 
{'l,'\'at<,d durin,!! till ' fOrllLntioll 

uf a YOlt'}Wif' mOHlltain, thl' ,"';t 'dil1wntary :-;1 1':1t a (,f t.ill' vicinity 

Hili,\' IIr depJ'f,:,:;(·d 111'11.1' t 11(' " ol('alli!' \'l'llt (Fig. H7 ). 
The birth of volcanoes. - To {'o llfirIJl jill ' illlpn'l':-:iun tlwt t h(' 

f.,nnafi(lll clf till ' "ol(,:tni{' 1l1lHIIltnin i:-: il l I'I'alil~' H :-:('{'l lll l lary plll '-

1l (J lrU ' II OIl l 'OIlIH'ci('d wit II (,fuption:-:, wc' 111:IY (,itt, 111(' oll"'I'nTti bjrtll 
of a 1I11mlll'r of ,ou lc'anof'I', (}n 1111' 20t IL ( I f S('pl('IllIIt'I', 15:)8, :l 

111'\\' \OIII('ILIlO, :-:i lll'f ' 1.;'HI\\'I1 as \10111 (> Nllmoo ( Ill'\\, 1ll0Ulltajll), 1'0:-:(' 

() ]1 nw hOI'dl'l' of tlw a.lwit'1I1 La.k\' Llwrit\\l ':-i II) til<' WI'':-itwa.rd (.If 
~ Hpl('....;, Tlli .... ~ Illall moul]1 ain aft aill!'ci a hl·j),!:ilt of ..J-..J-H fl 'Pi, I.lllfl 
i :-; :-;tilll0 III' :-:('1'11 Oil tilt ' :-; liol'(' of 1.h(' I~ay of l\aplt,:-;. From Mt'x il'o 

ha\'l~ !'<'l'll rt '('Ordf,d the birth . ..; of :-;l'vnal np\y vokUllut·:-;: ,J o1' 111111 

in 17;)!!, Po('hutla in 18i O, aJld in 1881 a Il<'W VOlca.JlU in thl' i\jus(:o 
M ountains about midway Iwtween thr Gulf of Nl('xlco a!lu til(: 
P}\cifir O('('al1. Thr lat!'st of IH'W voleano('s is that rai:-;pd in .Japarl 
on November H, 1910, in ('oTllH'c t;ion with the l'rupt ioIJ of Usu-san. 
This I( New MOllnt,aill " r('ached an elevation of 690 feet, 

As descriupd b~' vou Humholdt, ,}orullo r08p _in tlw night of the 
28th of Sept('nlhcr, 17;19, from a fisr-:.ur(' wh i(~h opelwd in a broad 
pluin at, a point 3:"j mil('s di .... tflll t from any thpl1 ('xir-:.t,ing: volcano, 
Thr most J't'IIHl.rkuhlp of JII'W vol('}.I.1l0Pf; ro,-,:" ill 1871 on thr i:.;lund 
of (_'anliguill J1 0rl h",urd frorn Mindanao ill j h. , Philippinll ardd­
pc/ago, Thi .... mountain WHS "isitf'd I,)' til(' rhnll(,fI{lcr expedition 
in J 87:}, ILnci was first a~,w('nded and studif'cI I hirty year:=: ,later 
by a party under the lea.dership of Professor D(~all C, 'Vorcester, 
lhe Secretary of the Ill lerior of lbe Philippine 1, lands. to whom 
Uw writer is indebted for this dcscript'1011 and the l.I.cl'oll1panying 
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illu:-;trl1tion of Ilti:'> larg{"";, alld 1110:-;1 il1l4'I'I':-tt,ill.!! lIf 11I'\\'-IH,lrll \101-
c',UlO(':-:. A~ ill tlu' ('a:-t(' of .Ioflillo, ,lit, ('I"lI])liol1 l)('gtUt witll tilt' 
format.ion of a lis;-;UfP ill iL 

1(,\"(·1 plain, :-;0111(' 400 yardK 
di.·danl frolll tiLL' tOWII uf 
('"[,,,mall (Fig, 88), 'I'll(' 
Nliptioll 1'(111111111(,d for foul' 

yt',UK, at til(' ('lid of whil'll 
ti nw til(' height of ill(' :-ttllll­

mil. wa:-t (':-ttimatt'd II.\' til<' 
Challenger ('xlwdition tv ]1(' 

I!)IIO f('l't. ,I[ \11<' till)(' of 
1114' fin .. ! :11':(>1'111 in I no.), 

\'--~ 

_' .. ' _Q,,'.o 

fn,B. tlw ""',1 . It lI'a .... f!OfI!I<',j ill 1>-,1 p\Tr 

'l'U'lIrl.\' l!-n·l plain Tlu-'"wl1l,f('lIturllll.lll 

appf'llr.~ :t( IIII' ril.:hl (u'at Uu' ,, 1'('1"1' (lIftf'r all 
UlIplJhlisht'fl plioto1!"r:lph hy I' tuk"sot 1)"UI1 

( '. " ·utt·t·sh'r). 

tlit, Il('i~ht \\"~L'" dptl'rrllillPd hy ,tII('roid :.I ..... 17:10 ft'('I, \\'itl! :"\ harJl 
rock pilLnu('h·f' projlTt ill.!! :-'UIJ1<' t}O or 7.i fpC'{ hi~hl'l'. 

Active and extinct volcanoes. - TIl(' krill:; .. a('tivp" ~lI\d 

. f'xtilJ(·t '. ha\'(' ('Olll(' into 11101'1' 1)1' Ie'S:; ('U l llmOn 11:-'(' to dt':-'('rilll' 
rl'~pl,(·ti\'('ly 1110"';(' \' olnlllo(':-, whi('/i ~ho\\' :-:ign:-- of Pruptivi' tl.{'tiv i t.y, 
and tho...;t· whirh al'l' not allhf' tilll(' Hdi\'(·. TIH' L('l'n1" dormant. 11 

j:, uppli(·d to \'ol(,~tllo(,:-; ff'('f'nt I,... adivl' and i'IJPPuH('d 1.0 hi' in :t 

douhtfully f'xtillC'l ('ollditioll. Frulli a wl'll -knowll volt:ano in 

tilt' ,·it'illil.'· of Karl(,:" '·olt'allOl· ..... whit,lt no IUllgN {'rllpt. lavH or 

j·illdl'l', hut ::;how gas{'utll'i ('Illana! ion:-l (jIUIlf}'(llt'.-;) an' :-,aid t.o 1)(' ill 
till' sofja/am ('ondit,ion, 01' to show sofin/aric ad.i\'il,\'. 

EXlWfll'IH'e i:ihow:-:. (,hut the iCfln /, l'xtinct,lI while u!wful, mUKi 

always 1)(, illicl'pret('d 1.0 Hlran apparl'ntly exti nct. Thi:-; may 1)1' 
iIJII~t.ratl'd by thl' history of .Mount. Vesuvius, which before tht' 
Ch ristian ('fa wa~ forc~tNI in the crater and ohowcd no oigns of 
a('tivity; and in fact i t i~ known that for 8everal cen{,uric:s no erup­
tion of the volcano had takf'Jl plact'. FolIO\ving a premonitory 
earthquake fc·lt in t h(· year 63, 1,h(· mount.ain hurst oui in grand 
('xr losiw' ('ruption in 7H A.n, Thi~ ('J'uption profollndly alt('rt'd 
I hp a~p(,l't of t lit , I1H)ll II I ain and huril,d ,III' ('iti(,~ uf POllljwii , Htah('ii. 
and Hf'f('I I\:uwum fron) :-;i£:hl. < )nt'p 1lll)1'('. \ ,,\~ I illl\' during \.hl' 

middl(' a~n~8, for nearly fi,'(' ('('I1!uri('~ ( 11 3g 10 Hi:jl) Hlf'rl' WB."i 

cornpJete inacti,·if~' . if w(,' ('XCf'rj, 11 light ash eruption in the year 
1500, During this period of J'Psi t.he c:raj·er \Va."! again forested, 
bui lohe rcpo~ was surlrl ell l ~1 IPrminaieci by one of tllr grandest 
eruptions in I.he mountain':;; bistory . 
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The earth's volcano belts. - Tht' dist ribution of volcanoes is 
Tloluniform, hut , on HlP ('ontrary, \'olennie vpnt.s appear in definite 
ZOIW:-; or Iwlts. f'ilIrPI' IIpon tilt:> Illargin . ..; of tilt' tont,i llcntsor included 
wit hin tiL(' O('Ptlni(; art.'u,'i (Fig. 89). The most important of these 

Fm. so. - l\'l np showing th .. loC'atiQn of the belts of act i\·c \'oICQnoes. 

bf'lt~ girdl t's t lIP PRl'ific Oecan. and is ff'p,'ps('nLed either b.y chain.s 
or hy JUMI' \\'idt\l_y spaced \'of('anie mountains throughout. the 
Cordill('J'~Ul l'ltHlIltain system of ~ou1.h und Central America and 
1\1('xi('o, II." t 11(' "0]«;1110f'8 of tll(~ Coa...;t and Cascade rallgl'1' of North 
Allwric'a, til(' ft'::::tuull{'d "oicalli(' ehain of the Alcutia.n ] slanc!s, and 
the similar i:o:bind arc:-< ofT the ca:-;t.(.'rJl toast of the Eurasian (;011-

tii{wnt. Th(, 'wIt is furllicr ("ont,iuucd through tbe islauds of 
l\1alaysia to New Zealand, and on the Pacific's southern ma.rgin 
are found the YOiC3nOes of Victoria Land, King Edward Land , 
and " 'e::;t Antarctica. 

This volcano girdlr is by no means a perfect one, for in addi­
tion to tbe principal festoons of the western border there are many 

FIG. 90. -A portion of the "fire girdle" of the Pacific. showing the relB.ti~n of the 
chains of \·olca.nic mountains to the deeps of the neighboring ocean floor . 
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secondary ones, and still other arcs are found well towurd the 
center of the oceanic area. Another brond belt of volcanoes bor­
ders the Mediterranean Sea, and is extended west ward into the 
Atlantic Ocean. Narrower belts are fOllnd ill baUl the northern 
and southern portions of the Atlantic Ocean, on the margins of 
the Caribbean Sea, etc. The fact of greatest, signi fi cance in the 
distribution seems to be that bands of nctive' volcanoes arC' to be 
found wherever mountain ranges lire paralleled hy deeps on the 
neighboring ocean floor (Fig. 90). As has been already pointed 
out in t he chapter upon earthquake:;, it is just such places as these 
which are the seat of earthquakes; the~e are zones of the earth 's 
crust ",hidl are undergoing t.he most rapid chullgf'::i of level at the 
present time, Thus the rise of the land in mounktins is proc("f:'ding 
simul taneously with the sinking of the sea floor to form the nr igh-
boring deeps. . 

Arrangement of volcanic vents along fissures and especially at 
their intersections , - " rithin those di:"tri ru; in which volcanoes 

;"~~'D.t:~" ___ ~~a"'" 
FI G. Yl, - \ 'ulcuuie COlles fOrl ll (·d ill 17b:~ abo\'l' lh, · clkuptar fissun· iu JCdll nd 

(after H elland). 

are widt:ly separated from their neighLors, the law of their arrange­
ment is difficult to decipher, but the view that volcanic vents are 
al igned over fissures is now supported by so much evidence that 
illustrations may ue supplied from many regions. An excep­
tionally perfect line of small cone!': is found nlong the Rk.'lptar 
cleft in Iceland, upon which stands tile large volcano of Laki. 
This fi ssure reopened in 178~ 1 and great volumes of lava were 
exuded . Over the cleft. there wns left t1 long line of volcanic 
eones (Fig. 91 ). There are in I celand two domina,Li ng s(, l'ips of 
parallel fissures of th~ same character which tnk(' t heir direeiions 
respectively northeast-southwest and north-south. J\1"any !ol uch 
fissures are traceable at tbe ~urface as deep ancl lH'arly ~tnlight 
clefts or (ljas) usually a few yards in width, but extending for many 
miles, The Eldgja has n length of more than 18 Englii'b miles 
and a depth varying from 400 to GOO feet . On some of t hese 
fissures no lava bas risen to the surface, whcrea$ others have at 
numerOus points exuded molten rock. Sometimes one end only 
of a fissure, the more widely gaping portion, has supplied the 
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conduit.s for the molt en ]a":I. TLi" i ~ well illl1sl.r:.d,('d by the 
cratereu munticules 1':llsf'd by 1 hi" l'ommon ant v\"t'r the cracks 

1 J r 
FIG. 9:? - Diagrams to illustratt' 

tlw localio/J of "okulli!- vl'nts 
IlPO U fissun· lint's. fl. ()p(,ll in~s 

j':nlsJ'd h .... lall'raJ 1ll0\' i'Jllt'llt uf 

ri,;.~tln· wall,, ; /" "JI{,ll illJ.!~ fnrlll!'d 

,\"hi eh stl ,:rr:,Il€' till ' 1,lorb, of ('elUen1 
,.., il/I'II:.IJ" flti' Idlh wk ... bei llg loral(·rl 
w!,j'n' 1111' IIIU:-;I, f:I\"lI l'al,II' ('klllllt'\ W:,I:-: 

flllJlld fill' 111(' 1,11'\':11,jIl1l of tilt' lun k ­

rial::.. 
Thu:-;e pitu'p:-i upon fiSSUfC R whic'h be­

('()IlU' laY:t ('o llduit:i nppl'IU to be t,be 
011(':0: ",lwl'(' t hf' (,left g:lpe~ widf'~t, f:.O as 
to furni::./J tIl(' \\ridt-· ;-:(, t'h:LlllIf'1. \\r-her­

('Vpr :1 ditf('l'l'ni,i:d b11'1':\\ 1l1(J\'(-'llwnt o f 
:Lt ti,!SlJrl' iUll'r.'ll'(·LiollS, 

till' \\':dl :oi hn~ (H'( 'lIrJ'l'ti , opc'ning:-, will 
ht, fUllnd ill 1 ht' Ilt'ighhorilood of (':11·11 tllino!' ,'aria! ion from :1 

~ t . r:lil!:ht lilli' ( Fig, II:!a ), \\ '!H't'(','{'r 1111'1'1' :m' Iwo (II' OH)I'( ' :o-;t'l'il':O; 

of t-iSSIl1'1 ':-', :tlld this would a)lpt';tr tu 1)(' 111(' normal "OIHiiliull , 

pl:L(·t's f:I\'OI':lhll' fol' bY:l t'otlduil :-- ot'l'ur :If li:-isurI' illll'I'~('(·Liull . ...;, 

\Vithin s Uf'l1 \'f'ribh\p \,O!t::tIlO g:lt'c!"IlS a :--: :11'(' 10 lit , foulld ill lVla­
I:tysia, t,l1(.' [: ,\" (II' , 'olra llo di:-:trihuliotl h('('anu,' :ll>p:lrC'llt So :-;oon as 

Fa; , fl:t- Outliu(' mllP t\f the Cllstl'rll portion of tlw islaml of .Janl. . dislJIa,)'iull. t.ILL' ar­
ra ll~t'Ull'ut ,,( \ ' (,/(';lllil ' \'\'111,. ill a!i~IIIIU'Il( 111,,1(1 li",su r,·'" lI'ittl til(' I:tr~er rnnuflta;lI!'! 

at li S:lllrt' ihll'nh·(,tioml (ufh·r \,\·rlJI';·k). 

:l.eCllJ':lt(' m:lp-'" h:ld bern prcpflf(,d. Thu,:.: t.he out.iinr 1n:IP of 11 pur­
tion of till' i ... I:1Iul of ,):I\':t (Fig. 9:)) show .... us tJlflt while the vol­
canop~ of 1 he i:·.;i:lud prp"';{'nt at, first. :-: i~ht fl mUrt~ or iL-ss irregular 
hand or ZOne, t.hf'rl' :\r(' :l nUlUlJer of fis fo\un~ intprs('cting in a n('\­

work, :tnd thtl1, ttw \'o]t.:lnof>:.; nre ~lli~nf'd upun the fir;~lln,>f:; with 
Uw i:trgPr ('(HIPS J()(':d'l'l! :Jt. Uw in tt'r.-:('rtion ~, :--io :L1~o in l (,f'iand, 
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the great eruption of Askj:1 in ] 87;) o(!currcd tit thr int('rsp{,tioll 
of t wu !inc:, of tb:mrl'. 

Out.side tiu'!';(' (·Iu . ..:dy p!lck{'d volcan it' "(-'gioll :O;, f'i lllilal' 1 h(lugll 
Ic· ... ~ m:lrkrd Iwln-urb art' inciiratpd; as , for ('xamp\(', ill :tlld nt'ar 
nl(' Ulilf of Uuim'a . If 110\V, in:-:tclld of fedu C'ing til{' ~l'al{' of our 
Yoh":11W lI\: t P~ ) W(' int'n':l:"t' it. tht, ~:\m~ taw of di~tribution \1'\ nn 

i{';o;:" df'~Jrly IIl'oug-ht (IUt. Tlw llJonti('ui('s 01' snwll vole:tni(, {'ones 
which (oTln upon the fl:Ulb of i:lrgC'r "olc:lI1 ic mountuin:; nrc like­
wj;-.p built up over fil'l"ul'e:-; whit'll 011 IlUlllerOllS occasions have 
h(,l'll oh:-:.t'Tn'd 10 opl'n :md tile Conc-s to form upon t hcrn. 

:--:till further rl'dudng now 
t 11£' iln':! of our f'j udiC'f; and 
('on:.;idNill!; fur t h{' moment. t.he 
" fr()~('n " ;-<ll r fnl'l' of till;' hoil­
ing: [:n·;t within th(' (·tddron of 
Kil:tu(,:t , thi;-.; wh('n oh:-;('fvC'd at 
Itj~ht rl'\"(,Hi;-.; ill gn'at. prrff'c­
liolt IliP suddrll form;ltion of 
fi~:-;ul'('': in Ow crust. \\'ith ttw 

Flf). 114. - Map of thf' I'uy ParioIJ ill the. 
!lpp{';tr~tn{'{' of minint,ur(' vol - AlIncrc:nf' of {,f'nl.Tal Frnuce. Thl' HCl\tor 

nll)tl(',': ri;..;ing I"Uf'f·('o;;,..,in'ly :tL 

JIlorr or I{',<.:.~ r('gular hll.rrval." 
<lhmg t.lll'IH. 

eruption huFt mij!mt.f:d along the fissure 
upon whir'" t1w \'arlif'f C{!I\C ha.d 1)1'('11 
built. up (after i:)C:fOpf'J. 

It not infrC'lUf'l ltiy happen ... tilat, aJtt'l" ;j \'ol<:anit' ,,('nl, fw s 
hCf'OIll(' {' .... t.ahlisbcd Hho\T ~om(' conduit, in a fi :-tsurc, the conduit 
lIligrate:-o ulong the fi!'lsure , thus cl'itabJishing a new ('one with morc 
or 1<,., complete dpstrudioll of j,be old one (Fig, 94), 

Tbe so-called fissure eruptions. - The gra.ndest. of a ll volcanic 
eruptions have been those in which the entire length and breadth 
uf the fissures have been the passageway for the upwelling Jant. 
Such grander eruptions havE" been for the most part prehi~t,(Jrir. 

and in later geologic history have occurred ('hiefly in [ndia., in 
Abyssinia, in northwestern Europe, Hnd in the northw(,f-t.('fll 
Fnited Stut.es, In western India. the f; ingularly horir.ontal pb -
1,pau~ of bafo;alt·i(' lava, tJ!C' D('kkan trnps, ('over ~ofll e 200,000 
~quare mHc~ and an' mon' than n, mile \n depth. Th", underlyin~ 
h:lsement. whrrf' it. appears aboul. the IJIar~ills of the basalt is 
in many pbccs ini'ersected by dikes or fi~sur(' fillings of the same 
mat.crial. No cones or definite vents have been found. 
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The larger portion of t.he northwestern British Isles w0uld 
appear to htlve been at one time similnrly blanketed by nearly 
horizonU11 heds of basa.ltio bva, which heds extended north­
westward across tbe sea through the Orkney and Faroe islands 
to l cel::llld. Remnants of this vast plateau are to-day found in ~tll 
the island groups a~ well as in In.rge areas of northeastern Ireland) 
and fi s.·.;ure fillings of t.he same ma.terial occur throughout large 
areas of the Briti:'ih Isles. In m:lIly cases these dikes represent 

011('(' molten roek which mn.y neVer 

h~lvc communieatcd witb the ~urfa('e 

at the time of the b\'a. outpouring, yet 
they well illustrate what we might ex­
pect to find if the basalt sbeets of 
Icelal1d or Ireland were to be remored. 

The floods of basaltic bva which in 
the northwestern United States have 
yielderl the barren plateau of the Cas­

FI:~T~~':-S~c::n~~i~~~:I1~::;~: cude 1\1 ountains (Fig. 95) would appear 
t,o offer another example of fissure erup­
t,jOI1 , though cones nppear upon the 

surface and perhaps indicate tbe position of lava outlets during th~ 
later pbases of the eruptive period. The barrenness and desola­
tion of these lava plains is suggested by Fig. 96 . 

to fissure eruptio!lil of 18\,1\. 

. : . _ .... .. . 

FlG. 96.-La.v!\ nlruu8 about the Snake River in Idaho. 

Though the greater effusions of lava have occurred in pre­
historjc times, and the JDnnner of extru.sion h.as necessarily been 
largely inferred from tbe immense volume of the exuded materials 
and tbe existence of basaltic dikes in neighboring regions, yet in 
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Iceland we are able to observe the connection between the dikes 
and t he lava outflows. Professor Thoroclclscn has stated that in 
the great bllSaltic plateau of Iceland, bv", Ii., weUl'd out quietly 
from the whole length of fissures and often 011 both sides without 
gh-ing rise to the formation of cones. At three wider portions of 
the great Eld cleft, lava welled out quietly without the formation 
of cones, though here in the southern prolongation of the fissure, 
where i t was narrower, a row oC low sla.g cones a.ppeared. \Vhere 
the lava Dutwellings occwTed, all area of 270 square miles was 
flooded. 

The composition and the properties of lava. - In our study of 
igneous rocks (Chapter IV) it was lea rned that they are com­
posed for tbe most part of silicate minerals, and that in their 
chemical composition they represent various proportions of silica, 

FlO. 97. -Characteristic profiles of lava volcanoes. 1. blUlaltic lava mountain; 
2, mountain of siliceous lava. (a.fter Judd). 

alumina, iron, magnesia, lime, potash, and soda. The more 
abunJant of these constituents is silica, which varies from 35 to 
70 per cent of the whole. 'Vhenever the content of silica is rela­
tively low, - basic or basaltic lava, - the cooled rock is dark in 
color and relatively heavy. It melts at a relatively low tempera­
ture, and is in conseq uence relativeJy fluid at the temperatures 
wbjch lavas usually ha,ve on reaching the earth 's surface. Further­
marc, irom being morc fluid, the water which is nearly a1ways 
present in large quantity within the la.va more re~ldily makes its 
escape upon reflChing the s urfa te. Eruptions of such la.va al'e 
for this reason without the violent aspects which belorlJl to extru­
sions of more siliceous (more II acidic") lavas. For the same 
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rl'!,L'i(IIi. :-lr~O, II:t:-':lllif' Ll\':t ffow~ !'ilt/fI' fnolol ,\' :l lt d C:lIl :o:pJ'end much 
l'artilfT upfOl'i' it 11:1. .... ,'ool"d :,; uffi(>it'ntly to ('lJllsoliJatf'. This i::. 
rqujv:ilent to :-': lying t.hat. it.~ :-;urfa('{' \\'il111~:-iUlne :1 ftnt.t.cr angle of 
slope, which in the case of hnsniti(' lant ~rldorn exceeds tcn degrees 
and mfty be Ie:;;:)'; than one degree (Fig. 97) . 

Rilil'(,ous lanls, on t I H~ other hand, an', when consolidated, reln.­
lh-('l~' light, ho1.h in (·(llor :ind w('i!2;ht :llld IIwlt a'L I' l.' iativ£'\y high 
1 , l'mpl'r;,lturl·~. Till'.\" :m', t Iwn·fuJ'{" 1I ~1J:dly hut pari1y fw.;(·d :md 
of a vh-;cou~ ('(lll~i!-'h'Il('Y wlll'n thl'.\' !lITi\'(' :11 t.h£' {,:lrU/ ~ sllrr:H~C. 

B('(1au~(' of th i ~ vis('o:-:ity 1hey otTer Illuth r('si~tanGl' to t.he libera­
t ion of t he contl1il1('d watf'r: which therefore i.~ relca~cd only to 
the ac:companiment of Ill.Ort' or Ie:;::; violent explosions, The lava. 
i,<::: blon'n into the air MlIl usually f[lll:.:. as consolid.'lted fragnwnts 
of vnriou~ df>gn'{'~ of ("m1r~('npl':;. 

It mu~t !H)t , hO\\"f'H·r, 1)(, ;t..;;:-:ulnpd tlwL tht-' tempf'r;ltur(' of by:). 
i:-: alw:1Y:-; the :-::IIHP \\ 'h(,11 it :Lrrin':O: :It the :-:urf:lc<', :1I1d il('nN' it 

JI1f1~' 1t:IPIWIl 111:lt :1 :-:i lit'l'otl:-: !:tva i:-: ('x ud('d 
:d !'o higiJ n tl'IlIPf'1"<ltWT' jllnt it },p)l:lw·.-: 

lik.· ~I Ilo)'ul:ll l,a:-;:tltit; 1:1\':.1. On til£! ollwl' 

li:tlltl. ba.-.::tlt.je b\':I~ m:ly he ('xlrudf'd tit, 

1I1111:-:llally low t.Pnllwndur('s, in whit·1i ta:-:C' 
111t'il' l,ph:l\Tiur may rt'sf,tnblp t h:lt of thE" 
nOfll!;!1 :;i!i('(-'()u ... : lavas. If , ho\\"c"cr, :lS is 
gPJlcrnJly t,he ( ' :1:"(', the energy of explosion 

Fll;·(I~~;.~.An~I~;,l~~/oIiP of [L lJ:lsnlt,ic IlIv:1o if.; rr lativf' ly small , [lilY 
f'jrd.('d port ions of i h(' liquid l~ va tr:l.vf'1 

to 3. modemte height. only in the ~i r , :-;0 t-.llat 0 11 fal lil1 ~ t Iwy art' 
still sufficiently I'"'ty to 
adhen' to ro('k surfac(-'s 
:lIld thus huild up the 
remarkably st.f'ep eOIH'S 

and !-:pines kno\\'n a~ 

II :-:pa1.t.er ('Olll':-\ n o r 
II d rilllf't ('One:;; I) (Fi~. 

!)R) , \O\ ~ h('n , on thp otlU'f 
hand , t he ~·Ilf'rg.r of f'X -
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of ejected lava have been fully consolida ted before their fall to the 
surface, so thnt they build up the same type of accumulation ~I~ 

would Ranrl falling i1l t.he- :-iame manner. The structures which 
they form nre known itS tuff, cinder, or !l.~h cones (Fig. 99) . 

\Vhcnever the conta ined water passE'S off from si liceous lavas 
wit·hout violent cxplosioll:-; , the lava mny ftow from the vpnt , hut 
in {'ont,m:-:t, to hn;.;altic In ,'n:; it, travrls :1 short ciiRklll(,c only Iwfore 
I'onl'oliduting. Thl~ reRIlIt.ing: mOllnt:lin i:-- in ('on~('qU('Ilf' (' propor-
1 iOllrltl'ly higb :nld sh'I',", ( Fip;. Hi ). Enlpt.ion~ (·haractrriZf·d hy 
violent explosions al'('ompan ied hy a fnll of cind,'!' are descrihed 
a~ explo81:ve eruptions. Those which are relati vely quiet, and in 
'whjch tilf' chief produ('t is in the form of !'treams of flowing lava, 
arc spoken of as convul:;:ille eruptions. 

The three main types of volcanic mountain. - If th(' eruptions 
nt a volcanic vent arc exclus ively of the exp l o~ i\'(' type, t.he mo-
1Nial of th(' mountain whi(,h refmlts is throughout tuff 01' cinder) 
:lllli the vol('~no if' dc:;erihed ns :1 (;111."(',. I'f)//£; . If, on t he other 
haud, thf' \'{'Il{. j ,t f' v{'r~' eruption f'xudes b"a, 3 Illounhlin of solid 
l'o('k I'f'!-Juib whif'h is a lalla dlllll(! . I t. is, howf'\'«r , thp pX(,f'ption 
for fl \'01(:[1110 whidl ha,,", :l. long hi:;t.oI'Y to lllanifp~t hut. a singip 
killd of PI·upt.ioJ1. ,\I", 011(' tiuw ('xuding luva ('olllparath'cly 
qui(~t ly, at, :1not,JI(~1' the vioie11l'c with whi('h thp stt'a m is libl' l'utl,d 
yif'kl.I.: (lnly cinder, ftnd Uw mountain i .... n (:ompositp of the two 
m:\t('ri ~t1s and is known aJ'i [t com])()sile 'Volcanic cone. 

The lava dome. - \Vilen ~u('('css i ve laV:l flows comp from a 
crat.er, t.he ~truct.Ufe which ff'suits ha~ the form of tL morc Of less 
perfect dome. If thc lava be of the basaltic or fluid type, the 
slupes arl" fiat , seldom making an angle of as mUl'h :1.1' ten degrees 
with t he horizon :lnd Ra.tter t.oward thr summit (Fig, 101 , p, 106). 
If of si li e('ou8 or yiSrOliS lava. on the other h:l1H.l t the slopes an' 
('o rr('spondingly st('Pp and in !'iOm(~ etlSes pr(·cipitoul'. To t,niR 
latte r e1tl~~ iJ('iong ~ome of lhr A

P

II7JPl'l1 of G erlHll.ny, thl" pu.1J.>; of 
central France, and the 11wmrion.'{ of the lsbnd of Bourbon, 

The basaltic lava domes of Hawaii. - At. the II erossroad~ of 
the Pncifi(' II "iR(',"; !1. dOllhl(' linp of 1:1\':1 voleanoer;: which reach 
fJ'om 20,000 to 30)000 f('('1 :11 ~(JVp t h(' Roor of til(' De(·Un. SOI11P 

of them among til(' gl'an<i(·:.;t voit-ani(' 1fI0unt,uins that .a rf' known. 
lIfore tlmll haU the hei~ht and n much hlrger proportion of l,he 
bulk of the largest of thes<' are hidden beneath t he ocean's surface, 
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The two great active vents are Mokuaweoweo (on !\1auna Loa) 
and Kilauea, distinct volcanoes notwithstanding the fact that their 
lava extravasations have been merged in a single mass. The rim 
of the crater of Mauna Loa is at an elevation of 13,675 feet above 

FIG. 100. - Mup of Hawaii and the lava 
volcallo£'S of Mokullwt:Qweo (Mauna 
Lou.) !md Kilauea (after the govcnllueut 
mup by Alexander) . 

the sea, whereas that of J\:ilnuca 
is less tban 4000 feet and ap­
pears to rest upon the Bank of 
the larger mountain' (Figs, 100 
and 101) , Although one crutcr 
is but 20 miles distant from the 
other and nearly 10,000 fcet 
lower, their eruptions have ap­
parently been unsympathetic. 
No\\-bere have still acth'c lava 
mountains been subjected to 
such frequent observ~1tions ex­
tending througbout a long pe­
riod, and the dynamics of their 
eruptions arc fairly well under­
stood, To put this before the 
reader, it will be best to con­
sider both mountains , for 

though they have much in common, the observations from one are 
strangely complementary to tbose of tbe other, The lower crater 

-, 

FIG. 101.-Scction through MAuna Loa and Kilauea. 

being easily accessible, Kilauea has been often visited, and tbere 
exists a long series of more or less consecutive observations upon 
it, which have been assembled and studied by Dftna and Hitch­
cock. The place of outflow of tbe Kilauea lavas has not generally 
been visible, whereas Mokun.weoweo has slopes rising nearly 14,000 
feet above the sea and displays , the records of outflow of many 
eruptions, some of which were accompanied by the grandest of 
volcanic phenomena. 

Lava movements within the caldron of Kilauea. - The craters 
of these mountains are the largest of active ones, each being in 
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excess of seven miles in circumference. In shape they are irregu­
larly elliptical and consist of a series of steps or terraces descend­
ing to a pit at the bottom, in which flTC open lakes of boiling lava. 
Enough is known of the history of Kilauea to state that the steep 
cliffs bounding the terraces arc fault walls produced by inbreak 
of a frozen h1l''' surface. Tbe cliff below tbe so-called " black 
ledge" was produced hy the falling in of the frozen lava surface 
al. the time of the outflow of J 40, the lav" issuing upon the 
eastern flank of the mountain and pouring into the Sea ncar 
Nanawnle. Sinee that date the floor of tilt" pi t, below the level 
of this ledge has heen essentially a movable, platform of frozen 
lava of unknown and doubtless variable thickness which has risen 
and deseended like the floor of an elevator car between its guiding 
ways (Fig. ]02). The floor has, however, never been complete, 
for one or more open lakes are 
always to be seen, t.h".t. of Hale­
maumuu loeat.ed near the south­
western margin having been much 
the most persistent. Within the 
open lakes the hoi ling lava is ap­
parently white bot at the depth 
of but a few inches below the 

}'IG. 10~. - ScheuHJ.t.ic diagram to illus­
trate the moving platform of frozeD 
lava which riscs and foJls ill the crlloW 
of Kilauea. 

surface, and in the overturnings of the mass these hotter portions 
are brought t,D the surfa ce and nppear as white streaks marking 
tbe redder surface portions. From time to time the surface 
freezes over, then cracks open and erupt at favored points along 
the fissures, send ing up jets and fountains of lava, the material of 
which falls in pasty fragments tbat build up driblet cones. Small 
fluid clots are shot out, carrying a threadlike line of lava glass 
behind them, the well-known" Pole's hair ." Sometimes the open 
lakes build up congealed walls, rising above the general level of 
the pit, and from their rim the Inva spills over in cascades to 
spread out upon the frozen floor, thus increasing its thickness from 
above (Fig. 103) . At other times a great dome of lava bas been 
pushed up from the pit 01 Halemaumau under a frozen shell, the 
mol ten lava shining red througb cracks in its surface and exuding 
so as to heal eacb widely opened fissure as it forms. 

At intervals of from a few years to nine or ten years the crater 
has been periodically drained, at wbicb times the moving plat-
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form uf froz{,11 1:1\'a ha~ :->unk Illorr or 11'Hl'i rapidly to h'n'ir: fnr 
1",low tlH' hl:tck I('cig(' ;lIH.1 frum HOO to J 700 f(.'('L helm\" tbe crater 
rim. Following this dCNC('lll :\ slow pl'ogl'c::itiivc ri::;e is inaugurated, 
whid, 11<-IS sometimes gone on [It a. rate of more than a hundred 
feet per year, though it is usually much slower than this. 'When 

FHi , lO;i.~ \ "i,'w of tht· OIH'11 !ant lake of Hwmuaumau wiLhilJ t.h(' crater of 
Kilau(,ll, thp molh'/} III va shown c:l:icadius o\'cr the raised lava walls on to the 
floor of Ull: pit (after P:n·luw). 

the platform ha:-: rI'Hchcd a hright varying from 700 to 350 feet 
below I,hc eratcr rim. another sudden scti,lement DCCliI'S which 
ugain carries the pjL floor downward H dititancc of from 300 to iOO 
reet. 

The draining of the lava caldrons.- The changes which go on 
within the crater of MokuH wpoweo, thougb less studied tban 
those of Kilauea, appear to he in some rC:-i pccts differt'nt. Here 
('very eruption Reemf' to be preceded by a mOre or less rapid influx 
of mf'l(;pd lavn to the pit, of til(' (·rn.t,rr , thi:-; phenomenon heing 
oh:-:en'('il from iI di:-:ta.nce aR a hrilli:mt li~ht abon' f.lw cralf'T ­
the reflection of 1,hc glow from ov('rhanJ.! ill~ vapor clouds. TIl(' 
uprising of the lava hn~ oft(,l1 iM"t'l1 aC(,Olllpnnied by the formation 
of high Java fOU_l1La.illS upon the surface, and the molten lava 
someti mes appears in fissures near the crater rim at levels well 
above the lava surface within the pit. 
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Although in mnny cases the lava which has thus flooded the 
crater has suddenly drained away without again i>e{'.oming visible, 
it L-s prch:lble I.hat in such CUS€"R fill outlr1 hOR bf'PL1 found 1.0 some 
suhmal'illfi f'xit. ~in('f' undt'r-O('r:lII diRdlHl'gf' plfel'l,:;,; J. R\·t~ been 
ol)lo;f'I'\,(·d i l l l'l)lllll 'dion willI 1'l'uplit )1I1'1 uf ":11'1. uf l.iI(' \'qj( ' :,III{W:-; . 

lutlsmudl a:'i llll l'urthqu:lkp:-> :lrt' felt in (·O lHu·l·tion wil h ~lI ch 

outftow~ a~ ha \'f' iJcen dctlcribcd, it i:s proiJai)ir that t he hot lava 
fuses :1 pas:-;agcway for itself into some open c:hannel underneath 
t.hl' finnk1'5 vf the mount.nin. Such no CQu r RP is wpll illustrnt,pd by 
the ollt.flow of Kibupu 
in lR-W, wh('n . it will 
1,(, l'ern('lllhf'rNI, 0('­
('uITrd Ow grt ·flj, uown­
pluuge of the crater 
thn t yielded the pit 
below the black ledge. 
At this time the lava 
first made its appf'!lr­
al}( '(' upon t,}IP Hallks 
of 11\(, IlllHlIltnill at th(' 
/'O{,LUIII of :1 SII1:tIJ pH, 
or inhr C'ak e r atef 
whieh opened fi\" e 
miles southca::;t of t.h€' 
main crat,er of Kilauea. 
(Fig. 10-1 ). Within 
thi:-:. IlPW era-te l" the 

FLG. 10·1. - :\bp lIlinwi1U! lll<' TIllUIIlf'f of outflow of 
h~vu fr(,1l\ Kilau(';l duri n!!; tllLJ eruption flf IAAO. 
The outfiowing lava rnlld(' it;, apl>eUflUlCC succes­
sivuly at the poiuts A. 8. t, m, 11, tHld finlilly :I t Il. 

I)(}int bclo\.\' It, from \\'IJ(lIl ~(' it j,;rs(lCd in \'01001(' and 
fl owed down to til(' SI';\ HI !\'lUlllwal" (:\flPr J. D. 
Dunll) . 

by:! ro!-\C', and "'lnnll rjf'ctions !'oon fo llowed from fifl:;:;urcfl fo rm.{·d in 
its neighborhood. Some t in1f' uJter, thl' b\':t f;:lIlk in the first !lew 
nratN, on ly to T(-'appear ~U('('('ssivf;'lr nt ot,lwf' small op(>ning:-:. ( Fig. 

10-1, B, (" m" n) nnd fina ll y to i ~"u(' in volume :It, n point, ('Ieven 
mi\('s from Ulf' shore and ft o\\' tlwr(,~lft('r IIpon tlil' 8wJace of tbf' 
mounbin until it had renchetl tiJ(' :-:.r:1. Only t hl' siig;:ht('st ('arth 
tremors were felt, and us no rumhling;.; w('r(' iwnrd, it i!:; f'vident 
that the lava fused its W[lY along a hu ri rd {'h:lnllf'i l:lr~('ly open a t 
the t ime (see helow, p. 112). 

In n majority of the eruption~ of :\'foku<lweow('o, when t.he 
ollt.flowinf,!; hvas h:lVC hreoll1f' visihle, til(' molten rock has up­
pnrr.ntiy fused its Wl~Y out to t. hr surf:lCf' of the mountain at 
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points from 1000 to 3000 feet below t he bottom of tbe crater, 
and t his discbarge has corresponded in time to the lowering 
of the lava surface within the crater. There are, however, 
three instances upon record in wbieh t be lava issued from definite 
rents which were formed upon the mountain flanks at compara­
tively low levels. 1 n contrast to the formation of fused outlets, 
these rupt ures of a portion of the mountain's flank were always 
accompanied hy vigorous local earthquakes of short duration. In 
onC instance (the eruption of 1851) such a rent appeared under 
the Sflm e condi t ions but 3.t an elevation of ]2,500 feet , or Ileftr 

the level of t he !::tva in the crater. 
The outflow of the Java floods . - In order to properly CO Il1-

prebend t b e~t' fLmI milny otherwise puzzling phenomena connected 

-, " ?!'.',~ 

.FIO. 105. - LIlVIl of l\1lltu.,'anll upon the Island of SavaU flowing dowu to the 
rea during tbc eruptioll oi 1900. The course_ may befoUowed by the jets oi steam 
escaping from the su rface do wn to th!) greut steam cloud which n scs where the 
fl uid b,-t! dischnrges into the sell (niter H . 1. J ensen). 

with volcanoesl it is necessary to keep ever in mind t he quite 
I'PITI!lrknble heat-insulating property of congealed lava. So soon 
a~ :1 thin crust has formed upon the surfilce of molten rockl t.he 
heat of the underlying fluid mass is given off with extreme slow­
ness, so that lava streams no longer connected with their internal 
lava reservoirs mny remain moltel) ior decades. 

We have seen that for Mokuaweoweo and l<ilauea l lava either 
quietly melts its way to the surface at the tlme of outflowl or 
else produces a rent for its egress to the accompaniment of vigor­
ous local earthquakes. In eitber case if the lava issues at a point 
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far below t lw cmter, giganti c lava. fountuins arise at the point of 
outflow. tile fluid rork :-;hooting up t.o ileight.:-; which rnnge from 
250 1.0 UOO or 11l0r~ fl'et above the surfllce. A certain proportion 
(If 1h i ~ fluid 1:1\',,1 is ~ lIffj c i e ntly cooled to con::;o lida l.e while travel~ 
illg in the :_lir, and f:llling, it builds tip a c;inder cone which i ~ left 
n:-:: n loention monUIllf'n t ful' thr place of d ischa rge. From this 
outlet the molten lava begins its journey down the slope of the 
mountain, :lnci Quickly freezes over to produce a, tunnel, beneath 
the roof of which t he fluid lava flows with compar:1tively slow 
fu rther loss of heat. Save for occnsionnl ste31U jets i s~uing frOID 

it~ surface, it m.'1,y give Httle inclica tion of its presence until it has 
rcacbed the sea (Fig. 105), 

Jf suffieient in volume and the shore be not, 1,00 distant, the 
r:;tremn of lava arri\'e~ at the seal where , djscbarging frOID the 

F IG. 10G.-Lavu. stream discharging into the sea from beneat.h the froz tlll roof 01 
n IIw1I tunnel. Emption of Mu.tavanu on Savaii in 1906 (after Sapper). 

mouth of its tunnel, it throws up vast volumes of steam and in­
duces ebullition of the wa.ter over a wide area (Fig. 106) , Pro­
fessor DanaI who visited Hawaij a, few months only after the 
great outflow of 1840, states that the lava, upon reaching the 



0(,,':111, \\':1 ," :-;hivL'rl'd like Itwlt.nLi gla.",~ aud l,browlI up ill lllilliollS uf 
pa rticle:; \\-hieit darkcned t he sky and fell like hai l uver 1,i1 l' ~ ur­

rounding L:tJu nl,ry_ T he light, wa.-; :-(0 bright that at a distance uf 
fort,y miles fine print could lJC read at midnight, 

Protected from any extensive consoliuation by its congea led 
cover, the lava within a stream may a ll drain away, leaving beh ind 

-
-~--

an empty lava tunnel, whi(;h in Uw 
case of the Hawaiian vol('anoeli 
sometimes has its roof hung wi th 
bea utiful lav~ stalactites and its 

FIG, 107, - Diagmm111lltic rcpre-
8('l1tativn of tIll' ",truI'tur(' of lhe flool' ~ t,udded with thin lnva spines_ 
Ilallks I)f 1:I\'a Volcall t)(:!; liS a n'- Later lava outflows ov(~r the sa me 
MUlt of 1)11' drainjng of irol,l'lI ianl or neighboring course~ bury stich 

tun ncl ~ beneuth others of ~imi l :tr 
strclllllS, 

nat un', gi\'ing 1.0 {,he Illotlllt,:lin Rank!:, an e long:lted cellular stru('­
t. ure illust,mted 8(:hematica lly in Fig, ]07, TIlC.~e bHri('d channels 
may in t he. futu re be again ut.il i7.ed for outflows f:. imilur in char­
octer to tba,t of Kilauea in 18·10. 

\\,hi l(' til(' formation of lav<1 :;i.al!H'ti1r:' of sH('h perfection and 
hC:lll1.y i," pp(' uli :l r 1-0 f,hl' Haw:liitlTl 1:1\":\ tunnl'ls, fhe formation of 
the t,\ll1n el in ('onncction wit h In va out Aow j,-; the rule wherever u. dis­
sipation at the cnd has Iwrmitt{'d of dr:l inagc, A fpw hour,.::; olily 
after t he Row h a~ hegun, the fro7.cn su rface h:.ls u~ utlll'y a thicknc:ss 
of n. few in ches, and thL':i cover may be walked over wi th the 1avl1 still 
molten below. At. first in pa rt supported by the molten lava, the 
tunnel roof sometimes caves in so soon as d rainage bas occurred, 

\Vhercvcr bHs~~lti c lava has spread out in vaLJ eys on the surface 
of more easily eroded 
mat..cria.l , either cinder 
or sedimentary forma­
tion:; , the softer in t('r­
Y('ning ridgf's MI' {ir,,,, !. 
(~a rrif'rI :l\nIY hy 1111' 

f'rodiJlg . : II-!;Cllci('~, 11':1 \'­

ing the lava :-t~ I,tlpping~ 

upon residual ... Ic\-a­

"f 111\' ;1 ill \'IIIII',\'M :Iud th" 1'1IIJ!4.'qll"1I1 mun' rapid 
'-"fflsi.nn of th., i ,[I\.~rY~-nilt~ ridgel;, U, parliN rl\'l'r 
\'tlJI"~T: R'R ', !eter \' Ii.ll cy!!, 

tions, Thus are derh·('d :J t.ype of I.able mountain or mesa of the 
sort welJ il lustrated upon t he western slopes of the Sierra N e­
vadas in California (Fig. 108). 
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FIG. WH. - SW'fa.cc uf hwa 01 lhc Pahoehoe type. 

The !"llrfae<' whith fluwing !:.tva a~sumcs, 'while :-1 uiJjl'l'I Lo l'OIl­
Ridcrahle vari :l tioll l nwy yd, 1)(.' <:Ias:-,if:ipd into 1,\\"0 rather (li~tinct 

t,vpcs. On til(' Ol1e h:lIld there i ~ the hillowy slIrfm'(-' in whieh 
ellips.;o ici:li OJ' kichwy-,<.: htLpcd m:u~ses, each ,yith dimensions of fro lll 

one to :;.cveml f{,{,t, lie merged 
in one :111Otlwr, not. unlike an 
irJ'C'gubr ('ollect ion of sofa 
pilJo\y:o: . Thi:-; type of b \-:1 has 
h(~('() III (, known ,hi I,ht· P a/io(,/l{Jf, 

from the Hawaiian occurrence 
(Fig. 109) . A vuriation from 
this type is the I I corded " or 
" ropy " lava, the surface of 
which much resembles rope as 
it is coiled along the deck of 
n. vessel, the coils being here the 
lines of scum or scorim arranged 
in 1,his manner h~' the currents 
at the :o:;t1 rf:H'c or t,he stream 
(Fig. 12:1. p. 124 ). A quif," 
diffrrrnl t , ~-pf;' is t.he block !tIY:l 

(.-la type) \yilirh u8uaUy ha.s a 
ragged s.coriaceous surface and 
consists of more or Jess sepa rate 
fragments of cooled lava (Fig. 
131, p. 130). 

F IG. 11 U - Thrf"t' lIuccessive vieW!! lu 
illustrate the growth of the Island 01 
Sa,,'aji from the outflo w of lav3 at 
Matavanu m'tne year 1906. a, nearthe 
beginning of the outflow; b, some weeks 
later than a ; C, some weeks later than 
b (after H, 1. J ensen), 
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'WherC"cr la,"n flows into the sea in quantity, it extends t,he 
margin of the shore, often lly considerable arens. T'he outHow of 
!{ila uen in ]840 e:\-tended the shore of Hawaii outward for the 
dista..nrc of a fJ1wrt,er of a milf' , and II more. n'cent illustr~lt. ion of 
Huch ext,ension of land musseR is furnished by Fig. ] 10. 



CHAPTER X 

THE RISE OF MOLTEN ROCK TO THE EARTH' S 
SURFACE 

VOLCANIC MOUNTAINS OF EJECTED MATERIALS 

The mechanics oC crater explosions. - If we now turn from 
the lava volcano to the active cinder cone, we encounter an entire 
rhflnge of scene. In place of t he quiet fl ow a nd ('ollvuisive move­
ments of the molt.en lava, we here meet wi t h !'('pouted explosions 
of greater or less violence. If \\ e are to profitably study the 
lU:1nner of t he explosions, considering the volc~lI1ic vent as a grea.t 
experimental npp:tratus, it would be well to select for our purpose 
n. volcano which is in a not too violent mood. The well-known 
cinder cone of Strombolj in the Eolian group of islands north of 
Sicily has, with short and unimportant interruptions, remained in 
a. state of light explosive activity since the beginning of the Chris­
tian era. Rising fiS it does some three t housand feet directly out 
of the Mediterranean, and displaying by day a white steam cap 
and nn intermittent glow by night, its summit can be seen for a 
distance of a hundred miles at sea and it hns justly been called 
the" Lighthouse of the l\1editerranean." The" flash" interval 
of this beacon may vary from oue to twenty miuutes, and it may 
show, furthermore, considerable variation of intensity. 

For the reason that the crater of the mountain is located at 
one side and at a considerable distance below the actual summit, 
the opportunity here afforded of looking into the crater is most 
f!lvorablc whenever the direction of the wind is such as to push 
aside the overhanging steam cloud (Fig. Ill). Long ago the 
Italian yulcanologist Spnllanzani undertook to make observations 
from above the crater, and many others since his day have profited 
by his example. 

Within the crater of the volcano there is seen a lava surface 
lightly frozen over and traversed by many cracks [rom which 
vapor jets are issuing. Here, as in the !Glauea crater, there are 
open pools of boiling lava. From some of these, lava is seen 

Il5 
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welling out to overflow the frozen surface; from others, steam is 
ejected in pufi·s as though from the stack of a locomotive. Within 
other~ la\':1 is seen headng up and down in violent ebullition, and 
:11 ird,'IT:il..; :1 ~I'!-':d 1,111,1,1. · ,If :o.t.'am is PjPe· lt-·J with exp l v~j\"l' \'io-
1"111'1', (':tIT~ ' ill,!! HI' willi it :1 ('nll~idl"J':djll' (Ju:llltit.." (If till' ,..;t.ill 
IHUit'{'11 !:tv:J , togdlw[' with ill' ';l'umlikp ~urfal'(" to fall uutside til(' 
(-rat('r and rat1ip <10\\"11 the mountain's s lupe· into the sea. Fol­
luwing tlii;;; f'x pio::;ion tJw lanl :-iurfaep in tlw pool i:;. lowered and 
thp :1g:il :1tion i:-: reIlPwf'd, to ('uiminatp aft,N the further lap;:;£' of a 
(f'W minut<.'!' in !1 sec-ond explo~ion of the S:lIUf' naturr. The fisC' 

' .. '. 

·L!~ 

FIG. 111 .- "1'11<' \' j,II'.uln of ,";lr(JfIllJ(,li, Rhowi[lg the 
ex('cutric Jlo~iti(!/i flf tht· ('r'ltN (aftc-r :1 sketch by 
,Judd). 

of tllf' b\,ft which 
precedps t.he f'jf'{'tioll 
appears ut night as a 
brighter reflection or 
glo\\" from the over­
ha.nging stealll cloud 
- tbe flash seen by 
the ma riner from his 
,"esse!. 

" 'ha t i::i going 011 

wit.hin th(' cr:"tter of 
Htromholi we may 
perhaps he~t jUus­
tr"te by the boiling 
of " stiff porridge 

over ~l hot, fire. Anyone who h~l$ m:1cie corn mush OVer :1 hot 
C:lmp (il'(' i;-; fully :IW:IJ'e t hat ill proport,ion ns the mush beconw~ 
thic.:kel' by Lilt :1,dditiOI) uf tho Il](':ll, it, i:-; nf'{'e:';;-;:lry to stir t,hr 
111a:;:5 WiU1 redouhled vigor if rmything 1:5 \,0 he rrbin~d within thf' 
kettle. The thickening of the mush increases its viscosity t.o ku('h 
an extent that the steflm which is generated wit,hin it is unabl(~ t.o 
make its escape wuess aided by openings continually made for it 
by the stirring spoon. If the sti rring motion be stopped for :1 

mOlnent, the ste~nn expands to form great bubbles which soon 
eject the past,y mass from the kettle. 

For the crater of Stromboli this process is illustrated by the 
series of din,grams in Fig. 112. As the 1:,IV[l rj F=e~ t,Qw:lrn diP 

surf:1cf', preslIll1f1hly ns :l result of ('on v('('tion~li ('UlT{' n f,fo; within 
the chimnf'.\' of t,lw yole'ann, the cOllUtincd steam is relieved (fom 
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prl'sstlf<', ~o thHt ut. ;';Otll(' d('pth I>plow t he surface it begins to 
separa{,(' out in minute ve!:iiclcl:i or hubbies, \yhich, expanding as 
they rise, 3equire a. rapidly acceiemting velocity. Soon U1('Y flow 
together with a quite sudden ill crease of their expansive energy, 
and now shooting upward wit.h furth er accelerated velocity, n. 
layer of liquid lava ,,';th its cover of SCllm is rai~ed on the surface 
of a gigantic bubble allu th rown high int.o t.he air. Cooled during 
their flight, the quickly congealed lava ITltlsses hecome the tuff or 
yolcanic ash which is the material of the cinder cone. 

a b 

((~ . Ij . )' l' 
\ , , 
\l : ' . \ ./,) 
l\' , f. , ~ .) 

'\" (:-".~', 
1" '. 

" " , . 
. 

c 
FIG. 112.-Diagrarns to illustrate the nature of eruptioDs wit.hin tbc crater of 

Stromboli. 

Grander volcanic eruptions of cinder cones. - Most cinder and 
compo;-;ite cones, in the intervals between thei r grander eruptions, 
if llot entirely quiescent, lapse into a period of light activity 
during which their crater eruptions appear to he ill all essential 
respects like the. habitual explosions within t he Strombolian 
crater. This phase of activi ty is, therefore, described :18 Strom­
bolian. By cont rast, t he occflsioll<ll grander eruption:;: which hAve 
pUllet.tlated the hi:;;tory of all hu ger volcanoe.;,; are dC':"l"rihcd in 
the language of M_ercalli as Vulca.nian eruptions, from the best 
studied example. 

Just what it is that at interva ls brings on the grander VuJ­
canian outburst wit hin a volcano is not known with certainty; 
but it is important to note t hat there is an approach to periodicity 
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in the grander eruptions . It is generally possible to distinguish 
eruptions of a.t least two orders of intensity greater than the 
Strombolian phase ; a grander one, the examples of which may 
be separated by centuries, and ODe or more orders of relatively 
moderate intensity which recur at intervals perhaps of decades, 
their time in terva ls subdividing the larger periods marked off by 
the eruptions of tbe first order. 

The eruption of Volcano in 1888. - In the Eolian Islands to 
the north of Sicily was located the mythica l forge of Vulcan. 
From this locality has come our word 1/ volcano," and both the 

oScolBoI"U/;"', 

island and the mountain bear no other 
l1ame to-day (Fig. 113). There is in the 
structure of the island the record of a 
somewhat complex volcaniC history, but 
the fo rm of the large central cinder cone 
WHS, according to Scrope, acquired during 
the eruption of 1786, !1t which time the 
crater is reported t,o h~we vomited ash for 
a period of fifteen days, Passing ahcr 
this eruption in to the solfatara concUtion, 
with the exception of a light eruption in 

FIG. 113. _ Map of Vol- 1873, the volcano remained quiet until 
C8.110 in the Eolill.n group 1886. So acti\'e had been the fumel'oles 
of islallds. The smaller wi th in the crater during the latter part of 
craters partially disflected 
by tbe waves belong to 
Vul cancllo (after Judd). 

this period that an extensive plant had 
been established there for the collection 
especially of boracic acid. In 1886 occurred 

a slight eruption, sufficient to clear out the bottom of the crater. 
though not seriously to disturb the English planter whose ,ine­
yards and fig orchards were in the valley or atrio near the point d 
upon the map (Fig. 113), nearly a mile from the crater rim. On 
the 3d of August, 1888, came the opening discharge of an eruption, 
which, while not of the first order of magnitude, was yet the greatest 
in more than 11 century of the mountain's history, and may serve us 
to illustrate the Vulcanian pha,'le of activity within a. cinder cone. 
During the day, to the accompaniment of explosions of consider­
able violence, projectiles fe ll outside the crater rim and rolled 
down the steep slopes toward the atrio. These explosions were 
repeated at intervals of from _ twenty to thirty minutes, each 
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beginning in a great upward rush of steam and ash, accompanied 
by a low rumbling sound. During the following night the erup­
tions increased in violence, and the anxious planter remained on 
watch ill his villa a mile from the crater. Falling asleep toward 
morning, he was rudely awnkened by a rain of projectiles falling 
upon his rooi. Hastily snat.ching up his two children be ran 
toward the door just as a red hot projectile, some two feet in di­
ameter, descended through tbe roof, ceiling, and floor of the drawing 
room, setting fire to the building. A second projectile similar to 
the first was smashed into fragments at his feet as be was emerg­
ing from the house, burning one of the children. Making his 
escape to Vulcanello [I,t the extremity of t he island, the remainder 
of the night and the following day, until rescue came from Lipari, 
were spent just beyond the range 
of the falling masses. 

When the writer visited the 
island some months later, the 
eruption was still so vigorous that 
the crater eQuid llot be reached. 
The ruined villa, smashed and 
charred, stood with its walls half 
buried in asb and lapiUi, among 
whicb were partly smashed pumi­

FlO. 114.-" Bread-crust· ' lavo. pro­
jectil lt from the eruption of Volcano 
in 1888 (after Mercalli). 

ceous lava projectiles. The entire atrio about the mountain lay 
buried in cinder to the depth of several feet and was strewn with 
projectiles which varied in size from a man's fist to several feet 
in diameter (Fig. 114). The larger of these exhibited the peculiar 
H bread-crust" surface and had generally been smashed by the 
force of their fall after the manner of a pumpkin which has been 
thrown hard against the ground. One of these projectiles fully 
three feet in diameter was found at the d istance of a mile and a 
half from the crater. Though diminished considerably in inten­
sity, the rhythmic e.'\.-pJosions within the crater still recurred at 
intervals varying from four minutes to half an hour, and were 
accompanied by a dull roar easily heard at Lipari on a neighboring 
island six miles away. Simultaneously, [I, dark cloud of "smoke/' 
the peculiar H cauliflower cloud 11 or phlO mounted for a couple 
of miles above the crater (Fig. 115) , and the rise was succeeded 
by a rain of small lava fragments or lap,illi outside the crater rim 
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: ,, ' ~ _ : '_, - ~ 

Tbere seems to be Do good 
reason to doubt that Vulcanian 
cinder eruptions of this type 
differ chi efly in magnitude from 
thc rh~1hmic e)..'P losioJ1 wi.t-hin 
t.he Cr:ltrr of Strnmholi, if we 

ex('pp1 1,hc elf'va tion of a con­
~idl'f:1hl{' quant ity of n('('cs­
;-;O l'Y and older tuft whi(,h i~ 

FIG. ll[i. - Pl:culiar "I':luliflowc'r 1'1\1\11\" dc-rived from tho iruwr watls 
o r ~Iif/O ('(Hllpo5(:d o f Stt'il llJ HIlI.! II,-;-ll, 

ri sit ,g lil ,o\' !;' the cindrr COlle. o f \' ol~:\ uo 

during tiL!' waning phuses of tlw cxplo~ 

sin' cruptiOlI o f IB!S8 (:lfte r a lJhoto­
graph br ll. Hohson). 

of the crater find carried up-­
ward into the air together 
with the pasty cakes of fresh 
lava derived frorn the chimney. 
It is this accessory material 

which gives to the phw its dark or even black appearance. 
The erupt jon of TaaJ volcano on January 30, 19J 1. - The 

recent eruption of the cinder 
cone known as Tnal valenna 
iB of interest) not only uecause 
,":'0 frc'sh in mind , hut hecause 
t H'O 'H·i .!.;!1 j,urillg \'f·nt ... {'l'tlptl'll 

::iIlIUij;IIIf'OU;-;\Y with ('xp \U :-> i(JJI :oi 

of 1H'~'rly (-'qual \'ioh' IH'(' (Fig. 
1I(i) . Thi, Philippine vol-
C!lno lip:; lIear t.he c{'nter of :l-

Ink() some fifteen miles in 
djnme1 er uncl about fifty n1j]es 

,outh of the city of Manih. 
After [l period of rest extend­
ing over one hundred and fifty 
years, the symptoms of the 
coming eruption developed 
rapidly, and on tbe morning 
of Jam,"r), 30 grand explo­
sions of st,('um Hnd !lRh 0('­
currrd r.:. irnuft:tJ1t'owd,Y in t h(' 
neighboring' cl'itter~ , ilnd the 
condcnseu moisture brought 

-_- -...:_, 

Fll: , lUi. - Douhle explo:-l i\'I ' eruption of 
Tau] vu\c::mo 011 the ruoruhlg of JUIlU:,U'Y 

J(), J911. 
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down the asL in all a"abnchf' of scalding mud which buried the 
entire island. A.lmost t.he entire popuJatioll of tl1e island, Jlum­
bering several hundreds, 
was literally buried in the 
blistering mud (Fig. 117); 
and the gase~ from th(' ex­
plosioos carried to the dis­
tant shores of the lake 
ndrlf'd to tbi:.; number Hwny 
hundred victims. 

Th e shOl!ks which a CCOlll ­

Ixmle.l! the e~"plo:-;ions raised 
n grcnt wnve upon the 8Uf­

fn l!c of the lake, which, ad­
vancing upon tilt' shores, 
washed fj\\"~ly stru ctures fo r 
:1 distnnce of ne!l rl y :1 half 
mile. 

The materials and the 
structure of cinder cones. 
- Ob\'iously lhe materials 
which compOfoie cinder cones 
arc the cooled bVf\ frag­
ments of various dcg-rl'Cs of 

FIG. 117.- Thfl thick mud \'(!IlL-cr UpOIl the 
isbncl of Taal (after u photv!,;raph by 
Deni sto n) . 

coarseness which hav(, I)('cn ejected from the crater. If larger 
than a finger joint, such fragments are referred t,o as volcanic 
pr(}jectiles, Of, incorrfictly, as <I ,"olcanic bombs. II Of the lurger 
masses it is often true that the force of expulsion hns not been 

applied opposite the cen­
tcr of m,os.' of the body. 
Th". it follow. that they 
undergo complex whirl­
ing motions during thei r 
flight , and being still 
semiliquid, tbey deyelop 
curious pelll"-shaped or 
less regular forms (Fig. 
J 18). Wh en crysta ls 

FlG. 118.- .'\ peuJ"-s h~I.IJ( .. J I~L\' :A projectile. have already separated 
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out in the lava before its rise in the chimney of the volcano, the 
surrounding fluid lava may be blown to finely dhrjded volcanic 
dust which floats n way upon the 'vind, thus leaving the crystals 
intact to descend as a crystal rain about the crater. Such a 
shower Decuned in connection with tbe eruption of Etna in 1669, 
and the black augite crystals mny to-day he gathered by the 
handful from the slopes of the Monti Rossi (Fig. 125. p. 125). 

The term lflpilli, or sometimcf'; TOP1.'llt"/ is npplied to the ejPcted 
lava fragments when of the nVCr!lgc s ize of a finger joint. 1'hi ;-; is 

a 

b 
FIG. 119.-Artificiu.! production of the structure of 

II. cinder cone'Y .. ith UJ;e of colored sauds curried up 
in alternation by s.current of uir (ufter O. Linck). 

the material \\"hicll sLill 
pa.rtially COvers tIl(' un­
cxhU)uad portions of the 
city of Pompeii. Vol­
canic sand, ash , and dust 
are terms applied in 
order to increasingly 
fin e particles of the 
ejected lava. The finest 
material, the volcanic 
dust, is often carried 
for hundreds and some­
times cyen for thou-
sands of miles from tbe 
crater in the high-level 
currents of the atmos~ 

phere. Inasmuch 3S 

this material is dc~ 

posited far from the 
crfLter and in layers 
more or less horizontal, 

such material plays a small r6le in the formation of the cinder 
cone. TIll." coa.rser sands and asb, on the other hand, Ql'e the 
rna.tenals from which the cinder cone is largely constru cted. 

The manner of formation and the structure of dnder cones 
may be iIIustmted by use of a simple hhoratory apl'1lratus (Fig. 
]]9). Through an opening in :t board , first white and then 
colored sand is sent up in a light current of air or gas supplied 
from suitable apparatus. The alternating layers of the aand 
form in the attitudes shown; that i. to say, clipping inward or 
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toward the chimney of the volcano at all points within the crater 
rim, and outward or away from it at all points outside (Fig. 119). 
If tIle experiment is carried so far that at its termination sand 
slides down the crater walls into the chimney below, the inward 
dipping layers w11l be truncated, or even removed entirely, as 
shown in Fig, 119 b, 

The profile lines of cinder cones. - The shapes of cinder cones 
are notably differenL from those of lava mountains. While t he 

R~C 
D .A A .& 

FlU. 120. - Dil1p;rlllH to show the contrast between a 1nvI1 dome and Ileinder cone. 
l1.AA , cinder ('one; B(lbC . luva dome: DE. line of -low cinder cones above 8 fissure 
(after Thoroddlilln) . 

latter are domes. the mountains constructed of cinder are conical 
and havE' curves of profile that are concave upward instead of 
convex (Fig. 120). in the earlier stages of its growth the cinder 
cone hns n. crat.er which jn proportion to the height of the moun­
tain i, relatively broad (Fig. 99 , p. 104). 

Speaking broadly: the diameter of t.he cra.ter is a measure of 
the \Tiolence of the explosions within the chimney. A single series 
of short and ,;olcnt explosive 
eruptions builds a low and 
broad cinder cone. A long-
continued succession of moder­
ately violent explosions , on the 
otber hn.nd , builds a higb cone 
with crater din meter small jf 
compared with the mountain's 
aitit·ude, and Lhe profile afforded 
is a remarkably beautiful sweep­
ing curve (Fig. 121). Toward 
the summit of such a cone the 

"" 

FIG. 121.-Mayon volcano on the island 
of Luzon, P.l. A remarkably perfect 
high cinder cone. 

loose materials of wbich it is composed are at as steep an angle 
as they can lie, tbe so-called angle of repose of the material; 
wbereas lower do;vn the flatter slopes have been determined by tbe 
distribution of the cinder during its fall from the air. When one 
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make~ til(' as('ent of sueh a mountain, be encounters continually 
steeper gracil'Jo', with the most difficult s lope just below the crest. 

FIG, 122, - A series of hrra('ilPd 
ciuder ('(111('5 whl,rt, the place of 
erupti()u h:ls mi.erated along t.he 
ulldl'r\~·i.llg fl!'l8llT{·. Thl' T'u:rj,l 
N a ir, SV\:..L!'l, ,Hid L:.I Y:l ch(' ill the. 
Mon t Dorl' Prm.-ill('e of cl:lJtmi 
Fra!l('c' (ufler ";eropl'). 

The composite cone. - The life 
histories of volcanoes are generally 
so varied th::.t lava domes and the 
pure types of cinder cones nre less 
common th:l.ll volcano('s in which 
paroxysmal eruptions h:.1Veniternated 
\yitb explosions, and where, tberefore, 
the structure of the mountain fepre­
sents a composite of !:t\"a nnd cinder. 
~uLh (~omposite cones P0f',::i('i:lS a skci('­

lOll of ",,,lid ruck upon which haw· been built up ait.erllnte sloping 
I;lyt'r~ of l'inder and lava. In most respects such cones stand ill 
an int,Cflllcciiaic poshion be-
twC'en lava dome~ und cinder / 

cunes_ h.J/_ 
Regarded as a retnining wall [-{_ 

for the lava which mounts in ~L ~~~~,,~, ' 
the chimney: the cinder cone 
is obviously the' weakest of ___ . .' 
all. Rhould lava rj~c in a 
cinder conc without an ex- rf ~ 

plosion occurring, the conc is ·.~;.JV..:. W . --;"-'-;':~"_' 
at once broken through upon _' _-=:_:.~.~ __ ,._~ -= . 
one side by t.he out.welling .. ~ ~ 
of the l:lva near the base. .~: ..._.-;): .... --~-' ' 
Thus arises the characteristic ~"''''1...4" Lj \~,-

:~~:~.::~~:~; ";;;; . i~~ 
dome with its rock walls and rIG. 12:l. - Thp bOCNl (Jr mouth upon the 
relatively Hat slopes, Con- inne r ('olleof Mount VcslI\'ius from whic,h 
s idered as a retaining wall for flo ..... ,·cj the Ill\'(! 8tnnull of 1872. Tllis 

lava it is much the strongest :~~ i:~:~~r,t:~:r~:;;: !,t~o~~C" f:~;i:c:~lJ(l 
type of volcanic mountaul ) 
Ilnd it is likely that the hydrostatic pressure of the lava within 
the crater would seldom suffice to rupture the walls, were it not 
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that the molten rock first fuses its way into old stream tunnels 
buried under the mountain slopes (see ante, p. 112). Com posite 
cones have a strength as retaining walls for lava which i~ j_ntf'r­
lIWliillt,(· Ilf~t,'\'( 'f'1l t.hat of 1.11(' 

llilw l" I-" p('s. TIIPi r \"ui ('aniall 
eruptions uf tlle (;()Hvulsivc 

type are initiatt'd by the fornla­
tion of a l'en t Or fissure upon 
the mountain flanks at, cl(;·va­
tions wpil above t1w hase. tIlt' 
openiug of the f-issurl' being 
generally IH.·cmnpanied by a 
local earthquake of greater or 
l e~s violence. From one 01' 

more suc-h fissures the la\'a 
issues usually \\'ith sufficient, 

j~ I G. l:!·l, - A row (Jr IJar:l~itil' CVII('S rui"cd 
above a fisslIn' which wu~ op~llcd upon 
til t' Haliki' of M ount. Etn3 during the 
eruptiun of 1892 (uHf'r D e Lorcllzo). 

yiolenr'c at tbe pluee of ollifto".' to build up o,'er it either an 
enlarged type of driblet conc,l'eferrcd to as a "1110uth," or bocca I 

(Fig, ] 23), or one or morc cinder r;OlJes \rhieh from thejr positiol1 
upon t he flanks of the larger volcano are referred to as pa:ra.sitl:c 

I _ __ . _ i 

~~~ . -.. . . -~',I> ..::r .. 
~- - ._, ..... ---

... ::~ ":~.::,, . 

-,.;~:-;,:. ' 0" -:- ~;:;i.t -
Fw. 125. - View Jookjug to wH.td tlJC SUJDmit of Eo}!.!. from a pos.itioll Uj>OIJ the 

!louthcru flunk !.Icar the dllnge of Ni.colosi. The twO breached pllr(1sitic cones 
scen \>f'hind this vmuge ure the Monti Ro~i which wer-c thrown up iu I6G9 aud 
from which flowed the lava. which ovcrrnu Cataniu (after a puotograph by 
SOIJlIllcr). 

cone. (Fig. 124). The lava of "esuvius more frequently yields 
bocchi at t he place of outflow. \Vh~rca.-.; the flanks of Etnn are 

, Italia ll for mnuth ; p111r:11 "ocelli. 
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pimpled with great numbers of parRsitic cinder cones, each the 
monument to some earlier eruption (Fig. 125). 

Flo. 12(i. -Sk{'tch map of 
EWIl, showing the indi­
"idual surf are 1uyu strC!UDS 
(in black) aDd the tuff 
covered surface (s tippled). 

It is generally the case that a single 
eruption makes but a relatively slllall 
contrihution to the bulk of the mountain. 
FJ'Oln each liP\\, 1'l)II f' or bO(,Cll lIlt,!'l' pro­
ceeds a l':)t )'t'UlIl of lavu :-;pl'caJ ill a rd~­

tively narrow stream {~xtf'nding down t he 
slopes (Fig. 126). 

The caldera of composite cones.­
Because of the varied ephsodes in the 
history of composjtc cones. they lack the 
regular lines cbaracteriswc of the two 
simpler types. The larger numher of the 
more important composite cones have 
been built up within an outer crater of 

relatively large diameter, the Somma cone or caldera, which 
surrounds them like a gigantic ruff or collar. This caldera is 
clearly in most cases at lea.':it the relic of an earlier explosive 
crater, after which successive eruptions of l es~er violenrf' have 
built a mOl'e sharply ('oru('ai Rtrurturc, Thi~ ('an ollly !w intrr­
preted to iTIt'an that most larger and long-aet,ive volc:ano('s have 

FlO. 127. - Panum crater, showing thc> caldera and the later interior cou(..'I> 
(after Russell). 

been born in the grandest throes of t.heir life history, and that a 
larger or smaller lateral migration of the vent has been respoo,ible 
for the partial destruction of the explosion crater. Upon Vpsu-



JUSE UF MULTEN ROCK TO THE EAHTH'S ~(Jm'Al'E 127 

vius we find til(' cfPt:it:ent-likp rilll of l\1ontl' Somma; Oil Etna it 
is till' Val dp\ Bov<" etc. It is this caldera of {~omposite cones 
which gave rbe to the theory of the ., elevation crater" of Vall 

Buch (see a.nle, p. 95, and Fig. 127). 
The eruption of Ves uvius in 1906. - The "olcano Vesuvius 

rises on the shores of the heautiful bay of Naples only abouf, fen 
miif's distant from tlu~ city of Naples. The mowltain eonsjsts of 
tlw remnant of all carlier iJroad..:.mouUwd explosion ('rater, the 
A'fonte Somma, and an inner , III ore conical eleva.tion, the iVlontR 
Vesllvio. Before the eruption of 1906 this central cone was sharply 
conical ancl rose to 
a height of about 
4300 feet, ahove 
the ~urfa('e of t.he 
hay, or abovE' the 
highest point 01 the 
anciellt cnldera. 
The lm,c.;(, of this 
inner cone i ~ at. an 
rlevation of HOtTl{'­

thing less than half 
tbat of the entire 
mass, ancl is sepa­
rated [rom tb(' en-

FlO. 128.- Yjf'W of l\'touut \'csU\'ius as it I\ppeared from 
tbe Bay (If Naples shortly before the eruption of 1006 
The horn to the left is Monte Somma. 

circling ring wall of the old crater by the atrio, to which corre­
sponds in bright a perceptible sbelf or piano upon the slope toward 
tbe by of Naples (Fig. 128). 

An active composite cone like that of Yesuvius is for the greater 
part of the time in the Strombolian condition; that is to say, light 
crater explosions continue with varying intensity and interval , 
except when tht'tTlO\Ultain has heen excited to the periodic Vul­
can inn out,hrpak~ ,,·it.h which its hi r::; tory bas been punctuated. 
Thr H1romholian €'xpio!'liol1s have sufficient violence to eject sma11 
fragments of hot lava, wlllch, falling about the crater, slowly built 
up a rather sharp cone. The period of Strombolian activity has, 
therefore, been called tbe cone-producing period. Just before each 
new outbreak of the Vulcanian type, the altitude of the mountain 
has, therefore, reached a maximum, and since the larger explosive 
eruptions remove portions of this cone at the same time that 
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they in crease the dimensions of t.h(' crater , the Vulcanian stage in 
contrast to 1 he other has been called the craler-produ.cl:llg J)eriod. 
In this period, then, the material f'ject('d during the pxplosions does 
!lo1 con~i~t ~() l (' [y of fr r;.; h hLva cak(_'~, IJut in part of th(' oluer debris 
d erivl'd from t he C r (~tf' r \"\"<\,n:-=., whence it ll':l avalane ht'<l upon the 

Dt>fa'r'''''ArfIp'''' 

'/"1)' "'' 

r hinIlJ('Y aft,c'r ('a t'h I:U'gf' f €'xpl ()~ i on. The oV('I'-

lIan~ing Ckllld , which duriIJg 1,h(' Strombolian 
Iwriou ha~ t'on ... i . .:.led hlr~l~ l y of F-tf'a.m and is 
Ilnti(,pal,ly whit,p . nu\\' ;iSSlIl llP.-; a dal'krr 10IH.', 
tllp " !3mub-·· ' which chara eteriz('s tht' Yulcall i::lJ1 
Pl'uption. 

On se \'praJ historical occasions t·lle rOl1e of 
YeslJvius has UPf'1l ImYC'rC'ci by s(,veral hundred 
feel, t he great('st of r f'Jat,ively recen t, t rullcations 
h'.I\+illg OC('U fTf' d in 1822 and in 1906. r.ktwcen 
Yuican iall erup t ion:; the Stromboli an aciiyity is 
hy no means uniform, and ="0 t he up\yard growth 
of thr CunE' is subjf'ct to If'f'ser in te rruptions and 
tl'lllH'aiions (Fig, 129), 

Tll e Yesuvian eruption of 1906 has been 
s('ll'et cd as a t_vpp of th f> larger Vu lcan ian erup ­
tion of composite cones, because it cOl11hinro the 
explosive and paroxy~mal clement.s, alld hf'cU USC 
it has bpf'll ohsf'n'C'd and s tudied wi t h grNd,r J' 
1horoughneRs than any othf'l'. The latf'[-;t pn~­

F lU. 129.-..\ 8{'l'ics vioUR rrup tion o f the Yu)r.,a,nia!1 order h3.d 
of CQ1Jsccuiivc o('clI rn'd in 1872. Rome two years lat cr t.h e 

::~~~~~" ~/ ~::~ period of active cone bui lding began and pro­
V e.!;uyjull COli C. ceedcd with such rapidity th,l.t by 1880 the new 
showillg t Il(> modi- cone began to appea.r a.bove t lie rim of the cra.ter 
:;~:t~~~lst:~l~it;~~lj~ = of ]872. From this time on occasional light 
Jiam Hamilton). erup t ions in terrupted the upbuilding process, 

. and as the repairs were not in a ll cases com-
pleted before a new interruption l a nest of cones, each smaller 
thun the la.'st, arose in series like t he outdrawn sections of an old­
time spyglass. At one time n O less than five concentric craters 
were to be seen. 

For a brief period in the fall of J 904 Vesuvius had been in almost 
absolute repose, but soon thereafter the Strombolian crater ex· 
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p}osions were re!"umed . On !Xfay 25, 1905. a small stream of laNa 
began to i::isur from a. fi~!'ur(' high up upon the r:entraJ ('O llt't and 
from this time' on 1,h(· lava (·ontinu(.·d to fl ow clO\nt to the' valley or 
atria, separat ing' the' iIlJIC'1" c'o rl (' from thc' (':.ddt' I'<!. remnant of IH~nte 
Sonuna. S('C1\ in I hr niglil-, t,hi."i :-tl'pam of lava appeared from 

Flo. 130. - Night view of Vesuvius from Naplcs hefore 
the outbreak of HW6. A smull lava stream is 1!Ce.1l 

dcs('t'nding from [I. high Ilo int UPOIl the central CO IlO 

(after i\Icr ml.ll.i). 

Naples like a red hot wire laid against the mountain 's side (Fig. 
130) . Wit h gradllal augmentation of Strombolian explosions 
and increase in V01U1l1C of the fl owing lava stream , the salUE' condi~ 

tion continued uutil the first days of April in 1906. The flowing 
lava had then overrun the tracks of t.he mount;run raihvay and 
accumulated in considerable quantity within the airio (Fig. 131). 

On the morning of April 4, a preliminary stage of the eruption 
was inaugurated by the opening of a new radi.l fissure about 500 
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f,'!'1 lwlo\\" 1111' :-iuro rnit of lbf' ('0 11(' (Fig. J ~~2 a), and by early after· 
Iloun t Itt , ('oll r -d('stroying 1"1 age h<:gaJl with t,he ri~p of a {lurk H ('al lli­
fimn'l' cloud " or pi lto to rrplatp t.iw light('1" ('olored steam t loud. 
Thf' ('(111(' WUti bcgil1ltiug Lo fall into the cra.ter, and old laya debris 
was minglf'd in thf' f'jr('tions \,,'i th tile lava (·Iots blown from til £' 
still fluid material wi thin I.h(' (·himnl'Y. 17'1'010 now on short and 
snappy lightning nashes plaYf'd aho ut the black clolld, giYing out. 
a ~harp !'tarcat.o II tuck-a.-tnck." Tbe vo/ump f1nd dl'n~i(v of tll(~ 

cloud and the intcnsit,y of t iJ e crat.er explo ... ;jolls conl,inuf'd to iu­
crease until the culmination on April 7. On April 5 at midnight a 

FtG. 131.- Scoriaceous lava cncroaching upon the traCks of the Vcsuvian railway 
(after u pbotograph by Sommer), 

new lava mouth appeared upon the same fissure which had opened 
near t he summit, but now some 300 feel. lower (Fig. 132 b). The 
lava now welled out in larger volume correr-;ponding t.o its greater 
hf:'ad, and til(> st,ream whi ch for ten months had heon flowing from 
the highest outkt upon t hf' eonr now ccas('d to fiow. Tilt' lIext 
morning, April 6, at ahout 8 o'cloek, lava brokf ' Ollt at several 
poiills ~om{' distance east of tbe opening b, and evidently upon 
another fissure transverse to t he first (Fig. 132 c) . The lava sur­
face within the chimney must still have remained near its old 
level, - effective draining had not yet begun, - sin ce early upon 
the following morning a small outflow began nearly at the top of 
the cone upon the opposite side and at least a thousand feet higher. 
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The culmina t ion of the erulJLion. came in the evening of April 7, 
when, to the accompaniment of light earthquakes felt as far as 
N apies, lava issued for the first time in great volume from a mouth 
more than halfway 
down the- mountain sidt! 
(Fig, J32 f), and (,bu< 
IJegan the draillag<> of 
the chimney, At about 
the Same time with loud 
det.onation s a huge 
black cloud ruse above 
the crater in connection 
with hea,,~' explosions, 
and :1 rain of rinder was 
gf'l1t.!rai ill til(' rrgion 
about the mountain hilt 
f'f-;ppcial\~' within till' 
)101'1 h(,;t:-;t, qua.dra.nt. 
T1Jo",:(' who \w're so for­
i 1111<'LL(' 3" Lo lit' in POIll­

pt·ii bad n. eJt>ar vipw of 
111(> mountain's summit 
where I'{'d hut mM."iSt":; of 
lava. were thl'mvn far 
into the air. The direc­
tion of thesf' projections 
was l'f'portl'C1 to have 
been not dil'eetly up­
ward, hut inclinNi 
toward t he northrnst 
qWtdrftuf of th(' moun­
tain j hut ~incc with a 
northf'ast ~urfat·(, wintl 
tl,e heavi(·:-:t, d(1posit of 
ash and dust shoule! 

VI (;. 13~.- ]"I:\p of \"t'8u"iu~. ;; ]I"wiul,l the I)ositiun 
:\nd ordl'r /I f forma.t.iull of t \'" luyn mouths upon 
il!! flanks duriug tilt· I'ruJ1lioh of 1900 (after 
.Iohnsloll-Luvis). 

have bef'n upon the southWP:'iLrrn quadrant of 01(' mountain, it 
is evident that the rnatrrial \'~ft.~ carril'd uTHnml 1lI1tij it l'f'[!.theu 
the contrary upper currents of the at,moRphore, to be by (,Iwm dis­
tributed, 
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" 'hen the heavy cu rtain of ash, whicb now for :1 number of 
succeeding days overhung all the circum-Yesuv-ian rauntry, began 

F IG. l ~ :i . ~ Tilt >Is!, "lIr l:.lUI whit'll had ' " "'rhUIle: ' ·,·",\!\'iu" lifting :ll'Jd di.:lClosillg 
the OUtHuc8 of til (> 1ll0UUL:U11 ou April lU, J!111 \ufte,'r De LorCllw). 

to lift (Fip;. 133). it 'vas ~{'('n that the sumlllii of the COIlP had been 
tl'u.llf'ated an :lvern.gt.' of l"01)H:' 500 fcpt (Fig. 13-1 ) , All the s\oprs 
and InLwh of t1H-' surrOlllldiJl~ country had ill(' asp(,(_·t of bping 

buriNI 1>(,I1('l1th a to(:Otl­

('olort'ci S Il (JW of a dept h 
1.0 OlP Ilo rl hC'il~tW:lrd of 
s~n~ral [{,pi, wht' I'(' it had 
drift",] inlo all till' hollow 
ways ,c.::o as almost to 
rlfae" them (Fig. 135). 
1\101'(' than thrice as 
Ilf'fI vy [IS water, tile weak 
ruof timiJprs of the hOllses 

FI:~p~:!~-~~l:r Ct~:~tr::U:~~i:: o:r ~;~~~'i~~t I:~it~~ at the bast' of the moun-
tain gavE" WHy beneath 
ill(' added load upon 
thrm, thus mnking malJY 
victims. 1 nU"imtwh , how­
('vpr J as till' ash-fall par­

Hle earlier profile iudir·ated. The trUDC!ltjon 
represen ts (I lowering of thr- su mmit uy SOll'l1.: 
five hundred ff:el. witb corresponding inCrCIH!f' in 
the diamf't('t of the cmler (after Johustou· 
L u\·is). 

takes of the same general characters 1)....:'; in eruptions from t~lnder 
cones, we may here give Ollr attention especially to the streams of 
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Fl G. J;J-J,-A sunkpu rrXld jiliN! wilh ill­

drift.ed t'f){'oa-f'olort'rI ;I~h frulll the \ 'CBU­
.. iall erupLioll uf I !)OG. 

luya ",bicli iSSUtll[ UjJf)ll tilt! 
OPPOR-itl' Hank of 1 he 1110lU1-
tHin (Fig. 1.36). 

Thr main hn'a strenm. 
dc~rcndf'd tlw firtil :-;leE'p 
slopes with the velocity of a 
miJe jn twputy-HYl' minllh'''1 
about. the st rolling speed of 
a Jwdcstrian, but thiii rate 
n'w .. grltd ual 1.' - l'f'dllCf'd as 
t he :-;trc:.un aCh'aJl{'l,d far­
ther f rom tllt' mouth. Tak-

~ 
FH;, 130. - Vicw of Vesuvius laken from the 

southwf.'~t during til{' wuning st:lges of the 
f'ruption of 1 !I06. 1 n t.he middle distance 
m ay 'M' dj)j('erned tll(' St,'\'l'rai lanl mouths 
ali~m·d UpOll :l fi s!;lu rE', :U1d the eourseB of 
the :->lrN\nts whi ch d('st'cutl from them. to 
til(' fon'gn)un(\ i,:; tllf' 11 IUl11 lu\"u str(' am with 
l;i!'orian;'fIus i'lurf:t(,(' (Mh'r \\" P riuz), 

ing adv~Ultagf> of ('adl depr{'ssion of (he :o;uf'fa('(' , the Idack stream 
advanced ~Iowl,\' hut rplrntlessly toward the cities at t}w south­
west hast of til(' moun tain, 'Vit.h a n"lotioll not unlike that of a 
heap of coal falling ovel' itself down a slope, the block lava 

FIG, l aj' ,~ Thc uJiliu 111 \'/1 sln'llm {)r 
H)OO II.dvlI.llcing upou th(! \·illo.ge of 
B 08cotrecn.&c, 

FIG. 1 3~, ~ An Itu.lhl.ll pioc snapped oft 
by t he lava and carned fon'mrd upon 
its surface as a passenger (after H ltUg), 



134 EARTH FEATURES AND THEIR MEAN LNG 

Fw. Ja!l. - Lanl frout hnth pu~billg o"cr aud 
rUnniJl~ around a wall whi ch lies athwart ih; 
('our,;,· { aftt'r .i!)hlll<tt IT1-L:ld:<). 

advanCf'~ \\ithout. burning 
t ilt' ohjC'ct:o; in it~ path 
( Fi~. \:37) . The beautiful 
pinc~ are merely charred 
where snapped ofT and 
arc carried forward upon 
t he surface of the stream 
( fig. 138). When a ro,,1 
ub:';truction , :;u('h as ~t 

bridge or a \"ilia , i~ f'1l­

eountPr(,ci, til(' stream is 
at first, ball't'ti , but t iI(' 
n'/iT {'fowlling upon I hI' 

Vllll, 1l1l\P:-'~ a, passagf' i;-; foulld at i lw t'oidc, tilt' 1~\Vi\ front l'i:-:.{·:-; 

higiwr nnd higiwf lInW by il:-; wpig:ht the ohst.ruc·tiun is fon'{'d to 
giv(' WHy ( Fi~s. l:.-m and ]JO). 

The sequence of events within the chimney_ - 'I'l l£' t hOJ'l)ugh 
study of thi~ Y(':-;uviun (,rllplion ha:-: pla,{'pd us in a po:-;ilioJl to infer 
wi1 b ::>0111(' ('ollndf'lH't' ill our cO Ilc/u:-;iOIl :-i the' :-:l'quell lx' of events 
,,-it hit! tiH' (·himuey and 
('!"fllt'1" I,r IIIf' \ 'o/('ano, hoth 

lu'fon' ;UHJ during the ('rup­
Lion. AnLic'ipating :-;UIlW 

cOIlclusiolJ}: d('rin,d frum the 
ob~<:rv('d dis:o'N·tiol\ (If vol­
ca noes, whith \\'ilJ UP dj~­

cllsked below, it may he 
'tated that wbat might be 
termed thp COI'() or the com-

po:;i1 e cone ~ tlw chimney FI~:hilc~O~:s~:cnZ~ ~:I't~~l~:~~~;~~s~:~:e~:: 
- is a more or less cy lin- of 1906. The frllgIDcllts of Illasonry from 
elrica l plug of eooled lava the ruilled wulls tra.\'{~lcd upon the IU\'a 

which during the active ~:;I~:;~' i:hl:~(L. they 80metimes becllme 

period of the vent has an 
interior bore of probably variabl e caliber. This rlug in its 
lower section appears in solid black in all the diagrams of F ig. 
14], During the cone-building period (Fig. 141 a and b) the plug 
is obviously built upward along with the cone, for lava often Bows 
out at a level a few hundred feet only below the crater rim. By 
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whaL process this chimney 
building got's on is not well 
understood, though some light 
is thrown upon it by the post,­
eruption stagt> of !\1ont Pete in 
H)02- J 903 (see below). 

Both thr oldrf and m'wer 
~t·('tion:-; of t.hi:; plug; or ('himtlt'Y 
art' furni ::;ilpd 1'iOllW support 
against the Qut,ward r"f':-;~1l1T 

of t.he con iainl'" lava hy tIll' 
fol.u l'rounding wall of tuff ; and 
they are, thc l'efort', iu a condi­
tion not unlike that of the 
innt'f bHrrel of a great gun ovrr 
which Blt'('\les of metal han' 
lwen :,>hl'unk :-;0 as to give sup­
port again:-:1 bursting prt·~sure:-i. 
On tiH' ot her hand

J 
whel1 not, 

$;ustniniIlg tlw hycirostati(' pn':-i­
~lIn' of fli(' liquid lava within , 
till' thimllPY wDuld {('nel to IH' 
l'l'uJo;ht'd in by t he pr('S$UI'(, 

of t hI:' :-iurrollnding t.uff. Hs 
Rtrength t,o withstand nursting 
pr('SSl1res is dependent nut 
alone upou t.lw thickness of its 
rork wails, but also upon its 
internal diameter or caliber. 
A steam ('y!iudN of givpn 
t.hickness of wall. ag is w('II 
known , can rc'SiRt bur~ting: 

pressul'Ps in proport<ion u!o:\ it:; 
int.e l'md dialU('t('r is small . 80 
in th£' volcanic chimney, any 
tendnn('y to remelt from within 
the chimney walls must weaken 
them in a twofold ratio. 

We are yet without accurate 

FlO. Hl. - Thrf'f' diaj!ftuns to Hlustm1c 
th(' ~'q\lC1W\' of {' V{Juts ..... -ithiu tut.: crater 
of 11 (·omrKlsitf' ('0111' duriml: the com .... 
huild.iult tllld cra.tt:r-producing I)criocis. 
a iLnd (" two SUcl,:·cssi"e stages of the 
(!OtlC building or Strombo[i~l period: 
1:, enl9.rgolllent of t.be cnlU!r, trtllw,'.ItioTi 
of the cone, and destruction of the upper 
chimney during the r~l1Lti"ely brief 
crater-producing or Vulcanian I?eriod. 
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temperature observations upon the lava in ,"olranic chimneysl 
but it seems almost certain thai these tempcratUl'e5 ri sf' as the 
\-uicanian stage is approaching, and such elevation of tem perature 
must be followed by a greater or less re-fusion of the chimney 
wa1l8. The seq uence of events during t ll{' late Yesuvian eruption 

.' '_ , 

FlU. 142.- The spiue of Pele risillg o.l)Qvi:! t he rhimlll'Y of the volcano ll.ftcr 
the eruption of 1902 CuIter Hovey). 

is, then, naturally explailH·£l by progressive fe-fu sion and conse~ 
quent weakening of the cbirnnc,v walls, th lls permitting u radial 
fi ssure to open near the top and gradually extend downwards. 
Thus at first small and higb outlets wr rp opened insufficient to 
drain the chimney , but later/on April 7, after t.his fissure had 
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been much extended and a new and larger one had opened at a 
lo\,-er level ) the draining began and t.he surface of Java commenced 
rapidly (,0 sink. 

"When (,he rapid sinking of tbe lava surface occurred , t,llc lower 
Java layers were almost immediately reli('ved of presfoourc, thus 
causing a sudden expansion of t .. be contained steam and I'("sulting 
in grand crater explosions. The partially te-fused and fissured 
upper chimney, now unable to wit h::.tand the inward pressure of 

FI G. 14.;J.-Outlill{'S of the Peic spine UPOll gll('("essivu dates. TIl{' full line n'pre­
gunts its outfinl' on Decewber :Ui, 190~: the dotted-dashed rille is a profile of 
Jauuary:i. 1902; while the dotted liue is thu.t of January 9,1\)03. The durk 
line is alisll.ure( after E. O. HO~'ey). 

the surrounding tuff walls: since outward pres::;ures no longer 
existed, cruslwd in :lnd contributed its materials and those of 
tho sU l'rOlwding tuff to t.he fragments of fresh la.va rising in 
vol lime in tht> grllIld expJosion.'i (Fig. ] 41 c). In outline, then, 
these Reem to be thf' ronditions which are indicated by the 
seq uence of observed events in connection with the late \·~suvian 
outbreak. 

The spine of Pelt\. - The disastrous eruption of Mont Pele 
upon lVlartiruque in the year 1902 is of importance ill connection 
with the interesting problem of the upward growth of volcanic 
chimneys during the cone-building period of a \'Olcano . After 
the conclusion of this great Vulcan ian erupt.ion, a spjne of lava 
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grpw upw<1nl fl'UlI1 IIH' dJillllJP,Y of tltl' mail! l'ndt,1' ull t il it had 
rel.lc il{·d all r lt-'\'ation of mol'('> then a tbousand ff'pt. abovr its bast', 
H figurf' of t ilt' same Gru('1' of magnitude fu!. the prohaiJlc hright (If 
the upper ~f'(·tiOl' of tht' Vestlvian chimnf'Y previous Lo the erup­
tion of 1906. The Pel" spine (Fig. 142) did not grow at a uniform 
rate, but w a._;;; subj rct to smaller or larger truncations, but for a 
period of 18 dnys the upward gro\ytb was at the rate of about 41 
fret p<'l' cta~· . IJal~'r, 1h(' IIlU~~ :;.plif IIpon a vert i('al plruw revealing 
:1 {,O Il G[lvr inllflT ~\lrfa(,f', and W3:-\ HOIl1('what ritpid ly f('duced in 
a lt itude to GOO f(,(,t (Fig. ]43), unly t,(_) ri ~w again to it~'3 full height 
of ahouf 1000 [('('1 SOTll e' t,hrcl' 11l0J1th~ lat-N. 

\'-h iJ£' ;lppal'C'lltiy ulliqll f' H~ :Ifl ()!Js('I'\"C' d phr IlOTllC'1l01l, alld not 
fr(lf' frum 1I1l{'('rtaillty ~l~ tu it~ int C'rprpjatioll, the growth of this 
obelisk has at iC'ast shown u:-, that a mass of rock eall push its way 
up above the chimney of an activc vo!{\uno even when there are no 
wall:, of tuff about it to sw;;tain it:; out.ward prrs.'lurPR. 

The aftermath of mud flows. - When the lat<-' Vulcanian ex­
J)lo ~',i()n;-: til' \ · l'~l1\·jll ~ had <:O IlI P t o ' Ul {'nd, all ~ I op{':-; of the moun­

~.' 

.FIG. 144 .-f'orrugah·d .'1urfac·(· o f tht! VpzmvizU\ COliC 
:lfte r tlw mud (-Inw,; wilil'll f(JJlt)wl~ J th(' Nupt.ioll in ]!1{16 
(aftf'r .ll)hll f!tnll·L:z\'i ~). 

tain, hut r~preially 
til!' higher Ol1f'!'\, 

we' r e huriC"u in 
thitk deposit-<; of 
the coc'on-colored 
m:.;h, included in 
which wr r(' larger 
and smaller pro­
jectiles. As this 
material is f'X­

tremely porous, it 
greedily sucks up 

t he watE'!' ,,-hil'h fall ::.; during thc fir:-it su c ('(~("ding rains. When 
nearly saturatpd, it begins t.o de:";ceml tlif' slopes of t ht" mountain 
ami ~oon d(_'vplops :l vcioc'ity quite in contrast with that of the 
slow-mo\'illg lava. TIl<' upper slopes arc thus denuded, while 
the fields and rven the houses about the base are invaded by these 
torrents of mud (lava d' ac,qua). Ina.smuch as these mud flows are 
the inevitable aftermath of all grander explosive eruptions, the 
Italian government has of late spent large sums of money in the 
constru ction of dikes intended to arrest their progress in the future. 
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I t was s treams of thi:-:; sort that huriN'l the city of Hercuhmcum 
after the ('xplO:'iin~ erup tion of 79 .'\.0. 

After the mud flows have occurred. til<' Ve:-;uviau eonc, like all 
similar volcanic cone::; under the 5aIll(' conditiOl1ti is found with 
deep radial corrugatious (Fig. 144), such as wcr;' long ago deH 
tic rihed a.,;; H barrn;ncoes" and !:iUppos("(1 Lo su pport the II elevatioll 
crater Il theory of volcano formation. 

The dissection of volcanoes. - To tht' uninitiated it might ap­
pear a hopeles:"> undertaking; to attempt to learn fly observation 
the internal stru ctu re of a volcano, tllld ('f;peeially of a complex 
volcano of t.he ('ompositf' type. The t'arliC':-:t SU{'('psl"fu! attempt 
appears to JW.V(· hf'en nw.df' hy CouI11 Ca:-:par \'on St('rnhf'rg; in 
ordrr to prove the c'or-
rf'(~tnes~ of til(' ttH'ory 
of his friend , the pOl'f, 

Goeth!'. <io('th(' had 
daimod that a Jitt Ie 
hill in thr virinity of 
~ger I on tbe border~ 

' of Bohemia, wus an ex­
tin ct vol ('ano, though 
the foremost geologi,t 
of thr time, t,hr fa­
mous \Verner) had pro­
mulgated the dortrine 

FIn , 145. - The l\:ul11fl1f'rbuhl n('nr Egcr, SOOWifJg 
til(' tunnel c'omplcwd iu IX:H which proved the 
\'olcauic nature of th(' mounlzliu (after ;]udd). 

that this hill , in eommon with ot.her!; of ~i milar aspect, originated 
in the combustion of a bed of coa t. Th(' ('levation ill question, 
which is known ,as the l{ammerbtibl, consists mainly of cinder, 
and Goethe had maintained that, if a tunnel were t.o Ix; driven 
horizontally int.o the mountain from one of its slop(':,; , a core or 
plug of lava would be encountered Ix;ncath the summit, The 
excavations, which were completed in 1837, fully verified the 
poet's view, for a lava plug wa.~ found to occupy the center of 
the mass and to connect witb a small lava stream upon the side 
of the hill (Fig, 145), 

It is not, however, to such expen&1Ve project.;; that reference 
is here made, but rather to proces...-.es which arc l'ontinually going 
on in nature, and on a far grander scale. The most important 
dissecting agent f9T Qur purpose is rutUljng water, whilJb is con .. 
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tinually paring down the earth's surface and disclosing its buried 
structures. How much more convincing than any results oC 

FIG. l ·H).~ VolcaniI' plug cx po(if'd by natural Uiss('Nion of a 
yo1cllnit- cone in C'olomdo (U. Fi. G. I". ). 

artificial exca.vation , a :-; f'\'irlcltc(' of t,he internal structure of a 
volcano, i H tlw mOnllm('Ht. rf'pre:-:';(,Il ted in Fig. ] 46, sin('c here th£' 

Fu; . l47. - Adikcf'uttiul!bcd!lof 
tuff ill Il partly diSlw.oted voJruno 
of southwestern Colorado (after 
Howe. U. S. G. S.). 

lava plug Rtands in relic[ likr a 
g-igant ie thumb still surroulldpd hy 
a remnant. of cinder dpposits. Ruch 
pxposcd c:ilinulf'YS of former volcruloes 
arc found in many regions, and han~ 

he('omr known as volcanic necks, 
pipes, or 1Jluys. 

Not infrequent.ly the beds of tuff 
composing the flank s of the volcano, 
upon dissection hy the ~ame process, 
bring to light walls of cooled lava 
st!tnn ing in relief (Fig. 147) - the 
filling of the fissure which gav(' outlet 
to Hw f1:mks of the moun1,ain at the 
t ime of the eruption. St.udy of ex­
posed dikes formed ill connection 
with recen t eruptions of Vesuvius 

has shown t,hat ilJ many instances t,hey a re still hollow, the lava 
having drained from them before complete consolidation. 
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Another agent which is effective in uncovering the buried struc­
tures of volcanoes is the action of waves on shores. Always a 
relatively vigol'ous erosive agency, the softer strurtures of' vol­
canic cones urc removed with c~pec ial facility by this agent. On 
the shores of {,he island of \ 'olcano, tbe little 
COne of ,"ulcanel lo has been nearly half 
carried away by the waves, so as to r('veal 
with especial perfection t he structure of t.ht, 
cinder beds as well as the internal rock 
skeleton of the mass. Here t.he cl la racLer­
isti c dips of lava streams, intercalated as 
they now arc between tuff deposit::; and the 
lava which consojidtltcd ill fissures, arc both 
r('vcalcd. 

In mid-A tlantic a quite pCJ'f(l(~t crater, the 
St. Paul's llocks, has been ('ut nearly ill 
half so as to produce a natural harbor FIG. 14~. - Mapa.nd"en. 

(Fig. ]48). ~:!k::I!: '~~I~~~;i::~~; 
In still other instance:) we may thank f ho dislJct"ted by waves. 

volcano itself for opening up the interior of 
the mountain for our inspection. The eruption in 1888 of the 
Japanese volcano of Bal1clai-san, by removing a eonsicler::tble part 
of the anclent cone, ba:s affordNl us a section complptely through 
the mountain. The summit and ont' side of the small Bandai was 
carried completely away, and ther(~ was substitll ted a yawning 
crater eccentric to the former mountajn and haying its highest 

.... , 

<-.....,.. ____ -:-~JHI( • . 

wall no less than 1500 
feet in heigh t (Fig. 149) . 
In t.wo hours from tbe 
first warning of the ex· . 
plosion tbe catastropbe 
was ('omplet(' and the 
eruption over. 

The eruption of }{ra­Fla. 149. - Dissection by ('xplosion of Lit.He 
lJllndtli·san ill IS.s.s (after Sckh'tl) . 

katoa in 1883, probably 
the grandest observed volcanic ('xplosion in historic times, left. 
a volcanic cone dhrided almost in half and open t·o iniipection 
(F ig. 150) . Rakata, Danau, and Perbllatan had before can­
stjtuted a line of cones bujjt up round indi0dual craters sub~ 
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.:sequent jo tlit:' parti nl dl·,..;tru('Lion uf nil parlier caldera, por t ions 
of whicl! \\'('r~ still exist l'llt. ill tht:' i::ilallds Verlaten and Lang. 
By tile eruption of 1883 a ll tilt:' f"xposed parts and considerable 
~ubmel'gpd portio ll s of t.he two smaller cones wel'p entirely de­
i"t,royed, and the larp:PI' Ollt' , known as Hakata, \Va..., dividf'd just. 
ollt::; i d(~ thl;' plug :-:u ~l;oi 1.u It'avl-' u precipitous wall ri sing: diJ'Pc: tly 

~~,( ;:.~; .. L 

\\ .. ~i...\ ., ~ 

'$," - . .. 

frolU tilt' sra. !:l.f1 U 

showing lava streams 
in alternation with 
somewhat t hicker 
tuff layers, the whole 
knit together by nu­
merouS lava dikes. 

F\~; t~I~~I~:I~~(,~:;~~~~!Il:~'~~~~:'~~~d \~:~\~:.o~h l~fpr~I:~\:'~'~:~ I n orciN t·o carry 
IKS:i ( lifter Verbec k) , our di ~se('ting pro -

cess down to levrls 
below til!' ba::ic of t1w volcanic mountain , it. is u!iually necP8sary 1.0 

inspect UJ{' rl'sults of j'r,,::-iun hy running water. B pre the plug or 
(,himney, in skad of being sUIToundpd hy Luff, is inclosed by tlw 
('ount ry rO('k of tIlt' n~giOJl , which is ('ommonJy a 1'i(~diJl1eJltary 

formation. Buell (-'X posed 10w('1' s('('tions of volcan ic; ohimneys arc 
num('l'OU~ along the lIort,hw~",t,('I'n sbon'!; of t.ilf' British hh~. 

Whe!'e aligned upon 
a dislocation or note­
worthy fissure in the 
rocks, t.he group of 
pI ugs has hpf'1l 1'(' ­

fl' ITf'd to ft. i:i a s(':aJ' or 
('lcat1'1;ct ( Fi~. 151) . 
. -\ ;;sociatf'd with the 

plugs of thp ('if.:atric(' Fw. J51.- The cicut.ri('(: or t.he B(}ont (after Sucss). 
an' n ot. infrl-'fJuen1 Jy 
d ikes, or, i1 may be, sh(>('ts of lava extended betwren layers of 
s('(linJ(~nt and kllown [t."i 6ills. 

If \n'" a re uhlt' to oontinue the dissection proce!s to still greate r 
df'pthH, W~ f'1l('Owlter at ia..-.;t igneous rock having a texture known 
tl."I granitic and indicating that the procc~s of consolirlat ion was 
not on ly ('x{'eNlingly slow but also uninterruptp.d. This rock 
is found in masses of la.rger dimensions, and though generally of 
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IllUrp or lesti irn~gular fOfl1l, no OIl I' dillwn~ioll 1:-' of a riilff' rrnt Ol'rll'f 
of magnitudr f fom tilf' othrfs. Such IUUio';."f'S an' (:omTl1on ly cip­
:-:.(~rihf'd as fm.<;.';p,o..;, Of, if p;o;pC'{'iali,Y large, as 1m/hoWe.'; (Fig. ]52). 
\Vh~rrver the' roek t)f'd:-: appt'ar as though tlwy had h(,Pll foreen 
up by til£' upward pres~~lr[' of t III' i ,~lH'OU.'; mas:"\ , Lhl' lat tf'r lak('s 
tbt-' form of Ll llIu:;liroom and ha . ..; ht'('1l dC'srril;{,d as a lo('colilc 
(Figs. 479--481 , pp. 441--442). Evi(.h·llc'{· S('('tns, howt'Y(>r, to a('l'Umu­

late that in tlw gl'C'Hjrl' numJ,!,f of eu)o\('ti the m oit,PIl ruck ha~ fused 
its way upward, in part a."I~imilating ancl in part illolosing th(' rock 
which it encountered . This pro­
c~('s!'; of upward f usiol1 hu..':i beell 
lik(~ned t,Q tht' progress of a red 
hot iron b urning its way through 
a board. 

The formation of lava reser­
voirs, - The discarding of t.ile 
earlier notion tha.t the rarth has 
a liquid int erior makes il prop<'r 
in discussing t,he subject of vol­
{_'anoes to at least touch upon 
tlw origin of the molten roek 
m aterial. A~ al ready pointl 'cI 
out, such r(>servoirs M exist 
must be local and temporary, 
or it would be difficult to soe 

Fir; . J52.-Diagnuu to iliustml(' u prob­
able cause of formation of 11\\'(1. re!lcr­
voirs. and to show the connection 

how the existing condition of ~~:::tS~:!l s~~:~~~irs and tbe \'01 ... 

earth rigidi ty could be main-
tained. From the rate at whi ch rock temperatures rise, at 
increasing depths below the surface, it is clear that all rocks would 
be melted at very moderate depths only, if they were not kept in a 
sol id statf' by tlw prodip:iou~ load~ whi(',h they Ru~tain, Any relief 
from th ifol load Hhould at. on("p result ill fusion of tlw roek. 

N ow the rest.riction of art.iYe volcanoes 1·0 those zon('s of the 
earth's surface wit,hill which moun tains aT£' ri sing, and where 
in consequence eart.hqllak('~ arc felt , has furni shed us a t least a 
clew to the origin of the lava. Regarded as a structure capable 
of sustaining a loa{1

1 
tlw rompet,ency of a.n arch iR sonwthing quite 

remarkable, so that. thf' a.r('hinJZ: up of strong roek formations into 
anticlines within the upper layers of the ~one of flow J or of com ... 
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uiJ}ptl fracl tire and fl ow: would be suffi cient, to remov(, the load 
froll! I'eiut.j\'<,ly weak underlying beds, which in con~('qU(, IH!f' would 
iJ(' [u!-({'(l and form lo(ml r('servoir..; of Insa (Fip;s. 132 ~Llld J53). 

Jt has hpPIl furl her quitf' generally observed tlJaL lines of \'01-
('anaes, in so far as they uet ray any relation in position 1,0 ncigh­
b()l'in~ mOtll\ta,in range::;. 1.,('n<1 to :.tppear upon the rear or Ratter 
lilllb of un~:nnm('tl' i(,:ll arches, or where local tension would fU\TO I' 

tJJ(' opf'ning of (·/tallnels toward t lip ~ Ilrfa( ' ('. !Vloreover, w!lCJ'r\'or 
n'('cnL IJioc/.;: IlJo,'C'mcnt:" of fiU rfl.l.ct' portions of the cart,l! ':-; :-:iI!"'}] 
han' b('PIl di:-:cios('d in the neighborhoud of "ol('anups, t1w latt er 
appear to be conneclNi witll downt,hro\nl blocks, as though the lava 

bad, so to speak, oeen sq ueezed out from 
beneath the depressed block or blocks. 

W e must not, hOWf'V C>l , forget that the 
igneotls roeks ar(" grea.Uy restricted in the 
rang£' of their cl1Pmical (!ompositiou. No 
igneous rock type is knmnl which could 

FIG. 1.33.- fir-suIt of cxpcri- h(' forll'l ed by the fusion of any of the 
Ill CIlL with byprs o f cmn­
rmsition til ilju stratC' th o 
cff{·(,t of relief of J(lac] upon 
m(').;s by fJ.rdling (J{ ('('rtf­

pt:t<:'nt {()flllatiull (1I.[tCf 

Willis). 

c::u·IJonl1.tc. rocks such as limestone 01' 

tiolomitr , 01' of the more si licpolls rock::.;, 
such as sandst.one or q uarLzite. There 
r('mains only t.he argillaet'otls elu.'-I.s of 
s('d imf'nt~, t.h(' shale'S and slate's, and so 

:;0011 fl.'i \\'C' {'xumine the rompo.-;it ion of 1 be.':'!' rocks we arc ,;;;i ruck hy 
the rruJar kab!C' rcs('miJlan c(' t.o that of the class of ignroufS rocks. 
For PUrPOflC':; of ('ompariflon titf'rf' is given bplow the compOHit.c or 
average j·onstit.uUDll of igneous rocks in paranel column, with the 
average attained by combining t he analyses of 56 slates and shales, 
the latt.er recalculat.ed with wat.er excluded: 

A "SilAGE I GNgoUIl Roc .. 
An:nAGl:: SIIAI,F. 

(Clark) (Wuhington) 

SiO, 61.25 61.69 63.34 
Al,O, 15.81 15.94 16.56 
Fe~03 ~~~ 1 631 k~ ) 453 t!~ ) 7.89 FeO 
MgO 4.47 4.90 3.54 
CaO 5.03 5.02 3.3.3 
Na~O 3.64 4.09 1.29 
K,O 2.87 3.35 3.52 
TiD, . .62 .48 ~ 

100.00 100.00 100.00 
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This clOSt, rt'/oIem[,lanc(' i::: probnhJy of drrp Rign jfje:uH'p, for the 
reaROIl t helt. 8hlllt's and si::tt{.'s art' struetut'ally the wC'ak(,::51 of all 

To<.' ks nnd for till.' furthpl' I'{'ason thut they rather gl'lwrally di~ 
r(' (' U~' lInderlip {,i ll' ('ariJollfltC' rocks, which are hy cont fas1 the 
str ollgest (sl'e unte, p. 37). For tlJCse l'C~U:iUII :) .sha.le.'j :wd sl!ltc:-; tin' 
the onl:v rod\.~ \yhi (·h nrc likp\y to be [ust,d hy rp\icf from load 
throu~h the formation of ant icl inal ar('hes wi t hin till' PHI'l h's ZOlW 

uf flow. If thi" vil'w is well found('d , la\'[l}; and OOH:I' ignf'Qus 
ru(, /.;:o' are in la.rg-e part fus('d argiJiaC(·(Ju.-: :->cdirucnti' f(lrrlwc/ in ('00-

lll'('tioll " ' jth lilt' pl'ocess of folding, or arC' rdllsl'd l"Utks of igneolls 
origin and sirn.i1ar compof'ition. 

Character profiles. - The charadeI' p:-ofiles of features con­
neC'ted in tlwir origin "ith volcanoes arc parti cularly ca~y to 
recognize, and iJ) a fpw cases in whi ch they might be con fusL'd with 
other;;; of a different origi.n , an exa.mina.tion of the materials of 
tJlQ rea,turps should INtel 10 U drfinitive ludgr}lcnt. 

The la.va plains whicb result from matisiv(' outflo \\'~ of basalt, 
migllt, pcrh:tp . ., strict ly be rcgurded lUi lack of feature, ,-:0 gre.'lt may 
1)(' their continuous extent. \Vhrrt·vcr definite vents exist, a 
broa.d flat dOll1c is the usual rcsul t of thr extravasation of fl basal­
til' la\-a. The puys of FnLl1cc and many of the Kuppen of Ger­
Illany , bf,jng formed from let>s fluid lava, h:1.v C! afforded profllcs 
with rcltltin.·ly . .:;mall wdius of curvature. 

in it s youthful Riage, the cinder con!' usually presents a hroad 
summit sag: and relat ively short side slopes, wherea-..; the ('one of 
intl'I' Ringes is apt to presrnt long sweeping and upwardly COIH.:aVC 
curves with both the gradicnt and the radius of cun-atuJ'c increas­
ing rapidly t,QwuJ'd thr ~lImmit, In contrast, too, with the earlier 
stagl", the ('fC~t is relatively small. A marked reduction in the 
high symmetry of such profiles is noted wherever a breaching by 
lava outflow has occurred (Fig. 154). 

Wi ih the composiie cone, complexity and corresponding lack 
of symmetry is introduced, especially in the partially ruined 
caldera, and by the marC' or less accidental rlistribution of parasitic 
eOlles, as well as by migrations of the central ('one. Peculiarly 
similar acuminated profiles result from :;patter-('onc formation , 
from the formation of a. superchimnry spine, and by the uncover­
ing of the chimney through denudational pro.cesses - the volcanic 
neck. 

L 
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AJIOLiU' f important, fcat 11ft' rCl'5uiting frOlll d(~ntldation i~ ihe 
.M{':-;a or t.ablp mountain wit,lI it:-; pmt.f·('ting ha:-ialt" cap aho\'(' 80ftpr 

rocks. Hs rrofilf' mO!-ij ,'('spmblp:-; tJmt of t.ablp mounta.ins duc-' to 
different.inl Nosion of alt.ernately st,rong and weak horizontnlly 

bedded rorkf', ~\I('h a.::i compo;.;e Ow upper portion of the ~('ction in 
the Grand Canon of the Colorado. Hcn~, hOWeVf'f, in pla(:f' of a 
single unusually f'trong top layer ilwre are [mllld seY(!ral strong 
layers in att.('rnat.ion with weaker ones so a.s to produce additional 
steps in I,he profile. 
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CHAPTER XI 

THE ATTACK OF THE WEATHER 

The two contrasted processes of weathering. - It has already 
been pointrc{ out that (.;hangc and not stability IS the order of 
nature. \Vit.hin the ('nrth's outer slwll and upon it rock altera­
tion gors on continually, and from SO Il1P portions of it!; surface the 
changed material is a~ ('onstantly migrat.ing 10 neighboring or 
('\"('11 far di:'itaut regions. Erfore fiu(.'h transpor1ation can bcgiJl 

th(' hard rock mu~t flr~t be broken down and reduced to fmgmcuts 
which the t,ransporting agencies are COIllprt('llt to move. 

To a('('ompjish tbis breaking don-Il , or deqeneration, of the rock 
mas.<:es, ri t her a wide range in temperature or chemical reaction is 
rssrntiul. 1 n j,he atmosphC'N' ~u'e found :' llcb ad iv(' chemical 
agpnts 111) o:\"}'gPJJ and cal han dioxidr, th f_) ,o:::o-cn.llcd carhonic acid 
gas; and thf>sl-' ngl'nt,s in the pr(,~f'n('e of WfI,t£'J' reart ('jl(;'micaJly 
with the minf'T"al ~ of t,he J'ock;:; n.nrl form otiWI' minerals such a." thr 
hydratos and ('twhonate5 j which nr(' Ught'(' r in 'n'ight ae.d more 
soluhle. This c/lf>1IIim7 attack upon the out('r shell of the litho­
sphere is dp:-cl'iiwd a:-; deco"lpO.'i~ilroll. 

On the othf'1' band the rOf'k may i'uccumb t.o chfi.nges which are 
purely mechan.ical and are due cit her to the stresses set up by dif­
ferences betw('cn surfat!' and interior temperatures, or to t.he prying 
action of the rro~t in the crevircs. Such purely mechanical de­
generation of the l'ock~ is in ('ontl'a~t with dpcompositlon and is 
described as r!?·s·inleyrnlhl1l. The '-wo pro('('ssC'f' of dccomposition 
and disintegration mny, howevcr. go on tog<'1,hf'J'; ann tbe changes 
of vO\UU"lC' 1 hat. are ('fLust'd by d(\('ompo~ltjon IT\ay l'c'sult dir('ctly 
in ('on~iderahlt~ <li~intpgrt:l.tion , a...: we ar{' to S(·C. 

The r ole of the percolating water. - I n orner 1.0 ("'trect chemical 
change or reaction, it is essential t llat the substan<'es which a.re 
to react must be brought into such intimate contact with each 
other as it is seldom possible to attain except by solution. The 
chemical reactions which go on hetween tilE' gaseolls atmosphere 
and tbe solid lithosphere are accomplisbed through solution of tbe 

149 
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ga:ses m water . Thi~ water, derived from rain or snow, percoiat,es 
into t.}l(> ground or (k . .;c('nds a.long thf' creviees in the rock.:', carry­
ing with it a. t Ntaill lII E'a~ur(' of dis::.olved air. Thjs air differs 
from that of th (' surrounding atmospheric envelope by cont,aining 

rI 'lat ivp/y la rg{' amounts of oxygen an d 
of the otll(' r activ{' clemf'nt carhon diox­
ide. J( follows from the import,ant role 
thus performed by t he percolating water 
that tiw process of decomposition will 
be relatively important in humid re­
gions where the' atmosphe ric precipitll-
1ion i:;; sufficient fol' the pu.rpmw. 

,,7ith in hot aIle! dry rpgions th('f{' ;,.., 

00 
a larger m(':.t.~ lln ' of rock di~intf'gratiOIl, 
and distinct ('hemieai ('hallges unlike 
those of humid regions lake plac{· in til(' 
higher j,{'mperatu rf'.'i and \,,-it,h t,lw murf' 
concentJ'ated 1-1alil1f' ~ol utiom;_ Thf' dis­
eussion of ~uch changC'l; will h(' deferred 
unt il de::;ert cOllctitions are treat(ld in 

Fw. 155. - SucccSlSh·{'. dia­
grams to sho w t,Il e effect or 
decomposition alld n!sulting 
disintegration upon joint 
blocks so as to produce 
8pheroidal bowlders by 
weatbering. 

a.nother chapter. 
Mechanical results of decomposition 

- spheroidal weathering. - From an 
earlier chapter it has been Ical'llud that, 
the rocks of the emih's outermost shell 
arc generally intersected by a system of 
vertical fissures which at each locality 
tend to divide the rock into parallel and 
upright rectangular prisms. It is these 
joints which offer relatively casy paths 
for the descent of the water into the 
rocks. In rocks of sedimentary origin 

·there are found, in addition to the vertical joints, planes of bed­
ding originally horizontal) and in the intrusive and volcanic rocks 
a somewhat similar parting, likewise parallel to the surface of the 
ground. The combined effect of the joints and the additional 
parting planes is t,hus to eparate the rock mass into more or 
less perfect squared blocks (Fig. 155, upper figure) which stand 
in vertical columns. 
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TI)(' wit.lI'r wlli('l) pI'l'C'ublps downwarJ UpOH tJlt:: join t..::;, filHl.-:: 
its way latcrall,v along th(· parting pianf':-i, and so suhjeet8 til(> en­
tire surfacp of paeh Illock to Sill'lult:tlwQUS attack by it!3 reagents. 
Thougb all parts of the surface of eacli block are alike subject to 
at.tack, it is tbe anglcf' and the edges which arc most vigorously 
acted upon. In the uarrow crevices tbt' solutions move but slug­
gishly, and a~ t fwy art' r-;OOI1 il11pon'rislwd of t,heir reagents in the 
attack upon ill(' rOl'k , frf's}/ solution c,lIn reach the midrlJe of t}w 
facf's from relaJ,iv('ly ff'W riir('('tions. Tlw ('dgf's arc at tlw same 
timf' twing n'a('h(·d frolll Illany mOfI' rlir('('t.ion~ , nnrl ttl{' {'O rl)f'TS 

(rom a. stjfJ laJ'gr-r numh!'!'. 

The minl'rnls IH'wly fOJ'llwd hy 1 hps" (·hel1lj,·al prOl'f'S8I~S of 
hydration and {'arilonir.a1ion aJ't-' notahly lighter, and ht'J1(:e more 
bulky than the minerals from whose const.ituents they have been 
largely fOfnwd. Strains an' thus set up whi('h tend to sf'parate 
til{> bulkif'l' UP\\, 1l1n.tprinl from 1ilf' corp of unalt.erpd fork below. 
As tjw \Jrocf'ss (·ontintH's. distilH't {'hannf'\~ far til(' mavinp; watprs 
are (lt~v(~ lop{'d fU\'ural)\l' t.o al'tion at the t'lip:f's and ('orner.': of tht" 
blocks. Ev('ntunl!.", the squa.rl'd IAol'k is hy thi.s prON'S;:i tnJ.ll:l­

fOl'lllPd iato 11 splwroidul cart' of f.itill wlaltered rock wraplwd in 
laYf'r:-s of d('('oiliposl'd material , like the outer wTuppings of an onion. 
Thes(' in turn arp usua[fy imbedded in Illorl' thoroughly disinte­

grated m~ltel'iaJ from which 
the slwll stru('.tuJ'(_· has di:-i­
appeared (Fig. 156). 

Exfoliation or scaling. - .-\ 
fu(· j of mlu·h illlportallc'e to 
geologists, but. on(' far too 
often overlooked , is that rot ks 
me but poor ('ouductors for 
heat. It l'(":mlt,s from thi:-; 
that in the hright sun of a Fl u. 1 5n.~S~~~t!::I~~o;~uth\~riltg of un 

summer's day a thin skin) as 
it were) upon the rock Sll rface may be beated to a reJath'ely high 
temperatur(', although the la~rer immediately below it is prac­
tically unaffected. The consequent expansion of the surface layer 
caus~s €ltresses that tend to scale it. off from the layer below, 
which, uncovered in its turn, develops new strains of the same 
sort. This process of exfoliation acquires exceptional importance 
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in cicsf'ft regions where the roek su rfaces a rc daily elevated to 
excessively high temperatures (see Chapter X\-). 

Dome str ucture in granite masses. - In large granit,c masses, 
such as arC' to bE' found in the ranges of the ~ierra NC\'ada of Cali­
fornia, a peculial' dome structure is sometimes found developed 
upon a large :-;('ale, and has had an importan t influence upon the 

FIG. l;')i. -Doffw structure in gnlllitc 
mass, \'Osclllite .... [!,Ill'~· . Culifornia 
(after a photograph by Sin('[air). 

hreaking down of the rock and 
upon th~ shapil\g of the mountain 
(Fig. 157). Such ast .. ucture, made 
lip a.s it is of prodigious iaYf'I'l"i, 
can havl' little in common ,,'ith 
the Vt'rwers of weathered llIiJWf­

als which arc th(' result of ~:dol i­

at ion , anti it, is quite iib' iy that 
the dome structure is in some 
way connected with the relief uf 
these massive J'od:s from thl'il' 
load~tbf' I'ork which once rested 

upon them! but has been carried a\\'ay by erosion since the uplift 
of the range. 

The prying work of frost . - [n a!l countl'if's \\'h(,l'e ,,-inter tem­
peratures range helow the fJ't'c7.ing point of watcrl 11. 1l1 0~t potent 
agent of rock disillt('gratiull is the frost which pric~ at eVe'r), crevice 
and cranny of the surface rock. Important in the tcrnpcl'atc zones, 
in tlte rolar regions it bccomes almost the solc effective agent of 
rock weuthering. There, as elsewhere, its effidency as a d isint.e­
grating agent, is directly dependent upon tbe naturp of the crevices 
within the rock, so that the omnipresent joints are able to exer­
cise a degree of control over the sculpturing of tbe surface features 
which is hardly to be looked fol' elsewhere (see plate 10 A). 

Talus. - \rherc\~el' the earth's surface rtscs iJ1 stpep cliffs, the 
roek fragments derived from frost action, or by other processes of 

. disintegration, as they become detached either fall or slide rapidly 
downwHrd until arrested upon a flatter slope. Upon tile earlier 
accumulations of th is kind, the later ones are deposited, until thei r 
surface slopes up to 1 he cliff far:e as steeply as l,he matel'ial wi ll lie 
- the angle vf I'epose. Such debris accumulations at the base of 
11 cliff (Fig. 158) arc known as la/us, and the slope is described as 
a talus slope, or in Scotland as a II scree." 
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Soil flow in (be con tin ued presence of thaw wAter . - Su ::luon 
~ the rocks are IJrok~1I duwll It,v tbe wt'athering pro('(l:ssef.:, t.iw,Y are 
(·asHy mo\?ed , usually I"u !ower levcb:. III pari tlii:-; trn.n~portation 
may be accompliRhcd iJy gravity slowly acting upon the disintp­
grated rock and causing 
it to crc-cp down thf' slope. 
1'('1 ('vrn in ~u('h Ca~f'S 

WfI(.£,r i ~ lI sually pJ'('~fmt 

in quantify F-uffi{'.i('nt (,0 fiff 
the 8pa<:(':-i hetwt'(.'1l illt' 
grains, :1nd so ad a:.; a 
lu brieant to facilitate tiw 
migration. 

(-pon a largf' ~cah~ I'o('k~ 

whic'h W('I'P t'itlwr origi­
nally int'oilPl'f' nt OJ' 11<1.\,1' 
11l;'l'lllHftlil' '-;l) hy wt'ut lwl'­
illg, ~Lfwr 1 h ('~' h:tve lJ(·_ 
('ul1l(' s at II rat (, J. wit II FIG. I [.R - Tal\ls :1.lolJf· Iw!watb :1 dill. 

walt-r, lllay .-:ial't into :-;udd('ll motioll ~l~ great laru..l.tilidrR Or (1.\' :.1-

iallclu':o:, wliieh ill t ht~ :-:.p,-lt't' of a ft'w tnOllwnt:-: matpl'i:lil,v {"h~U1ge tilt' 
f!.l(,t, of tht' country, and hy hurying tile· bottom Jand~ It'MVt, di :::\­
a:-:tC' 1' and miKNY in thrir wukl" 

\Vithin till' ~uhpolar t'f'gions, wl1<'I'(' a. iul'p;(' part, of till' ~Ul'ra(!C 

i:-; for much uf tlu' )'1':11' ('OV(' I'(,d with :-;110\\' , tl1l' undl'l'lying; I'o('k!'i 
art' ful' lung )wl'ior\ :-; ~at.u rall'd with thaw watt'!' , Hilt! i l l alt.ernation 
al't~ I' t.'pea t,('d ly fru:wll alld tlnlwpd, E:-::-;t'litially similar condit i on~ 

:1.n-' trwt. with in till' high, ";llow-('app(;'d mountains of temperat(.~ 01' 
t.or rid rogioll fol. FOI' thC' :-:uhpolar I'f·gions particularly it i:o: now 

generally rrcognizpti t,hat ~onww_hflt. speriai processN, of soil How, 
described undel' the 1l3rTW .l;ol(fluc.tion, are' <:haracteristic, The 
exact, nature of th e$-:C' procf's!::,(,~ is ~lS yet, imprrfp('tly understood, but, 
there can Iw little doubt ron(,f'rn ing tbp large rol£' whirh tJw,Y have 
plaYl'd in t he transportat ion of s urfacC' materials, Such soil flow 
is clearly manifest,ed under different .'lsperts, and it is likely that 
by this ('ompl'(~hf'nsivp term cfistinct processf'os hav(' been brought 
togetber, 

Possi bly the most striking aspect of tho soil Ho\\' in subpola.r 
regions is furnished IJ,\' th(' remarkable" stone ri vers 11 und " rock 
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glacirr:;; "; t hough t he more generally charaet.eristic arc pcC'utiar 
stripings or other markings which appear upon the surface of the 

FIG. 159.-Stripcd groIJud frOIll soil flow 
of chipped roek fragments upon (l. slope, 
Snow Hilll slll.l.Id, Vi' cst Antarctica (after 
Otto Nordenskj(ild). 

ground allei thus betray the 
movements of the underlying 
materials. Upon slopes jt is 
not uncommon for the surface 
to be composed of angular rock 
fragm ents rj\'en by t.hc frost 
and cros.<::.cU by broad parallel 
furrows as though a gigantic 
plow had gone OVf'f it (Fig. 

159). The direction of the furrows is always up and down the 
slope, and t.he st riping is marked in pro­
portion as the slope is steep. Where the 
bottom is reached, the furrows are re­
placed by a sort of mosaic pavement 
of hexagonal repeating figures, eac n of 
which may be an area of the surf ace six 
feet or more across (Fig. 160, and Fig. 
390, p. 368). The depressions which 
separate the (I blocks lJ of the pavement Fro. 160. -PR\'emcnt of hori~ 

are often filled with clay, while the in­
closed surfa(;es are made up of coarsely 
chipped stone. 

zontai sur/ace due to suil 
flo" ', Spitzbcrgcu (v.ft.cr Oilo 
Nordcu.skiiild). 

of roots and trees. - In the mechanical 
oreakdown of th,' rocks 
within humid regions a 
not unimportant part is 
sometimes taken by the 
t.n'cs, which insinuate the 
j cn liOU S extremit.ies of tlwir 
rootlet.s iut.o t.he smallest 
cracks, and by continUf>d 
growth slowly wedge even 
the firmer rocks apart (Fig. 
!GI ) . In a similar manner 

FlO. 161. -;::n~Oi~~8~~~:~~~~::,~~ed rock and the small tree trunk grow-
ing within a crevice of the 

rock may in time spli t its parts asunder (Fig. 162), 
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The rock mantle and its shield in the mat of vegetation.­
Through the action of weathering, the rocks, !.U:1 we have seen, 
lose their int,egrity wit.hin a surfaGe layer, ''t'h ieh, though jt, may be 
as much as a hundred fept or morc 
in thickness, must still be accounted 
a mere film above the underlying lx'd 
rock. The mechanical agents of the 
breakci.own operate only within a- ft'w 
f~et. of the surface, and the ag('nts of 
ro(;k decomposition, derived as they 
are fro!)] the ntmoF:plwrc, j)f>eOIJlc 

inert befo1'(' tlwy hay~ dt·f;(·t~ndf'd to 
aJ1'y eonsidcrablp drptb. Th{' ~urfa('e 
ia.yPr of incoherent rock is usuaJly 
referred to as tbe rock mantle (Fig. 
J63). Where the rock mantic is rel­
atively deep, as it is in the states 
south of tbe Ohio in ihc ca.,lorn 
United States) there is found ) deep 

Fw. IG2. - A lllrgeglacini bowlder 
IIplil iJya growing truc>: nt'ar East 
LUlIsing. Michigan (!liter IJ pho­
log.llpb by Bl'rthn ThompBon) . 

below the OUler layer of soil , a partiaUy decompo~ed and disin­
tegrated rock, of which the unaltered minerals lie unchanged in 
position but separated by the new minerals which have resulted 

from the breakdown of their more 
susceptible associates. Wbileth us 
in a certain sense possessing the 
original structure, this altered ma­
terial is esse.ntially incoherent and 
easily succumbs to attack by the 
pick and spade, so tbat it is only 
at considerably greater depths 
that the unaltered rock is CD -

FIG . 163. - Rock UllUltlt' (,Ortsisting' of count.ered . 
brolwll rI)('k, :.»0"(' w}Jirh is SOillllld 
tl vcgf·table mat. COIl8! of \uJifornia. 
(a.fter u photograpb by F'airbauks). 

Because of th(' tendency of 
mantle rock to creep dO\\'ll upon 
slopes it is generally found tbicker 

upon the crests aud at t be bases of bi lls and thinnest upon thei r 
slopes (Fig. 164). 

In the transformation of the upper portion of the mantle rock 
into soil, additional chemical processes to those of weathering 
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are carri('ci through by til(' ag(,l1cy of earthworms, bacteria, and 
other organisms, and hy tbr action of hUlllus and other acids dc­
rin'd from the decomposition of v('gdatioll. The bacteria par­
ticularly playa part in t lie formation of earbonates, as they do 

also in ('hanging 
t be nitrogen of 
llw air inw ni­
t ra.t,p.s whil'iJ hf'­
('UIllP available 
as phwt food. 
Within the 

FIG. 164, - Dingram to show the \'aryiu~ thi ckm',;.,; of 
Dlllnt[c rod, upon the different portions of a hill surfu l'f' 

(ufter Challlix'rlin :Uld Salisbur:-.·). humid tropical 
regions ants and other insects entpr as a largr factor in roek 
decomposition, as they do also in produ('ing not unimportant 
surfact> irregularities. 

H ow important is 1 hf' l'OYPT of vpgf'tation in rf'taining t.he rock 
mantiC' and th£' upprr :-:oil layer in f heir re:o;pretiv{' positions, as 
requirpd for ugrieulturnl purpo:o;C's, Illel.'" hi' h{'f';t illustratC'd hy the 
disMtrous ('onf'eqllcnces of allowing if 10 hI ' drstroyC'tl. Vlhcrevt>T, 
by t he destruction of fOI'<:':-;t:-;, hy tht' (,X('{':5niVE' g-r:.lzillg of animals, 
0)' by other cause~, t he mat of tu rf has been dC';o4royec!, til£' f;ur­
fa('c is op£'nf'd jn gu Jii f'F: h~' tilf' first hard rain , and tlw frrt,iJ(., Ja.y('r 
of soil is ('arrif'd from tlw :-:iop('s and distribut('d with the ('·Oar~c:' r 

mantic upon the hott.om lands. Thus the fa('f' of til(' eOllntry is 
completely t,ran8form~d from fertile hills into the most desolate 
of deser ts where no spear of grass is t,o be Sf'en and no animal food 
to be obtained (plate 5 A). The soil once ",ashed away is not again 
renewed, for the continuation of the gulJying process now effec­
tively prevents its accumulation. 

HEADI NO RE~· 'I..:n ENCES TO CHAPTER Xl 

Decomposition and disintegration: -

GPJOHGE P. MERRILL. The P rinciples or Rock Weathering. Jour. Geol. , 
vol. 4. 1896. pp. 704-724. 8.50-871. Rocks. Rock Weathering, and 
Soils. Macmillan, Ne w York, 1897, P t. iii, pp. 172-411. 

ALEXI S A. J ULIEN. On the Geological Action of the Humus Acids, Proc. 
Am. Assoo. Adv. Sci .. \'0 1. 28, 1879, pp. 311 -410. 

Corrosiou or rock~ : -
C. W, HAYES. Solution of SilicUo under Atmospheric: Collditions. Bun. 

Geol. Soc. Am., vol. 8, 1897, PI'. 213-220, pis. 17- 19. 



PLATE 5. 

A. Once wooded Tf'giDn jn Chinn DOW r(odllcf'd to deseJ't t.hrough deIQTc:;tal.ioo 
(1Iftl'T Willis). 

13 . .. Bad Lands" in the Colo Tado Desert (alter i\lendenhull). 





THE ATTACK OF THE WEATHER 

M . L. F ULI. EN. EteLillg of Quartz jn l.hto' Interior or Conglomera.tes, 
Jour . GeoL. vol. 10, n,u2, pp. S l ;'"l-821. 

C . H. SMYTH, .TR. Rl'lplacemellt. of Quartz by Pyrites and Corrosion of 
Quartz Pebbles, 1\rn . .TOllt . Sri. (4 ). vol. 19. 1905. pp. 282-285. 

D Olllb i'LrUt~LurfJ 01' griLui L{' rua,i>Stls: -

O. K. GIL~EIt'r. Dumt·:; alld Donl(l SLrul:Lure of the High Sierra. Bul l. 
010'01. Soc. Am. , vol. IT), 1904. pp. 29-3G. pIs. 1-4 . 

RALPH ARNOLD. D ome Structure in Conglomerate. ibid., vol. 18. 1907, 
pp.6I.j-6W, 

Soil How:-

.1 . G UNN AR A NDF: IlSf4.0N. Roliftllf'l,ion,!l Component or Suhatkia.1 Denlldu­
t.iOl1 .. JoLir . GP.f-'I. . VII \. 14, LOOli, pp. ~l - l l :l 

OT'J'O NUIUH:NSKl tJ1. IJ . Di{' POlllrW{~ [l. lind ihr'l' Xcu-ld,arbndt'I', L{~ipr. ig . 

WOH, pIJ. nf1- (j.i. 
!<:ItNI':S1' H ow .. " l.A.tlld,:lid(IS ill Ilw Sitn ,Jtmn i>. 10 llllla.i llS, ( '"lumlln, t'tfo . . 

Prut'. Pap .. li7 l l . S. G( 'o1. Kurv .. 1909. Pl' . i -;~)X . pis. i- :tO. 
(:. ~:. M"I'I'IH! I.L. L<LlIdslidl~:;; ,Lm! HIII'1i: AVU.It~tH'h!'s, ~:\I . C(·ogr. Mag .• 

\/(11. :ll, I~JI(I. [11' . 'l.i7- 'l,f:,7. 
WIl.LI .... ,\! ,.1. 1I (1 11f1 N. H,)iJ Ktrip('s in ( 'old IltJmid H.Hl:{ioml und ~ Kindred 

Phf>lllJlnt·m llll. 1:lllt HI'pt. M.if·h. :\(',lli. :-il·i. , 1!1 \O. pp. :'}1 - r-,:3, plil, 1- 2. 

Rclu.tinll or dllful'OSt,d,il)il iu eros ion: -

N. S. SHAl .. E:It. Origin :Lnd Nttt.u rl~ of S<.liis, 12t.h Anll. Rept. . U . S. Ol·OI. 
Surv .. 1891. Pt. I. PI'. 'l.08-287. 

'\V J M cOJoJ"~ . The La.fa..Ye1.t B .F'ormation. i,llid., pp. 4:10-448. 
F. H.. KING. Soils. Macmillu.n, New York, 1908. pp. ;j{)--I",4 . 
B AILEY WILt.lS. Wa-ter C irf'ulation and Its Control. n.ept. Nat. ConR('rv. 

C:om .. Hl09. vol. 2, pp. H87- 71O. 
W J M('GE: t~ . Soil f'rMio ll . Bull. 71. U. S. Bureau of Soi ls, 191 1. PI), ()(), 

pis . :l:~ . 



CHAPTER XII 

f HE LIFE HISTORIES OF RIVERS 

l 'be intricate pattern of river etchings. - The attack of the 
weather upon the solid lithosphere destroys the integrity of its 
surface layer, and through reducing it to rock debris makes it the 
natural prey of any agent competent to carry it along the surface. 
We have secn how , for short distances , gravity unaicied may pile 
up the debris in accumulations of taius, and how . when assisted hy 
thaw watel' which has soaked iuto the material. it may accompl ish 
a slow migrat ion by a. peculiar ty pe of soil flow. Yet far more 
potent transporting agencies arc at work, and of these the one of 
first import.anee is running water. Only ill the heart,~ of great 
deserts or in the equally remote white ciesrrts of the polar regions 
is the sound of its lDurmurings never heard. Every other part of 
the earth 's surface bas at some time its running water coursing 
in valleys which it has itself etched into the surface. It is this 
etching out of the continents in an intri cate pattern of anastomos­
ing valleys which constitutes the chief difference between the land 
surface and the relatively even Boor of the oceans. 

The motive power of rivers. - Every river is born in t hroes 
of Mother Earth by which tbe land is uplifted and left at a higher 
level than it was before. It is the difference of elevation thus 
brought about between separated portions of the land areas that 
makes it possible for the water which falls upon the higber portions 
to descend by gravit:v to the lower. Th is natural H head " duE' to 
differences of elevation is the motive power of the local st.reams, 
a.nd for each in crease in elevation there is an immediate response 
in renewed vigor of the streams. The elevated area off which tbe 
rivers Bow is here termed an upland. 

T he velocity of " stream will be dependent not only upon tbe 
difference in altitude between its source and its mouth, but upon 
the djstance which sepnrates them , since this will determine the 
grade. The level of the moutb being tbe lowest whicb the stream 

lilS 
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can reach is termed the base level, and the current is flxed by the 
slope 0 1' declivity. The capneity to lift. and t.ransport, rock debris 
is augmented at, a quite surprising rate with every inc),f'flSe in 
current velocity, tiw law being that the weight of the h('~viest 
transport,uble fragment varies wit h the sixth power of the velocity 
of the current. Thus if one strenm flows twi('(' 3R Tftpidly as 
another, it, can transport frab'1DCnts which are sixty-four times as 
heavy. 

Old land and new land. - The uplifts of t,he continents mny 
proceed without changes in the position of the shore lines, in 
wbich case areas, already carved by streams but no longer acti\'ely 
modified by them, are worked upon by tools freshly shnrpened 
and driven hy grea,teT power. Tb l> land t.hus subjrcted 1,0 nrtive 
stream cutting is des('ribed 90S old land) nnd has already had 
engrayed upon it the chara(,terist ic pattern of rh'er etchings, 
albeit the design ha, been in part, effneed. 

If) upon the other hand) the shore line migrates seaward ,,;th 
the uplift) a portion of Ule relnt ively en.'n 8ef-t Hoor) or UPW land, 
is elevated and laid ur.dcr the action of the running water. 
As we nre 1,0 s{"c , stream cut,ting is to some extent modified when 
a river pattern is inhcritpd from the uplift,. The uplift. ) whE:'ther 
of old land only or of both old land and new In.nd , m:uks Lhe 
starting point of a new river history, u::; lIa(iy described as an 
erosion cycle. 

The earlier aspects of rivers. - Though geologists have some­
times regarded the uplift. of the continents as a sort of upwal'ping 
in a continuous curved surface, the discussions of river histories 
and the pictorial illustrations of them have alike clearly assumed 
that the uplift has been essentially ill blocks nod that the ele­
vated area meets the lower lying count ry or the sea. in a more or 
less definite escarpment. The first rivers \<> develop after the 
uplift may be described as gullies sbaped by t he sudden clown­
rush of storm waters and spaced more or less regularly along the 
margin of the escarpment (Fig. 165). These guJlies are relatively 
short, straight, and steep j they have precipitous walls Rnd few, 
if any, tributaries. 

With t ime the gully heads advance into the upland as they 
t:1ke on tributaries; and so at length they in part invest it and 
dissect it into numerous irregularly bounded and flat-topped 



j ,ah lelS which :lrt' f"1'pllr:1j,('d by ('ailOllX (F i/.!:. }(6) . At Ull' xalUC' 

t,illle Uw f,!Tudl' of t il l' l'hannel is lwcom ing fiat1.cr l an<1 it:; pr('cipi­
tous walls are being r('pla c.:cd hy l.:un·ing xlop('x, :l~ will 11(' n lOrt' 

Fa;. lIj5.- Two I;u{'('!',s"il'(' furml" of J!ul1i!'l< from the' f'ul'li!'st s taA"I ' of u 
riv cr's li fe (aIter ~,,Ji.'lbtlry aud Atwood). 

fully dl':5crihed in til(' sequel. It i::i bccauxc of t,hi l:l progressive 
reduction of grades with itlf'J'rafoi ing :lj..!;(\ that the I'arly ~t:Jgc:::; of 
a rin'rls life nrp lll11l'h t he Illost iUJ'iJul(-'nj, of itx llistory, The 

FrG. llill. -Partially di!!Sf'cted u"luud (ufter RuJi14hu r,\' lind 
Atwood) . 

water then rushes down the steep grades in rapids, and is often 
at times opened out, in some basin 1.0 form "' I ~ke where differ­
ences of uplift have becn characteristi c of ncighboring sect ions. 
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I"or ~cv(lral fC'US()flS !-iutb IJa~i[l~ ill Hit' ('OUJ'~(, of :I :-:;trram arc rela­

t.ively ,hort, livrd (Chapter XX:\: ), and they disappear with the 
carller s1.nges of the river hist()r~· . 

The meshes of the river network. - From the continued throw­
ing out of o{'w tributaries h,\' the str(':ams, t,hc me.shes in thl:. 
river network draw mOrC doseJy together as the si,ages of its his­
tory ~).dvan('f_'. The clOS(,IW~.'3 of tex1,Ufr which is ut lnst developed 
upon the upland is; in part drtermine.d by th(' quantity of rainfall , 
so t,hat in Ke\\" J ersey with heavy nnnua! precipitation the meshes 
in the nf'1work un' mUl'h ~mall(:'r i ,han they afl'l for example, 
upon the Remittrid or arid p!ain ~ of tbe western United Rtntes. 
Its dt'Ri~n will , llow(,"C'r , in either ease muff' or less dearly express 
t..bf' plan of rock arthitc(·ture which is hidden beneath the surface 
«,hapt,'r XVlJ). 

The upper and lower reaches of a river contrasted. - From 
IlH~ fad, Ulnt thr rin'r progre~siv('[y invades DcW portion::; of the 
upla.no and lay:-; tht' :tt(\uir(_'d l'if'ction~ under lllor(' and more 
thorough invf'stm('nt , it hw; nCM it~ lwafhratl'l's for ;1 long time 
~l fron ticr d istrict whi{'h tuay be' regarded fl.!'; youthful ('V{,l1 t.hough 
tIle' :-i('('t ions ncar it:>; mouth ban' n'adwd il ~om('what adnuwcd 
f. ragp. The D('wJy nc:quirrrl r-tP(·tiol)s of river valley may thul-' 
possess the steep p;rade and precipitous ",alh .. which arc charac­
kristic of ('arl~' ~ulli cs [lIlel taflons and fife in contrast with 
1.h(' morC' J'oUJldf~d :lnd Ant-bottomed ~€'ct.ions hf'low. lAlteral 
streams, from t.he fact that t.hey are newer than the main or trunk 

_/ /~ 
FIG. 167. _ (,haruf'tcri~tir longitudinal I>Cf'tions (If the upper portion of a river 

"alley uud it'j trihUWriU'i (after .~c/l..lcd /i1..'{ltiODS by NU);;.':lbaum). 

stream t·o which they are tributary, likcwifie descend upon somewhat 
,t('('per gracies (Fi!(. J67). 

The balance between degradation and aggradation. - 'V(' hav(' 
'Oe('.n Uml, lhe power t·o tran~port rock fragm('nt.s i~ rHlgrnenf,ed al, 

a mosi ::;urprising rat£' with pVf'r~' inrrr81"f' in l·hf> purTeui' vrlocity. 
While the light;er partlrlr~ of ro('k may Iw rarried as high up at' 
the 6urfa,cf' of the wat;er. t.he beBvlf'r ones are moved fonvard 
upon the })attorn ",it.h !I f'ombined rolling and hopping motion 
aided by local eddies. Tho"c particles which come in contart 
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wit.h the bottom or sides of the channel abrade its surface sO as 
eVN to deepen ~lnd widen the valley. This cutting accomplished 
by parti:.tlly susrwmled deu J'i s in r:,lpidly moving CUITf'nts of wnter is 
known 3::; c()lTaoioll and the stream is said to be incising its vaUey. 

As the I'Ul"l'ent is checked upon the lower and fbU,er grades, 
some of ii s toud of sediment, and especially the coar:;er portion, 
will ue deposited and so partially fiJi in t he ehmllJeJ. A nil'e 
balance is thus established between d('yradation and the con­
trasted process known as aggra.dation. The older the river va.lley 
the flattPf become the grades at any section of jts cour3C, and 
thus the point which Sf'purates the lower zone of aggradation 
from thf' upper one of degradation moves steadily upst,ream with 
the lapse of timo. 

The accordance of tributary va.lleys. - It is R consequence of 
(,he great sensitiveness of stream corrasion to current velodty 
that no side stream may enter the trunk yull f:"y at a If'vel ahove 
that of the main stream - the tributary streruns ent,er the trunk 
stream accordantly. Ea ch has can'pel it,s o wn valley, anel any 
abrupt i.ncrcHse in gradient of til(' side streams llf'3J' where they 
enter the main strea m would ha,'c increased tbe local ('orrasion 
at un accelerated rate and so have cut dOlVll the channel to the 
level of the trunk stream. 

The grading of the flood plain. - All rivers are subject to 
seasonal variations in the volume of their waters. '\Ther~ there 
are wet and dry seasons these diffcrences arc greatest, and for a 
large part of the year the valleys in such regions may be empty 
of water, and a re in fact often utilized for t horoughfares. In the 
temperate climates of middle latitudes rivers are generally fl ooded 
in the spring when the winter snows are melted, though they 
may dwindle to comparatively small streams during the late 
summer. In the upper reaches of the ri ver the current velocities 
are such that the usual river channel may carryall the water of 
Bood time; but 10wer down and in the zone of aggradation, where 
t he current hM been cbecked, t he level of the water rises in flood 
above the banks of its usual channel and spreads over the sur­
rounding lowlands. As a deposit of sediment iz spread upon the 
surface, the succession of the annual deposits from this source 
raises the general level as a broad floor described as the ftuod plain 
of the river. 
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The cycles of stream meanders. - The annual flooding with 
water and simultaneous deposition of sil t is not, however~ the 
only grading process which is in operation upon the Bood plain. 
It is characteristic of swift currents that their course is main· 
tained in relatively straight lines because of the inertia of the 
rapidly moving water. In proportion as their currents become 
sluggish, rivers are turned aside by the smallest of obstructions; 
and once diverted from their straight course, a law of nature 
becomes operative which increa.ses tb£' curvat,ure of the stream 
at an aC{'.eleratecl rate up to a critical point, when by a change, 
sudden and catastrophic, a new and direct course is taken, to be 
in it s tUrn carried through n similnr cycle of changes. This 
so-called meandering of a. ::;tream is accompanied bJr a transfer of 
sediment from oue bend or meander of the river to those below 
nncl from one bank to the other. Inasmu('h as the later meanders 
cross the earlier ones and in time occupy all portions of the plilin 
to the same avenl.ge c~1;ent, a process of rough 6~ading is accorn· 
pUshed to which the annual overflow deposit is supplementary. 

The course of the current ill consecutive meanders and the 
cross sections of the channel which resutt directly from the mean­
dering process will be made clear from examination of Fig. lG8. 
So soon as diverted from its direct course, the current, by its 
inertia of motion, is 
thrown against tbe 
outer or convex side 
so as to scour or 
corrade tba.t bank. 
Upon the concave 
or inner side of the 
curve there is in (:on- FIG. 16S.-!\1:lp amI 8{:l' tions of :l st ream Il\(!ander. 

The course or the main current iit indicated by the 
sequence an a rea of dW!hcd line. 

slack water J and here 
the silt scoured from higber meanders is deposited. The scouring 
of the current upon the outer bank and the filling upon tbe inner 
thus gives to the cross section of the stream a generally unsym­
metrical character (Fig. 168 ab). Between me.".nders near the 
point of infl ection of the curve, and there only, the current is cen­
tered in t he middle 01 the channel and the cross section is sym· 
metrical (Fig. 168 cd) . 
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The St'our upon t he ('u li vex ::ii de of ~l rncandt' r causes the river 
t.o swing ever farther in that direction, aud through invasion of 
the iil ted flood plain to migrat(~ arross it . Trees which lie in its 

Fw.l(if/.-Tr"·,,u'P:lrtlllllit'rmilll·cl 
IIPOII ,11f' UU't'r ],allk of n nU·UIH_It·r. 

pntiJ :,ire undermined and fall ou1 -
w:Il'd ill I.bl· stl'l':.un wilh L(J p~ di­
rpct.cd with Ult> (~ Ul'rent (Fig. l(:j!J), 

\Vht'never the flood plain is for­
etit('d, t,he fallcn trees rna:r be so 
numerOus a~ t.o li E' in rank:; a long 
tilL' !'hore, :lIld ~lL t il t':' t ime of the 
lIf'x1 Hood thE'Y a re c!uried dowll­
sj, r(~:lIn 1,0 jam in nil/TO'''' phu't's 

along t.JH' tlJ! lI tll (· 1 and giv~ {,hI:-' f'r­
!'O Il('(JUS illlp'·{·s .... ion t.i III 1 Lite fluod 
1I :1S it:-ielf uprout'(·d a :-;t,d, ion of f(lr­
e,1 (,,'" p. 418). 

The cut-off of the meander.-
As j h p lll t-':lIlJt'r swillgs I,Un';ll'd it.s c'xtn'IlH' po:-;itiun it IJ('('olTIrs 
more and III Of'P ('I(J~e l y loupf'd. Aciju(,(>IIL luops thu . ..; apprua('h 
Iwafer anct neurer t.o {,:lcb otlter, but in til(' slI('('e.ssi vC' lJo, ... it.ions 
~I , !lou riy sta tionary point i:; l'stablishf'd neul' wiwl'P th(' ri n'!' 
makes it.s sha rpest t.urn (Fig. J 70, 0, and 
Fig. 454, p. 417). At length the Deck of land 
which separates meanders is so narrow tha.t 
in the nc:..:t freshet a. temporary jamming of 
logs within the channel may direct the waten; 
across the neck, and onee started in the Il f'W 

direction [t ch~1I1n el is seour('d out in til(' 
soft sil t . Thu~ hy a brea king t llrougll of 

t he h:lnk of til{' strpam, :.L so-eal l!'d I( eT('- JO·I:ll~~~.u'ilicDi~I~~:.L;:i~'~' 
vassf', " tlil' riY(\r 8uddpniy stra ip:htf'ns its 
('oursf' , thuugh up to this timf' it has steadil y ~O:!~~~I;S o~ll;tr~:}~}; 
benome more !lI1d mor(' shnrply serpentine. rd!l.tivcly MtutioLJ nry 

After tht' cut-off has occurred, the old ch:tn~ point Ul:tir 1. ll t, sharp .. 

nel ma.y for a time continue to be used by the ClJt cur v/lt.ure. 

stream in common with the new one, but the advantage in velocity 
of current being with the cut-off, the old channel contains slacker 
water and so begins to fi ll with silt both ttt the beginning and 
the end of the loop. Eventua lly closed up at both en cis, th is loop 
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or ,I oxbow II it.; (OnLire!.\' F-icparatcd from the new channel, and 
once abandoned of the fo; tream is tmnsforrncu into :w oxbow 
lake (Fig. 171 "nd p. 415). 

Meander scars. ~ S,Yill~rin~ :18 if; occaSiOl1tllly docs ill its 
mcand~ring5 quit,(' Ilcross t.h(' flood pl;lin and against, thr bank of 
the ea.rlier degrading river in 
this section, the meander at 
times srou;s tbe hi~h llank 
which bounds the flood plain, 
and undermining it in the same 
manner, it excavates rt reCesS. 
of amphitheatral form which is 
known ns a mennder .'scw· (Fig. 

s:-- ___::. _ 
i4 ,z,""''' • .. ~~' 

172). At lpngth t he entire bank FIG. 171. - Arl oxhow lak(' ill the floud 

is scarred in thh'l manner RO Ul\ ptu.in of:l river. 

to present to the stream a ~erici' of concave scallop:-; 8cparuted by 
sharp i.,t,erlllcdi~lte Ralicnts of cuspate form. 

River terraces. - \Vbenevcr the river 'fi history h; interrupted 
hy a small upl1ft., or the bai-;{' 1(,\,(-,1 il'i for any reason lowered/ the 
stream at once begin:.; to sink it~ cbannel in to the Hood plain. 
Once more flowing upon a. low I2;r:lcte, it again meanders, and so 
produ('c:oi .11 (' \\- wall:-; nt, ,I low-(, I' 1('\'('!, hut farm ed j like the firs t , of 
jntcrnccting meander "Cm~. Tltu:-i t hf're j,'; produced a new flood 

FIG. 172, -SdlClJlIItiC N'prC!U'lItlitintl of u serit'S 
of river t erraces, {I, b, c, r. bUl'ce~s i\' (' tcrrl\('Cb 
in order of [~gc_ d. d. d. d, t<:fflll·I' s\OP('S fOfOl('d 
of meander scars, 

plain ,,-it.b cliff and ter­
r::tee above, which is 
known ns a 1'iver terrace. 
A succession of uplifts 
Or of depressions of the 
base level )ields terraces 
in series, fiS they appear 
"chematically represented 
in Fig. 172. Such ter­

races are (,0 he found well developed upon most of our larger 
rivers to the northward of the Ohio and Missouri. The highest 
terrace is obviously the remuant of the earliest flood plain, as the 
lowest represent, the btl',t. 

The delta of the river. - A~ it. n.pproadll~:-:' its moutb the river 
moves more and more Slll~gishly over the Hn,\, grades, and swings 
in broader meanders as it flows. Y£'t, it still carries a quantity 
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of si lt wbicb is only laid down after its current has been stopped 
on meeting the body of standing water into which it discharges. 
If this be til(' ocean) the salinity of the sea water greatly aids in a 
quick precipitation of the finest material. This clarifying effect 
upon the water of the dissolved salt may be strikingly illustrated 
by t,u kiJ1g two similnr jars, tbe one filled with fresb and the other 
with salt water, and stirring tbe same quantity of fine clay into 
ench. The d[l,~y in the salt water is deposited and the water 
clcar('d long hefore t.he murkiness of the other has disappeared. 

By the laying down of the residue of its hurden of sediment 
where it meets t,he sea, the river builds up vast plains of silt and 
clay -which arc known as deltas and which often form large local 
extensions of the ('ontinents into the sea. Whereas in its upper 
reaches the river with its tributary streams appears in the plan 
like a tree and its branches, in t he delta region the stream, by 
dividing into diverging channels called distributaries (Fig. 458, 
p. 420), completes the resemblance to the tree by adding the 
roots. From the divergence of the distributaries upon tbe delta 
plain tbe Greek capital letter ~ is suggested and has supplied the 
name for these deposits. Of great fertili ty, the delta plains of 
ri" ers have become the densely populated regions of the globe, 
among which it is necessary to mention onJy the delta of the 
Nile in Egypt, those of the Ganges and Brahmaputra in India, 
and those of the Hoang and Yangtse rivers in China. 

The levee. - When the snows thaw upon the mountains at 
the headwaters of large rivers, freshets result and the delta regions 
are flooded. At such times heavily charged with sediment, a 
thin deposit of fertile soil is left upon the surface of the delta 
plain, and in Egypt particularly this is depended upon for the 
annual enrichment of tbe cultivated fields. Though at this time 
the waters spread broadly over the plain , the current still continues 
to flow largely within the normal channel, so that the slack water 

' upon either side becomes the locus for the main deposit of the 
sediment. There is t hus built up on either side of the channel a 
ridge of sil t which is known as a levee, and this bank is steadily 
increased in height from year to year (Fig. 452). 

To prevent the danger of floods upon the inhabited plaine, 
artificial levees are usually. raised upon the natural ones, and in a 
country like Holland, such levees (dikes) involve a large expendi-
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ture of money and no ~rnnll degree of engin('ering skill and ex­
perience to construct. So important to the life of the nation is 
the proper management of its (likes, t"ot in the past llistory of 
China, each \veak administration has been marked by the develop­
ment of graft in this important department and by floods which 
have destroyed the lives of hundreds of tbousands of people. 

"Vhere\~cr there has been a markedly f:1p ici sinking upon n. 
delta region , nnd depressions are common in delta territory, no 
doubt as a result of the loading dQ\1'I1 
of the crust, the river may present the 
paradoxical condition of flowing at n 
higher level thau the surrounding coun­
try. Between the levees of neighboring 
distributaries there arc peculiar saucer­
shaped depressions of the country which 
easily become filled with water. At the 
extremity of the delta the levee may be 
the only land which shows above the FlO. 173. -" Bird-foot " delta 

ocean surface, and so present the pecul- of the Mississippi River. 

iar " bird-foot " outline which is characteristic of the extremity 
of the Mississippi delta, though other processes tban the mere 
sinking of the deposits may contribute to this result (Fig. 173). 

The sections of delta deposits, - If now we leave tht plan of 
t he delta to consider the section of its deposits , we find them so 
characteristic as to be easily recognized. Considered broadly-, 
the delta advunces seaward after the manner of a railroad embank­
ment which is being carried across a lake. Though the greater 
portion of the deposit is unloaded upon a st eep slope "t the front, 
11 smaller a.mount of material is dropped along thE' 'way, and a 
layer of extremely fine material settles in advance as the water 
clears of its finely suspended particles (Fig. 174). Simultaneous 
deposits within a delta thus comprise a nearly horizonbl layer 
of coarser materinls, the so-called top-set. bed; the hulk of the 
deposit in n forward sJopjng layer, the 50-called fore-set bed ; 
and a thin film of clay which is ext.ended far in ndvance1 the 
bottom-set bed (Fig. 174,2). If rtt any point a vertical section is 
made through the deposits, beds deposited in different periods 
are encountered; the oldest at the bottom in n horizontal posi­
tion, the next younger above them and with forward dip, and the 
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YOllllges l ~tnd ('l.l!l I'~(~s t upon Ul f' fop in nearly horizonta l pvsition 
(Fig. In 3). 

il, ha~ 1)1:'1' 11 t,:-,\,itll:ltk(l UnIt t ilt, :"urface of Uli' Unit,cd ~tn,te~ 
is now being pared down by ero::;iofl a.t the avcragf' ra.te of an 

ln ch in 760 years. 
The derived ma­
terial is heing 
deposit,prj in thl' 
flood plain a.nd 
ddt a. r('gionR of its 
prin c.ip:ll ri vers. 
Some 513 million 

.J!!kr7cJ; r IIW t.ons of susp('nrierl 
mnttpT is in the 
L1nil ed HtatPs (·ttr­
ried 10 tid{'wat,e r 
e:lcJi 'yf'!1r, :md 
about. h:11f as mueh 
more got'~ (lut to 

sen .'1.8 di.-i.'lolv{\d 
Hla1,t,t"r. If t,hi~ 

Fl o . li4.- Di:l.wams to fl l\()w llw I)!\tun" of df'lta (II·. m:tt,(' ri al W('f(' r<~-
pOfolits Ill) ('xhibi1('d in sl\~·t i()lL . mu\,('d from the 

Ila nama Can;)] I'ut.t.ing, an 85-root S(,ll-\{,V('\ ('fu).:tl wO\lld bp ('x­
eaY3t.(·d in :tlJOll t 73 lbys. Thl' l\1i~~i~~ipl)i ]{iver alone (·~t rri(·~ 

annually to t he ~e[l. ;~40 million tons of ."'itlspt·ll th 'Cl mat,i,pr , or 
two j,hirds of t,he r ntire amount rf'mov(~d from the :U'("!l. of Ow 
United R,,,,es os "whole. I i is t hus li tt le wonder j,h[1t gJ'''''{ 
deltas b:1v(_' ('xtencif'd tbrir boundaries 1"() rapidly llnd tlJat t he 
crust is so gf'nrmlly .I;(inkin~ benrath 1;lw 1onr!' 



CHAPTER XIII 

EARTH FEATURES SHAPED BY RUNNING WATER 

The newly incised upland and its sharp salients. - The sue. 
ce:-;siv(' singes of inci:-.inf!;. ~('ulpt\lring, and finally of T{'during aD 
uplifted land an.:a, aT(' each of them P()sscs~ed of distinctive 
eharnc.ters \vhich arC' nIl to be rend either from tbf' mnp or in the 
lineR of the landscape, Upon the newly uplifted plain the incif<­
iug hy tbr young riw'rro: is to he found (,b ie(t.\" in ttl(' rH'il!hhor­
huud of tbr margin:-, In thi:.; foila.lW 'hI' vnJlryfo:. !lr(> clp~·\('ribpd fl~ 

V-~h:qll'd {':ulunR, for thl' v:Jlry ' .... all nH'('t:.; til(' upland l"urf:u'{' 
ill sb:irp :-; nlj~'llt ti (pl:lk 12 A), :lIld Ul(' lillf>~ or jilt· bnd"';('i1Jw' :~n ' 
throughout m:LLiI' up f !'tlm ~tr:Ii~.dlt. f'1(>TIIf'n1l". TILO\lJ!:h U\{~ land­
~wapc:s (Jf this ::;t:tg(' IH't':'wnf tilf' f,!;I':Hld('r;t ~(·(·Ilrr.\' that i:-; known 
a,ud m!l)' \)f' C1lt out, ill maR.'\iv(' proportions, oft{,l1 with rushing 
ri\"er or pi:wid lake to ('\Ih:llH'(' t.lll· ('Hel't of ('tag and gorge, ih(~y 
hu:k l,ht· ,-:()ft l1PSI"i aut! ~r:l.(·(, of 
outline whil'h lIt·long only to tllp 
mat.urrr <'rosio (l st, [t g(~8. The> 
grnnd enilOn of Ow {'f,lol'lulo 
pn·;.;('nt;.; t lw fetltUrl'S ('h:\rad(>r~ ~ 
i,tic'ofthi" 'tage in th" gramlest ,'" 
nud most. !'uhlinH' uf :tIl l'xmn­
plp~ , :md thr Ctl;.;t !(' t! Rhine is a 
gorgt' of ruggNj l JI~:lUty, {';lrw:d Fw. lii).-G(>T~(> of lbc ru \'l'T Hhiul' 

()ut from Uw 11(.'wly ('\t,\·:'tt('<\ ;;~~::,'~:i!l~,:,(/::,r:i(, ::'~~~~!! ~~::'li;:j!~nt~~; 
piat(,:lu of w{'~t(' rn Pruf':ii:t T 

through ,vhich the water swirls in rdflying ra_pids (Fig. 175). 
The stage of adolescence. - A~ 1 hi' upland 1,econ1ps more 

l:trf,!;(·iy in vaded as ~I COt1l'icqll('tl(·(> of UH~ h(~:ld \\,[lrd ad\"[ln['e of 
thf' r nnons nnd t.llPjr !wnding out of trihutary Rid(' ('anons, t he 
~hnrp angles in which til(' (,3 i10n wall::; illt,(lI':sect the plain heeome 
gmdually replaced by Wf'lI-found (:'c! shoulders. T'hus the lines in 
lh,' landsc1\pe of this stage arc a combination of tilt' straight 

J09 
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line with a simple curve convex toward the sky (Fig. 176) . In 
this stnge large sections of the original plateau remain, though 

cut into small areas by the ex­
t,ensions of the t ributary valleys. 

The maturely dissected up­
land. - Continued ramifications 
by the rivers eventually dh;de 
the entire upland area into sep­

FlO. 176. - v.llhaped "alley with well- arated parts, and the rounding 
rounded shouJd er" chara.cteristic of of the shoulders of va lleys pro -

~)~f~t;!:g~rJ°~,~~~I~~i~:~:~. AlIeghellY ceeds simultaneously unt il o f the 
original upland no easily recog­

nizable cornpa.rtments are to be found. ,\\r hcr£~ before were fl at 
hilltops are now ridges or watersheds, the well-hlown divides. 
The upland is now said to be completely dissected or to have 
arrived at m.aturity. The streams are still v igorous, for they 
make the full descent from the upland level to base level, and 
yet a critical turning point of 
their history has been reacbed , 
and from now on they are to 
show a. steady falling off in effi­
ciency as sculpturing agents. 

Viewed from one of the hill­
tops, the landscape of t his stage 
bears a· marked rescm blance to 
a sea in which the numberless 

FJO. 177. - Vicw of ~ maturely dissected 
upland from one of its hilltops, Kl e.­
matb Mou lltains. Cllliforniu (after a 
photogmph by FairbnnkH). 

divides are the crests of billows, and these, as distance reduces 
their importance in the landscape, fade away into the even line 
of the horizon (Fig. 177). 

The Hog.Tthian line of beauty. - Since the youthful stage of 
t he upland, when the lines of its landscape were stra ight, its 
character rugged, and its rivers wild and turbulent, t here has 
been effected a complete transformat ion. The only stra ight line 
to be seen is tile distant horizon, for the landscape is now molded 
in softened outlines, among WbjcJl there is a. repeated recurrence 
of the line of beauty made famous by Hogarth in his" Analysis of 
Beauty ." As we1l kno\vn to a.ll art student..;;, this is a sinuous 
line of reversed or doubJe "_ curvature - 8. curve which passes 
insensihly at a point of inflection from convex to concave (Fig. 
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178). The Curve of beauty is now found in every section of the 
hills, and it imparts to the landscape a gracefulness and It measure 
of restfulness as weU, which are not to be found in the landscapes 
of earlier stages in tbc erosion cycle. In the bottoms of the 
valleys also the initial windings of the 
rivers within their narrow flood plains 
add silver beauty lines wbicb stand 
out prominent.ly from the more som­
ber background of tbe hills. 

Pol", .f 
Infle" , iOlt 

Considered from the commercial FIG. I7S.- RQgu,rth's line of 

viewpoint, tbe ma.ture upland is one beuuty , 

of the leu,t adaptalJle as a habita,tion for highly civilized man. 
Direct lines of communication run up hill and down dale in 
monotonous alternation l and almost the only way of carrying a 
ra.iJroad through the region, without. a.n expcndhufe for tresUes 
which would be prohibitive, is to follow the tortuous crest of a 
main divide or the equa lly winding bed of one of tbe larger valleys. 

The final product of rivet sculpture - the peneplain. - When 
maturity has been reached in the history of a river, its energies 
are devoted to a paring down of the vaJI{'y slopes and crests so 
as to reduce the general level. From t.his time on hill summits 
no longer ran into a common level - that of the original upland 
- for some mount notably higher than others, and with increas­
ing age such djfl'erences become accentuated. There is now also 
• larger aggradation of the valleys to form the level floors of 
flood plains, out of which at length the now slight elevations rise 
upon such gentle slopes that the process of land sculpture ap­

FIG. ]79.-Vi~w of the old laud of New 
England, with Mount MODadnock rising 
in the djetance. 

proaches its end. Gradually 
t he vigor of the stream bas 
faded away, and can now only 
he renewed through a iresh 
uplift of the land, or, what 
would amount t,o the same 
t hing, a depression of the base 
level. Upland and river have 
reacbed old age together, and 
the approximation to a new 

plain but lit.tle elevated above base level is so marked that the 
name peneplain is applied to it. Scattered elevations, which be-
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(~ause of some favo ring circumstance risc to greater heights ahove 
the general h··vc\ of the peneplain , 1tf(' known us nwnadnoch;s after 
the t)"re example of l"dount, Monaclnock in New Hampshire (Fig. 
179). 

The river cross sections of successive stages. - To the 5U('­

ce:-;siv{' :-:ta,l.!:cf-; of :1 I'iyer 's lif<:> it bus heen common t() carryover 
the' n:lflle::- froll! Ow w('lI-rn,'l rk('d periods of a bWll.1l1 Hfe. If 
nq:~h·t't ing; for the mOJllcnt tlw g;clll'ral a:-:pC'cl of th(' IIpl:tnd . W(' 

Old Age COn?pori"on 

fix Ollr aif.entioll IIP-
on the l'h:1J':Il'tl'rb;tit, 
cro:-i,":' . .;;('el ion:-; of 'he 
ri\'(T \'n,lle,Y , \\"(, lind 
th;!L h('re ~lh.;o Iht'rf' 

me eI('al'l~1 marked 
('hnr:!dcr~ 10 di:-:tin­
~ui~h p[l('h Rtagc of the 
rj"cr':-: life (Fig. '180) . 
In infancy the stcrp, 
rHlrl'O" ~, und l'ha.rp-

l::~i!~;!)f; ~;;rt;:;~:~j~~~ I~~I:~[~~ (~~:~l~(';·~:~~'!flo;.\~~J\:~r angled canon If' n c:har-
ttctrri .5t ic ; with youth 

tlH.:' wider V~form htlS :tlrf'!;ldy d(' vf' forwd ; in ac!o le .. .,cence the angles 
of the (;[tfion arc j funsfornwd int.o ",dl-rou/I(kd I'huukkr . ..;, and t hr 
val\{'Y broaden~ ~o a~ in the (ower ff>:It"!l{';-i to In)' down a Hood 
pla.in; in mat.urit.,r t.he dh-ideR Rl)d t IH_' duuble turves of tilp linc 
of h('[wt.y appear ; while in the' d{'ciiJlt' of old age t,IH' v::dleys an' 
extremely hrood Rnd Hnt and are Hoored by 3n extended Hood 
plain. 

The entrenchment of meanders with renewed uplift. - Upon 
the reduced grades which are characteristic of the declining stage 
of !t river's life, the current hus little power to modify the surface 
configuration . On the olel land of this stage a renewed upli ft 
sturts thf' st rf'tl.mf-' again into action. This infusion of driving 
power into moving; wat,('r, ff'ga,rdrd :l~ a ma.chine capahle of ~w­
complishing {'pr t.aitJ work, if-' like ,,·indillg up "I do('k that has 
rU_D down. Onn' more l.ht' s1,1'f'a.ms acquire OJ., velocity sufficient 
to enable them 10 cui their ,-. Ileys int,o the land surface, and 
BO i:I. new erosional cycle ma.y be inaugurated upon the old land 
surface - the peneplain. AIter such an uplift has been aceom-
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plished and the rivers have sunk their early valleys ""thin t be 
new upland, we may look out, from this now elevated surface 
and the eye 1 ake in but a single horizontal line, sinre we view 
the plain a!cl II I-!: it,'! edgt-'. 

By IIII' 11\llifl lilt · nH'!l.ndt,l'~ \ Jr 1111' \':Lrlitl \, 1'1"\ '1' :-: 1l\ ~I" hf"('Olllt~ 
('ut. I'(_·uciwd ill til<' II(~W ttpl:tnd , til(' wide' l{Jhe~ or till' indidduaJ 
m(>fllldel'~ hring I1mv sr j)ar:\1,('tl hy mountain:, wilen' I)f'for~ had 
been phlim.; of ~ il t only. 'flIP N"ew RiYt~ 1' of t,ll(' Cumberland 
plutr:1u a nd tJ)P Ynklm:1 Rivf'r of centn11 'V[lshingtoll (Fig. J8J) 
fllrni~h eX{'p!lc'nf, Anwri{'[lll f'xmnrle~ of intrenched m('~nd('rs , as 

,FlO. lhl.-Thc BCLiverttlil H('[ld uf the Yo.kima Cu.noll in ccutrul tVusbiJl!;lOIl 
(ufter George Otis Smith) . 

the Mo,olle mvcr ,Iocs in Europe. llrOll the course of the latter 
rivf'f nenr t.he t.Own of Zpll a tunnd of Uw railroad n quartrr of 
!l mill' ill \f'ngt.h pif'J'('(':-; :1 mount,ain in t he nN·k (If a meander 
)01,(, in which tlrC' rin'" ih;('lf tmvpls a di."'t:inN' of mort' tJW.11 six 
mil{'~ in order to ma.k<' til(' ::'::1tn(' ndvn_n('(', TIlt" Kai:o;pr " iilhelm 
tUnlwl in til(' RflllW di~f"ri('(. IWIl(· tratcf'; a largc'r mounttiin indudecl 
in a douhle tneal1dl'J' of t hl' ri v(·J'. Although in1TP1H'he<i1 river 
IneanderR nrc still ('ompl'tl'nt 1u f:.('our :md !'if) un<if'rmin(' tl1r 
outer bunk) and ,dth favoring conditions they may by fh i~ proepss 
erode extended 1/ bottoms" out of the plateau. (Set· Lockport 
quadrangle, U. S. G. S.) 

The valley cf the rejuvenated river. - Wheney('r a new uplift 
occurs before an erosional cycle has bC€,11 completed. the rivers 
become intrenched ] n()t in :.! ppneplain , hut in t he· bottoms of 
broad vaUeys. The Sw{~(:' ping ( ' urye~ which ch~ltactcrize O1f\t.ure 
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landscapes may t hus be brought into striking contrast " dth the 
straight lines of youthful canons which with V-sections descend 

FlO. 182. - A rejuvenated river vailey (ufter tl 

photograph by Fairbanks). 

from their lowest levels 
(Fig. 182). The full 
cross section of such a. 
vaJIey sho\ys 3 cent.raJ V 
wuose sharp shoulders 
are extended outward 
and upn"ard in the soft­
ened curves of later ero­
sion sta.ges. 

The arrest of stream 
erosion by the m.ore re­
sistant rocks. - The ca-

pacity of a river t.o erode and carry away the ro<.:k lnaterial 
that Bes nlong its course is dependent. not only upon the ve­
locity of the current , uut also upon the barcine::;s , the firmness 
of tex"ture, and the solubility of the material. PfU'ticutarly in 
arid and semiarid regions, where no mantle of vegettltion is at 
band to mask the surfaces of the firmer rock masses, differences 
01 thls kind are stamped deeply upon the landscape. The rock 
terraces in the Grand Canon of the Colorado togot.ber represent 
the stronger rOGk formations of the region, while sloping talus 
accumulations bury the ",eak~r beds from sight. 

Each urea of harder rock which rises athwart t he course of :1 

stream causes a t,cmporary arrest in the process of v:illey erosion 
and is responsible for a noteworthy local contmction of the ri ver 
valley. The valley is carved less widely as well as less deeply, 
and sillCe a river Glln never corrade 
below its base, a Cf temporary base ....... ~:'" ~;"1Ir.~~~~~:,-:'l~~~ 
level " is for a time established ~~' . 
ab~ve the area of harder rock. ./ ! v2i \ ., .,). i -.,_ .. '. '.. 

Owmg to the contractIOn of the ", :'. ' f: . ., ..... . ... 
valle~ un.der thes: conditions, . the .' .' U/:!4.:'r;r:t\", '. 
locahty IS . described as a river ._ ,~,-"(;~"J"" ... )," J ... $;"lr1!'11,1'~~,-~ 
narrows (Fig. 183). The nnrrows , .•. 
upon the Hudson River occur in FIG. 183.- Plan of a ri ver narrows. 

the Highlands where the river leaves a broad e~l'anse occupied 
by soiter sediments to traverse an island-like area of hnrd crystal-
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line rocks. \\·~ i thill tht? narrows of a ri ver tbe steep \\'nl1$, cbarac-
1eristi(; of yout II :md til{' turbulent (mrrent as wt'lI , arc often retained 
long aftf'J' ollw1' portions of I.Jw rivPJ' h!lvC aCfjuir('d tilC more restful 

lilH's of rin.' J' BL:t{,urity. TIlt-' picturesque crag nne! the gcncm ll y 
ruggpd ch:u~l('t('r of river narrow!' render t,hem point~ of special 
interest npon evcry n:\Vig:\hle river. 

The capture of one river's territory by another. - The effect 
of :l hard layer of rock interposed in the. course of fl stream is 
thus always to delny the advance of the ero$;ional process at all 
levels above the obstruction. '''hen a stream in incising its 
valley degrades its channel through a veneer of softer rocks into 
harder materials below] it is technically described as having dis­
covered the h.'lrdcr layer. '\There severa] neighboring streams flow 
by similar routes to their common base level, tbose which dis­
cOver a harder rock will advance their headwaters less rapidly 
iuto the upland and so will be at a disadvantage ill extending 
their drainage territ.ory. A stream 
wh.ich is not thus hindered will in t.he m 
course of time rob the others df n por- ' , 
tion of their territory, for it is able to . 
erode its lu\Y('r ff·ftches nearer to base 

level a.nd thus acqu ire for its upper m 
reaches, where erosion is chiefly accom-
plished, an advantage in declivity. The . 
divide ,yhich separates its headwaters 
from those of its less favored neighbor 
will in consequence migrate steadily 1n- EEiJ 
to the neighbor's terril.ory. The divide 
is thus a sort of boundary wall separat-
ing the drainage basins of neighboring ~ .. .... . .' ....... , . 
streams, and any migration must c:\"tend 

the territory of the one at the expense Fw. 1S4. -Successive djn~ 
of the other. As more and more terri­
tory is brought under the dominion of 
the more favored stream, there will come 
a time when the divide in its migration 

grams to illUBtrate repeated 
river piracy i.Uld the dcvel­
opmcn~or" trelli,9 drainage," 
(after Russe!l) . 

,,~ll arrive at the channel of the stream that is being rohbed, and 
so by a sudden act of annexation dra,w off aU the upper waters 
into its own basin. By this captu.re the stream whose territory has 
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bl'i'n itl\';ull'd i:-; :;:tid 1,ll hll\'l' I~een be/walled. By this act of TI1:racy 
j,l1C .:;trongcr Htrealll nuw den.'lops exception:)} activity hecause of 
the ioc:nl stt'f'P gradf'!-I neftI' the point. of capture', and \v'itb thit'i 
newly a.cq uired cuUi ng pmVN the invader i:5 c:ompetf'llt to ad­
vance still f-urthf'r and e nl,er tilP tt'ITit,oJ'Y of Llw st.reum tbtlt lies 
m'xt h('~'untl. Till' t~·P(' of dr~lina~e net work whlrh l't'!mltR from 
r('pcnJeu ('[Ipl ures of j"]li~ killd if:. known tlP II t.rf'JJi~ dnJjn:1ge" 
(Fi!!. 184), :t t,~ ' P(' we"l! illu::;tmt('d hy UJ(' rivers of the' suuthern 
ApP!1.Jachian?:i, 

]n g"f.'I1f'ral it may h(' Mud that, otht'f (.'onditlon~ being: the 
r-:.:IJI1{'. of two lI pip:;h horin~ :-;1r(,:.lITll' whil'h huv(' :t UommOll base 
\rye\, t,hat onr whit'h t.:tke:-; Ow \onp;('st, rOut.<' will lose territory 
to j,}J(' ot-her, since it mur-;t, h:nT the Hatter :H'erage ,5Iopc. Stf(~aln 

('npture may t.hu~ ('OI1l(' a hout without t,lw di:it'ovcry of hard 
roek JflYPJ",~ whj('h an.' mort' unfav()r:lbl(' t·o one Btf(~:lfJl t.huJl a,l)­
other, 

W ater and win_d gaps, - In thl' Allr'gbt:ny plat'(';\\1 rivC'r:;:. ('I'U::-'~ 

the rimg(' of hanlpl' r(.wk,1o; in clt'pi> mountain narnnrs whi('h UPOIl 
the horizon appear ns gatcwnys through till' harril'f of t,h(' ll1oun­

Frc . lbli, -Sketch Ulaps to show the elulier and the 
present drainage ('audition about tbe Blue Ridge 
ll~ILT B:lfl>cr's F('Try . 

bin wall. Sm,h gak-
\\"8," S 81'(' sometimes 
refer red to a:; "wa,t,N 
gaps, II of whir'b i,he 
Dcbware \Y::tt('f' (;ap 
is perhapo t be iJ{,~t 

k no\\' n (' X:1, III pi 1.') 

though the Poi.omat' 
(. r 0 S 8 e ~ the B 1 u (' 
Ridge at the hi,torie 
Harper's Ferry through 
a similar portal. The 
v:1l1ey of the tributary 

~h('nal]{.1oah h:v; h('('11 t,ll(' 1'\('('111" of :til int.('r('~1.in,l! f' piRode in the 
,"itrugglc of ri\'al ."iI, I"('IUll :-O: which i;-; Iypica! of ot,herf-' in 1.11(' SimI{' 

upiand region. ThC' n'('ordR whil'h 1I13~f lw mad~ out. from t.he 
Irmd.8cape~ show r}P8J'ly thAt in an earlier but recent. period , 
when the general surface stood at a higher level which has been 
railed the Kittatinny Plain, the younger Potomar of that time 
and a younger but larger ancestor of Beaverdam Creek each 
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crossed the Blu(' Ridge of the timf' t.hrough 5-imil:u water gnp:; 
(Fig. 185, map, and Fig. 186). The Potomac of that tilU(, \"~lS, 
ho\yever , th(> more 
deeply inlrenched, 
and r>os~essing au 
ndvantagc· in slopr 
it W[li.:; :lble to 
~dvan('(' Ow d..i\·idc 
at, t,he head of its 
t r j but ~ r.r) L h e J~J(;. nm. -Scro[j l'm !o i)Justmt(' til£' hj~l()ry of Sl!i('ki'rl'l 

~henandoah) intu CD-p. 

Uw tl'r6iofY of Bp}lvf'rd~lI)) Crcck. Thus nil' hehl'ailin),!: of thl' 
B('avcrdalll hy the ~hen:lndo:lh \\,:lS : \(·l.'(_)mrli~h{'d ( Fi~. 185, ~(,cOl\( 1 

map) and it~ upper \\":.1.1.('1':; allllt'x('d to t.he Potomac' !'i~'st.em. 

'Vit.h the suh':wquent lowerillg of the gel"H'flli level of ttw country 
which ~'-h'ld{_'d til£' prf':-pnt Hlwl1anduail P!:dn. tllf' fornwr waier gap 
of Hl':lVerd:ull ('re<'k w:t~ almlltloned of it::; stream at. a high level 
ill the range. ]\:l1own:1.fi Snickers Gnp, it may sen T

(' as ~l type of 
the •. wind gaps!l of similar origin whi('h arc not altogetber un­
common in the Appalachian .Mountain ~ystem (Fig. ]86). 

Character profiles. - FOf humid f(·gioI1 ::) t he landscape~ possess 
chara(,ters which , speak.1ng broadly, dep('nd upon tlw stage of the 
erosion cycle. li'or the earliest stages the straight line cnters 
as almoRt the only elctnf'nt in the design; a.'_' 1 be cycle advances 
to adolescence the rounded forms begin to replae!' the angles of 

( YOUTH \ ~. 

~ 
R£JUV£NA TI ON 

FIG. lS7 .-Cbaracter profiles of land!!capes shaped by stream erosion in humid 
clima.tes. 

N 
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the immatu re' f'tag('sl and with full maturity the lim>s of beauty 
alone arp chanl('j,rrif'tic. A:-, thi;o' crit j f·aJ stage is pa.';I,':>('d irT('gu­
larity of feal,ure and C\'C'f more flltttelH~d curves are found to cor­
respond to the d{'ciine of th(' river's vit,al energiel$, There are 
t.llUS rnarks of f'cnility in the work of rivers (Fig. 187). 
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CHAPTER XIV 

THE TRAVELS OF THE UNDERGROUND WATER 

The descent within the unsaturated zone. - Of the moisture 
p"('('ipit.at.f'd from the utmosphcl'f', thut portion which nritlwr 
l'rllpora1l'R into the :1ir nor TUIlS off upon tlll' sllrfa('f' , ,..;i1lks into 

1 11~ ' ground :lnd i~ d{'srrillt'ci a:-; tlw yroulld Il'uta. Hl'rf' it dt's('I'lal~ 

11,\' gra\'ity Illr()lIgh til(' P(lrt'S anti tlpt'n :-;PUl'f'S, and at aquitt· 
l1lotil'rak d(~pth arl'iv('."'i at a xom' whi('h i.':i (,()l1Ipjph'!Y saiur:d t,d 
with water. The c!r'pth of 01(.: upper ::;U:rfa.Cl' of this Ru.tll n.Lkd ZUIlf' 
varies with the humidi(v of the climate, wit h the altitude of t.he 
earth's surf:w(;,) and \\-i th many othe/' similarly varying factors. 
\Vithin humid J"f'gion:-i its depth may vary from a few feet to a few 
hundred fect, while in desert areas the surface may lie 3..'3 low as a 
thousand feet or more. 

The surface of the 1.0ne of the litbospbere that is saturated 
with waler is called th" water table, and though less accentuated it 
conforms in general to the relief of the country (Fig. 188). Its 

flO. ISS. - Dil~gr:1.J'n to !Jhow t.he 8c~a .. ,!lJIL1l\ r:UC).tl' III til(' POSi liolL of th(\ w:ll\.:r tahle 
and the cause nf illtcrruit(.elJt Streams. 

depth at all)' point is found from the levels of all perennial streams 
and from the levels at which water stands in wells. 

During the season of small precipitation the water table is 
lowered, and if at sucb times it faJls below tbe bed of a vaile)" 
tbe surface stream w'ithin the valley dries up, to be revived when/ 
after heavier precipitation, th~ water table has ill t urn been raised. 
Ruch streams are said to be intermittent) and are €ilpecialJy char~ 
auteristic of semiarid regions (Fig. 188) . 

1;;0 
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Wherever in d<"scending from the surface an impervious layer, 
such as clay, is t'ncountered1 the furt her dm,yn\vard progress of the 
water is arrested. No\v conductf\d in a lateral directiDn it issues 
at the surface as a spring at the title of emergence of t he upper sur­
face of the impervious layer (Fig, 189), 

S7~.~:::?~. 
F1G. Hil). ~ lJialITam to show hvw 11Il 1Il11lt.'n·i(lus layer rouduC"tfi t.h~ ucsceuding 

water ill:l Iatcrul dirudiou to isstw in !lu rfact· sprillgil. 

The trunk channels of descending wRter. - \Vbile \Vltbin t}w 
uneonsolida,t,ed roek nluteriul:-; lwar t hr Kurface of the earth , it is 
dcar lhat water ('an (·ircuhttC' in proportion a<:.. the materials ar<' 
porom: and ~o rda.tivcly perviolls. As the por(' !'ipa,c'ps hecome 
minute und capiJlary, th(! difficulty of permeation through the 
materials becomes vcry great. T bus in the I1Ql1 cohcrent rocks 
it is the ()oar;-:;e gravel l\od t he layers of sand which S('fve as t.he 
underground channels, "'hile the fine clays have the effect of an 
impervious waH upon the circulating waters. In coarse sand as 
much as a third of the volume of the matrriai is pore space for the 
absorption and transmission of water. Even under these favor­
able conditions thf' movement of the water is exceedingly slow 
and usually less than a fifth of a mile a year. 

Within the hard rocks it is the sandstones which have the largest 
pore ~paces, but in 
nearly al l con"olidatcd 
rocks there arc addi­
t ional spaces along 
cert.a.iJ1 of the bedding 
planes, t he joint open­
ings (Fig, 190), and 
the crushed zones of 
rlisplacemeut, so that 
tbese parting planes 
b ecome t h e t,runk 
channels, so to speak, 
of t be circulating 
water , 1t is along 

FJG . .l90.-Sketch map of the Oucane de Chabrieres 
near Chorges in the High Alps, to illustrste the cor­
rosion of limestone along two scriEl$ of verticaJ joints 
(alter Martel), 
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such crevices that in the course of time t.he mineral matter carried 
in solution by the water is deposited to produce the ore yeins 
and the associated crystal lized minerals. 

The caverns of limestones. - Where limestone formations have 
a nearly flat upper surface, a large part of the surface water enters 
the rock by way of the joint spaces, which it soon widens by sol u­
tion into broad crevices ,,,';th 'well -rounded sho ulders. At joint 
intersections solution of the limestone is so fayored that the water 
may here descend in a sort of vertical shaft until it meets a bedding 
plane extending laterally and offering more favorable conditions 
for corrosion. Its journey nOw begins in a lateral direction, and 
solution of the rock continuing, a tunnel may be etched out. and 
m . .-tended until another joint is encountered which is favorable to 
its furtb er descent into the formation. By tbis process on alter­
nating shafts and galleries the water descends to near the surface 
of the water table by a series of steps, and is eventually discharged 
intu the river system of the district (Fig. 191) . Witbin the larger 

caverns the water at the lowest level 
usually flows as a s ubterranean river 
to emerge later into the light from be­
neath a rock arcb. 

FIG. 19J.-DiagramtoBhowthe From the plan of a system of con -
reiatiODO(C6vernsiniimcstone necting caverns it may often be ob .. 
to the river sYRtem of the dis· served that the galleries of the several 
~~~~.ta:!nt~het~~rl~:~llOW levels are alike directed along two 

rectangular directions which indicate 
the master joint directions within the limestone formation. This 
is especially clear from the map of the gaUeries in the explored 
portions of the Mammoth Cave (Fig. 192). 

Swallow holes and limestone sinks. - Above the caverns of 
limestone formations there are selected points where the water 
has' descended in the largest volume, and here funnel-shaped 
depressions have been dissolved out from the surface of t.he rock. 
In different distri ets such depressions have become known as 
II sinks," "swallow holes," entonnO'irs, and Orgcln. 1Vherever the 
depressions have a characteristic circular outline, there can be 
little doubt that they are the product of solution by the descend­
ing water, and have relative}y small connections only with the 
subterranean caverns. They have thus naturally collected upon 
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their bottoms the insoluhle clay which was contained in the impure 
limestone as well as a certain amount of slope wash from the sur-

FIo. 192. -Pln.o of fl portion of Mammoth Cave, Kentucky (after H. C. Bovey), 

face. Inasmuch as the cla.ys are impervious to \\'ater, the bottoms 
of these swallow holes are better supplied with moisture than the 
surrounding rock surfaces, and 
by nourishing a more vigorous 
plant growth are strongly im­
pressed upon the i!llldscape 
(Fig. 193). 

Certain of the depressions 
abov<;! caverns are, however, 
less regular in outline, and their 
bottoms are occupied by a 
mass of limestone rubble. In 
some instances, at least, these 

FIG. 193. - '1'retS Rod shrube gro,,';ng 
luxuriantly upon the bottoms of sinks 
within a limestone country (a.fter a 
photograph by H. T. A. de L. HUB). 



184 EARTH FE~TVRES AND THEIR MEA..'lING 

depressions appear to be t,lH_> result of local in caving of the cavern 
roofs. Au inc~l\"ing of this nature may close up an earlier gallery in 
the cavern and divert the cave waters to a new course. The de­
struction of tile roofsof caverns t,hl'ough this process of inC[wing may 
continue until only l'cJ~ttjw·Jy sm1ll1 remnants are left. From long 
subtermn('an tunn(,ls the cav(,s arc thus t ransfo l" tu{'d int.o suhaerial 
rock hridges that hnxe 1,('('0111(' known It:" ,( nlttuml hridge's ." The 
he:-t -known AnH'ri(':j.ll I':X~11l1Jllt' j . ..; t 11(· :\ HI llral Rrid p;E' llf'~tr lJl'X­
ingt,oll, \ ·ir~illia. i\jlwi, gr:l,IPjpr nHilLralllrid~t·:-\ have 1'f't'l\ fonned 
in i'i:wc!stone hy a lot:dly dilff 'rl'lIl 1"'1)('(':-;;":, auf! must Il()j, b{' COll­

fused with th{'~(' linlf'!:;tOIH' rl' lllll nn1:-: of ('aVl'rIl ~. 
The sinter deposits . - Just. as ,,"uter can dis,')olve Lhe CaJCllr{--­

QllS rocks witb the formation of c3.vcrns, it can under other con­
ditions deposit the material which has thus iJef'll taken, int.o solu­
tion. ]t s pO\yf'r to hold r'arbona.tc of Hme in solution is dependent 
upon the preseur(' of c:lrbonic arid ga.s within the water. ~ra.1.cr 

charged ,dth gas and dissolvL'd lime carhonate is srucl to be Ii hard," 
and if tht' gus he driven off hy boiling or othel'wlKe, the dissolved 
lime is thrown out of solution and deposited in a form well known 
to all hou::;ckt?eper,s. 

B ard ~nltt'r flowing in a surface stream, if dashed iuto spray 
at 11 cftsl'f!l ll', m3Y deposit it.s lime {'[lruonate in an (',\,('1" thif'k('ning 
vencPI' wlwrf'ver the spray is dashed :lbout.. 1, lw falJ l'l. Thi;-; ll)~lkri al , 

" '}Wl1 cut in section, has waYing parallt·' Iu,Yl'!'s and i ... known ~l~ 

trm'tTl/m! Qt. c(llcareous ,~1.tJl(:l'. :-;0111(, of th(' mu!'.t l'1'markahlt· dl'­
posits of th i.1;; natllre may Il(' ~t:{'n lti til(' (·a .... (._·ad(' uf TinJI; UN!t' 

Rome. amI JUost of 111(' Ruman huilding:; haw' \)( '( 'n ('on~trll('t(·d 

from travert ine tbat has oee-I} quarriNI in thr vi l,jniLy. 
The growth of stalactites. - 'Vater, after p('r('olating slowly 

through til(' crevices of iimf'stone, wherf' it becollws charp;{'(t wii h 
the carbonic acid gas and \\'ith d issolved carbonate of Jim!', In:l)' 

t rickle from the roof of a. (·uvern. Emerging from tiw narrow 
crevi ce, it. may give off some of its contained gas and is u;,:ually 
subject to evaporatlon, with thf' result tha.t. t.hf' lim(' carhonalf' is 
left, adhering to t,be l'otk surface from which {'vaporation t.ook 
pJace. }f the wat.('r ('oll ects upon the C:Ltvcrn roof so fol lowly that 
it can enti re ly evaporate before 3. d rop call form, the entire content 
of carbonate will be left adhering to the roof. Evaponttiorl is 
most rapid near the margins and over the center of each (h'op us it 
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develops, and the deposit ,,·hich is left thus takes the for·m of tiny 
white rings at those points upon the creyice where there is the 
easiest pa;)sugc' foJ' the trickling water. To th(· Qut,(,1' surface of 
these rings watcr will first adhere and then cVftporau~ , as it will 
also slowly ooze through the passage in the ring, but here without 
evapora.tion until it reaches the lower surface. A pendant struc­
ture will , thpn'forc, develop, growing outward in a.JJ directions by 
the deposition of conc.:entric layers which arc thickest ncar the roof, 
and dmnnnlrd into the form of u rock" icicle" througb evapora­
tion of the wa.t!;'!' which collects Ileal' the tip. Th{'sp pendant 
sinter formations arc known a.,) stalactites and arf! thus fo rmed of 
conc:entri e l a.~y('rs arranged like a series of nested cornucopias wi th 
a perforation of nearly uniform caliber along the axis of the struc­
ture (Fig. 194). 

Formation of stalagmites. - Wherever the wll,ter percolates 
through the roof of the Cavern so rapidly that it cannot entirely 
{'vapurate upon the roof, a portion 
fa.Us to the floorJ and, spattering as ~~~.: 
it strik('s, builds up a relatively 
thick cone of ;:;intf'r known as a 
stulagmit,e, and this is accurately 
cent,('rNl bf'neath a st:J.lacti1r. upon 
the roof. In proportion as the 
cavern is high, the droppiog water 
ls widely ciispcrsed as it strikes the 
floor, with the formation of a COl're­
spomlingly thick ancl blunt stalag­
mite. As this rises by growth to­
\Yard the roof, it olt.en develops 
upon its sumrnit 11 distinct crater­

Fw. 194. - Dill.grams to show the 
rrw.utlcr of formation of Htw8ctitelS. 
stalagmites. lmd sinter columns 
bCl1eatb partl.ll~1 crevices upon the 
roofs of eaveros (in part after vou 
Knebel). 

like depression (Fig. 194, lower figure). When the prOG"'SS is 
long continued , stalactites and stalagmites may grow together 
to form columns wbich may be ranged with their neighbors 
like t he pipes of an organ, and like them they give out clear 
tones when struck lightly with a mallet. At other times tbe 
columns "re joined t,o their neighbors to form hangings and dra­
peries of the most fantasti" and beaut.iful design (Fig. 195). 

In remote antiquity limestolle caverns afforded a refuge to many 
species of predatory birds 11110 animals as well as to our earliest 
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allcrstors. The bones of !til these denizens of the caves lie en­
tombed within the clays and the- sinter forma.tions upon the cavern 
floors, and tlu..'y tell the story of a fierce and long-continued war­
fa.re for the pos;session of these natural strongholds. The evidence 
is clear that these cave men with their primitive weapons were 

Fla. 195. -Sjnter formations in the Luray r:J.V('flIS, Yirginin. 

able at times to drive away the cave bears, lions, and hyenas, and 
to set up in the cavern tbeir simple heart,hs, only in their turn to 
be conquered by the ferocity of their enemies, Some of the Euro­
pean ca,'es have fielded many wagon loads of the skeletons of 
these fierce predatory animals, together with the simple weapons 
of 'the primitive man. 

The Karst and its features. - M ost so-cnjJecl limcsionfls hav(' a 
large admixture of argill aceous materials (cluys) and of si liceous 
or sandy particles, Such impurities make up the bulk of the days 
and muds which are left behind ,,-hen thl' sol uble port.ions of the 
limest,ollP have been clissolved. 

Swallow holes we ha,'. found to be characteristic features within 
auch districts. " 'ben limestones are more nearly pure, as in tho 
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Karst region ea..,t of t.he Adriatic Sea, similar features arc tlevrl~ 
oped, but upon a grander scale, and eertaill additional forms arc. 
encountered. In place of 
the sink or swallow hole, 
there appears the :1 karst 
funnel" or doline, a. def'p, 
bowl-shaped depression 
having a flat bottom. 
Such funnels may be 30 
to 3000 fcet anoss and 
from 6 to 300 feet in depth 
(Fig. lOu). Thougb in 
one or t"\vo inst.'l1lcP.'; 

known to I~' lhf' result 
of the nrmk down of 
ea,'ern roofs (Fig. ] 9i ), 
yet like f be swaJlm\J holes o~ __ -=~~~~ ____ ·-=~ _____ ~~ 

of other regions these FIG. 1\)6. _ Map of the dolines of Lbe Karst re-
larger funnrls appear gt'n- gion ncar DiYlu!a. 

erally to be the work of 
solution by tlw descending wat.ers. Where they have been opened 
in artificial cuttings along railroads or in miu('s, the original rock 

is found intact at the bottom, with 
small crevices only going down to 
lower levels. Over the bottoms of 
the dolines there is spread a layer 
of fertile red clay, the terra rossa, 
like that which is obtained as a 
residue when a fragment of the 

FIG . 197.- Croas ij{:etiOD of the do- limestone has been dissolved in 
line formed by inbren.k of tl C8 \'NIl 

roof. 'T'ht' StIlra APlwnkn do{illc 
ill Carinthia (fifter Ml~rtel). 

laboratory experiments. 
A desert from the destruction of 

fo rests. - Between the dolines is 
found a veritable desert with jutting limestone angles and little 
if any vegetation. The water which falls upon the surface either 
tuns off quickly or goes down to the subterranean caverns by which 
so much of the country is undermined. Hence it is that the gar­
dens which furnish the sustenance for the scattered population 
are all included within the narrow limits of the doline bottoms. 
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Alth()ugh to-day !':o largely a harren waste, we know that t h(' Karst 
upon fhe Adriatic ,yas in remote anliquity a hecl\·ily forest,ed re­
gion and that it sUPl~!icd the D1):rriad15 of wooden pilr-s upon which 
the city of Venice is supported. Th(· vessels whieh brou~bt to 
this port upon the Adriatir its anrient prospf'rit:r were built from 
wood brought from this traet of modern d('s(' rt. In t.he days of 
VenC'tian grandeur the fertile terra rossa formed a veneer upon 
the rock surfuce of the Karst and so retained th(> surface waters 
for the support of the luxuriant forest CO\'('r. Aft.(,J' deforestation 
this veneer of rich soil was wash('cl by the rains into t,he doiinps 
or into the f('\'lstream CQu rs('s of the region, thus )('twing a barren 
tract which it will be all but impossible to reclaim (plate G A). 

Upon t h(' steeper slopes 
'.. .:v~. ,¢;,<' / over the pw·e.r I irnc8tOllf'S, 

.. " .~" -~I! S::;5~ (-../ _'_ the rain wat.er runs away, 
,\h - '"'l "i\~~"":' , .~ ~.. . -:- .::~ ~ .-,,";" ..... / guided by the joints within 

........ \ j/7..'I/ "" ' Y-~'" • ~ ' the rock. There is thus 

. ~ ~'ll":>-~/''d'::' ,,' ,·~~:,2.~. .' (~~. '~' "'_.<.:-,~ ~:J:::~;~t:U~':b~O~;~:; ,~:;~ _ ' I~ row cIUlllnols (Fig. HIO, 
p.l8I), between whirlllile 

~\i'r\~\_·. _ -. \ , remnants rise in :shurp 
bl.des to produre a strue­

FlO. 198.-Sharp norren. of the lfcnplattc in ture oftcn simulated upon 
Allg:iu (after EI·kcrt) . tIl(' fi::;slll'ed surface of a 

glacier that has heen melted ill the sun's ray' (Fig. 401). These 
almost impassable areas of karst cOllntry are described a..'i Schmuen 
or Karrenfelder (Fig. 198) . 

The ponore and the polje. - To-clay large areas of the Karst 
are devoid of surface streams, nearly all the surface '''later finding 
its. way do\vn the crevices of the limestone into caverns, and there 
flowing in subterrane8Jl ('ourses. Thf' foot trnv('irr in tilE" Karst 
country is sometimes sudden ly arre,sted to find a precipice yawn­
ing at his feet, and looking down a weIl-like opening to t he dcplh 
of a. hundred feet or more, he may see at the bottom it large ri\1cr 
which emerges from beneath tbe one wall to d isappear beneath 
the other. These well-like shafts are in the Austrian Karst known 
&'! Ponores, while to the southward in Greece they are called 
Katooothren. 



A. Batren Karst landscape ncar til l! famous Adclsbcrg grot.toes. 

(PlwlO{lruplt by / . D. Scott,) 

P LATE G. 

B . Surface of a limestone ledge where joints ';uvc been widened througb solut ion, 
S.rl'acu/H!, N. y , 

(Photogroph bv}, D, Scott.) 
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Elsewhere the karst river may emerge from its subterranean 
course in a broader depressed area bounded by vertical cliffs, from 
which it later disappears beneath the limestone wall. Such de· 
presruons of the knrsi are knOW'll as pDljen , uod nppear in most 
C[l,'5es to b(' nhO\'c the duwllthrown hJ()('k~ in flw illtril':lit' f:wll, 
lIl o:->tli,' of ~ III' rt'~itlll. ;-;Oll){' uf th(,~t' :-;Cl't'ply walh·d illcio:Hln':-; 
have an fll'i.'a of :-;e,'PrHl hundrrd ~qlian' milei-i, and espee.:iullY at, 
the time of thl" !:\pring snow melting they are flooded with water 
find so tran:=:< fol'lTIrd into se:l£:.olllli lakes (Fig. 19H and p. 422). It, 
appears th~it ':It .c; ul'h time~ thf' (';!\'(' 

gallcri('s of thf' tt'g:ion with their loc'a l 
!UlrrOWS :).re not able to tnrry off aU 
t.he water whl(:b is concluded to them; 
nnd in eou:-;icqU{.'fI{-C t.here i:-) a tempo­
rary impounding of the Hood \\'M,ers in 
those portions of the ri\'er's COUf'8C 

which a_re open to the s.ky and more 
extended, The rush of wat.er at ~ucb 
times mt\~· uring Uw red day into the 
subterr:mc!ln ebauncls in sufficient FI(l . Hm. - Thl' Zirkniu sem;oJlal 

qu~tntit,y to clog the passages. The ~:~~e;~~:;;I~:U~~j.COf the Karst 
Zirknitz Lake usualJy has high w fLter 

two or three times a year, and exceptionally the flooding has con­
t,inued for t\ number of years, It. has Lhus in some districts been 
necessary to afford relief to the population through the construc­
tion of eXTlensive dr~tinage tunnels_ 

The condit ions which are typified in the Karst area to the cast 
of the Adriati(' Sea are encounterrd also in many other lands; as, 
for E'x::tlnpl(', in th(' Vorarlberg and Swiss Alps, in Lebanon, and 
in Sicily. 

The return of the water to the surface. - ':Vater which has de­
scended from the surface and been there held between impervious 
layers, muy be under the pressure of its OW11 weight or II head" ; 
and will Inter find its way upward , it may be to the surface or 
higher, where n perforation is discovered in its otherwise imper­
vious cover. Such loca l perfonLtions are produced naturally by 
lines of fracture or faulting (widened at their intersections), 
and nrtificially through the sinking of deep wells_ The water, 
which at ordinary times reaches the surface upon fissures, is usually 
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concentrated locuHy ::it the intersections of the fracture network, 
where it issues in lines of fi.o;sure springs (Fig. 200) ; but at the t ime 
of earthquakes the water lDay rise above the surfa ce in jjnes of 
fountains (p. 83), or occasiolluUy as sheets of water which may 
mount some tens of feet int() thr a ir. 

Tn ('ontmst t.1) til(' flow of ~urf:u.'l~ sprin~:-\J whic'h v:\J'ip:-( with tilr 
f'l,':1:-iOIl thrhugh widl' r:I11~(')-; \loth in it,~ voiurnp :uul ill It'lllpt-'I'!,tll l'l ' 

o Sco/e 

Fro . !?OO. - Fii:l5ur(' !Springs arranged upnn 

uf t he watt'f, t ht' volunl(' or 
fi ~su r(' ~pring6 is but slightly 
affected uy tlw sNl,sonai pre­
cipitutiol1 , and th l-- \-yat,PT tem­
perature is maintained rcla­
tivdy constant. Rock is hut 
:l poor heat conductor, [tnd the 
senR:olla\ t.emperature changes 
descend a few f0-et only into the 
ground. Thus water which 
rises from dept.hs of a few hUJl­
dred (pet only i.~ npt. to hl' icy 
Nlid . wiLil{' from f!;n;atf"r drpt":-: 
tlw I'tTf'('t, (If tlw t··,l.l'th ':-, intl-'rH~d lim~il 01 Tfwk fnll""n' at iutf'l',~.·f'tj/)II.i. 

P Oll1pemug v:lllt·y. (·(J lllli·( ·ti (·Ul. 
Iwat, is ~lpp:ln' nt in :1 Ullifurlll 

but relatively higher temperature of Uw W~lt,er. nul'll 01 w~~nn " 
or thernwl springs are upt to contain (~onsider3ble mineral mutkr 
in solul.iol1 , both hecaus(-' t,hc w.at('J' 1:;1 far tJ'fl vf'led nlHI bp('au8(> it.i-' 
higher temperature has considerably in l.: reased its solvent properties. 

It has long iwcn rccogniu·d UUlt lines of juoc·t ion of different. 
rock forma.tions at tllP b:n.:p of mountHin rangf'-!' nn' localities fa­
\'orablt" for the O('C'urrf'n('(' of tiwl'lllaJ :.:pringR. Thpf-;p junrtion 
lines :lre mm:llly within 1.0TlI'f; wlwrr hy mo\'pmpnt UPOI1 frtt('turpl-' 
the wide!')\' openings in 1,1\(' r()('k IHl,v(' fnmwd. :U1d tlw ('a.khnU'n1 
area. of t.h E' neighboring m ounia.in higll1and h~l ~ f\uppJied llf'nd foJ' 
the ground water. A map of the hot springs within Ow Gl'f':lf, 
Basin of the west.e rn CoiLed States would present in the main a 
map of it" principal fauits. 

Artesian wells. - From the naturat fissure spring an artesian 
weU clitTer, in the artificial character of the perforntion of the im­
pervious cover to the water layer. TIl(' W:l{,rr of :l rt.('t'ian W{,lIs 
ma,y flow out nt, t.he Rurface under pressure, or if, mfty J'f'Quire 
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pumping t,o mhw it. fror.r't some I()wer level. Idcitl conditions are 
furnished where the geological structure of the district is that, of a 
Lroad basin or :::~"n('Jine_ The watf'I' whieb falls in a ne ighboring 
upland is lwrc impounded between 1,wo parallel , s:Lu('cr-like wa lls 
and will Row ulldpf it.s iwnd if the upper wal! be perforated at 
some low !('\,t.'l (l?i~ , 201 , ~~). 

." Ftc. 201 .~ Sch(lmatic riiagl'nrus to il lustrate the different types of nrtcf1ian wens, 
( 1) A nOll~flowiug well; (2) fio" .. ing well s \\;t!lout basin strll('turc cHoused by 
dogbrlng of the pcrl"iotl:'! formation: (::l) flowing well a ill [l,ll arWr;U[l1l basin. The 
dottf'd lincl' 1lJ'~ the wnlel' kvcls wit.hin the pervlous bYf'TS (nftcr Chamberlin). 

A monoclinal 8Lructure may furnish artesian conditions when 
the generaJly pervious byer hru5 become clogged at a. low level so 
as t.o hold back the water (Fig. 248, 2). Pumping wells muy be 
used suc('essfuIJy {'ven when such clogging does not exist, for the 
slow-moving underground water Hows readily in the direction of 
all free outlets (Fig. 201 , 1) . 

Rot springs and. geysers. - Tbennn.l springs whose t emperature 
approachf's the hailing point of water a.re known as hot. springs. 
A geyser lS a, hot spring which intermittently ejects a column of 
water nnd steam. Both hot spril1g~ and geysers are to be found 
only in volcanic regions, and n.,ppear to be connected with uncooled 
masse!" of siliceou!5 Inva. In two of thf' thref' known geyser regions, 
Iceland and New Zea land, the;- volcanoes of the neighborhood are 
still act.ive, and tbe la vas of the Yellowst.one National Park date 
hom the quite recent geological period which immediately pre­
ceded the so-called" J cc A,K('.." . 

Wherever found, geysers are in the low levels along linos of drain-
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age where j,be underground wntcJ' would m(l~t naturally reappear 
at. t.he ,r;urftH,£,. Their ,vatpT h:l .o::. lX'J1(_'ir:llf'd to {'onRirler:lb!p depths 
))('}O'" the surf:H:p, hut h:l~ I}{_'l~n dlir.f:Jy lH':llp(j )'Y :ISL'fnciing ~tf'am 
or other "flpors. The w:ilt'r jOllrlwy h:!s hf'f'n f,hif'fiy lll:l{lf~ til(1n~ 

fi:-)sur('.~, :t~ is shown by the cou! ~pril1g." \dtiell oftt'll j,-;Sll(I n N 11" 

them. Though ~ollle hut sprin!-,"f! and geYf;('rs may di.-;nppear from 
n di~tl'id. o111('rs al't_· fOlmd to IH' (oTminp;. and there i:::; nO good 
I'('a;-;on 10 1 !link 1 hat gI'Y:-l('f:-\ :.ln' rapidly dying out, a:") W:.IS M, 
one t illw ~\IppmH·d. 

The action of a ge~'scr wa.'; first satisfactorily explained b~r the 
great German ('ilC'Il1ist BUIlS(' 11 after he had made studies of the 
IceJandjc gpyscr~, and the ITI{'{'banics of the eruption \Va.') lat,(.' r 
strikingly illu:-;trated ill thr laboratory hy an artificial gcys('r {'on­
~tructcd by the Irish ph~rsi cis t Tyndall. 1n tnall~' respects this 
action i~ like that of th£' Strombolian erupt ion within H t:iudcr 
C;OIll", siu('.(" it is connected with the vis('osity of thr euid and th£> 
resisianrf' \ ... -bich this opposes to j,hr liberation of t.he dev~Jopjng 
vapor, In the case of the geyser, a ('olumn of healed W.!liPl' stands 
within 11 vertical tube and is heated ncar the bottom of the column. 

Though the \,-at.('r may at its surface hu,-e t.he Normal boiling 
temperature and iJe' there in quiet ebullition, t.hc boiling point. 

FIG. 202. -Cross sect.ion of Geyair. 
IcelAnd, 'with mmultaneousiy 01'.· 
IWf\'ed temperatures recorded at t b fi 
left. and the boiling t.cIUpcrat.ur~ for 
the .9~mc "~\'eli:1 at the right (after 
Campbell). 

for all lower 1,'\'e1, is rai,ed by the 
weight of {,he culumn of supf'rin­
cum bent liquid, and so for a time 
the formation of sLp:1111 within the 
mass is prevented. In Fig. 202 
is shown a cro~s spc.tion of the: 
I eelandic GC'ljsir from which our 
name for such phenomena has been 
derived, and to this section have 
been added t.he actual observed 
temperatures of the water at tbe 
different levels as well as the tem­
peratures at which boiling can 
take place at these levels. From 
this it will be seen that at a depth 

of 45 feet the water is but 2° Centigrade below its boiling point. 
A slight increase of temperature at this level, due to the con­
stantl)' tlScending steam, ,,~ll not only carry this layer above the 
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boiling point. but thf' f'xpa.nsion of the steam within the mass will 
cl('vate tlw lIPP('f 13.Y<"I':-' of the water into ZOHe~ whrre tlie boiling 
points arC' lower, and thu:-i hring ahout u ~udden and violent. ebul­
lition of all ilWR(, lIpppr portion;.;, Thu!-; is f'xpiaineti the almost. 
univ{'rsal oh:';f'f vat ion that ju;.;t hefore gf'YS('I'S erupt the hot water 
ri ses in t h{, IJowl~ and gNlfrally o\'f'rflow~ th('lI1. 

Thf' water ('jei:1,pd (1'0111 til(' gryfolf'r is ('onRiu{'l'ably coo led in the 
air1 and after' its rdurn 1,0 til(' tube rlJlI~t. i)(' again heated hy t/tf' 
as(,f'ndjn~ vapo/'s }}(,(Ol't:> anoUwf eruption em! 
O{'('UJ". The llH'a~un' of 111(' ('ooljng, the time 

noe·essary to fill the tube, and the supply of 
rising r-;team l all playa part in fixing the period 
which sf'parat('s consecutive eruptions. If the 
top of the tube be narrowed from its average 
caliber, as is commonly observed to be true of 
tlw ge.vsers within th(' Yellowstone National 
Park, t.he escape of the stearn is further hin · 
dercd, and fl'equPl1t geyser eruption promoted. 

An artificial geyser for demonstration of the 
phenomenon in the- lecture room is reprf'scnterl 
in Fig. 203. The l'ui has b('en prepared from 

I ) 

I \ :1 
• I I 

a phot.ograph of an apparatu:;) designed by 
Professor B. W. Sno\"\' of the University of 
'Vis('onsin. In this design the tube is con­
traded so as to have a top diameter onc fourth 
only of what it is at the bottom, where beat is 
directly applied by multiple Bunsen lamps. 
The water once sufficiently heated, this arti- ... 
fidal geyser erupts at regular intervals of time 
which are dependent upon the dimensions of 
the apparatus and the quantity of heat applied. 

FIC.203.-Apparn.tus 
for simulating gey­
ser a('tioll ill the lee-

In case of natural geysers a considerable 
quantity of beat escapes between eruptions in 
steam which issues quietly (rom the bowl of 

ture room (by cour­
tesy of Professor B. 
W. Snow). 

the geyser. If this heat be retained by plugging the mouth 
of the tube \ri th a barrowful of turf, as is sometimes done 
"rjtb the geyser Strokr in I celand, eruption is promoted and so 
takes pl.ce earlier. Another method of securing the same result 
is to increase the viscosity of the water through the addition of 

o 



s(mp, a .... wa .... ae(:id('n(,ally di~covcreu hy a (\hinaOla,ll who WUl'i u1i­
Iizing t he' ~('yl'icr wate'1' in the' Y('lIow~t.on(' P a rk for laundry Olwra­
t iOUR. AnN j,hi ~ di~co\'ery it bccanw \.I. cummon custom 1.0 

. 1 soap ') thf~ Yellowstone geysers in order t o make them play; 
but t hi.;;; method was prohibHed undf'J' h eavy penal ty after the dis­
ast rous eruption of the Exce l:;;ior Geyser, 

T he deposition of siliceous sinter by plant growth. - r ;eyscTs 
are known only from a r<.:as of siJicrou!) volcanic lava , and this may 

10'1' ;. :!U4. - COllI.' of silic'('oue ij.iu tcr 
huilt u p uoout till' mouth of the 
Lone Sta.r GCYSt't in the Y cllow~ 

stolle National Park, 

perhaps bave its cause in the easier 
solution of the geyser t.ube from 
s uch materials, Tbf' s iJica dis­
solved in the heated waters is 
{lOW;1/. deposited ai fhe surfa.c'e 10 
form siliceo'll15 .'{'inter 0 1' acyt;cn:te. 
This material for ms terraces ~ur­

rounding U](~ geysers or is built up 
into mouuds which are oftjen (Illite 
:-;ymnwt rical, such as thost, of the 
Bee Hivl' and Lone Star g;('~r~ers 

of the Yollow,t.one P ark (Fig. 20+) . 
The greater par t of thi , sepa­

ration of silica from thp heated 
geyser waters is due t.o the action 
of plants or alg", that arc able 

to grow in the boiling waters and which produ ce the brautiful 
colors in the linings to the hot springs. The wonderful variety 
of the t ints displayed is accounted for by the fact t hat t he aigre 
t,uke On different colors at different temperatw·es. The silica 
is deposited from the wat.er ill t.he gelatinous hydrat.ed form , which, 
however , dries in t he sun t,o a white sand. The gro\\rth within the 
pools gOf'~ on in a ma ruwr siJ'nilar t.o t hat of a coral reef, Uw alg:.e 
dying IIPluw and t.hen' hf-'f ~Dming C'll ca.";('d in tht, rock Uning whij t' 
~tiU t'o nti nuiu!! to grow lIpon t.he [O; urfa(~( " V.'h t'r{'a,.'i sinter of t hi ~ 
natuTf' , wlum dpposited by evaporat ion alone, can produce a maxi· 
mum thickness of layer of a twentiet.h of an inch each year, th(! 
growth from a lga df'posit ion witbjn liuljted areas may be as much 
as eight incbes during the same period. 



THE TRAVELS OF THE UNDERGROUND WATER 195 

R EADING REFERENCE S FOR COAPTER XIV 
General 

F. H . KJ NG. Principles .'!oDd Conditions of the Movements of Ground 
Water. H)th Anll . Rapt. U. g. Gaol. Surv .• 1899. Pt. ii , pp. ,1)!)-294 , 
pIs. ().-w. 

C. S. Su r U'rElI. '1'hl:' i\lIotioJ1S of tlw Underground \YuLer.';, 'Vater SUPI)!.r 
Papflr 1'\41. U7, t ! , S . Goo!. Sun .• J9(t2, PII. 1- 1%, "Is. 14:; F'iell! 
M ea.'Wl'l:/lUlJJts f)~ thi' Ratl~ of Movement of Ondt:rgrouml 'Vat,n . ..;, 
ibid. , No. 140, H,()[), pp. 1- 122, f)l s. J- l.:'j , 

M. L. F ULLER, Oocurn>Dce of U ndergtound Water, ibid., No. J14, 1905, 
pp. 18-40. pis. 4 ; Bibliographic revie w :md index of paper» relating 
to underground waters published by the United Sta.tes Geological 
Survey, ]879--1904. ihid. , No. 120. 190.::>. pp. 1- 128. 

Ca verns: -
E . A. MART E l,. Lcs abimes. le~ oaux HoutRrraines. les {lav(lrnes, 1eR 

sources, Ia. spelroologie. Deln.gmve. Pa.ris. pp. 578. (LaviHhly il\u ~­

iraled .) 
H. C. H OV EY . Celf'b rated American Caverns. Cincinna.ti, 189(), pp. '2"2R: 

The M am molh ('ave of K ent,uC'k y. Lnllisvilk 1 8~7. pp. III. 
,1. W . BE~: OJ.:. ",\'(·Ill or f:; ub t,flrru,l)llan Drainu.gfo in tllr' Bloomington 

Qua.th·anJ.!I .. , Pn ,(·. [ull .. \ t·.tll. fSt:i" HliO. pp. I - :·n. 

K ar,;;; t (·fHll li ,. i (ln~: ~ 

,1 . (' \ ' !JH'. DoLS Knrstphii.nonwtl , OooJ.,!'r. Ah/i" vol. .ij, 1.'(93. 
8""u: C~Lo\.lX. Ln. to [}(),,-a.phit' dtl df's(lr t ell' rJlate {l-I:wt,es Savoie), 1..<1 

G lohe. vol. 34. 189.r;, pp. 1-44 , pis. l - IG, "p. 2 17- :}:30. 
W, , '. KN"Ellfo:L. Hohlonkundo mit, Be riicksidltigung der Ka.rstphii.no­

mene, Vieweg, Braunschweig, J906. pp. 2'22. 
A. GR UN LJ. Die Ka.r~thydrographie. Stud ion au.s Westbosnien, Googr. 

Abh., li·ol. i , No, 3, 1003, pp. 200. 
E~IILE ('OAoIX- DU B OIS e1, A~mRi: COAlX. Contribution a. I'e tude des 

lapies en CIl.rn iole (.1. au St.einernes M oor, I.e Olohe, vol. 40. 190i. 
pp. 17-:ln, pis. 20. 

P. ArHH.:Nz, Dif> KarreniJildungen gescbi ldert am Bei i> pi('! f~ der Karren­
reldtlr lIei dM F'rut.t in Kltnton OI,lwaldt' fl (S(·hW(iir. ) . Deutsch. Alpen-
7.eitung, l\1lw;('h, l!J09, pp. 1- 9. 

F. KATZ~; " . Kar5<: t uud Karsthydrograpbie. ,~reje ~ro, 1909, pp. 95. 
MO. NEUMAY It . '_'_;rdg-e-sc hiebte. \'01. l. pp. 500- .')10. 
E. UE MAltTONN ~;, ' rr-aiLt'i d e Oeogruphi~l Phys ique. pp. 4G:t--472 «('1;('(:1-

lent SlllllllH1ri(ls iu UI ;>\ a.nd the last r(!fe rmw.e). 
E . A. MA.RTEI.. The Laud of the Cau$::I(l~. A"puJachia. vol. 7, 1893, pp. 

18-149. pis. 4- 13. 

Fissure spri ngs : -

A. C . PEALE. Natural Mineral Wa1.ers of the Unit,Ad St.a.u·~. 14th Ann. 
Rj'pl" " . S. (l po!. Sur ..., .. PI. ii, IR94. PI'. 4~-x,..; . 



196 EARTH FEATURES AND THEIR MEANING 

'WILLIAM B. H OBBS. The Newark System of the Pomper-aug Valley, 
Connecticut, 21st Ann. Rept. U. S. Gaol. Surv. , Pt. iii, 1901. pp. 91-93. 

Artesia.n wells: -

'1', C, CRAMBERL1N . Req uisite and Qualifying Condi tions of Artesian 
Wells. 5Lh Ann. Rept. U. S. GeoL Surv., 1885, pp, 131- 173. 

Hot springs and geysers:-
A. C. PEALE. 'Y{'I1owstone Park. Therma.\ Springs, 12th Ann. Rept .. 

Geot. and Geogr. Surv. T er. (Hayden), Pt. ii , Sec. ii, pp. 63-454 
(many pla.tes and maps). 

\V. B. WEEn, Geysers. Rep!', Smithson. lost .. 1891, pp. 1G3-178. 
AnNOLD H AGUE a.nd W. H. WEED (on hot springs and geysers of Ye1l0\v­

stone National Park ), C. R. Congo Oeol. Intern. , Washington, 189l, 
pp. 34G-303. 

W. H. WEED. Formation or Travertille and Siliceous Sinter by t he 
Vegetation of Hot Springs, 9th Ann. Rapt. U. S. Geol. Surv ., 1889, 
pp. 613-676. pis. 78-87. 

IvL NEUM.O\YH. Erdgeschiehte. vo\. 1, pp. ~jOO-5 1O. 

ARNOLD Ht\ (;l' .:. Soaping Geysers. Trans. Am. lust. Miu. Eng., vol. 17, 
1889, pp. 54G-5o,;] . 

• TOHN TYNDALL. H eat as a Mode of I\1:otion, New York, 1873, pp. 115-
121 (artificial geyser). 



CHAPTER XV 

SUN AND WIND IN THE LANDS OF INFREQUENT 
RAINS 

The law of the desert. - It is well to keep ever in mind that 
thf're js no unjvf'rsnJ law whj(·.b dominntf's Nature's prOCf'$StS in 
all the scctionl'i of her realm. Those changes which, hecause often 
observed , arc u).Qst familiar, may not, be of general application, 
for tho reason that the areas habitually occupied by highly civi­
lized races logethf'l' comprise hut a small portion of the earth's 
surface. In tIlt' dank tropical jungle, upon the vast arid sand 
plain:':>, and in the ('uld white spaecs near tlw poles, l\ature has 
iUB.titutf'd !wt'uiim' a.mI widely different processes. 

The fund~un('lltal (:ondition of the desert is aridity, and this 
nc(·cs~ita1.(·l; un l'x<'lut:iioll from it of all save the exceptional rain 
cloud. Thu:-; (lPscrt~ ar~ walled i.n by mountain ranges which 
serve as barriers to intf'rcep1, the lDoisture-brjnging clouds. They 
are iu consequence saucer-shaped depressions, often witb short 
mountain ranges rising out of the bottoms, and such rain as falls 
within the inclosure is largely upon the borders. Of this rainfall 
none flows out. from the desert, for the water is largely returned 
to the atmosphere through evaporation. 

The desert history is thus begun in isolation from t.he sea from 
which the cloud moisture is derived, a balance being struck be­
tween inflow and evaporatjon. Yet if deserts have no outlets, 
it is not true that they have no rivers. These are occasionally 
permanent, often periodic, hut generally ephemeral and violent. 
The characteristic drainage of deserts comes a.s the inunediate 
result of sudden cloudbu rst. As a consequence, the desert stream 
flows from the mountain wall choked with sediment, and entering 
the depressed basin, is for the most part either sucked down into the 
Roor or evaporated and returned to the atmospbere. The dis­
solved material which was carried in the water is eventually left 

197 
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in salini' dppQ.':;it~ , and the great burden oI sediment a.c;cumuJat(',~ 
in thjck stl'atific'd rnaR~(,6 which in magnitude outstrip the largest 
dritas in the ocean. 

The self-registering gauge of past climates, - From the ini-
1 iatjon of t he desert in its isolation from t,hf' lands t.ributary to the 
tlf'a, it s history bc('omes an indiyiliuai and independent one. An 
increasing quantity of _minfall will ht' marked by larger inflow to 
the basin, and the lak('s \"\'h ich form in its lon'cst depression ,,-ill ) 
as a consequence, ri~(' and expand OVPI' larger arf'aA. A eont.rary 
climatic ('hangc will bring about a lowering of the lakes and Jeas<' 
behind the marks of former :;hof{.' lines above the wat.cr irv('l (Fig, 
205). Dpfo;C'rt::, ar(' t bu~ in a ~t' J1~(' :-;f'if-r<'gist.ering dimatiC' gaUJ,!:l'S 

'rhos£' rel'onls go hack far bp,vonci t.hf' historic Ptl~t. J'rom t iH'l1l 

it i, i<'arned that t hert' hll.w been alternating periods of larger and 
sma]\('J' prc.('ipitation, whi ch arC' referred to as plu'vial and inter-
7)tUt'-ial periods. 

From s uch records _it is JearlH:)d that the C rCltt Basin of Lho 
western United States was at one time oc(mpied by two great desert 
lakes, the one in the eastern portion being known as Lake Bonne­
vi]), (Fig. 206). Wit.b t.he desicVJltioD whieh followed upon the 
serjps of pluvial periods, whjch in other latitudes resulted in grea.t 
continental glaciers and hus become known a.s the Glacial Period, 
this' former desert lake dried up to the limits of Great Salt Lake and 
a rew smaller iwlated basins. Bet.ween 1850 and 1869 the waters 
of Great Salt Lake wen' rising, whilt' from 1876 to 1890 their level 
was falling, though subject to periodir fluctuations, and in recent 
yea.rs t.he wnters of the Jake have risen so high as to pa....o;;s all records 
since the occupation of t,he (tountr)'. As a consequence the so­
called Salt Lake "cut-off " of the Union Pacific Railway, con­
structed .at great expense across a shallow portion of the lake, has 
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bet'D overflow('d hy it.s watprs. TIll' Sawa Lakt' ill t lit· P l"'rsian 
De8ert, which disappeared sorue ilVtl hundred years :lgOI again 
came into existence in 1888 so as to cover the caravan route to 
Teheran. 

Tbe record in the rocks of the distant past reveals the fact that 
in some former deserts barrie-fs 'were, in the course of time, broken 
dowD J with the Tf'!-;ult. that an invading 
~('a cnt(,tt'd through thr hreathed wall. 
ThE' t('!'ult. W~l!'i I,h(' sudd(\n df'sirudion 
of land lif", tht' r('mains of whic·h an' 
prps{'Tv('d in I' bone berh..; /' now l:OV('f('(! 

hy tru(' marint· d('r()sit~. A f'till later 
episode of the history was begun when 
the sea bad disappeared and Jand ani­
mals again roamed above the earl ier 
desert. Such an alternation of marine 
deposits with the remains of land plants 
and animals in thf" deposits of t,he Paris 
Basin, It'd the grpat Cuvipr t.o his lJelh~f 
t hat geologi(' history wa.'" eomprised of 
a su('cession of cataclysms in which lif(l 
was alternately destroyed and re-createtJ 
in new forms - aviewwhil~h later

f 
under 

the powerful influence of Lyell and 
Darwin l gave way to that. of morc 
gradual changes and the evolution of 
life forms. 

Some characteristics of the desert 
wastes. - The great stretches of the 
arid bnds have been often comptlred to 
the OCelltl l and the BE'douin's (:amel is 

FIG. 206.-Map of the former 
Lake BOUIICYiUc (doUed 
alloree), and the boundaries 
of the Great, SaiL Lllkc of 
omn (srnaUor tire:!.) aud that 
of th,. prescnt (after B,.rg­
hll.us). 

knovro as " the ship of the desert." Though a deceptive resem­
blance for the most part, tilt' comparison is not without its value. 
Both ar"" eloRed basins, and it is in this respect that the dft;ert and 
the o(:('an may be said to most resemble each other, for none of 
the water and none of the sediment is lost to either except a.~ 
boundaries are, with the progress of time, transposed or destroyed. 
Flatness of surface and monotony of scenery both have in common I 
and the waters and t he sand are in each ease sn.Jt; yet t.he ocean, 
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from the tropics to the poles, h.'ls the same salts in essential].\" the 
same proportions, while in tht., desert t.he widest ,"ariations are 
found both in tbe saJts '\vhieh are present. !lnd in their relative 
quantit.ies. 

Upon the borders of the oCCan are found ridges of yellow sand 
heaped up by the wi.nd, but these ratnparts are small in <:omparison 
to those which in deserts are found upon tbe borders (pl"te i A). 

The desert is a land of gcographir paradoxes. As W:lIther has 
pointed out, WI:' have rnin in the desert, whi('h docs not wet, springs 
which yield no brooks) rivers without m()uth:.:; , forests pl'e!wrvcd 
in stone, lakes without QuUrts, valleys without. strcamR, ia.k(· basin!'~ 

without bkps, depressions below t he level of the sea yet barren 
of water, i_nten~e weathering with no mantle of disintegrated rock, 
a decomposition of the rocks from within instead of from without, 
Hnci valleys which branch sometimes upstrealll and sometimes 
down. 

'Vithln tbe deserts curious mushroom-like remnants of erosion 
afford n local fplief from the searching rays of the desert sun. 
I)oekrt-Jikc openings Jnrgf' enough foJ' n hf'rmit-'s habitation are 
hollow€'d out, hy t,hc wind from the disint,Pb'l'atf'd rock masseR. 
Amphitheaters open out from li ttle el'O:::iion v:llleY:::i or wadi, and 
i:solutcd outliers of the mountains stand like senti.nels before their 
massive fronts. 

BC(,flusc of the p;enerai absence of clouds above a desert, no 
shield sU('h as is common in humid regions is provided against the 
blinding intensit,y of the sun's mys. Sun temperatures as high 
as 1800 Fahrenheit, have been registered over the deserts of 
western Afric::t. Everyone is famlHar with the fact that a 
blanket of thick clouds is a prevention of frosts at night, for, with 
the setting of the sun and the consequent radiation of heat from 
the earth, these r:.I YS nrc intercepted by the clouds, returned and 
re-returned in many successive exchanges. Ov('r desert regions 
the absence of any such blanket of moisture is responsible lor the 
remarbble falls of temperature at sunset. Though shortly before 
temperatures of 1000 Fahrenheit OJ' greater may have been 
measured, jt is not uncommon for water t.o freeze during the 
following night. Much the same condjtions of sudden ternpera~ 
ture change with nightfall are c}t.--pc rienced in high :Dount.ains when 
one hfl$ ascended above the blanketing clouds. 
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Dry weathering - the red a.nd brown desert va rnish. - In 
desert lands the fi erce rays of the sun suck up lll1 the :1vailable 
moisture, and the wnLer ta ble may he hundreds of feet uelow the 
surf~lCe. R oots of trees n hundred feet or more iu length lUlve 
been found to testify to the 
fierce struggle of the desert 
plant with the arid conditions. 
In humid region::- the meteoric 
water di sso lves the more 
soluble sodium salts near the 
surfn.cc of tbe rock and carries 
them out to the orc::m ) where 
they add to the sa ltnc~s of the 
sra. In t he desert, the rare 
precipitations prevent an out­

:~ - _-

FJG. 207.-B orax deposits UPOJl the Boor 
uf Death v!liley, California (ufter 11 pho­
togntph hy Fnlrlmll.k:<). 

How) but tl1P SUD 'S strong rays sw'k out- with the moist ure the 
saltR from within the rock, and eva porating upon the surface, the 
salts arc left as n roat of I: alk~di /' which is in part tarried away on 
t.he wjncl and in p3rt. washed ofT in one of thr rare cloudbursts. 
In either Case these constituents find their WHY to the lowest de­

\)r e~';;\ OllS 01 the bns}u, 
wben~ they contribute 
to tiw saline deposits 
of the desert lakes (Fig. 
207). 

Certa in of t he s"line 
consti t uents of th e 
rocks, 3S they are th us 
drawll out hy the sun 's 
rays, fuse with the rock 
fi t the surSace t·o form rl 

dense brown suhstnnce 
Flo. 208.-Hollowcd fo rms of weathered gr!l.llitc in with smooth surface 

11 dcsc r-t of central Asiu (after Wruther). 
coat, known as c/t'sert 

varnish. Within the interior a port ion of the salts crystallize 
within t he capilla,ry fissures, and like water freezing within a pipe, 
tJley rend the walls apart. As a djrect consequence of this 
disintegrating process the interiol' of rock masses muy crumble 
into sand i and if the hard sheIl of varnish be uroken at any 
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PUilll , till ' " 'ill!l ltl:lk('~ jt ~ (']]tranc£' [uul l't'IfIOV('S tiw in1.erior por­
tion ~o !t:-i t,u !c'avr a bollow shell - t.he cha racteristic ,I pocket 
rock 1/ (Fig. 208) of t.he de::;ert.. The numrnulitic limestone of 
Mokkatan and lIlany of the great hewn blocks of Egyptian lime­
stone sound hollow under the tap of tbe hammer, and wben 
broken , thr.Y fevefti :1 shell il ff'w inches only in thickness (Fig. 
209). 

'fht' hrown desert varnish is on!' uf the most characteristic 
mark.", of an ariel country. H is found ill all dpf,erts under mucL 

thp sam(\ condition..;;; , and 
i::i ('specially apt to be pres­
ent in s:uulstoJle. When 
seratcheci, the surface of 
the rock bf'comes either 
cherry-red, indicating an­
hydrous ferric oxide, or it 
is yellowish, due to the 
hydrated iron oxide whjch 

FIG. 20\~d~~I~:;r~:~7'~IIt~~:;;~. ~~~.I~c;;~1 in the \H' know as iron rust. 
Thus it is seen that Lh" 

s:md:o; of deserts , in cont,ra..<;;t to tbose yipldf'd by other processes 
within humid n~gions, hav(' u ('haracteristic red color, and this 
may vary fl'om brownish rpd upon 1,h€' one hand to a rich carmine 
upon HlP otiwl". 

The mechanical breakdown of t he desert rocks. - T he chemi­
cal cbangps of df'compositioll within desprt rocks arc, as we have 
seen, largely due t.o thl' artion of concentrated solutionS of salts 
at higb tempt'raturf's. That. there is a certain mechanical rending 
of U1P::;e rocks, due t.o the H frr-czinp: ' I of sa\ts within the capil­
Inry fi~su rcR, ha~ been already mentioned. A further strain 
effpct al'i~ps in rock..:.; likf> granite, wh.ich are :1 mixture of di.fferent 
minerals. Heat<'C1 to a high temperature during the day and 
cooled through a l'ol1siderable range at night, the different minerals 
alternately expanci 'llld eontract at different rates and by dif­
ferent relative amounts. so that strains are set up, tending to 
tear them apa.rt. Th l" effpct of these strains is tbus a surface 
crumbling of rocks. 

But rock is, as already pointed out, a relatively poor conductor 
of heat, and hence it is a relatively thin skin only which passes 
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through tbe daily round of wide tempera.ture rangp. This outer 
shell when heat(~d is expanded/ and so tends to peel Otfl Or ex­
foliate, like the outer skin of an onion. The process is therefore 
described as exfol.1:ation. In all rocks of homogeneous texture the 
continued action of this process results in convexly spherical sur­
faces, the material scaled off in the process remaining as n slope 
or t~\lus which surrounds the projecting knob (Fig. 210). Naked, 

l~JG . 210. - .Smooth grunit,{, domes sbuped bJ' exioJi;niull aHd imrmundt'd b,r a rim oj 
tulUiI. Gcll6l Kars&.lu., Nubiall Dt:sert. (lifter WuILhcr). 

these projecting domes rise above the rim of debris at their bases. 
Not It particle of dust adheres to the fresh rock surface - no 
dirt interferes with its glaring whiteness. Yet close at hand lie 
masses of debris into which wells may be carried to depths of 
more than six hundred feet without encountering either solid 
rock or ground water. The bare waHs of granite sometimes mount 
upwards for thousands of feet into the air, as steep and as inac­
cessible as the squared t,oIVers of the Tyrolean Dolomites. 

Rock is Ruch a poor conductor of heat that special stra.ins are 
set, up at the margin of sunlighj, and shade. This localization of 
the disintegration on the margin o[ the shaded portions of rock 
masses is known as . hanow weathering ("<'c Fig. 215, p. 206). 

There is, however, still ::tnotlwr mechanical disint.egrating 
process characteristic of the desert regions, which is Likewise 
dependent upon the sudden changes of t.emperature. Rains, 
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though they rna}' not occur for a year or morc, come as sudden 
downpours of great volume and violence. Rock masses, which 
are highly heated b('neath the desert SUll, if suddenly dashed 
with water, Illay bE' f('ut apart by the differential strains set up 
nC'3r the surface. That rocks may be easi ly rent as a result of 
suddf'll cbilling is well known to our Nortbern farmers, who are 
accustomed to rid tbemselves of objectionable bowlders hy fir:;;t 
building a fin.' about them and then da~hing water upon tbeir 
surface, Thus split into fragments, (,vpn the Ia.rger bowldNs 
may be handled and so removC'd from t.he farming Innd. The 
natural proc'cs:; of rock rending by the occasional cloudbllr~t Inay 
be descril){'ci HS diffissioll. Block~ as Illu(,h itS twcnty-fiyC' ff'ct ill 

diameter have bpC'n observed 
in the cipscrt of wC'stprn 
Texas, soon after being 
broken into sevPrni frag­
ments at the titnr of :t down­
pour of min (Fig. 211 ). 

The natural sand blast. ­
Bt~(;alls(, of thE' snw'PT-like 
~hn.pp, the ,"a~t expunsc, and 

FlO. 211. - Granit{' bloek8 ill tLe Siprru d(' the n bsem'p of wind breaks, 
JOB Dolorf'>! of Texa.s, Tent into Sf'VCI'ul 
{rag-mt-Ill!,; by the dash of ruin tarter 
Wnltber) . 

the pot,ency or wind as a 
geological agent. is in desert 
area~ not easily overest,i­

mated. While most of its work is a('comp li,hed with the aid of 
tools, it. bas been proveIl that even without thi~ help, consid erable 
work is done t,hrougb the friction of the wind nlone, particularly 
when moving as powerful eddies in cracks and crannies. This 
wear of the wind, unaidcu by cutting tools, is known as deflation. 

The greater work of the wind is, however, accomplished with 
the aid of larger or smaller rock particles, the sand and dust, 
with which it is so generally charged above the deserts. Un­
protected by :lDy mat of vegetat.ion the ma.terifds of the desert 
surface are easily lifted ancl are constantly migrating with the 
wincl . The finest du.t is raisecl high into the air, and is carried 
beyond the marginal barriers, but none of the sand or coarser 
materials ever passes beyond the borders. 

The efficiency of this sand as a cutting tool when carried by the 
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wind is di rectly proportioned to the size of the gr.'lin, since "'it}] 
larger fragments a. heav:ier blow is struck when carried :l,t ~lDy 

given veJocit.y. These more effective grains are, however, not lifted 
far aho\'e the ground , but adva.nce with [l squirming Or hopping 
motion, much ftS do thE' huger pebbles upon the bottom of a river 
at the time of a spring freslwt. To quote Prof{'s~o l' W'fl!ther: 
"'Vboever h:l.s h!1.d the oppor­
tunity to trayel O\'er a surface 
of dune sand when a ~trong wind 
is blowing has found it easy to 
convinc£' himself of the grinding 
n('tion of the wind. At such 
times the ground becomE'S alivf', 
everywhere the s:lml i.s creepjng FlU. 212. _" Mushroonl ro('k" f rom s. 
Over the surface with snake-like desert. in WyouUng (llfter FairbUllks). 

squirrnings, and the (>ye quickly 
tires of these writhjng movements of the currents of snnd and 
cannot long endure the scene. II 

A direct consequence of this fPst,l'iction of the more effective 
cutting tools to the (ayer of nir just above the ground) is the 
strong tendency to cut away an projecting masses near their 
bases. The " mushroom rocks/) which ure so characteristi c of 
desert landscapes, have been shaped ill this manner (Fig. 212). 

Flo. 213. - WilJdkallten shaped by the 
desert sa.ud blas~ (after Chamberlin ulld 
S!l.lsbury) . 

Another product of tbe desert 
sand blast istheso-cnlled Wind­
kanle (wind-edge) or Dreilw?11e 
(thrce-edge), a pehble whicb is 
usually sbaped in the form of 
" p)'T!1!nid (Fig. 213), 

'Yhenever a rock face, open 
to direct attRck by the drifting 
sand, is constituted of pa.rts 
which hnve different hardness, 
the blast of sand pecks away 

at the softer places and Jeaves the harder ones in relief. Thus is 
produced the well-knowll "stone lattice" of the desert (Fig. 214) . 
Particularly upon the neck of lhe great Sphinx have the flying 
sand grains, by removing the softer layers) brought the sedi­
mentary structures of the sandstone into strong relief. 
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When guided Goth by pbneR of s('dimenbliion and planes of joint.­
ing, forms of II very high degree uf oJ'll9.J:Uenta.tion a re developed. 
Some of the most rem~lrki\.b le forms ~t1"t-, due to tue pl'Otection :1f­
forded te, titf' suu-t'xpo~:ed ;o:; urfac·.es hy 1,11(, Rhell of desf'1'1 . varnish. 
In Ull' ~ ll:ld('t 1 porlioll:-i uf proj t'c tinl-!: 11Ia:-;,""l '~ tht'TC' i:i nu :-iurh pro­
tt'lotiun, and heft' t II(' s~lIld hb:-;t in:-;inuat,c's itself int.o ('very rraek 

FilL :!I·l_-Thf' ·'st.ml!' !atli('~'-' nf Iii,· 
u{':K'rt. tli!' w(,rk ~,f tll,- lI:tt(lr:() ~: lIld 

hlast (aft "r " :lhlll'r )_ 

:1 11(1 (Tanny. Tn t his it is a ided 
by :-; h:tdow wpathf'l'illg elw' to 
the differential stnlins set up at 
the border of the expanded , un­
hented surfncc. As a result, 
projecting roek masses are some­
times etched away beneath and 
give the effect of fL Rquatting 
anil1l:ll. Tbf'HP forms, due to 
shadow t'I'o:-;ion, hflvP a lso I){,t'n 
likl-'lWcI to Pl"oj(-'cti np; f:w(.·(·t:i. 

(Fig. 210). 
\Vorn hy iis ilJlj )ad IlpI)1l1Wi~hhul'inV; SIUld gmins wuile in t.ra lls­

port, hilt IInw}1 Illnn' ;t."; it j.", t hru\\-II agl1inst~ t,he ground or hUonl 
rUI-k :->ul'ht-t·:->. tilt· wintl-driven or f'oi'ian sand is itt last worn int.o 
:-;moothly rnulIlh-d gl':lIlIiI£>K which :1pproach the form of :1 sphere. 
CUJllp!L l't·d ttl t]w :->Ul'­

f:H-(' wilic'h :iC:1, :-;:tnll 
!\cquires b~' ntt.rition , 
this shaping procesi') is 
much t.hl' mol'£> pffi­
('ien!. si n er' in the 
watrr (Iw ! I('flch sanel 
il'\ buoy(~d up :lI1d if; 
mort' ()fT('d,ivf'I~' {,lIsli­
i om~dagainstits n('ig-h- FI(l.::!15.-Projecting rock can't!d by t he drift.ing 

boring gr:tins_ Till' (~~lt~~U:~~:,t~:~~::!I:i~~ ::~:; ~lI:~~:I~'I~ui~~~ ~l I~:~'~~~I: 
grain.'i of h(-';I('h t;:,lI1d lOll th(' Ilortll iudiu.n Dt,."tIcr t (tLftl'r Will thl'r)_ 

when ('xmnilwd und t'1' 
n. mitro!o;(:o}W :If(' found tu bp Inuch more irregular in form and 
usually di~pl:t y t lw oriv;inal f!'Hc·tun' surfaces only in pnrt :~hradrd_ 

The dust carried out of the desert. - When, st anding upon the 
mpuntain wall that ~urrountls a, desert, t he trnvelf'...f gazes out to 
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windwu,rd over t.he grl'at, ( h 'pn ':-\~ i on , his field of vicw is generally 
ob:-;curcd hy the ye llow h: l7,1' tlf j he dust cloud:s m oving across 
the margin:-;, Ppon the mountain 
flanks and extendi ng far outside 
the bordpfs, this cloud of dust 
settleF- as H ::;hroucling mant It, of 
impalpa.ble yellow pOWdN, whil.;b 
is knon-n as loe?is. These deposits 
are continually deepening, a nd 
have sometimes accwnulat cd un ti l 
they are bundrrds or even thou­
sands of feet in thickness. Before 
reaching it.s finnl resting plaee the 
dust of this doposit may have 
settled many times, and has Cl' r · 

tainly been in p:ut redistrihu t.ed Fw. 216.- rWT;; in 11)('5'8 :.!OO feet in 

by the str e.'lIDS nc:!! r the dpscrt 
lll<1rgin. In it lI r f' the ingredif'nts 
which arc necessa ry for the nour­

Iwight whil'h f'xhihit til{, ch:iTUrt(~TjJi.­

lic n.:-rti cul joillting (after \,0[1 Hich· 
lofeu). 

ishment of plants, and it constit utes the most important of n a.tural 
soils. ContinuaJ ly fed hy new deposits frOID 
tlle desert, and refertiHzed from below by a. 
untural process so soon as the upper layers 
become impoverished , it requires no a rtificia l 
{crtilization. Without artificial aids the loess 
of northern China has heen tilled for thousands 
of years without any slgns oJ exha ustion. 

Though easily pulverized between the fingers, 
loess is none the less characterized by a perfect 
vert ical jointing and stand:; on verticu.l faces 
as does the solid rock (Fig. ·216), but it is ab­
"olutoly devoid of layers or hed (\in~. lts ca­

Flj~l' ~!:~-~~;~:Ui~~~ pH,(j ityof standing in vert-ieal cliffs the luess owes 
t rllffi tl llUdwind , A to tl never fa.iling ('ontent of lime {'ariJonak 
highwuy ill Ilorth­
em Chim\ (llftcr 
von Ricblofcu). 

whith ::wts as a cement" and to a. p<'clil ia.r porOU:i 
strurt u_re ('aw:iPd by capillary cana ls 1 ha.1 run 
vertj(:ally through the mas..'i, branching like 

rootiet5 and linen wit h carbonate of lime. This textu re once 
destroyed, loess resolves itself into " common sticky clay. 
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n," lIlt' f('(,' of p~ls8jng .1nim:l1;-; Or hy w}il'r]:; of v('hi('l(>s, f he io£>,<tf1 

is (·rushed, ,'llld :1 portion i,OJ li ftpt! :1IH.I l','11Ti NI a\y~ly hy the wind. 
Thus in Ihl' ('OIlr ... (, uf timp ro~tl lwtly . ..; sink df'cp into HIL' 1Il:1SS .'lS 

si(:,pp-\r:llled ('anon."; (Fig. 2 17). ."\ portion of til(' Jl0W gf ru c-turc­
ks,": ("by rN)l~li!ljng upon thr ro.') dw[lY is at thr timp of 1h(' r:lins 

tral1sformrd into n t J,iek mud whi('ll make's tl'tlv('ling :11) but 
impossi hle , though hefore jt s st.rllctw'c lW:i heel) destro)'('d Ih£' 
lOt'!",j is prrfc'c·tl_v dr:lil1L'd t,o til(' hottom of its d('pasits. 

1'hl' j)tlriiclcs whieh L"I)J) )POSL' Ow IOPs$ .'we sha rply :mgul:.ll' 
quartz fragments , so tine that all but :1 few gr~Lins tan ue rubbed 
into the pores of tlle skin. Fine scales of miol1. such as are easily 
liIt£'d by the wind , firc disseminated uniformly throughout the 
mass. The only incloRurcs \\'hich arc [llT.:wged in lil.yers consist 
of irregularly sbrtped ('oncrf'tions of cby. 1'11£'5(: sbuw a striking 
resemblanc£' to ~inger roots und arc callrd by the Chinese II stone 
ginger," t,bough tllf'Y are elsewhere more generally known by 
their German name of Lne~·smdnnchen. or loess dolls. These 
concretions {lrc so disposed in the Joe.'3s that their longer axes [Lrc 
vertica l) :1nd they were cvidently separated from the mass and 
not deposited " 'itll it. 



CHAPTER XVI 

THE FEATURES IN DESERT LANDSCAPES 

The wandering dunes. - Over the broad expanse of the desert, 
sand and dust, nnd occasionally gypsum from the salint, deposits, 
are ever migrating ,vith the wind j on quiet days in the eddying 
H sand devils," but {"specially during the terrifying sand storms 
such as in the windy season darken the air of northern China and 
southern Manchuria. This drift of the sand is halted only when 
an ob::;truction 1S encountered - a projecting rock, a bush, or a 
bunch of gm.ss, or again the buildings of a city or a town. The 
manner ill which the sand is ar­
rested by obstacles of different 
kinds iiS o[ great interest and im­
portance. and is utilized in raising 
defenses ngain.st its encroachments. 
11 the obstacle is unyielding but 
:tHaws some of the wind t,o pass 
through it., no eddies arc produced 
and the sand is deposited both to 
wind ward and to leeward of the 
obstruction to form a fairly sym­

~'" 
a 

· b 

~ I 
~ 

metrica.l mound (Fig. 218 a). An FlO . 21S.-DilLgTaffis tQillustrste the 
obstruction which yields to the effects of obstructions of differcnt 

wind causes the sand to deposit 
in a, mound which is largely to 
leeward of the obstruction (Fig. 
218 b). A solid wall , on the other 
hand , by inducing eddies, is at 

tYlXl8 ill atl'il~ting wind-driven saud. 
D, An ullyieiding obstruction wbicb 
permits t·he l\-ind to pass thwugb it: 
b. ,!j flexible and plJriorllted obstruc­
tioo; c, an unyielding cloaed barrier 
(after Schulte). 

first protected frOID the sand and mounds deposit both to wind­
ward and to leeward (Fig. 218 c and Fig. 219). 

Except wben held up by an obstruction, the drifting sand travels 
to leeward ill slowly migrating mounds or ridges which are known 
as dun... Their motion is due to the wind lifting the sand from 

209 
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al(? windward sidc' IIwl nl "".ring it, uver UI(' crest, [mIll wlierf' it 
slides down tlw if'l'ward Rlojlc and a~~\illlf'S a ~utfilt'(' whieh is 
the angle of repose of the material. In contrast. with t.his the 

FlU. 219.-Sand accumulating both to windward and 
to leeward of a firm and imVCI1(1trahle obstruction. 
Tb£' v.i.nd comes from the left (after a photograph 
by BasdlJ ). 

windward ::ilope is 
n(Jtahl.v gradu.al, be­
ing shnppd in con­
formity t.u t he wind 
currents. 

The dunes which 
are raised upon SCtl ­

shores, like those of 
til<' desert , !.I.rc con­
st:mtly migrating, 
those U pOll the sllOres 
of the North Sea "t 
the a verage rate of 

about twent,y feet per year. Relentlessly they :tdvan~c, and de­
spite all attempts to halt them, have many tillH'~ overwhelmed 
t he villages along tbe COllst. Upon the great barri('r hl'J)cb k-nown 
as the Kuri&che NehrunYI un the southea~tcrn shorr of t.he Baltic 
Seal such a burin I of villages has morc than once oct:urred, but 
as in the courSt~ of time further migration of the' dunf' has pro­
ceeded, the ruins of the buried vill"ges have been exhumer! by 
tbis natural excavating process (Fig, 220) . 

/80() 

-
.. -

FIG. 2:!O. - SUflcci,!siw' diu.grallls to show how t lw l(lWII of KUllzen w~ huried, Illld 

Bub&.>Quently exhumed jn the COJltillucd migratit)/J of II· greut dUDl! upon t,he 
Kurischc Nchrnng (after J~ohreudt). 

The forms of dunes. - The forms assumed hy dunes are de­
pendf'nt to a very latge extent upon t}te Rtrcngth of the wind 
and the available supply of sand. Witb smull quantities of 



Pl_"-'J'E 7. 

A . Hauges Df dUlI('s UPOIJ the margin Df th£' Colorndo Desert (a iter M Clldcnh.cl1) 

LJ. Sand duncs encroaching upon the onsis 0; Wcd Sour. Algl.!.ri:l (after T. U. 
K eu.rney) . 





sand and witiJ lI1olierat,(· winds , ~ickl{'-sh!lp['d dUlles knowu us 
barcharts (Fig, 221 ) a re formed , whose l'onvex fwd fhttter slopes 
are toward thl-' wind a nd wh(lsf' st,Pep conca ve leeward s lopes are 

FIG. 2:!1. - Vipw of desert ha.rchaJl.3 (after Haug). 

m ainta.ined at the <tngle of repose, TIl(> harchan is shaped hy the 
wind going both over and a round Ule dum', l'onstantly removing 
~;l11d frum th{· windw:1I'l1 sid(· :lIld dppositin~ it to leeward. \Vith 
large T :.;upplil'~ of ~and :md winds whit·1I at'(' I\Qt too violent. :l 
S{-' I'ips of h:Ln'!ulIls i:-; imilt up, aUlI tlu-'S(' ;\1'( ' tlJ'l'lln!!;f'd tran<;versely 
1.1) i1!(' wind dir(-'('t,iun (Fig. 222 f) ), If th(' wind:") a.r t' mor(, violent , 
the minor dr'pl'h\siun:-; ill till' ('rpsf:.; of {.Ilt ' dtllwS iJ('(:UJllP wind 
chnnnf' ls, :lIH I t ill' sand i:-; t lu-' n tmilf'd out :lIon~ thorn until the 
:lrrangt'IlH:' llt of tbt' ridg(· ... is pa r:tHd to tlu" wind (Fig, 222 c). 
Th{' surf:\(,(, ... of <\um's :11'(' 

~t-'n.('rally nl:1rk('d by 1)(-':ltI-

t.i ful ripr>I('~ in. the sa llu, 4. a.. ,~\ 
whic·h, :-;('(·'n froll1 a littlE' C). b ,~ 
distance, mny give the ap- a ~~;J ~ ~ 
pearam'(' uf wat.€'l'f' r1 silk ~ 

(plate 7 A). r'J'.sP 
U nrlpr normal ('ondi­

t iulIS t!UI1(':-; :In' not. ~t.a.­

t ionar ,)' hut ('onl.inuf' to 
w:lIlder with til(> p re·vail­
;ng w\n\\~ unt,\! t\wy h~v(' 

reac hed tile outer edgi' of 
tilp ZOIlf' of VE'gphltioH 
ncar thf' busp of the foot-

Fu;, :!".!".!. - Dingrums to IIho\\" tllt' reill.tiousiJips 
ill form uud ill orif' ntation of dUlles ttl iil t' 8UJ.l­
ply of 8:1 ud uud to tht' strcu,c:th of the willd . 
fl. barl'll!LIl i! f()f)llt'd by small lIupplies o f saud 
aud mudl' ratf' winds : 1>. trausw'rst· dUlU' ridgell. 
toftL'l~d whell 1I\\\,Viy (If lIalld ill \.lrv,£' and wiudi'l 
Llr(' moderak: c. dUIlt· ri ll~ws fortu(-'(j with Ja r!.:l· 
Iland IIUP!}].\' unu \'in]PIl! wimb (aflt'r W:dtlll 'r 
aJJd ('o rJli sh ), 

hills at. the margin of tlH~ des.ert . H ere tiH' gnt."s('s and ot,her 
dest'rt plnllt s :lrrf' i"lt th e· firstJ !-\and grains tha.t reach them , and 

t hey continm' t.o grow hi.gber HS t.he sands accumulate, Some of 
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the desert plants, Uke the yuccas, h. ve so adapted themseh'es to 
desert condit ions that they mny grow upward with the sand for 
many feet a.nd so keep their crowns above its surface . 

The cloud burst in the desert. - Such clouds as enter the 
desert through its mountain ramparts, and those derived from 
evaporation from t.he bot desert soil , usually precipitate their 
moisture before passing out of the basin. Above the highly 
heated floor the heavy rain clouds are unable to drop their bur­
den. The ra.in can sometimes be seen descending, but long 
beforc it has reached tIle ground it has again passed into ,-apor, 

.= 

FIG. 223. - Idea} section across the rising mouutain Willi su rrounding tI dmillrt 
and a pun of the ucighboriug slope (after R. W. PutllPclly). 

and through repetition of t his process tbe clouds become so charged 
with moisture that when they encounter a mountain wal l and 
are thus forced to rise, there is a sudden downpour not equaled 
in the humid regions. Desert rains are rare, but violent beyond 
comparison . Often for a year or more there is DO rainfal l upon 
the loose sand or porous clay, and the few plants which survive 
must push their roots deep down until they have reached the 
zone of ground water. When the clouds burst, each small canon 
or wed (pI. wadi) within the mountain wall is quickly occupied 
by a swollen current which carries a thick paste of sediment and 
drowns everything before it . Ere it bas flowed a mile, it may 
be tpat the water has disappeared entirely, leaving a layer of mud 
and sand which rapidly dries out with t he reappearance of the sun . 

As the mountains upon seacoasts are generally rising with 
reference to the neighboring sea bottom, so the mountains which 
hem in the deserts are generally growing upward 'wi.th reference 
to the inclosed desert floor. The marginal dislocations which 
separate t he t wo are often in evidence at t he foot of the steep 
slope (Fig. 223), and these may even appear _as visible earth-
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quake faults to indicate that the uplift is more accelerated tban 
the deposition along the mountain front. 

The zone of the dwindling river. - The rapid uplift so generally 
characteristic of desert, margins gives to the torrential streams 
'which develop after each cloud­
burst such nn unusual velocity 
that when they emerge from the 
mountain va1!cys on to the desert 
floor, the currf'nt, is suddenly 
ch('('kl'd :lod the burden of :;;edi­
Illcnt in large part deposit1cd ut 
the mouth of tbe "alley so as to 
form a ('oarse drlta deposit which 

FIG. 2~4.- Dry delta or alluvial fan at 
tbe foot, of I~ Ulouutain rlloge UPOIL 
the borders of Il desert. 

is described as a dry della (Fig. 224). Dependent upon its steep­
ness of slope, this delta is variously referred to as an alluvial fan 
or apron, or as an alluV}:al cone . Over the conical slopes of the 
delta ::iurface the stream is broken up into numerous distributaries 
which divide and suhcli vide as do the roots of a tree. In the 
l\1ohammcdan countries described as 'wadi, these distributaries 

FIG. 225. - Map of the distributaries of neighboring streams which emerge at the 
We8tern buse of the Sierro. Ncvad.as iIl CaJifornia (after W. D. JohDlfOn) . 

upon dry deltas are on the Pacific coast of tbe United States 
referred to as " washes" (Fig. 225). 

Fast losing their velocity after emerging from tbe mountains, 
the various distributaries drop fi rst of all the heavy bowlders, 
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then the large pebbl('~ and the s~ll1d , so thut only the finer sana 
and the silt arc' carried to t,he marbrin of tht' delta. As t hey 
(~nlarge their huundaric:o;, th(' neighhc ring deltas eventually 
coaiest(: and ~o form an allu.via f bench or " gravel piedmont " at 
the foot of th(' faJJgP. Only tIl(' lnrger ~trp:llllS {lre nblr to el)t,jrf'ly 

('ro~s this h(,I1(:h of pareiwd rlc>po:-;its with its ('oarf:ely porous 
stnl('turr, for t,hc water i ~ !'ioon ::i ll('kl'd up hy th(' Ulirsty ma­
k rinl !;. En<:ount.erinR in its dp8cent more clayey laycfR, this water 
iR conduct('d to t he surfa('(_' ncar til(' margin of the henc'h and 
may there a,PP<'tlJ' as a lint' of :-;prinp;:-:. At thi:-: II-·\"pl t here d('\'clop~, 
thpfefol'P. :'1 zone' of \,pp;ctation, thuugh t.iwre if' no 10('a1 T[I,ln, 

TIl£' n!luyiaJ IWlI('il j!I'OWS upward hy Hl'fTC,tioll of !lly(' r~ whil'll 
are thi{'kt'st ~It t.he Illoun tain ('nd l jo>(I t lwt. tlw :-:h'('pnc's:o; of tllp 
bench iD(,r'( oa,,,(>,..; witt; t,im('. 

Erosion in and about the desert. - The \'iolt'ni ('!ourlhurf.;1. th:1I 
is chara('t.pri:-:ji(' of tlll' ;ujd bnds i:-: H mo,"1 potent. agf'nt in modrl­
in,:!; the ~lIrf~u'(' of till' ground wiJrrp"cr tiu' rock llwt('rialfi :In' 
not 1.00 firlll!~' ('oht'rpnt.. {On der t.he dasb of the ' rain :l pe('uiiar 
typeof H had laud n topl)gr~lph.v i ~ developed (pla.Lf' .) H and Fig. 221i). 

FIG. 226. - A IUOUP of 
" demoiselles " ill th{' 
.. bad lands" (after It 

photQgrltph n.v Ftlir~ 

banks), 

~ueh fI ruin ~ ('ut surfa('c i~ a \'('rit:1hlc l11a ,,(' 

of alt.{,'rnat ing; gully and ridge, a euunt r.'· 
worthl('~i' for agricultural purpo~('s anri otTt'r­
ing th(, gr('nt('~t, diffif'ulty in the way of P{lIl('-
1 r"Lng it. When composed of stiff clay with 
scattered pebbles aDel bowlders, the effect of 
tJ1f' "rain erosion l! is to fashion steep clay 
pillars eacb capped by It pebble and described 
as " demoiselle, " (Fig. 226) . 

Behind the mountain front the vnJ.leys out 
of which the torrents are discharged are usu­
ally short with steep side walls and a rela,­
tivcly flat, bottom, ending headward in an 
amphitheater WitJl precipitous walls (Fig . 
227). In the western Uruted States such 
val leys are referred to fiR II box canons," but 

in Mohammeda n count.ries UJ(' nanl (:' "wed II appli~s to the river 
valley within the mOUlltuins nnd t,o lh(' distributnrics as well. 

Characteristic features of the arid Jands. - 11 j:-; characteristjr; 
of erosion and deposition within humid regions that all outlines 
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h('(;OIlW !"iof1.l'lll~d illto ftowillg' ('urv(';-;, duf' t,(I tIll' prut ('et ivl' 1l1at 

of vegetation . In ar id Iund~ Llw:-;c IllHfoiSiyE.' ro(;ks ,,,hich are 
without structura l planc~ of st'paration, part.iy a~ a consequ ence 
of exfoliat ion, develop broad domes wh.ich are projected upon 
the horizon as great. semicircles, 
broken in half it may he by 
dif'placcll1ent. The same maFo;siv(' 
rocks whrr(' intf'fScctec) hy \'crti{'ai 
joini pitmc)'; yi('ld, on til(' (~ontrarYI 
sharp granih' Iw('(l1('s like tho~(.' of 
Harney Peak (plate 8 A) . Himilarl)', 
scbistoRe or hcddpcl rork.'S, when tiit('d 
at a high angle, mny yirld forms ~ 

which arf' almost identical. Ex- ... 
nmples of such needles are found in 
the Garden of the Gods in Colorado. 

At lower levels, wh('n~ the flying 
sand hecomes cffN'tive as flIl erod­
ing agent , Hat bpdded mcks become 
eteht',d in10 ~h('IY('::' and {·orU1{',e.~, and 
if inter::,(:,(·t.cd hy joints, the ~helves 

FI{L ::!27 _~ :'\Jllphithf'utt'r Itt the 
head of thf' \\"_'d Ucui :;ur (after 
Wu.ltllc.r). 

and ('ornice;-; arc lransformed into groups of cl1s tclln,t,pd tcwers and 
pinnnci('!-' of a high drgr~ of ornamentation. These fantastic 
erosion remnants art' usunJly l'cfcrrNI Lo as II chimneys n and may 
he seen in numberR in th(~ bud I n,nd~ of Dakota, as they may in 
Colorado either in Monument Park or in tht' npw 11.onolithic 
National Park (plate 8 B). 

Where wind erosion plays a smaller role in the sculpture, but 
where after an uplift n river has mad E' jts way, horizontally bedded 
rocks are apt to be carved into hroa~ rock terra.ces, nowhere shown 
upon so grand H scale !\s about the Grand Ca non of the Colorado. 
Each harelrr layer has here produced :l floor or ter race which 
ends in a vertieaJ escarpment" and t.his. is separated from the 
next lower byer of more resistant rock by a slope of talus which 
largely hides the soft,er intermediate heds. The great D esert of 
Sahara is shaped in a series of rock terra.ces or steppes which 
descend towarCl the interior of the basin . 

A single harder layer of resistant rock comes often to form 
the flat capping of a plateau, and. is then known as a mesa, or 
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table mountain. Along its front) detached outliers usually stand 
like scntinelfi before the Inrger mass, nnd ac(;ording to th;ir rela­
tive proportions, these are referred to either as small mc:::;as or 
3S the smaller buttes (Fig. 228). 

FlO. 228.- Mesa and outlying butte in the Lcucite Rills of Wyoming (a.fter Whit­
man Cross, U. S. G. S.), 

The war of dune and oasis. - In every desert the deposits 
are arranged in consecutivE' belts or zones which are alternately 
the work of winel and water. Surrounding t.he desert and upon 
the flanks of the mountain w311 there is found (1) the deposit of 
loess derived from the dust that i, carried out of the desert by 
the wind. Immediately within the desert bortiel' at. the base of 
the mountains is (2) the zone of the dwindling ri ver n:jth its 
sloping beneb of coarse rubble and gravel. Next in order is 
(3) the belt of the flying sand, a zone of dune ridges often sepa­
rawd by narrow, flat-bottomed basins (Fig. 229) into which the 

FlO. 229. - Flo.t..bottomed ba.sin separating dunes - bai1~T or talcyr (nJtcr Ells­
worth Huntington) . 

strongest streams bring the finer sands and sift from the moun­
tajns. Lnstly, there js (4) t he cent.raJ sink or sinks, jnt,o wbjch 
all water not 'at once absorbed within the zone of alluv iation or 
in the zone of dunes is finally collected. Here are the true laeu8-



P LATE 8. 

A. The granitt; neodlcs of H arney PC3k in the Black Hills of South Dukotn (li fter 
Durton). 

B. CastcHated erosion chimney"s in El Cobra CarlOn, New Mexico. 
(Photograph by E. C. Case.) 
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trine depos it~ of j·b." ami :\evarat.pd salts (Fig. 230 and Fig. 207, 
p. 201). Tlw lakf' d(' fJo~its fill ill nl l .the origirlttl irregula riti('s 
of t he dc:-;ert, Aoor, out of which the tops of isolated rnnges of 
mountains now projPct like islands out of the surface of the sea. 
The several zoneR of de-
posits in their order from 
the margin to the eenter 
of the cit':.;ert are given 
flclH'mati(,:1Il.\· in Fi,!!. 231. 

TIJf' ZO ll f' of \'('gJ'bltioll , 

fir-- nlr{,;1d~' :-;takcJ, iil'fo; Iwa f 

th" foot of the "lIllyj,,1 
bench, so that her(' nrc 
found the oases about 
which have clustered t.he 
rities of ttl{' d £,,~prt from 

t:~(~~~ 
.ft:i '" 

-.<~'-"""" , , 
FIG. 230. - Billowy surface of the su.lt crust on 

the central s.ink ill the Lop Desert of cClitrul 
Asiu (o.ftf'r Ellsworth Huntington). 

t he pn. rli(;'~t, records of :1nt.iquity until now. .J u~t. without t llf' Jill(' 

of O!1RP:-l i:-:. til(' wall uf dunes held h:lck from furtlwr nU\,:lIH'C oll i~' 

\)), til(' \'t'{.!;f·btion whit·h ill turn i ~ df'pellden1 upon thp r!ljn:o; in 

ttl(' IIPiJ!;hhnring Illuunt:lin:-l. \·Vit.h c\'('t'~' diminution in t.h£> WfLtN 

supply . tlw dlllW:-l !Hl v:lll(' (~ :lI1d pnL:fO:lch upon the O:l:-i(>S (pl:.i tl' i B) : 
whilr witll pv tn'y considerable increase in t.hi f; supply of lIloi l'itur r 

'" " 

L Q~ ~:;:;1:~ :~r 
".d4 

ri O. 2~il. -Schematic d ingram to Khow the zom"l1 of deposit.ion in their order from 
the muq"rin to the center of a desert. 

the alluvial bench advances over the dunes nnd acquires a strip 
of their ter ri t.ory. Thu::; with varying fortunes a war is con­
tinually waged between the withering river and the flying sand, 
and the alt,em ations of climate are later recorded in the dove-
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tailing t,op;pthrr of t he eolian nnd allu.via l depo~jts at their com­
mon jUl1 tt.ion (Fig. 231 ). 

111 adtUtioll Lo t he smaller periodic ::tlternations of plm-i nJ and 
interpiuvial climate ~ 
the 'I ' pulse of Asia I) -

the record of the Asiatic 
deserts indicates a. pro­
gressive dpsicc'D.tion of 
the entire region I whieh 
has now given the dc­
tory to the dune. The 
311cicnt hif;tory of the 
cities of l.Jll' phlins sup­
plies the rcc'ords of Illany 
that have been buried 

FIG. 232.-Mounds UPOIl the i;_itl' of the buried in the dunes. To-ciuy, 
city of NipPllr (uftC!r the ('ust by Muret). where once were pros-

perous cities, nothing is 
to be seen at the surface but a group of mounds (Fig. 232). Ex­
humed afte r much painstaking: labor/ the walls anJ palaces of 
t hese ::mrient riti(·s 
hnvf'oDcf' more heen 
brought to the light 
of day, nnd mue,h 
ha s thu s been 
learned of tbe ci\ri_ 
liz atio n of t he se 
early times (Fig. 
233 ). Quite re­
centl y the mounds 
which ('over be­
tween one and two 
hun(lred buried \'il-

lages have bp('D }'IO. 23J.-Exhumed structures in the buried city of 
found upon the 001'- Nippur (after Hilprecbt). 
ders of t he Tarim 
basin of centro I Asia, where they were 108t to history when 
they were overwhelmed ill the early centuries of the Christian 
Era. 
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The origin of the high plains which front ~ 

the Rocky M ountains. - To the east ward of ~ 
the great backbone of the North American >I:­

continent stretches a vast plain gently in- rn 
dined away from t he range and generally !{ 

known as the High Plains region (plate 9). g" 
The tourist who travels westward by train I 
ascends this slope so gradually tbat wben he ~ 

~~s r;:l~;'~~le~l~~l~l~n~~: ~~~~ ~:~ln~~ta: :l~t~l~:! ~ 
of five thousand feet above the level of tbe :!! 
sea. Thnt he has also pHsscd through several l 
climatic zones - a humid , a semiarid, :.md !II 

an arid - and has now entered a semiarid f. 
district, is more easily appreciated from study .... 
of the vegetation (Fig. 234) . The surface of 6 
the High Plaini' ) where not cut into by riverR, 1 
is remarkably even, so that it might be IJorn - g' 
pared to the quiet surfat'e of a grent iHke. 0 

The materials which compose the surface i5 
veneer of t hesp plains nrc cOH.rse conglomcr- S 
ates, gravels, and sands, and the so-called ~ 
"mortar bcds/ ' which are nothing but sands g_ 
cemented into sandstone by carbonate of lime. 5 
The pebbles in a ll tbese deposits are fa r-
traveled and appear to have been derived ( 
from erosion of those crystalline rocks which ,. 
compose the eastern front of tbe Roc1:y ~ 
Mowltains . These different materials are g. 
not arranged in strictly parallel beds, as are ~ 

the deposits of a lake or Rea; but the beds '" 
are made up of long threads of lenticular ~ 

cross section which are interlaced ill the most 
intricate fashion and which extend down the <: 

slope, or outward from the mountain front E 
(Fig. 235) . It is tbus sbown tbat the Higb g. 
Plains are a bench or plain of alluviation ! ........... , ..... _ 
formed at the front of tbe Rocky Mountains 
during an earlier series of pluvial periods, and tbat subsequent 
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uplift has produced thf> modern riV{,T valleys which are rut out of 
the pla.in. The plrxlIf' of long threads of thf' ('oar~('r ma.t.erials arc 
the courses of dwindling river!' wbjeb interlrwcd over the former 

j ;lO. 235.-Scction across t he .!treat lenticular threa.d!:! of alJuviai deposits which 
compose the vcnocr of th;> High Plains (after W. D. Johusou). 

plain , alld which in tim(' were buried unclpT other channel deposits 
of the S~lme nature hut in different positions (Fig. 23(j). The 

plm-iltl periods in which t,his 
beneh was formed produced 
in other latitudes the grp3 t 
coni incntal glaciers whirh 
wrought :-;ueh marvf' iOlls 
(.>hangf's in northern Nort.h 

1~1O. 2J{i, - lJist_riblllu.rif~8 of thl' foothill:; Aml'rica and in northern 
~~~)c~'7~~!,~~)(.m Uti earlier !'.eric!> (after Europe. 

Character profiles. - In 
contrast with the profiles in the landscapes of humid regions (see 
Fig. 187, p. 177), those of arid lands are marked by straighter 

FIG. 237. - Cbarac~er profilce in the hwdi:lcu.plm of u.rid lu.nds. 
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plemcnt~ (Fig. 2:37 ). Allnost. the ollly f'xceplioIJ o f impor t.ant't-o i~ 

furn ished by thE:' domes of massive grnnit,e 1l1Ol)oliths, which l\.ffO 

sometiIUe~ bl'okf'n ill lullf by great. diRp lacements. Below tlH~ 

horizon t Iw sP('Ol"Hbry lines in tbp l ancl R.cftp(~ hpt,my thf' sanlf' 
straiglitJlt':':s of tilt' "OIriPOllt'llt, t' l {-'nli.'nt~ h.Y t h(' gablpt\ sloW's 
of bills witi('11 :ll'{' III:lll )' times "PPP:ltt' ti so :ls :lItllDl'it to I'{'pro­

dU{'l' 1 ht, lint·s iu :1 huu~f' of ('aJ'ns, :.;i n('t' til(' sloping lines :1re 

mnint:1illrd at the angle of r('pose of the materials (Fig. 482, p. 443). 
'VIll' rt>v~r thp WtlVrs of (ksert lakes hav£" made an attack upon t,he 
rockH and hav(' rfti red the projecting spur!', oth{'f gnbles charat'­
te rized hy !-i lightly ditferpnt. slopes arc introduc('ci into t he 1and~cape . 
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CHAPTER XVII 

REPEATING PATTERNS IN THE EARTH RELIEF 

The weathering processes under control of the fracture system. 
- In :\0 carl ier chapter it wus learned that the rorks which com· 
pose the earth's ~u rface shrll nre interscct,(,>d hy a fiYfitem of 
joint fracturc!-i whieh in litUe .. distrurbcd areaR divide the surfa ce 
beds into nearly f.;.qmtre perpcndicular pri~ms (Fig. 36, p. 55) I 
morc or less modified by aclditionn_l diagonal joints l and often 
also by fOore disorderly fractures. Throughout inrg<' areas these 
fractures m:ly maintain n f·~ l rl.r {;onstllnt dir('ctions, thOUg}l either 
onc or more of the master sNies may be locally absent. This 
distin ctj\~e architecture of the surface sheLl of the lithof'phcrc bas 
exercised its influence upon the variou!' weaihpring pro('csscs, ~lS it 
has also upon the activities of ru.nninp; waler and of other less 
common transporting agencies at the surface. 

'Vithin high lfl,titudes, where frost aclion is the dominant 
weathering process, the ,·vater, by insinuating itself along the 
joints and througb repeated freczings, has broken down the rock 
in the immedjnte neighborhood of these frnctures, 31](1 so has 
impressed upon the surface an image of the underlying pattern 
of structure lines (pla,te 10 A). 

In much lower latitudes and in regions of insufficient rainfall, 
the same structures are impressed upon the relief, but by other 
weathering processes. In the case of tbe less coberent deposits 
ill these provinces, the initial forms of their erosional surface have 
sometimes been determined by the dasb of rain from tbe sudden 
cloudburst. Thus the" bad lands" mal' have their initial gullies 
directed and spaced in conformity with tbe underlying joint struc­
tures (Fig. 238). 

In such portions of tbe temperate regions "s are favored by a 
humid climate, tbe lIlat of vegetation holds down n. IRyer of soil , 
and mat and soil in cooperation are effective in preventing any 

223 
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~tJ('h !arg'e lOC!it."llre of frost,work a,~ is dwr:u'f,eristic of Ull' suh­
p{linr rf',E!;ion:;. or of high I {'vcl~ in thf' arid land:.;, In humid regions 

the rockH become :l prey ('HIW~ 
ciaUy to the processes of .... olu­
tion and accompanying chclui­
cal decomposition, nne! these 
pl'ocess{'s, altho ugh guided h,\' 
the course of tlw pf'rcoluting 
ground wa.trr !llong tht' frflc­

ture planes, do no t afford such 
striking example::; of t be con­
trol of surface relief. 

Those liUll'stO fl (,i'i which 
Rlowly pa.sl'\ into i)o iution in 
the percolating waf,er do, how­
ever , quite geDcrall~' indicnt.e 
[I loealization of t Iw Holutioll 
along the joint l' h:lI\lwl ~ (Fig. 

li'lG . :?:IS.-Rain:;culp!-urillguudl'rcollt.rol 239 Rnd plate () B) . TIIOUp;h 
by joiutt;. Coa~t of s()ut.h~rn C:uifnrnia in other rock~ not ~o appa rclli I 

(after tI. photograph by Fairbank';!). yet sol utium:i gClwl'ully La-h' 

their courses along the snme channels, and upon them is localir.rd 
the dev('lopment of (,)10 1lewly formed hydrated anel ('"rbonate 
minerals, as is well illustrated by 
the phenomenon of spheroidal 
weathering (Fig. 155. p. 150). 

The fracture control of the drain­
age lines. - The etching out o( 
the earth's architectural plnn in 

the surface rel ief, which we have ~~i~Ii)~~~~t 
seen begun in t.he proces~es of ~ 
weath(>rin~, it' cont,;nucd aHcr the .: ., ~"' ''. -~ 

trHllfo;port ing agent,s hfl.vC beconlc FI~:h~~~II: · ~o~~tl;,~~~j~~:~t~g.~rli:~~~:: 
etie(,tivC'. 1t is oft,PTl ('m~y to fo;pe along neighboring joint!! in !l !lagging 

that a river has LlIken it~ course of tbt' upper beds (aitf'T Gilbert, U, 
in rectangular "igZl.lgF like the 8. C. ".). 
elbows of a jointA!d , 1,0Ye pipe, and thai, il-' walls are formed 
of ioint planes from which aD occasional squared buttress pro­
j2eis into the channel. This structure is rendered in the plan of 
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t,lw Ahi~ko ('al10n of nnrthcJ'Il Lapland ( rig. 24'0). ' V{' ~\I'{' lakr 
to learn thnt. another grf'at t.ran~portin.l! agent, the \\'at.(·]' \,'av(', 
makes a selective atta.ck upon the lit hu­
sphere along the frac.ture:;; of the joint. 
s),st,cm (Fig. 2.10, p. 233 ulld Fig. 2.54, 
p.235). 

WherE' the scale of the cxamp\(.l is IHrge, 
as in the C:J.Sf~f'; which h~lve uern a l,()v(' 
cited, thr 3ctuHl po~ition and djre<:t.i(lll~ 

of t he joint wall arc easi ly romparcd wit h 
the ncar-by clrmcnts of the river's courf:C, 
~o that the COIlrl('ct ion (If the drainuge 
lines with thr ul1ckrlying stru{'ture if' at, • . ~.; ••• -
once apparent. In many example's when: Fill . 240. _ Map of the 

t he sca le i~ sm~dl , the ('vidence for tbp ('011 - joint-C0l1tr0l1cd Abisko 

trolling influenc!' of t he rock struf'tlln,' in ('/lilrm ill llorlJWr1I La.p-
determining; t.hl' t'our~{'~ of :.;tn:'utn!i may \lllLd (aftcrOttoRjogrcn). 

\)(_. found in the pt'l'uliar ('hul'fI('h't of Uw drainage plan. To 
iIIu:-;iratl': the t:our:-;r of thl' ~Hmbt'~i Riv(>l' , wit.hin the gorge be10w 
t,h{, famoll:-- Vjct,orja F[llls, not only makf's tl'peated tu rnings a.t a 
righ t angh' , hut it~ trihutnry str('ams , instead of maldng the usual 

sharp angle where they join the 
,,-"- main stream, al::iQ affect the right 

t 
:\ngle in their junctions (Fig. 241). 

The repeating pattern in drainage 
networks. - It is a characteristic of 
the joint system that the fractures 
within each series are spaced with 

~l!!i.~P_./ approximation to uniformlt,y. If 
~ thc plan of [L drainage system has 

FI{;. i.JI . -i\,lall of tlu" ~or~l'flf tIl! ' 
Zumhl,.<;j Rh·PI·I>.f'lo w lite \ !jelori:! 
Fall s (aitf'f Lal1lplu5;h ). 

hpen rf'guhl.tcd jn conformity wit,h 
th(' arc·hit.('('ture of f hr underlying 
ro('k ha!,pmcnt, 1 hr samr repeating 
red angles of t he master join t~ may 

be expected Lo appear in t,he lines of drainage - t,he so-called 
drainage network. 
Su~b l'eclangulal' paUerns do very generall~' appear in the 

drainage network, j)h o{J~h tbey nrc often maskpd 1.II)QD modern 
maps by wlu.tl, to the gcologltit, ~ecms impertinent intrusion of t.he 

Q 
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blnck lineR of o\'erprinting which indicate railways) lines of high­
wa~', and other culture elements. On river maps, which arc 
printed \\·jlhotlt culture, the pattern is much more eaiolil.r recog· 
nized (Figs. 242 and 243) . " 'herever the relief j,'5 strong, as is 

Jmll,s 

F IG . 242. - Controlled 
drainage network of 
the Shepaug Riycr 
in Conneoti cut. 

F IG . 243. - A river network of repeating rectangular pat,.. 
tern. Ncar Lake T cmiskllming, Ontllrio (froID the map 
by the Dominion Government). 

the case in the Adirondack Mountain province of the St..,te of 
New York, individual hills may stand in relief between the bound­
ing streams which compose the rectangular network, like the 
squared pedestals of monuments. Such a type of relief carved in 
repeating patterns has been described as "checkerboard topog­
raphy." 

The dividing lines of the relief patterns - lineaments. - The 
repeating design outlined in the river network of the Temiska­
ming district (Fig. 243) would appear in greater perfection if we 
could reproduce the relief without at the same time obscuring 
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the lines of drainage; for where the pattern is not completely 
closed by the course of the stream, there is generally found either 
a dry valley or a ravine to complete the design. If these are 
not present, a bit of straight coast line, a visible line of frae· 
t,uTe, a. zone of fault breccia, or the boundary ljne separating 
different formations may one or more of them fill in the gaps of 
the parallel straight drainage lines which by their intersection 
bring out the pat,tern. These significant lines of landscapes 
which reveal the hidden architecture of t,he rock basement are 
described as lineaments (Fig. 82, p. 87). They are t he character 
lines of the earth 's physiognomy. 

It is important to emphasize the essentially composite ex­
pression of the lineament. At one locality it appears us a drain­
age line, a little farther on it may be II line of coast; then, again, 
it is a series of aligned waterfalls, a visible fault trace, or a recti­
linear boundary between formations i but in every case it is some 
surface expression of a buried fracture . Hidden as they so gen­
erally are, t.he fracture lines must be searched out by every means 
at our disposal, if we are not to be misled in accounting for the 
positions and the attitudes of disturbed rock masses. 

As we have learned, during earthquake shocks, as at no other 
time, the surface of the earth is so sensitized as to betray the 
position of its buried fractures. As the boundaries of orographic 
blocks, certain of the fractures are at such times the seats of 
especialJy heavy vibrations; they are the seismotectonic Jines 
of the earthquake province. Many lineaments are i d~ntical 
with seismotectonic lines} and they therefore afford a means of 
to some exiellt determining in advance the lines of greatest dan­
ger from earthquake shock. 

The composite repeating patterns of the higher orders. - Not 
only do the larger joint blocks become impressed upon the earth 
reli ef as repeating diaper patterns, but larger and sti ll larger com­
posite units of the same type may, in favorable districts, be found 
to present the same characters. Attention bas already been 
more than once directed to the fact that the more perfect and 
prominent fracture planes recur among the joints of any series at 
more or less regular intervals (Fig. 40, p. 57, and F ig. 41 , p. 58). 
Nowhere, perhaps, is this larger order of the repeating pattern 
more perfectly exemplified than in some recent deposits in the 
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S'yri~n desert (pla.t,r 10 B). I t i:, u f!.u:l lly , l!OW(\VPI' , in t.he oldf'f 
sediments that. such 1'itl'u('tUI'l':-< may 11(' I'f'('ognizrd ; :l::i , for ex­
ample, in t,hC' squal'pd t.owpr~ and butltI'P",se:; of tlw Tyrolean 
Dolomit,£,s (Fig. 24-1 ). Herf' tlw l:lrgr-I' hloc'ks !.lppea.r in tbt:' t,hi ck 

FlO, ~44 .- :-iquan.'d 11I0Ullt:llll 1ll1l!;IIPf' wllil'll n ·v( 'al II di~tril,,.tiou of thf' jlliul:> ill 
block pattern!! of diffl.:r~llt OrUt'b. of 1II:t!~Bitlld,' . ThL'}'orclni range of till' t-;dia 
group of the Dolmnitt·;o, l,w('ll fru1!l til(' ('inl:l f\i R()ssi (aftPr i''t'iojsis(lvlf.'s) . 

bedded lower formation, t he dololJl.ite, divided into subordina.t(> 
sections of large dimensions; hut in the overlying formations 
in block8 of relatively small size, yrt, with similarly perfect sub­
equul sp.'lcing. 

The observing t raveler who iR priviirg:Ni to make t,h(\ journey 
by stea.mer, threading it:-; coul'se in and out among thr many i~­

lands and skprries of the Norwegian ('oast, will hardly fa.il to b(' 
stru<'k by t.he remarkable profiles of most. of the lower island> 
(Fig. 24.5). These profiles "re generally convexly scalloped with a 
noteworthy regularity, :lncl not in one unit only, but in at least two 
with one a multiple of the otller (Fig. 246). As the steamer passes 
near to the islands, it is discovered that the smaller recognizable 
units in the island profiles are separated by widely gaping joints 
which do not, however, bplong to the unit sprjps, but to a larger 
composite group (Fig. 246 b). Frostwork, which depends for its 



PI.ATE 10. 

_.t. \'jew ID Spit~berg(lD to illustnl.tc the di!!intcgrn.tion of rock und er tho control of 
joints. 

(Photograph iJlI O. Hald in.) 

B. Composite pattern of the joint s tructures within recent alluvial depOBits. 

(PhoWaravh bJJ Ell8worth Hunanuton.) 
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action upon oP<'1l spaces within the rock:::.! ha.<;; here been the cause 
of the excessiv(' wf'utbering above the more widely gaping joints. 

High northern btitucies arc thus especially favorab le for re­
vealing all the details in t,he architectural pattern of tLe litho-

F1G. :,l,J5.-1sinnd C;fut.ll';-; or tht · Lofotl'lI at('hipcla~w otT the lIorthw~st, coast of 
Norwa,\', \vl\i('h rC\'l'al n'Pl'ilL;l1~ patterus of tIl(' felief ill two UrdCfi! of magnitude 
(after a photograph by Kuudl!(,u). 

Spbl'l'C' sil('I1) and Wf' need not. be surprised tliat when Llll' modern 
maps of thf' Norwegian toast are examinedJ still lnrger repeating 
patterns than any ~_ ~ 
tha,t mal' be seen ~~ 
in the field a.re to 
be made out. The 
Norwegian coast 
was long ago shown 
to be a complexly 
faulted region, and 
these larger divi­
sions of the rel ief 

~ , 
Flo. 246. - Diagrams to illustrate the composite profiles 

of t,he isla.nds on the Non.mgian coast. a, distunt yicw; 
b, ncar view, showing the individual joints and the more 
widely gaping fra.ctures beneath each sag in the profile. 

pattern, instead of being explained as a consequence solely of 
selective weathering, must be regarded as due largely t.o fault 
displacements of the type represented in our model (plate 4 e), 
Yet whether due to displacements or to the more numerous 
joints, all belong to the same composite system of fractures 
expressed in the relief. 
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CHAPTER XVIII 

THE FORMS CARVED AND MOLDED BY WAVES 

The motion of a water wave. - The motions within a wave 
upon the surface of a body of water may be thought of in two 
different ways. First of all, there is the motion of each particle 
of water within an orbi t of its own; and there is, further, the for­
ward motion of propagation of the wave considered as a whole. 

The water particl e in a wave has a continued motion round and 
round its orbit like that of a horse circling a race course, only that 
here the track is in a 
vertical plane, directed 
along the line of propa­
gation of tbe wave (Fig. 
247). Each particle of 
water, through its fri c­
tion upon neighboring 
particles, is able to 
transmit its motion both 
along the surface and 
dO'tvnward into the water 
below. The force which 
starts the water in mo­

WovtJ Bose 
tion and develops the Fm. 247.- Di •• ,.m to ,how tbe »ctu" of the 
wave, is the friction of motiolls withill n free wuter wnvc. 
wind blo\\ring over the 
water surface, and the size of the orbit of the water particle at 
any point is proportional to the wind 's force and to the stretch of 
water over which it has blown. The wind's effect is, therefore, 
cumulative - the wave is proportional to the wind 's effect upon 
all water particles in its rear, added to the local wind friction. 

The size or height of the wave is measured by the diameter of the 
orbit of motion of the surface particle, and this is the difference 
in height between trough and crest. T he distance from crest 
to crest, or from trough to t rough , is called the wave length. 
Though t he wave motion is transmitted downward into the water 
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ther£' i ~ :l c;ontinupd IOSF; (If f'nel'gy whi('h is hel'P not compensated 
t,y added wind friction, and so Ulf' ori>itaiI'HOl;ilHl grows smaller a.nd 
sml11lerj until ltt the dpptll of ;l.bout a W;tvt' lpngth it '_w .. <; completely 
died out. This leyel of nu Illotion i~ called the wave vase. In 
quiet weather the lrvel oJ no motion is practically at the ''''ater's 
8urf.'l.CC, and inasmuch as the g('ologital work of W.'l.ves is In large 
part accomplished during the gn_.at storms} the tprm II wave ba~e" 
rcrerR to the lowf'st Ie'v!."l of W/lY(' motion nt, the' timf' o[ thf' beavi­
pst storms. Upon fhp Of'f'~lJ) til(' higlwsl W:\Vf'S tha'! have hf'rn 
me!1.<.;ured have an :unplitmlP of ahout fifty [pct a.nd a. wave 
lrngth of :lhollt, ~ix hundrf'd f('pt. 

Free waves and breakers. - ':-:'0 iOllg :1;-; 1111' ckptb of til(' water 
is below wa\re ba:::;eJ therr i::. ot; \-i ou:-;ly no possihility o[ iutcrfflr­
ence with the wave through friction upon the bottom, Under 
these condjtions Wllves a.re dpsrrihed :lS jl'ee wave.s/ !lnd their _forms 
are s_\tlnmetrical except In so far :L':i t Iwil' crefit.. ... arC" pulled over 

f1nd more or I e::;~ dissipatc'd in til(' :;;pray of till' ' . whi t.r cnps" ~tt 

t hf' time of high \\'ind~, 

As ::t W:1VC appro:ldws Ii .. ~h(irt· 1 \\'h idl g'PIl('r;dJ.\· ila~ n gentl{' 
uutward ~Ioping; inll'(al' (' , Ulf'rt' i;-; illt ,t'I·\l{,~(·d ill flit' \\,:l~' of ~l fl'(,{, 
forward 1t10vemf'nt tbf' fri (·tiun HptHl tilt' l.ut,tol1l. Thix fl'it·tiol\ 
begins when the d epth of W:'ttl ' I' iH If ",,;-; 1 h:lll \\':1\ ' ( ' kl,,,/', afJd it!>: 
effect is to hold back the wavp a.1 1,11(' l,01tum . ('t~ I'I'i~·d ~ Il)wly 

} 'u;. 24S. - Diagram to ijJustr~tc the tr~1I8{orm$tio lJ Q{ a. {ree wavc into II brenkcr 
as it Approaches the shore. 

upward in th. wat~r by the friction of particle upon particle, 
the effect of this holding back is " piling up of the water, which in­
creases the wave height as it diminishes the wave lenb>th, and also 
interferes with wave symmetry (Fig. 248). Moving forward 
at the top under its inertia of motion and held back at the bottom 



PLATE 11. 

,..1. Rippl e markings within :lJlllll('i ent !:i!lndstollc (courtesy of U. S. Gruut) . 

lJ. A wave breaking as it approaches the shore. 

(Photograph b]; Fairbanks.) 
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by c'onstn.utiy iucrensing frictioll, a ~t l'ong turning motion or 
couple is st.a,rtC'd about ;1 ilOl'i1.UIlLLli :1xi:oi, the imtnediate effect 
of which is to st.eepen the furwmd ~Io}l(' of the wavp, and this con­
tinues until it, OVerh<1l1g~, 

and, falling, H break:'} 11 into 
surf. Such a breaking 
wave is call('d a I I combel' /I 
or" \)]'caker" (plate 11 B). 

Effect of the breaking 
wave upon a steep rocky 
shore - the notched cliff. ~ 
If the shore ri:-;('~ ahruptly 
from d~pf'r wakr, t,he top 
of the breaking Wfiye is 
hurled against the clifT with 
the force of a battering rarn. 
During storms thf' wn tN of 

FH;, ::!49. - :"\ntc!ht'd rock diff cut. b;o,' waves li.ud 
thefall(·n blocks derived from tIl,! cliff through 
undermining. Profile Rwk Itt F:.lrw('ll'.., 
Poiut nC'kr i\1lIdisOIl, Wi!u'omun. 

shorf" W:lVP." is charged with f.:.nnd , nnd rneh sand p~utkJe i~ driven 
likr!l- SlOIlt> t'uttpr':-; tool uncll'l' ULl' :-:trokr of hi:') h!lmnwr. The Pfi'('ct. 
is thus hoth to ('hi p :-md to b:lHPr a.way tlw rock uf thi' shore to 
til(;' height l'C'al'ill'd hy till' \\':1.V(\ unLi{,J'mininl!: it and nut('hing 
till' rO('k :1t it.::! h",.'i(· (Fig, 2-1n) , \VIWll tlw notdl has uC'f'1l cut 
in thi::i manller to a su ffi eient. df'pth, tllP overhaugi ng rock falls 

FIG. 250. - A wnve~cut chasm under 
control by joints. coast of Maine (after 
Tatr). 

by it~ own w('i~ht in blocks which 
arC' hounded hy thc ('ver pr('sent 
joint~, Icaving the upper cliff facc 
<'::!sf'ntiaUy vNtieal. 

Coves, sea arches, and stacks. 
- Ii i., the hClidland which is 
most ('xposf'd LO tlw work of th{' 
w:wC':-l , sinet' with (_'hang£' of wind 
ciir('('tion it is pxp0::ipd upon more 
thn.n a single face. Tho study of 
headlands which hav£' been cut 
by waves shows that t he joints 
within the rock playa large role 
in the shaping of sbore features. 
The attack of the waves under 
the direction of tbese planes 01 
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ready separation opens out indentations of the shore (Fig. 250) or 
forms sea calles whi ch, as they extend to the top of the cliff by the 
process of sapping, yield the CQlJcs which are so common a fea,ture 

upon our rock-bound shores 
(Fig. 259, p. 238). With cont.in­
uation of this process, the caVE'S 

formed on opposite sides of the 
headlaJld muy be united to form 
a sea arch (Fig. 251 ). 

A latcr stage in this selective 
w£tve carvi'ng under the control 
of joints is re~\l'hed when the 
bridge above the !ll'ch has 
fallen in, leaving a detached 
rock island with precipitous 

FIG. 251. - The sea arch known as the walls. Such an offshore islcmd 
Graud Arch upon one of the Apostte of rock with precipitous sides 
blllnda in Lake SUperior (uIter a pho- is known as a stack (Fig. 
~:m~~~~:J.~r the Detroit Photogr:lphic 252), or sometimC's as a 

II chimney," though this latter 
term is best restricted to other and similar forms whit}) 4re the 
product of selective weathering (p. 300). 

'Vhenever the rock is less firmly consolidated, and so does not 
stand upon such steep planes, . 
the st.ack is apt to have a 
more coni cal form , and may 
not be preceded in its forma­
tion by the development of 
the sea nrell (Fig. 260, p. 239) . 
In thp reVf'J'se cas(', or where 
the rock possesses an unusual 
tenacity, the st,ack may be 

. largely undermined and st<lnd 
supported like a table upon 
thick legs or pillars of rock Fta. 252.-Sta~~p:~:.the shore of Lake 

(Fig. 253). In Fig. 254 is 
seen a group of stacks upon the coast of California, which show 
with clearness the control of the joints in their formation, but 
unlike the marble of the South American example the forms 
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are not rounded, but retain 
their sbarp angles. 

The cut rock terrace.­
When waves first. begin their 
attack upon a steep, rocky 
shore, the lower limit of the 
action is near lhe WUYC base. 
The action iLt this depth is, 
however, lesR efficient, and as 
the rt'.'ces;;ion of the clifT is onc 
of the most rapid of erosional 

FIG. 253. - Tho Marble: Islands. stacks in 
Lilke Buenos Aires, southern Andes 
(after F. P. Morello). 

proc(.'~se~, the rock floor outside (he recedjng cliff comes to slope 
gradually downwaru from the cliff to a maximum depth at the 

FIG. 254. -Squared stacks which reveal the position of the joint planes which ha.ve 
controlled in the process of carving by the waves, Pt. Buchen, Califoroia 
(a.fter a. photograph by Fairbanks). 

edge of the terrace, approximately equal to wave base (Fig. 255) . 
This cut terrace is eAiended seaward or lakeward, as the case may 
be, in a built terrace constructed from a portion of the rock debris 
acquired from the cliff. 
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The hrokpJl \\"f!vr, ::ther rising upon thr tl'rrncr under the inert,ls 
of it" mot ion until ~dl jt:-; energy h1.I S l)pel1 dissipated, slidE's out­

shun' !'uf\'l'd hy Wtl\'~1! inH) a l1oll'fwd (·Jiff 
nnd ('ut tcrnu,:(', alld (\xt.f!lICit'd hy u huilt 

W~ll'd by grnvity, nnd though 
checked mld o\"erridclell by 
succeeding breakers, it cOn­

tinues its outward :slide us 
thc Il undertow" until it 
reacllf's tlw end of the ter­
m{'r. Here it Rudcl<'niy ('II~ 

trr:5 deep wut.er, and losing 
it.:" vdoL'it)', drop!' ib hurti<'n 
of fO{'k, and huild:-; lhe tN­
rut:l' seaward nftf'r the man­
ner of ('onstruction of all 

j (·rt~U'I'. 

<'mhunklll{'lIt. ... \t.;. we art' 10 :-'l'(', the i:lrgcr portion of thr wan'­
qllarriC'd Jl1tdni:li i~ diverkd 10 a diffrrcnt quarter. 

To g:lin !':()lJW f'w1i'l'ption of tl1P importanc'c of wave cutting 
:IS :l/~ erofjillg prOI'P:O:,", we mfly ('on~idf'r the l:lte bj,~torr of Heli­
gOllllld, H :-::U1d~t,on(.' i,":iland off t hC' mOllth of j he E lbc in the North 
R('tl (Fig, 2.16), From:1 periphery of 120 ll1iJc~ , \ybj.ch it possessed 
in the ninth ('{'n­
jury of the Chri,-
1. j:L 11 ('t a , the 
bland has reduc{'d 
it, outline to 45 
miles in the Iour­
t,eenth century, 8 
miles in the seven ­
te enth, and to 
about 3 miles !It, 
the beginlling of 
the twentieth cen ­
tur,\', The German 
governmcnt,wbic'h 
recently aequ ired 
this li ttle remnant 
from England, has 
expende d large 

FIG. ~56.-M3P sJlOwing the outlines of the Islsud of 
lI cligolaod at different stages in its recen.t history, The 
peripheries giv(ln arc in miles. 

sums of money in an effort to save this last relic. 
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The cut and built terrace on a s teep shore of loose materials. 
- LJ matt·rials which lack the coherence of i1rm tock! no \'f.'rtic.!.d 
cliff can form; for as fast as undel'minf'ci hy the waves the loose 
materi[t l:":. :",lid(' dowll 
:11 1<1 :1.-;:0'111111-' a ri uf'f: H'(' 

of Ilr:l l'tit'ally ('IIll:--t:lllt 

f-ilUPL'-lllt''' :1!1).!;lt· of 
r('p(l~(' " (If t}u' l ll:lt t'­

rials ( Fig. 2t,7). Tht' 
tcrr~cc hdQw this 
sloping cliff will nut, 
differ in shn.pc from 

~ ; "'1,' 

,Q ,I J"j'l, 0;. '(1.;0 

FH" :!:)7, -('ut uno huilt tl ' rr:u'p with I,()wldpr pll"" ~ 

IIlf'llt ~la!lp('d by W!l\'(>); on :1 s tcep ilhon· formed of 
IIl1li1(' tn:ltcrhlls. 

that cut upon a mcky sharp: but Whl'll('v('r thp mn.1('fia l~ of the 
shorf' include diR:-'eminntl'd hlock...; t.uo la rge for thr W~IV(,R to h~ndl c, 

tlwy rolket. upon th(' tcrnwp 1l1'!1r wiH-'l'l' tilr)' havp I W{,11 f'XhUIlWLi, 

t.bll~ [Orllling Wh:lt !Ins Ill'pn ('allt·d :1 d howlder pavI'l lwnt)) tF ip; . 
258) . 

Tile plig{' of lh[' r1lt nnd hllij! tPIT;JI'P j~ . .1)-\ :Iln'ady Illl'llfiolWd, 
mainiainpti :It tht· derHh of 'V:I\'(, b:1.<';(" If 011{' will ~tlld'y the ~lIh­

FIG, ~58, -Sloping diff a u d tC'rnH'(' with 
bowlder pU\'{)tllcnt exposl~d ut low tide 
upon the sca ~bore at Scituate, l\hss­
achusctts, 

merged ('ontou",,, of nlly of our 
inland lakeR, if will be founel 
th:lt thes!' h:lsin~ arC' sur­
rUllnclC'cl hy a. gently sloping 
lllflrginal sh<'if, - the cut and 
built t(,ITUC(,,- and thnt t he 
depth of this shelf at its outer 
cage is proportioDed t.o the 
size of lhe lah. Upon Lake 
1\{rudota at 1\1ad i~on , Wiscon­
sin, the' iargr Rt.orm WfiveR have 
!\ len6rtb of about twenty feet, 
which is the depth of the outer 
edge of the shore terraces (Fig. 
26i, p. 242). The shelJ sur­
rounding the continents has, 

~,,"j th few local exceptions, n uniform depth of 100 fa.t homs, or il,bout 
,t he wave b~lse of the heaviest storm waves, 

The work of the shore current, - I n df:'scribing t he formation 
of the buil t terrace, it was stated that the greater part of the roc!.: 
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material quarried upon headlands by the waves is diverted from 
the offshore terrace. This diversion is the work of the shore cur­
rent produced by the wave. 

At but few places upon a shore will the storm waves beat per­
pendjcuiarly, and then for but short periods only. The broken 
wave, as it crawls ever mort> slowly up the bea.ch, carries the sand 
with it in a sweeping curve, and by the time gravity has put a stop 
to its forwllrd movement, it, is directed for a btief instant p!l.rrulel 
to the shore, Soon, however, the pull of gr:n'ity upon it has started 
the backward journey in a more direct course down the slope of 

FIG. 259.-Map to show the nnture of the Hhore current ulld the forws which are 
molded by it. 

the terrace ; and here encountering the next succeeding breaker, 
a portion of the water and the coarser sand particles with it are 
again carried forward for a repetition of the zigzag journey. This 
many times interrupted movement of the sand particles may be 
obseT\;ed during a high wind upon any sandy lee shore. The It s~t " 
of the w"ter along the shore as a result of its zigzag journeyings 
is described as the shore curren! (Fig. 259), and the effect upon 
sand distribution is the same· as though a steady current moved 
parallel to the shore in the direction of the average t rend of the 
moving particles. 

The sand beach. - TIle first effect of tbe sbore current is to 
deposit some portion of the sand within the first slight recess upon 
the shor~.in the lee of the cliff. The earlier deposits near the cliff 
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gradually fon'e t.he shofP current farther from the shore and 
So by down ;1 sand f:eivn.gt' to t.he shore, whith if; sh:.l}1<,'d in the 
furm of all nrt' or 1'J'f'.-;c(.'nt :/!lel known a." a beach (Fig. 259 and 
Fig. 2(0). 

FIG. :?60.-Crescent-shapcd beacb formed in t.he It.'e of a headland. Santa 
Catalina Island. CnJ ifOTnia (after a photograph by Fairbanks). 

The shingle beach. - With heavy storms and an exceptional 
reach of the waves, the shore currents are competent to move, not, 
tbe sand alone, but pebbles, the area of whose broader surface may 
be as great as the palm of one's band. Such rock fragments are 
shaped by the continued wear against their neighbors under tee 
restless breakers , until they have a len-
ticular or w"'tch-shaped form (Fig. 261). ~ 
Such beach pebbJes are described as .hingle, ~ 
and they are usually built up into . distin ct FlO . 261. -CroSlil section 
ridges upon the shore, which, under the of fI. beach pebble. 

fury of the high breakers, may be piled several feet above the level 
of quiet water (Fig. 262). Such storm beaches have a gentle 
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furward :-;10),(' p;r:Hh,d I,~. (,hp :-;liul"l' current, but, a steep hack~ 

\nlrd :-; Iope 0 /1 the :lnglc' of rt'pO.':e. :\1ost ,t;;torm hC':I('h('.'5 h n1'('~ 

Leen largely ~hnlwd hy the 1:11\1, p;1'rni sto rm, s ll{'h :\:-; ('O llW~ on ly 

FIG. :?62. -Storm bCIll'h of (,I\ur"c 

;11 ill1 CITai;-; of a IlUlr'Li)('r of yparx. 
Bar, Spil, and barrier. ­

\\rlH.' rC'Y{.' j' the ~ I j() r l' upon whi c· h 
[I lw;leli i:5 huilding m:tk(,!-; a 
sudden la ndw:1.rd 1 urn at til r t'n ­

t ram'C' t,o 11 hay, the ~h\..)rl._' I.!UI' ­

rent:::'J by "irt ue of their ilwrt in 
of m otion ) nre un iolble longer to 
follow t,he shore. The d('bris 

BhilJ~J ,' ahout four fer'! jlJ h l'igiJf ;It \l'hiCh the:r carry is thliS trullS-

~~::tbl~:~;~ I3 ~~~Ilt.~~~~ Oi~::~~ U~:~~l~ portt'o into deeppr water in a 
Michigall . di re(;tion corresponding to 3. ('on -

tinuation of the :ohare ju~t before 
tbe poinl of turning (~('(' Fi!!, 2;)\1, p. 2:38) . Th(' fl':·mlt ii; the 
forIllation (If rl bm', ",hieh ri .... e:-; to Il('ar the water surfa('c ~\nd is cx­
t,cndpc\ 3cro:-;:-; 1.h(' entrU!l('(' to the uny th rough cont.inued growth 
at it,s ('nu} nfter t he mannl'J' of {'on ~t ruc't.ing a l':Lilwny embank­
ment nCrO!-lS :1 nil le}. 

Over thr clepper wntcr nC:1.r the bar the W;lV('S are .'1t fU':~t. no t.. 
generall~- halted ancI broken , m; thp~' are upon the shore, and :-:0 

the bar doC's no t a t once 
build itself to th,· surface, 
but remains an invisible 
bar to un vig~l t ion. From 
its shoreward endJ bow­
ever 1 the wn yes of ('ven 
m ade ra te s torm H a r e 
brokpll, :-Inc! thf' har is 
t.lwrr built :11)0\'1' f,he W:1tcr 

surhl('(', l\'ber(' it appea rs 

a~ a narrow ('::jP{' of ~alld FlU , :!63.-SpiLof gltiuglt; Oil ' j \U Traiu hllaud, 
or shingle which gradually Ll:I.kc Superior (lI.fter Gilbert). 

thins in approa('hing its 
apex. This feature is the well-known spit (Fig. 263) which, as it 
grows across th(' entrance to t he bay, becomes a barder or barrier 
beach (Fig. 264). 
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The tontinuat,ion (If t he v isihl£' in nIP u:o'ual\y invis ihlE' h:lr, is 
at the time of high wind~ mad,· strikill~ry app:u'clIl , fur tbe \y:JN(' 
b~I.s (' is below tilt' t'l"(':.;1 of t il £' hal' , [l lld ;Li ,,;ui'h ti!lH'~ it::- ('rp:->('t'nti c 

(;our:'it~ b<'yonci t ILt~ spit ca ll be followed hy t hi' P)'C' in !1 whill.' a rc 
of hroken wa.tet'. 

'Thp c(J ll:.; trudion of: l 1,:u'I'i er :WI'O),;:'; f ill' ('nfr:IIlN' to;1 bay f,r!lIlS­

forms th~ illUcl' in to a :-(pp:\raic !IIKly of wnt('I', :~ lag(Jon, witllin 
whi (' h :-i ilt inp; up and peat 
formation usually IN1U to a n 
cnrl)' extinction (1'.420). Tlte 
formation of barriers t1Hl~ 

tends to straighten out tJ..IE' 
irregularities of ('oast linesJ 

and opens l.he way to a 
nntural enlargement of the 
lund a reas. \VhiJe t hC' ('on:.;ts 
of the l lnit,('d Kingdom (If 

(in'at Britain hay!' 11('('n 

lotiing 1-\0 111(' fuur thouf'an(1 FI G. 2H4. -Ha.rri er I}(,:\ .. h il.] fWlll Of ulugooll 
;H.: res through wnYe erosion, un L:lke !\.h·nd(ltlllll. :o.ladisOI), Wi:;colll'iin. 

there bas been a gain 11)"" ~lti~1;I~lJI)I(~;'1~3i~('~;~~~'!~i~I~c1~~~ ~:rr~.:~~~ 
growth in quiet lagoons whi{'h tati(Jll. 

amounts to nearly seycn 
times t.hat amount. As evidenee of t ll f' straightening of the shore 
line which results from this pro{'es~, the coast of t,h ... , Carolinas or 
of Nantucket (Fig. 459) Jllay serve for illustration . 

The land-tied island. - \Ve have s(~en thn1 w aYe t'fosion oper­
a.tes to separat.e small island:, from the headlands, but the sJ1{,rc 
t'urrents counteract thiR loss to the cont inents by throwing out 
barriers which join many separated islands to the ma.inland. Such 
land-tied islandR arc fl., ('onunon feature on many rocky coast s, 
and upon til£' Nf'w England coast they usually havt' been gh:en the 
nHme of I I nuck.1I The long arc of Lynn Beach joins the former 
island of Nahant, through its smaller neighbor Litt le Nahant, 
to the coast of Massachu"etts. A similar land-tied island is 
Marblehead Neck. The Rock of Gibraltar, former ly an island , 
is now joined to Spain. by t he low beach k-nown as the " neutral 
ground." The Spanisll name, tombola, has sometimes been em­
ployed to describe an island thus connected to the shore. 

R 
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A barrier series. - The {'ross ~('rt ion of :1 bnrrier headl, like 
that of :l :sturin \Iench upon t he sborf', slopes ~entl.Y upon Uw fol'­

w:ud side, ~tnd more ."if f~(-'ply 

:It the angle of rf'po!'f' upon 
tll(, rear OJ' landward 1l1 :1r!-!;in 

< (Fig. 2G5) . The ti,inning 
wedge of shore d(·posit.R whic,h 

] '1(;. :.!(,i5. - ( 'roslS ijt!l: t.iotl uf!\ LarriN beach the barrier t hrows out to sea­
'with lagoon iu its reu.r. 

ward raiseR the level of the 
lake bottom (Fig. 266), and ,,-hen COllst irregulari ties are fa\'vr­
able to it , new spits will develop upon t he Rhore outside the 

FIG. :?6{t-Cross section of (l series of barriers and ao outer bar. 

earlier one, and a new bar, and in its turn a barrier ) will be found 
outside the initial one, taking 3 course in a direction more or less 
parallel to it (Fig. 267). 

FIG. 267.-Formation of barrier serics and an outer bar in University Bay of 
Lake Mendota, at Madison, Wiscoll.5il.l. The water contour inten'o.l is "VI'! feet, 
and the land contour interval ten foot (blUlcd on a map by the WiscOllsin Geologi­
cal Survey). 
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So soon as the first barrier is formed, processes are set in opera­
tion which tend to trans­
form the newly formed la­
goon into land, aJld so with 
n serjes of barriers, a zone 
of water lilies between the 
outer barrier [mel the har, 
a bog, Hnd :1 land platform 
may represent the sucres-­
sive stages in this ~Icqui si­

tioD of terri tory by the 
lands. A noteworthy ex­
ample of harrif'1' series 
and extension of the land 

behind them , is afforded by FIG. 268. -Series of barriers (it the western end 
the bay at the \,'estern end of Lake Superior (El.fter Gilbert), 

of Lake Superior (Fig. 268) . 
Character profiles. - Tbe chnrach'T profiles y ielded by the 

work of wa"es are easy of TPcognition (Fig. 269). The vertical 
cliff with notch at its 

ch.d _f}_ Sl 0<1< 
Ii' 

Sraclr No Tchea' 

s." Arch 

h,:o;p is varied by thf' 
st:H_'k of sugar-loaf 
form carved in softer 
rocks, or the steeper 
notched variety cut 
from harder masses. 
Sea caves and sea 
arches yield varia ­

C'\ tions of a curve com­
- --'---'--- n100 to t he underc:ut 

eJ a r r i . r Beach 

F lO. 269. - Character profiles resulting from wave 
action upon shores. 

forms. ~Vbereverthe 

materials of t he shore 
ure loosely consoli­
dated on ly, the slop­

ing cliff is formed at the angle of repose of the materials. The 
barrier beach, t hough projecting but a short distance above the 
waves, shows an unsymmetrical curve of cross section with the 
steeper slope toward the land. 
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CHAPTER. XIX 

COAST RECORDS OF THE RISE OR FALL OF THE 
LAND 

The characters in which the record has been preserved. ­
Thr peculiar form1" into which th(' i"ca h:1£\ etched and molded its 
shores luwc been ('on~ idercd in tilt;' la~t chapler. Of lhf':-:p f,he 
more significant urE' the not.chr-d rork difT, thc eu1 roek t('Tl'HtC, 

the sea cave, the ~ea. arrh, tbe st,Hck, and til(' sloping r liff ilnd ter­
race, among the carved features; and til<' barrier beach a.nd built 
terrure, among the molded forms. It, is import,ant to remember 
that t.he molded forms , h~r the very manner of tll('ir formation, 
stand in a defini te relationship 1.0 t.he carved fC'atuTPs; so that 
wben either onc has been in part effaced and made difficult of de­
termination , the discovery of t,lw othrT in its ('or red natural posi­
tion mflY remove n_ll doubt. as t.o the origin of the relic. 

In studies of the change of level of the land, il is customary to 
refer all variations to the sea le"el as a zero plane of reference. 
It is not on this account necessary to assume that the cbanges 
measured from this arbitrary datum plane are the absolute up­
ward or downward oscillations which would be measured from the 
earth's center; for the sea, like the land, has been subject to its 
changes of level. There need, however, be no apology for the 
usc of the sea surface as a plane of reference; for it is nil that we 
have available for the purpose, and t.he changes in lerel , even if 
relative Duly, are of the greatest significance. It is probable that 
in most cases where the coast line is rising from uplift, some por­
tion of the sea basin not, far distant is becoming deepened, so that 
the visible change of level is the algebraic sum of lhe two effects. 

Even coast line the mark of uplift . - It was early pointed out 
in this volume (p. 158) that. the floor of the sea in tne neighborhood 
of the land presents a relatively even surface. The carving by 
W8.ves, combined with the process of deposition of sediments, tends 
to fill up the minor irregularities of surface and preserve only the 

245 
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features of larger scalc, and these in much softened outlines. Upon 
the continents, on the contrary, the running water! taking advan­

t,age of ['very slight djfference in e]pvntion and 
searching out the hidden structure planes 
within the rock, soon etches out a !Surface of the 
most il1tricat(' detail. The effect of elev!ttion 
of the sea floor into the light of day will there­
fore be to produce an even shore line devoid of 
harbors (Fig. 270) . If the cOllSt has risen 
along visible planes of faulting near tbe sen 
margin, t,be ('oast line, in addition to being {'ven, 
will lIsuolly he made up of notably straight ele­
ments joined to one another. 

A ragged coast line the mark of subsid­
ence. - When in place of uplift a subsidence 
occurs upon the coast, 
the intricately et.ched 
surface, resulting from 

FIG. 2iD.-Tbc east erosion beneath the 
coast of Florida. with sky, comes to b~ in­
even I!hore line char- vaded by the sea 

:~~~~stic of a raised along each trench and 
furrow , so that a most 

ragged outline is the result (Fig. 271 ). 
Such a coast 
h as many FlG.2il.-Raggoo coB.st lioc 

h a. r b 0 r S , ~:d-~,~:.~a, the effect of sub­

while the 
uplifted coast is as remarkable for its 
lack of them. 

Slow uplift of the coast - the 
coastal plain and cuesta. - A gradual 
uplift of the coast is made apparent 
in a progressive retirement of the sea 
across a portion of its floor, thus ex­

'-_""-_.L..J.'-"~ __ --' posing this even surface of recent 
FJO. 272.-Portion oJ Atlantic sediments. The former shore land 

. J:a::t!~~n ~~!~~~~ri~o:~~ \VilJ be easily recognized by its etched 
taina. surface, which will now come into 
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.5harp contrast with the new plain. It is therefore referred to us 
the oldland and the newly exposed coastal plain fiS the newland 
(Fig. 272). 

But the near-shore deposits upon the sea floor had an initial 
dip or slope to seaward, and this inclination has been increased 
in the process of uplift. The streams from the olel land have 
tJ'encbed tJJeir wny across these deposi ts \vhiJe the shore was ris­
ing. But tbe process being a slow OIle , deposits have formed 
upon the seaward side of the plain after the landward portion wus 
above tide, and the coastal plain may come to have a It belted" 
or zoned character. The strem:rs tributary to those larger ones 
which htwe trenched the plain may encounter in turn harder and 
softer la~'ers of the plain deposits, and at each hard layer will be 
deflected ~dong its margin so as to 
enter tbe main streams more nearly 
at right angles. They will also, as 
time goes 'Ol'l, mjgrate laterally sea­
ward through undermining of the 
harder layers, and thus win be Flc. 2i3.-Idelll form of cuests.s 

shaped al ternllt.ing belts of lowland :r~~ ~t:~:~:a;tail~~~~:~~s ~:::~ 
separated by escarpments in the 
lUlrder ro~k fro III the residual higher slopes. Belts of upland of 
this character upon a coastal plain are called cuestas (Fig. 273). 

The sudden uplifts of the coasts. - Elevations of the coast 
which yield the coastal plain must be accounted among the 
slower earth movements that result in changes of level. Sucb 
movements, instead of being accompanied by disastrous earth­
quakes, were probably marked by ftequent slight sbocks on ly, 
by subterranean rumblings, or, it ma~' be, the land rose gradually 
without manifestations of n. sensible character. 

Upon those coasts which arc often in the throes of seismic dis­
turbance, n quite different effect is to be observed. Here within 
tbe rocks we will probably find the marks of recent faulting with 
large displacements, and the movements have been upon such a 
scale that sbore features, li ttle modified by subsequent weathering, 
stand wel! above t he present level of the seas. Above such coasts, 
then , we recognize the characteristic marks of wave action, and 
the evidence that they have been suddenly uplifted is beyond 
question. 
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FiG. 274.- Uplift.",,(} 11(.:11 ('uvt'. Hm feet ubovc. the water upon the coast of Culirof' 
Hia: the mOHUlUI1nt t.o a former (lnrLhqlluke (after It photograph by Fairbauks). 

rro. 275. - D ouble-notched cliff nC[Lr Cape Tiro. Celebes (after 11. photograph 1: 
Sarasin) , 
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The upraised cliff . - rpon the coast of southern California 
ma.y be found all tbe features of wave-cut shores now in perfect 
preservation, and in some cases as much aE fifteen hundred feet 
above the icyci of the Sea. These features are monwnents to tbe 
grandf>st of earthquake dist urbances which in recent. time ha.ve 
visited the regioll (Fig. 274). Qu ite as striking an exampJe of 
simila.r movements is afforded by notched cliffs in hard limestone 
upon the shore 01 the Island 01 Celebes (Fig. 275). But the coast 
of California furnishes the other charact<'ristic coast, features in t.he 
high sea arch fwd the sj,nck as additional monuments to the recent 

PIG. 276. - JllSpcr ruck :;to.cks uplift.cd 00 the coast of California (after a pllOto­
graph by Fllirbanks). 

uplift. Let one but imagine the stacks which now form the Seal 
Rocks off the Cliff House at San Francisco to be suddenly raised 
high above the sert, and the fo rms whjch they would then present 
would differ but little from those which are shown in Fig. 2i 6. 

The uplifted barrier beach. - \\-ith in the reentrants of the 
shore, the wave-cut cliff is, as we know , replaced by the barrier 
beach, whjch takes its courSe across the entrance to a bay. After 
an uplift, such a barrier compo,ed of saIld or shingle should be 
connected with the headlands, often with a partially tilled lagoon 
behind it. Its croSs section should be steep in t he direction of 
tLe lagoon, but quite grad ull.l in front (Fig. 277). 
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FIG. '277. - UpliftC'd shingll' beach across tlw cntrullf'(' to u fUTDler bay upon 
the coast o( ~o\it,hcrn California (after It photograph by Fairba.nkll). 

Coast terraces. - Upon those shores where to-dHY higb rnoun~ 
tains front the sea, the coast ma.y generally be seen to rise in a series 

of terraces (Fig. 278). This 

-~ ~~I~~~a~I;:t~~~O;ytl;.~~~~~a~~ 
~~':i?~~;': ::- :~::~~u:;'~~~i~u:fbt:; ;ac~~~ 

from Alaska to Patagonia. 
FIG. Z78.- R~:.~:~!~a~e~~ace8 near Elie, The traveler by steamer along 

the coast from San Francisco 
to Chili has for weeks almost constantly in sight these giant steps 
on which the mountains have been uplifted from the sea. In 

FIG. 279. - Uplifted sea cliffs and lerraces on the coast of RU~8ell Fjord, AllI.ska 
(after TafT and Martin). 

Alaska we are fort.unate in baving the history of the later 'tages in 
this uplift (Fig. 279). As described in a former chapter, portions 
of this sbore rose in the month of September of the year 1899 ill 
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some placE's 3 S high as forty-seven feet, t.o the accompaniment of 
a terrific earthquake and sea wave. Above the terrace which 

FIG. ~so. - Di>lgt'ams to show how excessive sinking upon the sea floor ~;n CRuse 
the shore to migrat.e landward us it is uplifted. 

marks the beach line of 18gn there is a higher trrracc of similar 
form now overgrown with trees, but none the less clearly to be rec~ 
ognized as a shore line of the past century 
wbicb preceded in tbe long sequence tbe 
uplift of 1899. 

As was noted in our study of eartb­
quakes, the recent instrumental records of 
distant eartbquakes tell us that the move­
ments upon the sea floor are many times 
larger than those upon the continents , and 
that while the mountainous coasts are gen­
eral lv rising, the deeps of the sea arc sink­
ing. The effect of this over-balance of 
sinJcing, or resultant shrinking of the earth's 
shell , may be to compress the mountain 
district. and so cause the shore line to move 
landward at the same time that it moves 
upward (Fig. 280). 

The sunk or embayed coast . ~ When 
now, upon the other hand, a section of the 
coast line sinks with reference to the sea, 
the water invades aU the near-shore val- FIG. 281. - A drowned riV(!r 

leys, thus II drowning 11 them and yielding ::~~ ;~a:~uary upon a 

the t. drowned river mouth II or estuary . 
If the relief of the shore was slight, as it generally is upon a 
coastal plain, slight depression only will produ ce broad estuaries, 
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FI G. :!S2. -Archipelago of steep rocky islets due to lilrl!(" suhnH'rgcu{'(' of;l ('oast 
having strong reljf'{. Ent.rance to Esquimnh Harbor, YlInCOllver hiland (lifter 
a photogruph by .Fairbanks) . 

F lO. 283. - The submerged Hudso­
man channel which continue!! the 
Hudson River act088 the continental 
(lbell. 

such as Cbesapeake n".v at tbe 
dro~n1('d mouth of the Rusqw?­
banna (Fig. 281). 

If, On the other hRJld, the relief 
of the shore is strong and the sub­
siden('e is large, thp cntirr ('oast 
line wilJ be tr:lnsformed i.nto an 
archipelago of steep-walled rocky 
islets wbi('h rise ahruptly from the 
sea (Figs. 282 and 284). A plateau 
which is intersected b~' deep and 
steep-walled valleys of U-section 
(p. 341) uncler large submergence 
yields the fjords so characteristic 
of Scandinavia. or AJaskn . A rag­
ged coast line, fringed with islands 
as a result of submergence, is de-· 
scri bed as an embayed coast. 

Submerged river channels.­
The sinking of • coast of sman 
relief may be sufficient to com ­
pletely submerge river valleys, 
wbose channels t hen beb~n to fill 
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with sediment and whose course£ can only be foHowed in so{md­
ings. One of the most interesting o~ such channels is that which 
continues the Hudson River across the con1inental shelf into the 
deeper "eo (Fig. 283). 

Records of an oscillaticn of movement. - Because a coast 
is deeply embayed is no ground fer assuming that a subsidence 
is now in prog­
ress, or is, in 
fact , the latest 
movement tp­

corded upon tho 
conRt. In m:my 
ca:-;c,s it is ca;.;y 
to see that. sUl;h 

is not the ease. 
The coast of 
IVfain l:' it; per­
baps as typical 
of an cmba~Ted 
~horf' line as 
any that I1light 
be cited, but a. 
sl,udy of the 
river valleys in 
the neighbor· 

FIG. 2B-l.- Marine clay deposits ncar the mouths of the rivers 
of Maine which preserve a record of earlie.r subsidence (after 
Sl{lIH'). 

hood shows clearJy that the present submergence of their mouths 
is a fraction only of an earlier one which has left a record of its 
existence in beels of murine clay which outline the earlier and far 
deeper indentations (Fig. 284). 

If nO\\I we give a closer examination to the coast, it is found 
that tbere are marks of recent uplift in an abandoned shore line 
nmv far above t he reach of the waves. There is here, then, the 
record , first of subsidence and consequent embayment, and, later, 
of an uplift which lias reduced the raggedness of the coast outline 
exposed the clay deposits, and raised the strands of the period of 
deep subsidence to t beir present position. 

In countries which possess a more ancient civilization than our 
own, the record of such oscillations in the level of the ground has 
sometimes been entered upon human monuments, so that it is 
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possible to date more or less definitely tbe periods of subsidence 
or elevation. At the little town of Pozzuoli , upon the shore of 
t he Bay of Naples, is found one of the most instructive of these 
records. 

In the ruins of the ancient tf'mple of J upiter Rerapis are three 
marble monoli ths 40 feet in height, cUJ'iousl~· marked by a 

roughened su rface between the 
beights of 12 and 21 feeL above 
their pedestals (Fig. 285). Closer 
inspection shows that this rough ­
ened surface has heen produced 
by a marine, rock~boring mollusk, 
tbelitlwdo/JIus, which lives in the 
waters of the Bay of Naples, and 
the shells of this animal are still 
to be found wi thin the cavities 

FI;;I~~~~;'~~I; ~L~~~e t!~~u;~~el}rd~~ upon the surfa ce of the columns. 
fll.pis at ]'ozzuoli , showing the dark V\Tithout recounting details wbich 
and rouj:!h bnud niuc fc(' t in y ... idth have been mnny times recited 

:~~~~lc~o~~'li~~:ei:o:~~-~:~JI~f ~~~~~;~li~8 s ince tiJc:!e intcrefting rnOlltJ-
. 1IH'1l1 s were first J.!;(·uiop;i etllly {'x-

plored hy Rnbha,g;p and T,ypll , it m:1'y be stnted that, n record is 
here preserved, ti r:-:t of suhsitien('c amount.ing to some 40 feet , and 
of subsequent, elevation, of the low CQnst land on which st,ood the 
temple in t.he old l{Olllall city of Put(",li (Fig. 286). 

At the t ime of deepest submergence tbe top of the lithodomus 
zone upon the column ::; tood nt the level of the wflier in t he Bay of 
Naples, the smoother lower zone ocing buried at t he time in the 
sand at the bottom, and thus made inacoessible for t·hc lithodomi. 
It is to be added th3t studies made in the envirOlls of Pozzuoli 
have fully confirmed the changes of level reveal(·d hy the oolumns, 
t hrough the discovery of now elevated shor(" lines which arc re­
ferable to the period of deep submergence. 

Sim ultaneous contrary movements upon a coast. - In our 
study of the cbanges in t he level of t he ground tlutt take place 
during earthquakes, it was learned that neighboring sections of 
the earth 's crust may be moved at different rates or eVPIl in op­
posite directions, notwithstanding t he {act t hat the general movt'­
ment of the province is one of uplift . T hus during the Alaskan 
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enrthqurrkp of J 899, altbough porf ions of tLr C'O:1st litH' W('IT' (,'k\'~lted 

hy 3S muc·h:)s ft)J'tY-~f'\'en fef't, l \('iJ!:h l ){)l'ing ~N'tiun foi \\'(~ J'(' ra is('d by 
smaller amuunt~, :Lnd ~o llle sm:dl ~pd ions \\'t're t'i lllJk ~\I)d so far 
sul_mwrged ~ hat the suit W:1.\(:'r :md tilt' {wadi :..and w('re w::I f-heel 
nbout. 1,h(' roots of fo rest trp('s. 

A region racked by h(':1\",)" earthquakes, when ' the pn'sr)lt ('011-

figura.tion of Ute' ground spettkti st rongi)r for a movcIlwu1 of ~()me­
wha t simihn nature, but with ~\Vcr;1gp mOVCllwnt of t'i (:' \'!ltion much 
greater to the northw!1rd than in the opposite dirt'cuon, is the ex­
tended coast line of Chili. This country is characterized by a 
great cent.ral north and south valley which f'rparatcs thf' coast 
range from the high chain of the CordiUeras to tile ('~lshnlrd, To 
the southward the floor of this yallcy dCf.;('encis, anti has its. eOI1-
tinuance in the Gulf of COI'('m-nclo behind the itiland or Chiloe and 
the Cbonos archipelago. The known rec·cn! uplift of the coast of 
Chili, particularly in Llw northern sect i on~ and during the earth­
quakes of the cighteen1h, ninetecnth , and twentieth centuries, 
lends great interest to tbis topographic· peculiarit,r. Indications 
are not lacking that, during the f'u rthquake of Conccpcion ill 
1835, and of Valparaiso in 1907 1 the measure of uplift ,,,as greater 
to the north than it was to the south. 

The contraste d islands of San Clem e nte an d San ta Ca talina. -
Perhaps the most striking exam p!{' of simultaneous opposite 010\'e-

FIG. 287. -lHllp of San Clemente Islllnd, California, shov.;ng the cnaracteriatic 
topography of recent uplift (after U. S, COl18t and Geodetic Survey). 

ments observable in neighboring portions of t he earth's crust 
is furnished by the coast of soutbern California. The coast itself 
at San Pedro and the island of San Clemente, some fifty miles off 
t his point, in common with most portions of the neigbboring coast 
land, have been rising in interrupted movements from the sea, and 
offer in rare perfection t he characteristic coast terraces (Fig. 287 
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.. 1. V-Ehupoo car10n cut it) Ull uplund recently elevated from t he seu, Sai) Clemente 
Island, California (nfter W. S. Tungier-Smith). 

B. A" hogback" at the base of the Bighorn Mounta.illij, Wyoming (after Darton). 
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and Fip;. 278. p. 2:;0). IVfldway between these two rising sections 
of tlw ('ru;-.I , :Llld 1f' ~1" t,h:w tw('nty-fiv{' miles di:.;tant from either) is 
the i:-ibnd lIf K:lnta (':d:dina, which ha~ been sinking bf'tWllth tbe 
W:lves, and :Ippareutly at. 11. s imilarly rapid mtc (Fig, 288). The 

FIG . 288.-1\1:\\1 of Rant.n Co.taliua Isl:l.lld, Ca.lifornill. silowi.ng till' cilllflJ,cteristic 
au'rflle!' of all art.'a. which has long beCIl above the WlweB. ahd the (ln tir(' absence of 
CO[l.fit te.rrar:cS (after U. S. C. lind G. S.). 

topograph.\" of tbe island SilO\\"8 t,l,e intrica te det"il of a m"l.urely 
eroded surface, while 1,ont of OlP neighboring San Clemente .shows 
only t.he widely spnced, deer caf:Wll£O of the inhntile Rtage of erosion 
(Fig. 165 I1ml pI. 12 A)" While S"nta C:"talin8 hRS been sinking, 
S~l11 ])eclro Hill hfls rjsf'n 1240 i'eet, and Ran Clement.e, 1500 fcet. 
It is charactpristic of a sinlcing coast line that the cliff reccs~ion is 
abnormally rap_iel, !lnd evidence foT' th iR is furnished by the shores 
of Salltn. Cn1 alina, upon which the waves a re cutting t he cliffs 
ba.ck into the beds of cru10IlS, and so causing smnU falls to develop 
at the calion l't1ouths. 

The Blue Grotto of Capri. - We may now return to the B~LY 
of Naples for additional evidence that oscillations of level in 
neighboring portions of the same coast are not necessarily syn­
chronous/ and that near-lying sections may even 1110ve in opposite 
directions at the same time, as has already been shown for the isl­
ands off the California coast. For the Pozzuoli shore of the bay 
it was learned that within tbe Christian Era a complete cycle of 
downward, followed by later upward, movement bas been largely 
accomplished, Across tbe bay, and less than 20 miles distant, is 
the Blue Grotto of Capri, a sea cave cut in limestone above an 
earlier cave of the same nature which is now deep below the water 
surface. It is the refracted sunlight which enters the cave through 
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thi :-- lower :-;uhJflrrg'E'd opening :uld has been robbed on the way of 
all hut iL::5 blue rays which gives t.o the famous grotto its sp ecial 
charm (Fig. 289). 

It is knuwn that the former , and now submerged, sea cave was 
ill use by Roman patri (, ians :1.'5 a. 
cool retreat from thp oppressive 
hot wind known :\s the :o; iro(;('o, 
and that an artificial entrance or 
window was cut where is now the 
only accessible entrance to t he 
IP'otto. In the anc'icnt writings, 
no men tion is m~ule, howcyer, of 

! ;'lG. ~l-t9.-('r",;s ;I('I' liull of th(' Blur' the remarkable blue illurnlnatic.ll 
Grot.to OIL 1.h(' l sla ud uf Capri. Khu w- fur which i t i ~ now famou s, and 

::ic\~lCIJ:~!~l'~;I!; 'I~~ .t;~i:hc:\~~l j~~{)~~~ the conditions at, the time, as we 
grotto, and the hight~r artificial wilJ- 1ll:.I)' S{'C, werr not ~u (.'h a~ to make 
dow now widcllNI by wu\'c ur-t.ion this po;.;sihlp. Lut,er SUhSicl(' Il CC 

(after VOII Knchcl). of the ('O :lst has hrought, the 

anl'icnt window to th e- 8ea lC'Yl~ I , where it. hal" been l'on~id erah'y 

enlarged by the waYes. TIl£' earlier grotto, ::tbandoncd :.if' ii:-; 
entrance was closed, was rediscovered in 1826 b~y t he painter and 
poet, August Kopisch. 

A grotto with green illumination (the Grotto Verde) is situated 
upon the opposite side of the island, and a blue grotto , having its 
origin in similar conditions to those of the famous Blue Grotto, 
is found upon the island of Busi off the Dalmatian coast. 

Character profiles. - In the landscape of a coast whjch has been 
slowly uplifted the characteristic line is the profile of the cuesta, 
with short perpendicular element joined to a gently sloping and 
longer section a.nd continued in the horizontal portion correspond­
ing t.o tbe lowland (Fig. 290). Rapidly uplined coasts offer in 
contra81. the lint .... ); charncteristic of wave erosion and deposition, 

. but at higher k"'cl8 and in repea1,ed section~. Most prominent 
of all i!' the :-.taiTl'ase con~tructpd of co~\.~t terraces, with either 
vertical or s_lopin~ ri~rR n.Bel with outwardly inclining and gently 
graded t reads. Near the steep riser in the st,ai rcase ms,y some­
times be seen the sugar-loaf outline of the stack cut in softer ma­
terial, or the obelisk-like pillar undercut a.t its basel whicu is carved 
in firmer rock masses. With excessively rapid uplift, the double-
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notched cliff or the double sea arch may appear in the lamlscape. 
Upon a submerged coast the most significant lineR in tlw view 
an~ thosE' of the rock islet and til(' l't.eep-walled fjord. 
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CHAPTER XX 

THE GLACIERS OF MOUNTAIN AND CONTINENT 

Conditions essential to glaciation. - 'Vhprpver for :l suffi­
cient,ly protracted period the annual snowfall of a district is in 
exeess of t.he Snow that is l11cltrci, a residu£' must remain from 
cHeh season to bf' nrldf'd 10 thnt of Sllcc('e(Ung ones. Eventually 
sO much snow will hnve accumuhlted that under its own wright 
and in obedience to its peculiar properties, a movement will begin 
withjJ) the mass tending t.o spread it und so to reduce the slope 
of its upper surface (Frontispiece plate). The conditions favorable 
to glaciation an' , therefore, lU'fwy precipitation and low annual 
temperature. If the precipitation is scanty, the small sDowfnll 
is soon meltrc1; and if thf' temperature he too high, the moisture 
is precipita.ted not in the form of sno\v but us rain. It is impor­
tant here to keep ill mind thu,t snow is a poor heat conductor 
an.d itself protects it~ deeper layers from melting. 

The snow-line. - Because of the low temperatures glaciers 
should be most abundant or most extensh'e in high latitudes and 
in high altitudes. The largest are found in polar and sub-polar 
tegions, and they arc elsewhere encountered only at considerable 
elevations. The largest glaciers are the vast sheets of ice which 
inwrap the continents of Greenland and Antarctica, but glaciers 
of large size are to be found upon other large land masses of the 
Arctic, as well as in Alaska, in the southern Andes, and in New 
Zea.land. :Much smaller glaciers are characteristic of certain 
highlands , ... ·ithin temperatf' ~l.nd tropical regions, but brciluse 
of spechlily favorable conditions both of attitude and precipi­
tation the Himn.1ayas, nHhough in relatively low latitudes, nourish 
glaciers of large proportions. In general, it may be f:aid that 
the nourishing grounds of glaciers are largely restricted to t bose 
areas where snow covers the ground throughout the year. The 
lower margin of such areas is designated t he snow line, and varies 
but little from the line on which the ::tvf>rage summer t('mpera~ 
ture is at the freezing point of water - t.he so-calJed summer 
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£sotherm ()J :320 Fahl'enhe,it. ' Vithin the tropi(:s th is line Illny 
r_isc as hig:h as 18,000 feet above the sea, whereas in polar lati­
tudes it descends to sea )pvcl. 

Importance of mountain barriers in initiating glaciers. - The 
precipitation within any district depends, however. not alone 
upon the amount of moisture which is bl'Ought to it in the c1oudB, 
but upon the amount which is abstracted beforr the clouds have 
p[l.Sscd over it. The capacity of spa(~e to hold moisture increases 
with its tClllperatuTr, :lI1d hence any lowering of this temperature 
will reduce the capacity. If lowered sufficiently, the point of 
complete saturation will be reached and further cooling must 
result in precipita,t ion . Hen('e, anyth ing which forces I.1n air 
current to risl' into mon' rarf'fil'd Y,OIW~ above, will lower the llr(':-;­
sun' upon it Lmel 1-'0 bring a.bout a. tooling f'IT(,t,t. in which no h{'ut 
i:5 ahstrad{'tl. Tlri:-; ~o-ealkd ((di(LU«i'tc n 'friycmli{lll of t1 ~as 

m~l.r he illu :-;trah'd by the eool t'urr('nL whi('h issues in a jrt from 
:.\, warm t'Xpandlld rubber tin' alter the (:otk ha.l-5 been opened; or 
('VPU brUN, by t he instant solidification a.t extreme low tempera~ 

tures of sm'\) norm,~\ ga~('~ aR carhonic :\(~id when. they are allowed 
to issue undpr hC3SY prl':-isul'( ' froll) a r;1ll:111 orifi ce. 

As a.ppiipd to 1l10i~; ul'c~ladt'n and IH"ar-5urfa.ce winds, the 
effective (,l,gf-'nts of adiabat ic ('ooling arf' t he upland areas upon 
the continents, and csp(,Gially thr ranges of lllOuntn.ins. These 
barriers forct' the moving doucl)'5 t.o risc, cool, and d('posit their 
moisture. It is; , therefore, tlw highland barriers which face the 
on~coming, moisture-laden winds that receive the h<'ilviest pre­
cipitation. Within temperate region.';, bceause of the prevalence 
of westerly \vinds, those barriers which face the western shores 
receive the heaviest fall . Within the tropics, on the other band, 
it is the harriers facing the eastern shores which , bccaus(' of the 
eas terly II trades," are most favorable to precipitation. 

Thus it is in the Sierra Ncvadas of California, and not in the 
'Rockies or the Appal achians, that the glaciers of the United States 
are found. The highland of the Swiss Alps lying likewise athwar t 
the "westerlies" of the temperate zone acquires the moisture 
for nourishment of it s glaciers from tbe western ocean - here 
the Atlantic (Fig. 291 ). Within the tropics the conditions are 
reversed) and it is in general the ranges which lie nearer the eastern 
coasts that are the more favored. If no barrier is found upon 
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this coast, the clouds may travel over vast stretches of country 
before being arrested by mountains and robbed of their moisture, 
Thus in tropical Brazil the glaciers are found in the Andes upon 
the Pacific coast, though nourished hy clouds from tbe Atlantic 

Flo , 29 1. - l\.'illP I!howiug duo clistributioll of llxiritill~ j.!;illcil'rs , tllltltlH' two illl­
portrlllt wi.lld IlOles o f til(' I!arth. 

Sensitiveness of glaciers to temperature changes. - How 
sensitivr is the adjustment iwtW('f'11 ~llo\Y precipit.ation n.nd tt'lIl­

perature ma,), b(l ~tri_kingly illustl':1t('d by thp statenwnt on ex­
ccllrnt a.l1thorit,y thnt if t,}w :wel'fl.gl' :\.l1.nual tcmp('r[l.tuI"P of tile a.ir 
within. the Scottish Highlands shou\c\ br lowered by only three 
degrees Faluenhcit, small giru;iers w()Ulcl bc' thE:' rf':..ult ; and a 
modera.te temperat.urC' f,tll within the' r{·gion ~urf'ounding the 
Ltturent.iaJl lake'S of North Amcritn. would bring on glaciation, 
otherwise expressed a~ f.1. dpprp8:..iun of t,}1(' snow line of the region. 

The cycle of glac.iation. - Though to-day buriE'd beneath its 
ice mantle, it is known th:lt GrPt'Il.land had marl' t.hanonc(' in carlier 
geological ages :J. notably mild c1imu.te, and in some future ftgc 
it may revert to this condition. In other regions, also, we have 
evidence that surh a rotation of climatic changes has been sue· 
cessively accomplished, the climate having steadily increased in 
severity towards a culminating point, and bN'n followed by a 
reverse series of changes, Such a complete period may be called 
a cycle of glaciation, While tbe climate is steadily becoming 
more rigorous, we have to do with t:IJl advancing hemicycle of 
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glaciation, but after the culminating point has been reached, the 
period of amelioration of climate is the receding hemicycle. 

The advancing hemicycle. - There is little reason to doubt 
that wbatever be the cause of the climatic changes which bring 
on glacial conditions, these changes come on b~' insensible grada­
tions. The first. visible evidence of the increased sevrrity of 
the climate is the longer persistence of the winter snows, a.t first 

1"l.G . '29'2. - A.n A\a<:;Kall gbcicr s}lTI:::l.d'mg out. l\t thp {uo\ l>{ th" Tl\nge wbich 
nourishes it. 

within the more elevated districts. In such positions drifts must 
eventually continue throughout the warm season and 50 con­
tribute to the snow accumulations of the succeeding winter. This 

' point once reached, small glaciers l\re inevitable, even should the 
average temperature faU no further, for the snow left over in 
each season must steadily increase the depth of the deposits until 
the weight brings about a.n. internal motion of the mass from higher 
to lower levels. 

The inheri ted depressions of the upland - the gentle hollows 
at the beads of rivers - will first be fill ed, and so the valleys 
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below become tbt> natural channels for the outfl ow of the ea.r ly 
glaciers. \Vith a continued lowcring of the :llltlUn.l tt'mpNfl.ture 
and consequent increased sno\,iai!, the early ghl('iers become 
morc and mol'£' nmply nouri::shed. Snow ~md i {~e wilJ / therefore, 
cover larger areas of t he UphLUcl , and t he glaciers will push their 
fronts farther down t.h€' "alleys before thf'Y ~U'e wast.ed in the 
Wltl'n1 air of the 10 \\"('1' levels. As the valleys b('('ome t ilus more 
comp\t'teiy invested by thp p:lacier they ltre likewike filled to greater 
and greater depth~, and they may th u;-; submerge portions of the 
",,,.lIs that scpamtr adjaccnt yalkys. l{ea(·hing at last t he front 
of the upland area, tIle glaciers lJ1ay n Ow be 80 well nourished at 
their heads that they push out upon the fl atter foreland and with­
out I'cstl'aintfrom retai ning walb:i spn~ad broadl:v upon i t (Fig. 292). 

The culmination of tbe progressive clim.:z.tic chulJge may ere 
this have been reached ::U1cl milder conditions have cnmcd. If, 
bowevf'r , the severi ty of the climate should be sti ll further in­
creased, the expanded (ronbi of neighboring glaciers will coalesce 
to form a common ice fun Or apron along tht' foot of the upland 
(Pl ate 18 B). This could hardly take plnce without" still fur ther 
deepening of the ice wi th in the vu[!ey.s above) and. probably, a 
progressive s ubmergencf.· of tbe lower crest:; in the valley " ,'a lls. 

F ICl. 293. _ Surrut'l' of a gl:u:-iur \\'ho~e upper layers spread with sligllt restraint 
from relaiuiug walls. Surfac[' (lr the Folgcfoud. an ice {'ap of soulhern Norway. 
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Tid:; m ay ('V(>l1 ('ont.illur until all parhi of the upland area have 
been buried. The snow and icc now take the form of it covcrinJ! 
cap OJ' carapace, and the upper portions being no longer restrainec 
at the .sides, now spread into a broad dome, as would a viscoU! 
liquid like thick mol ass('s when poured out upon the floor (Fig. 
293). The lower zone. of the mass and the I,hinncr marginal 
portions sti ll have thpir motion to a grea.ter or less pxtcnt con­
trolled hy t he irregularit~r of t he rock ROOf agaiu::.t which t.hey rest 

The I'l'vrl'.';;(' :"eri f'jo; of (·hangf'."i in tlH' glnciN i:;; inaugurn,tRd by an 
. ampliora,tion uf t il(' ('iima.l,(', a.11d IWI"(" tiwf('rOfl', j,fl(' a.dva.ncin~ 

h('mif'.n'i f' hrcom(l~ ITICl'g('d in the I'(:'('c"<iing iU'lllif'yC'l(' of glncia-
t ion. 

Continental and mountain gl aciers contrasted. - The tim€: 
when the rock surface becomes sublllC'rged beneath the glaciel 
1s, as regards both t he surfacp forms t\nd Uw erosive work, a criti· 
cal point of much significl:lI1(:e ; for the ice cap and la rger conti· 
nental glacif'1" obvi ou.":i ly protf'ct. tlw rock surface from the action 
of t hosl' chemical and 1I1f'{·hanical prO('C'HSPS in whi( 'h t Ilf> n,t,mosphere 
enters ;L." chief :1.gt'nt., and which art' eoll('(·t.iv("y known ~L"i w eLLth· 

cring processes. L!ntil Bubmergence is ::u:cOluplisheci, larger Or 
smalll:'J' portions of til(, J'(J('k su rfac(' Pl'oj{'('t ('itber th rough or 
hptW{'(-'1l t h(~ il't' rn:hl:-;ps and :1Tf', t lwr{'ful't" f'XPOfiPU t.o dirf'i't 
attack by til(_' weatllt'l' (:-IeI' hplow, p. 370). 

Snow whi{'h (all:-; in 1. (\(' muull tu.in:-; is not allow(~d to remain 
lung wliP!'!' it fall ~. By thr fir.~t high wind it. i ~ swept off the 
mure elt'val.f-'d :Lud ('xpo~('d :·mrfl.wp~ and c() ll ('dAXi under eddies in 
allY existing holl ows, bu t P:';lW('hdl~f t ho .... e upon til(' Ipp slopes of 
the ranJ.;f'. \\!{' :lJ'f' to Ifam t hnt gl:wif'rR curve tLp mounta.in~ by 
polarginl-{ UJ(.' lioll ow .... which Uwy Hnd :1.nd produc·ing great bnsin.o;; 
for thp rolh~( ·j . i()n of Uwir R'lOW~: hui , with t,hf' initin,tion of gln­
cia.tion till' inlwri1 I'd holiowFo :t1'(' in mo~t.. (~ruw":' tilt' u t\_importn1)t 
depressions a.t t.it(, heads of st.r('ams. Whuwvrr they ma.y be 
and however form t'u, tbe snow fi rst fills those hollows whirh :1r£'­

sheltered from the wind, and as it accumulates and becomes 
distributed as ice, assumes a surface of its own that is dependt'nt 
upon the form and the position of the basin which it occup ies 
(see Fig. 294). 

When the quantity of accumulated snow is so great that all 
~ollows of the rock surface are fi lled , its own surface is no longer 
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controlled by retaining rock walls, and it nOw assUlIles a form 
la.rgely independent of the ir regularities in t he upllllld . Expe-

FIG. :m-1. - ~!'l't i U II t!.rntL~h [I IUQull t: lin gludcr ( ill sol id hlad. ). ~h{)wi lL~ bow itt! 
tiurfllet' i~ determim·d hy till' ir_n'gu ltLritic~ ;1l thl' ror·k bU.'1I." IllClll, (I~ft('f l:I tls.o,;). 

rif'm:(' show:-i that thi~ 15 urfa.cc i:-; appruxillmt.t'ly t il;l,t of a Hat, dome 
or !'ihie ld ) anti :t." it, l~()Vf' r:s all the upland , sa ve wiH'n' t.he icc thins 
upon its margins, t hi.,,; type of glacif'f is (:allt'ci an ice cop (Fig. 
29,;). All I.yp('s of glacier in which rock p rojc(·ts nhovc t,he 
hiyh('.';ll(,I1('/." of t ill' il'P and ~.now art' known a.."i Nlou,nioin alac£er ..... 

tal900m 

l~lG. ~)5 . - Profi le· acro:;;. the lurgesl of till' Icelandic icc ('aps, with t he vertiCll.l 
~c;ah' grt.latiy eXllggemtcd (u.ftcr Thoroddflcll lind Spethmunn). 

The flat domes of icc which mantIc thp continents of Green­
land and Antarctica, though resembling in form the smaller ice 
cap, are yet because of their vast size so distinc:t from them, par­
ticularly in the manner of their nourishm ent, that. the'y belong in 
a separate ela.'5s described as i 'nland ice or continent.al glaciers. 
Though t hey have some affinities with ice caps, they are most 
sharpl,v differential,ed from all types of mountain glaciers, Of them 
it is t rue that the lithosphere projects through them only in the 
neighborhood of their margins (Fig. 296). wherea., in the case of 

Flo. 296. - Ideal section across a contin€'ntal glaci~r . with th~ vertical scale a.nd 
the projecti ng rock maa&eB of t hl' nuuginll.l zonc grcatly ma.gnifi(..-d. 
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mountain giac·j('f:O; rock nmy projl'tt at any level but a/ways above 
the hiohr,';! :; IIUll' ~Ulfac('. I re (!UPd mny be fegardrci as interrne­
diHtp h('tw('('11 til£> t\\'o main class('s of mountain and continental 
p;l[l('irr:; ( Fi~. 207 ). Becllu:o:t' of th(liarge role which continental 

FI" . ..::1"7 , - \ iI'\\' of tl", Eyrih.~-Ji)k\L\!. au jPl' -eap of I celalld (lifter Grossman) . 

~1:J{'jNl'i han' pl:ly£'d in ~('olo~ical history, it. is thought iwst to 1..'011-

:-; id<'r them fir:,!, lrnving for later discu.~sion the no less intercst­
inp; but ic:o's important mountain glacier:;, 

The nourishment of glaciers. ~ The life of a glacier is depend­
ent upon tllf' ('ontinued df'position of snow in aggregate amount 
in ('X('e~5 of Ih:1t whi('h if' lo:-,t, by Ilwlting Or by other depleting 
procC's;;;.('s. Whf'ne\·C' r. on t,iw other hnnd, Lil(' wast£' ('xc-{'ed.:; the' 
prf'cipita.l ion, t 1)(> g\a('ier is in n. r('crding ('ondition nnd must 
ew'nl u::dly di~~lpp('ar, if !';uch conditions nrC' suffieiently long con­
tinuC'd. The SOur('(' of the snow is the wa.ter of th£' ocean evapo­
r:Li('d into the atmospbC'rC' and transportt'd over the land in the 
form of (·louds. ,r(, :Ir(' to learn I hat the ch:mges which this 
moist Ul'e und('r~o(':o; before its deli\'ery to the glacier are notably 
difTC'r('nl for thf' clas:5(.'~ of continental :md mountain glacier. 

The upper a.nd lower cloud zones of the atmosphere. - Be­
fore \H' elm comprrh(>nd the nutur£' of the processes by which gla­
ciers nrC' nourished. it will be np(,f'SSflT,Y to revip'\.\' the results of 
rf'C('nt swdi(':o: made upon tllP eurth 's atmospherio envelope. Tt 
must he krpt in mind thnt t.hp !'un':;: rays are chiefly effect,ive in 
warming th(' ntnlO~pher-(' lhrough heing first absorhed hv som e 
solid body !?ouch as rock or wntcr and their- beat then commu'nic~Lted 
hy contnct to th(\ immt"di~\.tel,v adjacent air layers. The layers thus 
warmed being now lighter than before, they rise and are replaced 
by colder air. which in its turn is warmed and likewise set in up-­
ward motion. SuC'h currents developed in the air by contact 
with warmer solid bodies constitute the process known as con~ 
vection. 
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T o a relatively small degree the ntmosphcl'f' is heated by tht." 
direct absorption of the sun 's nl.~':-; which pass: through it. Sinct' 
air 11:1 :-' weight , it COlllpre&;C::l the j(J wf'r hlrel :' nea l' t he earth , nnd 
benep !.\s \\'t' as('end from the earth's surf:)('(.' the air b(,(,Olnc~ ('on­
tinuuily li~hlt·r. Convection CUrrents must, therpfore, adjust 
tlwm~('ln'::: b~' the air expanding as it ris('!), But ('xlxUlsion of 11 
gas ahnlYs results in its ('oGling, as every Oll f." must have observed 

I'IrLOIIIETfRS C[NTIQft"Of 
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FI{l. 298. - The zorH:S or the lower atrn08pherc SB rev(:llk'<l. by recent kite and 
balloon cxploru.tio lls. 

who has placed his finger in the a ir current which escapes from 
thf' open valve of a warm rubber tire. Dr\' ai r is cooled a degree 
Fahr.enheit for every six hundred feet of' ase('nt in the :J.tmos· 
phere. At a heigbt of about ~evcn miles above the ea rt h's sur­
face all risinp; a ir currents hnve cooled to about 68° hrlow the 
zero of the Fahrenheit scale, and explora.tion wit h balloons has 
shown that the currents rise no farther. At tbis level they 
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IIIU\'" Il()ritl{lIlbl ly. jll .• ;:j :1:-' rj ~i l!~ \'apor :-;prf ':ld s out in It room be· 
"('/ttl! IlJl' l'I 'i Jillg. AI!U\'f' 111;,,,; ["\'d , :L' far :l ~ ('xploration 1m . .; gone, 
or to a lH'ip:hl uf I.I"IUI'(' tha ll tWt' I Vl~ miles, t.he t £'mperature rem a ins 
Ilt~ar1~' 1'(lIISt:llll. nnt! t hi:, IIPlwr ZO Il(' is. lh(,I'('fore , callf'd tilt' itw­
II/('rll/(// III' I ht, (lrt"t'ttII P

/ ' Z(If,I' - til t, unifol'lJI tem,wr:ttul't' "one 
lIf tli t, 10w('1' :ltillnspilf'l't·, Bf'IW,-llh till' ,'ollv('divt' {"(Oili ng the 
P"OI,(·:-t..; of ("IJ ll vl'(,tioll il"l t"iLtll',-ldt-'r is(i(:, and this zon(' is thprf'fo l'c 
di':-:f'ril ,pd a."; till ' c'lI/ll ledil'(' ZO/lt' (Fip;. 2nS). 

A brgt' purt of ttU' H1oi:;t Ufl' which ri:-;pl'i from ttl(' oeenn's sur­
fa('f' i::- ('(md(~n5pd to \'apor 11(,(01'(' it ha." a.':wf'ncied threr miles, and in 
this form it m:lkl's it~ transit, ov(~r (und a."I Hpeey or stratiform 
d(lud~ - Ihf' :-ill-talll-,d I·tllnu lu :" ~lIld ~tmtllf' (·Iouds and thei r m any 

intt'rnl('di~lt( ' \·Hl'i('lit' .... (;0;('(' V'rontispi('cC'). This iowf'1' iay('r within 
til(' C'(JlIVC'l'l in' ;<Ion(' i:-i , t iu'!'c,fuf(-', n. mOii'L 011(' oVPI'laid hy a rpla­
li\'I, I,r dril'l' nliddlp byI'!' of tht, ('()n\"l ,(,ti\' ~' zonf>. Tha.t moi;;­
tU l'l' Wllil'll l'i=-,I'~ :II)()\'(, flu' Iuw(lr I'loud b yC'r i:-; l'ongf'fl ipd by n.dia­

I,;dil' f'oli linv; til fine' i('C' lH'pdlt·s yisihk :t,,.. the ~o-tnll ('d t'irru;o; 
(·101111:-; whil'h float :l!'i fl':lthf'l'~' fr(.lnd~ hpl)('ath th(' l'O Il V('(:livc 

('( 'ilinv; (~(' frontispi('('I' :IL right UpPf'l' corll f'1' of pidurt'). Thu."5 
WI ' 11 :1\'(' within t ht, ('onv('{'ti\'f' zorw :lI1 UPPPI' 1a~'rr L1'I01'(' OJ' 1(':0:..-;'; 

('h:l.r~('d wit.h w:ll('1' ill tllf' fO rBl of it'( ' l)('('d1 ('::.. I t i~ t llf' ('Iouds 
of till' \0\\'('1' ZO IW ",ho;o;(' lIlo i:;:.hll'P in fli p forlll of V:l.pUI' suppli i's 
t!H' Il(lurislllll('nt of mOlllltain gbH'it,l's, :lnd t.llf' high cirrus douds 
who:-(' ('ongf'uird Illoi:;wn\ a.ftf'r int(' r{'sting tr:msfurmatioo:'>, is 
rf'sponsibh' fo r tlw {'ontinurd (' xistC'ncc of continental glaciprs. 

:\1'1 w(' !Lrf' tu S(,C', tiH'r(' arf' ot.hf'r noteworthy differences he­
iW('f'h ('ontiIlt'ntai :lI1d Illlluntain g\n.cit'l's, in t hp malHlf'1' uf their 
l'1('ulptul'(, of t Ill' lit hO:::.p\lI'I'(', sf) t h:.t t l on~ after thc')' ha\' (~ (lil'{ap­
pc,ttl'Nl tiLL' charad('r~ of (':l(·h :U·(> (':I,.. ... i1y identified in t.h('ir handi­
work. Ho\\' till' lowt'r (' 1~ l ud:-: :II'{' forcwd upward ::tnd :-;0 ctJlllp('llf"d 
t() giVf' up tb('ir llwi .... tuJ'f, 10 ff-'!-'d t hf' mounta.in glaciers, and how 
Lhf' upper {'Iouds Uf{_' pulll'll downward to nourish th(' glaciers of 
con tinents. ('an hi ' 11I'::it undc· .. ::d,ood :lftel' t he characteristi~, of 
each glacier cia.,'.;::! have ueeu studied. 
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The inland ice of Greenland. - In (;r('t'nlund a.nll in AntaTl'­
tica t,he land i8 alino~t. or quit,!, \;uriprl untlcr a CQv('r of snow and 
iCf' - Uw:io-called II inland icf''' 
- which always assumes UI(' 
surface of n VN)' Aat dome or 
shirld. 1n Grpeniand there is 
fouod n. marginal ribbon of 
land generally from fin' to 
t,wl'nty-fivc mi1rs in width 
( Fig. 290). but in .Antar('ti('n 
all tbr land, with till' (,X('C'P­

t ion of a fe'\\' mountain p<'uks. 
is inwrappcd in a mantle of 
icc which is also ('xtt'ndpd upon 
the sea in a broad shelf of snow 
and ice. Neither of these vast 
glaciers has been explored ex­
cept in its marginal portion. 
yet such is the symmetry of 
t he profiles along the routes 
traversed, and such the Hat­
ness and monotony of t he snow 
surface within the margins. 
that, there is little reason to 
doubt that the profile madr Fw . :!!)\l. - Map of GrC('ll.land IIhowing the 

along Nansen's route in south- ::~a e:p~~r~~:'~it(! and the rout(:s of diffcr­

ern Greenland would. save only 
for magnit,ude, fairly r{'present a section across t.he middle of the 
continent (Fig. 300) . 

The mountain rampart and its portals. -A~ soon as we ex­
amine the constal belt we ob:-;('rvl' that the It Great Icc" of 

2il 
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(:rt'<'Id:llld j", (H·ld ill 1.~·;1 w:LlI {If 1l1ount:lins and ~o PIT\'('nt_('d from 
~Jln'adill~ (Iut 10 it-- 11:t11lr:t1 1'llrf:llT ill til(' III aq.!;illai portions. 
Through portal" of I ht, jn("lo"ill~ JllUUIlt.nin r:ln~(' . ..; - 111(' /lul-
11'1", ~ it ."I'II1J..; 0111 /01l(11i/'.'1 of ;"1' H"1,ieh ill m:lJlY 1'1','"'pl'('1::. rL',";l'1JIblc 

l'I'rI,:lill In'I','; (If Illullillain gla(·icr~. 

,J. 

Fw. :lfli). - Pn,r,l" ill Imtuf9.\ pl'nJlnni"n!l armA." tlw Booth"rn (,Ilri ofth(, C'onLinf'ntul 
1;1:1(';"1' !If (;rl"'I,land. c"'I1r'trUI'\I'c[ Ulmn till lin' "f lilt' "!lrth'B 51,rfU('(' alld b,lsed 
UpOIl '\llll~f'II ' 1' pr"m,· porn-rtce! hy Ill·~. Tlw lU:.rgill!l1 porlillus of t.h!! profile 

Hr(' rL'IJfI':"'IlII,d 1,,",\)\\ UpUIl :.l m!I!:uifit'd sl'uk III oukr III hring out the charll('it'ra 

01 th .. rnarll:iuul lil'JIH'ri" 

SUdl mf'::t:-: urement ::. fl:-: btl\"(' hc('n made upon thc inland ire 
of Gr(,(,llhnd :It point ~ hn('k from, hut )"f't comparnth"C'I,Y n('ar to, 
til(' ()lIti('t:-. !"' Ilow that it lut,.; III '1'<"' :1 ~u rf:H'e rate uf motion amount­
ing: 10 k !' .... th:tn :tIl in('h Iwr d:1.\·, and it is highly JlJ'oklhl(' that at. 
nJOdc'J'<ltt' di:-:t:UH'('r' fronl till' nIar~ill thi:; uinolillt dilllini~h('~ to 
;wro. l'poJ! Ill(' 011 tid:" on the clIIltr:ll'.", ~ll rf;lI'[> r:ltt'.-: n,::; high ~l.<; 

5\1 fpet pC'!' d:t~· h:l \"l' I ~l'('n 1ll(,:I~urt'd, flnrl (,V('11 100 f(,C't per day has 
bl't'll J'rpoi'tf'll. \Yt.' :11'(' thus j u:;;tifi l'd in f".fl~·in~ t hnt gbciel' ftow 
wit.llin till' outkb i:-; frolll 700 t.o ]000 t.ill1f'~ a,;;; g-rea t Hi' it iH upon 
tht, 11 (':t r-h~' inl:lIlri jc'C' , 11nd th:lt tIl(' gbeil'r j ~ in n tllf'asure drnined 
1 hrough the port,al:'. of tile' in('lo~illg r:lng(.'~. B;lck from the5;C 
outlet :-;trp:lms of i('t." or tongues, th (' surfuce of thc' in land icC' is 
d{'prel'.~('d to form fI dirnpl(' or II ha.sin of exudation" a:-; i::; the ~u.r­
fa('{' of 3 r('~en'oir above the rac('way when the wa.ter is being rapidly 
dnnrn :llr:l,)~ (Fig. 301). 

Fis5UIT'S in the i('<" the ::;o-callcd crevasses, are the recognized 
marks of itt' movrIDcnt, and these are always concentra.ted at the 
str-ep slopes of the ice surface in the neighborhood of its margins. 
Ppon the G r(·pnland i(,e , CI'('yt).sses nre restricted in t heir d istribu­
tion to a zone whieh extends from seven to twenty-five miles 
within tbe ice border. 

The marginal rock islands. - From its margin the ice surface 
rises so steeply as to be climbed only with difficulty, but this 



A. Precipitous front oi the Bryant glacier outlet of th l:! Grccnland illlflnd~i("e (after 
C hamberlin). 
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J,!;r:tdi l:'llt ,'·:tf'1t<iiiy diminisl l{'f: until at :l tlistantc of hetween scvcnty­

fin' :ll1d:\ hUlldrrci lI1il(':o; it~ ~ I(I:)(' i:-; It·:o:~ thllll two dt'~r{'('s. \Vhere 
{'ros..;pd 1,.\' N:llIS('n Ilrar btit,u(k G_lo N. tilt; hroad ('{'nira l :tfNl of 
it,t, war-: :-:0 Iwarl.\' il 'vel :L-; to 

np]lt':lr tl) 1ft, a pbin. 
A~ 'n~ p.'l~~ :H'f(),':." t 11(' irregu­

Jar it(, 1ll:1rgin in tltl' tlin'ct iun 
of t.he interior. brgcr nncllargef 
proportion::; of the land's ::.u r­
facc arc sU[)Jl1crgcci1 until only 
projrC'{ ing l}{'aks ri ~c abo,,!' 
till' jCt' ~L~ i:->land~ which afl' 
des('rihed HiS llImataks (Fig. 
302), 

Though not H ull;"crsal ob­
!":('rnllion, it, has I)('en often 
lIol{·d t hu t the H hsorpt ion of 
till' ~un'foi r~l.\·~ by rock masses 
pr()j(,(,ting lhroup:h tlw foi now 
rf':-iull~ in n r!ldintioll ( If Ow 
1wIlt nnd alo\\'(' ring II) melting 
of t hp sUl'rouTldin~ snuw and 
i('p, For tlli~ n'3.Son tlunatnks 
arc often surroundf't! hya deep 
trellch duf' to i.L melting of the 
snow. Su('h a depression in 
the ice surfncc about the mar­
gin of a nuna-tnk. from its re­
semblance to a trench about 
an ancient castle, has been 
designat.ed u moat (Fig. 303). 
For the SHmc reason, the out-
Jet tongues of ice whicb descend 
in deep fjords between walls of 
rock are melted away from 
the wall!;l and a lateral stream 
of water is sometimes found 
to flow between icc and rock 
(pl.13 B), 

_'Cl' _ .. _. _ 

0"1"",,, _._· -

FIG. 301.-MuJ) of a gle.cicrtongue, 'with 
dimple sho"dng above and due to in­
draugbtof the iee. UmaDakJjord, Groen­
land (after von Dryga.lski) . 



Rock fragments which travel with the ice. - Rock surfa{'es 
whidl :trl"' ('xpo!'if'd tn tlw :dmm,plwrf' arc in high latiilldf's hroken 

Fw. 302, - Edlit!' (If the Orf'!'nl:uu! inland icc, 
~howillg lhc IlUllnttlk~ diminisldng in sizl:l towllrd 
thr. interior. Thf' lill('s UJlIJII till' ir'C llJ'e Illf'diul 
IUOrilinClI !ltartill~ from Ilunu.taks (aftl'r Liblwy). 

down through til(> frcf'z~ 
ing of water within their 
{'r('vie(':;. Th t, frag­
lllent~ r(, foiuliin~ from 
tld~ fending: pro('{'...:s Ltil 
uJlon the gl:icicr .o.;lIrfa('{· 
::Ind urc carripd forward 
as l)lls:;pngrrs ill tht' di­
rection of the ic'c mar­
gin. Tht'~· are eitlwr 
,risible a!'i long unci nar­
row ridges or trains fol­
lowing: the direction5 of 
the slc('pe,t slope (Fig. 

302), Of thcy be(,ome buried undef ffe~h falls of snow :lnd only 
again ht'('OIllt' vi ~iblt, whefe :,UIllIl1Cf melting has lowrn·d j h(' gl:Lci('r 
~uff:\{'(' in the \'il'inity of it~ margin. T'H'~{, longitud inal train~ of 
roc:k frngm('nt~ upon the glncier surface alwnys h[l\'(' tlwir starting 
point at the lower marf'in of 0111;> of till' nunalaks. and ~l rc known 
as. medial moraines (Fig. 301, p. 27:3. nnd Fi~. :)02). Infoiidc 
the zone of Ilunataks the glacier surfa(:(' is, how('vcr , clear of rock 
debris except where dURt has 
been blown on by the wind, 
and this extends for a few 
miles ouJy. The materia] of 
the medial moraines is a col~ 
lection of angular blocks whose 
surfaces art' th€' re~ult of frost 
rending, for in their trnvel 
above the icc th(3\" are sub­
jectt'o to no abr;lc1ing pro­
Cesses. 

A con trusted t,ype of surface 
moraines upon the Greenland FIG. 3oa\'kt!:8~:~ro(~l~:;l~(.:~t~~lltak in 
glacier, instead of being par-
:lllel to the direction of ice movement, is directed trullsversc}.r ur 
parallel to the margins . The mat.cri:lls of these moraines are 



THE C'ONT IKENTAL GLACIERS OF POLAR REGIONS 275 

morC' rounded frngmcnts of rock wbith havt' ('omt' up from thr 
bottom layers, ancl w(, shnll again rt'fl 'f to the origiu of SU(·1t 

moraines ~\fter the subglacial conditions lisv£' I:wen considered. 
The grinding mill beneath the ice. - 1 r. now. we examine the 

front of a ~bt'it'1' t.ougue whieh goes (Jut frolll tlw inland icf'/ W(' 

find thut whilt' til!' upper portion is white and ll1itin_ly fr('p frOIl) "Ol:k 
debri~ (pl:lh' J:3 AL t,he IUWf'f zone iR of :.l dark ('0101' :lnd crowded 
with Inyer:-; of jlt'bhlt':ol and bowld('r~ whi c' h h:lV£> been pl:1ned, 
polished, and :-;cr:lj(\hec! in !l quite remarkuhle' lUanneI'. The ice 
front is itself suhj<'ct to forward and retrograde migrations of i"ihort 
period, but it i~ (,:L..~ iI.v SN'll that in the main its iurger rnOVf'01ent 

b as been u retrogrndt' onp. The ~rou!ld from which it hos lat,f' ly 
withdr::twn is g(>I\(' rrd ly ~I hard roC'k floor unwea.thered, but smooth, 
polislwd, and scrllh·h(·d in thr sault' IllH.Jl Il f' r as the bowlders which 
arf' i1nh(,ddrd within til(' iC'('. Jt is perfc,<'tly apparent, thut (,hf' 
I:tUf'r h:I\"(' ilf'f'll d(-'rivpd from 1'0111(' portion of tht' rock hn.",pment 
upon whidl tlw gbdpr still n'sts, and that floor a.nd howlderR ha ve 
:dikf' lW(,1I g:rol1nd ~mooth hy mutual (~ontact under pressure. 

Thi . ..; erol'ion ')(,Hf'~lth tlw j('(. i ,~ :wcompli,,,luxJ by two processes; 
11nnwl)" 1,lll,ck;I/{/ :Ind alJra .... i(Hi. WllPr('ver the rock over whie)! 
tilt' gbdt'r mO\,j'.'i b:I,.; :-;t(jou up in projecting m;t..,ses and is riven 
hy fbsurt· pl:1n(';oj of an y kind, the iN' h!l:; found it ca.-:;y to remove 
it in iargf'f or sm[l llrr fragment . ..; by a quarrying process described 
:t-i plucking. The rock may iw !-laid to i){' torn away in blocks which 
:In' largely bouuded by the preexisting fis.'mre pl;wcs. Over Tela ... 
tively even ~urfa(.'es plucking has little importance, but when' 
there nn' notewort.hy inequalitie,~ of surface upon the glacier bed, 
thosc> sides which ar(' :nv:ly rrom the oncoming ice (lee side) are 
JfgraUf><j lJ,l' pluc.:king in such lj ma.nner a...:; sometimes to lea\'c 
steep and raggt:d frat;ture !iurfnces. The tools of the ice thus ac­
quil'cu in til(' protp:-;:"I of plutkiug ure quickly frozen into the lowest 
iC'e lay~rs , ami i){'ing now dragged along tile floor they abrade in 
t.he !-:ame manner as does a rasp or file. Thest~ tools of the ice are 
themselves worn llWllY in the process and are thus given their 
characteristi(: shapes. Just as the lapidary grinds the surface of 
tl jewel iuto fuects by imbedding the gem in a matrix, first iD ODe 

and then in another position, each time wearing down the pro­
jecting irregularities through contact with the abrading surface; 
80 in like manner the rock frab'1llent is held fast at the bottom of 
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the ~Iacicr until It soled II or If shod ," first upon onc side and then 
upon anoilwr. Accidental contact with some obstruction upon 
the (1 oor mllY suffic(' to turn the ffilgm ent and so expose a n('w su r­
face to wear upon the nhrading floor. Minor obstructions COIll­

ing in cont!lct with oue side of the fragment only! may tUrn it in 
its OWI1 plane without o\'erturning. Evidcnee of such interrup­
tions {'1m he later rend in the different directions of s1 ri~ upon 
the same facct (pla te 17 A). 

The fioor beneath the glacier is reduced by the 3brading process 
to a more or less smooth and generally Battened or rounded sur­
f:lce - the so-c~tl led alacier pavemc1d (Fig. 3(4). To acrolliplish 

FiG. ;j()4 . -:\ glacier pavC'nlcnl of Permo--Cnr· 
1:~:Hlif,'r .. u~ tlv;t.' ill ~,ut l, Africa. The strire 
ruuuing ill the diw{'t.ioll of til!' UUl!crn'r tire 
promiucllt and II. notcwonhy gougiug of the 
8urfl\.Cl' is to he not.L-d to the right in the 
middle distauc(' (aftcr Dayis). 

this all former manth:> ro{'k 
uue to weotht'ring processes 
must til'::it bE' dc,tll't'ti uway, 
and the firm unultercd rOl'k 
hellcath i::;. whcren'r sU'>:;Ct'P ­

tible of it given :l smooth 
poli sh although lotally 
scored :llld scrat.ched by the 
grinding bow.lders. The 
earlier projections of the 
su rface of the floor, if not 
entirely pJnm:>d awny, are 
at lcost transformed into 
rouudt"d shoulders of rock, 
which from lll('ir resem ­

blance to closely crowded backs in a flock of sheep ha \"c bcen 
caJlf'd If sheep backs" or If roches 1lI0UI0l1nees." Thu~ the effect 
of thl' combined action of t,he processes of plucking nnd abrasion 
is to reduce lh(' n('cent of the relief and to mold the rontours of 
t.he rock in smoothly flowing curves, gcnernll~' of large radius. 

The lifting of the grinding tools and their incorporation 
within the ice. - Wherever the iee is locally held in check by the 
projecting nunataks, relief is found between such obstructions, 
nod there the flow of the ice has a correspondingly increased ve­
locity (Fig. 305 b). If the obstructions are not of large dimensions, 
the ice which flows around the outer edges is soon joined to that 
which passes between the obstructions and so norma] conditions 
of Bow are restored below the nunataks. The 10eal1y rapid Bow 
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of the icc is , therefore, restricted to a reIntively short distance, the 
passageway l;e1 w('en the DunaLaks, and the conditions arc thus 
t.o he iikclwci to the fall of water at a raceway due to the sudden 
d<'scent of its surface from the level of the rese rvoir 1.0 t.he l('vel of 
the stream in the out.let. As is well known, there is under these 
(,oncl itious tt prodigious 1;('our upon the bot.tom which tend .... 10 dig 
u pit just ~Ibon· and below the dam - a. scape colk - and curry 
till' mait'rials up to the .suTfHer below til(' pit. Sueh H LNlclcncy 
W:I.":: \\"1'11 illl l:-,lrall'Cl \»), the' hcha,"ior of the water at the open ing 
{If thl' 2\ ('u lbu ff'lI daHl below tile cit,y of Vienna (Fig. 305 a). In 

Fl(;. 305. - a, Map shol\;ng pit excavated by the rurrcnt helo\\' the opening in a 
danl. /), .Kunato.ks and surface mQrnine8 on the Grcenllmd ice. Dalagcr'e 
Nunatake (after Suess). 

the case of ice, mnterial from the bottom may by the upward cur­
rent be brought up to the surface of the glacier at the lower edge 
of the talk and thus produce a type of local surface moraine of 
horseshoe' form with its direction generally t ra.nsverse to the direc­
tion of icc movemenl (Fig. 300 b). 

Any obstruction upon the pavement of the glacier apparently 
exerts D larger or smaller tendency to elevate the bowlders and 
pebbles nnd ineorporate them within the ice. Rock debris tbtLS 
incorporated is described as englacial drift. In the case of Green­
land glaciers this material seems at the ice front to be largely re­
stricted to the lower 100 feet (plate 13 A). 

N ear the front of the inland ice the increased slope of the upper 
surface greatly increases the Bow of the upper ice layers in COID-
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parison with thu:,(' IWUfer the bottom, so that the upper layers 
override t he lower u:-; they would an obstruction. The englacial 
d rift is either fUf thi:; reason or because of rock obstructions 
brought to the surface, where it yie lds pa rallel ridges corresponding 
in clir('ction to the glacier margin. !:luch transverse surface mo­
mine:'. are "hu:.: in m::my rcs~cls analogous to those which ap­
pear about thr lower margins of sc:tpe ('o lks. i n cant,rast to the 
longitudinal or lllC'diai ~urfa{.:e moraines the ma.tcriais of tJ1C trans-· 
,'erse morninc:o; are mOf(' faceted a nd rounded - they hnve been 
abraded upon the glacier pavement. 

Melting upon the glacier margins in Greenland. - During I he 
~hort hUl warm l'iUmmt..'f !:leason, Uw lIlargiufoi of t,he GrN!I1blld ire 
arC' !'uhj(,('t t,o NJIl:-iidN:lhl<, lo~sc,;,; t,hrol1gh :-;urfN(,(' 1IH'lting. When 

t.llP uPJlf.·rn'lO~1 i(,I ' I/I~'f'f ha:-i attained :1 tcmpcraturt' of a2° FahJ'('Il­
hrit, IIlrlting 1I('gins Hnci m()\'(_'~ rapidly inward frolll t.he gla('ier 
margin. I n. hat' ~prinJ!: thr :-;urfa('(' of the ollter marginal 7.011(' is 
:-;H,t.urn ted with \\":1t,('r, and thi~ 7.Olle of s lu~h aclntn('rs inward with 
thC' ~l'HSon. hut Clpparently H('V('J' transgres~(':; the inner horder of 
what w(' h:w(' p:.:t'Ilf'rally r('fcrrr(\ to ;l:-; tlw m:lrginal zone of the icc 
chafa('terizcd by rcll:ltivel~' ste('P sIOIl(':-;, (:r('vaR~es ~ and nunataks. 
lipon the i('c wit hill t.hi:.: 7.011f.' art' found Htrcams large enough to be 
dcsignatpd as r ivers and tlw ... c :11'<.' ('onnected with poolsJ lakes, and 
rnoraSRf'S. The dirt, and rock frup:mcnts imbedded in the ice are 
melt("d out in t.he lowcrin~ of Lhe RUrfucC, so that lat.e in the season 
the i('" prC'Rents a mu!'.t didy a~pc('t. At the front of the great 
mount,nin gla.ciers of Alaska, a more vigorous operation of the same 
prOl'e8S hal" yielded a :::.urface soil in which grow such rank forests 
as entirely to mask t.he presence of the ice beneath . 

In addit.ion to the visible streams upon the surface of the Green­
land ice, t.ht'rc arc others which flow beneath and can be heard by 
putting the cur to the surface. All surface streams eventually 
encounter the marginal crevasses and plunge down in foaming 
cascadesJ producing the well kl10wn U glacier wells 11 or II glacier 
miIl5!' T he progress of t.he water is now throughout in tunnels 
within the ice until it again makes its appearance at the glacier 
margin. 

The marginal moraines. - Study of both the Greenland and 
Antarctic glaciers has shown that if we disregard the smaller and 
short-period migrations of the ice front, the general later move-
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J1Wllt h11:05 b{,{,!"l n rt'trograup onp - w(' live in :l rrccding iH'lUicycle 
of gl:lciation. TIlt' cmlier Greenland glacier has now rceeded so 
[is t.o expost~ large nrca.o:. or 
the fornwr glacier pave­
m ent. In pl~ll'(, S this 
pavemen1 \:- hugp\y hnre, 
indil'u ling II 1"(,111 t iV('Jy T:I pid 
rf'tircIlwnl of tlH' if'{' front, 
hut nt, Il11 point:' :d ",hii'll 
1hc i<'( ' l1larv;in \\";1 :-; h.III<'1I 
UWrt' is IIIIW found ;1 ridgf' 
of un .. ~sorlpd rOt'k nwtl'­
ril.ll~ whil'h ,,'('rp dropp('d 
by the iel' [lS it meltpd ( Fig. 
3DG). Ru{'h rirlg('s, (,OIU­

po:o:pd of Hl(' unflR:::o rtNI 
materi:li ::; rit' :o:('rihf'd a:o: till, 

F·ro. aOG. - M:tr~iuaJ mornilw IJ OW formiug !It 

tht' l-dgl' of Gn .. 'CIi.lulJd inland iet), showing ,. 
smooth rock pll\·cmcnt.. outside it, A small 
Ia.k(' with a PRrtiu.l covering of lake ice occu~ 

pies n hollow of this pavement (aIter vou 
Drn!;1l1ski ), 

come to hIt,,£, fl f( 's iolJut"d nrl':ln~('m('nt i:u~('iy cOTl.(·cntri(' to t.he ice 
margin. and an' till' 'II/(lryillal or lennillol UlominfR (l'it' f' Fig. 330, 
p. ~H2) _ )lnrA"inni tllnr:tim's, if of iargt' dim('n:;;iolls, usually have a 
hummock.,' !'lu rf~H' I', n.ud aI'£' upt to i}(' ('(IlHpH~'wd of rock fragments 
of :1 widt, r :lI1,g"l' (If siZt' frum rock flour (l'b~f) to largr bowlders 
(plate 17 A), whieh lImy rf'pre!)ent ruany typl's sinc(~ they have 

iwell plucked by the glacier 
or gathercd in nt its 8urfaC(J 
from mnny widf'iy s(>parntf>d 
io(·:tiitif's . 

FIG. :.m:.-fo:nmll hlkr- iUl,>oulIdh l hr'twccn 
the it.-c (rollt and :J mnrruUt' which il hus 
Tl"Ceotiy built. Gret:ul:md latter VOIl Dry­
gtUski) . 

As tiw glac· ier front retires 
from the morainf' which it 
ha:o; built up. tlw wntf'r whiel l 
emprgp~ from hf'ncnth the 
i('e i~ impounded be hind the 
new d~1ll ~o as to form a 
lake of crescentie out·line 
(Fig. 307). Such lakes are 
particularly short-lived. for 
the reason that the wa.ter 

finds an outlet over t he lowest point in the crest of the moraine 
and easily cuts a gorge through the loose materials, thus draining 
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th £' luke (Fig. 308). Thereafter, the escaping water flow~ in a 
Imlid{'(1 st renm lwross the Inte lake bottom and thence a1 tbe 
hottom of the gorge th rough the moraine. 

fIG . 308.- ' "i('wof u. drwm:u Ink£: bot.tom bet wccn the UiomiuI'-covercd ice fron t 
ill till' foregrou nd and an nbundon(.<d margimu moraine in the middledistuncc. The 
wuter fl uws from the ice front in B braided stream ztud passes out through themo­
mine ill a Darrow gorge. Variegated glacier. AIIlSkil (after LuwrCJ]Cc Mnrtin). 

The outwash plain or apron. - The water which descends from 
the glacier surface in the glacier wells or mills, eYcntu,llly arri,"es 
fit t he bottom, ''''here it follows a sinuous course 'withiu a t,unnel 
melted out in the i(:e. Much of this water may issue at the i('e 
frout beneath the coarse rock materials which a re found there, 
and so be discO\'ereu with the ear rather than by the eye, The 
water within the tunnels not flowing with a free surface but being 
c01_\_fi ned as though it were in a pipe, may I however/ reach t he 
ghl('ier rnnrgin under :1 hydrostatic pressure sufficient to carry it 
Ul) rising grades, Inasmuch a5 it is bea \'ily charged wi t h rock 
dl~ uris and is suddenly checked upon arri\-ing: nt t he front it de­
poSits its buruen about the ice margin so as to build up plains of 
assorted sands and gravels, and over this surface it flows in ever 
shift ing serpentine ch.nnels of bmided t)1,e (Fig. 308). Sueh 
plains of glacier out wash are described as outwash plains or out­
wash aprons, 

Rising as it does under bydrostatic pressure the water issuing 
at the glacier front may find its way upward in some of the ere-
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Va.~~ ('·S !uui su ~nwrgt' a t, ~t Il·\·t·, j (·o lLsiclt·rably ~t li(JVt ~ the gitl.ciltl 
. floo r. It may thus l'UOlt' ahout th:tl tht' Qutwmd] plain is iJuilt, 

up a.bout the nose of the glacier so as partinlly to bury it from 

~PIO'" 

l' ~ 0 <> ,," <> 

F ,G. 300, - D ;ngl'lllllfl to SnQw t h e nllWl)Cr 01 iornltlliOIl tllld t ile structUI"(' 01 an 
outw[&8h pl:ii u, uuJ t he position of t he {o!iile belw~ll t hi IJ and thl' morlun!'. 

!': ight. \Vhen now t hp ice front begin'$ fI. rapid retirement, ~l de~ 

prpssinn or j wssc (Fig. 309 !lnd Fig. 339, p. 314 ) is left behind the 
out wash pla in a nd in front, of tlw mOl'aine whi c·h i!i b uilt Up:.lt t!Je 
next halting p l tH'(', 

The continental glacier of Antarctica. - In'Vietoria Lanu, upo n. 

the continent of Antaret.ica, [.;0 f ~l r as explomt.ion hw', yet gOtH', 

t he cont inental glac ier i:-; held hack by a ra mpart of mount:1ins, 
R!" has been shown to be t rue of the inland i Ct! of Greenlnnu. Tilt' 
same flat dome o r shield has likewi~e lx...'e11 founu to chatacLf!rize 
its upper surface (Fig. 310). 

Tbt, most notewort hy differences }wtwcen t he inla.nd icp maSSl' fol 

of G reenl ~U'ld and Antarctica nr(' t o Iw ascribed to t he grcl.l t(~r 

s(~verity of the Antarctic climate and to thl' more ample nouri:;h­
ment of the sout hern glacier measured by the lund area which it 
Ims .'iUhmergp(l. There is here no mnrgina llDlld ribbon as in Gr(-'eJl­
land, hu t t.he ~laci (' r covers a ll til(' land und i ~, moreover , ext ended 
upon th €' Sf'oa:1.;';::1 hroi1d floating terrace - t he shelf ic(' (Figo 311 ) . 
This ba rrier a t its margin puts :l. bur to a ll further nnviga.tiou, 
rising as it does in some cases 280 feet a bove t he sea a nd des(Oend­
iug t o even greater depths helow (plate 15 B). 

In that portion of Antarctica which was explored by the German 
expedition, the inla nd ice is not as in Victoria Land restrained 
within walls of rock, but is spread out upon the continent so as to 
assume its natural ice s lopes, which are therefore much flatter 
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than those examined in Greenland and Victoria Lund. Here in 
Kai:-:cr 'Vilhf'lm Lund the ice rises at its sen. margin in :l cliff which ' 
is from 13U to Hi5 feel in height, then upon a fairly steeply curving 

FlO . .310. -1hp showing the iD.bud icc of Victoria Land bordered by the shelf 
ice of tht' Grc(1.t R03S Barrier. The arrows show the direction of the prcl'ailillg 
""imls (l.>[15(!d 011 maps by Scott :'.i.ud Shacicletou). 

slope to an elevation of perhaps a thousand feet. Here the grades 
have become relatively level/ and on ever flatter slopes the surface 
appears to continue into the distant interior (plate 14) . Near 
the ice ma.rgin numerous fissures betray a motion within t he mass 
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which exact measurements inciieatc to be but one foot per rlllY, and 
at a dist,!lnt'c of :l mile and a quarter from the margin ('\'en th is 
slight value has diminished by fu lly one eighth. It can hardly 
be doubted that at moderate distances only witbin the ice mnrgin, 
the glacier i:= practically without motion. 

Hain or gcncrl,tl Dlrlting conditions lwing unknown in AnUlrcticl1, 
a striking ('ontrast i~ ofTt'rl'd to the marginal 1.011(' of Uw Gr('('nlnnd 
continent. This is to a IfLrge extent cxplainf'd hy the cxistrl1ce 

a 

b 
.... ".:tr • ......, .... 

--'-T~ __ ~_--"i::i::Q;:;~ . ....,....,..-_ ..... 

c -=--
FIG. 311.-ScctiollB tLcro~ the inland icc of Victoria. Llmd. Antllrcticn. with the 

shelf icc in front (after Shu.cklcwn). 

upon the northern land mass of a coast-land ribbon which becomes 
quickly heated in the sun's rays, and both by wanning the air and 
by radiating hent to the icc it cause~ melting and produces local 
air temperatures "'hich in summer may even be described lIS hot. 
About Indppelldcnce Bay in latitude 820 N. and 'lear t.he north­
ernmost extremity of Greenland, Peary def'(·tndeu from the in­
land ice into a little valley within which musk oxen were lazily 
grazing and where bees buzzed from blossom t.o blossom over a 
gorgeous carpet of flowers. 

Nourishment of continental glaciers. - Exp1orations upon and 
about the glaciers of Greenland and Antarctica have shown that 
the circulation of air above these vast ice shields conforms to a 
quite simple and symmetrical model subject to spasmodic pulsa-
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tions of a very pronounced type. Each great ice mass with its 
atmospheric cove.r cOl\stitute~ a sort of refrigerating air engine 
a nd pJay:o: :In il1lportalll part in UJ(' wind system of the gl ohe. 
(Sec Fig. 291 , p. 263). Both tbe domed surface a lld the low tem­
peraturc' of thr glacier are {''S1''cn tial 1·0 t he continuat ion of t his 
plilsat,in~ mO\'cmen1 \rithin UJ(' Htmosphrfc (Fig. 312) . The nir 
taYl'r in contact wi1h t lw il'f' i:-;. during a period of cnlm ('oolen, eon­
traded) and rendered heavier, so that it begin8 to slide dowuward 
nnd uut wa rd upon t.he domed su rface in a ll directions. The ex­
treme ti[t,{"nCti~ of the grca1,er portion of the glac'jeT surface - a 

:: ... ". 
" ~ G.~, L";' ._.C '",A L/ 

AN"!'ICYClONE 

FIG, :1J:!.- lJilll!rU1II h ' ~dHJ\\' th(' IInTur{' of Ih" fiXI'd .I.:Im'iu! llntir'Yl'kIlW uhovs 
"ontim'utll! gllld{!r~ IUld l hl' prO('ess by which their !;urfllce is shaped. 

fnlf'tjon only of onf' d{'~ref' - TlU\k('~ thr (" n~in(' f'xt.r rme1y lilow 
in l'it.nrt,ing, hut like a ll hodies whi('h slide upon inclined plane:.:, 
1.hc v('\(I(:lty of its moy('mcnt is rapidly acef'l erat cd J un til a h lizulrd 
i:-; developed whose vigor is un.'iurpasseo hy any clse\ ... ·herc experi­
cn c{>d. 

The effect, of such centrifuga l a ir current.') above the glacier is 
to suck down. Ul<: air of thc upper currcnt~ in order to supply the 
void which soon t,end~ to develop over t.be central portion of the 
glacier dome. This downward vortex, fed as it is by inward-blow­
ing, high-Jc\'el currents, and drained by outwardly directed sur· 
face currents, is what is known as an anticyclone, here lixed in 
posi tion by t he central embossment of the dome. 

The air which descends in the central column is warmed by 
compression, or !\diabaUca\ly, just as air is warmed which i5 forced 
into a rubber tire hy the use of a pump. The moisture congealed 
in the cirrus clouds Boa t ing in the uppermost layer of the convec­
tive zone, is carried down in f;bi~ vortex and first melted and in 
t.urn evaporat.ed, due t.o t.he adiabatic effect. This fusion and 
(>vaporR-tlon of the ice by its transformation of \atent, to seIl8ible, 
heat, in a measure CQunteracts, and so retards, the adiabatic ele-
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vaLioll. of tempel':ttul'e wit,hin lIu' (.'olumn. Evpntually tbe warm 
nil' now dlluged WiLh wal('f \'tlPlJf l' t>uc ht"S tht· icf' ~ul'faceJ is ut 
one£' chilh.=·d

j 
:ul.d its burden of llloi:;;t uJ't-' prt'c'ipitatt-'d ill tlu' form of 

fine ::iI10W Ih~i·dlt .. i'\ , t ht, Ro-("tdh·d .. fro:o:;j snow I" whit·h ill :I('('ompani-
111t'nt, to tilt, :'iuddl'!I t"it'\ ':ltiull uf It'IHPt'I':ttllrt' j,..; pn,(·ipillLlt·d :11, the 
t,t'fllliuatiull of :t blizzard. 

The w:lrll1in~ (Jf the air 1m:', lio \\'( 'vt.'I' , hat! Ow CtTt'l't of dampiug 
as it W('rl", the <'ngilH' _;;;troke, Il.nd, u:' till' prOI't·~Jo< is ('on.tinu(>d, to 
start a f{'V('f:,f' or upwnrd l'urrent within till' ('himney of the nnti­
cyclone, The blizznrd i!:l thu:;; suddenly ended ill n pr('cipitation 
of the ~now. whic'h by changing til£' latent heat of condensation 
10 sensihle h£'ut. tplH.l~ to incr(>a~(' this COll nt('r current, 

The glacier broom, - Durin.g the· e!llm whi (_'h ~ll(,(·t·("d .-; to ttl(' 
blizzard, heat is o nt't ' morf' :\h~t. r:l("t.('d froIU t,ll(> foI.urf:u'(' ail' by(~r, 

and :l IlP\\' uut.wardly tiirt'l"tcd ellj!ille stJrokl' is b( ~gllil. TIlt' tem­
I)t-st wilith btt'r dl'V(·lops :u'ts HR a gigalttil: ('Plltrifugul broolll which 

,a - . 
·~"- '·'+: ~ '~~j:.~~_1 ,(.:~<-

... II ""...,cr;":"" "'"' .... ~ 
~ .~~'-.: ~ ., ,~ .. 

FIG. 3Ia. -Suow ddtlUl :,huut the murgins of tlil' FilII gltt.cicr outlt'l (If Grr"·lIluJllI. 
(llfwr f' hulUm·rlill). 

sweeps out to the margills of thf' glacier all por~ions of the latt'!oIt 
snowfall whjeh have not Uecome firmly attached to the ice surface. 
The sweepings piled up about thr ITIarbrill of continental glaciers 
have been described :1 ' fringing glaciers, or the gluciul fringe. The 
northern. coast of Greenland and Grant Land are bordf'red by u 
fringe of this nature (plnte 14 A, and Fig. 315, p . 288). It. is by the 
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operation of the glacier broom thnt the inland ice is given its cbarac~ 
teristic sh ield-like shape (Fig. 312). The granular nature of the 
snow carried hy thp. wind is well brought out by t.he li ttle snow 
ddt.as about the margins of Greenland irc tongues (Fig. 313). 
Obviously becHllse of the presence of the vigorous anticyclone, no 
snow~ su(' ll as noori ....,h mounta.in glaciers can be precipitated upon 
contin{'nttll glac.iers except within a narrow marginal zone, and, 
as shown by Nansen rock dm3t from the coast,land ribbon aud 

, ':'-;;, 
" -" . 

'M- : .. -- . 

from the nunataks 
of Greenland, is car­
ried by a few miles 
inside t he western 
margin , and not 
at all within the 

I I eastern. 
Fi eld and pack 

ice.~ \Yithin polar 
f{·g;ions the surface 
of the sea freezes 

FlO, 31!;~;I~::g ,i~~ ~~,t~~ (~~~~c ~~~~I,I~:I~::~~OO [; ' ~, duri,llg the long 
winter seasou, the 

product being known as sea-ice or field-ice (Fig_ 314). This ice 
CO\'CJ' mny reach [l thickness by direct freezing of eight or more 
feet, and by breaking up and being crowded above and below 
neighhoring fragments may increase to it considerably greater 
thickness, I cc thus erowded: together !lnd more Or less crushed is 
described :.\81)ack ice or the pack. 

The p~\.ck does not. rem~\.in stationary but is continually drifting 
with the wind and tide, first ill one direction and then in another, 
but with ~\ general d rift in the di rection of the prevailing winus. 
Becuuse of the \"{lst dimensions of the pack, the wjnds over widely 
separa.ted pari:i runy be contrary in direction, and hence when cur­
rents blow toward eaco oi,her or when the icc is forced against 11, 

land :lrell., it is locally crushed under mighty pressures and rorced 
up into lines of hummocks - the so-called pressure ridges, At 
other times, when the winds of widely separated areas blow away 
from each other, the pack is parted, \vith the formation of Innes or 
leads of open water. 

If seen in bird's--<oye ,;ew the lines of hummocks would accord-
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ing to Nansen be armngpu like UlE' mcsh{'~ of a net having roughly 
squ:lred altg(ps :Hld rCfH'hiug to heights of 15 to 2;\ ntn'ly 30, fl'et 
above the general surfa{'(' of lilt· p:u.'k. TIl(' it,(~ within I':u:h Tllt!.'·;1i of 
the lwtwork is a ,!lor, which at t,lw lime:! of pr(_'~~t1r{' i:-; g;round against. 
its neighbors !lud v:uiou:-:;Iy shiftpd ill posiLion. At thl' margin of 
the p:1('k tile:">(:' fiue:. becollle' sl'par~\t.cll and fJo:.tt toward lower lati­
tuues until thl'Y nrc tlH'ltt'd. 

The drift of the pack , - The diseovery of the drift in tlw Arctic 
pack is :l romantic ('ha.ptN in the history of polar exploration, and 
has furnished tm cXBmpl(' of fnith in scient,ific reasoning and judg­
ment, which may well he compared with that of Columbus. The 
great figurp in thi~ lat.cr di!-'('o\,cry is the !\orwr,c:inJ\ ('xplorcr 
Fricitjof 1\uIlscn, and to th(' final ~lC'hi('\·('m('l\t t.hC' ill-fated .feall­
'nette expedit ion contrihuled an importunt pllrt.. 

The Jeannette carrying the American exploring expedition 
was in 1879 caught in tbe pack t.o the northward of \Vrnngcl Island 
(Fig. :J15), and two years later \Va." cru.shrd by the- icc and ~unk to 
the nort.h\\~ard of th(' New Siherian l s llmrls. ]n 1884 variolls 
articirs, including n. list of stores in the handwriting of the com­
mancif'f of the Jeannette , were pic'ked lip at, Julianchaah ncar the 
~()llthcrn extremity of Gr(>elliand but upon Ulf' ll'('sl('rn side of 
Cape Farewell. NHnf'en, having ('areful1y verified the facts, 
concluned tha.t tbe re(,overed articicf' ('ould have found their way 
to Julilluehaa.b only by drifting in the pack across the polar seu, 
and that at the longest only five years had heen consumed in the 
transit. After being separated from the pack the art.icles must 
ba\'c floated in the current which makes southward [doug the east 
coast of Greenland !lnd after doubling Cape Farewell flows north­
ward upon the west coast. It was clear that if they had come 
through Smith Sound tbey would inevitably have been found 
upon the other shore of Baffin Bay. In confirmation of this view 
there was found at Godthaab, II short distance to the northwllrd 
of Julianehaab (Fig, 31.1), an ornamented Alaskan" throwing 
stick" which probably came by the same route. Moreover, 
large quantities of driftwood reacb tbe shores of Greenland which 
have clearly come from the Siberian coast, since the Siberian 
larch has furnished the larger quantity, 

Pinning his faith to these indubitable facts, Nansen built the 
Fram in such a manner as to resist and elude the enormous pres-



fIG. :11 .5. - Map (If the norlh polar tt>,(!iOIUI, 8hl)";fll{ t h,. IIrf'ft or drift ice: 'lIIei tbe 
tracks of the JCO,I7If'llc and the Fro", (cornpil~ (rom \' ari(lU6 maps), 
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!-'urcs of IIII' it·(· p:wk, st,ol'kt,d IH'r wit.h Jlr()\'i~i() n:'ol suffjc ;rnt for 
fin' ,YCH fR1 and h~' :tll(I\\"iH~ 111(' v('sf',,1 1.0 b(' frozt.'1l int,o the pack 
nor! II of 1 he' N 1'\\' :-;ilwriHIl 1:4anrl:-(. II(' ('OIl::iJ.!:lWd hil11Hrif and 
hi:-: ("{mqJ:lllion~ In 111(' lfIf'rc.\" of nit' t'1t·II'J('nt~. "1'1 ,(, world kuO\\'/'i 
th(' f('SU!1 :IS olH' of til(' lIlo:"t fl'rn:lrkahlf' :It'hi('vcllwntf' in 
I,ll(' lonp: hhdilr.\' (If polar t'xp!or :L tion. Thr tra('k of thf' Frmn, 
(·h:lrt,rd il\ Fig. :{ l.i, (·oll.~h l{'n·d in ('O IlJIf,(,tion wit II t hai of UI(, 
./('(1"11('/1(', ~how:-: 111:11 t,tH.' .\ rd.il' pnl'k drifti' fWIIl Bl'ring Rei! west· 
wlm' IInti! rW<lr til!' llOrltH':I:,trrll ("0:1.'" of Gr('('lli:md. 

Hpl'('ial l':I . .:k:-; \\'Nt' for t'xpt·rimrnta l purPOSl'S fmitclwd in t he 
i('" t(, til(' north of B(.'ilrinp:Str:lit h~f .Mrlvillr ami Bry:1nt, a nd two 
of Hu's(' WNt' afl(' rwan l:o' r ['('UVl'fl,d , t1w Ollr IWttf Lht' North Cape 
in l)orllu'fIl ):()r\\'a~'1 aOll the oUwr in nortlH'a.,,1t' rn l ('eiand (Kt'e 
lIl:lp. Fig. :~ U)). Pr<lry ':-; t , riJ1~ northwilrrl in I!)Ofi and 190!) from 
the vil'init,Y of :-\Illith ;o;(lulHl hav!' inclicalrd that 1)(,tw('CI1 the Pole 
and thp Rhorcs of Cirl'{'llian<i Hnd Gr:l.nt LarH[ til(' ({rift is th rough~ 

ou t, tu tlw ell~1,w:lf( l , ('orn'spomlinp; to t h(' w('sterly wind. Upon 
this hordt'r 1 h{' gf('at, nn.'a of Ard i{' drift i{'(' is in eontuet witb 
~r(' .. d ('ontill('nt:d glacier,...; !,or<ipr{,d IIy a gJIll'irr fringe. AcimiruJ 
Peary bas shown that instead of (·omjist.in~ of frozen sea icc, the 
piwk is here tn:1.cle up of great ftO(~S from 20 to 100 feet in thickness 
and that thes(, have been derived from tlw p;lacicr fringE.. 

' Vhene\'er the hlizzards blow off tile inland iee from the south, 
J {'~ld'i nre opened fit the margin of the fringe llnd mny carry strips 
from the latte r northward [I.CrQSR the lead. With favorable con~ 
ditions these lends may be closed hy thick sea icc so that with 
the oc.:curr<'l1t(' of ('Qunter wind~ from the north they do not entirely 
return t o their original position. A eontinuance of this process 
may have resulted in the hea\'y tJoc ice t.o tbe northward of Green­
land. which, ading a~ an obstruction, rna,\' have forced the tbjnner 
drift i('(' t.o k('(,p on thf' European sidf' of the Arctic; pack. 

Ahoul the Antarc,ti(' ('ontinent thf're is a broad ~irdl(" of pack 
I<-r whi('h , while more indo)('nt in its mov('m('nt R than the Arrtic 
pack, hn.o: '~n shown 1lr I h(' (>xpt>clitjon~ of I,he Be/gica and the 
P()!(.Tqlwl- Pal; to po~~r-: the Mmf' kind or ~bi fting; movements. 
I n th(' s(Juilw.rn Rpring this park Boats northward and is tQ u large 
extent. broken up and melted on reaching: lower latit ud("R. 

The Antarctic shelf ice, - It has heen nlread,v roinled ou~ 

tbat tbe inland ice of Antarctica is in part at least surrounded by 
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:1 1 hil'li ~ltO\\" and il'p b'rrac(' HO:lt.ing upon t he gea anu rising 10 
IIl'iJJ;!tt:-i of I/Hm' Ihan J:jO f p{lj abon' it (platt' 15 Band Fig. 316) . 
Till' yisibil' porliulI:-i of t his shelf-ice nre of strutified compact 

:FIG. 3 Jfi.- Thl' shelf icc of Coutl; Lund with the ,surrQunding puck ice showing 
ill t1lf' foreground (after Bruce). 

snow, and thp aren,~ which hav£' thus far heen st.uciied are found 
in hH~'~ frolll whi('h di::lodgment. is I l'..~ eus ily effec t,eel. The o rigin 
of tht' ",)u:"lf icC' 1.0:-: helien'd 10 be H sen-icc which hecH.use flot easily 
detuclwd :1t the time of the spring If break-up 1/ i::: tbi('kened in 
succeeding scm:;OllS ch iefly hy the deposition of precipitatf'd and 

drifted snow upon its 
surfa ce, so that it is 
bowed down under 
t he weight and sunk 
to greater and greater 
depths in the water. 
To some extent. a1so, 
it is fed upon jts inner 
margin by overflow 

Fla. 3) ~~:-~~!d;~::e:.~~: i~~~~ f::t~:n~ gi:lcicr of glacier ice from 
the inland ice masses. 

Icebergs and snowbergs and the manner of their birth. - Green ­
land reveals in the cbaracter of its vaUeys the marks of a large 
subsidence of the continent - the serpentine inlet.. or fjords by 
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. 4. All Amurf'tic ICC funt with Loot pany llulding (urt er n. Y. S("(\lI ). 

B. A nce.r ,·jew of tbe [rant of the Great R0ti8 Barrier, Antarctica (after R. F. ScOtt). 
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which its coast is 80 deeply indented. Into th.lll'nd. of these fjords 
the tongues from the inland iOt, df'.sc'end gf'llerully to the sen I{'vel 
and helow. Tbf' glRCiPf ice is thus flirt'd)." :Itt.:H'ked hy th(' \\".'1)'('S 

u.s w£'11 ns mf'lted in the wn1Pf, !ol-Q thBt it tCfminat,c:o:. in the fjords 
in great cl iffs of ice (Fig. 317) . It is nlso believed t.o c~ .. tenc.l 
beneath t.he watrr surface as 
a long toe resting upon the 
bottom (Fig. 319). 

The exposed cliff is notched 
and undercut by the waves in 
the same manner UR (l rock cliff, 

and the upper port.ions oY('rride F lO. 3 J8. -A G((_'f'JulIlId;(' iceoorg after & 

the lower so that !It frequent in­
ternlis small mass{'~ of k e from 

long juurlw~' ill Wllrrn l(ltitud~8. 

this front separnte on crevasses, and toppling OV(,f , fall illto the 
\\':11(>r with pi('t ur~qu(' splashes. Rudl small hf'rgR, whos(' birth 
may be oft,ell !olt;'£>n at the cliff front of hoth tilt' Crl.'cnlnnd and 
Alaskan glaciens. ha\'c lit,tle in cOlllmon with tho~(' !!,TetLt flunting 
i sl:.md~ of icc that are drifted by the wind::. until , wft.'l:t('d to n frac­
tion only of their former proportions, they reach the 1:l11e5 of trans­
atlantic travel und become a serious menace' to navigu.tion (Fig. 318). 

Northern icebergs of large dimension.!) are born either by thelifting 
of a separated portion of the extended glacier toe lying upon the 
bottom of tbe fjord , or else tbey separate bodily from the cliff 

Pto. 319. - Diagram shoVl";ng onc way in whic:h northl'rn iN'hergs muy be born 
from ihc glacier touguc (after RUSlSeIl ). 

itself, apparently where it reaches water sufficientiy deep to float it. 
In either case the buoyancy of the sea water plays a large role in its 
separation. 

If derived from tbe submerged glacier toe (Fig. 319), a loud noise 
is beard before any cbange is visible, and an instant later tbe great 
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mass of ice ri~t.'s out of the w~ltt' r ~ome distull Ct.' uwuy from tbe 
cliff, lifting W:i it docs so a gl'(_'ut \'olullll-' of wt.t.ter whicb lJours off on 
all sides in thuliderinj!; l ':l S(':'idt::: :111d \'XIJ()::IP::; at [ast a iJerg of the 
<if'f'pt'st :-itlp "Jlj/,t~ "lut·, Till' c'O[lJllloti('1I1 I'l'odu(.'I'J in the fjord is 
prt1digilJu."" ~1I111:t \"1';0; .... ' . \ ill 1'!O .... l' pruxi Jl\it~· is pl:.H't'd ill jl'OP:lI'tiy. 

EVt' tl I:u'~( ' /' h{'q~s :.ll'l' :-\WlIl'l iul(':-I ,':('l'll tu ~.;ppaf'att' fruit! tilt' i{'p 

tlilT, in tili...; (':l~t' :lIJ illst:lIiI \J('fort' ur SilllUitLUll'uusly, wit.h u loud 
report, bUI ~uch (wrg:-; float aW:lY with ('omp:lra,tiv{'ly little com­
motion in Ult~ wateT. 

The iCf'herg~ of 111(' :-;out b polar rt~gion are usually built. upon a 
fur grander scu tt.' than thof-:(, of til(' An'tic I't'I!;ions, ~nd are, fu rt.her, 
bot)! difit,inetly tabulHr in forlll :lnd bounded by f(>('t:mgulaf out­
li(\('!"o ( Fig. :~21 ) . \\' Iwn':l:,\ t!lf' laq~t' b{'l'~l'\ of GrC'Nllandic ori~il-I 
:11'(' of iec and hlu(; in ('010(, 111(' bliulllr ll('r~~ of Antarctic·!l. might 
II1'1i~'r hI' (h'l'\~'fil)l,d:l:-; "'"I11I">f'r!l'~' :-; in('f' lilf'_v n]'t~ t)f n blilHlillg whik-

ness and their vis ihle portions arc' eii!wf ('ompaewd snow or att,('r­
!TIlLing thitk 1:1,\'(''':-: (If ('(JJnpa(·t, :-inaw anti thin rihbollS of blue ice, 
the Ia.tu'r tilit'k(_'r and nH}re aGund::tn1 toward tll f" hase, All such 
lwrgs h~tve l)('(_'n dl'rivf'd frotll Ow l'iht:lf jc'(:' and not from the inland 
i('t~ ii ~f'lf. Blut, it'phl' I'I:,'S whleh 11:1\'(' 1)1'('11 d(\rivpd from the inland 
jl'e Iwvf.' hef'u descrilwu (rolll. the (HW Autard_i(· lund thut. has been 
explurl'd in wliic}J tLat ice dt.'B('end;-; clif('(~tl.r to Ule sea. 
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In both the northern a nd .":iOul}Jprn hrl11is rh['rc~ thosf;' hergs 
which ha n' floated into IOWN I~ltitu{h·!" ha\'(' ~l1ffl'r('d profound 
transformat ion!". Tlwir t'xp{l:-lpd ~urfiH'C:-: Ituv!' 1>('('11 ml'lh·d in til(' 
SUB, washed IJ~' til£' rain, and hattr rpcl by jJl(' \\':l\'C~ , 80 thnt thr)' 
loJ'll' Owir rcl:ltiH'I~' ~imph' fo rlll !'" hut :lcquir(' rounded sUrftH'CS in 
pi:l('(' of Hl{' ('arl~' :wl-!ubr Onf'~ (Fig. :{ 18 t p. 291). Sir John IHurruy, 
who had f'u('h ('xtenci<,cl opportuniti(':o\ of studying th£' southern i ('('-

hf'rt,!:-: from thp dN'k of the Challc1'Iacr, hus thus descr ibed their 
lK'ltulriC'foi: 

.• Wa.vel' dai'h &gains! t.il€' Vf' f Lir'u,i fa.pt-'S or thn 110ati llg ice island a.s 
agl\inSL 8. nlcky s Llore. so that 111 thfl Rea 1p\,('J tb(·y ar(~ firsL cut. into ledgos 
and gullies. and then into caves nnd eal'crns of tbe most heal'Bnly blue, 
from out of which ther{' com!:'s the re~oundillg roar or Lbe o(Wan, and in to 
which tbe snow-white and other petrels ma.y be soon to wing Lheir wa.y 
through guards or soldicr-Hk(, penguini'! ~tat.ioned at the ent rances. As 
thef;e ice islands are slowly driftf'd hy wind and current to t.he north. they 
tilt. turn a.nd ~mctimes CapSi7.l', a.nd then submerged prongs and spi ts are 
thrOWJl high illw the ILi r. produf'ing irregula.r pinnaeJed bergs higher, pos­
s.ibly. than tht\ original tablo--shaped mas~." 
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C HAPTER X\:l l 

THE CONTrNENTAL G LA CIERS OF THE " ICE AGE " 

Earlie r cycles of glaciation. - (ilit I'- tud.\' or titt' rOt·k:-; t'() ml~~ 

in!! diP (lut('rnl(I:'(, Hh('!! (If till' litll():-pht'r(' I(·II!' u~ tlwl in Itt It'l\st 
tlln'p wid"ly :"t'paral(·d p{'fiDd ~ of il l'> hil'lOry thl' ('firth hils Pll&~rd 
through <'yt'les of ~:d:.l(·i:ttion during which ('onsid('mhlt·, portions 
of its ~urf:H:(, h:lH' hl't'n submpr~N{ iK'T1l'uth ('OIHint'lltaJ ~hH'i('rs, 

The lat.est of these Ol'C'uTrt'd in 1111' yt~[o.1t·rday of gt.'ology o.lld hllS 

FlO. 322. ~'lap of the glohe 8hll'A111~ tht· [m'M '" hi4'''' WI 'TI' ('OVt' ft"(j 11)· til!' {'(lU~ 
tillt:.utul glacier!! of tbe so-c!lll,~d .. i(·.~alte" {If till' 1'1~'illtA",,'·ht· I,.'ri(o({. The: u.rrows 
tdlOW dl(! dir ec tioll!! of til(' ('!'utriful!:IJ :dr ('urr('rUI'l in tIlt' fixed !IHti("j-f'iQuCtll'b(w(l the 
ghwjcl"lj, 

often been ff,fe rrt'd to flJo; til(-' c, iN' :W;{'," Ilt'C: LUJo;(' until quite re­
cently it was suppoSl'd tu I~ ' til(' only onp of whi('h a re('ord was 
preserVl..'(I. 

ThL"! latest ice age r('prL'scnt~ four (·omplett' (·ycles of glaciation, 
for it is believed that the continenW i('(' developed and then 
completely disap!><'ured during a period of mild cl imate before the 
next glacier had formed in its plaer, and that this alternation of 
climates was no less than three times rer..eated, making four cycles 
in all. At nearly or quite the same time ice masses developed in 
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northern Korth America nnd 
ill northern Europe, t.be em ­
b\):;~Illt'nts of th{, icc dumes 
bein g located in Cnnnd3 and 
in Scandinavia retipcc ti,'ely 
(Fig. 322). There appears to 
h8\'e been at lbi~ time no ex-

FI::ili:.II~:;;I::- ~;~"il;I~~~~~ O~I~a~~t(~1 111:~!~1,~; tenl' i\'e glaciation of tlw south -
uf P('rrH" '("flrj,ODif{,rflUS 1111:(' upon whi ch {'rll hrrnisphcrl', though in the 
~hi::;.t6 ~(luth ,\ulltrtllill (after H ow_ next earlier of the known grf'tlt 

Twriods of g:lariation - t he 50-

(·allc·d p prmo-f'nrhonifrrous - it, was j IH' f.:o uUwrn hrmi.:-:phrrr, fi nd 
not t he uurthern, that W!l.'; affected (Fig. 323 und Fig. 304, p. 276), 

Flo. 3:N. - Map to show tbe glaciated and nonglaciat.ed regjo1l8 of North America 
(after Sali8bury und"Atwood). 
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Frolll th{' sti ll NU'licT gluciul period our data a.re nnturtdly much 
mOT(, meager , hut it !'{'('ms prohnblt~ thnt i1 wus characterized by 
g lncint{'(l !ll'ClLS within hoth the nonlwrn a nd th(' RouUlern bcmi­
spb('res. 

Contrast of the glaciated and Dongtaciated regions. - ince 
WP han· now t'itu tiiNJ jf} hrid out liJl{' tht' ehutlle1 t'ri .... tic8 of the exist­
ing {'ontilwntai gluci('r~. we tirt' in fi position to rf>\' jrw tll(' ('\' idenccs 

FIG 325. - Map of lh{, gill.ciMM and oongl&ciated aN'M of nonhern Europe. Tbo 
st rongly marked morainal helts fetipeCllvdy 80uth lind north of tho; Baltic depre&-­
~ion n'pre8Put halting plal'CB in th(' f l' trcRt of tb(' ilUest oontincnt41 glacier {com· 
pi!Nl from maps b.y I'cDl:k and Lt·,·crt'ttj. 

of fo rmer gillcierl', the t'e('ords of n'hich exist in their carvings, their 
gra dngs, 11 nd their deposits. 

An ohseryant person famifi flr with the aspects of Nature in both 
the llorthem ~l nd !;oouthprn portions of the central and eas tern 
r nited Stat.es must have noticed that t he genera l courses of the 
Ohio and h1issouri rivers de61w a somf'wbat mark{'d common border 
of areas which in most respects are sbarply contrasted (Fig. 324). 
H ardly less striking i~ tht.> contrast between the glaciated and the 
Donglaciated region~ upon the continent of Europe (Fig. 325) . 

It is the northern of the two areas which in each esse reveals the 
characteristic evidences of glaciation, wbile there is entire absence 
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of sllch mark~ t,Q the ~outh\\'ard of the ('onunOI1 horder. \Vithin 
the American glacinted region there i.s , howevtr, an area surrounded 
like an isblnd , and within this clil'tri et (Fig. 324) none of the marks 
characterist,ic of glaciat ion arc to be found. This area is usua.lly 
referred to as the I. driftless ttl'ea/' anci occupies portions of the 
states of Wiscons in, Illinois, l\finncsota. and Iowa. Even better 
than t,he area to the southward of t he Ohio ano. Missouri rivers, it 
permit!' of a ('ompn ri f:on of the nonglncinted with the drift-cov­
ered region. 

The it driftless area ,P - \ri thin thi f' di ~tri {'t , to{'n. \yc have 
preserved fur our study a landscape which rCDI:lins I:trgely as it W (l.<:; 

before the s(' \+('r.il i('c 
inv:l.'.;ioll"; had ::'0 prD­
fnulH liy i nln :-;form co tbe 
gClwral :-;urfa(.'(' of the 
;.tlir rounding eounLry, 
Speaking broadly, we 
may say that it rep­
resents an uplifted and 
in part dissc(,tcd plaint 
whicb to the south and 
east particula.rly re\'erus 
the charact.er of nearly 
mat ure ri ver erosion 
(Fig. 177, p. 170). The 
rock surface is here 
everywhere mantled by 
decomposed and disin­
tegrated rock residues 

}~lG, 326.- 'Stand Rock" ncar the " Dcll.!J." of the of local origin. The 
'\-Viscousin nt'cr , an unstnble crosiOIl remnant elUlI'-
8.cteristic of the driftless area of North America 
(aft('r F;uJi~bur:r aud Atwood), 

soluble constituents of 
the rock, such as the 
carbonates, have been 

remon·d by t)l(' proce.«s of leaching, so that the clays no longer 
effervesce wlien trNt,ted with dilute mineral acid. 

Wherever favored by joints and by an alternation of barder 
and softer rock layers, pict.uresque unstable erosion remnants or 
" chimneys" may stand out in rol ief (Fig. 326). Furthermore. tbe 
driftless area is througbout perfectly drained - it is witbout lakes 
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Scut~ . .... _ = = __ ~~_-'5MUU!. 

A.. Incised topogrlll>hy within tbt!" driftlCS8 area ., (li. S. Geo!. Sun'tly) . 

• Seale. ;) Mild. 

B. Built-up t.oPOgraphy within gluciated region (U. S. Geo!. Survey). 
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or swamps - sjnce .'111 val leys are characterized th roughout by 
forward grades. The side val leys enter thl' main valleys as do the 
branches a tree trunk j in other words/ tbe drainage is described as 
arborescent. 10 so far as any portions of a plane su rfiitf> !lOW remain 
in t he lanJstflpe, t.hey a re fOlilld fit t.11I" hi~tw;-; I If< \'(' !:-: (pi :.It e l GA), 
Til t" {,opoJ,!;r:.Lp ily i:-. Iilu;-; tilt' "t':-\u! t 01':1 p:trli <.t ! I't' luuv:d b~' f'ro~iun 

uf an upluwJ and Ill :.l)" Ill~ d e~c l'ih(!d :l~ Ilicil'oNI fopo(Jl'uphy. Nowuere 
within the area are there fou nd rock Jl1aS~e8 fu rcign to the region, 
but a ll mantie rod~ is thE:' wC'utherf>d product of t he underlying 
ledges. 

Characteristics of the glaciated regions. - ThE' topography of 
the d rift less art'a hus h('en de:.crihed :l~ inc'l:sed, because due to the 
partial destruction of :1l1 upliftNl pbin ; and tb iR Rurface is, more-

(}vpr , ]1edl't"tJy drain c{ l. The 
..../. characte ristic topography of t he 
~ II drift " a rcus is by contrast bui lt 

. 

- __ .. ~. ~.'. _ .. ' ;~~.:,--:: 'Up; that i:s to say, the features of 
_,~.~.~~ __ .~:..:_ th(, region instead of being carved 

out of n plain art· tb (_· n':-\\.Ill, of 
FItJ.:ta.-lJiulj:ralLl >! l lIJw;ll~ tIl, ' hUlIl- 7/1 tJ frli ll lj hy t.llt' pr()(·t·:-;~ uf dCpORi­

l)1'r ill whkh ;11'vJJliIJt'III,al .u:lij(·i'TIlI ..... 1iull (pl:l\(' lti B). In:-:.o far as :1 

litcrn.t.l's 1C:..:i"Li Il& \'ull, 'Y~ (aftf'r 'I'arr) . plaJII' is J'1 '('og"n iza hll" it, is to be 

found Hot ~d .. Hlf! higiJc·st, :)ut at 
thc lowest level - a Surfilc:e repn\<lpnt('d la rgely by swamps and 
lukes - and above Uris pb.in rise the characteristic rounded hills 
of va rious types ",hid} ha,'c bcC'n built u.p through deposit ion. The 
prON,'SS by which this has 1I('en accomplished is onc easy to com pre­
IH'nd. As it in vaded the n·gioll , the glacier pla ned away benea th 
it." marginal zone all weathered mantle rock and deposited tile 
planings within t he hollows of (,he surface (Fig. 327). The 
effect has been to flat.ten out till:' preexisting irregularit ies of the 
surface, and to yield at first n gen t.l y uuduln.ting plain upon which 
are m:my undrained a rcus !Ind a haplulzard system of llrainagc 
(Fig. 328) . All unstable erosion remnants, such as now are to be 
found within the driftle •• area, were the fi rst to be toppled over by 
t he invading glacier, and in their plnee t here is left :\t best only 
rounded and polished " sbou1ders f! of hnrd and unwcftthcred rock 
- the w~n-known roches rnoutonnecs. 

The glacier gravings. - Th e t.oul~ wit.h whif'il th£' j!1[wier works 
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nre never quite c\'enly edged, and instead of an in an respects 
perfect polish upon the rock pavement, there are left furrowings, 
gougings, and scratches. Of whatever sort, these searings indi­
cate the lines of .ice mO\'cment and ::Ire thus indubita.ble records 
graven upon the rock fioor. 'Wben mapped over wide areas, !1 

FlO. J:!1:'o.- L nkr and ln3.rsh c\istriC't ill northeru Wis('oUl;in. the ...: fT ert of glacial 
deposition in fom)er valleys (lifter Fairbanks). 

most interesting picture is presented to our vipw, and one which 
supplement s ill an important way the studies of eA'isting continental 
glaciers (Fig. 334, p. 308, and Fig. 336, p. 312). 

1t has been customary to thin.k of the glacier as everY" 'bere 
eroding its bed, although the only warrant for assuming; degra­
dation by ftow of t.he icE' is restricted to the marginal zone, since 
here omy is there all n.ppreciable surface grade likely to induce 
flow. Both upon the advance and again during the retreat of a· 
glacier, all parts of the area overridden must be subjected to this 
action: Heretofore pictured in the imagination as enlarged 
models of Alpine gJaciers, the vast ice mantJes were concei\red to 
have spread out over the country as the result of a kind of viscous 
flow like that of molasses poured upon a fla t surface in cold 
weather. The maximum thickness of tbe latest American glacier 
of tbe ice age bas been assumed to have been perbaps 10,000 feet 
near the summit of its dome in central Labrador. From this 
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point it. was !ls5umed thai tlll' ice traveled s.out,hw:uu up the 
northern slope' of the Laurentian divide in ( 'anada, llnd thence 
tu the Obio ri ver, a di~tance of lwer 1300 mik~. If !;;Udl a mflnUe 
of iec be r(' pre~cn tcd ill it,s natural proportions in v{'rtical ~ ('t1 io n , 

tu (:ovcr t he d istance from <:entcr t,o margin we Hi lly U:-:'l' a liue 
six inclwi!' in l e rL ~th , :tnd only T~II" of an inch thi ck . Upo n ft reduced 
~cal e thC1;C proportions ure given in Fig. 32H. Obviously the 
force of gravity acting within n, viscous mass of such proport ions 

l~ IG. 329.-CroS5 section in upproximate natural proportions of t hf' i fl lcst Noslh 
Anlerican contincut ru glacier of Pleistocene age. from its center to its margin . 

would be incompet ent to effect :l transfer of materia l from the 
c;enter to ill(! periplJCr.y, even though t be thickness should be 
doubled or trebled. Yet until tbe fixed glacial anticyclone above 
t he glacier hn.d been proven and its effi ciency as a. broom recog­
nized, no other hypothesis than that of viscous Bow bad been 
offered in explanation . The inherited conception of a universal 
plucking a nd abrasion on the bed of the glacier is thus made un­
tena.ble and can be accepted f or the marginal portion only. 

Not only do t·he rock seorings [Show the IiCles of ice movement, 
but the d irectioos n 8 well may often be read upon the rock. Wher­
ever there a re pronoun ced irreguJari t ies of surface still ex.isting OD 

the p:.n ·emeni, these nre generally found to havr gradual slopes 
upon the side from whi ch t.he iee came, and relatively stE'rp falls 
UpOJI th e lee or " pluck " side. If, however, we consider the irregu­
larities of smaller s iz E', t he unsymmetrical slopes of these protruding 
portions of the floor nre found to be reversed - it is the steep slope 
whieh faces the oncoming ice and the flatter slope which is upon the 
lee side. Such minor projections upon the Hoar usually have their 
origin in som~ harder nodule which deflects the abrading tools and 
causes them to pass: some on the one side and some upon the other. 
By this process a staple-shaped groove comes to surround the 
nodule, leaving an unsymmetrical elevated ridge within, which is 
steep upon the stoss side and slopes gently away to leeward. 

Younger records over older - the glacier palimpsest. - Many 
important historical facts have been recovered from the largely 
effaced wTiting upon ancient palimpsests, or parchment.~ upon 
which an earlier record has been intentionally erased to make room 
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for :lIlUU}('f. In t.lw gravings upon the glarier p::l'vement, earlier 
n){'urd~ ha ve /H'en lik{'wisc ill hrgc part effaced hy lat.er , though in 
favomble localit ies the two may bf' read together. Thus, as an 
examplc, tLt the grent linlt'slo l1(, quarries of Rihley, in south­
eastern Mi{'hig:m, tilt) gla('i:If(~d rOI'k :-:;urfn('(' when'v('I' st ripppd of 
its drift ('oY('r i ~ :1. SIl1uothly poli~hcd and reitttiv('iy levf'! fioor 
with strite which afC' dirf'ct,('d west,-northwest. Beneath this gl'n­
end surface thcn"' an', hOWt'YN, :l numher of elliptical depre8-
sions whieh h:1\"C their longer :lXC'S din:'('ted SOtltiJ-sQutilw{'st, one 
bring from twrllty-fiyp t.o t hirty fC'('t long and some' 1,('0 fl'C't in 
depth (Fig. 330) . Tbese boat-shaped depressions are clearly the 

~ 
FlG. 330.-Limcslouc surface Ilt Sible)', Mkhignn. 

remnants of an earlier 
more undula.ting !'S ur­
face which the I"t.ext 
glacier has in large 
part planed away , 
since the bottoms uf 
the deprcl'siolls arc no 
Ie", perfectly glaciated 
hut, hove their stri~ 

dire(!tl~d in generu.l 
Ilear the longer a,'xls of 
the troughs. Palimp­
sest-like there are 
here also the records 
of more than one 
gra.ving. 

The dispersion of the drift. - Long before tile II ice age" had 
been conceived in the minds of Agassiz and his contemporaries, 
it had been remarked that. scattered over the]\' ortb German plain 
were rounded fragments of rock wbich could not possihly ba.ve been 
derivf'd from their own neighhorhood hu t whieh could he matched 
wit.h 1,b(' gr('ai maH~(.'~ uf rI~d gr:mil,e in kwedcn well known at-; t.bo 
" Swedish granite." Buek lam.l, an Enp:1ish geologist, bad in 18]5 
accounted for 1'1I("h "crrnt ic" blockti of hj~ own country, here of 
Scotch granite, by c" ILing in the deluge of Noah ; but in the late 
thirties of the nineteenth century, Sir Ch,rles Lyell, with the results 
of English Arctic explorers in mind, claimed that such traveled 
blocks had been transported by icebergs emanating from the polar 
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regions. A relic of BucklanrFs cnrl i~r view w(, have in the word 
1/ diluviulTI " st,ill occasionally used in Cenn:I11Y for giu('jf'r t.nUlS­

port,ed mnterinls : whi\£' Lil(' trrm 0 drift !) ~til1 rC'mains in com mon 
use t.o reca.1I LyC'II's il'('hrrp; h.n)()lh('~ i ~ . ('\'('11 though 1ll(' original 
meaning of ttl(' t(' r11'l htl :"; hecl) nhlndunp{1. Drift is now a g(lneri(' 
term :111£1 r('fefs 1,0 all df'p()~it s dirpdi.v or il1l1ir('I'11y n·f('rabJf' to the 
continl._>nt,nl glaciers. 

In generul the plm'p of dcrivntion of the gbci;t! dri ft mny he said 
to ue some point morc distant [rom and within t.he former ice mar­
gin at the time 
when it was dl:'- ~~ ~ ;,:p , 
posited; in ot.her \ 00 " P""~ '" 
words, tbe dis- ) <v- .... 19 ~~~s....o3~r 
persion of t,he ! ' (;~.' -~r" :~"'?, '~~:-~~ 
drift ,\'as CCIl - ~ ( 1 
trifugalwithref- : '~;~ J (t- ' j 

:;:~i:: . to the \)\\: - - - -~--.\)." ~ ; ~._"\/-:/. 
\~r hcreyer' ~~ _L _J' ~/ 

rocks of unusua l ~ ', '''''- - --; <:. f~'t> 
and therefore ~ ---:.~.-Lf·.,J I , ; ;- -- ~ 1" II -\1 ; L_ 
easily recogniz- ~ ~_., /~. l.' 
able character . "'"4'" ,I' ..N ~v 
can be shown to : _ ~ 
OCcur in place - _J ~ r'~ 
andwith butlim- - L _ _____ _ - - ~ 
ited areas, the FIG. 331.-Mll.p to I)ho\\' the OUlCTOppiu!;f! of pCf'uiiar rock 

dispersion of ~:~~ti~~ ~~:~e:~gi2~o~~ t~:p~:f"~\~:~:~llu '~~II:':~ o~fl~~~ 
such material is COI)[}(.'r IOCluiticB niter RtLii6'bur.r). 
easy t.o t.nl('.p. 
The lll"ellS of red Swedish and Scotch granite have been used to 
follow out in a broad way the dispersion of drift over northern 
Europe. ~Vitbin the region of til(! Great Lakes of North America 
nre areas of limited size which are occupied by well marked rock 
types, so that t he journeyings of their fragments with the conti­
nental glacier can be mapped with some care. Upon the northern 
shore of Georgian Bay occurs the beautiful jasper conglomerate, 
whose brigbt red pebbles in their white quartz field attract such 
general notice. At Ishpeming in the northern peninsula of Michi-

x 
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gan is found tl1(' f'CJ ually bp:1utifui j ~lspilit. (' ('omposeu of puckered 
altcrnaii ng lrl.r(' f . ..; of hb('k hematite and t'ed jasper. On }\eweenaw 
Peninsuln. \\-hij 'h prot.rl1d (:'~ into Lake f-iUPf'riUf from it:-; southern 
short', is fOlilld 1..11 :11, rC'Jl'la rk :l i lif' Ot'('u r rt~nc(_' of Ilati,'c copper wit,hin 
a ~('r i es of igneolls ro(,ks of varipd typf'S and colors. Frngments 

of 1 hi :-i ('opper ) i'OIl)e w(-·ip;hing sev(' I'!.l.1 
hUlldrC'ds of j)oulld~ ent h flll.d masked 
in u roa" of green malachite , haye under 
the n:lnw of "drift " or d 80:1 t J1 copper 
been collN·ted :1t mnny Joc:alitics within 
a b road IC fan If of dispersal e:;..-tenciing 
a.lmost to the vcry limits of glaciation 
(Fig_ 331)_ 

Some mi les to the north of Provi­
dence in Rhode Island there is a bill 
known as Iron Hill C'omposed in large 
r :1rt of black magIH:'t ite rork, the so­
called Cumherlandi te. From this hill 
as an a pex there has been dispersed a 
great quantity of the rock distri buted 
as :l well marked II bon'lder trnin" 
within which t.he size and the fre­
quency of the dispersed bowlders is in 
inverse ratio to the cli:-:tance from the 
parent ledge (Fig_ 332)_ Similar 
though less perfec' 1 rains of bowlders 
are found on the Il;'c side of most pro~ 
jecting masses of resis ta.nt rocks within 
tbe area of the drift. 

FIG. 332.- Map of lbe "bowlder 
trlli o" from Iron Bill. R, l. 
(based upon Simler'to map, but 
with t.h" directions of glacial 
strim added). 

Large bowlders wben left upon a 
ledge of notably different appearance 
easily attract attention, and have been 

described as II perched bou'lders." Resting as tbey sometimes do 
upon a relatively smail urea, they may be nicely balanced and 
thus easily given a pendular or rocking motion. Such fl rocking 
stones" are common enough, especially among the New England 
bills (plate 17 B) . Many such bowlders bave made somewbat 
remarkable peregrinations with many interruptions, having been 
carried first in one direction by an earlier glacier to be later trans-



.:1. Sok-d gl:iciul bowld\!rs which show differently directed st ri::c upon the same facet. 

B. Perched bowlder upon 8. striated ledge of different rock type. BrolLl" Park. New 
York (after Lungstcdt). 
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ported iu wholly different directions at the time of uew ice inva­
sions. 

The diamonds of the drift . - Of considerable popular} even if 
not, economic} interest nre the cliamoncbs which have been sown 
in the drift after long !}nd interrupted journcyings with the ice 
from some unknown home fnr to the northward in the wilderness 
of Canada.. The firRt.. stone to be di:,,('ovt'l'pd W:l-ii takC'11 by work­
men froni :1 well opening near the tiLth;· t.own of Englf' in \Visconsin 
in tho year l876. Its nature not hcing known: it remained where 
it ,,",'I S fouud as n (·urio;:;it.y only, and if "',1." not until J88:l that it 
was taken to 11.ilwaukee and sold to n jew(·'\er (~qullily ignorant 
of its vn1uc, and for th~ merely nominal SUIll of one dollar. Later 
recognized as a diamond of the unusual weight of sixteen carats, 

Fill. 333. -Shupes [Wd approximate r.aturaJ sizes of some of the more important 
dialtlOuds from the GrHll.t, Lakes regiun of the United ~t!tteB_ In order from left 
to right thelK! figures repre'>ent the E3gh· diamond of sixt.el.:n ,·urata. the Saukv i!l,· 
diamond of six and ouehnlf carats, til{' Milford difunoud of six ra.rl.l.t,s, the Ort'gall 
diamond of four cumls, and the BUrlington diamond of iI lit.tle over two Cltrllt ri. 

it was sold to the Tiffanys and became the cause of a long litiga­
tion whicb did not end until t be Supreme Court of Wisconsin bad 
decided that the ~Iihva,ukec je,veler, and not the finder, was en·· 
titled to the price of the stonc, since be had been ignorant of its 
value at the time of purchase. 

An even la.rger diamond, of twenty-one carats weight, was found 
at Kohls"t;"illc, and sllla ller ones at Oregon, Saukville, Burlington, 
and Plum Creek in t.he sta.te of ~Visconsin i at Dmvagiac in Michi· 
gan; at 1vfilford in Ohio

j 
and in ·M.organ and Bro"'l counties in 

Indiana. The appearance of some of the larger stones in their 
natuml size and shape may be seen in Fig. 333. 

While the number of the diamonds sown in the drift is undoubt­
edly large, their dispersion is such that it is little likely they 
can be profitably recovered. The clistrihution of the localities at 
which simles have thus far been found is set forth upon Fig. 334. 
Obviously those that have been found are the ones of larger size, 



FIG. 334.-Glndlll nmp of Ii portioo of the C reat Lakes region, showing the ung!lI.. 
citllcd area and the ureas of older and M wer drift. T he driftlcss :\re!!., the mo­
raines of the Jnter jt·{_' jnnlirion, and the distribution of di:lJ})ond localities upon 
t.he latter Rr(' tt.lso shown. With the !Lid of the dire('tions of SL.riw some ntternpt 
hB.8 baeD made to indi~atc tIlt'! probable t racks of mor(' impor ta.nt diaUlonds, whid J 
tracks converge ill the directioll of the Labrador rlCllilll:IUia . 

30R 
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since these only attract attention. In 1893, when tbe finding of 
the Oregon stone drew attent ion t,o these deniz(,IlS of thC' drift , 
the "Titer propbesied that other stones would oc:c3.R ionn ll~r be d i~­
covered under essent.blly the same conditions, and such di!:lcovcries 
nre ('ertnin 10 continue in the futUff' . 

Tabulated comparison ot the glaciated and nonglaciated re­
gions. - It will now be profitable t.o sum up -in pamllel columns 
tilt' c:ontrasted peculiarities of the glaciated and the unglacin1,rd 
regions. 

UNGLAt: I ATED H,EG JON GLACIATf~J) R~G I ON 

TOI~OGkAPBY 

Ttl(' t.llpogru,IJh,r ii' deslructinnal: 
I,IH' n'mnallt~ of a plain are found at. 
til£' h ighest l('vflis Or upon the hill 
tops: hills are c(lT{'rd out of a high 
plaiu: ull s table erosion l'eU1llauts are 
cbaracteristic . 

The topograp.I.J.\· is C(HlslrucU,fJfUJ./ .­

tbe remnant.s of tl. plain ar~ found 
ttt, the lowest, levels in hl.k('s l1,nd 
swamps: hins are mold('(l above a, 
plain in f'haraderist.ic forms ; (10 

unst.ablo erosion remnant!), but only 
rounded shoulders of rock. 

DRAINAGE 

The area is completely drained , The area includes undrained 
a.nd the drainage network is arbQres- areas, - lakes and swamps, - and 
cent. t.he drainage system is hapha:ard. 

ROCK MANTLE 

The exposed rock is decomposed 
and disintegrated to a comiderablo 
depth; it is all of local de.rivation 
and bence of few types - homogene­
ous,- the fragments are angular; 
soils are leached and hence do not 
contain earbonates. 

No decwmposed or disintegrated 
rock is "in placo." but only bard, 
fresh surfa.oe; loose rock maLerial 
is all foreign and of many siz-es and 
typC!; - helctOfleneo{~s .- rock bowl­
ders a nd pehbles are faceted a nd 
poli shed as well as striated, usually 
in severa,l directions upon C&ch 
facet ; soils are rock flour - the 
grist of t.be glacia.l mill. 

nOCK SORFACE 

Rook surla.ce is rougb and irreg- R ock $uriaceis planed or grooved. 
ular. a nd rolished. Shows glacial str ire. 

Unassorted and assorted drift. - The drift, is of two distinct 
types; namely, that deposited directly by the glacier, which is 
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withou t stratifi('ation, or unassortcd; and tha.t deposited by water 
flowing either b('nenth or from the ice, and this like most fluid de­
posited material iii n.ssort~d or strHtified. The unassorted muterinl 
is described us till, or sometimes as /~ bowlder clay" ; the as­
sorted is sund or gravel, sometimes with small included bmdders, 
and is described as kanle gravel. To recull the parts wbich both 
the glacier alld the streams ha\"c played in its depositioll, all wntcr­
deposited ll1aterials in connection with glaciers urc called fluvio­
glacial. 

Till is, then l char:l('t,rrized hy n noteworthy laCK of homogeneity, 
both as regards the size and the composition of itfo; constituent 

parts. As many a:-; twenty 
different rock types of varied 
textures and colors may some­
times he found in :l. single 

.:.: exposure of this material , find 
tbp entire gamut is run from 
the £incRt rock flour upon the 
onr hnnd to bowlder:;; whose 
diameter may be measured 
in feet (Fig. 335). 

FIG. 335. -Section in coars<' till. Xot.e the 
range in sizl! of the matR.riaJs. the lack of 
stratifiC!l.tion, and the .. soled " fortn of the 
bowlders. 

I n contra~t \\·ith those de­
rived by ordinary stream 
action, the pebbles and 
bowlders of the till are fac­
eted or II soled," and usually 
show stria tions upon their 

faces. If a number of pebbles are examined, some at least, are sure 
to be found with striations in marc than one direction upon a 
single facet. As a triterion for the discrimination of the material 
this may be an important mark to be made use of to digtinguisb 
in special cases from rock fragments derived by brecciation and 
sli~kensiding and distributed by the torrents of arid and semiarid 
regions. 

Inasmuch as the capacity of ice for handling large masses is 
greater than that of water, assorted drift is in general less coarse, 
and, as its name implies, it is also stratified. From ordinary 
stream gravels, the kame gravels are distinguished by the form of 
their pebbles, which a re generally faceted and in some cases 
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striated. In proportioll, howeyer, us the m:1terj~lIs a.re much 
worked oyer oy the water, the angles iJetwpcn p(·bble faces be­
come rounded and the original shapes considerably masked. 

Features into which the drift is molded. - Though the pre­
existing: valleys were first. filled in by d rift materia.ls, tbus reducing 
the accent of the reHef, a (:ontinuation of the ~ame process resulted 
in the supcrimposhioJ) of features of (',Lnr[lclC'rjstic shapes upon 
the impcrfertly evened surface of the carl ier stages. These 
features belong to several different types, according as they were 
built up outside of, at and UPOD , or within the glacier margin. 
Thf' extra-marginal dcpo~its urc described ns outwash plains or 
aprons , or .';ometimcs 11~ ,,,alley trains; Ihe margin[ll arc either 
'moraines or kames: while within the bord<:'r w('re formed the till 
pla'in or ground moraine, und, locally also, the drumlin and the 
esker or as, These characteri~tic features arf' wit.h few exceptions 
to be found only \vithin the area covered by t.he latest of the ice 
invasions. For the earlier ones, so much time has now e1apsed 
thQt the effect of weathering, wash, lJnd stream erosion has been 
such that few of the fent.ures are recognizable. 

1\1arginal and extra-margimll features are exlended in the direc­
t.ion of t.he margin or, in other words, perpendicular to the local 
ice movement ; while the intra-marginal deposits are as note­
worthy for beillg perpendicular to tbe margin , or in correspondence 
with the dir{;,(,tion of local i(,c movement, Eu('h of these features 
possesses characterist.ic marks in its form , it.s size, proportions, 
surface molding and orientation, as well as in its constituent 
materials. It should perh.ps be point.ed out that the existing 
continental glaciers, being in high latitudes, work upon rock ma­
terials which have been SUbjected to different weathering processes 
from those cha.racteristic of temperate latitudes, Moreover, the 
melting of the Pleistocene glaciers having taken place in relatively 
low latitudes, larger quant,ities of rock debris were probably released 
from the ice during the time of definite climatic changes, and hence 
he'!:n'ier drift accumulations have for both of these l'easons resulted. 

MBIginal or " kettle " moraines. - 'Wherever for fl protracted 
period the margin of the glacier was halted, considerable deposits 
of drift were built up at the ice margin. These accumulations 
form, however, not only about the m:lI'gin, but upon tbe ice sur­
face as well; in part due to materials collected from melting down 
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of the surface, and in part by the upturning of ice layers near the 
margin (see ante, p. 277). 

An imporUmt role is pl.1yed by the tha.w \Yater which emerges 
at the j('e margin, especially within the reentrants or recesses of 
the outline. The mat.erials of moraines are, therefore, till with 
large local deposits of kame gravel, and t.hese form in a series of 
ridge.;,; ('orn.'Sponding to the t.emporary positions of the ir'e front. 
Their width may range from a fe \v rods to a few milrs, t,hcil' hf'ight 

may reach ::t hundred feet or morc, 
and they stretch across the country 
for distflnccs of hundreds or even 
thousands of mileR, looped in arcs 
or sCflllops which are !lhvays convex 
outward fll1li whif'h meet in sharp 
cusps that in fl. general way point 
townrd the embossment of the 
former glacier (Fig. 334, p. 308, and 
Fig. 336). These fest.oons of the 
moraines outline the ice lobes of 
the latest ice iuyusioll, which in 
North America were centered over 
the depressions now occupied by the 
Laurentian lakes. There was, thus, 
a Lake Superior lobe, it L!lke ~1ich­

FlO. 3:~u.-~kctch mllp of portions igan lobe, etc. \Vi th the aid of 

~~o~:~~j~:::'f~~:;ll~l~U~~~~:l~i tbese moraine maps we may thus 
t.he mnr:l.illL's ahout tbe rormcT icc in imagination picture in broad lilies 
lobe!:!. iLud t.hf' din'l,tions of i{~e the front,nl contours of the earlier 

:~:("~':;;~~ l~h~t't;(:~~iD~)(!\!~:l~!:: glaciers. At specially (ayorabfe 10-
(:liter LeW-Tett ). calities where the ice front has 

crossed a deep valley at the edge of 
the Driftlcss Area, we m~Ly, even in fL rough way, measure the slope 
of the ice faee. Tbus near Devils Lake io southern Wisconsin the 
t.erminal moraine crosser; the former \c'alley of the 1Visconsin River, 
nnd in so doing has dropped II distance of about four hundred fopt 
within the distance of a half mile or thereabouts (Fig. 337). 

The Chllr[lcteristic su rface of the marginal moraine is responsible 
for the name (I kettle IJ moraine so generally appl ied t.o it. The 
• kettles II are roughly drcular, undrained basins whi ch lie among 
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FJO. XJ7. -M:11) of the vlt:illity of Dl'vils Lake, Wi.s('oJlsin, located within " reen~ 
trnllt of the "kcttlf''' rnoraine UPo!} tlw margin of the Driftlcs8 Area. The lakt;! 
lies within an earlier ch:ulUel of t he. WiSCOII!!ill Rivt:r whij'h hILs beelJ blocked at 
both elld~. first by t.he gla.cier and later by its moraine. The stippk-d area upon 
the heights and next the moraine rcprc&!nts the clay deposits of 0. former lake 
(btu!ed on map by Saliabury and Atwood), 

-::: ;: -' . ~ .~ .. ~~:~~.: 
. _-' 

F'to. 338.-Moraine with outwRBb apron in front. the latter in part eroded by a 
river. Westergotlaod, Swedell (after H. Muuthe). 
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hummocks or knobs, 50 that the surface has often been referred 
to !IS " knob and basiu " t,opograpby (plate li C). 

Kames.- \Vi thin reentrant.s or reCesses of the ice margin the 
drift deposits were especiu'(Jy heavy, so that high hiils of hummocky 
surface have' heen built up, which arc described as kames . l\..fost 
of the higher drift hills have this origin. They rarely have any 
principal extem~jon along a single direction, but, are ('ompos-ed ill 
large part of assorted materials. In contrast with other portions 
of the morainal ridges they lack the prominent basins known as 
kettles. Other kames are high hills of assorted materials not in 

FICl. 339. - FO!~>le betwet!u au out~'ash plain 
(in the foreground) and the moraine. 
whi c.h rises to the left ill the. middl (' dis-
tance, Ann Arbor, Michigan, 

direct association with mo· 
faines and believed to have 
been built, up beneath glacier 
wells or mills (p. 2iS). 

Outwash plains. - Upon the 
outer margin of the moraine 
is generally to be found a plain 
of glacial II outwash 11 com­
posed of sand or gru vel de­
posited by tho bmided streams 
(Fig. 308, p. 28D) BOII'ing from 
th(' gi:u.:irr margin. Such 
11\ain:". while notahly flat (Fig. 

338), .;\op(-' gent. ly away from tilt' moraine. Between thf' outwash 
plain and t,he Il'}<'Jnline 011'1"(' is !:iomet,irnrs found II pit , ur foslSe 
(Fig. :309 , p. 281 L wlH're ;1 part uf the iee front Wa!:i in part hurif-'d 
in its own outwash (Fig. 339). 

Pitted pla.ins and interlobate moraines. - 'Vbere gladal outwash 
is concentf'!lted within it long and narrow reentrant, sep1trating 
glacial lobes, ~trjps of high plain a re sometimes built up \vhleb 
overtop the other glacial deposits of the district. The sfind fiud 
gravel which compose such plains have a surface which is pitted by 
numerous deep and more or less circular lakes, 80 that the term 
(Ipitted pl:l.in " h:ls been appl ied to them. ThE' surface of Ruch a 
plain steadily rises toward its highest point in the angle hetween 
the ice lobes. Though consisting almost entirely of ~lssorted 

materials , and built up largely 'wi thout the ice margins, such 
gently sloping pitted plfitforms fire described fiB ;nter/ooate mo­
raines. Upon a topographic map the course of such an inter-
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lobate moraine may often be followed by the belts of small pit 
lakes (see Fig. 336) . 

Eskers. - Intra-morainal features, or those developed benea.th 
the glacier hut relatively near its margin, include the" serpentine 
kame," esker, Of, 

as it is called in 
Scandinavia, the 08 

(plural osar) (Fig. 
340). These di­
minuti\"e ridges 
bll\"e :l width 8el- .•. '<.:.:::.. .. 

clom exceeding a 
fc''''' rods, and a FIG. 340. - Vie.~::~i~~f~;';~O:I~)~skcr ill l:Ioutuern 

height a few tens 
of feet, at most, iJut ,\"it;b slightly sinuous undula.t ions they may be 
followed for tens or even hundreds of miles in tbe general clirer}tion 
of the local ice movement (Fig. 341) . They are composed of 

FIG. 34.1.-0utline maD shov.>ing the eskers of Finland trending southe8.8terly to­
ward t.he festooned moraincs a.t the margin of the ice. The charactcri&tic lakes 
of a glaciated :region appear behind the moraines (after J. J. Sederholm). 
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poorly stratified , thick-bedded sanus 1 gravels, and " worked Qvpr 1) 

materials, and are helieved to ha\'e been formed by i'ubglacial 
rivers which flowed in tunnels beneath the icc. Inai-lmurh as the 
deposits were piled against the ice \\'alls, the bedl" were di$turbcd 

Cont.ou~ ; l"ItIorv,1 tofut 

FIG. 342. - Small sketch mups 
showing the relati onship!! in 
size, proportions. and orienta­
tion of drumlins and eskers in 
southern Wisconsin. The cs-
k""Cl's Ilrc in solid blaok (after 
Alden). 

at the sides when thC!-lf' walls disap­
pen red , and the stratification, which 
was somcwbn.t arrhed in tbe beginning, 
has been altered by sliding at both 
margins. As already ~tatcdl ('!'Ikers 
h [LV(! not u genera l distribution within 
the glaciated area, but arc often found 
in great numbers ut specially favored 
locali ti('s. Formed as they are beneatb 
the ice, it is be1ie\'cd that, many have 
their materials TPdistri buted HO :"joon as 
un covered at ttl(' glacier margin, be­
cause of t,hp yigorous drainage there. 
They are thus to be found only Ht those 
favored locali ties where for Rome reason 
border drainagp i~ less activ(', or wbere 
the ice ended in a body of water. 

Drumlins. - A peculiar type of small 
hill likewise found behind the marginal 
moraine in certain favored distri ct~~ has 
the form of an invert~d boat or canoe, 
the long axis of which is parall el to 
the direction of ice movement, as is 
that of the esker (Fig. 342) . Unlike 
the esker, this t,ypc of hill is composed 
of till, and from being found in Ireland 
it is caHed a drumlin} the Irish word 
meaning a, littl e hill (Fig. 343). Drum­
lin.~ are usually found in groups more 
or less radial and not, far behind the 

outermost moraine, to which tbeir radiating axes are perpendicular. 
The manner of their formation is involved in some uncertainty, 
but it i. clear that they have been formed heneath the margin of 
the glacier, and have been given their shape by the las t. glacier 
jVhich occupied the district. 
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The mutual relationships of nearly al l the molded features 
resulting from contin€!ntal glaciation may be read from Fig. 344. 

The shelf ice of the ice age. -Sbelf ice, such as we have become 
familiar with in An tarctic3 as a ma.rginal sno\\'-ice terrace floating 

upon the sea, no doubt existed during the lce age above the Gulf 
of i\iaine (!"('(' Fig. 32~ , p. 298), and perhaps also over the deep sea 
to tb. westwarel of Scotland. Though the inland ice prob.bly 
covered the North Sea, and upon the American side of the Atlantic 

FIG. 344..-0utlinc map of the front of the GrecD Ba.:,' lobe of t.he latest continental 
glacjer of the United States. Drumlins in solid black. moraines with diagona] 
bachure. outwash plains and the till plain or ground morain(' in white (after 
Alden). 

the Long Island Sound, both these basins are so shallow that 
the ice must have rested upon the bottom, for neither is of 
sufficient depth to entirely submerge one of the higher European 
cathedrals. 
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Character profiles. - All surface features referable to continental 
glaciers, whether carved in rock or molded from loose ma.terials, 
present gently flowing outlines which nre COD\'eX upward (Fig. 
345). The only definit.e features carved from rock are the Toches 
moutonn6es, wi th t heir flatt.ened shoulders , while t.lw hillork:-: lipan 

FIG. 345, - Character profiles referable to co ntinental glacier. 

moraines and kames1 nnd t,be drumlins as well} npproximate t.o 
the same profi le. The esker in its cross sections is much the same, 
though it::; serpentine extension may offer some \"ariety of curvature 
lrhen vien'('d from higher levels. 
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CHAPTER X__,\:IlI 

GLACIAL LAKES WHICH MARKED THE DECLINE OF 

THE LAST ICE AGE 

Interference 'of glaciers with drainage. - Evpry advance and 
('very retreat of n continental glacier has been marked by a com­
plex series of episodes in tbe history of every river whose territ.ory 
it has invaded. 'Vbencvcr the "alley w'as entered from the direc­

--.... , •• .:~" '" ,,,,,,",,, \!!II-
--=:Ji..a~_ii!,:!, .. "~·'£!'t;'!I;; srC-
- ~A",~~ 

Fro. 346. - The Illinois Ri"or wbere it PIL~CS lhrough 

tion of itR di,;de, the 
elTed of the advanc­
ing icc front bas gen­
erally been to swell 
the water/oi of the river 
into floods 10 which 
the present streams 
hear litt!r resemblance 
(Fig. 346). Because 
of the excessive melt.­
ing, this hru:; been even 
more true of the ice 

tb~ outer morrulll' a.t P"nriu, [\Iiuois. Rhowing the) 
flood plain o f lhl' ancient Iltrcam itS 1\0 elevated 
tf'rracc int.o whit-h the modern stream has cut its 
gorge Cufter Goldthwait). 

retreat, but here when 
thr ice front ret1:red up the valley toward the divide. A sufficiently 
striking example is furnished by the Wabash, Kaskaskia, Illinois , 
and other streams to tbe southward of the divide which surrounds 
the basin of t.he Great Lakes (Fig. 347). 

'Wherever the relief was small there occurred in the immediate 
vicinity of the ice front a temporary diversion of the strenms by the 
parallel moraines, so that the currents tended to parallel the ice 
front. This temporary diversion known as H border drainage 11 

was brought to a close when the partially impounded waters had , 
by cutting their way through the moraines, established more perma­
nent valleys (Fig. 348). 

320 
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Temporary lakes due to ice blocking. - Whenever, on the con­
trary) the advancing ice front entered a valley from the direction 
of its mouth, or a re­
lr('(lIi11fJ 1'ce front retired 
down the vaney, quite 
di_ffrrelli rC'suits ful­
luwed, since the waters 
werl' now impounded 
by the ice front serving 
"' fi dam. Though the 
histories of stich block­
ing of ri ven; a re often 
quite complex, the prin­
ciples which underlie 
them nrc in reality sim­
ple enough. Of the 
lakes formed during ad­
vancing hemicycles of 
glaciation, and of all 
save the latest reced-
ing hemit'yciC', no satis-
factory record:.; are pre­
served, for the rpason 

FlO. 34i.-Brondly tf'Trflced valleys outside tbe 
dit"ide of the St. Lawrehcc basin. which remtlin to 
ma rk the Roods that issued {rom the Jatest con­
tinental glacie.r during its retreat (after Leverett). 

that the lake beaches and the lake deposits were later disturbed 
and buried by the overriding ice sheets. We bave, however, every 

Flo. 348.-Border drajnnge a.bout the retreating ice front south of La.ke Erie. 
Thc fstippled arena are the mortlina.l ridges a.nd the hachured btmds the valleys 
of border drainage (aftcr L<wcrott). 

reason to suppose that the histories of each of these hemicycles 
were in every w~y as complex and interesting as that of the one 
which we are permitted to study. 
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As an in t rodu('1-ion to the ~tudy of the iL'c-b lockl'tl b k('1'\ uf ~orth 
America., aud to ;:;c{, forth aR dearly as may uc the fundamental 
principles upon which ,such Jakes are depeudent , ·we sh:lll consider 
in !Sonw dptaii the late glaciaJ hi:;:tory of certain of the Scottish 

j : I (.; . 349.- Thc " parallcl roach," of 
G icli R oy in tht, :louthcrll highl a nds 
of Scot.l:md (WiN J!1mjCSQu). 

~l pns, since t iwir area. i5 ~o small 
and th(· relief so strong ti:wt, rela­
tionships are lUorc c::t1"iiy SC'f'Il; it 
is, so to speak , [1 pocket edition 
of the history of the more ex­
tended glacial lake,_ 

The " parallel roads 'I of th e 
Scottish glens. - In a numher 
of neigbboring glens within the 
southern highlands of Scotland 

there arc founei faint terraCc8 upon tbe glen walls which under the 
nam(' of tit(l II pHra llel road!; n (Fig. 349) 11,1\'(' otrered a vexed 
problem j,o scien t ists. Of tlw many scientis ts wbo long tlttcmpted 
to rxpl:Jin th r m , though in nlin, Wm''i (,h~l rl es Darw::in, t 11 (' father 
of modern evolution. He offered it a.s hi:; view that the " roads" 

FIC. a5n. - Map of Glen Hoy and ncighboriug \'I\nl;:y~ of the Scottish highlands with 
'Hlf' iiO-(.'(ll lf'd "road'S" ('[](ered ill heti\'Y lines. GI~Il >! n o,!!', Glasicr, and Speau 
hs"c thrce .. roads," two" roads," uud one" road ." rU/:ip<:cth-dy (aIt{,J" Jam.ieson). 

were beaches formed at a. time when the sea entered the glens 
and stood at these levels. When, however, Jamieson's studies 
had discovered their true history, D arwin, with a frankness char­
acteristic of some of the greatest scientists, admitted bow far astray 
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he had been in his reasoning. Let us , t.ben, first examine the (acts, 
and laler t heir interpretation. The map of Fig. 350 will suffice 
w set, forth with sufficiel11 elenrnpss the ('ours~ of the several 
. l'o~lds ." These i . t'Oads" ~i re found in :-1 number of gJens tribu­

tnry tn Lm·h Lod1 .Y1 :L lId of the t.hr('(' IIl·i ~hb()rill~ \' :t(leys, G len 
Hoy Ital'\ thrpe, G\ Pll Gla!5tpf t.WU. :\IId (;\('n :-:'}ll':tll Oll t..' . f road ." 
Thf' fads of grr'at(~:;~ signincllnt'p in ~t ,.rivjllg!"ll til f' il' interpretation 
1'(·ltit,e- to theil' elevations with reference t.o the pn:-;::;es at Ow valley 
beads, their abrupt 1prmina.tions down~val1eyward ) and the mo­
mime' ::wcllmuifltin1l.s which an.~ found where th('y terminnte. Tllf' 
:o:ingle (: roud P of Glen ~p(~an i~ found at HI] eie\'-:ltion of 898 
feet, a heigh t whirh f.'orresponds to that of the pass or col at. the 
}w;lci of its valley [\,nd to the lowest of the I' road!')" in both Glens 
Gbstet :wd Roy. Similarly the upP('r of fhp 1\\'0 II ronds" in 
Clen GlaE!tcr is at tbe height; of tilt' [l;1$iS at it.:-j !t('nd (lOi5 f(·(· t,) 
and corrf'sponcis in elevation to the mi,ldlc 0 11 (' uf t \H' tllJ'{'{' , t rO::H!f;" 

ill Glen R oy. Last.ly , the high('st of t he II ron.ds II in Ol(m Roy is 
found fIt al1 ele\'[l.tion of 11,1) I fet·t, UIP Iwi.a:hl of jill' ('u l at. Ow iH':HI 
of I ht · nlpn. III I he' 'lPil.dlhul'ill~ Ch'll GIllY is :l ~t il! lIigllf'r I< !'Oad " 
(·on·(':-'JH.Hldinl,!: likl'wi:-;(' ill t'if'\·ai,ion to t.hat of the·' pa:-l~ t!trough 
whh'" it ('O !l1Wf'i..; with Olell Roy . 

To tome !lO\\' t o UIt' l'xpl:lIlatioll uf l,he I' ro:u ts ," it may bp snid 
:It t.hl' (Jutspt, t hat, t.hey :He, fi}; Darwin SUppos( ,d , \)(':11'\1 Le'·t':lces 
{' ut hy \VnVe5, not, as \)(' hei iev('(i of the oecan, hut of i:lkf·::-; which 
on ("e tilled port.ions of the glens 'when glaciers proceeding from 
Ben Nevis to the southwestward were blocking their lower por­
t lOl\S. The several episodes of this luke history will h(' cle:lr from 
:1 ,-: tudy of the three SU('(:c$:;iv(' ide.'1.1istic (Jjagrams in Fig. ~{[)l. 

To derive t.iw prin('ipi c~ unot' rlying this history , it is :-tt. once 
R.t'I:'n t.hat all ch(J.l/.(lcs arc illi t i(1led by Uu: rrt/r('menl oj till' ·icc j1'{)Jlt 
t(J NIlCh (f p01:nllhal it unblock,>; j or the 'lVnfCJ'l) of a lal;·(' (11/ !llttle/lilat, 

is loC1)(.'T lhart the OIW -i'n lSeruicc at the l ime. This i::; tht' principle 
\\'hi(~h f'xplains nearly nH episocieR of glacial Ia.ke history . Thus, 
when the ice fron t had retired 50 Uf' to open dire-d. l'olloections 
between Glen Roy fmel Glen Glaster , the col at, thl' he:HI of Glen 
Roy w as abandoned a,,,:; UD outlet , a nd t he W9tCTf': f('11 to the level 
fixed for Glen Gh, t cr. A still furih. r retirenwnt n.t In't. opened 
direct conned ,ion between Glen Glastt~r nnd Glon Spe!U1 , ~o thnt 
the lake common to Glens GI>l,ter and Roy fell to the lev€! of the 
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Flo. 351. - Three successive diagrams to set forth in order the late g1acilll lakt 
history of the SeottJ.lJb glcns. 
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col which was the outlet of the Spean vfll1ey at the time. This 
~f.flge continued until the ice front had retired so far that the waters 
drained nnt,urally down the river Spean to Loch Loehy and thence 
to the ocean. 

Only in t beir far grander scale and in tbe lesser relief of the land 
over wbich t hey formed , do the complex histories of the great 

FJQ. 352. - Harvesling time on t.he fQrtil(' Hoor of tbe glacial Lake Agassiz (after 
H ow!!!!), 

ice-blocked lakes 01 North America differ from these little valley 
lakes wbose beaches may be visited and the .relationships· worked 
out, thanks t.o Jamieson, in a single day's strolling. 

The glacial Lake Agassiz. - The grandest of the temporary lakes 
,,'icrable to blocking by the continental glaciers 01 tbe ice age 
must be looked lor in the largest 
\'a lJeys that Ja.y within the terri­
tory invaded and which normally 
drain toward ihe retiring 1:ce front . 
In North America theRe rivers are 
t he Red River of the North in 
Minnesota, the Dakotas, and Mani­
toba; and the St. Lawrence River 
system. To the ice dam which lay 
across the Red River valley we 
owe the fertili t y of that vast plain 
of lake deposits where is to-day the 
most intensive wheat farming of 

~H';:; 
~ ~ 

4~\: 

--~ 
FIG. 353.- M apof Lake Agassiz (after 

Upbam). 

tbe northwest (Fig. 352). Lakes Winnipeg, Winnipegoosis, and 
Manitoba, and the Lake of the Woods, ate all that now remain of 
this greatest 01 the glacial lakes, which in honor of the distinguished 
founder of the glacial theory bas been called Lake Agassiz (Fig. 
353). With their natural outlet blocked by the ice in northern 
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1\1<lnitoba and Keewa t in , the water!' of t he Bed were swollen by 
melt ing from the retiring glacier and spread over a. vast area. before 
findin.,!?; a southern out.let along the course of ihe present Lake 
Traverse and the valley of the Minnesota River. Along this route 

FIG. 354. - MI1P of the southern end of the Lake Agassiz basin , showing the pos.it ion 
of some of t he benches and the outlet througb the former Warren River (after 
Upham). 

there Bowed a mighty flood which carved out a broad valley many 
times too large for the Minnesota, its present occupant, and t his 
giant prehistoric river has been called the Warren River (Fig. 354). 
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It is interesting to follow this ancient waterway and to discover 
tha.t, like our normal, present-day streams, it WH:o:. helt; lip in narrows 
wherever Qutrcroppjngs of barder ronk hnd constricted its channel 
(Fig. 355). The upper end of the Warren River valley is now 

FIr. . ~~55. -Xnrrowa of the W!~rrcl_l River below Big StODl' Lake, ",liNe it J.HI.;;91,d 
between jaw:; of hard gru.nitc uad gllcias (after UII}iam). 

occupied hy t.be long and relatively narrow Lakes Tra,\'erse and 
Big Htone, f':teh t llP I'p~ult of blocking by upitu deposit1'> wherp u 
tribut!lry f;treum has rllwrged into t hr vnlley, hut th i:-1 gigantic 
(·bannel ('ontiuu(,R down 10 and heyond rvri ltlwapoli~) o('(, lJ pif'd as 
far as Fort, Snelling b~' the 
Minnesota River - ~I nwl'(~ 

pygmy compaJ'pd t.o it:-; prl'l.1t'· 
('('~sor. T o HweaJ'nest HtuciC'nt. 
of ghlcial geology ther(' Cfln Iw 
fl'W sights mon' impressive than 
:1rC ol)tained lJy standing at 
Fort Snelling, just ahove the 
cOllfiucnc:e of the 1\1innesot.a 
find the Mi~sissippi rivers, alld 
surveying first. the swep nJl e! 
Harrow valley of ttw MifiSi1-i­
sippi a.bove th(' junc:tion, -:l 
stream fi t ted 1.0 it" valley for 
the simple reason that it has 
carved it, - and then gazing 
up and down that broad vaJley 

Fta. 356,-Map(lftlJ(' \,:.tll('ynf dlllWnrren 
IU ver in tb(' vicinit,· of Minneapolis. with 
the YOllUg valley of t,he l\'fitli;i ~liippi enter­
ing it at Fort Sncmng (l~ftcr Sllrdcson). 

in which the great Warren River once flowed majestically to the 
sea, now the bed of the Minnesota above the Fort, and of tbe Mis­
sissippi below it (Fig. 356). 
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Just as the" parallel roads" of Glen Roy, roads in Dame only, 
are the beaches of earlier glacial lakf' stages, so in Lake Agassiz 
we have paraUel beaches of the barrier type which are often roads 
in fact as well as in name, and which mark the stages of successive 
lakes within this vast basin. The Herman beach, corresponding 
to tbe highest level of the lake, is thus" sharp topographic bound­
ary between lake deposits and morainal accumulations, and is 

F lO. 357.~ Portion of t.he Rerman quu,d mugle of MillnesotH., sbowing the position 
of the Hcrlll nll beach all tIle Kbore of the former La.ke Agassiz. Ti,e luke basin is 
to the Ie.ft. ulid the pitted morai nal deposits !Lppear t.o t.he right (U. S. G. S.) . 

further itself n well-marked topographic feature composed of wave­
washed and bence well-<lrained materials (Fig. 357). Farmers of 
the district have been quick to realize tha t these level and slightly 
elevated ridges lack the clay which would render them muddy in 
tbe wet seasons, and are thus ideally adapted for roads. They 
ha ve in many sections been thus used over long stretcbes and are 
known as the II ridge roads." 
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Episodes of the glacIal lake history within the St. Lawrence 
vaJJey. - 'Within t.his great drninnge basin it, h.as apparently 
been possible to read the records of each stage in the latest lake 
history - complex as this has been. We have only to recall the 
lake stages cited from the Scottish glens and remember that each 
new stage was begun in a rptiremrut of t.he glacier front which un­
blocked an outlet of lower le,'el Ulan the last. This sequence 
might, however, have been varied by a temporary readvance of tbe 
ice, as indeed once occurred in the Huron-Erie lobe of the great 
Korth American glacier. 

The crescentic lakes of the earlier stages. - So long as the 
glacier covered t he entire drainage basin of tbe St. Lawrence 

\ 

FlG. 358.-l'hc contillcnt.:\! gl~der of North Arucricn ill nn curly Rtl\ge of its reces­
sion, when it coycr('d the entire St. LawrCII{;e drllill!J.ge hll.Sili. The dashed line 
til the approximate 1){)~iLioll of t.be divide (hused on Il mup by Goldthwait) . 

River system, all water was freely drained nW:1y by streams which 
flowed awa.y from the ice front (Fig. 358). So soon, however, 
as at any point the front, had retired hehind the divide, impound­
ing of the wa.ters must locally have occurred. Lakes of this type 
nre to-da.y to be seen in Greenland nnd in the southern Andes; 
and t hough upon a diminutive scale, some idea of their aspect may 
be obtained from the appearance of the Marjelen Lake of Swit­
zerland, bere blocked by a mountain glacier (Fig. 446, p. 411). 



:nll I':A RT H (i'RA'I'{' RES Al\"D 'I' II"!R MF:A1'; [NG 

\Vitbin a ll a reas of small relief, such as 
t he prairie count ry surrounding the 
present Laurentian la.kes, t he earlier 
and :o-mallcr stages of such ice-blocked 
la ke:- a rt' gcncnl Hy c:rcscenti (', ill out­
lin(' , T his is !J(~C :tllSC a. moraine in 
IJ IfJ.-.:t, ('Cj,C;(,1': fOl'llIs the hin d ma rgin of 
f Ill' Ja kl', .'lIui I JCc~tu,"e the inc cliff 

ocole upon t,he oppo.sit.e horder , Al though 

FIfJ. 359, -Out!iw' m:JJ.,I of t he sOl1w what straightened] as a <;onse­
carly Luke MI1Ul(l tlC, with t he q uence o f wavo-cutt ing a.nd iceberg 
borderi ug moraine :mel the formatioll) still retains the convex 
wl~ter-lllid motllinf' Tl.'m:.q'ni ll g outlines charn cteristic of ice lobes 
on tht· siu· .... f the f(lrm~ri('I·I·li lr. 

(Fig. :l.,)9) . 
'\~ ith i ll (\ael! of t.Jw C I'f':li L:lkr· has iu .. " n erp~een ti (' bke t'fl rly a p­

pC:lred at t.hat, enu of t.lw depression which was fi rst uncovered 

~ ......... <Q 

\ .. ~ 

Fw. 3BU. - .!\'lUI> to show tbe Ul"9t 8t~ges of the ice-dammed Jakes within tbe 
. Et. Lawrence basin (after Leverett and Ta.ylor). 
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by the glacier: Lake Duluth in the Superior basin, Lake Ch icago 
in the :Michigau basin1 and Lake I\1aumee in t.he Huron-Eri e 
basin (Fig. 360) . 

\Ye mn.Y now, with profit, tmcc th{' 5U(~('c:'isi\'(' ('pi~od(·:-:. of the 
gln,eial hlke history , (:onsiderin~ for the earlier ~taJ.,!;('~ those ch~Ulg('S 

\\-ideh occurred within the Huron-Eric h:l:-;in, Si nt'l' t thC~l' art' in 
c:-,,"cntial fl',-;pccki like thol:it' of the IVrichig:ln and SupNior Imsin.'"i, 
:dt.hough worked out in greater detajL Lake Chic:1P:0 ntust, 
howc\-er. DC brought, in.to cOIL":iidem,tion, sin('c in. a.1I save the carl i­
(':-;1. and the later stages , t,bc wnter~ from the Huron-Erie depression 
were discharged through the Grand River into this lake and 
thence by the so-called fI Chic!lgO outlet" into the l\1ississippi 
(pbt,e 20.'1.) . 

The early Lake Maumee. - The area, outline, and outlet of 
this lake are indicated upon Fil!:. 360. Its ancient beachc::: have 
heen traced, as well as the water-laid moraine benea.th its former 
k(' cliff; nnd no ohsernmt traveler who should 1,akc his way 
down the ancient, olltlc1 frOIl) Fort \Va~'nc , IndiaT\~l , past the town 
of HllntingiDll, (:ollJd fail to be impre::;.-:eri hy it'i ~ i::.: c, ... tlgg{'~t.illg 
a ~ it does the great voluml;' of water which UlU:-;t 011('(, hav!' flowed 
!-Ilong it. Now a channel a mile or more' in width ) it,:-; bed for the 
1w(,llty-fivp mile~ between Fort \"ayne and Hunt.ington ma y be 
seen from the tracks of the Wn.lJash RailWH~r a!-; :t 1'I('ri c1'l of ~wamps 

IItcrely, while at Huntington thr " 'ah:lsh riv('r enters by a young 
V-shaped vulky lit th!' :;;ide, much It . ..; thf' )1i;:o;.sissippi emerges into 
l.bE' o ld ehannei of the \Varren River at Fori Snelling, Minnesota 
(see p. 327). 

The Huron River of southern n1ichigan l which now discharges 
into Lake Erie, then found its lower course blocked by the glacier 
and was thus compelied to find a southerly directed channel now 
e.,iI.I' followed to the northern born of the crescent of Lake 
Maumee. 

The later Lake Maumee. - When the ice lobe had retired its 
front sufficiently, an outlet lower thnn that at Fort Wayne was 
uncovered past the city of J mlay, Michigan, into the Grand 
River, and thence through Lake Chicago and its outlet into the 
MiSSissippi. This old outlet south of Chicago follows the course 
01 t.he present Drainage Cana l and the line of thr Chicago & 
Alton Railway. The traveler journeying southward by train from 
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Cbicago bas tbus tbe opportunity of observing first tbe beacbes 
of the former Jake, and then the several channels which were 
joined in the main outlet at the station of Sag (plate 20 Al. 

In this stage of our history Lake Maumee pusbed a sbrunk 
arm up past the sit,e of Ypsilanti in Mi chigan (Fig. 361 ), the weI/­
marked beach being fowld on Summit Street opposite the State 
Kormal Collegr. Tbe Huron River, which in the first lake stage 

FlO. 361 . - Outline map of the la.ter Lake Maumee llild of its ., lmlay out.let. '· to 
Lake Chicago (affc:r Leverett.). 

had followed t,he va lley now occupied by the Raisin River south­
ward into Indiana, now discharged directly into a bay upon this 
arm of Lake Maumee, and so formed a delta at Ann Arbor. 

Lakes Arkona and Whittlesey. - The ice front in the Huron­
Erie basin now retired so far that the impounded waters) instead 
oi following tbe more direct" Imlay outlet" to the Grand, passed 
at a lower level completely around If the thumb 1J of Michigan 
into the Saginaw basin. Meanwhile a crescent-shaped lake had 
developed in that basin, so that now tbe waters of the Maumee 
basin were joined to those in the Saginaw basin as a common 
lake, just as tbe lowering of the waters in Glen Roy caused a 
union with tbose of Glen Glaster in the example cited for illus-
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tration. Our records of this third North American Jake stage, 
referred to as Lake Arkonal are however most imperfect, for the 
reason that it was followed by a read vance of the ice front which 

dosed the passage around " the thumb I, and raised the level of 
the waters until an outlet wos found past the town of Ubly at a 
lower level than the II Imby outlet." When the wuters of n. 

FlO. 363. -Mapa! theglaciaJ Lake 'Warren, the lJl.!it of the lakes ill the Buron-Erie 
basin, which discharged through the" Grand River outlet" into thl! Mi.ssissippi 
(n.fwr Leverett). 

lake are thus rising, strong beach formations result , and those of 
this stage, which is known as the Lake Whittlesey stage, are much 
the strongest that are found within the Huron-Erie basin. Traced 
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for son1e t hl'l:'~ bundr€-d n\ilt'~ t!lIl ,irl'i y around !.he southern and 
western lwl rgills of Luke Erit·, I,hi,,,; hpl1r), j . .;: fDr much of the dis­
t.un(·(· tilt' f:L 1I1 0U~ ., rid)!:!' rll:Hl lJ (Fig. 3(2 ). 

Lake Warren. ~ A:-; the ice adv:H\c(! which had produced Lake 
\Vhittlcsey {'llme to all. end, tohe 'normnf recession was resumed 
:md a lukr On ('(' morc form(,d as n_ body common to the Saginaw 
Hnd Erie hasins. This bke, known as Lake Vlarren, c).i.ended 
a shrunk :trm far ea~t,ward along the ice front into western N ew 
York , 1hollJ.!;h it was 8t H! hlo(:kpo from pnterinp; t hf' g rca,t 1\10-
hnwk vnlley (Fig. :363). 

Lakes Iroquois and Algonquin.- It must hI" evident t,h:::lt 
low~m l t.ll (' i'lo:-:t' of t.he L:l,kf' \V:uff'n :;t.:lge:1. profound ehange was 

, 
\ , , 
\.\' - -- . 

I 

L ' 
iinminent - ~l , il':l11:.;fl'r uJ Ihr glaci:11 W!ltcr . .:.; from tile;" ('ow' . .o;p i t 
the l\liH.si:o;::;ippi :md t he Gulf to t.he trench which ero:;Se~ New 
York Sta.te and enter::: t he Atlantic. So soon as t he ice front had 
retired l-:>ufficicntly f,o fay bare the bed of the Mohawk, au outlet 
was found by this route and its continuation down the Hudson 
valley to the sea, The Lake Ontario basin now became occupied 
by a considerably larger water body known as Lake Iroquois, and 
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the three upper lakc:-l, t,hen joined as L:lk{' AJgonquin, di~chargcd 
lheir combined waters int,Q l.ake Iroquois :d. fir fi( thruu~h a great 
dw,nncl now l:i t.rongly marked acros.'S Ont.ario in Ow course of t Il(' 
Trent Rh'er :mrl l.ake Kimt'of', the ,,,;o ~t 'all('(l "Trf'nt, outlet." 
At this Linlf' iI I'l lll:dlef L,lkl' Erir prob:lhly O('('upiC'd t,lw ha:-,in of 
t,hBL Iak~ , and Ia.tcr t.he Trent, ouU<,·t, w:\ :-: ahandoned for the Port 
Huron out.lct (Fig. 31:i4). 

The Nipissing Great Lakes. ~ \V(' hnn' now followed ihe ice 
front Htc:p by st,pp in its rei re",t ;~no:-:x tlw vallcy of t he St. Law .. 
r('l1('e s:,,:-:t,cm. The !'u('(:c:->:-: iyc unhlo{'king of outlets offers but 
one further pos::;ibility - t il{' opt'ning of t,he Fn'l\('h Hivcr-Nip-

36S.- 0uUine map of the NipiMing CreaL L lJ.ke!l wIth their out.lct pust, North 
Bay into the Champlain Sell. 

issing Lake-Ottawa River , or If Nortb Bay outlet,,'l Though not 
80 tD-day, the bed of this ancient channel was then much lower 
than t.hat of the" Mohawk outlet,," and :-0 soon 3S the glaeicr 
had in. its retreat uncovered this nort hern c~lHtnnel , the waters of 
the upper lakes discharged throul(h it 1',,,1. 1 ho site of Ottawa 
a.nd into ::in a rm of t,he sea whir.h then oC'{'up i<'d t.ll(' lower St. 
Lawrcnec valley and b tl.> been "allcel the Champlain· Gulf or Sea 
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(Fig. 365). The level of the waters was lowered and the arca 
of tlhe lakes correspondingly reduced. 

Th(' re:ulf'r who has hfld no opportunity to observe these an­
cient, ckll1n.cls which carried the swollen wutcr~ of the former 
glacier lakes, will find it interesting to consider that everyone of 
them h:\s heen fixed upon hy engineers for improvement as arLi­
fi<'i a! \ynterwnys. Thus we have the IHinois Drainage Canal 
and project;ed ship canal along tbe " Chicago outlet," the pro­
jPcted Mississippi-Lnke Erie CannJ aJong t be Cl Fort Wayne out­
let," the Grand River canal project to connect Lake 1\1ichigan and 
Saginaw Bay along the course of the Ie Grand River Qutlct,JJ t he 
Trent Canal ~ll ong the ({ T rent outlet," the Eric Canal along the 
(I lHohaw k outlet," and, lastly, tile proposed Georgian Bay ship 
ca nal t.o the ocean along the" North Bay /1 or (I Nipissing outlct... 11 

Summary of lake stages. - We lJIlve omiU,ed in this sum~ 
mary of lat,c lake history in the Laurentian basin all the less 
important lake stages, including some of a tram,itional nature 
which Wert" repres('ntccl by beaches and outlet~ easily t raced to· 
day. This is be('au!-;e it is an outl ine only which it seems best to 
present , a ll d the episodes of t,bis aLridged history rnay be tabu~ 
lated as follows: 

EPISODES OF GLACIAL LAKE HISTORY 

MI8fHSSIPPI DRA INAG"£ 

Lake Maumee (ea,riy). For t. " ' B,Yl1e outlet. 
Lake Maumee (Iatl.'). Imlny City outlet. 
Lake Arkona. "thumb" outlet. 
Lake Wbi ttlesey (with readvaD~e or glacier), Ubly outlet. 
Lake Warren. "thumb " outlet. 

ATLANTIC DRA1NAGE 

Lakes Iroquois and Algonquin (early), Trent.a,nd b10hawk outlets. 
Lakes Iroquois and Algonquin (late), Port Huron and Mohawk 

outlets . 
Nipissing Great Lakes, North Bay outlet. 

Permanent changes of drainage affected by the glacier. - While 
the lake history whieh we have sketched is made up of episodes 
which endured only while the ice front lay between certain sta­
t ions upon fts retreat, there were none the less brought about the 
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profoundest of permanent modifications in the drainage of the 
region. It is possible to restore upon maps in part only the pre­
glacial drainage of tbe north central stu.tes, but we know at least 
that it was as different as may be from tbat which we find to-day. 
The Missouri and the Ohio take their courses to-day "long the 
margin of the glncin,ted :ucn. n.s an inheritance from the border 
drainage of the ice age. 'Vithin the glaciated regions rivers 
have in many cases been compelled by morainal obstructions to 
enter upon new courses, or even to travel 
in the opposite direction along their 
former channels. In districts of con­
siderable relief these diversions have 
sometimes caused the streams to plunge 
O\"cr the walls of deep valleys, and it 
may trutbfully be said that we owe 
much of our most beautiful scenery in 
part Lo Lhe carving and molding of 
glaciers, but especially to the ('.ascacips 
nnd wnterfnils (ure('Uy due to t heir in­
terference wit,h drainage. 

l\tlany diversioru; or reversals of former 
drainage lines, th,'ough the influence of 
the continent,al glacier, are at once sug­
gested by the abnormal stream courses, 
which appear upon our maps, and the 
correctness of these suggestions may 
often be confirmed by very simple ob­
servations made upon the ground. 
The map or Fig. 366 shows how differ­

]~IG. 366. - Probll.ble prl:l,t!.laC'ial 
drnlnuge of the upper Ohio 
region (aft.er Chll.Dlbetlin and 
Levecctt). 

ent was t he preglacial drainage of the upper Ohio region from 
that of to-day. 

An interesting additional example is furnished hy the Still 
River which in Connecticut is tributary to the Farmington, and 
is no less remarkable for its abnormal northerly course and sluggish 
current perpetrat,ed in its name, than for the way in which it is joined 
to the Farmington system (Fig. 367 A). A careful study of the 
district has shown that the Still River "'"S once a part of the 
Naugatuck and flowed southward townrd Long Island Sound like 
other rivers of the district (Fig. 367 B ). It possessed, however, 
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an advanta.ge iu a narrow beJt of floffl.·r rock nJong it,o; CQUT;:;C1 ~1Jld 

because of t.his ad.vantage it {'H ptured iJ" portion of one of the tribu­
taries to tbe Farmington (Fig. 367 C). The contincntal glacier 
later covered the region, and 011 iti':i rotrC:IL laid down mora.inal 
obstruction8 directly :),cro:-,t:j t,his rh'cr and a/;-:o at th(' head of the 
severed arm of the Farmington tributary (Fig. 3tH D ). The now 
impounded wa,Lers found their lowest outlet near :-3andy Brook/ 
and in waterfall :.;. :lI1d cascades the now reversed ri ver falls one 

! '~ ~ f'" ~~~ -, 

'~nr t l..e.r ...;;'" c/ ~. .4~#r. ~ /.". Sroy. p,,,,cy • G/ocier 
~ ;:f'Wn,..",.nr 

l 
FlO. 367. - DiagnuuB to ill ustrat.e the cpisodf'1' in ,!It' n 't'cil t history of the Still 

River tributary to tht, Fllrmiugton in COllllecticut. :1, present dra.inagf~; B, earll' 
I!!tage: C, nfter eaptllre of :1 tributl\ry to tbe FurmiligtoD: D. after blocking by 
mOTluual obstructions of the ice age. 

bundred feet to the bed of that stream. With the aid of the 
excellent topographic maps which are now supplied by a generous 
government at a merely nominal price, such hits of recent history 
may be read at many places within the gln.cinted region . 

Glacial Lake Ojibway in the Hudson Bay drainage basin.­
When by passing over the" height of land" in northern Onta­
rio the greatly reduced continental glacier had vacated the basin 
of St. Lawrence draina.ge, it was in a position to impound those 
waters whieb normally drained to Hudson Bay. The lake which 
then came into existence bas been called Lake Ojibway and was the 
latest of the entire series, Tbough of but recent discovery in 
a country till lately a trackles wilderness, its extension seems to 
have been tbat of tbe day beds sui ted for farming. The beaches 
and outlets remain to be mapped when the country has been 
made more easily accessible. 
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CHAPTER XXIV 

THE UPTILT OF THE LAND AT THE CLOSE OF THE 
ICE AGE 

The response of the earth 's shell to its ice mantle. - There 
is now good reason to believe that the earth 's Qut,er shell makes 
a response by osci llations of level due to the loading by ice, on the 
one h~lnd , .':l1ld to t.he remov.').1 of th is burden upon the other. We 
know , at le:1St, that, both in northern E urope and in North America 
a reas whidl 1wve undergone depression during and elevation alter 
t he ice age, correspond closely to the regions which were ice coy­
ere.d. " ' hererer in Lhese regions there was high relief before the 
advent of the ice, river valleys were drowned at the land ma.rgins 
[lnd were a lso gouged out int.o troughs through erosion by the 
outlet tongues upon the margin of the ice sheet. Such furrowed 
and half-submerged valleys have a characteristic U-shaped sec­
tion, so that their walls rise precipitously from the sea. From 
their typical occurrence in Scandinavian countries the name bord 
bas been applied to them. 

It is now no less clear that the removal of the ice blanket brought 
from the earth n relatively quick response in uplift, which began 
before the icc front had retired across the present international 
bow\dary of t be United States, and that tbis uplift continued 
until t he fina l d isappearance of the ice. A far slower elevation of 
a somewhat different, nature has continued, even to the present 
day. 

It is obvious th~t at tbe time of their formation all shore lines 
referable to the work of waves must have been horizontal, and 
bence any variations from a perfect level wbi cb t,hey reveal to-day 
must indicate that a tilting movement of the ground has occurred 
since tbe waters departed from tbeir basins. We bave thus 
provided lor us in the positions of these ancient water planes, 
particularly bec1\use of their wide extent, a complete rt:cord the 
refinement of whicb is not easily overstated. Interpreting this 

340 
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record, we find that it was the uptilt of tbe land to the northward 
which brought the glacial l~ke history to an end and inaugurated 
the present system of St. Lawrence drninage. The outlet of the 
Nipissing Great Lakes is to-day more than a hundred feet above 
the level of the outlet at Port Huron , n-here the upper lakes are 
now discharging their waters, and this difference in. lcvf'J r,an 

only be ascribed to an upward ti lting of the land since the latest, 
of the glacial lake stages. 

The abandoned strands as they appear to·day. - The traveler 
by steamer upon the upper lakes, as be comes within view of 
each rocky headland, ma.y note 
how the profile against the ho­
rir.on is nokhed by a series of 
steps or terraces (Fig. 368), 
and if he has followed the dis­
cussion in previous chapters, 
he wi ll suspect that these (,er­
races mark the now abandoned 
shore lines which have come 

1"10. 368. - The notched rock headland 
of Boyer Bluff between Green Buy and 
Lakl' Michigan (after GoldtJl\~f!lit). 

to their present, position through a series of uplifts of the ground 
accompanied by earthquake shocks. As his steamer ski rts the 
shore he may ch.'lnce to note a cave within the rock cliff which 
represents the now e levated sea-arch of an ancient shore. 

Disembarking from the stelUIler and traveling inland at any 
point where the sboreg arc high! the traveler is certain to come 
upon still more convincing proofs of the ancient strands; perhaps 
in a storm beach of the unmistakable" shingle," half buried though 
it may be under dunes of newly drifted sand, or possibly at, higher 
levels the highway has been cut through a shingle barrier as 
fresh and unmistakable as though formed upon the present ~bore. 
Sometimes it is the rock cliff and terrace! at other times barrier 
ridges of shingle, Of, again! it is the sloping cliff and terrace cut 
in the drift deposits; but of whatever sort! if studied nritb proper 
regard t,o tbe topography of the district, the evidence is cle!" 
and unmistakable. 

The records of uplift about Mackinac Island.- Nowhere arc 
the records of the recent uplift of tbe lake region more easily read 
than about Mackinac Island in the straits connecting Lake Michi­
gan with Lake Huron. Approaching the island by steamer from 
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St. Ignace, its profile upon the horizon is worthy of remark (Fig. 
369). From a central crest broken by minor irregularities and 
bounded on all sides b)· " cliff, the island profile slopes gently 
away to a still lower cliff, below which is another terrace. 

FlG, 36U. - ,"iew of !l.Iuc.kiuac lslnud from the direction of St. Ignace. The ir­
regular central l)Qrtion if> the only part of tbe i.a llUld that Wfl.S not suhmerged in 
Lake AlgoDquin. The tcrmc'~ Ilt its hai>c i!l the old shore line of Lake Algon­
quin, und the lower terraoe the strll.ucl of Lt~k (l Nipissing (after fl, photograph by 
Taylor). 

When we have reached the island and have ",imbed to the 
summit" we there find t.he :;;urfacc which i:s charactcri8t ic of erosion 
by running wa.t,er, whereas at lower Im'clR arc found 1,be forms 
carved or molded hy the a~,tion of waves. This (·entra.1 ,I island," 
superimposed upon the larger island, is all tJlat ro~e above Lake 
Algonquin, the' cnrli (·:-;t, of the glacial lakc~ in t,hi:-i northern dis· 
trict; Hnd as we look out [rom the obscrnttory upon the summit, 

FlO . 370. - The " Sugar Loa.f, ,. a £stack 
near the shore of Lake Algonquin. as 
it is seen from the observatory upon 
Mackinac Island (after II. photograph 
by Taylor) . 

it it') eaHY to calf up a. pict,ure of 
tbe country wheu the lake stood 
at the base of tb is highest cliff. 
To the northward one sees the 
" Sugar Loaf 11 rise out of a sea 
of foliage, ru; it formerly did 
from tbe waters of Lake Algon­
quin (Fig. 370). It is a buge 
stack near the former island 
sbore. If we t urn now to the 
southward and direct our gaze 
toward the Fort, we encounter 

a veritable succession of beach ridges formed of shingle and ranged 
like a series of waves within the cleared space of tile" Short 
Target Range" (Fig. 371). These ridges mark each a stage within 
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it series of successh,.c uplifts which have brought the island to 
its present height, 

", 

:FIt ;. :ri I . - Yi t ·.,." frU li1 till ' OhilerV!ltlJfY tljltJlI Mal'k ill!'" j ,daud lwroso! t.he "~hort 

TargN, HllUgl' " tow:trd Lhe Furt. Bea.ch ridgCiI app~llr in 8u{!c ,~~ioll within th ... 
cleUJ'{,d spn.ce. (after u. photograph by R088Her). 
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If now we descend from our position and visit the (( battle...: 
field," we find there a great ridge of level crest, behind which 
the British force was stationed in its defense of the island in 
1812. Near by in the woods is Pulpit Rock, a strikingly perfect 
stack of the Nipissing Lake. Across t he straits at St. Ignace is an 

A~, 

B 

c 

lJ 

E 

even finer example of tbe notched 
stack (Fig. 372). Other less prom­
inent beacbes, but a ll later than the 
Nipissing Lakes) intervene between 
this level and the present shore to 
mark the stages in the continued up­
lift of the land. 

The present inclinations of the up­
lifted strands. - It is not enough that 
we should have recognized the marks 
of former shores now at considerable 
elevations above the existing lakes; 
if we a re to know the nature of the 
uplift , we must prepare accurate maps 
based upon measurements by precise 
leveling at many localities. Such 
methods are, however. of compara­
tively recent application in tltis field; 
and, as in the investigation of so many 
other problems, the earlier observa-

1,'10. 373. - Series of diagtl\l1ls to t.ions were largely of the nature of 

~!~:~rUn~~.~I~~lI'c~~I~:~:; ~~ci1::: reconnaissances with the elevatioll of 
rt'gion siuce tbe ice uge. A, beaches estimated by comparatively 
sil!1lJic northerly up-cnoti ng crude methods on.ly. The evolution 

~~~~IC~~) ~I!' l:l~~;~~;:~i!ll~~~:: of ideas concerning the upt.ilt has , 
c(lr and Upham); C, lIort-herly therefore, been a gradual one. 
"fcnthcring out" of beaches It w as early observed tha.t the 

J~~l:~~(l:;~~n~i~~u;~~~}f'"~;~~r~ beaches corresponding to a given lake 
the lake rr:gion (Leverett): E. stage were higher to the northward 
multiple and northwurdly mi- and northea.<:;tward, and the natural 
~;:~nt!;~inge lines or up-clIollting conc1usion from this was that the 

earth 's crust had bere been canted 
like a trap door (Fig. 373, A). As we are to see, t his but halr­
correct assumption has led to a striking prophecy relating to fllture 
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('URngcs within 1,11<' !uh' I't~g;ioll whith we Iluw kllow to he with­
out warrant in the farts. Later h. was leal'ned thnL the uptilt 
of the lake beaches is much :lcceleratcd t.o t ue northward (Fig. 
373, 8 ), ilnd that new beaches make their appmlra.nre from be­
neath others a. 
we proceed in 
'hi.~ cjireciion -
1 h(, r(, i:;; a. ,I feath­
rring: Ollt." of 
hCftl.:hc~ to th(' 
northward (Fig. 
373, C). 

The hinge 
lines of uptilt. 
-Still lakr in 
luI' study of th,· 
region, i t wa~ 

lrarn"r\ that t.}w 
:lxi:; or fulcrum Fl l" ;S74 .- ~·bp uC tilt' Gn':d. L:.1k\,i'\ rl'l,dnn to !lhf)W ii'lo­

:~bout whit.:h thr ba,wi'l (lild I.ill~l' [int~ of \lIJI,iIL Ie i>lOlJ:l~~ ' ,,£ till' C hil 'ul!f) 
outlP\.: 1,,11\:1111 hill)!;!' liul' fir t.1\l' Laku Whiuh>8{'Y ht'at,1! 
( iA"'t'rd.t): 1/1, hillge lin ... of til{' Luk\' Wllrl'f!1l lwaf'h (1'1\),­
lnr): c, i~(lhU!lt · of the Por t. Huron outlet: (I. main hinge 
Ull"- (If IU j.!iwst. Algouqu in llCa.dl (Goldthw:lit): f' , /. u. h, 
a.dditiollul hilijt:[' line!:llif AIJNIIClUiu bCl\ch{'!I in Door Cou uty 
peuiJJsula ( Hohbs); I, iliohaSC' ( If the Lakt' Superior (Juliet. 

region ha<.; been 
uptiltetl, instead 
of lying to the 
southward of the 
bke district, as for 01(' AigoJ)cJuiu 1>l~llch(}s (Leverf't t): 1lI. hwhasc of the 
h ad been as~ sl.Io1 (' outlet for the Ni!)is.~ing heaches (Lc,·crctt). 

sumed by Gilbert, lay witb;n the region and about balfway up 
the basill of Lake Michigan (Fig. 3i3, D, and Fig. 374). Simi­
larly, in the upti lt. wh;ch followed the i('e ret.re<1t in northern 
Europe fl, defin_itc hinge line of movement has heen discovered. 

Lastly , it. ha.." been shown, as a result of the UAe of precise level­
ing method~, tha,t not one bu t sc\·enl.l hin~e lines of movement 
lie within the region, and t hat the !';epl1ratr sections int.o which 
they divide the [{ rea are eai'h in t.urn cba r.'1.ctcrizl'd by increased 
up-cant as we proceed to t he nort.hward (Fig. 37:1, E ,md Fig. ~74). 

The beaches of Lake Ma umee, the ea,liest of the series of lakes 
within the Huron-Erie lobe and within t he extreme southern 
port jon of the Great Lakes are", show only t.be slightest possible 
northerly uptilt, and the well-marked hinge line disclosed in t he 
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\Vhittlesey beach is evidence that the elastic recoil , as it were, 
from the weight of the mantling glacier did not begin until after 
the draining of Lake Whittlesey. The determination by Taylor 
that there is 11 similar init.ial hinge line in the \Varren beach­
th .• t th is strand begins its uptilt some fifteen miles farther north­
east than does the Whittlesey beach - is one of the greatest. im 
portance in obtaining fl, correct idea of f,he recent uplift; for it. 

FIG. 375. -Series of idealistic diagrtUllS to indicate the Dllture of the qUif'k recovery 
of the crust by uplift ill blocks unloaded of the ice in succcilSion. A furt.her !lnd 
slower uptilt. added after the completion of the first movement, it! brought out ill 
the last diugrnlU (b'). 

shows that tbe draining of Lake Whittlesey was followed by . 
a period of quiek uplift and seismic activi ty, that the stage 01 
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Lake Warren was one of comparative stshility of the land, 
and, lastly, that the draining of Lake 'Varren was followed by a 
second period of rapid uplift and eartbquake disturbance. 
The strongly marked hinge lines, add itional to t,be initial One 
indicated for the Algonquin beaches in tbe profiles by Gold­
thwait from the west. shore of Lake !vJichigan, when considered in 
tbe light of this northeasterly migration of the sti ll ."rlier hinge 
line in the southern district, nre best explained through the as~ 
sumption of a succession of quick recoveries of the crllst by up­
li ft, scparn,ted by periods of relative stability, :.llld brought (In by 
the removal in tUrn of the jce burden from sut'cessivc blocks of 
thc shell which arc separated by the several hinge lines (Fig. 375). 

The' elaborate study of erosion in the outlet of Lake Ag3RSiz 
had indicated identical interruptions iu the up-canting process 
for that basin. 

Future consequences of the continued uptilt within the lake 
region. - One of the most distinguished of American geologists, 
Dr. G. K. Gi lbert, in order to determine whether the uptilt revealed 
h.r canted bench lines is sti ll in progress, cnrri f'd out 8-n elaborate 
study upon the gauge records preserved at the various gauging 
stations about tbe Great Lakes. Upon the basis of th"se studi es, 
he concluded that t,be uplift continues, t,bat t.he axes of eq ual 
uplift (isobases) take t heir course about fifteen degree, north of 
west, so that the lines of greatest uptilt should be perpendicular to 
this direction, or fifteen degrees east of north. He further believed 
that the basin was undergoing an up-cant in the s imple manner of 
a trap door, t he hinge of which lay to the southward of Chicago, 
and the study of the gauge records led him to believe that" the 
rate of cbange is such that the two endR of a line one htmdred miles 
long and lying in a south-southwest di rection are relat ively dis­
placed four tenths of a foot in one hundred years." 

Gilbert's prophecy of a future outlet of the Great Lakes . to 
the Mississippi. - The natural rock sill , over wbj dl the waters 
of Lake Chicago once flowed to the Mississippi, is to-day but 
eight feet above the common mean level of Lakes Michigan and 
Huron, "nd if the tilting of the lake region were to continue upon 
Gilbert's assumption of a canting plane with the hinge of the 
movement to the south of Chicago, a time must come when the 
"Chicago outlet" will again come into use and the lakes once 
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morc drain to the Missi~::;irpi :Hld the Gulf. l'pon the basis of 
hi :; meusurement:-i , Gilbert. \'cnturcd the prophecy that the first 
high-n'<ltf'f dj ~('h:lrgc into t,h(' ~1j l'sisl5.jppi should OCl'ur hl from 
five hundred to six hundred ycarR, and for ( . .'cmtinuous discharge 
in fifteen hundred 'yen f :". In twenty-five hundred years N iagara 
Falls tihould at low wnt.('1' ~tages he dry from this cause, and in 
thirty-fiv(' hundred ~'f'ars it !'llOUld have b('('ulIll' extinct. 
Thi~ proph('c~· . emanating from a high :::cientitiu n.uthorit,y and 

relating to changes of !';uch profound economi c null commercial 
illlportancE' , hnf' Iwen of tel) quat,pci and has taken u firm hold upon 
tilt' populnr imagination. Ob\'iou~ly , it, depends upon. the now 
exploded theury tho'/I OJ(' 1:1 In' ):lsin !w;-; 1>('l'lI eanlcd (Js (J piam' 
:Ind t,b:lt lhl' :Ixis (,f UI,lill li ('~ ;-;ollwwll('n' to the' l'Out,ilw:lnl of 
till' lnkl' f('J,!ion. ur, in 1.IIlY ('\"pnl", t.o tilt' :-louthw:lrIl of tlw prc:-lcnt 
Port, Hliron (Jutjf't. \Vi' know l,o-dny Ihat. instc'ad of heing uni­
fonoly tli~t,rihut,f'd over f,\w ('ntirr lake region. the uptiltiug goes 
01\ at. a much hiJ:(lH'r r:lt,p wit.hin t,hr northern areas, and thai 
sinN' the carly st:l~{, of Lnkp \Vbi ttlese,'{ the hinge line of uplift 
has I)('('n steadily rnigr:ll,in1! northward with the retreat of the 
jct' :lnd is now w('[[ to I he norUl\\"(trd of tbe present out,le t. There 
is , thereforf'1 no known uptilt of tbe district \vhich sep,-lrates 
the present, from t.he former Chicago outlet, <tnd there in no ap- ' 
parent n:Jt.ur:ll (','IIIS{' whieh shou ld result ill I,be rco('(~UPHtjOJl oS 
the old outlet, 1,0 lIH:' l\tiissist:lippi. The propbecy lnust he regarded 
:IS one t,hat. has h(_'('1l outp;rown with the progreRs of science. 

Geological evidences of continued uplift , - It bas recently 
heen claimed, on tlw basis of a reexamination of Gilbert's study 
of the lake gauge records, that his methods Hrc open to serious 
criti cism and thflt in reality the figures afford no evidence of con­
tinued uplift of the region, Howevpr this may be, there are not 
lacking geological evidences which do not admit of doubt, and 
these are in a striking \loay confirmatory of the latest conclusions 
upon tbe manner of the recent uplift. 

]f our conclusions have been ~orrect, the severa] lake basins 
should 1l0W br hehaving in different ways as regards the changes 
upon their shores. If it is true that the lines of greatest uptilt 
run north-northeasterly, there should he, "pealcing broadly, a 
I e spilling over" of waters upon the south-southweswrly shores 
and a laying bare of the north-northeasterly shore terraces of the 



UPTIL1' OF LAND A'I' e LOS!!: m' I CE AG!!: 349 

hasins. This should , however, hf' true onlv of basins whost 
lIutjets are to til€' northeastwfI.rd of the eXisting main hinge line 
("If Ilptilt,. LHk(~ Huron, having its out!rt ilt tllP soutbern margin 
of il.:-:' h!lsin, :-;ilOllld not han' it.s watt'I's encroaching upon t.hf> 
~outht'l'n :-;hort', 1'(11' tht' simplt~ n:':I~Ull t,IU1..t any continueu uptilt 
of t.he basin en,1l only h:1 \,t" tl\(, ('ffN~t of pouring more W!lter t,hrouj!;h 
the out.l(·t. L:Ikt, Mic.;higan a.ad Sa~in:lw Bay, which UrC' arm:.:; of 
the Huron basin, ought, bowcvf>l', to become Hoodoo upon their 
~out .hern ShOff'S, 'Were 1', not that, Ihe }"jnye linp of uptilt. tn-day lies 
to the northward of the outlet at Port /luton, and, fw"ther. that the 
two connecting channels still haue their beds lower than the sill (If 
the outlet channel. Now the evidence goes to sho,,' that no ell­
('ronchment of waters is ocrurrillg upon the C'hicap;o shore of Lake 
l\fiehigall , and although tile Rhorp~ of Ril~inn,w Bay arc so cxep~­

:-,iv('iy flat a~ to reveal slig;ht ('Imngl':;; of h'v(l l hy l:1r~e mign"liioll:­
of thp strand , Y(lt th(' ancient meander postH fixpd hy the £':wly 
survey:-:. arC' r--till round Iwar the wai£'r'R (,I\g£,. 

Drowning of southwestern shores of Lakes Superior and Erie. ­
,,'it ,bin til<-' h~ts;in~ O(~(~upi{·d hy Lll,kt')ol Suprrior [Ind Erit"/ n wholly 
dit1f'r!'llf, ("ondit.iol1 j;-; found. In r:wh ('fl~fI 1 Ill' out Ipt . .i~ found 
to 'ill" north~flst,w:lrd (Fig. 374, p. 34;"», and 1.h(> northwC':-tcriy trend 
of the isobases from ihe:-;e outlets is responsible for :t continued 
cle\ttttioll from uptilt of the outlets with reference to the we8tcrn 
::tnd southern shores. In consequence, the waters are encroacb­
in~ upon these shores, and rivers which there f'uter the In.ke fire 
drowned at their mouths, with the formation of estuaries. Ppon 
Lakt' Sup{'I'ior t.hese ('hangeR :lre ver~' ma.rked Twnr Duluth and par­
tll'ubJ'ly in the St. Loui~ River , within which, ~in('.e t.he early treat.y 
with the Indians, cert.ain rapids have disnppearC'd and submprged 
trunks of trees HIe now found in the channel of the river. A'f:. 
hr Pft'lt, as Ontonagon es.~entblly the same conditions 3rp found. 

Vpon t,he shores ' ... ·itbin the Por('upinc A10untain di£oitrict, thp 
watf'rs a rc' deftrl)" ri~inp;. Here old cedar tr('el-\. may be seen, in 
~on1P caRe~ de:td hut, stH! upright :lnd foiin.nli ing in from six to eight 
inr-i1f"S of water a nmnbpr of feet out from t h(' present shore, 
while others n(':1r the shore, but upon the land and ~ti ll living, ar£' 
washed by t.he wave~ , [\11(l losing their lower bark in consequeu('{'. 
An old. road lllong the Rhore has had to be abandoned because of 
the encroaching w~Lter. 
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Upon the opposite or northeastern shore of the lake, on the 
other ha nd, t he Jand is everywhere rising out of the water, and 
the waves are now building storm bC4 ache!'. well out, upon the wave­
cut terrace. Here t.he streams, instead of forming estuaries by 

drowning, drop down 
in rapids to the level 
of t he lake. 

At the southwest­
ern margin of Lake 
Erie there is every­
where evidelice of .9. 

_rapid encroach ment 
by the ",(lter. In the 
cn.ves of South Bass 
I :o;land s tniac tit es, 
which must obviou!'; ly 

FlU. ::176, _ Portioll of tIl!' t Uller :-:alldu!Jky Hay, have formed above 
Ilfford II ('ompari,;ol] of the short, lille of l ~~O with the la ke level, a re 
that of to-duy (after Mo~c1cy). n ow permanently sub-

merged. It is, however, about Sandusky Bay upon the south-
west shore that the most striking observations have been made. 
Moscley has collected bist.oricnl records of the killing of foreot 
trees through a submergence which was the resul t of an advance­
of the wa.t.er upon the shores. It seems to be proven from bis 
st,udies that the water is now rising in Sandusky Bay at a rate of 
about 2. 14 feet per century. [n F ig. 376 t here is " comparison 
of the shore:; of the inner hay separated by an interval of about 
ninety years. 
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CHAPTER XXV 

NIAGARA FALLS A CLOCK OF RE CENT GEOLOGI CAL 
TIME 

Features in and about the Niagara gorge. - A strikin~ cx­
:lmplc of those permanent, nlteratiolls of drainage which han' 
resulted from the presence of the btl' (:ontinental gJacier in Nort.b 
Amcric:\ is to i){' found in the Ningara gorge between Lakes Eric 
:tnd Ontario. " l ith the aid of borings many of the now buried 
cbannelf.; of the region have been followed out.. and in a later para­
gmph we shall refer to sonle of the stronger linl:s of the ea.rlier 
drain.age sY:"itCITI. Before undertaking the st,uciy of Niagara hi!'\­
t.o ry , it i~ cRsentini that one become somewhat familiar wi th the 
present topography in and about lhe Niagara gorge. 

Belo'" t hf' present cataract the riv(,f flows through a deep gorge 
for about SC' V{'11 mil e):! hefore iSRuing at. the L('wiston ERCarpmf'ut 
(Fig. 381, p. 355). Thi. gorge has been rut in bed, of rock "'di­
Illents whi('h dip at a gentle angle southward Lowa rd Lake E ri(' . 
The ('upping of the rock series is n compact unci relatively rcsiRl­
ant, limestone which is known as the Niagara limestone, beneath 
which there are alt.ernating beds of shale with tbinnE;'r limestone 
and sandstone. The plain formed by the upper surface of the 
limestone capping terminat.es in the Lewiston Escarpment, which 
is transverse t,o the direction of the gorge and seven miles distant 
below the Falls. The depth of the gorge varies markedly, the 
above-witter portiol1 heing represented ~t the upper end hy the 
height of the eataract" one hundred and sixt.y-five feet , while at 
its lower ('nd Iwar Lewi!'oton it. iR twice tha.t amount. Halfway 
crown tbe gorge :1 ~barp turn i:; mad(~ at, an angle of morf' tban 
ninety degrees , and I,be upstream arm iR extended Lo rorm ~I 

basin whicb rontains t,he fmnous ,vbiripool. This ~'isible exten­
sion of the upper gorJ!:l' is continw'd in a buried channel , the St.. 
Davids Gorge, which extends to the escarpment, broadening 3 8 

it dO<'s so in the form of a trumpet, . The materia l, ",hiGh fi ll 
tbis earlier channel arc notably coarse glacial deposits (Fig. 389) . 
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Dirf'l'ti.v nl!(Iv{' till' whirlpool Ull' r\i:t~ar;t ~u rg(' i:" lir;-;t, con­
t,r:wt,pci l hilt : t1ll1u~t immcdiatl'iy sw('ll!:' out, inl,o Uu' fu rm of :1, 

I'au:-;:I .t~(', whil'il ullIier t lw Halll C' of l,hf' ~dd,Y Ba::-;in ('xh'nci!' t,o the 
l'O I1e-:tl'it't,pd I'halllwl O('{'Upif·d h,\' 1.lw 'Y hirlpo\)\ Rapiei:-., Thi )"\ Gorg-e 
of t ht' Whirl pool Hapiti :-; extends to :11)(1 :1 lit,tlc a llo\'(' t he railro:Hi 
hrjd~ps, \\'hcn~ it ag:lin ~lIddenly widells and de('p('n~ and wit h 
:->llrpri;.:ingly llnjforJu f'l'U;-;S s('('tjon Ill)\\' l'()lltjnUf'~ a s f:lr :1~ til{' (';It,­

~ml('t. Th i ~ lIppl'nnost '''l'l'I iull i . ..; known ;IS the l"pper (;reat 
( ;urg-r. .A bout it mil " heluw the whirl­
puol i'3 OWL remark a l,lp pffJjel'tioll intu 
the gorge from tin' ('.'ll1:ld i :lll wal! whivh 
is _known ns \rjnU~rgrceli F}nl:-;, helow 
which and ne:,lrer the ri,'er :ife Fosters 
Fla ts, Almost throughout its enti re 
length the N iag:lfll gorge is bordered 
On either s ide by tl uarrow nnd gently 
i[l('urving t,erra('c (·roded below the g(,l1- Ftc, 377, - Idcal cross section 
('fai len,l of til(' pla in ana nH'cting: t he of th~ Niag8.rlt {,"Orgc to .shuw 

gurg(' in a ::harp angle ( Pig, 37i), I,ht' rnllrgimd tcrrut'C, 

Tbe f<.'atur('l"< imm(.'di:d.ciy about t.he catnract show that the Fallti 
an.' io-da~' in a ('ondit ion which, ~o far as we know, has occurred 
hut. onot' hefore in their rntirt' histl.l ry - the W:1tcrlS of the rivrr 
arC' di\'idcd uut'qunlly by :lll isl:-tnd, and for thi::l reason, as \\o' t' l:;!1a Jl 
Sl' (', the cataract ent.ers over the side 'Wall of t he gorge instead of 
at its end (Fig. 381), although t he tunling of tbe channel from this 
cause is combined with ~).. bend of t he river, 

The drilling of the gorge. - There uPlwar to u(' two important 

FlU, 378, - View of thf' 1X'd of thl' 1\'i"glJrtl 

River libo,'c the cnta_ruct, wherc W!\t!'T 
bas been drained off in im,tan;ll~ a pow!'r 
plant. Rome separnted block!! of lime­
stone a rc gtitl iu place (nFter J. W, 
Spcm·!"r). 

pr{)c('~~('s which are rpsponsibh" 
for thr recession of t he Falls, 
the rn,tt~ of whi ch is cit' t,crmiJled 
largely hy t he rcsistanf'p of Uw 
limestone capping and U1C tpna­
l'lty of the loos{'f sh:l\e hf l1 l"a1 1, 
11" One of the erodin~ pro('t.'!':-;I"~ 
operates from belo\\' ~H1d unJ.er~ 
mines the cap until Lbe unsup­
ported cornice falls in hl o{'k~ 
t.o t.he bott,om of the gorge; 
the ot,her makes its at ,t ack di · 
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redly frorn above, selecting for the purpose the lines of jointing 
of the rock which it widens by solution nnd corl'a.~ion until the 
included blockr-; a.re ill so far separated that they are torn out and 
go o\'er the brink or th(' Falls (Fig. 378). Tbis process of over­
head att:lck in the powerful currents just above a cataract is even 

:FIO. 37{}.- Fall s of St. Anthony, looking westward from Hennepin Island in 1851 
(lifter N. H. Winchell, daguerreot.ype by H efSSlcr of Chicago) . 

bett,er illust,mted by tbe Falls of St. Anthony near Minneapolis, 
which have had :.t similar his tory of recession to that of the Niagara 
Falls ( Fi~. 379) . 

Tbe blocks of the capping limestone at Niag'lra Falls are to 
some extent fixed in size by the joint planes present in tbem, and 
as tbpy faU to the bott.mn of the gorge, they promot.e or retarcl the 
further recession of the Falls accordin.g as they can or cannot be 
moved about by the churning cunents beneath tbe cataract. Of 
the retarding effect there is an illustration in the accumulation of 
the blocks below the American and the intermediate Luna Falls 
(plate 23 A), wbich the weaker currents upon the American side 
find too heavy to handle. The Canadian Fall, with its mucb greater 
power, is an example of the promotion of recession through the 
churning about of the blocks at the base of the cataract. We have 
here to do with a churn drill wbich bores its way into the bottom 
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.f the gorge with increasing radius of rotary motion with each in­
rease in volume of the falling water. Under this rotary churning 
he soft shales are torn out uear the bottom and in suc-

the nature of the driUing prOCI.'88 

beneath the cat.u.ruct. 

'ession the harder layers 
,oove until the capping is 
'eached (Fig, 380) . The con­
litions appear now to be such 

that the effective work- is 
largely concentrated, as it 
usually has been, near the 
middle of the channel, and 
so the gorge recedes with a 
margin of the earlier river 
heel remaining as a terrace on 
either side und extending to 
the former river bank (Fig. 
3i7). 

As mnst have been noted, 
One peculiarity of t be opera­
tion of the churn drill beneath 
the cataract is that the depth 
of the gorge will bear a direct 
proportion to its width, and 

f BIJO& sf Arlkl& e 

1-10. 38 l . -Plan and sectior. of the NU1.gare. 
gorge, showing how in each scction the 
depth is proportional to the width, except 
in theJuwestsection \I'heresubgfJquent river 
sction of the normal type hn.s l\lodified the 
bed of the channel (plan ruter Taylor a.nd 
sectiotl ruter Gilbert), 
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if the volume of watl'r hil ~ nll'icd during tht· process of r{'(·~ssion. 

tLe."It' dl.'l1Ige::i in "olume will be registered iu thp width and also 
in the depth of thn! ~(,I'ri(,n of th(· gOI'ge whif'h \Vfi S cl!'il1ed at the 
t.im e - t 11(' L'ru.";S :'iN' l iutl l)f tilt,' }.!;OI'gP :11 ;U1Y plll('t~ i:-; prnportiouul 
1.(1 tilt· \'olllltli' of ll1r· W:di'J' r/dlin.~ ill iILl' l':t1al':[c'j , whidl Pl'utlu('('d 

it , ltlodifi(·d. 110\\'('\'('1', I,." tIlt' ('j'lIlPl'l(' l lt'Y tu handll' t lit' jOillt hlo{'k~ 
of defini11" :-;iZl' (Fig. :{S I) . 

The present rate of recession. - Tber{' fln' "miom; sk{'tl'lws. 
niOfr or less accura,tc, made ill the early part of the nineteenth 

FIG. 382.-Compariaon of:1 sk(' t ch of till' (;!l.ondiILlI Fall made' with til l'> aid 0(:1 
('umer:! ItI('idll ill 1"I:!7 Wilh a p/wtov:r:q}h til ken fro m tilt' :!!UHp "iI'w puillt ill i!:l!h'i 

• (llflt'r Gilhl'rt). 

f'(m1.ury, and from t.he lat.er period {.here nr(' dagnerrcotYlwS, phot.o­
J,!;mpllF: , and l1l:1.p~, whic·h l'ef('1' c:->pc(' in.Uy t.o till" Canadian Fall ; and 
whieli l trtk('n t.og(·t.her , rNHlrr possiblr :l l'ornp:Jri",on of t,be earLier 
witll the bIer brinks. By ('olJ'lpn.ring t.lw (';~ rlif'~t. with the re(~ent. 
vi(' \\'s it is ~e('n :~t :1 glall('e th:d !.Il(l F:tl l/j I1re I'f'('pciing, and a.t [1 
quite appl'cciahlp rate (Fig. :382). A r:Lr('fu\ (:omparison of th!' 
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maps made in 1~42 , IR7G l 1886) IRflO, and 1005 of the orink of 
t il{' Canadian Ji'a ll ( Fi ~. :~83 ) indi t:atcs that for t,ilc period covered 
the rat e of rccc~:-iion ha~ heen about five fpet pr r yea r , and sim.il ar 
,.q utii(':, madf' of 1 h(' 
.. \ nwri f';Ul Fall Khow t hn t 
it h:t:; heen r('('('din~ [It. 

I hr· 1':.1 t r (if only 1 hn't' 
iH('he:, pf'f yc'ar, 01' OIl(' 

twent ieth the- fat.e Gf the 
n't'('~~ioll of the (.'a lltlci i:l1L 

!',JII. 
Future extinction of the 

American Fall. - If, is 
b('(,:L U~{, of 1hi~ many 
t ilTl(,~ more r apid rcf'('!'­
:-:ion of t he Canadian 
Fall thai th t' i\i:tgar:t 
t:u!:! rRcL, instead of lying 
atil,Yart th(' p:org;e, (~ntcrl:i 

it from it,:.; sick·, Th l.' 
(':m: ldia n Fa ll i:- th us in 
rr:llily !'winging abuut 
tiH' American. ;HHj I hI' 
t imt' ('.au :111'0::\.(1.\' lip ( 
rough l,\' (Ist illl f.t t cd when FIl;, :\X;j,- Map til "how tlu' n'('"ssioll of t he brink 

this morc eifc{'tive drill- of t he (':UI:tdiau Fall, buacd upon maps of differ-

ing tool wi ll have brought (' il L dat(':; (after Gilhcrt). 

about a eapturc, so to spea k, of the American Fnll through the 
euttin~ otT of its water supply. It will t hen be drained and left 
litpr",I1y II high and elry," fln end uring wi t ness to the geologica) 
f'ffeet of Un island in m a king an unequal division of the waters for 
the work of two cataracts, 

As already pointed out, the inefficiency of the American Fall 
as an eroding agent iR all1pJ)t at.tef'ted by the wall of blocks 
already appearing above th(' water below il. The t,Qurist who a 
tbousanrl yenrs h enc'c pays a visit to thp N iagara en t,ara ct , pro­
vided the water Bow i:;; a ilowed to remain :IS i t has bC'cn, will find 
above tbis rampart of block, a bare clilT in part undermined, and 
surmounted by a nearly Bat table surface whi ch is cut off irom the 
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existing cataract by a higher section of the gorge (Fig. 384). It 
is qui te likely that tbis table will furnish the most satisfactory 
vie\ypoint of the future cataract of that date. 

FlO. 3&1. - Comparison of the present with the fu ture falls. 

The captured Canadian Fall at Wintergreen Flats. - 'What we 
have predicted for the future of the present American Fall will 
he the better understood from t he study of a monument to ear­
lier capture made long before the upper section of the gorge had 
been cut or the whirlpool had come into existence. The tables 
were t.hen turned, for it was a fali upon the Canadian side of the 
gorge tbat was captured by one upon the American. The locality 
is known as Vlintergreen Flats, or sometimes as Fosters Flats j 
thougb the first name properly applies to a bigher surface near the 

FIG. 385. - Bird's-eye view of the captured Canadian Fall at Wintergreen Flata, 
lIhowing tbe ser-tion of th(' river bed &00,'(' thf' cliff and the blocks of fallen Nifl,g&I'8. 
limestone streWn over the abandoned channel below (after Gilbert). 
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brink of the gorge, and Fosters Flats to • lower plain near the level 
of the river (see Fig. 381, p. 355). Tue peculiar topegraphic fea­
tures at this locali ty are well brought out in Gilbert's bird's-eye 
view of the locality (Fig. 385); in fact, in some respe.ets better 
than they appear to the tou rist upon Lhe ground, for the reason 
tllltt the abandoned channel and tbe Flats OIl t.he sit.e of the since 
undermined island are both heavily forested and so not easy to 
include in a single view. For one who bas studied the e)dsting 
cataract this early monument is full of meaning. St.anding, us 
one may I upon the very brink of the former cataract, it is easy 
to call up in imagination the grandeur of the earlier surroundings 
and to hear the thunder of the falling water. A particularly vivid 
touch is added when, in digging over the sand about the great 
ulocks of fallen limestone underneath the brink, ono comes upon 
the shells of an animal still living in the Niagara. River, though only 
in the continual spray beneath the ca,taract. 

The Whirlpool Basin excavated from the St. Davids Gorge. -
1 L has already been point,ed out tbat a rock channel now filled with 
glocial deposits extends from tbe Whirlpool Basin to the edge of 
the escarpment at St. Davids ·( Fig. 389, p. 363). In plan this 
buried gorge has a trumpet form, being more than two miles wide 
at its moutb and nRrrowing to tbe width of the upper gorge before 
it has reached the Whirlpool. Near the Whirlpool it. has been in 
part excavated by Bowman Creek, thus revealing walls that are 
well glaciated. Different. opinions have been expressed concerning 
the origin of this channel, ODe being that it is the course either of 
a preglacial river or one incised between consecutive glacir\.l in­
vnsious; and another that it is 11 catamct gorge drilled out between 
glacial invasions after the manner of the later Niagara gorge. In 
either caSe its contours have heen much modified by the later 
gla.cier or glaciers, whose work of planing, polishing, and widening 
i:: revealed in the exposed surfaces; and it is not improbable that 
a cataract has receded. along the course of an earlier river valley . 

As we shall see, there are facts which point rather clearly to an 
ertrlier cataract wbjch ended its life immediately above the present 
\Vhirlpool. " 'l:len the later Niagara cataract had receded to near 
the upper end of the Cove section, or near the present. Whirlpool, 
the falling ",ater must have been separated frOID this older channel 
and its filling of till depesits by only a thin wall of rock, and this 
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Ulu::; l, bav(' b N' 11 l'Un:4taUt!y WCakCllC!d u s it:-; tld f' knt';-i:-; W:l:-i fu rthpr 
reduced. 

\Vhcll this weakened dam at las.t g:tyt' way, it must h~lve pro­
duced a debacle grand in the cxtrcrm.'. It i!'3 hardly to he conceived 
that the II wasboul " of 1.jw fl l1c jpn t chHnnf'J to form the \ Vhirl ­
pool Basin ('mild haw' occu pied morc Ham a small fra ction of a. 
nay, tholl~h i t i:-i high!,\" probahl(' th:lt the hro k('n ro('k partition 
helo\\" tiw \rhi rl pool \\'a ~ not. immcdi;lt('ly 1'(' 1110\"('(1 lmtirc. 'TIl(' 
lnftllihlp-li\;:(' tNlIlinnl iun of tlw Edd~' Bnsi ll illlllwdhlt.cly ahoY<' 
till' " -hirlpoo\ ha~ \rc\ Tn~' l o r to bclil'\"(, t.h'lt. till' t'nt nracL qui('kly 
J'f'cBtnbJisJwrl ;1 :0'('1£ :It 111;:-; point upon 1,11(, 1:1:-:1 :-:;1(' of thr ('xtilwl 
!:it. D[I,vids (';:d,:t r:ld . If fI,dw'('d in power for ,I :;:1101'1 inh'rvnl , ;1,5 t1 

re$ul t. of the ob::;t,ructiou~ ;:;t ill remaining ill OJ(' Illt ('/,Y broken darn 
helow t. hf' lrhirlpool, tllf' rf'IJ1:lrl":fllll(' na rro"'ill!2: of tlw gorge at 
t,hi::; point would h(> ~ uffi (;ipnt l y fLc'l'ounkc[ for, 

Bt'inp: romppllpt\ tll turn thl'OI,l}.!:h mOr{' than n right angif' uft,PI' 

ii ('ntf'r ,'" t1w \Vl1irlpool Ba~in , j hI' swift {'urn'nt (If t.hr Niag:tr:1 
Hi\,('f' is for l'ed to double upon i t~p!f !lP:.'liH,';j thl' oppo...;if e h:lIlk 
:lIJd din' !,f'low t he iu('orning CtIlT(·tli "( '(un ' (·tlH'l',!.!:iuJ,!; into the 
('0\'(' :-;(,(,tion below tJlt' \\' birlponl ( Fig , :)~G), 

In tparing out t.he l oo~p d l'po:-;its Wbli'tt had fiHpd th i:-; part of 
tJw huried :-it, Davld~ Corgf" 
many howl deI's of g reat. si? (' 
l\'(' r c left which s lid down thr 
sl(Jpe ::md in time produced an 
:Hn)()r about the looser dpposits 
beneath , RO :lS to protect them 
:lnd prcvcnt continued excava­
tion, Thus it is foulld that th r 
suhmerged nortb ,,'C'stern wa ll 
of t.he basin is sbc" thed with 
bowlders large enough to r~tllin 

FI~;O:~i~;g~)~::~~I,~f ~t~!r~ ~,~!;~~f:~~'!~~i~i t,hei r positions nnd So stop :1 
naturnl pro('('ss of pla.cer out­
washing upon fI giganti (~ ,scalp 
(Fig_ 386). 

tlw N iuglu'll. C Ot).!t', :'!Ill the drift b:lUk 
whit'h forms t h E> uortilwi'st waH (after 
C ilhc rt ), 

The shaping of the Lewiston Escarpment, - To understand 
the formation of the Lewiston Escarpment cut in the hard Niagara 
limestone, it is necessary to consider the geology of a much la rger 
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arpa - that of the C rpat La,kf'~ n·gion a;o:. a wholt·, To the north 
of thl! L~l ke~ in ( ' anaLl :l i ~ fuund :1 1l10!'t :uwient continent, which 
waS in exifit.enef?' when :tll I he fl T{"j, t,o the south wa.rd Jay below the 
waters of the ocean. In a, period still very many times as long 
ngo as t he events we have under discussiou, there were laid down 
off thc shore of this old land a series of uncoll80lidf1ted deposits 
"'hich, hardened in the CQllrs{, of time, and ei('vat f'Cl, a rt" now repre­
:-,;cTltrd h~' til('> sha lf'S, sandston(', :md limc~ton(' whieh Wf' find, one 
nhoyl' t ilt' !)th('r, in the Niagara gorgr in 1,he orc\ r r in wbich t hey 
WC'f(' l:tid (lown upon til{' Of'c:m Hoor. The formations represented 

FIG. 387.-MllP· to 8how the cliestas ..... hich have pluycd 80 important If. part in 
fixillg tht' oolwdllrit..os (If I.he Lake basi us. alld Ill$!) the priLlClpld preglu,ci8l1 n\'cr /f 
hy which t}lt'.\' bavlJ !welt trcnched (bll8t, .. d UIXHI 11 map by Gmb~u). 

in the gorge are but n. purt of t he entire series, for other higher mem­
hprs ~l,.rp represented by rocks about Luke Erie and even farther 
to the southward. These strata, baving }wcn formed upon a.n out­
ward sloping sen floor , had a small ini tial dip to the southwarQ, 
llnd this has been probably increased by subsequent uptilt, including 
the latest which we have so recently had under discussion. At 
t.he present time the beds dip southward by an angle of leIlS than 
four degrees, or a bout thirty-five feet in each mile. 
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When the elevation of tbe land iu the vicinity of tbis sbore had 
caused a recession of t.he waters) there was formed a coastal plain 
O!J tho borders of tbe oldland like that which is now found upon 
our Atlantic border between the Appalachians and the sea (Fig. 
272, p. 246). The riven; from the oldland cut their WRy in narro'" 
trenches across t.be newland, and because of the harder limestone 
formations, their tributaries gradually became diverted frOID their 
earlier courses until they entered the trunk stream nearly at right 

:lngles and produced the t~'pe of drainage 
net work which is called I, trellis draina ge,lI 
It is charactcristir of tbis drainage that 
few t riuu taries of the serond onlcr ""ill 
fl o,," up the llatumi slope of tbe beds, but 
on the contrary these natural ~ ! opes are 
followed in the softer rock n early at right 
angles again to the tributari es of the first 
order of mab'Ilitude (Fig. 38i) . Thus are 
produced a series of more or less parallel 
escarpments form ed in the harder rock and 
having at their base :1 lonria n d which rises 
gradually in the direction of the oldillud 

-,:-: ~ l.. t1 until ~1 new es.carpment is reached in the 
next lower of the hard fOl'm:l.tion~ . Such 

F'~i ~:. -:-u~!;~~~~:tl:'ie; flat-topped uplands in series wi t h inter­
Lakes Ontario IllJd Erie mediate lowlands und sepnrated by sb3.rp 
(after G il bert). escarpments are known as cucstas (see p. 

246), and the Lewiston Escarpment limits that formed in Niugara 
limestone (Figs. 387 and 388). 

Episodes of Niagara 's history and their correlation with those 
of the Glacial Lakes. - Of the early episodes of Niagara's history, 
our knowledge is not as perfect as we could desire, but the later 
events are fully · and trustworthily recorded. The birth of the 
Falls is to Le dated at the time when the ice front bad here first 
retired into what is now Canadian territory, thus for the first time 
allowing the waters from the Erie basin 'to discharge over the Lewis­
ton Escarpment into the basin of the newly formed Lake Iroquois 
(Fig. 364, p. 334). Since the level of Lake I roquois m,s fllr above 
that of the present Lake Ontario, the new-born catflract was not 
the equivalent in height of the escarp~ent to-day. The Iroquois 
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waters then bathed 3.11 the lower portion of the escarpment, so 
tbat the foot of the Fall was UpOll the borders of the Luke. 

In order to interpret the history of the Kingara gorge, we must 
remember tbat the eff(:_\ctive drilling of tbis gorge was in each stnge 

,/0 

" 

dependent mainly upon 
the volume of water dis­
charged from Lake Eric, 
n large di.~chBrge being 
re("ord,·d hy a channel 
dri[k,d both wide and 
def'p, while that pro­
duced b.,' the discharge 
of a srnal!cr volume was 
corn:spondingly narrow 
nnd ~hnllow. To-day 
the gorges of large cross 
section have, moreOYf!!' , 

a relatively placid sur­
facc , 'l-riJf'rf'lI S through the 
cOllstri ctrrl sections the 
water of t h(' ri\'er is un­
able 10 pass without first 
raising its level at the 
upper end and under the 
head thus produced rusb- Fl:hC~~~;-..;.'3ak~:~g:~: ~~O~:b~::~:g:~~:~o~ 
ing through under an in~ lM'ction in their relations to Niagara history 
creased velocity. The (based UPOIl (I. map by Taylor), 

best illustration of such a constricted section is the Gorge of the 
Whirlpool Rapids. 

Our reading of the history sbould begin at tbe site of tbe present 
cntaract, since the records of lat,er events are so much toe more 
compl(\tc and legible, n.nd it should ever be our. plan to proceed 
from the cleurly written pages to tho.e half effaced and illegible. 

As we have learned, the most abrupt changp in the l;ro&<; section 
of the gorge is found a little above the railroad bridges, where the 
Upper Great Gorge is joined to the Gorge of the Whirlpool 
Rapids (Fig. 389). In view of tbe remarkably uniform cross 
section of tbe Upper Great Gorge, there is no r •• ..an to doubt tbat 
it bas been drilled throughout under essentially the same volume 
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of water, and thu,t its lower limit marks t he position of the former 
cataract when the waters from the upper lakes were tranRferred 
from the .1 North Bay Outlet" into the present Of " Port Huron 
Outlet " and Lake Erie. As the upper limit of the Gorge of the 
Whirlpool Rapids thus corresponds to tbe closing of tbe " North 
Bn}, Out.Jet." and the extinction of the Nipissing Great Lakes, 
so its lower limit doubtless corresponds to the opening 01 that. outlet 
and the termina,t,iol1 of the preceding Algonquin sta.g£' j for in the 
stag!.' of the Nipis~ing lakes the water of the upper lakc::;. as we 
bav(' Jea,rned , rc;whed the ocean t hrougb the nort1wrn outlf'i. 

Mr. F'mnk T:\~' l or, who ha;o; given Illuch s t,udy to the prohltllt 
of Ninp:aran history, bdip\'l'S that. ttl<.' T\rfit!<ll(' Grl':d Gor~{', ('urn~ 
pri:.:ing thf' Erl~I.\· Basin and t,h(, ( 'o\,p ..;(,(,t.iun. n'pf(,~i'l\t $ I.ht' .l!:Uf.l.!'(_· 

drillin~ which (J('('urred dllrin~ ttl(' hf,er :-:t IIge (I f L:d,(' Algoncll iin 
aftt'r the " Trent. Ouf.f{·f," hnd heen ('!o:-;pd and 1,1l1' W:J.tNR of 1 he 
upper l a.k(·~ hnd Iwen turrwd into t,hl' Erie Rm.; in. 

Summarizing:, t hen. the ppisodcii of the lakE' and t,he gorge hi~tor.)' 

a re t.o be {'orr(' la.t.ed as follows:-

~~a.rly Lakes Iroquois and Algon­
quill. 

l..a.t.f'r Lakli':> Iroquois :t.lld Algon­
quin with upper lakes d ischarging 
into f~ rie ba.sin. 

Nipis!Oing Greal LH.kt!s wit.h Ibe 
upper lake wa.ters diverted from 
Lake Eric. 

11e(10111 81. Mwnmr:e dtajnage 
SilH.lf' the waters or t.he upper lakos 
were discharged iuto Lake Erie 
t.hrougb oc.cupation of the Port 
H urOD Ou tIeL. 

Drilling or th", gorgf' froto the 
J..,fI\vtsi<m Escnrplllf'nt 10 t.he <1ovo 
so<:t.tOO a.bovo t.he \VillLergreen Flats, 

Drilling of Middle Gteat. Gorge. 

Drilling of I.he narrow Gorge of 
the Whirlpool R.'l,pids. 

D ... jJJlng of Upper Crimi· Gorge to 
the present. catara.ct.. 

Time measures of the Niagara clock. - In primitive civi1iza~ 
tions time has sometimes been measured by the lapse necessary 
to accomplish a certain task, such, for example, as walking the 
distance between two points; and the natural clock of Niagara 
bas been of this t,ype. But men possess differences in strength 
and speed, and the sa.me man is at some times more vigorous thaD 
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at others, and so does not work at a uniform rate. The cataract 
of Niagara, cbarged wi tb the pent-up energy of the waters of all 
the Great Lakf's , can rush its work as it is clear\y unable t.o do n1 
times wll(,11 t.he ~rea tt'r p~lrt of Uti=-- t'!ltrgy 1-1:\.,') heen di vf>rf,t"d. 
Pnit,s of di :oi t.m('t! nwa:iiured :dult~ tilt' gorgt' :tr(. tllerefom t.OU UIl­
rt·Jbhly fur !Jur 11:;(', whh tLf' IllliqUI ' ('xc,t'ptioll of the str('t ch from 
Lht:; railroad hridges to tlw ;-;it(' of t hl' Pr(·:;(,[l.t C:l.Lur:u't , wi th in 
\"\Chi ch slretch the gorge c raSI"; scet ions a re :-iU nearly uniform as to 
indicate :11) .'lpproxjmation t·o l'ontinued application of uniform 
('nergy. This cnergs \\T may actually measure in t he existing 
ca,taract, :md so fix upon a unit, of t;inw thnt CHn be tnulslat ed into 
years. 

in order to secure the normal rule of recession of this Upper 
Great Gorge, w(,- shou ld add to t.he volume of wn.t.f't in t he Cnnadian 
Fall that now passing O\'cr the AmericnIl; :l/1d f()r thf' U'{t..;on thtlt, 

the hlocks whit'h fall from the cat.a.r:t (' i {"omicr an.d are the tool ", 
of th£' d rilling instnunent :1.pproxhnat-t· to a defill i1,e siz(, fixed by 
t ht'ir juint flbl1{~s. t he e ff(~ct of t }tiR :tddc.:d energy it i.s not. c:t~Y 
to i· ... ",inw1,c;. Wi~ Hlny he ~Uf('1 huw('\'t' r, that the drilling :wl.ion 
would I~r :-;ollww!t: l1 intTt':ls('d b~' ill£' jundion. of t il{' two F:dh" 
~Hld thu)oi :m~ :lssLLr('d t!Jat the averag(' rllte (Jf r(~(Ocs:·.;jon within Otl' 

11pper Gre,lt Gorg'f' ha~ l X'C' 1l sonwwhat in ex(·c .... .., of till' fi vl' feopl, 
per ,\'(':tr df"tt'rmined by Cilhert fOf till' pn::-:ent Canadian Fall. 
The Vpp(~r G rmlt Gorge i::i :tbout two fniie:-i iu l(!I1gt h, [lnd its hegin­
ning rna,)' thus be chi. ted near the dawning of the Cbri.-;t,ian Era. 
Th(1 Whirlpool Gorge wa.iO:. cut when th(' ic(' vacatt>d the North B::ty 
Outlt·t in Canada, and still lay as a hroad mant.le ov('r all north., 
e:l."iLern Canuda. For UH' f':l rlier gorge. unci lake sfrngpf.\, tJw t ime 
(·:.;tim:lt (·s afC' hardly morC' tha.n glles~e~j a.nd Wi> Ju'cd not now ('on­
('ern uur~(-' Ivc's w-ith them. 

The horologe of late glaCial time in Scandina via. - A glacin l 
1 illwpil'ce of f1.om(·whn,t clifferrnt cO Ilf'trnction and of grea.ter refiu('­
iUpnt has been tn<lde usP ( )f ill Scrmdin.nvia to d('riv(' the" goo­
('hronolob'Y of t he last 12,000 years." Instead of rptrcating o\'('r 
t,)1(' Innd and impounding t hf' drainage. as it did S0l 1,he Ia.test. con­
t.inental glacif'r of Sca.ndinavia ended below ~ett l{'vel, and as it. 
n·tin"O(I, it') gre!tt subglacial river laid down [l. giant esker known as 
the fltockholm Os, which was bordered by a delta and fringed on 
either side by water-laid moraines of the block type. These ro-
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cessional moraines are upon the average less than 1000 feet apart, 
and arc believed to have each been formed in a single season. The 
deita deposits which surround the esker are of thin-banded clay, 
and as an additional uppermost band is found outside every mo­
raine, these ba.nds aft" also believed to represent each the delta 
deposit of a single year. In studies extending over many years, 
Baroll de Geer, with the aid of a large body of student helpers, 
has succeeded in completing a count of moraines and clay layers, 
and 50 in dl:tcnnining the time to be 12,000 yea rs since the jec 
front of the latest contincntlli glacier lay tleTaS.'; southern Sweden. 
The fertility of conception and the thoroughness of execution of 
this epoch-milking investigation recommend its conclusion 1,0 the 
scientific re:lder. 
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CHAPTER xx:n 
LAND SCULPTURE BY MOUNTAIN GLACIERS 

'Contrasted sculpturing of continental and mountain glaciers. -
In di,Scus.;:;ing in iI pn'viou8 cha.pter Ibe rock pnvement Ia.tely Ull­
covered by the Greenland gln.cier, we learned thnt this surface had 
been lowered by the pro{'e~~cs of plu cking and ahrasion, the com­
bined eff(>ct of whith is « 1\\,tI~'s to red uce the irregularities of the 
surface , soften its out line:>" and from sharply projt'eting masses to 
develop row1c] ed shoulders of rock - roches mo'Ulonnees. 

Though thl' 8n.ll1~ procpsses act in much the same manner,beneath 
mountain glaciers , though herp upon all parts of the hcd, they are, 
in the earlier stngps at If'Hst, suhordinated to a third pro<..'Css more 
important t,han the two aeting together. Sculptur(' by mountain 
glaciers, instead of reduCing surface irreguhlfities and softening 
outlines, incre~ses the accent of the relief and produces the most 
sharply rugged topography that iR known. In nearly all places 
"'here Alpinists resort for diffieult rock climbing, mountain gla­
ciers are to be seen, or the evidence for their former presence may 
be read in unmistakable characters. 

Wind distribution of the snow which falls in mountains.­
Until quite recently students 01 glaciation have concerned tbero­
seh·es but little with tbe work of tbe wind in lifting and redis­
t ributing the snow alter it has lallen. We bavealready seen that, 
for the continental glaciers, wind appears to be the chief trans­
porting agent, if we except the m arginal lobes where glacier flow 
assumes large importance. In the case of mountain glaciers, also, 
we are to find that for the earlier stages particularly wind is of the 
first importance as a re,iistributing agent. In the higher levels 
snow is swept up from tbe ground by all high winds, and does not 
find a resting place until it is dropped beneath an eddy in some 
irregularity of the surface; and il the inherited surlace be rela-

367 
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t,ively :-l1Ioul,h, t,hi :-l will be found i.u most cases upon the I{~ of t.he 
mount,ain l'rc:-It .. 

fn normal CUtiCS at least the inherited irrflgul:uit,ies of the higher 
zones of mountain upland are the gentle depressions which develop 
at the heads of streams. Tlwse be(~ome, then, the sites of snow­
drifts that are augmented in si7.(' from year to year , though at 
first they melt away in the lute summer. 

The niches which form on snowdrift sites. - ¥Vbcre"er n drift 
is formed, a process is set in operatioll , the effect of which is to 
hollow out and lower the ground beneath it, n. process which has 
been called niuation. The drift shown in Fig. 390 was photo­
grapbed in Ia.te summer at :tn cle"ation of some 9000 feet in the 
Yellowstone National Park. The very gently sloping surface 

FlO. 300. - Suowdrift hollowing its !Jed by nivation and buildill~ Il. delta (at tbe 
left). Quadrant Mountain, YcUowstonc National Park. 

surrounding thf.:' drift is covered whb grass, but within a zone a 
fe\v feet in width on the borders of the drift no grass is growing, 
and in its place is found a fine brown soil whi ch is fas t becoming 
the prey of the moving water derived by melting of the drift. 
This is explai n,ed by the wat.er permeating t ht' cnwiecs of the rock 
and being rent. by the nightly frc'i)zing. Fa rt,ber from the drift 
the ground iR dry, and no such a(~t,ion is· possible. With each suc­
ceeding spring the augmented drift as it mel t~ carries all finely 
comminuted rock material down slopes beneath t he snow to emergi 
at the lowest margin and be there deposited in the form of a delta. 
By the operation of this process of nivation the higher parts of the 
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drift sit(, are iowNed H~ d('pu~ition g-o('s on upon j,hf' lower. The 
combined effl'l't i:-: ihus t.o prodm'(,:l lIichl' or fninf!.\' pklH·d nmphi­
Ul('}lt{'r upon 1,IlI' :';]Opf' of lhc: ffiouubin ( Fil!. :If) J). 

FIG. :.ml.-AmplLit,hl:utcr fornH'd (Ill u drirt "ill' in Ilo.rthL'ru Lapbnd (uitl't II 
photo~m,)b hy C. VOII Zahll). 

T he augmented snowdrift moves down the valley - birth of 
the glacier. - In still \OWf'f air tl('mp('mtun~~ t hf' drifts enlarge with 
each ~uccceding year until they endure throughout the summer 
Season. From this stage on, an im'rcl11C'nt. of soow is left from each 
succeeding season. No longer entirely wast(·d by mciting, the 
time f'.Qon comes when the upper SIlOW layers will by their weight 
comprr~o:- the lower into ice, and the mas.~ will begin to creep down 
the .,Iope "long the course of the inherit.ed valley. The enlarged 
snowdrift. which feeds this ice stream is culled the neb'{) or firn. 

Against the sloping cliff "'hieh had heen shaped by nivation 
at the upper margin of the snowdrift, that snow which is not of 
sufficient depth to begin a movement towards the valley separates 
from the moving portion, opening as it does so n cleft or crevasse 

28 
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paraJlri to tilt' ,vall. This crark in ihe snow if; ca lled by its Ger~ 
man name Berg::;chruntl or R(LIul'-':lJa/ll'. [tnd may perhaps be re­

FIG. 392. - 'file margiual cr('\'utSlIl' or 
Bergschrund on lh(' lnghc"t ru:lrgin 
of {I glucier (zifter Gilhcl'l ) . 

ferred to ns t he marginal ('r("YaBse 

(Fi~. 392). 
The excavation of the glacial 

amphitheater or cirque. ~ J t has 
b(,('ll found that the margina.l cre­
Yll.<';'''(' play,:;; a. must important role 
ill tllf' s{'ulpture of mountains by 
giaci{,Ts, for the great amphitheater 
whi ch is everywhere the collecting 
basin for the nourishment of moun­
tain glaciers is not an inh(>rited 
[('[tture, but the h~Ul(liwork of the 
iet" it~clf. Thif' Wn8 the di~eovery 
of 1\1r. 'V. D. Johnson, an Ameri can 
topographer and geologi~t, who, ill 
order to solve the problem of the 
ampbitbpflt,er nllowpc! himsrlf t,o he 
lowered into Rue· h a ('revasse upon 
the Mount Lyrll giaeicr of tbe 
Sierra Nf'Y!lcias ill California. 

Let dmnl a di:-:tancl' of a hundred aud fifty fef't, he r('a<:hed t.he 
bottom of the cra.ck, :md in a drizzling rain of thaw wat.er stood 
upon a floor compos£'d of rock masses in part di:-:iodgNi from a wall 
which extencic>cl some twenty fpf't upwards upon til(> diET side of the 
crevasse. It was P\'iclent that the warm ai r of the clay producpd 
the thaw water which was constantly dripping and which filled 
every crack and cranny of the rock surface. V\ritb the sinking of 
the sun below the peaks the sudden chill, so characteristic of the 
end of the day in high mountains, causes this water to freeze and 
thus rend t he rock along its planes of jointing. Broad and thin 
plates of ice, ioosenpd by melting at the walls, could be extracted 
from the c r(,\~c(,5 of the rock as mute witnesses to tIle powerful 
stresses developed by this most vigorou.s of weathering processes. 

In short, the rock wall above the glacier, which in its initial 
stage was the upper wall of the niche hollowed beneath the snow­
drift, is first steepened and later continually both recessed and 
deepened hy an intensive frost rending which is in operation at 
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the base of the marginal cl'£'vasse. The same process does not go 
on as rapidly above the su rface of the neve for the reason that the 
nece8.'sary '{vetting oj the Toe!.' surface does not there so generally result 
from. the daily summer thall'. 
At the bot.tom of the marginal 
crevasse alollf' is this condition 
fully realized. Int.cllf'ive frost 
action where the rock is wei u·£th 
thaw wairr daily is thus a 
fuudamental CD.USf', both of the 
hollowing of the early drift site 
10 form th(' niche, ilnd of the' 
b.t.er enlargeTn('nt of thi~ ni('hl' 
into an lunphithcater or cirque 
when the dr ift has been trans­
formed into the neve. of tl. 

glacier. Inasmuch us the cre­
va.<;;se forms where the snO\v and 
ice pull away from the rock 

FlO. :.m~.- Nil'iw.!l aILi! j·ir(lul'S in the sllmo 
viciuity in tlw Bil.!;horu l\'lountuiuti of 
WYo1J)ilJ):. .1, A, Illlllll>uifil,(j '·~lJJ(·.)'!i: 

B.B, l1id,{!>i (,I, drift fiitl!lI: C. C, cirClue~ 
Oil smull gluC'iet' :liif!;;i (uflcr IJIUP by 

F. E. l\1utlH's. U. S. G, S.). 

toward the middle of the depression, t}Jp cirque wall iJl jts earJy 
stage has the outline of a semicircle. In t.he Bighorn l\1ountai.tls 
of ' Vyoming, all stages, from the unmodified valley hpads to HIP 

full-formed cirqup, may he SP{'n 11('ur 
Olle allother (Fig. 393). It will II{' 
noted that ",lI('rc'vP]' a glacier has 
formed, as indicatf'u by the cirque, 
there i ~ a scriC's of lakes which have 
developed in t}w vaJJ('), bcJow (see 
p.412). 

Life history of the cirque. - I n its 
earliest stugt' the cirque is more or 
less uniformly SUPIJlied with snow 
from all sides, and so it enlarges by 
recession in a manner 1.0 retain its 
early semicircu lar outline. In a later 

FIG. 394. -Subordiuate smllll ciT- stage a larger proportion of the snow 
ques in the nmphitheater on the 
west face of the Wannchorn 
above the Crcat .4lctsc.h Glac.icr 
of Switzcrland. 

reaches the cirque at its sides 80 that 
its further enlargement causes it to 
broaden and to flatten somewhat that 



372 EARTH FEATURES A:\,D THEIR MEANI~G 

FIG. 31)5. -" Bifl('uit ('ut.ting" cITed of glacial sculpture ill lllf' Uiuta l\lolllltains 01 
Wyoming (after Atwood). 

part of its out,line which represents t.h e brad of t.he ndJey (Fig. 
398, p. 36-1). As tbe tClTitOl-Y of the upland is still fu rther inn'steel 

Fw. 396.-Two illters('/'ti ng in\·crte<.! 
cone!! r cprcs{"lltiug gbcia_[ eirqul's (If dif­
ferent sizes. t o show Ihat thr ir intersf-{'­
Lioll is the arc of II lu·perhni» . the cun'C 
to which the coillpproximntcs. 

hy the cirqu c:o:i, tbeir nourish­
ment becomes ~till more irreg­
ular, nnd the ('in'ula r outline 
~i\'(\ fo; pb.c·(' 10 :1 sr:llloJll'd 
I,urdl' r , a:-; til(> :lInphitht::llt'r 
IJl'('uI!H':-: diff(·rt·ntiat.l·d into 
."lulloJ'ciin:ltt' :'111 :1 11( ·1' ('irqiH'~, 

each of which COI'I'p:':i ponti:-; to :1 

"C:lliop of tlw outline (Fig. 398 
:Inti Fig. 394) . 

Grooved and fretted up­
lands. - Thr pnrtiai inw'~1-

Il)t>nt h)' ci J'qu('~ of:1 mounktin 
upbmd y ields :1 t·YJ1P of t,opog­
raph~' quite unlikE' that pro­
du ced hy nny oUw!' ~pologieal 
pro(:E'SS. Til(' irrl'guinl'i'y con­
nected rpmnants of t.ilf' inher­
ited upland t(,:-{pmble not.hi ng 
so mu ch [,['; :1 Iayf'r or dough 
from whi ch bi~cllits llflve been 
cut (Fig. 395) . The ,urf" ,"l" '" 
a wllole, furrowed as it is below 



PLATE 18. 

A. Frett (.."<i up1and of the A\ps slX'n from the summit of Jvl ount Blutlc. 

B. Model of the Malaspina Glacier and the fretted uplalld above it (after model by 
L. h-1artin). 





PLATE 19. 

A. COlllOu r map of u groo,'lld upland. Bighorn Mountains. Wyoming 
(u. 8. Geoi. Survey). 

B. Contour Ulap oC n fretted upland. Philipsnurg Quadmngie, Montana 
CU. S. Ceol. Surv<,y). 
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the cirque:" may he described as a grooved upland (plate 19 A). 
A further (';ol1t.inu~lti()n of the process remm'es all tr!lCeS of the 
earlier upland , for the cirques inter~ect frOln opposite sides and 
thus yield palisndes of sharp rock pinnac1e~ which rise on pre­
cipH,ou~ walls from a terraced floor. This ultimate product of 
cirque sculpture hy glaciers is called a fretted llpland (plate 18 
A anel 10 B). 

The features carved above the glacier. - The ranges of pin­
mu.:le:-; (,fu'w,d out h~' lIlollll1ain p:la('i<'f:-; hnw' hC'l'OTllP known by 
various ll:.lJlll'~ of r(ln'i~ll derivatioll, sueh as ari:t£', gral, aiguille 

Fl u. :iY7.-A col shaped like a bypcrboili. lx-twceu Mount 8 ir D onald and Yogo 
Peak in the Selkirks (after a plate by tbe Keystone Plate Co.). 

mountains, (( files of gen.darmes," etc. They may, perhaps, be 
best referred to as comb ridges, and according to their position they 
are differentiated into main and lateral comb ridges, as will be 
clear from the second map of plate 19. 

With the gradual invasion of the upland upon which the cirques 
have made their attack, the a.rea. [rom which winds may gather 
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up t.he snow i:s steudiiy diminished, and hence cirque recession is 
eorrrsponciingiy rctnrdf'd. Cirques which have approached each 
other from oppositE' sides of til(' ridge until they have become tan­
grnt at une point rnay, ho\vever, sti ll receive nourishment at the 
sides ancl so continuC' to cut down tlw intervening rock wall to 
form a P:1SS Or cnl. The theoretical Curve 'which rcsuJt.s from 

Fm. :$!j\ooo.- Dial,:"ranl " tr, i!!u strnt .. luI' I)rogrco~­

sin' ill\·t·!'ltIIH·ul o f all upbllld h,\' cir(JUPS with 
thco fflrnlllli UIi of ('omi) rid~l~ll. cub. und horns. 

this intersection is that 
known as the hyper hoi a, 
of which nil illuRtmtioll 
i:o: affurdf'd hy Fig. :·m6. 
An approxiJlla.tion to th is 
form i~ t'karl~' furniRhed 
by mo.st uf t!lf' mountain 
pas.<;l'~ in glaciated moun­
tain districts, and a par­
ticularly good illustration 
is furnished [rom the 
Yicinit~· of (;brier on ttl(' 
lin€' of tl)(' Canncii[ll) Pa­
cific Rnil\YHY (Fig. 397). 

Upon eiiher side of the 
col the land mas:o; is left 

iill::~~:::,:~:::: : ;:;~l~j~~i~~~.I. irltcrl1lf'di .. ~te stllgC; in high relief , rising from 
a morC' or less triangular 

base (Fig. 398. JII ) into a sharp horn or tooth. An illustration 
of such n horn is furnish('d by the 'Matterhorn in t he Swi;s Alps, 
Or by MOllnt Sir DOll:lld in the Selkirks, though less noteworthy 
exa.ITIpl('~ may he found in every maturely glaciat.ed mountain 
district. 

The featur es shaped beneath the glacier. - Those features 
which are can'pd uboye the glacier - the comb ridge, the col, 
!md ilw horn - nre nIl sha}1rd ns a result. of int,pnsivf' weathering 
upon 1.hr ('irqqe w:111. Thr i-ihaping at lo\\'('r levels is accompl ished 
hy pro('rs~es in olwrat.ion below thp glacier surface) where weather­
ing is excluded and where plucking Hod abrasion work together 
to tear a"'ay and grind off the rock surface. By their joint action 
the vaIle)' is both deepened and widened, directly to the height of 
the glac'ier surfacE', Ilnd indirectly t.hrough undermining as far up 
as rock extends. Thus the valley is transformed into one of broad 
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and flat bed and precipitous side "':1l1s - the U-shaped section 
illustrated by yallrys of the Swiss Alps and in fact in all distr icts 
which ba\"e been st,rongl~' glaciated by II'IOuntain glaciers (Fig. 
399). 

As high up in the valley ~ it bas b(,(:,D occupird by the glacier, 
the bpci is rounded , smoothed , and polished, and marked by the 
chnrnctcrietic' glacial ~{'orings or 
strire ",hicl! point down the '-31- ~'" 
Jey. AboyC' the' Je\'eJ of th(' gla-
cier's upper surface, Oll the ot.her 
hand, erosion is accompiishf'd 
through uudermining ur sapping, 
a process which always lea,,!'!; 
prrcipituus slopes of ragged sur­
face mudC' up uf the joint planf's 
on whi ch the fall~n blocks have 
separat.ed from the cliff. Thus 

FIG . 399. - Th" U-shltJ)(!d I{ern valley 
ill the Sicrru \'(!\'Udil5 or Califorllia 
(!lfter \V . B. Scott). 

there is found a sharp line which separates the smoot-hly rounded 

FIG. 400. - Gluchltecl valley wall in till' Sierra Kevadas of California, 'Showing the 
sharp line which scparates the nbrudcd from the uudermined rock 8urfuee (after 
11 photograph by Fairbanks). 
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rock su rf:lee brlow from the jagged and pr('cipitolls ODe above 
(Fig . .tOO). Inasmuch as Lbif' houndury usually 5f'panltes the 
i,wtlhllJlf' frorn tJJ(· inu{'c('.ssible slupf's above, !<Ino1"\' i.~ npt to lodge 
at this l('n~1 and male it ::5trikin~ly apparent. 

If uplift of thf' Innd ocellrs whilr glaciers occupy tlw valkp) of 
mounta ins, an increased capacity for cif'epening the yalley is im-

FIG. 4U1 - Yil' w 01 the Y!dc of C'huOlonix from the 
l!1~rac~ M til t' Glacier des Bossons. Tl w :lll) of HIP 
OPfJosil !' :~ide j .~ 1\'.·11 hrought Ollt. 

partf"d to lhese ice 
streams, and we find , 
as a result. a cif'('p 
eentraJ ntlley of U 
cross se('tion f'XC'tl­

vat('d within n. rela.­
tively broad trough 
visible above t ile 
shoulder otlPither side 
of the bt.er furrow. 
Sa,,-e only for its 
c:hara('teristie (' urves, 
~uch [l. valier bears 
d ose resem.blance to 
a mat.urf' strealll val­

ley whi('h has ht'('n rejuvenntl'cl (s('e p. 173). The rrmnnnts of thr 
carl ier glacirr-carvt'd Yfl.lI{'y arc, as alrcndy stat('d, gpntl:,( cun;ng 
high terraces 80 comlllon in S"'itzcrland, ,dl('J'(' they are known as 
albs or high mounluin Illeudows. These albs may be seen to ::;pecial 
}l(iYlUltllge on tlw sides of the C hamonix v:.tlle), (Fig. 401) , tht' 
Lauterbrunnen valley, or in fact almost any of the larger Alpine' 
vnllf'Ys. 

The cascade stai rway in glacier-carved valleys. - If now, iw"tead 
of gi\'ing ollr uttpntion to t.h(' cross spct.ion, \H' follow the course 
of the vall('~' f hat bas been occ:upif'd hy a glnt icT', we find that it 
descends by a serif's of steps or tC'rrac(~s lUI ving many backward ly 
directRd t reads (plate 19), wh('l'Pus n normal and well-<,stablished 
river valley has only forward grades. BC'cnusc of t hrs£' back­
ward grades til£' stream waters Srr irnpollncle-d , and ~o lakes 
a re found strung a long thf' \'alley in chain~ a~ the larger beads 
arp found in a rosary, und thcs{' ure the characteristic rock basin 
takes ometimes referred to as U P aternoster Lakes" (see p. 412 
'Uld F ig. 402) . 



PLATE 20. 

Map of the surface modeled bymounw.in glaciers in tbcSierra NevadB8 of Ca.liforuill 
(afterI.C. Russell), 
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"",hen th" backward gr~Hjcs upon the valley Hoar nre espcr iall)' 
steep, the rock step h('('oTllf'S n rock bar, OJ' R£cgcl, of which nearly 
{,,,pry Alpim' ndlC''y ha~ it:-: ('xHrnpi('s. In u wa lk from t he Grimscl 
to ~ifeiringen muny !-;tl('h b~ln.: arC' pa:-;:-;p<.l. Carrying in suspension 
the sharp rock sand from tLf' glacier deposits along its bed, the 

FiG. 4UJ, - Map uf illl art'n urar tilt (:Ontitwlltlll divit.le in Colorado, showing IW 

unglaciated surfatt! to tIll' \\'Nil of til(' di\'kh', wher(' tlH' wC'l;tcrly winds ha ve <:Ieared 
the ground of suow, III It! tile glllckr-Cllf\'oo ('oulltry to till: NIStl'o'u.rd. Kole the 
regular forms of thCYOU11Lfu] t'irqu{'. the> glacier stairw:lY, llDd t he rock busin lakes 
(U. S. O. S.). 

stream which su('c('('ds to thr gluriN a.'i it V!lca1cs ~ts vnlley saws 
its way through thf's{' ohstructions with a rapidity that is amazing, 
thus producing narrow d('filf's. of which the Gorg<' of the AnT near 
Meiringen and thnt of the Gorner nf'llr Zermatt are such well­
known examples (Fig. ~03 ) . 

It is chararteristic of rivers tha1 the tributaries cut tbcir val­
leys more rapidly than do('~ thC' main stream within the neighbor­
ing section, though they cannot rut lower than their outlets­
tbe side streams enter accordantly . This is easily explained be­
cause the grades of the t ributary streams are the steeper, and , 3 5 

we well know, the corrasion of n valley is augmented at a most 
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amazing rate for each increase of its grade. No such law controls 
the processes of plucking and abrasion by wbich the glacier lowers 

FIG. 4030 - Gorge (I ( the A!bulu R i\'f:r llCllr 
BerkuUl il) lhc Ellgudin~. t'lIt, through a TO(.!k 
bur by tIlt' ri,'er which has succeeded to the 
earli er I!lncicr. 

its Hoor, for these procc:sscs 
Hppcar to depend for their 
efficiency upon the depth of 
the ice, and the supply of 
(' utting tools, quite as lUuch 
a;-; upon the grad(' of thC' 
bcd. To apply " homely 
illustra.tion, t1l(' hollowing 
of flagstones upon our wa(k~ 
is dependent more upon t.he 
number of persons that pass 
over them, and upon their 
size and the number of pro­
truding nails in tbeir boot 
beels, than U pOll the grades 
upon which they are placed . 
At all events we find that 
the main glacier valleys arC' 
cut deeper than the side 
valleys, so that the lattel' 
become hanging valleys­
they enter the main valley, 
not upon its Iwd , but some 
distance above it (Fig. 404). 

The U-shaped banging valleys, like the ma.in valley, are much 
too ial'gr- for thl' 
streams which llOU' fill 
them, and 1,hc'se di ­
millutiVf' sidp streams 
plunge Q\'er the stf'PP 
wnll of the main Y>1]]t'.Y 

ill ribbon-like fill is so 
thin t hat the \yind 
turns t,hcm as ide and 

disperses the water in FIO . 404.-IdeaIi!J1.ic sketch showing both glaciated 
the spray of a. II bridal nnd non-gillciu.tt.>d sitle "ulleys tributary to 8 glaci. 
veil." Such falls are sted main valley (after Davis) . 
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found by tht' hundred in every glaciated mountain district, impru t,· 
lug to it one of the greatest. of its scenic charms. 

Ai. r" 
o~_ 

U'I'pll,y 

FIG. 405. - CUlI.rlt.ctcr profiles in landscapes srulptured by mounta.in glaciers. 

The character profiles which result from sculpture by mountain 
glaciers. - T he lines which are repeated in landscapes carved by 
mountain glaciers are easy to recognize (Fig. 405) . The highest 
horizon lines are the outl ines of horns which arc eparated by eols. 

FIG. 406. _ Flat dome sh:oped under the margin or 11 Norwegi!lll icc CliP with pro­
jecting rock knobs aDd moraines in foreground. 

Minaret .. like palisades, or if fil es of gendarmes," often run for long 
distanoes as the characteristic comb ridges. Lower down and 
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lacking the lighter b:.lCkground of lhe tiky, \n' make out. with less 
distinctnC'ss the U-\'ul\ry, either with or without the albs to show 
that the sculpturing process has been int,e rrupted by uplift. 

The sculpture accomplished by ice caps. - ] n lbf' C:18(' of icc 
caps, the only rock {'xposf'd is found in ti1r neighborhood of the 

F lO. 407.-Two views illustrating SU('cl'ssi\"(' IIt:,gCS in the shuping of ti1lds 
or "b(:t'-hi\'c" m Ollllhlins. 

margin - the projecting islands known as nunataks, It is es­
sential for the existence of the ice cap that the rock base should 
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have relatively slight irregularities compared to the dimensions of 
the cap itself. Except in Ycry high latitudes this base must be 
somewhat l'kyatt'l l. [or Iik(' TIlOUl1L:.lin gbei<'r!'i it·(, caps a rC' nour­
ished by Uw :-;\ Irfacf' air currenl:), and their snows are deposited 
aboye t lil' SIIOW lin!'. 

The Norwegian tind or beehive mountain. - \~r i t bjJ) j.emper:1tc 
or trupil,;~tI diIHt':-' til(' :-;now lilH' lit's so high t,bat only the loftier 
mountainl'l :tn' abl£' to suppurt g\aCif't:o;. I t follow~ that t.hose 
whi"h :u(' fOnlH,d flo\\' upon tl'iaUvpiy high ~radf's with corre­
spondingly hi/2:h 1':11(, of 1lI0vt' ll1cnt .wel innca:;ed cutting power . 
\Yithin high btitud~·:-: tlH' :-:110W i:-i found l1earer tilt, sea Ipvel, and 
gin{'if'rf' UfP Jor 111( ' 111(1:-;1 p:lrt ('orrf'~pond;ngl.r sluggish ;n their 
mOYf'lIlellts a,-; w('11 :\:.; It's~ ndi\'f' df'lIuJing agents. 

To this ('ondition (·h:lr:lt't(lri~ti(' of high lat.ituci(' glaciers, there 
i..:i adck·cI in N Ol'\\'uy Imot!l<'1' in tlir l'f'niliar SIHlP(' of the basement 
bf'lleath the 1'('('Put find tilt· 1'\till existing glaciers. The p lateau of 
Norwny i~ inlf'l'~wtt('d hy 3 Ilt.'twork of Uf't'P and steep walled fjords, 
und the glHl'iNi'i ban' d(.lvdoppd :l.."i small ice C!1P~ perched upon 
veritabk pt'tif'1'\1 al~ of f(J('k, ()\'CI' tIlt' Hllll'gins of which their out­
let tongll('s of irt' df'~('(.I IH.I 011 :-;Ic-'pp ~IOPl':S into thr fjord. The tops 
of the pl'c1(_'~t:1j~ UIUS COlJle' to be :; II/_LJ)(,d by the piu(:k ing and abrad­
illg proce:::~(,k inlo flat <hines (Fig. -1-(6 ), while thf' knobs of rock, 
\yhith us nun:llaks H'Hth above the ~urface of the icc, divide the 
Qutfiowinp; i('p iongup:" at tlw lTlargin of the pedestal. These 
tongues being mul'll mol'(_' ud.inC' <il-nuding agents, bf'cause of their 
stN'P grnuipnts, ('ontinuaJI~' lowN their beds, thus transforming 
the' ('.ulif'r knobs of rock into high :md sf-rep mountajns of more or 
1(,8S ('ir('u lar base. Rueh II lx'rhivp " mountains upon the margins 
of the fjords are ihe ,·hnrncteristic Norwegian linds (Fig. 407). 
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CHAPTER "--\ \ '11 

SUCCESSIVE GLACIER TYPES OF A WANING 
GLACIATION 

Transition from the ice cap to the mountain glacier. - A study 
of existing gl[l.c i cr~ ]ruds iTl<'vi tahly to the {'onclu:.;ion that a lthough 
subject to sbori period ucl\'anc('s anu retreats, yet, broadly spcnk-

o 
It , 

GLACIER GLACIER:!} 

FIG. 408. - Schematic diagram to show the relationships of glacier types rorml.-d 
in succession during 8. receding hemicyclc of glaciation. 

ing, glaciers are now gradually wasting away, surrounded by wide 
areas upon which are the evidences of their recent occupation. 
We are thus living in a receding hemicycle of glaciation. 
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1\1any mouiltain distrids which now support ~mal l gla(,iers only, 
or nOlW al all, Wf'fl' oner nearly or quitP f'ubJ11('rgrd 1,('IWI11 h snow 
and i l'p. If Ol1l'l' {'l)vrn'd hy :\1\ li'l' l'nrapn{'p or t':1P, 0\11" prPRl'nt 
in tf'TeRt in t1U'll1 ll(·gin:, :It th:1i :o:tag<, i.lf thr "f'c,(,t!in/2: iwmi(':vri(' 
1phen liIf' 1'Oc/; .>;lIljnce IIfl.'O: 1I/1lr/t' il.'\ rctl/I/)"(lrr/JlCf (l1l/11'1' the ''''Uljace 
oj l/lf' .'i/II)1u-ic{! II/a.~·.~. .\ t thi..., .-;t:l,!!;t' intc\llsi\'(, fru,..;1 w()rk , tilt' l'ilarat'­

h'ri:-t,ie high k\'t~ l w{'nt llt'l'illg, ht'gins, :md ('irqu('~ d<'\'l'iop :dJOYf' 
tlw s('ar;.; of thos('('nriif'I':llllpiliUw:li(\I':-< fO l'l11 t'll in tll(' :l(I\'~II1('ing 

hl'mi('Yr]r, 
T he piedmont glacier. - I n t1d~ early :.;tng(' of tr[l_n~ition from 

t he icc cap tu the mountain gla,cier, th(_' i('c flows outward to the 
mountain front in ill-<ldlnrd streams di,-icird h.'- t,}-u." projccting 
ridges, and upon rondling tl1(' mountain front thC':;;(' :::trf':1ll1S deploy 
upon it 50 D.':; to ('onlC'5>t;(' in a gr(,:l.t stngn:mt icC' apron ,,-hose upper 
surface slopes genUy fonnlrd :It all anp;le of a [c\\' degrees at the 
most (Fig. 408, stage I). TidE; i:-; 1 he 7)iedmont (Jlac1-cT, a t.HlC 

F IG . 4.09. - r..·I ap of the r..laltUojpin:J ~!lcicr of Alasb. the best known of existing 
piedmont g lac.iers (after Bussell ), 

found to-<:lay in the high latitudes of Alaska and in the southern 
Andes (Fig. 409 and pI. 18 BJ. . 

During this stage the ci rques may be but poorly defined, and 
ice flows in both directioDs froll) rock divides so that the streams 
transect the range, and later, after tht> glaciers have disappeared, 
may e>.-pose a pass smoothed and polisbed ~pon its floor and with 
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stri~ directed in opposite directions from the highest point. The 
pass of the (;rimsf'i in S\\~itz(:'rland furnishes an excellent il lustra­
tion of :-;uc·h earlil'r t r'IIl~(·(·t ion of the rtlllgc. 

The expanded-foot glacier. - As air t('mpernturcs ("ontinue to be­
rome mildrJ' , tll(' : .. dal'ipr stn':ull:-l within titt' mountaills an'!c8s deep 
nud U PIU' P m Or{' d C'arly 
defined , Hnd il1 ~t(':I d of 
corucse ingupon tht'moun­
tain foreland , HIt>)' n(lw 
is::iuC from th(' mountains 
to form individual aprons 
and are describ£'d as ex-
7>anded-Joot IIlaci-crs (Fig. 
408, stage II, and Fig. 
292, p. 204) . 

The dendritic glacier. 

FIG. 410.-1\1:\11 uf tbe llaltoru "duf'i(!r of thl) 
HilTlala.rll~. II ty pi('a l I!I:wi('r of the delldritic 
t.r~. 

- Still !:.ller in thr hemil'ytlt' nourishment of the gla('iers i ~ di­
minished ad df'pletiun frullI Illrlting inf"r(':1 S('n, so that Uw glal'icr 
s tr('alllS no longer rl'a{'h to UII' lllountnin front. Branrhcs (~on-

Flo. 411.-Thc TrieBt glucier. 11 
hanging glacicrctscparhwd from 
the G reat AlctBch glacier to 
which it was lately a tributary, 

20 

tinue to ('111('1' til c' main vailey frolll 
the several ;.;icie valleys like tile short 
branches of a tnl1 trep, and l)ccausc of 
this arrangetnf'nt ~uch a glacier may 
br deseri!)('d :IS :1 dendritic glacif..,T 
(Fig. 408, stage HI , and Fig. 410). 

Tn:1SJlIu{'h as the deplC'tion from 
melting il1 c rca~cs at a rapid rate in 
descending to lower levels, the tribu­
tary glacier valleys If hanging II above 
the main valley in the lower stretches 
become separa.ted, and may continue 
to exist as series of han bring glacierets 
upon either side of tbe main vaUey be­
low the glacier front (Fig. 408, stage 
III, and Fig. 411 ). It must be clear 
from this that llny attempt to name 
each separated ice stream without 
regard to its relationsbip must lead 
to endless confusion, for glacier size 



i:-- iu !'lI ch ,"w nsiLiv(' adj U!-itllWIlL to air tcm pcratllrl' t hat a fall or ri ~(' 
of a. fl'w d l~~n'(':o' on l~' in tb(' llvcragl' allnll~d tel1lpera tu rt' of the dis­
trict 11l:1 )' pron' :-<uffi('i('nt 10 f u:o;(' many glacier;:; into one or separa te 
ont it ,t· Ill a:-,s into nw.ny :;muller o nes. 

\Vhcn in high iat ituof's a df'ndritic gluc'ier dl'scf'nds in fjords 
to helow t he l{,Vl·l of the :O;l'U, it i~ attacked h~- t.lIP watl'l' in thl' s:une 
mannn as ar(' Ow out l ('t~ of (~rt'(~nland glacil'rs, tLud i :..:. t hen known 

FlO. 41:!.-TI", H;.II'rjwtltJ fjurd glacier of Alaska, 
a tid('\rutf' r nlrh,ty of dcndritk glacier (after a 
lIIap hv (: arUl('tt) . 

as n II tid f'watpr glader/' 
wbich may UIU8 be n 
su btype or varie ty of the 
Llendritic glacier (li'ig. 
412) . 

The radiating (Alpine) 
glacier. - I rl ihe p ro­
gressive wa8tings of 
drndritic glacier!-i, t h {'r{~ 

('·O tll('~ a tirol' when t heir 
dpnru-i t.ic outlinrs ~ive 

pb t·{· 10 radi:d,ing: 0 11 (':0;. AU{'ntioll has :drendy h('rll c:dkd 10 thr 
di\-i:·don of the> (·irqup into suhordimd e htl~i n~ Hcpar:tted fly small 
ro('k aretp;o; and yielding a markedly ::;:;c:d loprd border ( Fi ~. ~{n..J , 

p. :~71 ). \\'I l<'n the i('e front reli rc:o; from the main v:t ll l'_\, intooll{, 
of t hc~{' Illat ure ci rque:;. the now w[l:;tcd ice st.ream i:; hrokf'll up 
int,o subordinate gi:lcieretsJ each of which occupies ODe of t,he 
basins within t he larger ci rque, a nd these ice streams 

flow t.ogether to produce a glacier whose compo- ~"" J? 
fnn (Fig. 408, stage 1\', and Fig. 413). , 
nent elements radiate like the st icks within a lady's .. ::." \~'.' 

The horseshoe glacier. - As thf gl::\c\cr draws 
near to its final ex-tinc:tion . if, ir-; crowded hurd 
against t he wall of t.he amphitheater in which it 
hilf' :->0 long be(,1l nouri ~hed . 11p to thi :.: ~t,agc it FIG.4IJ . -l\1ap 

hw·; offen'd :l ~ \\, f' lIing front, outwardly ('OlWeX as a of the Rotmoos 

(lirect CO Ilf'cqucm'e of the laws controlling its Row. 
1\0 longer amply nourished, for the firs t time its 
Iront is hollowed, a nd it awaits its final dissolu­
tion curled up against the cirque wall (Fig. 408, 

glacier, 11 rudj­
(lting glacier 
of Switzerland 
(after Sonklar). 

stage V. and Fig. 414). Practically all the glaciers of the United 
States and southern Canada are of this type. 
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The above classification is one depending di rectly upon glacier 
nourishment, and hence also upon size, and upon the stage of the 
glacial hemi('ycie. In order to determine the type of any gla­
cier it i ~ necessary to know the outl ines of the mounklin vaJley 

FlO . 414. -OlltlilJ~ ump (If Inf' A"ulkan glacier ill thl' Selkirks. u typiro. l hOriicshOl' 
glacier. 

- its divide - and thORC of the glacier Or gbcicrs within i t . It 
is likely t ha.t t he t,y-pes of th(~ advancing hellli('yl'ic of glaciation 
would he much the same, ::;uvc only for t h(' new-born or niuation 
(/lacil-'T , which would be aFi different as possihle from the horse­
shoe type, to which in Rizc it eorrespond:-;. Upon the continent 
of Ant.arctica, wbere t he :l\)Sf'n('(' of any general melting of t he icr, 
even in t il£' summPr season and near tilt> FOe:\. level, introduces specinl 
condition.s , some additional glacier types arC' fOH nd , whi f'h, how­
ever, it is not necessfll'Y th:1t w(' con:-;idcr herr. 

The inherited-basin glacier. - It may lw , howevpr, thnt gla­
ciers havp dpv('loped, not upon mountain:.; sbapf'tl ill :l ryde of 
rivpr eros io n. ) n.or yet in suc (,C's,'1ion to all ief' eap, as in th(' nor­
mal (':1$(>:-; whi r h Wf' h ilVP (:on~ider{!d. On the contr fl fY, gla('if'r:o: 
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rnay develop where basins of one sort or another have been 
inherited from the preceding period . In such cases inherited de­
pressions may become more important than the auto-sculpture of 
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FIG. ;115. - Outline map of the IIJeci1/cwllf'i gJucier. Ull inherited-basill glueier in 
the Sclkirkos. . 

the glacier. Glaciers which develop under such conditions may 
be described as inherited-basin gla.ciers. 

:\. pfLrtly closed basin bet\Veen ridges mAY supply a collecting 
ground for snows cn_rried from neighboring slopes by the wind l 
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::md so ID3'y j;eld a broad neve, approaching in size a small ice cap, 
yet without df'velopiug definite ice streams exeept upon its border. 
Such a glacier is lhe lliecillp\\"net glacier of t.he :';elkirks (Fig. 415). 

Again in 10·'1\" l[ltjtude~ the high and pointed volcanic peaks 
may pu~h up h{'yond the snow line into the upper atmosphere, 
and :-;0 be('ome' :o'llow-('aPIwd. Definite cirques do not de\'clop well 
UllciPl' tbf's{' eirrllmstan{'ps, and the loose materinls of whi('h such 
j)eaks are uhmy;.; l'ompost'{l are uttacked in somewhat irregular 
fashion from th€' different. :-;jdes. This is the case of Mount Ranier 
and Fimilar peaks of the Ca::;cnde mnge of North Am('fi,~n. 

Summary of types of mountain glacier. - In tahular form t he 
\'arious t,\'pes of mountain glacier mny 11(' :ur;Ulgcd a~ fullows: 

MOFNTA[" Gl:ACIERS 

P1:(·I[IIIIIII' rll(lc'icr. Mountain vullt,:>,!> entirely oc('upiod and iHrgtlly 
submerged. with O\'crf!nw lIprlll ibe for(;'land 1.0 form a. common ice apron 
through {'oa,ies('('u('(' of m'il!hhoring strea,ms, 

E.rpand{·d,/o(J( glaC!:('r, '-ltIlI'Y ('nlirel." OC('Upif'd and I~n m'erflow upon 
tiJf' foreia.nd suf'fi('il' lll to pror.llwc individu1,1 iN! apron. 

Drndrilic (1IndfT. ,"' filley 1101 (·omp\et.ely O('('UpiN\ hut wilh tributary 
ic(! ~t.rcall1 S mngt,d aiong til€' !'! ides of tllf' ma.in sln'am, and wit.h hanging 
glaci('rots s{'para t{'ci u('ar th(' giM'if'r foot, 

Rftdialill(1 ulad/'r. ('.hu-icr Ia.rgely included in a C1T(JUI.' wi\'h subordi­
na.lp giaf'ierets ('ollverging below like the sticks in a. huiy'i" fall. 

Horseshoe "Incicr. Small glacier remnants hugging the ('irque wall 
and bM-ing a:n in('urving front. 

htheriled-b(L~in glacier. Of form dependent on a basin inherited a.nd 
not. shaped by the glacier itself. 
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CHAPTER XXVIfI 

THE GLACIER'S SURFACE FEATURES AND THE 
DEPOSITS UPON ITS BED 

Th e glacier flow . - The downward fl ow of the icc within n 
mountain glnt'iPf ha :-: heen the suhject of many investigations and 
1.1l{' topic' of mall~' 11('ated disCllSsiolll" ~ill("e the timf' when Louis 
:\I!;I :-;:-:iz :lI\d hi:-; (~olllpaniort'·: S(,j tl lin(' of stnkes a(-rD;O:s ttl(' Aar 

f 
J.!'i:H'if'J' and llumhpJ'(·d ttl(' !'lIrf:u'{' howJrl_PJ"R in 

prl'parHtion for f{'p<':ltcd OhSE'fvations. TllPir 
fir:-:f oh:'('rvat ion "'!IS t il:! t thc l im' of stakes, 

r \ whi{'h h:ld run :o-trnight acrofiS t hf' ginder, wal" 
dir-:lor1ed into a l'UfVf' whic:h wa~ com'ex down­
:-;trt'iHll (Pig. -Hi I , A'), thus Rhowing that the 
,,-;urfa('f' l;t,rcrs have more rnpid Illotion in pro­
portion as t hey a re dist,ant from til(' !'ide mar­
gins. :-::ummariidng the!"£' and laier r:t,uci ies, it 
may be statf'd t,hat, the glal'i~r in('r~m;('s it ... raJc 
of motion frum its side margin to\\"ard~ itli t'f'U ­

Fw. 41fl.- lJiHJ!r:tnl ter linr. from its bed upwards toward:; its :;;tU­

t.oillustnltl." liwllIi- f:t('e, and below the neve the velocity is greatest 
grntiOll1l of lillt's or 
IItakes crossing n 
J!]a.cif'r. due to its 
surfa!'£' mon'mcnt, 

where the fall is greatest nnd a lso wherever the 
cross section diminishes. In all t.hese particu­
lur:o;, then, the ice of the glacier behaves like a. 

.-\.Wi\~\\\,"'\ ~\\"'m stream 0; water. The average rate of fiowof 

~~S~~~I~':~:~: '~~~~,: Alpine glaciers varies from a few inches t o a few 
original find dis- feet per day, and is greater during the warm 
torte<! forms nf U 'summer season. The Muir glacier of Alaska 
:~a~:~:;~~~f(\~! hili' been shown to move, at the rate of about 
nCllr it.. .. margin : T. seven feet per day. 
r', diagowl.l en.'- In traveling from the neve downward to the 
"08Ses. glacier foot , t,he snow not, only changes into 

ice, but it, undergoes a granulating process with continued increase 
in the size of the nodules until at the foot of the glacier these may 

390 
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be picked out of the partially melted ice as articuiHting balls the 
size of the fist or larger. Glacier i<:c h:ls therefore n structure 
quite different from that of lake i('c, sinc(' tile- latter is developed 
in parallel needles perpendicular to the frcez.ing surfa,ec. 

Crevasses and seraes. - Prominent !Surface indications of glaw 

cier movement arc found in t he open cnlcks or crevasses, which 
a re Uw m:lrks of its ~'i('l d ing to tensional st r(,.,,:-;('r-;. Crt'vuSR(,S 
: ~ r<) :lpt t n rlln <,it Iwr dir(·(·t , I~' a(TO;;;S t tH' gl~ {'i N, whC'Tcn'T t,hcrr is 
:1 ~k('p dr . ..;('('nt IIpon il:-; hf'{l , or dial!;(lnally. running ill frOl'n lilt' 
mar,!!in :llld dirf'(:h'" up-gi:H'i{'1" (1', f, r, or Fig. 41fl), though thry 
oc('al"=ioanlly run Inngit IIdin:tll~' wit h 1111 ' gi:wil'r wtWTl t hr'fl' is 
a roek terrace al UH' :-; i(~{' of lil t' nd l('y IH.!lW:Lth t he il:p. Thl' 
diap;onai lTevn~~es a t the gi:lt'ipr m:lfgin arr due to t.he more 
sluggish movement where the ice is held back by fri ction upon the 
wa lls of t he va lley, a s will be c1 t'~u frolll Fig. 41G. Tlu" square a 
h[l ~ h.v this movement been d istortpd in to the ]ozeng(' (/', so that. 
UlE' linp xy ha~ " erJl l~xtended into .r'y', with the oll\'i()u~ tf'nrif'nc,Y 
to open cn u.:ks ill the din~('tiun .... >;. 

Every gi:H'if'J' f.; uri::l.Ct' hplo\\' its n {o\'l~ i . ..; m:lrkl'd lIy 1'1l'PS or 
terraces, whi('h :lI'(' well undf>r:i1ooc! to on'flip corresponding step:;; 
of t he c:asc~dp st:1il'way to bp SPf'1l ill all v:u:ntp<! gln cipr vallf'Ys 
(pbtf' t9). ' f'h(' 'RtCf'P ri~prl" of th{'~f' ~tf'PS are u,:-;uaB)' ll).urkl'd 
by parallel crevasse~ whidl ('ross the gbder. llmh,'r thr rays 
of the S Ull , which strike t hem mor(' from O I)P side than from 
the other, the sliees intu whieh th(' i('c' 
if; divided are transformed into sharp­
ened blades and needles whi ch are 
kno,,'u as straes (Fig. 401 , p. 376, ,md 
Fip:. 417). 

The nUITH' rOUR Cr f'VClSSf"R tell us that FlG.4 1i.- TraLH~YN"I'erj'\'a&;(:1l 
tht' ite is many limes wrf'Il(:hed lIpart at the fall Lelow a J!1:u·j(·r slt.'p 

during its journey down the glacier. f~:l;I~~~~;~:~~ll~; ;;~:~:I.llm l'tri ­
This hns bern illustrated by some-
what grewsome inc: idents cOllnected with lwcidcnts to Alpinists, 
but as they illustrate in some measure hoth the mode and the rate 
of motion of Swiss glaciers, they are worthy of our consideration. 

Bodies given up by the Glacier des Bossons. - In the year 
1820, duriug one of the earlier ascents of Mont Blanc, three guides 
were buried beneath an avalanche near the Rockers Rouges in 
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the nrl'e of the Glneier des Bossons (Fig. 418). In 1858 Dr 
Forb(',s , who had 1Jlc:1sured the rate of flow of :3 nwnbcr of Alpin 
glaci('r:::., predic1C'd that the bodies of the \'ictin\s of thi!-'. 3.ccidcl\ 
would be g-in'J1 up by the glacier after heing cnt.omhecl from thirty 
fi ve to forly years. In tbe year 1861 , or forty-oue years after t.b 

FIG. 41l\. - \ 'i(,w of thl' Glacier (icij BU;J~QILiJ UrlOll the s[opeii of 1\10111 Blulh'! sbow­
ing tilt, lJQai tiOll of u('cidcuta; to Alpinists !Iud tlLe plilce of reappearance of theiJ 
bodies. 

d isast,er, the heads of the three guides, separated from their bodies, 
with some hands liud fragments of clothing, appeared at the foot 
of the Glacier des Bossons, and in such :1 state of preservation that 
tb('), were easily recognized by a guide who had known them in 
life, Inasmuch as these frugrnents of t,he bodies had required 
fOl'ty-one yeal's to travel in the ice the three thousand metcl'~ 

which separa te the place of the accident from the foot of the 
glacier, the rnt,e of movement was twenty centimeters, OJ' eight 
inches, per day. 

\ 'arious separated parts of the body of Captain Arkwright, who 
bad been lost in 1806 upon the neve of tbe same glacier, reap­
peared at its foot ufter entombment in the ice for a period of tbirty­
one years. To-day the time of reapl)carance. of portions of t.he 
bodies of persons lost upon :Mont Blunc is ruther accurately pre­
dicted, so that friends repair to Chamonix tQ awnit the giving up 
of its victims by the Glacier des Bossons. 
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The moraines. - The horns and comh ridges which rise above 
the glacier surface :lre ('ontinunll.\' ~ubject 1.0 frQ,o;;L w(-'ntbering, 
and from timf' to timf' drop the.ir M'pa ra ted fragments upon the 
glacier. Falling us Lhe~p do froIn considerable heights, Uwy reach 
the ic;-c under a hiJ,(h \'('\ocil.)", :lnd rehounding, ~onH'ti m('s tnlVei 
\\"pll out upun iti'i SUrf:I(' (> lwfol'(, (.'omin~ to a t,Clnpor:.1r~' resi. l"pon 
n frci"ih snow surface of t il(' n('\'c th('ir tra('ks mny sometimes be 
followed with i bt' eye fol' (,(jJL<;iderahle distances, :lnd their full 
is n const:mt mClla('(' to Alpine elimber~. Br'!ow the neve the 
larger number of such frag­
ment~ remain near the 
ditT, ftnd the line;; of floll" 
of the icc with_in the gla­
cit:r surfac-c al'e such that 
hlocks whi ch reach points 
fart.her out upon the gl:l- FlO. 419. - Linc!! of flow UPOIl tltt> flUrfUt~(' uf the 
riel' are later gati1ereJ in Hilltcreisferuerglucicr in thc Alps (uftl!r Hess). 

beneath the cliff at tbe side (Fig. 419), The ridge of angular rock 
d~brjs which tbus forms at thr side of the glacier is called a 
lateral moraine (see Fig ... Ill , p. 385, mId Fig. 420). 

At the junction of two glacier 
streams, the latcml moraines arc joined, 
and there move out upon the icc sur­
fa{:e of the resultant glacier us [I med1:al 
moraine. Thus froJ]) the number of 
medial moraines upon .n glacier sur­
f[lc(' it is possible to sny t.h!lt the im­
portant trihutary glaciers number one 
morc (Fig. 420). 

The plucking and abrading processes 
inopera.tion beneat,h tile glacier, quarry 
the rock upon its bcd, and after shap­
ing and smoothing the separn tpd rock 

FlO. 420.-Latcrztl and medinl fragments, these are jncorporatcd \,,;th-
momilH'8 of the M CT de olace in the lower layers of the icc as engla­
and its tributary icc streams. cial rock debris. In spaces favorable 

for its uccumulation/ a portion of this material, together 'With much 
finer debris and rock flour, is left behind as a ground moraine 
upon the bed of the glacier <see Fig, 421), 



:1!)1 1':.I WI'II 1,'!iA 'rl' RES .I:"\D '[' HEIR ~IEA)i I :-':U 

AI dlt' fllllt of lilt, gi:tC'il' I' li1(' J'('btivt·!y angular roc·k dehl'iR, 
wiJic·h ha~ been c~trI'i ed upou Ul(' surface, and the soled a nd polished 
("Il,gI:_H'ial rnntt'J'ial from near the bottom. are alike deposited in a 
('ommon ml.u·gill<.ll ridge known as the lenm:nal or end moraine 
(plate 21 B) . 

Selective melting upon the glacier surface. - The white sur­
fa('(' of UH' ,!.dnri('1' ~rn('rnlly reflects n !argf' proportion of the sun's 

Flu . 4;!1. - Jdl':d {'rOII,:-sccLioll of II lll()uutuin glaei(,f to ~Ilnw the position (If 
nloraiut·~ IUU] lither pcculi:J.ritif's charuc· t.crislie of LIlt- sUrfal'(l of the L..ed. 

I':lys whidl Tentb il l and its more rapid melting is largely a('l'om~ 
plishecl through the :lgency of ro('k fragments spread upon its 
surface. Suc:h fr3g11)i'nt~1 however , promot,e or retard t he melting 
pro('(';-,:, in invcr::ic proportion to their :-;izc up to a certain limit) 

~ = u yer wdrrned by .$\In, 

FlO. 4!!2. - Fragments or rock of different sizes, to Bring out their different 
effects upon the melting oi tbe glacier surfaoo. 



A , Yiel" of the H !U"\'urd Gluci, 'r , AliLSka, ahowing the cil:J.rnctcristic tcrmc('s (ufter 
C.:',. Gr:wl). 

B. Ttl(' terminal. moraine nt the foot of a mountain glacier (after Ceorge Kinney). 
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Jlnd nbove t,hat. size t,heir act.ion i:,- always t,o prot.ed t.bc gJucier 
from the sun. This nice acijm;tment. t,o the si7.(' of t,he rock frag~ 
ments will be clear from examination of Fig. 422, (cu' rock is a 
poor conductor of heal, and in O\'en the' lon~t..·~t SUllllll£'r (b~' !\ 

j,hin outer layer only if' apprpt'i­
ahly warmed. Large rock blO('k:-:, 
:.;roup(,d in the mC'ciial and Intend 
m:>n.tines, hold back the proCCSl'i of 
luwering t he glacier surface during 
t he :::;Ulnmer , !:iO that late ill tilc' 
t;C;l:sOIl t besf' moraine!) ~tand fifty 
fcct or more abovE' t.he glacier as 
armored iee ridgps. 

I solated and large fork slah~, :u; 
the season advanec:" rnay ('olne to 
forlll t,he ('nppinp; of an i{'(' IwdrHla l J~lO. 423. -:imull ~ll('ipr t",hll' UPOll 

which t,hej' o\"rril:lIlg ~l1lrl are known 11\(, I'llrfar(' of til(' (;rcut ,\Jetsch 

[.6'" gl(((;/(',. /(fMc.'? (Fig. 423). Such ~lcl!'ier ill 1(/(, .... . 

tabl(')" th(' SHn atta('k_...; more upon 011(' :-; iri{:' than upon the oLb('r, 
:"0 t h:li thr r-;lah indinrs more and more to tilt' south nnd runy 
('\'('ntua ll~' :-: Iip down unf.il it :;:, cdg('~ rf'sL again ..... t. t.he glacier sur­
[Nce. Hounded bowJdf'r.<;, which Jf'.IO,<; frf'C!lIcnt!.v hf'comf' perclwd 
upon it't· pede~tals, mny, from a similnr pro('c~s, :-:iid(' down upon 
t,he southern side and Jea\Tc a pyramid of ire furrowC'd upon thi~ 

side and known as an ice pyrmnid. 
Fine djrt. whpn !"catt.ered Qvpr the gla.e]e.f SUrfHl'f' hi, on thf' at-hpr 

hand, most effective in lowering its level by melting. Usc was 
made of this knowledge to lower the great drifts of snow whicb 
had to be removed each season during the construction of the 
new Bergen railway of southern Norway. En.ch dirt particle, 
being warmed throughout by the sun's rays! melts its way rapicUy 
into the glacier surface until the dust well which it has formed is 
so deep that the slanting rays of the sun no longer reach it. When 
the dirt particles a re near together, the thin walls which separate 
the dust wells are attacked from t he sides in the warm air of sum­
mer days, thus producing from a patch of dirt upon the glacier 
surface a bath tu.b (Fig. 424 d). At night the water which fills these 
basins is frozen to form a lining of ice needles proj ecting inll.'ard 
from the wall , and this, repeated in succeeding nights, may 
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entirely close ttw basin ",it,h water icc a nd prod uce the familiar 
gla('ier 8lar (Fig. 4:24- c). 

If the di rt upon t he glacier surface) instead of being scattered, 
i:i so dispUfiCd us to make a patch completely covering the ice to 

a 

.... ;:. 

GIl:. t S c. h. ~(' S t(:!.('" l'\. 

C 

b 

~ 
, c"'-

Bag~~ ;'';<i 
d 

Toll: , '1~4 . - I·~ffl'rt:< of difT"f('lltiul lJI('Jtinf; find i'lUbll{"{IUCBt rdri}(!zinl,! upon the 
j!bril'r l'IurraN'. (I, dll!'oT wpll s: n. glat"if'rl!IO produrf'd h;\' mdtiug about 3 group 01 
snUlerl·d dllst purli r· l{·s: r. d!.lcicr star pfodu{·(.'d wl1('11 the inclosed wuier of tbe 
~\a('icr Wf'1I has froz('lI iUlJucrcssin' Ili~ht!j; II, "huth tllb." 

the tbicknes~ of an inch or morc , the eff('ct i~ altogether different. 
Prote('ting as it now does the icc below, a local irc hillork rises 
upon its site ns the su rrounding surface is lowered, and as this 

FIG. 425. - Dirt COlle a Dd one with its casing in part removoo. Victoria glacier 
(llfter Sberzcr). 

grows in height it declivities increase and a portion of the dirt 
slides down the . ide. The final product of this shaping is an 
almost perfectly conical ice hill encased in dirt and known as a 
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debris, sand, Of di1't cone (Fig. 425). The novice in glacier study 
is apt to assum.e that these hlack cones contain only dirt, but is 
rudely Hwakened t.o the rcalif,), when he attempts to kick them to 
picers. Both glacior tub~ and debris COlles may assume large 
dimensions: us, for example, in Alaska, where th('~' may]jr properly 
described "s lakes and hills, 

A patch of htlrd and dense sno\\'" which is 1{'ss ('asily melted 
than tha.t upon whic:h it rests mn~' lead to tht' furmation of snow 
cones upon the gl::tci<-'J" ~urfacc similar in !-;ize and SllHJl~ to the 
better known (..l€·hri:-; (:QIH'S. Hueh t'O IWS of SIlU\\' h~l ve, with 
doubtful proprif'ty, IJeen c1esignnt.ed "penitents/' for i t is pretty 
clear that til(' intt"ff'sting bowed snow figures , "'hid} rf'ally rp­
;;cmble penitt'nts and \vhirh werp first described from the !'outhern 
Andes lIndpr the flame of n:iel!c:; penill' ldc8, :lre of somewhat Jif­
fercnt {'haractcl' . 

One further i('e fcrrturp shnpc·d by diffrrentini melting around 
rock partide~ relll!tinH t.o be mentioned. \Vhcrcver tbf' sCHsonal 
snowfalls of the !lenS are exposed in (,l'eV:1SSCS , they arc gcner::L1ly 
found to be sep.'lr.'lted by Jnyers of dirt, .'wd lines of pebbJes simi ­
Inrl~r separate tJl0se ict' layers which a.rC re-vealed at the foot 
of t he glacier. In either case, if the !'un's rays can reach these 
layers in an opened crevasse, t he half-buried 
rock fragments are warmed by the sun upon 
their expose-d surf!1ccs and slowly nlf'it their 
way down the ice surfa(!e, thus removing from 
it a thin layer of snow or ice and causing that 
part above the pebble layer to project like 
a cornice. This process will go on until the 
overhanging cornice prot.ects t,he peblJI('s from 
any further wlli'ming by the sun, hut (':tch FIO.4:lG.-Schemat.ic 

lower pebble layer that is reacbed by the sun dilJ.b'TUJIl to allow till' 

'will produce an additional cornice, so that :ra;::~c~{:~::!~U 
the original surface may at the bottom have 
been retired by the process a number of inches. Thes features 
are described as glacier cQrnices (Fig. 426), 

Glacier drainage. - Already in the early morning of every 
warm summer day, active melting has begun upon the surface of 
the Swiss glaciers. Rills of icy water soon make their way along 
depressions upon the surface, and are joined to one another so that 
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tilt,.\' :O:(I llwt i(j)l;' r> [onu bJ'ouks of t'onsidel'uble size (Fig. -t27 ). Suet.! 
SLI'f'anl i'o ('onti nIJ t' Lhpir ~t'l'pentine I'our~{'s IIlltil tbese- urI" inter­
spc'1l'd IJ~ ' :1 l'I'£'\·U • ...:Sf' down which 1lit· WHjPJ'S plwlge in .R whirling 
\'urit'x wh'I!' \! ~oun dp\·t-lops a \'(' I,tical :-ihnft of rircuiuJ' ~ect,ion 

withiu til(' iC' t o
• ;-ltWll :'lliafts with Ull·iJ' d!-'f'('f'nding colunw:;; of 

Fr ., 1 ~7 - :->!!;,,' I'cli ... i,,1 " II',-alll 111'011 Ih, · G r','at 
\I,·t,..,·h ~J:CC'i(·r. 

\\ 'Ilirlingwntcr ~U'(' tile 
wpl l-knO\nr lIIuuf.in81 

or .. milt~,Jl wllicb 
IllUY be detected from 
a distance by their 
gurglingsounds. The 
first plunge of the 
wnter may not reach 
t<J t he bottom of the 
~Iacier, in wLiei] ea1';C 

UIP stl'f'am find!'i :1 

P:I."iSflg('W:lY lwio\\' tl1(' 

:-iurfu(:(' but. auovp till' 
fluul' unti l :ll\ut 11('1' 

(·I'(·\'~I....: :-;t ' i . ..; I'Il('Ountl'l't'tl :lIHI a Ilf'W I'lull,!.!;(' m:lciC' , \11'1'1' lH'l'itap:-; II) 

the IJullonl. ()ltI'I' llpillt 111P v:dlt'y Ht}{tl' til(' ~tl'('arn j:-; joirH'd I))" 
o1,I1('l's, alld pur;-;uI's il:-, C' OUI':O;P wil bin !'In ict' t unnp] of its own 
rnakin~ (Fi).!; . .,\2\. p. :~91 ) until it i~ :;Ul"'ii :It. tlw glrwit'l' front. 

Tbp ('oarst'!' of t III' rock debris which wa~ gathered up by tltc 
stl'{':UJI upon til(' ,!.,dal.,jN surfacp i~ drpositrd \\rithin thf' tunnel in 

impprft'rt as'-;(Irtmf'nt (g:r:lvpl and ~!1nd)J whilf' al l finer lllat.f'l'i ;_ll 
:lI1d t"~lt lifl('d fro III t 11(> flour (rock flour ) is n·tain(,d in ~u ::;prnsion 

and gin's to the (';:Icapinp; st,n'n.lll its opaque white nppenrunce. 
This gllll'ier milk mn~' ~1'lwra\ly he traced br down thp v!lBf'~':S or 
out upon Ul'::' fOt'dand, :md i~ oftt'n thr tr:.\Vd€'r' :o:. fi r~t indi('.n.tion 
1 h:!.t :l ningC' which lip il'i :lppro:l{·hinp; :o;uppOI't.s glaciprs. 

Deposits within the vacated valley, - Fur {, Vf'ry excavation 
of thr higil l"1' pl;rtioll:'< of the' upland t,hl'ough glacia l sculpture, 
then' ii; [\ {'orl't'spollrlill~ d('po:-;it of Uw (>xcavnt.{'d IHtLterials in 
lower l('w'I!:\, F;o far 31"i tlu":-'>(, matl'rial:-; :lr(' (kpo~itpJ direeHy by 
the ic(', tll('~ ' f{lrIl1 til(' lateral , Illt'di:ll. ground , :lnl l tf'rlninfl l TI1ofainCF: 
:lII'C:llly df'f..:,nilwd. A ('ol1sirit-'l'ab ll' proportioll of them are, how­
ever, drpo:-;itecl by tLf' wn.tt'l' outside tbr t.f'rminal moraine; but 
:lS with the shrinking glacier the ice front retires in ha lt ing move-



Iw..'nls over tlw art'a {'arliN il.'f'-<'{I\'{'I'I'd , 1.h(' It'rlllillltl llIorain<.· . ..; art· 
ranged a.long til{' V:lC';ltt'd Y:lllpy n ~ r('ce~''fi()I1(11 /llOra im· ... , '·<.1('h with 
a I'crlll'y trairl of outwa:-;h bC'luw, About the' apron of till' pi(·dmon1 
glacier , sueh deposits art' parlicularly !I('a\'y {Fig, -128). During 

FIG. 4:!~,- l dt'1t1 form of 1!1(, ;llIri:Wi' It'f, fill III(' silt, nf t il<' 1qm,Il of II pi",hn'lIll 
I.;laf" il'r. AI, II1 (Jrailll' : 7'. outwash; (', IJll .~ill usually ot'('upi ('(i b~'l1 1(1),,1'; /) , dn,'I1-
litiS (after l~t'tl Ck ) . 

tile " ic:e agf'" the Swi:05~ gla('ipr:::. pxtended down the \': 11lf''y~ Iwlo\\' 
t he existing i ~e remnan1~ :mtl ~rr{'ad upou til£' kwisf; forpland .. IS 

great piedmont glaciers f;u('h n.'" ma~f now h{' !:leen in Alaska. To­
day we find there morail]{,s and glacial outwash) a lake in the 
middle of the apron sit,p, and ~ollll'lin1{'~ fI group of radiating drum­
linf; like thos(' fount\ within th(' ire lobes of thl' continent,at glacier 
ill southern ' Visconsin (Fig. 420, and Fig. 344) p, 3 ] 7) . 

FIG. 4_~. _ Moraines and drumlins about Lake. Constance upon Lhe site of the 
earlier piedmont glacier of Lhe Upper RhiIH!, The whiLe area outside tb(' outer­
most moraine iM buried in glacial outwash (after PeDck and Bruckner). 
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Behinu til t' J'cc('s~ i o nal 11loJ"nim's wi thin the glaciated valley nre 
found 111(' \":111<,), Illol'!linf' lakes (Fig. 448, p. ,n~), in associat ion 
with till' rot l\. ba.si n lakc's dul' to glad:l! scuiptul"f' ( Fig. 4-17, p. 412). 
Aft-l'l" til(' gbcilT has \':L(':d(·d it ~ ,,:till '}, til(' prp('ipitous Rid e walls 
IH'(:u llle t he lU'('Y of frostwlIr'l,: and an' L11 1' ~(,l'l1f'S of disastrous 
:l\,;lbnc!w:5 or \;ullh,lidl'i'.. Wit.hin Uw l'irqu{"i;, drifts of sn ow are 
lloUl'isIH_'d long arlp/, t he iec has disappeurpti , and as u consequPllce 
the :unpiLiUJ('tltc l' walls !'i uecumb to t}l(' process of ~olifluxion 

(1'. 153). 
Din'!J'sion s Hnd 1'('\'crEals of cir:tinnge, which are so cbaractpristic 

of the work of (;ontin r ntfli glaciers, are hardly less common to 
glttd:ltc'd mountain districts. :I\1any of Ollr most bf'autiful watcr­
f~ dl s ha\T' rl':1u lied f rmll pith('r j he' t. t mpur:lf'y Or })('rnwu('nt ob­
:--t rurtioll of e~II 'l i ('r vn llc'ys ahon' tht' falls. TIl(' fLllll OUS l 'oselllitc 
Falls ofl"f'I':-i an intprl':,ting illu~tr;ltilJn of ttl{' flhifting of ~U1 earlier 
\\'atcrf~l ll , it.-;clf no doubt, du(' to ict' blocking iu :1 stil l earlier glacia­
L;on (plate 22 B). 

Marks of the earljer occupation of mountains by glaciers. ~ 
1 ( i~ W(·n that \,'(, ~ho \,_\ld now bring toget h{'1' within :1 small compa,ss 
tho~(' c \'ldplH'E':-< hy " 'hi (' h the ('x i ~t( ' n t:{' of ('[lrJiP I' mountain gla(,iers 
mny h(' pro\'('11 in any di:-il ri eL Thl'se markl5 are so d (,e' pJ~' stmnp!'d 
upon th e iallci:-:c:.lpe that 110 unE' ll(,(,U err in thc'ir int.t'l'pr('tation. 

MAnr;:s en' MOt iNTA 1N GLAC'H; HS 

l1 iah-1cl'1'I ~rul,"u n'. The groovf'd uplllutl with it :; c irq ~l e:;, or the fretted 
up\ul\d with its drquc~, \·u\s. horn», and (~omh ridg(' ll.. 

I.AJUI-/rl'c{ .'I(:u/p/urr. Thl' U-ShiL!)Ctl I1llliu vllll,'y. lhl' luwgillg sidl:! 
nLiil'Ys with t boir ribhon f:.LlI ~, t he g \;.wi (lr stairenS(' witb its rock ba.rs and 
gOl'gf'~, t il(' rOLlnded. poli~hed , 'Lnd s tr;u,l(·d ro(·k floor . 

{)t'1)o~i(6. TIH' r{'('e'6~\oml{ mora,incl; of t il{ and (b('. va.ney trains of 
sand and gray('I, tbe soled erra.tio blocks deri vod <1iwnys from hjgher 
levols of t bo "aUn. 

La/':(~. The valley moraine lakes and the chains or rock basin lakes. 
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CHAPTER :(X[:( 

A STUDY OF LAKE BASINS 

Freshwater and saline lakes. - Lukes require for t.heir exi::;t.· 
ence a basin within which water may be impounded, and a supply 
of water morc than sufficient to meet. the losses from secpngt' and 
e\':lporation. 1f there is il surplus beyond whnt is Il('ccied to Hied. 
tht'se losi:ics, lakes have outlets ~Uld remain fn'tih; their CUIlH'ot 

of mineral rnutter is then too .-ilight to he detcded by the pabLc. 
If, Oil the other hand , ~upply is insufIicif'nt for oV(.lrflow, continued 
evaporation results in ! l concentration of the mineral uontpnt. of 
the water, subject as it is to conti nual augmentation from th£' in­
fiO\ving i:itrcmns. 

As we have se(.'n, thrfc are in flfras of ~n1;_dl rainfall spp('iai 
weathering pro('pss(':; which tf'nd to Gri ng out Liu' ~alts frum the 
interior of rock 111:l.l:i5eS, l.h e:5(" ('ol1(,l'l1tra.1('d ~al ts gt'Jl('rally first 
app(>uring as a ti urfa('(' ('ffiul'('scco('c whi('h is ultimat.ely transf(' rr('d 
througu the ageucy of wind and cl oudburst to the characteristi­
cally saline dcserllakt's. 

Lake ba.s_i n;; rna.,)' be furlllcd in many waYE. Dcpr(';;siOlls of 
the' Ia.nd surface may rpsult from tectonic movements of til(' ('rust; 
they may be formed by excavating procetiscs; Lut in by far the 
greater number of instanc('s they rcsult from the oiJstruction in 
some manner of "alleys wbich were before chflracterizcd by uni­
formly fonvard grades. In relatively few cases loose materials 
arc beaped up in such a manner as to produce fairly symmetrical 
basins. 

Newlan d lakes. - On land recently elevated from the sea, 
basins of lakes may be merely the inherited slight irregular it ies 
of tbe e3J'lier sea. fioor, in which case they may be assumed to be 
largely the result of an irregular djstribution of d('posits derived 
from the land. Lakes of this type are especially well exhibited 
in Florida, and are known as newland lakes (Fig. 430). Such 
lakes are exceptionaily shallow, and are apt to have irregular out,. 

2 D 401 
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lim':-; and ('xtrl'IIl('ly 11)\\' hUllkt-. Pmh'r th(,St, ('ir('UlustruW('s, they 
an' ~OOII filil'li with a rank p;l"Owth of v('gl'tatiun, ~o that it i~ ~om('­
t.in)(':o; diffi,'ult to propC'rly di~t illl!lIi~h lakr :tIllI marsh. 

and Mar.sh 

FlO. -t·:m.-l'vl:lJ) and uingram tn hring out tlw dlara(·t,'rl~tirs (If ucwhwd lukes. 

Basin-range lakes. - N('wl:Ultl bk(';-; mny he said t.o bave thr';r 
(I,.j~in in HIl llpJifl of th{1 lanel I.mel ~t'a Huor n('ar t,h('ir common 
lllflrgin. A lake type depf'uclf'nt upon movement;:; of the em'th's crust 

hut within intRrior :lreM bas hpPIl dE'scrjbpC] as thr basin-ra.nge 
type and is exemplified hy the Warner lakes 01 Oregon, In this 
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distl'iet great n~c t:ll1gull\1' blo(,ks of the eartll ':50 (, I'ust , ",1,ic'li :" Uwil' 
llpper purtioJ);o; .:11 iCQs t ~!rf' ['omposed of basaltic lava,,,, hll\ '£' under­
guile vertiral adjustments ill level a.nd have b£'f'TI tilt r d so tbat 
Ulf> (.'orr(~:::po nding cornf'rR of l1f'ighboring hlock:;; h:1.v{> l)('en given 
.'l. simil:tr dl'grh-' of dO\\"I1-
tilt ( Fi~. ~3I J . Luk,·, 
formed in t hi:-i wny arC' 
of triaugullll' outline, al'j' 

bounded on the two 
~hort('r ~id('s by t'liffs, 
but }w\,(' ('xtrPHlcly Hat 
shores on thrir longest 
sic\(l. From this shor{' the 
wafer inCrNl"'(-'S gradu:-tlJy 
in depth :lnd !Itt:lill:-l ;, 

maximullJ dt'pt.h at <II' 

ncar ttll' oppo:-:if.(' ~lnJ!:l('. 

Rue·1! lakt,s n:ltul':tl ly 11('-

11';(." a \C'lId t' l1t'Y to :ll JIlI'ar 

Fill , 4;1:..' , - R")U'Jll:llil' di; ll-:r!llll ~ I •• i!J".'1lr:ltl ' t l 'l' 

ill :'(''-;/>:''; ( Fig, .. t12) , :LII<I :1I'C' unfol'tun:ltt-l,v mu('h too often i ll 1J,':;~ 

1rakd t)ll :I ~m : \. ii :-,('aif' aftt'l" :1 f.; !I{\W('f hy th(' 1ilh'd 1,luc'ks of 
impl'rft'c,tly lIl:ld(' ('('l)wn1 sid('walkiol , 

Rift-vall ey lakes, - AnoUIC'J' type of lakC' iJa.;;;in which bus il~ 

origin in fau1tl-'d block Il1QVetnentii is known !lS t il t:' tift· valley lake, 

F IG, 4:-S3,- RchcDlatic diu.gr!l.l'l.ld of tift-" alley lakes, !Uld till' rift \'a!l t':'>' h{ tlli' JMdu,n 
witb thO' DO'lid K";I u lld lIlt' :-;.':1 I,f l ;~jJil~'t, II" n'Tl1UtU llS of It lurjlcr lak, ' ill whi!'h 
their busiul! \\'.',.,- illi'[ud,'d , 

and is lX'st C'xC'mplified by t hr great lakes of ea.<.;t Crntral Africa, 
In this type ~L stri p of crust , many t imes [l.5 long as it is wide, has 
been reifLtiv(:'iy sunk betwf'en th£' blocks on either side so fl.!;) 10 
produce n df>~p rift, or what in Grrmany is known as a Graben 
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(trC'llch). Sud) a. basin when occupied by water yields a lake which 
i~ long, ~trnight, d{'C'P, and narrow, und is in addition bounded on 

FlO . '134. - Map show­
jug th(.· rift-ntl1ey 
lakes of enst Central 
Africa. 

the sides by steep rock cliffs. At. the ends the 
shol'('s are g(~neral1y hy contrast dccidt'dly low. 
If the hard rock at the bottom of the lake 
could be examined, jt would be found to be of 
the sume type a.;; that exposed near tbe top of 
the side cliffs. The valley of tbe Jordan in 
Palf-':-;tine i:-; a rift of this charader and was at 
one time o(~cupied by a long and narrow lake 
of ",I,ioll the D,'ad Sea ,md the Sen of G,ililee 
nre the f"xist illg remnants (Fig. 433). 

One of Uw most strjk.jng ex.'lmplC'~ of a rift 
vnlley !:th' is Lake Tnngallyika, while AJbert 
Ny:mz:1., Nya:";~!1, ::tnd 
lludolf in the sume 
r('p;iun arc similar 
(Fig. 43·1) . 

Earthquake lakes. ­
The complex adjust­
I1lf'nts in level of the 
surface of the ground 
at the time of sensible 
earthquakes are many 

of then1 made apparent in no other wflY 
than by tile derltllgcments of the surface 
water. Tllis is at sucb times impollnded 
either in pools 01' in bro~d lakes, which 
inasmuch as tlJ(>Y date from known earth­
quakf's hnw' been caUru I( earthqunke 
lnkps,!l ('ven though ill a strict $Cnse any 
l~lk<> wbich ful.S originated ill earth move- F:~kc:3:i::;I~;~~hio\;~1~ 
ments might properly be tegarded as an in the flood plain of the 
earthquake lake. To avoid unneces~ary lower Missiasippi durillg 

<:onfusion, the term must, however, be rc- ~~~te:n~t~:;~;;YB~~ 1811 

stricted to thosp lakes which are known to 
have been formed at the time of definite earthquakes (Fig. 435). 
Reelfoot Lake in Tennessee, which in late years has acquired 
undesirable notoriety because of tbe feuds between the fishermen 
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f the district and the constituted authorities, is a iak(" more than 
wenty miles across and came in10 exist4?n('(' during the great 
arthquakl' of the fower Mississippi v::dl('~' in 181 L. 

Crater lakes. - The craters of volennie mountains are natural 
asins in which surface watcTti arc certain to be coll ect<'d , provided 
Illy the supply is sufficient and seepage into tbe loose ma.terials is 

:G . 436. - View of lake in Poas Crocer in Costa Rica, a voll'arne crntcr more 
than half a mile acr08S and with wlllls SOO feet deep. At intc.r'-Bis there is au 
eje<:tioD of steam mixed with mud and ash aft(!f the manlier of II. geyser (after 
H.Piltier). 

)t excessive. Some craters, still visibly more or less active, are 
:cupied by lakcs (Fig. 436). 
In the larger number of C.'lses in which craters become occupied 

". lukes, the evidence of continued activity is lacking, llnd it would 
)pear in such cases that the lava of the chimney bad consolidated 
.to a volcanic plug. closing the bottom of the crater. Notable 
'oups of crater lakes are the Caldera of the Roman Campagna 
' ig. 437) and the so-called maare of the Eifel about t he Lower 
.hine. Crater lakes are easy to recognize by their circular plan, 
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their steep walls of volcanic materials, and their considerable 
depth with a maximum neur the c('nt cr. 

On{' of th{' most remarkable of tiH'::I(' water-filled basins is Crater 
Lak(l in Oregon, \\'hich has a di3lm·tcr of [( bout six miles and ii! 

FlG. 4;~i . - Dia~rUIlJS to illustrate th f1 characteristic!' of ,'ratl't lukes. The ROIlHlD 

CIlDlPfllt.U' i ~ a plaill formed (J/ ,'O/("flfli,' ash. with the' ('rater hlkel; 01 BraedwlO, 
Yi(·o. and HlIl sC' lI o attul1g('cl Oil u IiiII' lrtl\'crsitll! it. 

hcliE:'Vf'd to han' rrsui ted from t}ir incH\'lllP; of [l ~J'('at volcanic 
{'one in 111(' \llh-'St. stag(' of it.s :u·1i"ity. This rcmarkable featurr 
has no\\' b(\('n madf' :l mltional park and will soon be c(') llvrni(.'nt ly 
rC.1('hed hy touri,<;t~ :md ('olmtpd ODr of Uw grcatest n!1.tufe wondf'rs 
of the l")aeifi(' ::;10r)('. 

Coulee lakes. ~ Far mort' impol·tnnt as Jakel' a rc lbol-if' yulcanic 
basin!; which aris(-' from t he How of a Rt.r (.'Ull) of lava at ro:;s tilt' va l-

FIG. 438. - View of Snag Lake. a couUe 
lake with lava dam shown in middle 
distance (after Fairbanks). 

It'.r of .'1 riH_' r 80 HS to impound its 
waters (Fig. 438). 

At the t ime of the great erup­
tion under Skaptar J 6kull in 1783 
the river Skaptar and mMy of 
its t ributaries were blocked by 
the flow of lava, which it is esti­
mated exceeded in bulk tbe mass 
of Mont Blanc. 

MOTainal l akes. - As we havt 
learned, the obst ruction of drain­
age, due to the distribution of 
rock d6bris bycontinentaJ glaciers, 

has yielded lakes in almost countless tlUmbers. Probably n inety 
per cent or more of the known lakes have had this origin, and the 
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yp<> is so common wi t iJin tht' OIl('P glrll·iat<.·d regions t ha t it forlll~ 
erhaps the best di:.:.t illgll i~h ing mark of fOl'llwr glaciation. Thf' 
ummocky surface of morainal deposit.s is ~o chara('t.eristic that 
he lakes of this tY I1I:.' a rC' nevrr yer)' Iflrge and are correspondingly 
'regulal' in outlim'. Tlwy ha v(' oIt("n num('rous ishUlds, and their 
anks are formed of tJw ('omhinl:l t"ion of rock flour ::tnd j('('-worn ma­
"'riul s kl]mrn il.'i !.ill ( Fig. -1 39). Th(' r-:rn:tllf'~t of thc' moraina l 
d;<>s are mere kettles on thr margin:d moraint ', :lnd 111(';;:.(' rapidly 

F IG. 439. -:Diub'Tums to il1usttat.c the l·hllra!'lr-ri"th-s of moruillu.l bk.., ... amI u. 
SIUllplc mup of ~lIch lake::! from th(_· ~1u1·i:L1(·d rl'gioll (,f :-';orth .·\llu·rit·l\. 

BCOm(' repiaf.:C'u b~' ])(.·at bogs. 1 n {'1.)1ltrast with pit lakf's. rna-­
tinal lakes latk Ul f' ~trl'p surroundinp; slopes :lnci tilt' enci rcling 
lain. 
P it lakes. - Th(' so-call t·d pit IakC's have thf'ir origin in ('Oll ­

nental glaciation I and arc found in group::; within broad plains 
: glacial out w3..;;h (mainly sand and grave!), which are for tids 
~a.so n cieRcribcd as II pi tted plain.;: II (see p. 314). Thosp areas 
hich lay hf'tw('l'n Iwighhoriuj.!; io\')('s of the icf' shret wet£' !'iubjrct 
) part iculrtrly iwuvy d('posit~ of outwash mat{'rial , Rod art, in 
msequcnce, parti t' ularly likely to b€' o('cupird hy pit lakrs. As 
~ been pointrd oui in an earlier section, t he water derived fJ'OIn 

)rfact' melting within t he marginal portions of [l ('ontinrntul 
ac ier descends to the bottom in the crevasses und thereafter 
ows in an ice t unnel under the same conditions as water flowing 
l a pipe. Having in most rases [l. considerable head at t he out.er 
largin of t he ice, this water may rise and issue well above the lower 
e layers and so cover a portion of the ice margin beneath sand 
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oml grn vrl (Fig. 4+0) . Scparated blocks, cften of massive pro­
port ion~ , rrf{' thus buried beneath nonconducting materials by 
which they nrC' l()n~ protected from further melting. EYentuallYl 
how('ver1 with tbe approach of stillluilder cl imates they disappear, 

FlU . '1-40.-Dillgrarn to show t.he maQner of formation 
of pit bkes, 

thus causing thC' ow·rl."ing sund and graveJ to descend .'lnd fOTm a 
pit of st('f'P \r/lll~ Sirllil!1r tu thp samlust. pits over melted ice blocks 
within uur sto rehouse~. 

Pit inkps :trl' thu~ easily recognized uy their occurrence usually 
in groups within a plain of glacial outwa.r:;h md by their charac-

Fi r:, 4~ I. -Dillj.1;f:lnl >; to illustrate thf' characteristics of pit lakes aud n sample 
lIlap [rom the gbciatcd regiou of North America. 

teristic bonks inclined at. the angle of repose of such maicrials 
(Fig. 441). 

Glint or colk lakes . - It has been fou nd to be tru e! of existing 
continental glaciers that whcre their Inass has becn held back by a 
mountain Willi, their current at the- portals within th is rampart 
becomes greatly accelerated. Though the upper layers of the 
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gJacier jn tho vidnily Jllfly 1110V(, fon\'llrd with !t velocity of but an 
inch per day, the current within the outlet may be as much as 
seven hundred or a thousand timc~ :18 grt'at . In UlRllY respects 

FIG. 14:l.- Dillj!rrLm to show tllP llUl.llLH'r of fUfloati!111 of !!lint rlr outh'l Ia}';P~ Whl'N' 
tlw continental Jl:l:wicr of RC:lUdiuu\'i:l is.''lWd [rom the Ihltj,.. dl'Jlrc~i(ln lh~ugh 
portals in jts moulLtuill rampart . 

these conditions arc similar to tilos(' ahout tli<' racewny of a reser­
VOlT where the llL'Uf-by sllrfa('(' of I.b{_' Wtltcr is lmvcred by the in­
dmugbt of the outlet and the current in t.he racewa,y is so acceler­
ated that, unless protectHl , thf' bottom of til(' racr is carrird :lway 
and a basin f'xcavatf'd whieh extpuds n short distance hoth ahove 
and below the position of the dam. ]n Holland suth ha.<.;ins hul­
lowed out b(_\ocath breaks in tht" dykf'S arf' known a.~ ('olk~. B:l:5ins 
which were (:'xcavated beneath the ~1a('iPr outlf'ts by ~l. :simil:.tr Pl'O­
Cf'SS would not be open t.o our 
inspection until aHer the ic(~ had 
disappeared from the region; 
but it is most significant that in 
Scundiullvia, where :the Pleisto­
cene continental glacier. advanc­
ing westward from thf' Baltic, 
was held jn check by t.h(' escarp­
ment a(the Norwegian bouncl­
:try (the glint), lake basins have 
been excavated in hurd rock 
whose wans show the abrading 
and polishing which are charac­
teristic of glacial sculpture, and 
wbose positions are such that 
they lie beneath the former out,­
lets partly "bove and in part 

FIG. 443.-Map lihowilll.t 1\ series uf 
glint lakeK whic·h lie :i t,'rolls the Inter­
national Uouudur:v of Sweden Hnd 
J'\orwlly. 

below the line of the escarpment. Their position in reference to 
the rampart and to the former outlets is brought out in Fig. 442. 
The largest of the glint lakes of t,his series is Tornetrask in 
northern Lapland (see p. 277 ruld Fig. 443). 
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Ice-dam lakes. - Whenever a continental glacier, either in ad­
vaneiug its fron t or in retir ing, li e~ across the lines of dr~Linage upon 
their downstream side, water is impounded a10ng the ice front 

so as to form ice-dam lakes. Such lakes 
a re found to-day in Greenland and ill 
the southern Andes, and simi lar bodies 
of wat.er of far greater size and impor­
tance came into existence in Pleistocene 
time..; each time tha.t the continental 
glat'i<"'s of northern ~ ortu America. 
and E urope' advancf'd upon or retired 
from su itably di rected river systems. 
T hus above the Baltic depression, when 
the ice front lay t,o the eastward of the 

FI~ia::r~tI,~.~~;I~lhcJ(lf~:~)t (~~ main watershed, each easterly sloping 
ntl ley W~\S obstructed by the ice llild 
occupied by an icc-dam Jake (Fig. 444), 
t he beaches of which may all be traced 
to-day (Fig. 4·15) . 

tilt' lute Pkietol'Clle gltleier 
of northern Europl" and the 
dh'jdt: Jll"1Ir tIl(' t\Qrw('gi,'111 
lmundary (after O. de (;ccr). 

One side of each ice-dam lake is formed by an ice cliff at the 
glacier front" and if the rf'gion is Tfl) atively flat, t.he rema.ining 
shores are likely to be form('c1 by a margimll moraine wbjch the 
glacier has abandoned in its retreat. ]0 their smaller stages, 
therefofr l icc-dam lakes on prairie country have the form of a 

FIG . 415.-'Y:lYC-cut. terrace at an clcyation of 177.5 meters above sen Oil i.he 
southern slope of the northerll Dais valley nQrt,h of Bagge<iu.ien in SWL"(ieu. To 
the right ill the foreground is a peat bog (after Munthe). 

crescent, which is the more pronounced because the waves by their 
attack upon the ice front. flatten the curvature of its outline (see 
Fig. 360, p. 330). 
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The life of nn ice-dam lake is begun and ended in important 
changes of glacier outline, and after the draining of lakes by this 
process the land shores may be traced in beaches, and the il'c mar­
gin by a water-laid moraine of low relief (Fig. 35!), p. a30). 

A much smaller but in many respects simi lar iCf'-dam luke is 
to-day to be seen at the side of ,the Great AJetsch glacier, a moun­
tain glacier of Switz('rlancl. T he tnn:eler who Jnakps t1w easy 
asCf'ut of the Eggishorn may look directly down upon this crf's<:cnt­
shllped luke with its ioe cli ff on the glacier side (see Fig. 446) . 

FIG. 446. - View of the l\H.dcJea Lake at thE' side or the Grcnt A.l('tsch glaciec, 
seen looking dircctl,\' down from the summit of the Eggishoru (aft er 8 photo­
graph by L D. Scott). 

Glacier lobe lakes. - Upon tho sites of the former lobes of the 
Pleistocene gJacier of North America BIC found t.he basins of the 
Laurentian River system, the largest freshwater lakes in the world. 
T here has heen much controversy concerning the manner of fo r­
mat,ion of these lakes, but the vie,,,,' which has seemed to have the 
largest following is t hat they were excavnted hy the eroding ac­
tion of the continental glacier over t he drainage basins of former 
rivers. It is but one pbase of the long controversy between op­
posing schools, which have advocated on the one hand the efficiency 
of glacier ice as an eroding agent, and upon the other its supposed 
protection from the weathering processes. The positions and thf" 
outlines of tbe severaJ IHkes of t.he series sufficiently proclaim tbeir 
connection with the former glacial lobes, and the name ,\'hicb we 
bave Mopted leaves tbe exact manner of their formation a still 
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OPPD qll('stion. The recognition of the importance of the glacial 
antic'ydolle, in giving shape to the ghtcier surface and in effecting 
a tramif(~r of snow from the eent ra l to the marginal portions, has 
had the {'freet, of emphasizing the relative importance of erosion 
undf'f thf' marginal and lobate portions. Thus the importance of ice 
lobes ha:-; ))('('n gn'n,j ly acecntuateci, though this applies only to 
the shaping of till' baHim; :-md not in any important way to the im­
pounding of the present waters. The present Laurentian Lakes 
OWl' tiwir ('XistClll"f' to the el('yation by successive uplifts of the 
('utmuy to til(' northward and eastwlLfci , sinet' thp glaeier retired 
from Ill(' la k<' region. \VheD tht' icp front lay t.o t he northward of 
Ul(' 01!:nnl RiH'r, til(' di!:'f'lmrgf' of thf' uppf'r l akf'~ wa.') by a channel 
Ihrough N ipi,<.;sillg Ri\"('f and Lak(' :tnd t h{'ncf' down the Ottawa 
Hi \"('r to :I gulf in 1 Ill' \0\\"('1' ~t. LflWf('Il{'('. Thr uplift of the Innd 
ha:-; had tit(' ('ff{'('! (If ra isin!.!; :\ hllrrier where the former outlet 
('xi~t('d, and div('rting the' wnt('f;-; 10 a roundabout channel by way 
of Dc·troil ,,,,d Lake E ri c' (epe Fig. 365, p. 335). 

Rock-basin lakes. - TIlt' r('\"('rsecl grades which develop in a 
val"')" dcc' l)('ncd by mountain glaciers - thr ba"k-t ill-ed trcad, of 

~m 
L
~ 
Gl~ 

0i''''''¥6 f 

'£10. 4Ai.-Thll.gntIDS to mufltrate tbe arrangement ana the cbaracters 01 rOCK­
basin In.kes, together with a map of such lakes from the Bighorn Mountains in 
W yoming. 

the cascade stairway (see p. 376) - furnish a series of basins 
hollowed in rock which are strung along the course of the valley 
like pearls upon a thread, or , far better, like the larger beads in a 
rosary (Fig. 447). This characteristic arrangement accounts for 
the name II P aternoster Lakes " which has sometimes been applied 
to them in Europe. Their positions .... jn series within U-shaped 
mountain valleys, and their rock shores with characteristically 
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smootbed and sLl'iat,ea surfaces, In:lk(-, thefll ('n.sy of determill~­
tion. In the higher portions of tllP valley, ,vhC'rt' the treads of the 
cascade stairway are relntively n:i1TOW, ~Udl lake:-; art: often ap­
proximately {'ircular in (lutlhw, hut ill t hc· IU\\,f'!" It·vp!:-: und upon 
\\~ider trcad:-\ tlip), nlay be rihholl -like, tlLtJug;h hlk{':-; of thi:-i type 
a.re to u large t'xteut repiu(·,("d in I hI' 10\\'1--'1' If'vt'I :-: hy UlI' vail ey 
moraine type or :l (jombinatiou of ttl!' two. 

Valley moraine lakes. - TIl{> r('cPssion~1 moraines ",hidl mark 
the halting stations of mountain glaciers, while retiring up their 

Fill. 44~.-Coll"ict Lnkc, u lnlw llC-bind U nl ot:J.i!L!' dam within (I g1ueiatt_'(_\ \'ulloy 
of the :-licrra NC\'!idas, California (aftN fl photograpl, by Fuirbu.ukll). 

valleys, form dams in the latN river and so produce a type of lake 
which is in contrast with the l}wnljnaJ Jakf's which result from 
continental glaciation. Thf'Y may, t hf'refore, be distinguished 
by the name valley Ut(trQ1:ne lake~. Their positions on the bed of a 
U~shaped mountain valley, and the glacial materials which com~ 
pose the darns, are sufficient for their identific,ttion (Fig. 448). 
Moraine Lake and Lakp Louise in tht' Canadian Rockies are typi~ 
cal examples. Rock basin and valley mornine lakes may occur 
in alternation or combined in mountain valleys. 
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Landslide lakes. - The sheer-walled valleys which are carved 
by mountain gluC'i{'l's are too steep to long retain their perpendic­
ularitv when the support of the glacier hu.':) been removed. Aided 
by the ever present joint planes, which admit water to t.he rock, 
they suceumb to frost action, and further give way in avalanches 

{rbenever the rock 
is of sufficiently 
porous material to 
become saturated 

FlO. 44~J. -Lake bnsins produc'!'d by Burc{'ssive atidea witb water. Land­
slides sometimf's from the s teep wulJs of :1 g/:Iciuwd JllDunt.ojJj l'fillc.)' 

(after Ruasell). 
occur successively 

unt.il the original vn llC'j' \\':111 hns b('('n rf'pi:)(,f'd by a tprraccd ~]op('. 
The treads of the steps in this terrae€' h:1ve gf'llcrally n backw:ll'd­
sloping grade, so that basins are formed to be filled by relatively 
long nnd l1;lftOW bk(~s or by successions of small pools (Fig. 449 
and plat< 23 B). 

" ' hen the antlancbed mat('rial is so disposed as to dam the \·>nl­
ley, mu ch Inl'ger lakes of this type come into existence. During 
an ea rLhq uake which occurred on January 25, 1348, there was a 
landslide within the valley of the Gail , 
Carinthia, which destroyed seventrcn 
villages and produced a lake which 
c!ven to-day is represented by a great 
llnfsb, 

Border lakes. - Whenever moun­
ta.in glaciers push out their fronts 
beyond the borders of the mountain 
range by which they are nourished, 
they spread upon t.ne (orel:lnci in 
broad aprons about whi ch morainic 
accumulations are partieularly heavy. 
This elevation of morainal walls about FIG. 450. _ Lake Cn rdn, a 
the margins of the aprons yields natural 
basins that are occupied by lakes so 
soon as the glacier retires its front 
within the vaUer. Because such lakes 

border take upon the site of a 
piedmont apron at the mar­
gin of the Alpine highland 
(after Penck and Briickncr~, 

are found at the borders of upland districts they have been called 
border lake.. The beautiful Lakes Constance, Lucerne, Maggiore, 
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Yiew of the Americull Full:lt N ia~urn. showing t he ut:clilHuiatioll of rocks b~l)cuth 
(art~'r Gmbu,u). 

B. Cr~'stul Lnkc, u la ndelidf: luke in Colorado. 

(photourapll by H (1WUmd BaliCTo/1.) 
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Lugano, Como, and Ga.rda. (Fig. 450) , on tIle borders of the Alpine 
highland, arc :111 of this type. 

Ox-bow lakes. - The cutting off of a n1(!uncirr within tlw flood 
plain of a river )r1('lds ft lake whil'h is of hor::i(>~hot' (ux-uow) out­
line und lies p;l'l1crally with low bunks within ft plain ('omposed of 

:~IIT .~ ",II, 

FiG . .j,'jl.-Dbgrams LO brin~ out the chamrll'ristit,s of OX-~IW bk~s, tugethcr 
with u nmp of &uch lakes from the flood plain Qf the Arkaol!Us River. 

r;,reT si lt. Beforf' scpurating from the parent stream U}I" JnNmder 
bad bpgun to si lt. up, especially at the ('nds. Ox-how lakes arC', 
however, relativC'ly deep ncar tbl' convex shore lUld correspond­
ingly shallow toward til(' ('oncave margin (Fig. 451 ). 

Saucer lakes. - A.s we have iearnC'd , a river meandering in its 
flood plain has banks which are higher than the average 10YeI of 
the plain! for the rcason that at flood time the main current of the 
stream sti ll persists in the channel! thus allowing the burden of 
sediment to be dropped in the 
relatively slack water upon its 
margiu. Because of these naturnl 
embankments or levees) tributary 
streams a.rc often compeUed to FlO. 452.-Diagrarnrnatic sectiOn to 
flow long distances in nearly par~ illustrllte the fonnlltion of snucer-

allel direction before effecting a ~~~U!:S;~wi~~~:: ;!:ct I;~~~~ of 

junction. Between the t runk 
stream and its tributaries) likewise bounded by levees, and be­
tween streams and the valley wallsJ there thus exist low basins 
which are more or less sauccr-sbaped (Fig. 452). At flood time, 
when the levees are overflowed or crevassed! water' enters these 
depressions, and an additional supply ma.y be derived from the 
walls of the valley. Good illustrations of such lakes are furnished 
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by Lht' nnw pl:;lin of t,lI(' [('rIner riw'r 'Varrrn ncar the baIlk~ of 
t he present lVliunesoi.a Hi v(,T (Fig. 453), 

L 
FltL 45a. - Sllu l'cr lakes UPOIl the hed of the former ri n : r Warrell (from the 

r..·linut·!l.polis sh\!ct. U. S, G. S.) , 

Crescentic levee lakes. - As we approach the delt a of a. river, 
the siz£> and importance of the levee increases, and here a new type 
of I"VN' In);; £' may de velop in seTit's (Fig. 454) . At flood time the 
lever is breaehed nrar the point of sharpcf.:, t, ('urvat.u re on t hf' ron­
vex sid f' (Fig. 4.54 0). '''heD the watt'rs an ' sub~i d ing, the cur­
reut is kppt away from the old channel by the rising ~rade of the 
levee as well as by the inertia of the current, aud an entrance to 
the old channel is first found below th~ ncx"t ('hangp in curvature 
of th(' meander , sinc(' here sCOur becomes effective in cutting 
through the levee. The new channel is t hus established in t he 
form of 8 Joop inclosing tht, old onc, a nd the process of lcvee buiJd­
ing now erects .a waJJ about the terri tory ne"'ly acquired by the 
meander. T his territory bas the form of a crescf'nt , and wben 
occupied by water produces a crescentic levee lake often joined 
to its neigh bors in series. The nbandOlH'd cbalillcl now closed 
at both end~ by levees may be occupirrl b~' watt'r to produce a 
subordinat,e ri bbon t)l Je of curving t rotll'h (Fig. 454 b, c) , 

Th E;' importance of levees in obst ru c,ting drainage to form la kes 
is only beginning to be apprcrnatf'd. It hal" qui1 f' r('ccnt ly heen 
shown that wben trunk streams are grputly ~wonpn and hurdenf'd 
with sediment while flowing from a re(,cding ('ontincntaJ glacier, 
they rna.), build ~u {'h high levees as to aggraci(' their tribu1,a ry 
streams abo"e t.be juod-ions, even producing reversed grades 
and SO impounding tb(' waters to form (';o..ir nsivr lakes . During 
the I( ice age" lakes of t his t.ype were formed in Illinois and Ken-
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'. ::. ~ ;.: '. 
;si~r ' 

F IG. 454.- Levee hkcllo d t'v!'lopf!d cOIl('cntrie!lll :r in series withiu mculld() rs of u 
IItrculIl tributary to the l'IIi.s.<iissippi lLud flo will l!; u Jlon its deltu phdn. b :Lnd care 
e Kamples of the ribbo l1 fy p{:' of le\'('I' lake d Uf' t<J oc'('u patio fL o f tlJC tLbandoncd 
river chaunel. The lurgr'r uuml wr of lake'"!, of whi l' h :;i p Luke lind T cxas Lake 
arc cxamplcs, bl\\"(' the fo rm of (' rc!!('cntt:; a nd Ii !· bctwcrm a buuda lll'd k vc66 (from 
recent map of U. S. G. S.). 

tucky rivers just ahoVl' j,beir junctions with t he Ohio. T he old 
lake floor with its ca.'5tern ~hor(' linf' and it!" protruding islunds is 
easily made out. upon the' nl'w lopognlphic mapR of Kentuck-y. 

Raft lakes. - \Vithin humid regions the El ood plains of OUT larger 
rivers a.re generaiJy forested , und as the river swings from side to 

2E 
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side in its prrp!'1u::ti me::mdrrings, th!' timber which grows upon 
Uw convC'x sid<, of ('Iach meander i:i p"ogrcssivcl'y undermined by 
the rin.'!" ::tnd fdlpd upon it.s bunk. TIl(' prostrate trees remain 
upon the hanks during the low watN of the summer season, to be 
g~lther('d up 111. tilt' tJime of Hood in the next spring season. ]t 

i;-; log jams thus ~t('quir<>d \\'hich so genel'ully block the main tlWll­

nel of n rivl'I' and turn the current across the neck of the meander 
when cut-ofT:,; Ut'cur with t,he formation of ox-bow lakes. ' Vh('n 
the muss of timber thus gathered up by the river is excessive, us, 
for example, wi thin the ftood plain of the Red River of Arkansas 

and Louisiana, huge log rafts are pro­
du{'('d whi ch dam up the river so effec­
t,ivl'iy ns t,Q J)J'oducc t,emporary lakes. 
The impounded waters soon find an 
Qui,lpt over the levee a.t some point 
higher up the river, and the waters 
HalVing off through the timbered 
hotLolIl lands, other logs are caught 
by the standing timber 3.'3 in a weir. 
/!... second dam is thus formed which is 

FI~;. 455.-R~tft. lukl-s nlollg srpnrntf'cJ from the initial one by open 
til(' IllUlks of th~ Red Hiver in water, and in this way the driftwood 
ArkansM.li and Loui;;.inllu at dum acquires enormous proportions 
their full(·~t, n·r~)rdt·d devu\op- a.."!! it gradually moves up the river. 
~.e~~ G~~~~r A. C. Veatch, After a period of perhaps a century 

or more, the lower sections of the 
jam become decayed and dislodged so as to float down the river. 

In the low6r Red River a great raft of alternating jams and 
open water reached a length of about oue hundred and sixty miles 
and moved lip the river at the average rate of something less 
than a mile per year. \Yithin the limits of the dam all tributary 
streams we~e blocked) so t hat secondary lakes were formed in a 
double fringe about the main river (Fig. 455) . The great raft 
which formed here in the latter part of the fifteenth century 
has now at the beginning of the twentieth been largely removed 
and measures have been adopted to prevent it s re~formation. 

Side-del ta lak es. - It is characteristic of river drainage that 
tbe tributary streams enter the main valley on steeper gradients 
than the trunk stream at tbe point of junction. Wherever the 
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difference in velocity of the two streams at the junction is large, 
and t he side st ream is cbarged with sediment, a delta will be 
formed at the mouth of 
the tributary stream. 
Such deltas push out 
from the shore and may 
eventually block tbe main 
ch .. :lIloel so as to form t1 

more or less sausagf'­
shaped expansion of the 
river- a side-delta luke. 
Traverse und Big Stone 
L~lke:"i in the valley of the l~LG. 45(;. - Tilt:' SWl:!s 1:.tk{'g ThUll uud Brienz, 
Warren River in Minnc- f()rnll'd by (hdt~ls at !.lw jun('tioll of etrCulIl5 

tributary to 118tl.:cp ... wallcd vlIlIey. 
sot~l have been formed in 
this way (Fig. 35-1, p. 326). Lakcs ThUll and Brienz ill the Swiss 
Alps atc of similar Ol'igin, the beautiful city of Interlakcll being 
built, upon the delta plain over the valky of the c:lrli-er river 
(Fig. 456). The Mississippi has similarly been eXflanckd to form 
Luke Pepin above the delta at the mouth of the Chippewa River. 

D elta lakes. - A somewhat dif~ 
ferent type of delta lake has been 
formed in Louisiana, where the 
"father of waters ll discharges into 
the gulL Here the various dis~ 

tributaries radiate from the main 
channel to produce the I I bird -foot" 
delhI type and the toes in this foot 
by their junction with the banks 
which outline the ancient. estuary. 
havp separated in succession a series 

FlO. 4-,57. - Dc:ltu lakes formed at of basins that before were in direct 
connection with tile sea (Fig. 45i). 
Lake Pontchartrain is the largest 
of tblS series, ,""bile the so-ca.lled 
Lake Borgne is in process of 
separation. 

the mouth of the MillSissippi 
through the junction of the levees 
of I radiating distributaries with 
the shore of the estullry (after 
Berghaus). 

Where large deltas push out from the shore into the open sea, 
the levees which border the individual distributaries are at.tacked 
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by t he wUn';; ::ind tilpir J1)!)t('riai :" :ll'(' tl':m ~p(Jl'lpd h~' the shore 
currents :HIU huilt ihlO uRrl'il'I':'. . Thp))c iJarriers cut on' the re­
Nli r:mts I,el \\' (>('11 lleighbori ng di~tributa.ries ~o !tS t,Q produce 
lagoons O f' I:1kt·;-; ( Fi J!:. -1 r,x ). 

A t ' ~'Pl' "I' df·It:1 lakl' . ",I Ii 1'1 I IlJ UIT n';·wlllilit-,:-> till' :-; iLit '-Jelt.a lake 
abow' d(':"( '!'il J('d, h:t:-; fOf'ltu·d :It ttl{' flllJU Lb of til(' ('(Jiuradu River, 

wlll'rt' il t'ntt'I':o:. the Culf of Lower 
(_' :tlif()['uia. TIl(' lmperial Valley 
I)~ing tv tue north of t.his delt.a is 
thp desiecut"d floor of the earl ier 
Gulf of L OWN California which has 
bc('u ('aptu l'ed from the sea by the 
delta of the Colorado. The rampart 
(If moun1ain~. hy whkh tbis valley 
i!'; ;-;urroundpd, h:t:-; ('ut it oR' from 

FltI. ·L'")t-.-,\ t _qJl' "f d,· lta [ak l ,,<; :111,\' w~ll p r supply d f' I'i\'rd from 

:~tl;::~~:~1 ::;:<1 I';:;;'I\'~ ill!llt IlP;IJ:,trrifll.~: doud~, :lnd it~ Wtltf'r~ bf ing no 
011 rht' IIL11rl!ill I\f till' dr·lta nr 'lIP IIJH).!:tl' rl'lH'w£'d froll1 tit£' Sf'tl , thf' 
)\'ili' r: irlt'r :-\1I1'!lll l, r(·.t!ioJl h~l ~ p:1S:'Ipd t, hI'O U,~h a pcriod 

of df':-\i('ttltiun which bar' !pft the 
Salton r:ink : l ~ t llp oIlly t'xi;:;ting ['( ' HIlUmf of tlw {':lrlipr l:igoon. it 
will he rrlllPllliwrt>d thut (_'tU'(-' il':-;s Olwl'atio llS in diverting distrihu­
tmirs of t 111' t 'oi(Jratio I'N·rn 1.1 y I'l~ver:-:('d thiR prol'P::;s so that the 
waters rOs{' in till ' vall 1:')" , [Lnu ('xpf>llsin' en"lPrgenl'y operations 
-were ll('('PSS:1fY in orclrr to a.gain turn tit£' wat.ers of the Colorado 
into tb('ir ae(.'ustollwd channel!';. 

Barrier lakes, - Thr ~:llton Sink illust,ra.t('s a type of lake 
whie)] is fOfllwd at the border of thr sra through the erection of 

F Hl, 4 59, - Dillgr:uu,; I f) ilJustr!\tt; tllf' /'jmro t'leri >Jtic'ij uf Ilarrier lltkes, with 90 

f',S"f1.mplc from t.he southern coast o f th!' hllHud of K!lIlt1Jcket. 
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some kind of barrier whi ch captures a small area of the ocean's 
surface. T hough such hlk('s may be prop<'riy c\(':;{'ribeci as ~trancl 
lakes, it is usually at. the mouth of a ri w 'f tiull th(' prU(' C8S Iw­
comes effecti ve. The' tummOIJ typP of borrier lakes is found 
df','eioped Oil most fagged ('uasl lines whrr<' the 
shore currents have formed fir::;t uars and iatf' f 
harrier ... :I,t til(' llIout '-1I:i of thl' l'stJu!.l1'i <':-; (Fig. -159) . 
Such emhankment::; .. 11'(' U:;U:lIl~r gently curving 
or crescent shaped ~U1d [lrr compo~('d of sand or 
1:l hingJe wbich prespnt:; [I st{'('p landward and a 
grndual seaward slope. 

Dune lakes. - \Vit hin 1.11(' Harrow :.;trips of 
shurl" in whi('il all 1 h(' fint' :-;oi l that ('Quid hl' 
availahlr for plant life has bern wU:illf'd away hy 
t,he waVCH, iJeHch ~alld i.-.; ('xpO~{ld t o t h e dirt'{'! FIG. 4liO. _ DU[II' 
action of tIlt· wind :-; , 1n t,illl!' of storm thr ~a lld lak('S(lllthr('O;ll"t 

i,..; pirkf>d up :'tnd arkr driftin~ in til(' wind i:-: ~f'r~~I:IIIL~;. (after 

('ollprtf'd in long ridg('~ para llc·J t,(J the :-:hOIT' , 

Constantly tr::n'plin p; aion~ shore , t.l lt':-i{' dum's hlock the mouth:; 
of rivers and thUi; pI'Od tH'(' a :-lprirs of lak{':-i Huch a8 arC' indi eatt'd 
in Fig. 460_ 

Sink lakes, - Another clas...; of lake' . ..; :1 1'( ' du(' {'itiwl' directly 
or indircctly to the work of undergruund waJpl'R. 1n dil:;tri('ts 
which are underlain b~' Hnwstont' , the surfacp water descending 

F IG, 461. - Sink lakes in Florida, with a schematic dingmm to illustrate the 
manner of their formation (map from U, S. G. S,), 
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along the joints of the limestone may ,"vi den these pB.S$ageways 
through solution of the rock and at lower levels flow on the floors 
of eaverns ea.ten out by the same process on bedding planes of the 
formati on. At. the intersections of joints , more or less circular 
shaft s, known as H swallow-holes fl go down to the caves from the 
surface. Lo(:ally , also the cavern roofs give way so as to choke 
thf' galleries with rubble and lea,vp a basin at the surface which 
has an irrep:ular hut f:!;cnerally a. more or less oval outline. If 
suffiej{'Dtly d ogged at the' bottom by finer rock debris, these b~lSins 
b(,COJ'JH.' occupied by small lakes which are known as sinks, and 
conf.; titulc one of the best surfaue indications of a limestone 
eountry. 

Karst lakes - poljen. - In the limestone country to the north 
and east of the Adriati c Sea - the so-called Karst region - there 
are many int,erest.iug features which are directly traceable to the 
solution of the country rock. Here all the surface water descends 
in certain districts along the widened join t planes so that the 
dra inage is largely subterranean. The so-called dolines or sinks of 
very rf'gulnr and symmetri cal forms resembHng deep bowls cover 
a large part of the surface . 

The entire country is, moreover, faulted in the most intricate 
fashion into many rift valleys. The drainage being so largely 
subterranean, these down-thrown blocks of crust, the so-caUed 
po/jen, become flood ed at certain seasons of the year when the 
subterranean passages become c:hoked or are too small to carry 
away all the water. A seasonal lake of this character is the 
Zirknitz Lake (p. 189). 

Playa lakes. - It is the law of the desert tbat the arid region 
be walled in by mountains. This encircling rampart forces the 
clouds to rise, and by robbing them of their moisture leaves the 
desert dry ltnd barren. Those waters which fall upon the inner 

. margin of the ranges drain tmvard tbe interior of tbis pan-like 
depression and are not returned to the sea - the desert is without 
an outlet. Infrequent though they be, the desert rains are of 
the cloudburst type and in the hills develop torrents whose waters, 
emerging upon the desert floor, develop lakes in the space of a 
few minutes or at most hours. In the hot and dry atmosphere 
the wa.ters of these shallow basins m1:ly be sucked up in the space 
of a few hours but reappear in the same basins at the time of the 
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next succeeding cloudburst. Such ephemeraJ lakes are known 
as playas. 

Salines. - D esert lakes more favorrd in their supply of water 
may be relatively long lived and persist for periods measured in 
years or centuries. Such lakes arc, however, extremely sensi­
tive to cl imatic changes (see p. 198). 

For the reason that they have no outlet the waters of deser1; 
lakes become salt through continued ('vaporation. They arc, 
therefore, spoken of as ,'5al.ine.~. Lake' BonnC'yille, so long as it 
discharged its witters over the sill of til(' Rt'd Rock Puss, must 
have remained fresh; but when the I('vel of its waters had fallen 
below this outlet, its waters became salt und the content increased 
as the volume diminished. 

The shallow basins j,mO:1 the floors of desert lakes may have 
come into existence in various ways j but it would appear that 
the irregular removal of the soil by the winds, modified a.'S this is by 
differences in composit ion of tbe rock materials and by vegetable 
growth, and the deposition of sand by tbe same agent, arc by far 
the most important. Many of the types of tectonic and volcanic 
lakes which have been described are characteristic of humid and 
arid regions alike. 

Alluvial-dam lakes. - ,"Vi tbin the mountains upon the desert 
borders, the alluvial fans which form at the mouths of valleys, 
because of the characteristic cloudburst, sometimes obstruct a 
main valley at the junction with its tributaries. By this process 
the waters of the main river are impounded in essentially the 
same manner as are the rivers of humid regions by the deltas 
of their tributaries. 

Resume. - The types of lakes which we have. now considered 
are arranged below in tabular form so as to show their relation­
ship to important geological processes. While not complete, 
the list includes the more important classes, as well as otbera 
which, while not of common occurrence, are yet of interest in giv­
ing further illustration to the processes which have been treated 
in earlier chapters. 

By giving careful attention to criteria which have been above 
suggested, it sbould be possible in the greater number of instances 
at least to determine whether any lake which is visited has bad its 
origin in one or another of the processes described. 
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Tfl'/ollir L{/k('.~ 

Newland lake:: 
Basin-rauf.tc lal,:es 
Rift-valley lakes 
F.arLhqlluk(' lakf'!' 

('mt/i.llf' ,dol Glnri(Llinn Lakca 
Momitla\ Iakns 
Pi t.iniw,o: 
Glill L or ("olk in,kes 
I C'P-{ltHI1 htke~ 

Cililt'i('f-iuhl' takes 

RI:"f'r Lakes 
Ox-bow bkps 
S~tlICOI' lakes 
('rI'Si'('lIt i (l 1(,\"(·£1 Ja, kt~~ 

Ra.ft. lakps 
!:;idMif'ila lakPn 
Delllt lakes 

GrouNd ll'altT Lakrt; 
Siuk lakes 
KI1f~t lakel' - 1mljct! 

Generul 

\ > olc.{/.n1:c Lake8 
Crat.er lakes 
Coulee Ia.kes 

M()!tJ~I(ti" G/-{,ciatioll Lakes 
Ro('k-bil$in la,kes 
Yall f'.\" 1Iltlmiw' lakf's 
Lancblidf' Ittk('s 
Bord rr I:t kt':-\ 

SI'rufid La~~el; 
BtLrrif'T \a,kes 
Dune Iu.b:f's 

Desert Lukcs 
Pla.ra la.ke" 
Sa.lines 
Alluvial dam Ia.hf:. . 
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CHAPTER XXX 

THE EPHEMERAL EXISTENCE OF LAKES 

Lakes as settling basins. - Of all the prol'esses which conspire 
to blot out the lakes with which our northern landscapes arc 
dotkd, thl' one of grea test import&nce is in most cases a process 
of filling by t he sediments brQught in h~: t.rihutary streams. The 
carrying of sed iment in suspension depends} as U'e know, upon the 
velo('ity of tlw cu rrent, and as this is checked where it reaches 
the lake margin, all coarser material is at once deposited to form 

FIG. 46~ . - Map of the Arvc and the upper Rhone to show the importance oi 
Lake Geneva as a settling basin of the larger streum. 

a delta, while the finer sediments are held longer in suspension and 
finally settle in thin layers over the enti re bottom of the lake. 
Clay deposits surrounded by coarser sediments are thus charac­
teristic of filled lake bas ins. 

How waters arc clarified by their passage through a. lake is 
indicated by a comparison of a- river system such as the St. Law­
rence, with a river like the Missouri and l\1ississippi. Not only 
are the lower stretches of the St. Lawrence in striking contrast 
with tbe muddy floods of the Missouri and Mississippi ; but the 
delta, which is so remarkable n feature in the M ississippi, has 
DO counterosrt in the northern river. 

' . 426 
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The most noteworthy examples of sf>ttiing arc, however I fur­
nisbed by the lakes of Switzerland, for the reason that Swiss 
rivers are heavily charged witb rork fl our prod uced beneath the 
nUmerous glaciers at the valley heads, and, further, because these 
rivers descend with turbulent currents to ncar the borders of the 
larger Inkcs. To look out upon the murky waters of the upper 
Rhont', ,,,,bere they enter Lake Geneva Dear Villeneuve, and then 
to ,...-atch thr flood of crystal water which issues from the lake 
and passes under the bridge at Genevll, is an object lesson which 
no traveling student should miss (Fig. 462). Yet even more in­
structive is a, vis it to t.he Bois de lao Bdtie at the junction of this 
clear strcn.m with thE' Arvel a half hour's walk only below Geneva. 

FIG. 463. - Vi(lw looking upJ:ltrearn across the OPllQue waters of the Arve to the 
clear reflecting surface of the Rhone. To the right across tbe Arve jg seen the 
cement works for recoyering the Arve sediments. 

The waters of the Arve have come on a steep descent directly 
from the glaciers of the Mont Blanc district, and as they meet 
tho cleared waters of the Rhone, they flow beside them down 
the common valley without mingling. Dull and opaque, t he 
Arve waters can be djscerned for a long distance a.s a white belt 
against the left bank of the river, sharply defined against the blue 
reflecting surface of t he Rhone waters (Fig. 463) . Upon the 
banks of the Arvel just above its junction l a cement manufactory 
bas been establisbed to ut ilize the clays which are here deposited. 
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" 'hl'f{'VI'r lakes an' tOntuillcd in long and narrow valleys, the 
g-r('~I, I..t·/, part of l1u'" triiJut<lrr dminagc enters at the upper end, 

and the delta which there forms 
('xtencis from bank to bank. As 
it continues to advance into the 
lake,! the earlier wat.er basin is 
gradually transformed into a !('vel 
plain of dplla deposit, a f('atur(' 
:-;0 (,Olll[lIl)n as 10 he d('scrving of a 

..... pC'riai IlallH'. Tilt' S('otti.·il, loc:hs, 
whit'l! an' I:tk(';o: uf tbi:-: 1,\'11(', art' 
pal'lI I'xi ,'ndpcl ill :I longrr or :-;iJ urt ,( 'r 
dl'Ha r1aiu (h-sl' ri\wd a~ n slraflt, 

FlU. ·1f;1. - T Il!' \ ill:lI!" "f 1''',wiLia\'O and this \u(':1i tC'rJO lTJay well be 
ill j':L,;t t'f!l :-;wit~\·rlawl. f,ui!! 11]'011 l-!;i\'('l'l a gPIH,rtd appiic'afion ( ['rol1-

: ~h~:,~:~.h at til'" 11I':ld of l.akt· p,,~. ti:-:piPt.(,), Ttll' ('it,v (.If Ithae:l , till' 
~f':d of ( 'ornrll rniv("':-:it~" i ~ l)lIi\t 

l 'fI()11 :1 straUt a l the It(·:td of Lake (':.I.rllgn, :tnd lllHuhC'rlf's::i Hrol­

Lish :.tne! ~\\'i:-:s h:-lIn\('t~ ha.ve he('n located upon such fertile' plains 
(Fi g. 464 ). 

Drawing off of water by erosion of outlet. - Nl'xl . in jmpor­
Lance to t\J{' fjlling up of \:tkp ba~ins a." a. fa('tor in their f'urly 
ext.iortion is tiw t'utting down of tlwir ebanneIs of outflow. 
\Vhcnevrr Uw wall;.; of the outkt. arc cut in rock, this drain­
ing procesi'5 i~ apt to he slow, for the reason that the outlet 
strcnrn is of filtered water and So lacks the necessary cutting 
tools. By far the larger number of lakes are, however, held 
hack by dams of loo,e drift, deposits laid down by the earlier 
continental glacier,':); a.nd so thE' very clarity of the water pro­
mote::; til{' (,fosion of thf' outlet. by allowing tllP strcam'fl full 
burclpn of sediment to bt, lifted and then removed from the 
channel. 

The pulling in of headlands and the cutting off of bays, - The 
removal of projecting headlands by wavp action, though it in~ 

Creases the area of the Ia.ke, yet it deercases directly the volume 
of Ia.ke water through formation of the built terrace, and indi~ 
rectly in far larger mea.sure through the transformation of bu.ys 
into quiet lagoons within which the extinguishing process of peat 
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Lake extiDction by peat growth. - The first.. condition for the 
growth of lake vegetation is quiet ~·ater. Within small lakes, 
such as the kettle basins upon moraines, aquatic vegetation df>­
velops rapidly, ilnd bogs of p!'at, might :dmost. be inf'iudpd among 
the most importaut di :ostinguif.;llill).!; I!larks of ft ~h1('ialt'd l'Olultr\'. 

,\\' ithiu largf'1' iakf'r-: it i~onl.v aftt·)" II<u'l'iPJ' hf'll.l'IJ('s h:I\ 't' h('{' l\ t ImJ":u 
aeross the !l]uutil:-; u1' th" haY:i t,lI forTU nat,ul',}1 Im';lkwllt.(~I':ol fur 
tbe waves t.hat this prtJce~::; of la kt· t'x tin(,j ,ioll hy 1)(':11 growtb 
can becOIDP eflf'C'tive. 

1\1n.ny f'Tron(>-Clll R nnt,jon:-: :1rr f'till lwlrl c'onl'£'rnin1-( Ol(_~ primp 
import.anc·j· of sphagnum in lwat formation , owing; to tb(_' JWl'ul­
iar local conditions 
under which thl\ 
early studies were 
made. Within tbe 
gJaei~ted districts of 
the rnitpd States, 
the formation of 
peat 10 vol VE'S the 
~U(·t:{'s~i\'(' growthK 

of :1 1lI1 III i)pr uf 
.lmn(',"; (If w-'{.(etat ion 

~lfId t.\w formatioll 
of n floating hog 
whichadvancesinto 
the lake from the 
ShOTf;"S, followed in 

.'" '1 ... . (1, 

1"1 (,;. 4(11). - Yi"11 Hf till" 110l1ti.h)! I"l~ .. lid ~lIrn,u udIlJl,~ 

zonCf; of w'g('tatiQu in a li lll~dr gJ:'l.I"iaJ rt~kt , of 1.111' rel­
lowatonu l'\uliou:ti Purk (:lft(,f :'1 plJotowaph hy F'ltir­
bilnks). 

turn by belCti of low shrub~1 ttamaracks. :lud lastly deciduous 
tre,'s (Fig. 465) . 

]n most cafses t,ll{' first plants to dew'lop in n. qu iet hk(' ~r< ' th(' 
wat.er iilif's, though the!"i£' aJ'(, ;;l.on1('t,rniC~ prC(,(·dl'd hy ('kin.! and 
fto~tt,ing bladderwort. Next hf'hind tiJr wutPr lilipl'j ('oroe till' 
serlg('s, whi ch form a mat of flotlting: bog hy Ul('ir gr~\:-5:')l ik(' stems 
sinking down in the w:l.h'r and lwinp; thf'rt' inte rwoven with the 
rhizomes below. This mat of ;;l.('dge i;;l. Uft.f'l1 :-;0 finn that cn.tt\{· 
may n.clVllnC(, upon it to t il£' watN'~ f'cige, but it is spparatP<l 
hy n, laY('r of water from thl' lwei of J!:rnwing peat at thr .hottom 
of the lake (Fig. 466) . This bed of peat, :1.pIW!lrs t o grow upward 
toward the surface and hc(:omp joinf'd 1.0 tlil" shor£' end of the 
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Boating bog by decaying vegetation which is dropped from the 
bottom of tbe mat above. 

In order behind the floating bog come the advanced plants 
of the conifer group, with sphagnum and low shrub here upon a 
peat base e,,-tending to the lake bottom. Behind the belt of 
shrubs arise the tamaracks and spruces, and lastly, toward the 
shore, COm e the deciduous trees and especially poplars, maples, 
and marginal willows. Upon the mftrgin of the basin there is 

.. 
If 

F,a . 4li(). - Diagram to show how ",mall lakes are tmus(ormed into peat bop 
(aftere. A. Du\'is ). 

usunlly a low trench, or /I fosse," filled \Vith water during wet sea­
sons, as a result, no doubt, of seasonal imvnsh that does not reach 
the residual lake toward the center of t.he basin. 

Extinction of lakes in desert regions. - ]0 3J'jd regions there 
arc special caus('s of lake E'xtinction. Thus tbr blowing in of 
sand and dust, carried for long distances in the nir, a by no 
means negJigiblr factor ('VPD in humid r('gions, here assumes 
large importancC'. The now exposed basins of extinct desert 
lak~ afford the evidence, however, of an even greater factor 
of extinction, in climatic chrrnge. The douds, which at ODe 

time found their way into the drainage basin of a lake, may 
later tJlrougb the rise of a mDunbjn barrier be cut off, and 
so with reduced water supply a period of lake desicca.tion 
is begun. 'Vhen, in this process of drying up, the lake level 
has fallen below that of the outlet, the sal ine content of the 
wa.ters begins to increa.se, and later a stage is reached, as in 
Great Salt Lake, when the sodium salts are precipitated. When 
the lake has become extinct, these deposits remain as a witness 
to tbe cbanged cl imatic condition. 

The rOle of lakes in the economy of .. nature. - It is natural, 
in considering the e>..'tinction of Jakes, to give some attention to 
the r61e whiob they play in the economy of nature. That lakes 



THE EPHEMERAL EX ISTENCE OF LAKES 431 

filter thE' '"n.t('1' of riV('TS, and prf'vpnt the formation of important 
c!(·!ta deposits, h!lS already hrC:'l1 noti{'f'cl. A curious exc;rption 
to this geIleral rulf' i:,; ftll'll;s\u"d h~' tilt' g:r('!1t clelta. at thl' hf'ud of 
LakpSt. Cln.ir , ju~t ht·low thl"' outip1 of Lake Huron. This anomaly 
is, how(,ver, ('xplairwd by U:u' peculiar ('UIT('llt~ of Lake Huton, 
which are so dirccted a!" to sweep the uen.rh sand into the swift 
current of the outlot, to be deposited in the quiet 
waters of Lake St. Clair (Fig, 4G7) , 

As regulators of the flow of rivers, lakes perform 
an important function. Such disastrous Roods .!IS 

arC' f'haractcrist.ic of the spring season within the 
basin of th" lower Mississippi CQ uld not. occur in 
tile lower St. Luwr('u('(' , for thl' rra80n tbn1, the 
gJ'f!at bnsins of til(' hk('s s('rve as diRtributing n~!Ser­

Yoil's. Tbe annual Hoods, upon which the agri­
culture of Egypt dept'nds, are explained by the 
flood waters from the high mountains of Ahyssinia 
entering the Ki!e {J('/ow the lakes of its upper basin. FI~ ::~~t~l:l~ 

] n one further rl'sprct. large inlanl: hodies of aloUl~ po[1itioll 

W:ltcr have an important function as regulators. ~kt:~~eg~(li:' 
H is the property of wut.er to respond but slow\y due to tht. pc­

to the variations in the qllantit~' of heat which ('uliur currenta 

1'f':,lI'hes tbe earth 's surface f1'om t.]w f:IJrJ. A largf'r 
quantity of heat, must. be added t,o or abstracted 
from a hody of wat,pr , in orrlrl' to change it.s tem­

ill Lakfo Buron 
(uftcr mapa by 
Cole). 

perature by OIl(' dpgr('(', than would bl~ required for a like change 
in the same bulk of enrth or rock. Thus bodies of water by morc 
slowly acquiring Ute summer's he~tt retard the coming spring, and 
by storing up this energy and carrying it over into the autumn 
the warm season is prolonged and early frosts prevented. The 
fruit belts about the lower Great Lakes are tbus dependent upon 
this regulating property of the lake waters, The discomfort of 
the long spring of raw weather is thus compensated by an un­
usually .salubrious harvest season. 

Ice ramparts on lake shores.-Small ridges known as ice ram­
parts are formed upon lake sbores by the action of lake ice, though 
subject to so many qualifying conditions that the range of tbeir 
occurrence is somewhat limited . Within districts where a winter 
ice cover of some thickness is formed, the shores of lakes are apt 



to pr<';-l('nt I'icig(';-: fJf hmdth'l';-; pnrallcl to and H(,:!r tlJf' water's 
(·dge, aud such lukes h:t\'(_' :-ioJl1('timrs berom(' knowu as H wall 
lakes" (Fig, 4(8), 

]n m~ltl.r ('!Lo;{-,S tht's{' sm:111 ridge·s lwvt' b(\(,11 formrd at the time 
of t Ii(' Rpring •. l)l·(·i.lk up" of t.he ic·c; for tlw i('(' {'ov(!r, when once 

lOO;-:(,ll(lci , is drift:ed in great 
rafts first agnin:)t one shore, 
and l:lter, with a l'hangp of 
wind din'ction, against, an­
otlJcr. Uud,'r tll(' impac:t of 
such heavy rafts, the hulf­
submerged bowlders l1 (:a r the 
shore are forced up the beach 
until they lie in a ridge or 

FrI., ,I(j~, -"\ ')f)wl{kr Willi UP(JIj the shoN' bO"\\'lder wall, 
At ot,hc!' times such bowlder of:J f>mall !:II.\, in th(· Adir(mdurks of ;\PW 

\"01'1-. , wa.lIs, and far mure intcrestillg 
ridgc:--\ il,"; wdl. IT:-lult from :1 kind of ire shovl' independent of the 
wind, but caut:i{.'d hy (_'''xpansion within the iee itself during a sud ­
den rise of temperature of the surrounding air. Such ice ramparts 
rf'quir(' for Owir expifLnation :l consideration of the sequence of 
events from the time the ice cover closes the lakes. 

Thr first lake ice of early winter forms in most caseS with air 
tctnpcra.ture~ fL few degrtles only below {,he freezing point of the 
wuter, When Inter a s(,Vf're " cold wave II arrives, tbe ice cover 
is contmctecl tlnd bceo2Des too small for the luke surface. To this 
contraction it yic·ld::- and op('n~ cracks up which the water rises, 
and ill t.he pre\railing low L('mpemture this water is quickly frozen 
and the hke ('over again made complete, Skaters are familiar 
with tll£' opening of these cracks and the loud Il roaring n ·wh.ich 
accompanirs it on cold mornrngR, the' sharp skate runners some­
times st art in!; ;\. rr:It'k in Uw Rtra inf'd i<-P, as does a ligbt scratch 
upon ght:-is t h:d i;-.; in a similar stmined condition . 
. Tll(' origi n ~l l i('(' ('OVf:'r of the lakeJ which was formed at near­
fJ"Pt'zjng t,cmpf'ratures, has DOW received a, number of jnserterl 
wedges of new icc at a time when its contracted volume has made 
this possible. II now a I( warm wave 1J succeeds to the "cold 
wave JI jn the aiI'I the ice cover expands at a rate corresponding 
to its rate of contraction l so that a strong pressure is exerted 
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against the shorp ( Fig. 4GH). Sliding up tilt, f'lopinJ.!; surface of 
th(' rut and built trrra{'l', tlit:' forc!' of thi f; ~ h ov(' nl:\Y ht' df'flf'ci{'d 

~ 7J-- ___ -
FiG . 4fI9.-Di'lgTllnlS to !lhnw the (' flert of il'(' ~ho"e in producinJ.; icc rampart!; 

upon thl' Bbon '~ of Ilikes (ufter Bucklt-y witlL U I:!lil,!ht modifieation) . 

upward against. the cliff, and if this b of loose materials, tile (>-fff'ct 
may br to ram bowld('TS into thp hank, to push up rampart s. or 
ridges, to overturn trees, etc. (Fig. 470). In marsh land tbe 

frozen surface layer may slide over 
its unfrozen base and be forced up 
into broken folds (lower diagram 
of Figs. 469 and 470) . 

III order that ice ramparts may 
be formed, it is necessary that the 
winter climate of tbe district be 
severe and characterized by alter­
nating cold and warm waves, in­

FIG. 470.- Various forml! of ice 
ramparts (after Buckley). 

volving considerable range of air temperature below the freezing 
point. If the lake is small , the push of the ice will be through so 
smail a distance as nol to yield appreciable ramparts. If, on the 
other hand , the lake is too large, the ice cover is not rigid enough 
to transmit the push to the distant shore, but, like a long beam 

2P 
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employed in the same manner to transmit a compressive stress, 
it is bent out of a st,rai~ht line and later bl'okrll. Thus in 3. broad 
lake, with the ('omin,!!; of :1 i l warm wnve," ill(' icC' ('OW'l' open~ in 

[1 l' r:u'k fr011l s llO re 
to shol'l' [llld fiud s 
r{'lief from til£' stress 
b~' pushing up a ridge 
above the crack. On 
such lakes ice rmn­
purts arc found only 
about the shores of 
hays Wb05(' eXl)anse 
does not greatly cx­
cped n mile (Fig.471 ) . 

FlO. 471.-Ma.p of L(\kc 1\,'t unootll at Madison, \Yis- 'Vh e n th r r p i s 
('onsin, showi l1g t.he POsilit)ll I')f t JH' ridgt, which forms he:tvy snowfall , ice 

!~l~~~~~ ~~~a~:~:~n'( ~ll~~~I~n i ~u:ak~:~~~t~l:~.ut the ramparts either do 
Dot, form or arc of 

smaller dimensions, probably in part because Lil(' icc is blanketed 
by the snow and so prevented from sudden elevation of tempera­
ture during the It warm wave/' but even mon~ because the icf" 
covpr is sensibly bow€'d down under it~ load and so rendered 
incompetent to transmit the d<!veioped I3trf'sses to the shores. 
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CHAPTER Xx.>a 

THE ORIGIN AND THE FORMS OF MOUNTAINS 

A mountain defined. - As ordinarily understood, mountains 
are elevations upon the earth's surface which risc above the 
general i{'vci of til(' country. Their summits nero not be at great 
heights abo\'e the sea, but it is c~s('ntinl that they project above 
t be average level of the surrounding country by at least a quarter 
of a mile. Lower elevations arC' des('ribed as hills. On the other 
band, th~ elevation of a plateau like the 1/ High Plains 11 of the 
western United Stutes may be as much as :1 mi1e, but the vast 
expanse of nearly level surface precludes the use of the term 
"mountain. " T he word is thus applied to a feature of the earth 
nod not merely to an elevated t ract. 

In a collective sense, though mOre often in the p lural form, 
tbe term is properly applied to groups of similar features which 
have a common origin in local uplift of tlw land. The origin of 
mountains used in th is sense of mountain complexes is thus 
conneded with some essentinlly local uplift of the earth's surface. 
This may take place by t he processes of folding and superin­
cumbent fault dif.:iplacement, by volcanic extravasations or ejec­
tions, or by n. deeper scated and essrntially hydrostatir I-'lrvation 
of rock beds over molten rock material. 

T he existing forms of mountains, as we nre t o see, are largely 
shapeu by the ('rosional processes which are set in operation 
by the uplift itself , though often completed long suhsequent 
(,0 it . 

The festoons of mountain arcs. - From our earliest studies 
of school geographies, we have become familiar ,"vith the arrange­
ment of the more important mountains in long chains or systems. 
Comparatively few persons have given any further attention to 
the arrangement of t he chains, though over large areas of the 
earth's surface the distribution of mountain ranges is deeply 'sig­
nificant. The map of Asia in particular presents a series of great 
sweeping arcs or crescents which are grouped as though hung 

435 



43G EARTH FEATURES AJ'In THEIR MEANI'>:G 

upcn tllP map in festoons with knots or vertexes to separate 
neighboring groups (Fip;. 474, p. 438, and Fig. 472) . 

The significance of these mountain groupings in the evolution 
of the earth's surface 
has bpen pointed out 
I,~' t hl' great Vit' lIlH:':"\(' 

w'o\up;ist Supss. t,l) whom 
Wl' an' indebt,pcl for £0-

cu:.;ing upon HlP plan of 
the Cflrth un amount.. of 
a,tt,en ticm whith hefore 
had b€'{'n largely given 
to the preparation of 
bypotbet.ical sections 
of strata which were 
largely buried from sight 
beneath the earth's sur­

FIG. 47:t. - The J!;rl:at multiple lllouLttain :.t.f(' uf f!lce. BroadJy speaking, 
~:~'e~~~~;\C:~~~iSh Jndill (afier de Saird Mtirtirl the mountain arcs may 

be s:lid to be grouped 
about tho~f' shields of older rock whi c'h ~polop;i(,.'ll .<;;tudif's havp 
shown to he till' old('~t land llIa~~('!'\ upon tilt, globt·, \Vi tbin thl' 
nort liNn ilpmisphpl'(_> t Iwst, o riginal ('(JIlt ilH'nts :11'(' repr(>s{'nted by 
thp !l.r(':lf-' of n),::iblllin(' rock C('nt ('1'('(1 on'!' Hudson Bay! tlw Baltic 
Se:}, and all :1r('[l in nOJ'thea~t('rn Riberin known to geologists !i.') 

Angara Land. In Our ;tudy of tbe figure of the earth (Chapter II) 
it wus found that these' t-ih ields f('prf>8pnt the truncated angl{'~ of 
the rounded tet rllhedr.11 form toward ,dlich the planet is tending 
(Fig. 3, p. 12). 

Theories of origin of the mountain arcs, - The mountain 
arcs, when studil'd in detail, are found to be composed of closely 
folded rock-strata. the flexures of which are generally so overturned 
that their axial planes dip toward the center of the arc (Fig. 473). 
It was the \riew of Suess that these arcs are to be explained 
by a pushing outward of the rock strata from the center of the 
arc toward its periphery, thus causing n wrinkling of the surface 
strfitn fwd an overriding of the surrounding formations, which 
upon this hypothesis opposed fL greater resistance to the sliding 
movement. The folding togetlipr of the strata due to the sliding 
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naturally involves a vpry considerablp diminution of the surface 
arC~l presented b:r tb{' strata (Fig. 22. p. 42). In the ca.se of the 
Alpine chains it has been pstimatrcl that a fla t land area, four 
hundred to eight hundred miles a(:ro:"s , has by tllp folding process 
been reduced to a width of only ahout one hundred miles, or from 
a fourth t.o an eighth of its former width. 

The weakness of Profr:';f'or Suess' theory lies in the fact that 
~u ('h (·qmpJ'(-·:-:,sion a :o: it implips is assu_med to be due to an 
outward lllon' ffi('n1 of Ill<' n']nti\'p\y 
:-:mall arC'a of Ill(' (':ll'tl1' :-: (IutPl' F:hf'1I 
whi('h is indudt' d withill tht' an'. 11 
l1Iu:-;t fw ohvio (18 that :-il l('h :1 1110\"('­

l:h'nl J hf'ing frOIn a. (,{,Ilil'r toward three 
, ... irlrs at, Oller, would for this eirc.:um­
I'wr ihrd :)rf'!L involve enorm ous pro­
portionate reduct.ion in supf'rficial area 
of tbo strata and cou ld only result, in 
i.I hiat.us near the centrr of the arc, 
1\0 such gap is to be found , and one 
would, moreover, be difficult to a.ccount 
for upon any plausible hypotbesis. On 
the other hand , the general contraction 
of the planet as a wbole, involving 
as it does reduction of surface over 
large areas, is a well-recognized fact; 
and if it be true that the shields 

~ 1'Yf"',31'"on>' "0 .slld;~ 
(BJ 

(OJ 

FIG , 473. -(1, diagram to illus­
trate the Suess' theory of the 
origin of mountain arcs: h. the 
author's modifiration of thjg 
vjf'W, 

formed by the older continents are less subject to contraction than 
the remaining portions of the surface, it is easy to understand why 
tbe eartb 's outer skin sbould be wrinklod by underfold,:ng and 
thrusting about these continental mar6rins, The contrast of this 
view with that of Professor Suess is expressed in the diagrams of 
Fig. 473. 

We may illustrate this conception by a stretched sbeet of rub­
ber cloth such as is in common use by dentists, upon which a 
tbin layer of bot Canada balsam has been spread. This substance 
congeals upon cooling to near-normal temperatures, and if a small 
local area of the balsam layer be chilled and tbe tension upon the 
rubber then released, the viscous balsam of the un cbilled portion 
of the layer is thrown into wrinkles about the cooled and more 
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resistant areas. These morc resistant portions of thE' stratum 
may thus represent lhe ancient continental shields of our planet. 

TbeAtlanticand 
Pacific coasts con­
trasted. - In hi 
stuclirs of moun­
tain arcs in their 
relation to the 
plan of thp earth, 
Profes or Suess 
has shmvn how 
the arrangements 
of the mounlain 

-+4-+ --+----1 choins about. the 
two larger oceans 
r e present two 
strong ly con­
trasted types. 
Wh ereas ahout 

Fw. 474. -Festoons of mountain arcs about the bordcr~ 
of t.he Pacific Ocean - Pacifir tYl>e of coast (based upon 
Suees). 

the Pacific margin 
the mountain arcs arf', as it, were, strung in festoons whieh trend 
parallel to and are conyex t.oward tbe coast, or else li e in (ringing 
garlands of islands in the same attitude (Fig. 474); the mount.ain 
chains about the Atlantic horome sharply truncated as they reach 
the coast, and thus indicate 
tha t the basin of this ocean \ 
has been produced by an in-
throw or depression between 
great marginal displace-

{ 
....... ~ 

ments in some period sub­
sequent to the formation of 
the mountains. 

Thus t.be mountain folds 
of the Appalachian system 
are in Newfoundland cut 
off abruptly at the coast 
line, and the same beds, 
similarly truncated, are en­
countered again across the 

FIG. 475.-Tbe interrupted system of the 
Armorican Mountains common to western 
Europe and eastern North Americb (aftel 
Arldt), 
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expanse of ocean in t he folds at the coast of western Europe (Fig. 
475), In discontinuous remnants this ancient mountain chain may 
be traced in an east and west direction across western and central 
Europe. We have thus here to do wit.h a single mountain 
!'yst,em whicb extendf: from ecntral Europe to northern Alabama, 
out of which a great link hns been taken hy the subsequent 
sinking in of the basin of the A tiantic Oc('an. 

The block type of mountain. - T he inclusion of most eleva­
tions in mountain chains and arcs is ODe of the most obvious 
facts to anyone ,vho has examined 
world atlases wit.h thi s subj("et in 
mind. Such chains nre almost in­
variably composed of folded rocks, 
thus indi cating that erosion bas 
removed great superincumbent 
musses of strata since the crustal 
compression produced the folds at 
considerable depths below the then 
surface. 

FIG. 47G.-Schemntic rf.!p resent u­
tioe of n "zone of di verse dis­
placement ,. iu the Qreat B8.)Sin or 
the western Laited States (after 
Powell). 

There are, however, large elevated tracts upon the earth 's sur~ 

face which a re in tersected b'y deep val le'ys, but where no arrange­
ment of the elevated portions within chains or ranges is to be 
detected. In such cases the distribution of mountain and valley 
may bear a resemblance to a mosaic of disturbed parts which 

La'_ 
stand at different levels 
(Fig. 476). 

&rmqo [. Sucb block mountain djs~ 
t ricts are to be found in 
many p arts of t he earth 's 
surface, but notably v.rithin 
the Great Basin of the 
western United States, and 
in the land area which 
borders the Indian Ocean 
upon t he west and north­

FIG. 47i. -Section of an East African block west. In cont rast with the 
mountain (after J . W. Gregory). 

mountain arcs, so strikingly 
exemplified by the continent of Asia as a whole, its extreme south­
western portion· is made up of an alternation of plateau and rift 



440 EARTH ~'EATURES AKD THEIR MEANING 

v~dley separated from c[lt'h OtiWf by great displucements. Though 
modified to some ('xtent by f'fO)'i;On, the elevations seem generally 
t,o f£'PI'f'::!f'l1l till" di:-pbr('d (·ru!_.;t hlo<.'ks whieh in muturu acijustM 

n1r'nt~ han' lJ(,(,11 Idt at the higb(·~t lev('\s (Fig. 477). The valley 
of t.he Jordan, witb the mountains of L('banon rjsing above it, is 
Ilcar t he northern extremity of this fauit{'d mountain region (Fig. 
43 .. L p. 40-1), while tllf' Grf'at Rift vaHey, crossing east Central 
Africa, and til(' many neighboring rifts to the e:.1St and west, are 
graven in !ille~ so deep that an observer upon a neighboring planet 
might. Jwrhnps drted tlwm. 

It i:::; not m'('('ssary in all cases to assume that the block moun­
tains of n faulted dist.rict repres«'nt th(' blocks which in the a.d ~ 

juslmt'nts W('rt' 10ft the highest. Erosion in th(' course of time 
aC'('ol1'lp lislw:5 mmn:ls of 1ransfonnntion, and it may ref'ult that 
heavy masses of more resistant rock (>rentually project the high~ 
est, rYCn though Uwy nUlY represent t.he dO'lynthrOlVll blocks in 
the fault mosaic (Fig. 43, p. GO) . 

" ;herr in addition to undergoing changes of level the earth 
Llocks have bCE:u tilted, tlu\ features long since described from our 

FIG. 4iS. - Tilted crust blocks iu the QUt.!UlltowcUP miley. 

western interior b:lSill a:5 11 Basin Range structure" are developed. 
B pre ttl(' UpPf'l' $Urf~iCe of the disturbed {.)(l rth blocks betrays the 
e,·idencr of n definite tilt ill some our: dirrction (Fig. 478, and Fig. 
431, p. 402). 

Mountains of outflow or upheap. - An important type of moun~ 
tain, geDf'rnily dC5crib(:\c1 as volcanic , may be dU(~ either to the out­
How of bva nt the earih l s surf~l{'e, or to accumulations of separated 
fragments of lava, fiJ'st thrown into the air, and then deposited 
by gravity or admixed "'ith water us volcanic mud. Such mOllU­

tahlS, both before and aSter modification by erosion l assume the 
strikingly characteristic forms which I,ave been fully discussed in 
Chapters IX and X. The dominant types are the lava dome and 
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the puy, the cinder cone, and the more complex composite cone. 
Except ing only the surface produced by the fpw great fi ssure erup­
tions and the semi volcanic mesa typE', the individual mount.ains 
of volcanic origin develop features with notably circular bases. 

Domed mountains of uplift - laccolites. - At a considerable 
number of widely separnted loC'ruitirs upon tJlf" f':lrtb's surfa.ce, 
mountainous regions are encountered, the central areas or cores 

FI G. 47~}.-Pcn drawiug of t il(' laccoliu' of tli!) Carri:iO J\·fOUlltain by W. B. 
H()hrll~::S, whi ch Sh\IWS til £' jagged surface: of the iglleous ro r.k ('(}fl' and the slop­
ing tables which sti ll remain of the roof of sed im entary rocks (aft.er C ross). 

of whi ch are composed of intrusive igneous rock such as granite, 
and about this core the sediments dip away in all directions as 
though they 
h ad on ce 
formed a con­
tinuous roof 
above it and 
had b ee n 
for ce d into 
this dome by 
hydrostatic 
pr e.iS u re of 
the once vis­
com: material 
beneath (Fig. 
152, p. 143, 
and Figs. 479 
and 480). Ex­
amples of such 
domed moun­
tains of u plift 
were first de­
sc ri bed by 
Gilbert from 

FIG. 480. - Map or Inccolitie mount!Lins. A portion of the 
Judith Mountains, Montana.. The intrusive igneous rock is 
shown ill black (after Weed). 
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the Henry Mountains of Utab, but instances are furnished by 
many elevated tracts, especially within the western United States. 

Such mounta.ins are known as lae­
rolites, but when one margin at least 
of the igneous core corresponds 1,0 

a displuecmcnt, the mount.ain is de­
scribed as a bysmalite (Fig. 481). 

Wllen subjer·ted to long-continuffl 
erosion) the generally fissured granitic 
core of tllP laccolite weutllf'rs in a 

FIG. 4~~'li~1:1~;;1 b:~~~li~17~.or lllc- wholly different mamwr from thf' 
bedded sediment "'hieh surround 

find still in pnrt mount over it. The former usually presents a 
more or less jagged surface wh ich contrasts sharply with the gently 
sloping tables of tbe latt.er (Fig. 479). About the high granite core 
of the mountain, the several strata of the uptilted formations pre­
sent each a l3teep slope t,oward this higher land , and a gentler slope 
in the opposite direction . Such unsymmetrical ridges which sur­
round t.he mountain area are oftf'll referred to us II hog: backs " 
(plate 12 BJ. The arrangement of the stmta in the hog backs thus 
presents an overlapping series like the shingles upon a roof, ex­
cept that the overlapping is here from the bottom instead of tbe 
top, and the exposed ends thus face tow""d thc crest. Unlike 3 

shingle roof the hog backs do not shed the water which descends tc 
them from the higher levels, but, on the contrary, they cause it tc 
flow in troughs parallel to the base of the slope except where outlet, 
are found through them. 

Mountains carved from plateaus. - In the mountain type! 
thus far discussed, the local uplifting of tbe land has itself develope, 
features which in the aggregate may be referred to as mountains 
even t hough the characters of the original surface are soon de 
strayed by erosive processes of one sort or the other. Erosivi 
processes are, however, quite competent to produce mountaiI 
forms from a featureless plateau, and particularly through th' 
incision by streams of running w~lterJ the best studied process 0 

mountain SCUlpture (see Chapters Xl- XIII) . This process 0 

thro,,;ng valleys about un elevated section of the earth's surfaCE 
and so carving out mountains, is sometimes described as circum 
vallation; !l-ud if the term II mountain" be applied. in its ordina.r; 
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sense to describe an individual feature, it ll; c1enr that most moun­
tains have been formed in this way. 

To discuss the characteristic shapes of such mountains would 
be largely to review the cont.ents of this bookJ find especially those 
portions which discuss the character profiles result ing from t he 
action of each sculpturing Or molding agent. T he work of frost 
and othpf weathering agencies, of funning water, of mountain and 
of conti nental glacier, would all have to be considered in order to 
(:'vo)ve the history of each mountain. 

In addition t,o discovering the agents which were chiefly re­
sponsible for th£:' shaping of the mountain, we may) further, in 
many ('asps determine at what Rtagr t.ile work of one agent has 
been succ:pNled by Uw1, of anothf'r , and at. least at what stage 
of its compl('te {'ycIe of Hct iYity tbe lat('~t agent is now at work. 

The climatic conditions of the mountain sculpture. - Since 
the different geologj('al agencies opcrat,(' ('ither in a different man-

iii " ,"'" ~ ' - ~~ 
~~I\. ' . _ " -~ -.- .',,' 1I '<jl \l..'lo. 

~~,~~~!~7,~.:,f~I~r;;;,~~:;:~~;~~\ 
;-:::-__- '/' : "5 _~,?~::~:1'); : 1 r " 

FIG. 482. - The gabled facade so largely dc\-clopcd in desert landscapes and 
tlhurpiy contrasted with the recurring curves in the landscapes of humid districts 
(from II painting of the Grand CaltOD of the Colorodo b.)· Moran). 

ner or with differences in vigor according to the varying climatic 
conditions, the mountains of arid regions rna,), in most cases be 
readily differentiated from those of the more habitable hurrud sec­
tions of country. In broad lines these differences may be summed 
up in the greater prevalence of the curving line within the land­
scapes of humid districts. This may be largely ascribed to the 
influence of the mat of vegetation, which protects the rock sur­
face from more rapid mechanical degeneration, and arrests the 
sliding movements within the already loosened rock debris. In 
place of the reversed curves of the lines of beauty, so generally 
observed in the landscapes of well-watered regions, the desert 
lands present ever a repetition of the vertical cliff alternating with 
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a sort of many gabled fn.(,~[ld(' which is occasionally due to trunca, .. 
t ion of mountain spurs by the wav£>:; of former lakes, but far tnore 
often tbe outl ines of debris COlles built up beneath each prominent 
joint of the cliff walls (Fig. 482). 

The effect of the resistant stratum. - In n striking manner 
mountain landt:i(:apcs may disclose the influence of tJhf' diversified 
rock materials a.nd of the ro('k structures as well. After prolonged 
c ro~ion there if' iikpiy to he little coJ't('spol1ci<'nc:c hetwceu the posi. 
tions of the anticlinal folds ~nd the cfcsls of the higher mOllntains. 
SlH'h mountains ~lI'P, in fact., mtl t:h more likely to rise ()ver syn­
clines than upon the iSib' of anticlines. Thr travpk'r who enters 
the Alps by any of the SCH'Nl:! rail ways, or ,,·ho journeys by steRmer 
over the beautiful take of LU l'f'rnp, has a most. f:l,Yor~ble oppor­
tunity to study thr po::;itioll of t he rock folds in the mountain 
sections that, are unrolled in succe.ssion bt>fore him. Rarely in­
deed will he find a definite anticline in corresponden('c 'INith a. mOUll­

tain peak, for t,he layen; which arp most resistant hHVC developed 
the peaks, and it is because thE' outer byers of the anticlines open 
by local tension (see Fig. 26, p. 45) that thoy were first cut away 

. -" .. ~::. ... 

by erosion, so that the hard 
layers within the syncJines 
are likel y to constitute the 
peaks \\ithin the existing sur­
iaf'c . 

\Vhen, as sometimes hap-
FI:~ !~!Cr!~:c:~!~·:hs:~'i:~~~:::r;~~~i::~ pens, an older and likewise 

upon softer Tertiary form:JtiQos. View more resistant bE'd has been 
from a balloon (after a photograph by C. folded back upon younger and 
&hmidt). softer formations, an isolated 

rernna.nt may be found It unroot,ed )) t,o its base, upon which it ap­
peal's as though floa.ting wit.hin :1 billowy sea of the softer forma­
t ions (Fig. 483). 

The mark of the rift in the eroded mountains. - Applying 
the t.erm I, mountain ., in its colleetive' sense for 3, ci rcumscribed 
area of uplifted crust , whether represented to-day by a folded or 
1). faulted complex, a lava mass, or a granite dome; the period of 
uplift has marked the beginning of the activity of sculpturing 
agencies. By these t.he mass is pared oown as it is shaped into 
Il more or less in.tricate design of component and essentially 
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repeating units. in the vernacular the word II mountain II is 
applied to these units into which the larger mountain mass is 
subdivided . 

It bas been one of the main objects of this work to point out, 
that the peculiar shapes of these elementary mountnins are each 
characteristic of the erosive agents whid) produced them, nod that 
e.3.ch surfacE' has marks wbicb tnay be recognized in those lines of 
profile which recur wi thin the land­
scape - the character profiles. ] n 
tbe subdivision of the larger mnss 
-ill!' gene/iral mountain -t.o form 
tiJp numerous smaller U'ltl.').';;('S - the 
ero81"01wl or circulIlflalla/i{ma/ muun­
tains - there is disclosed :1 pattern 
of fractures which has guiclrd tiw 

. . . , . 

.~,:~.:~ 
erosional ageDt~ in their incisional Fla. 4b4.-Tbe battlement. type of 
operations (see Cbaptcl' XYIJ ). I" 
high altitudes, where the acOon of 
frost is so potent in prying nt the 

erosroll monnt:liCls. Die Drei Zi[l­
UCB (1'lIr(:(' Batdements) in the 
Uulowitcij (nft{!r Mnrr). 

wider fractures, this subdivision of thl' 1Ua.'5S may be revealed by 
the sculpturing of squared towers or battlements (Fig. 484 ). 

For other f'x:lmples in which the sculptured surface is largely 
the handiwork of a single erosional agent, !l5 over va.~t areas in the 
Canadian wilderness, the revelation of the frrleture design is no 
less apparent. H ere a series of crystalline rocks underlie broad 
expanses of territ,ory and arc without noteworthy variations of 

FlO. 4S5.-Symmetriclllly formed low islu.nds repeated io ranks upon Temagam. 
Lake, Outano. 

hardness and almost hare of surface debris. Sculptured heneath a 
mantling ice sheet, excavation has naturally been concentrated 
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above t he more widely gaping fissures of the ioint-fault system, 
doubtless already marked out in the river network which the 
glacier overrode. Tbe result htlS been a division of the surface 
into n series of low, oval ridges or hummocks, whicb OYPf vnst areas 
are repeated with monotonous regularity . 'Vhrrpvt'T the lower 
levels have been flood ed, symmetrical low is13Dds of nearly uni­
form elevation rise from t he t'xpanse of water and mar bf' <:ounLed 
by thousands. Though the smrJler islands have notably regular 
shore lines, the larger ones disclose their composition from smaller 
units by t he breaking of their shores into similar bays spaced with 
regular intervals (Fig. 48.5, an d Figs. 243 and 24 5, p. 229). 

The evpr repeat,iug fracture design of t he (:art h's crust is not 
restricted to the mountain masses which it has brokPD up, and the 
unity of which it has done so much to conceal. It. pxtf'nds far 
outside the margin of these masses, and is iu fact common to whole 
continents and perhaps even to t he planet as u. whole. The part 
played by this design of fract.ures in the control of the sculpture 
of landscapes it would be hurd to overestimate. Through its 
inBucnce the striking featu res molded by one agent have been 
mergpd in the contrast ed HhapC's dt'vt·loppd by another. I t is tht' 
great, outlinE' hl('ndf'l' in tlw ('I'eation of natu I'P'::: mastcl'pieces of 
form and ('0101'. Thufol t}I(' lines of this m,}":..frrious fracture lWt· 

work, though st,aIl1ped in indrlihle chara('1ers upun our landscapes, 
a re generally lost in t h£' ensemble effect and may long remain un­
discovered. Like a moss·grown inscription upon a slab of marble, 
though veiled, it may yet be d eciphered ; and if the veil be with­
drawll, the runic characters are disclosed, and one of nature's laws 
lies open before us. . 
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!\PPENDIX A 

THE QUI CK DETERMINATIO N OF THE COMMON MINERALS 

BEFORE one may gain a knowledge of rock:; Or the archilctt,urcof their 
arrnllg'cmf'nt within the earth's crust. it j.<; quite l'nscntial that some fa­
miliarity should be acquired with thl' apJlc:t.ran(',(' Ilnd properties of the 
commonest minerals, and particularly thO~l' wh ich cnlcr <\."1 c&<;cntiaJ 
('onstitucnb; illt.Q the morc abuudll,ut. focks. To be a ('orurc tent mrneraln­
gist, one must. have a, fn,ther extended knowledge both of inor~rllli(' chem­
istry and of the science of cr.vstullography, which, fascinati ng ns it, is to 
study, im·oiv{'.5 SOIllI:' technical knowledge of mathematics and much 
laboratory eXJlerience. Though necessary to anyone who contemplates 
making a carrer as [I. geologi .. ,t, this special study is not essential to a 
cultural course like t he prcsent one. The attempt will here be made 1.0 
bring togethcr a bod~' of fad., from the study of which the student may 
quickly Jearn to recogllizc the commonest minerals in thcir usual \'a­
rieties. The tests he is to apply are mainly phys.ical, :md in place of an 
E'in.borate dis(,ussion of crystn.\ symmetry, pictures only can be supplierl. 

To the bl'ginncr the usual textbook of mineralogy is difficult 1.0 read 
intelligently , fol' the reMon t.hat for each mineral specie!) it flets before him 
u. catalogue of each jJhysical property in its turn, with little inrlication of 
thos(' {bt~l which in the inclillidu.'.ll c[t.<;e have !5j>ccial diagnostic ,'aim:. 
Kane the less, bowever, the st,udent is adv ised to consider the several 
properties of each mineral in a definite order, and the following may serve 
as well RS <Lily: crystal or other form, cleavage, fracture, luster, color, 
streak, traIlSpal'enc~' , t.enacity, hardness, magnetism, and specific gravity. 
In endeayoring to connect the specific vaJues of tbese properties with 
individual mineral species, the chemical composition and the manner o( 
occurrence are not to be forgotten. It is well for the student t.o be 
supplied with a small pocket lens and with a pocket knife thc blade of 
which has been magnetized. 

Crystal form. - Some mineral species generall y oCCur in more or less 
definite crystals - are bounded by definite plane surfaces developed when 
the mineral was formed; others in groups of interfering crystals or aggre­
gates, in which csse the mineral is 8.:'l.id to be crystalline; while still others 
arc rarely found cTyst,a1ljzed at a ll. T hus in a given case crystal form 
may, or may not, be important for the diagnosis of the substance. If 

20 «9 
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:.l IIJiueml ~ll('l'icii j!'; wmall .... lo II{' found in crystals, t h{' ~tudcnt should 
lx' aWI.lr(' of HI(' fal'!, IUid if flm~ .... jhlc should bl~YC u. Illt'ntai pictufr or the 
common cr.\'~ta l shapl' or shapes. \r Ithaut 1~!1 extended kuowlcdge of 
crystnlloJ.;raphy , this must be 1:lupplied him by drawings. Since crys­
tals of nt08t species nre apt to be distorted, owing to t he fac t that some 
planes within the Same group appear upon t,he cr .... 51,a1 with a larger de­
velopment tban Ot1U:.\T5o, it is c01l\'cnieJlt to remomber that markings, such 
as lines or etchings Ul>Ol1 the cf.vstai faces, arc t he same throughout the 
S3.me group of IIJanes, lllld in the ted figures such groups of plnnes ate 
indicated by the use of a common letter. For crystal1in~ 3.ggregates 
such terms as fibrous, radiating, massive, or granular have their usual 
Ilwaninw;. 

Cleavage. - It is characteristic or most crystals t hat the~r break or 
clefl/'(' ~dGn!! cI'rtuin directions :-;() us to l{'uyo plane or nearly plane surfaces, 
ami the lustC'r of the dC'!l,\'cc! surface mca.sure~ the perfection of the cleav­
ag(' property. It is important al\\'11.r5 to note how many such directions 
of c!c:,wagc are present, and, roughly I.tt lel.t,,;;_;t, at what angles they illter­
j,j('{'t - whcthQr Ow ... · arc perpendicular to ca.r-h other or inclined at SOUle 

otlwr angle. Fartlwr, it should be noted whcthr r a. given cleu,·age is 
"a/tet, tlw.t. i ~, (~asy, which ",ill be indicawd h ... · t.he t.hillness of the plates 
which can be :"t'curcd. An extremely perfect cleavage i;:: possessed by 
the minera.l micn, whose plates ar(' thinner than the t.hjullest paper. In 
til(' CR:-)(, of imJ)prfcct or int errupted cleavage, the fn\cture surfaces arc 
not pb1n(' thrDughout but inlerruptcd, the s urface <I jumping !J from one 
plant' to a Ilcig;hboring parnUcl one. I t is especially important to note 
whether, in the ca.')e of sOl'eral cleAl'ages pos,<;ess(..'(l by lJ. crystal, all have 
the same degree of perfection, or whether they exhibit differences. 

Fracture. - I n minerals with poorly developed clea.vage, the frac­
ture surf act' is delj<:ribed !lS fracture. Fracture is thus perfect in pro­
portion US cleavage is imperfect. Thc fracture is described as conchoi­
.ciaJ when .i! s.1.:'0).}.:5- }J.·:.nil~ .~~l.b1:'.r.il~J :wJ.rf.}JcCJ} ),i.l;1:' !v·DJ ... C}J g.1.A.".io." F.nr 
fine !l.ggrc~ates the fracture is described as even, uneven, earthy , etc., 
names which are generally intelligible. 

Luster. - This term is applied especially to t he manner in which light 
is rr:flccted from mineral surfaces. 1'h(' most important (listinction 
is mu.de between those minerals \vhi<:h have a mew.llu luster and those 
whi<:h have not, the former being alway:; opaque. Other characteristic 
IUbi.ers are adama.ntine (like oiled glass) , vitreous (glassy), resinous, 
waxy, etc. , 

Color. - For minerals which possess metallic luster the color is alwa.ys 
:JracticnlJy the sa.me, and hence it becomes <8. valuable diagnostic property. 
Df minera.ls which ha.ve nonmetallic luster, the color ma.y be always 
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the snme and hence characteristic, but, ill the CIlSC of mnny minerals it 
ranges between wide limits and sometimes runs almost the entire gamut 
of hues, yet without appreciable changes in the chemical r.omposit ion of 
the mineral. 

Streak. - This t.erm iJoi tll.)plied to the color of the mincml POWdCI', 
:l1ld is usually fairly constnlli, f'YClJ when the surface color of different 
f;pccimcm; mAy vary within wide limitR. [n the case of fn.ir lv soft miUCrl\ls 
the ~t,rcak is best examined uy m~\kinJ:!; a mnrk au a pi e~o of UIlp;i!lzcd 
porcelain (strcnk stone), 

Transparency (diaphaneity).- l'he terms" transparent,"" translucent," 
(I!';ubtranslucent,/' and "opaque" nrc used 1.0 describe decreasing grades 
of permeabilit,Y hy light mYf>. Through t ransparent bocHcs print may 
Iw read, while tmns!ueent bodie.~ allow the !i~ht to he transmitted in 
('onsidcrable quantity through them, though withauL rendering the imnge 
of object!S, 

Tenacity. - This compl'ehensi\'(~ term includes :-:uch propcrtif's :'l.~ 

brittleness, flexibili ty , cJa.sticity, mallcabilit,y, et(,. 
Hardness, - Quite cl'roueous notiOllJ'i ar(' held conc(' rninJ,!; the mrm.lI­

illg of this very common \\'ord , ",hi('b propcrly implicfi 1\ ro.-;ifitIUlce ofTprt'd 
t() :.1./)1'3."i01l , It iR 01\(' of til(' tnUi';t, \'alul~blt' p;'opel't i t~-; for t ill' quick clp... 
t.t','minaiion nf millera.l ... , r;iuce lIlilH ' l'::d ~ ,':!Ill!:f' fl'olll di:u l1ulld upon thc' 011(' 
kllld - thf' hunlc·st. of SUb, .. tllllt'/\"i - to tale ,till! ~"1'ltr)hitt-, which ar(> ,"KJ 

Boft 3S to bl' tlf'cply Rcmklit'.d hy tilt' thumh IUlil. 1"01' pra(:lic:nl pur­
poses it is Ruffici('llt 1,0 mnkl' usc of a rough sNd(' of ha.J'dILl'S."; made up 
from commoll or well-known milH'ral::i. If w(' exclude t he gPIO mineru.Jf!, 
this scale need include but seven numbers, which u.re: k dc, 1 ; gypswn, 2 ; 
cnlcite, 3;- fiuol' spar, 4; apatit.e, 5; feldospal', 6 ; and quartz , i. A given 
mineral is soft.er than a mineral in t he scale whell it ca.n be visibly licl'at,ched 
by a. scale mincmf, but will not lca\'e a. scratch "then the conditions are 
reversed. If ench will scratch t he other with equal readiness, the two 
minemls ba\'c the same hardness. 

Since it may often be desirable to test mineral hardnc.'18 when no scale 
is at hand, the following substitutes may he 1l}n.<1e' Uke of: I, greasy feel 
aud c:usily scra.tched by t he thumb nail ; 2, takf:8 a scratdl from the thumb 
nail, but much less readily ; 3, !:!cratchcd by :1 copper coin and very 
('asily by 0. pocket knife; 4, scratclu~d without difficulty b~' a knife; 
5, !icratchcd wi t h difficu1t~r b~' a knife' , but easily by window glass; 
G. scmtched by window glass; i , scrllt,uhcs ,,·indow gla&; with readiness, 
hut a grain of sand may be 8ubgtitut('d to represent quartz ill t he scale. 

Magnetism. - Though lIc.!lrJy aU minerllls which contam important 
qUllntities of the clemclltR iron. cobalt, 01' nickel may be attracted to Il. 

Btl'ong electromaglwt, thf' re fll'f~ but two common minerals, and these 
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of widely different appearance, whose powder is lifted by a common 
magnet. Others nre, howc\'er, lifted after strong heating in the air 
(ig)Jition ) , and this is :\ valuable t.est. 

Specific graVity . - Rough tests of relative weight, or specific gravity , 
may be made by lifting fair-sized specilllens in the ha.ud. Better deter­
minations require the use of a spring balance. 

Treatment with acid. - The carbonate minerals react with warm 
and dilute mineral ac id so as to give a boiling effect (cifen'e8cence), 
since cn.rbonic acid gas escapes into the air in the process. 

PROPERTIES OF THE COMMON MINERALS 

The more important common mincral~ fall intu two classes according 
as they hn vO lurgf' economic importance us ores, or cnter in all impor­
tant wa:y into tht:! composition of rocks. 

I . The Minerals of Economic Importance 

Hematite. - The sesquioxidf' of iron, F'e~03. and hy fur {,he most impor­
tant or(.' of iron. Hal'C'ly ill good cl'~'stals, but sometimes in trun opaque 
,I)cnles beal"ing some resemblance to mica awJ known as micl1ccous or 
speculal' iron Ore. At other titH c::; in nodules built up frol11 radial l)ecdles 
(needle ore); in hal'dlnaSSes mixed with fine quartz grains (hard hema­
tite) ; 01' in soft reddish brown cu,rth (soft hematite). Color, black to 
cherry reel. The powdered mineral always cherry red or reddish brown, 
ancl ('asily liftcd by the magnet aftcr ignition. Hardness 5.5-6.5; 
specific gra\"ity 5. 

Magnetite . - The magnetic oxide of iron, Fe30~, oftcn in crystals like 
Fig. 4R6, 1- 2. Black and opaque with a metalliC' lustcr. Streak bInck. 
Liftrd by 11 magnet. and sometimes itself capl1ble of lifting fiJings of 
soft iron (lodest.one). Hardness 5.5-G.5. Specific gravity 5. 

Limonite. - The most abundant and mo!';t "aluable of the hydrated 
iron ores, 2 n·~03. 3 H~O. Chemical cOlllpositioll the same as iron rust, 
with which in the earthy fonn it is identical. Never in crystals, but often 
in mammillttry or rounded pendant forms resembling icicles, or some­
times clusters of grapes. I ts yellow (rust) streak is its best diagnostic 
property. Ignited it gives off water lind 'becomes magnetic. The streak 
lind its notably lower specific gravit.v distinguish it from certain forms of 
hematite which it outwardly resembles. Hardness 5--5.5. Specific 
gravity 3.6-4.. 

Pyrite, iron pyrites , or "foolts gold ." ~The sulphide of iron FeB:!. 
The most widely distributed sulphide mineral and now a. chief source of 
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the great, chemical reagent, sulphuric acid or Yitriol. Often, but not nl­
wn .... 5, in crystals (Fig. 486, 3-5) which ha\"(~ peculiar strire upon their 
{UloeS. At other times the mineral is found massive or ill radiated nccdles. 
Bright mctaiJic im)ter with the color of new bra.s.. .. , though often t,arnishcd 
or altered upon the surface to limonite. Hard and brittle , and so dis­
tinguished from gold, which is soft and malleable and of the color of the 
paler olel brass (which contained II larger percentage of zinc). Gold is, 
further, about four times as hea,>, as pyrite. Hardness 6-6.5. Specific 
gradty,j. 

Chalcopyrite, copper pyrites . - A mixed Rulphidc of copper and iron. 
] f in crystals, like Fig. 486, 6 i ot,hcrwisc massive or compact. Luster me­
l allie. ('o lor orange-ycUo\\', oficn with local blue and grccn irick'Scenec 
tikP a pigeon 's throat. Distingulrshed from pyrite by the deeper color 
:1:1d lower hardnc&', and from gold, particularly, by its brittleness and 
fower specific gra.,rit,y. Hardness ~.5-4. Specific gravity 4. 

Galenite, galena. - Sulph.idc of lead, PbS. The chief are of lead, and, 
from aclmix-tul"e of a sih'er mineral , of silver as well . Usually found in 
cr."stals (Fig. 48G, 7). Always cleaves into blocks bounded by six very 
perfect rectangula.r faces which, when freshly broken, show a bright sil­
Yer.'· luster and quickl." tf:Lrnish to a peculiarly II lea.den "surface. Very 
hea,·y. Color a.nd streak lead-gray. Hardness 2.5. Specific gravity 7.5. 

Sphalerite, zinc blende. - Sulphide of zinc, ZnS, usually '\\rith considerable 
admb:turc of sulphide of iron. The great are of zinc. Not infrequently 
in crystals (Fig. 286, 8-9), but more often in cleayable crystalline 
aggregates. The cleavage in fine aggregates is sometimes difficult to 
make out, but in coarse-grained masses it is seen to be equally and highly 
perfect in six cliffercnt d.irections, so that a symmetrical twelve-faced form 
may sometimes he broken out (dodecahedron). Luster like that of rosin 
(rosin jack), though when with large iron admixture the color may approach 
black (black jack), The lighter colored varieties are translucent, Hard­
ness 3.5-4. Specific graYity 4. 

Malachite. - Hydrated (basic) copper carbonate. The green copper 
Ore and the common surface alteration product of other copper minerals. 
Usually has a microscopic structure made up of fine needle-like crystals, 
but generally massive in variou."I imitative shapes not unlike those of the 
iron ores. Sometimes carthy. Its color is bright green, and it is usually 
found in association ,\rith other characteristic copper ores, such as chal­
copyrite and azurite. 'When relatively pure and in large masses, it is 
a beautifu l ornamental stone. Effervesces "rith acid. Hardness 3.5-4. 
Specific gravity 4. 

Azurite . - Hydrated (basic) copper carbonate, less hyd rated than 
malachite, and known as the blue carbonate of copper, Generally iII 
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Fra. 486. - Forma of Cryetais: J-2, magnetite; 3-5, pyrite; 6, chalco~yrite ; 
7, galenite; 8-9, sphalerite; 10-13. calcite. 
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,err fniuutc and quite complex crystals, but also in imitative shap<:.'S 
similar to those of malachite , and at other times earthy. Slightly lighter 
in weight than malachite, from which it is casily distinguished, as from 
most other minerrus, by its bright azure blue color and ib:l somewhat 
lighter hlue strrak. EfferYesces with nitric acid. Hardness 3.5-4, 
:':pecifi(' grnyity 3. 7-3.8. 

Calcite . - Calcium carbonate, CaC03 . Almost always in crystrus (Fig. 
286. HH3), or in confused crystal aggregates, though mrcly fibrous or 
dull nnd ellrthy. Rome of lhr forms of thp <'r~'::itnls nrc described as 
" dog-tooth !-:par," others us" nail-Ilead spar ," while !.i.ill others are modi­
lied hmalgona! prism~. There is a heaut ifully perfect clcavagf' of the 
Illiucral along three direct ion:; which mak<' angh,:" of about I 05° with each 
othe-r, so that. under the h:umncr the suhst.ance i)l'caks into blocks which 
.lx. shaped like t he crystal of Fig. 486, 10. Usually white or gray, but 
occasionally faiutly tinted. Streak white. Effervesces with cold and 
tiilutf' mineral a.cids. An associate of many orf'.8 and the chief mineral 
of limestone. A. similar mineraJ - dolomite - contains in addition mag­
nesium ca.rbonate, has Simpler crystals (like the drawing of Pig. 486, 10, 
but often with rounded faces), and effernsceFl only when the acid is warmed. 
Hardness 3. Specific gra.vit~· 2.7. 

Gypsum. - Rydmted calcium sulphate, Ca.':iO~. 2 H~O, and the source 
of plaster of Paris. Often in simple cry~tals (Fig. 487, 1) or cll:lC II swal­
low t:lil/' like Fig. 487, 2, in which case th{' mineral is generally either 
transparent or transluccn1 and is described a'i selenite. Such crystals 
show Il c1ea\'age approaching in perfection that of the mica.'), but, unlike 
the mien lruninre, those produced b~r c1ea\"a~e in gypsum though flexible 
are not elastic. There are also fibrou.':l fonns of gypsum (satin spar), 
n fille-gra.ined form (alabaster), and the impure earthy form (rock gyp­
sum). Ycry ~oft, light in weight, Ilnd difficultly fusible. Color usuall y 
white, gray, or pale yellow. Hnrdness 2. Specific gravity 2.3, 

Copper glance. - A sulphide of copper, Cu~. Not usually well crystal­
lized, but generally ma...c:si ,'e and associated or variouRly admixed with 
other copper ores such fiR chalcopyrite, malachite, etc. Fracture COI1-

choid!l..l , luster mct,alJi e, color and streak blackish lead-gray, though often 
tarnished blue or greQn from surface alterations to the copper carbonates. 
Softer and heavier than cha.lcopYJ·ite. Blowpipe or chemical tests are nec­
essarv for its identification. Hardness 2.5-3. Specific gravity 5.5-5.8. 

Ce·russite. - The white or carbonate lend are, PbC03, and an important 
ore of silver as well. Often in crvstals of considerable complexity, though 
Fig. 487, 3-4, shows some comm'on shapes. Often granular, massive, or 
earthy (gray carbonate ore). Very brittle and with conchoidal fracture. 
The luster is adamantine or like that of oil.Jci glass. Color genera.lly 
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white or gray. Very heavy, the heaviest of light colored and nonmetallic 
minerals. Dissolves in nitric acid with effer\·esccllce. Hardness 3-3.5, 
SpL>('ific gra ,"it)' 6.5. 

Siderite. - The carbonate or /1 8pathic 11 orc of iron, FeC03 • Either 
in crystals resembling in form Fig. 486, la, but with rounded faces, or 
clctL\\'l.ble ma.ssi"e to finely granulur and earthy. The crysta.J1jne varieties 
<:10[1.\'(' easil" illto smaller block.'S of the same form as those of calcite. Color 
11:'lUalfy p;ra:v or brown and streak nrrute. On strongly igniting, the white 
powder hecomes hlack nnd magnetic. Lighter in both color and w~ight 
t.han the other iron orcs, and unlike them siderite cllervC5cC'.8 with acid. 
Dist.inguished from calcite by its higher specific gravity a.nd it'S change 
upon being ignited. Hardlle.r;s 3.54. SI>ccific gravity 3.9. 

Smithsonite. ~ Carhonat,£' of zinc, ZnCO.~, and an importn.nt. ore of 
tbat metal. Seldom found in crystals except as a rcpin ccmPllt of calcite 
crystals, in which case it shows tbe forms characteristic; of the latl.er min­
eral. Usually kidney-slul.J>cd, stalactitic, or else in incrlL<;tations upon 
other minerals. Sometimes granular or earthy. Brittle. Luster '\litre­
ous, color white or greenish gray, though often stained yellow ,,;th iron 
rust. Streak white except when the mineral is stained ,,;th iron. Ef­
fervesces with warm acid. HarJness 5. Specific gravity 4.4. 

Pyrolusite. - Black oxide of manganese, MnOe. though generally im­
pure from admixture with othel' mltllgalle.<;e oxides. UsualJy in intrica.te 
a.ggregates which Inay be columnar, fibrous, mammillary, earthy, etc. 
Opaque, with color lJ.ud streak both hlack. Soft and easily soils the fingers. 
With hydrochloric acid gives off the choking fumes of chJorinc. Hard­
ness 2-2.5. Specific gravity 4.8. 

ll. The Minerals i mportant a s Rock Makers 

These minerals are in most cases complex silica.tes of onc or more of a. 
certain number of metals such as aluminium, catciwn, magnesium, iron, 
sodium, pot,n.ssjum, or hydras:):] (OH). Fo)' tbejr jdenti6c..3.tion ill) ex­
amination of t.he physical properties is usually sufficient, whereas of the 
typical ore mineraLiS already considered, additional chemical tests lllay be 
necessary. 

Feldspars."- A group of similar alumino-silicates of potassium, sodium, 
and calcium. The most important of aJl rock-m.'lking minerals. AJihough 
with \ .... ide variation in chemical compositi~n, the feldspars are yet broadly 
divided into two classes; the one striat.ed, and t he other all unstriated 
potash or orthoclase variety. The pocket lens is usually neCessary in order 
to make out the striations upon the crystal or cleavage surfaces. When 
formed in veins, feldspar appears in crystals (Fig. 487 , 5-6), but as a rock 
constituent the m utual interference of crystals prevents the development 



APPE NDIX A 457 

15 
FIG. 487.-Forms of Crystale : 1- 2, gypsum ; 3-4, cerussite ; 5-6, feldspa.r ; 7, 

quam : 8, pyroxene (cross section): 9 , hornblende (crosa BCctiou): 10, garnet; 
11, nephelite ; 12-14, staurolite; 15-16, tourmaline (crollS sectious) ; 17, olivine. 
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of lJoundillg ruc:('~. Twu (' ll':H"UJ!;(' dil'l'(·tiolls, lIf'fiTly or Quit€' pcrpencHcular 
1.0 eacil otllCl', :lI'C uotah/y diff(,l'ent ill t./w;r pcrr(·ctioll. Hard enough 
to scratch glass, but easily scratched by sand. Color pink (usually orth~ 
clase or microline\ white (often a.lbite) to b'ray. Sometimes with beauti­
ful U pigeon's throat~' eti('ct of iridescenc(, (labradorite). Low specific 
gravity. H11Tdncss 6. Spccific gnntjt.y 2.5-2.8. 

Quartz. - Oxiclc of silicon or silica, RiO:!. Both an important vein 
mineral I1Ssociated with t he orcs and 1\ rork mILker. In the former case 
part ieuiarl.v, arlen iu <:f.\";<;ht l" of not:lhly simple forms (Fift. 4~7 , 7). Few 
millcruls which are 1101, pJ'inS ar£' !:IO bard . RRm:\rkiLhh· fre'edam from 
clenvllgI' so thn1, tilt' mineral hr<'aks Illu(' h likt, window ~ln.".., - cOllchoidal 
frnctufe . Wide' mn~l' in hot h tra.1\~IHlrf'Il(·~· mul color. Transparent fI.nd 
colorle~ (')'Ys1:l11inl' "arid v (rock ctr~t.nl). hrowll tmn~lU('ellt (smoky 
quartz ), tur'bid whik (milk." ·quart7.), 'and ynrious colored yarictics (car­
Jleiinll , ja!';pcr, jet, cte .). I nsoluhle in acids and infusible. HardJless 7. 
Specific g-r:.trity 2.6. 

Micas. - L ike the fcluspat·s a group of complex silicat.es, hut here 
chi pft y of potas.~ium, ma~nesium, iron , Il.nd h ydl'ox:d . Ahundant as rock 
llUlk(' r:-l, tI l(' IHicfl.') :u'(' :tll characterized by t it!' thilLrwi:it Il(l(l t.ought'~t 

of e lu...;..;tic clcanlgt' phttes, such a,-; 111'(' g:eueJ'all.v known a...,; il:)i ng:hl.s.'!i. \Vhel! 
a llccJle i~ dJ'i"clI Sh~lI'JlI.', t hl'uug:h :l 1,hill seale of mi(!!''', U ::lix~rllyed PUII('­
tUre st.ar fOl'm~ about t ilt' Ill'('({!P point. TIlt' darker COUlIllOn varic~y or 
micll i .... ri('h ill iron !l.lJll H111.L:'llesium and if: (!f1Jled LioW.c, :~nd the light rT 
to\UI'l't \ :llk~lilll' Y:ll'i('ty, mu>:covit.c. Hurdness 2}>-3.1. Specific grav­
jly 2.7- a.1. 

Chlorite. - Generally un intl'icat.{' mixture of more or les.s similar 
mim'oscopi{' cry st~ll:-; IUl\"ing \'llryin~ and rather complex chemical composi­
t ions 1\lld "(l\ated to the mie:ls, hut, ~1.1I cha racterized by a peculiar leaf 
gl'(~C ll (\olor. Thes!' miul'rn.ls arc a COlUmOI! product of hydration weather­
jog in l'Ocks whjch arc ri ('h in magnesium and iron - especially those that 
conta in biotite, pyroxene, 01' hornblend{' (:'ICe below). Hardness 1-2.5. 
Specific gra \'it,v 2.5-=t 

Pyroxenes. - An import .. ~nt groUIJ of relat(..'CJ rock-ma.king minerals aU 
of whieh ~tr(' silica.lf's of the bases magnesium, calcium, aluminium, iron, 
and nuulg1U1CSC. Quite genemlly d eYClort<xl cither in columnar or needle­
ijkc cr:o.rstais which nre uuiformly sb.l.\jlCd in cross ~ction like Fig. 487, 8. 
Two ruther imperfect cleavages are directed pal'allel to the longer axis 
of t.he crystal nnd nearly at right angles to each other. The colors of all 
but the lime \'aricties are da.rk and generally green, dark brown! bronze, 
or black. The lime varjeti e8 are wllitc, gray, or pale green. A dark 
colored and ~mmon iron variety is known. as augite. Streak generally 
either white or lightly tinted. Hardness 5-6. Specific gravity 3.2-3.6. 



APPENDIX A 459 

Amphiboles. - A group of mjllcral.-: of thf' :-:llmc chemical compositi011 
W,i the' pyroxenes, \\'ith which also in mo~t rh~'!:l i cfl! pr(lr~rtics th<,.\· ngr(.'(', 
The principa.l d istinction iJ'i found in the shape of the eros-" section and ill 
the cleavage (Fig. 487, 9). \Vh('rca~ t he cros~ sectiolll:i of p,YToxpnes nrc 
geDeraU~r eight sided, tho:;(' of the l1.mphibolc:-: have six sidc:s, and whereM 
the cieavt},ge directioll:'\ of p~'roxf'llcs arf' fl{·:trl.', at ri~ht angles to ench 
other (87Q

), the similar but lI1ueh 1I10re perfett cll'ilVngr ciirrctions of 
the llmphibolci'i are inclined at an obtu,:;c a, ll~lc ( 124~O ). Owing to the 
obliquity of the amphibo](' clea"agc, fractured surfaces of tllf' mineral 
appear SpJilltf'I'~', whic,h if.: not in the !o!1U1H' Illcasurf' tru(' of the p:,{roxenes. 
A fibrous vil-ridy of amphihoh', lUul occasionally oi,her varieties of thc 
miu~ra.l, is a !.lot uncommon produ('t of wNtthcrillJ,!; of ]l~TOXetlc:-;. Other 
physical prOI}('rti('!'j of til(' amphiboles :In' ill .t.hc main almost idcntiCid with 
thol;'_(' of thr pyroxene':;. 

Garnet. - Complex nlumiJl(}-:;i1icHw" or ff'lTo-silicatf's of clllciulll, 
magnc!Siull1, iron, or mlLngll,lleS(', or tic\'eml of thesr ('mnhinl'd. Nearly 
alwa~':-\ in crystab, alld lIs11l\II~' (ound in micn. ~chi~t (set' helow). The 
crystals usually ha.H t\"dvc !;;imilar faces, cac;h a. loz('n~(' (dod{)caheciron), 
(lr ebc twenty-four similar faces \ or til<' t wu forms eombil)ed (Fig. 
487. 10). BrittJc. :From 111l.)' hut thf' ,!!;cm mill(·rals garnet i.:i easily 
di'itinguishcd by itH hll,rdncs:i, which in different y(lrif'ties mnp;es from 
Wlmewhat below to somewhat above that of quartz . The luster is vitre.­
ous, ~\nd the color runs the gamul of rod:;, browIL'';, and green:" but with 
thp. common hue cl:\rk red to bbck . litl'(',ak whitr. Hllrclne:;.'S 6,5-7.5. 
Specific gravity 3.l--4.3. 

Nepbelite (nepbeJene). - An nluminO-l'lilicltk of :iodium and pot!LS8ium. 
III certain special provinces t.his minemJ is developed in abundance as an 
c.sscntial constituent of igneous rock:;, hut ch:!Cwherr practicaUy unknown. 
The rare crystals are hexagonal prisms (Fig. 487, 11 ), but the mineral is mor:rt 
easily determined by its general resemblance to feldspar, but with the dif­
ferences of cleavage, luster, and reaction with acid . 'Whereas the feldspars 
have t wo cleavages. either nearly or quite perpendjcular to each other 
and of different degrees of perfection, nephelite has three equal cleavages 
inclined 000 and 1200 to each other and of less perfection than either 
feldspar cleavage. The luster of nephelitc is perhaps the best clew 
to its identity, since this is greasy and simulatt.'<i by but few minerals. 
The fine powder of the mineral treated for some time with strong hy­
drochloric acid forms a perfect jelly of silicic acid, whereas the feld­
spars do not. Though itself gray or whiLe and unobtrusi\'e, nepheJite 
is usually B.'i.'IDciated with brightly colored minerals, which arc often the 
first clew to it~ presence in a rock. Hardness 5.5-6, Specific gravity 
2.5-2.6. 
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Talc (soapstone). - A siricmtc of magnesium a.nd hydroxyl which is 
an important alteration product through weathering of certain pyroxene 
rocks especially. Usually a foliated mass, this I}foduct is occasionally 
fibrous or c\'on grallu1!~r. Talc is ooc of the softest of minerals, luning a 
greasy fecI and being easily !scratched with the thumb Hail. The lust.er 
of the foliated \'arieties is apt to be pearly. and the color apple-green to 
white, though sometimes stained brown from oxide of iron, The streak 
of the mineral is white except when 61.ained by iron. AJthough the 
rocks which are comp()sed mainly of talc (soapstone) nTe exceedingly 
soft, they are very touglJ and rema.rkabJ.y resistant. Hardness 1-1.5. 
Specific gravity 2.7-2.8. 

Serpentine. - Like tufc, serpentine is a silicatc of magnesium and 
hydroxyl, and an important product of the brcnking down of magncsium 
minerals in the' process of weathering. The mineml is usually found as a 
fine web of microscopir needlelike fibers, and is best roughly diagnosed 
by its color and its associated minerals. Like talc it is usually developed 
wi thin t hose igneous rocks from which feldspar is lacking, but where cit,ber 
pyroxene or olivine is found in abundance or was previous 1.0 alteration, 
The cll.'lr.'wteristic color of !ierpcntine is leck.green. The rock largely 
composed of serpentine is called by the same name, and being exceedingly 
tough and unchanging is, in spite of its i:loftness, a valuable building and 
ornamental stone. A red magnesium garnet is apt to be associated 'with 
such serpentine ma8ses. Hardness 2.5-4, because of impurities. Specific 
gravity 2.5-2.6. 

Staurolite. - A silicate of aluminium, iron, and hydroxyl. Found in 
metamorphic rocks usuully in association with garnet. Always in crys­
tals bounded by simple forms generally crossed, as shown in Fig. 487, 12-14. 

The color is dark reddish brown, and the st,reak is eolorless to grayish. 
The hardness is exceptional and higher than that of quartz. Hardne38 
7-7.5. Specific gravity 3.6-3.7. 

Tourmaline. - An exceptionally complex si licate of boron and alu­
minium as weU as iroIl, magnesium, and the alkalies. Found in metamor­
phic rocks and always crystallized. The cryst als are columns or needles 
whose cross section. is the best guide to their identity, since this is a modi­
fied triangle unlike that of any other mineral (Fig. 487, 15-16) . Addition,l 
diagnostic properties nrc the characteristic !rt.riat ions which run lengthwise 
of the crystals upon prism faces, and the lack of any cleavage (difference 
from hornblende), The hardness is ruso a valuable property, since this 
is greater than that of quartz. The mineral is brittle and the fracture 
subconchoidal. The ra.nge in color is as great as

l 
or greater than, that of 

garnet, though the common forms arc i e't black. Streak uncolored. 
Hardness 7- 7.5. Specific gravity 3-3.2. 
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Olivine. - A silicate of magnesium and iron and a. rock-making min­
eral found only in those igneous rocks which have little or no feldspar. 
It easily suffers alteration by weathering and passes into serpentine, and 
iu fact is seldom found except when at least partinlfy altered to t he fibrous 
webs of that mineral. The form of the unaltered crystals within the 
rocks is shown in Fig. 487, 17, and, cut in sections, the mineral appears 
in morc or less elongated hexagons. The hardness of the unaltered min­
eral is about that of quartz. It has rather imperfect cleavages in t wo 
rectangular directions, and is usually transl ucent, with it. vitreous luster 
and a color which is oli ve-green when not stained brown by oxide of 
iron. Streak uncolored. Hardness 6.5-7. Specific gravity 3.2-3.3. 
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SliORT DE SCRIPTION S OF SOME COMMON ROCKS 

In Chapter I\' till' c;ja.":i ... iticntio ll and the struc1ure of rocks have been 
briefly discussed. -Below are added hrief descriptions of tht! more im­
portallt ('ommon rock.'), r or rocks a,'i for mincmls i t is, however) essell­
tilt! that a, collection of w('lI-cilol';('1L ::lw('inH'lls b{' ~t,udied fot Jlu rposes of 
compa.rison. A small pocket lens ib tt ndullulc aid in making out th(! 
compOIlCnt minerals and til(" 1extu res of the finer grained rocks. 

1. Intrusive Rocks 

Granite . - Of granitic textlln', t.hough i'iOmctilllcs porphyritic as wdl. 
"]1)jf' moot abundllld Jl)illf'J":d "Olli;.ljtueI)1 i., a pink or whitt· ff'ldRpaJ', usu­
:tlly withou1 \i.,:j))) p ~1J'j;lljulls, wit)! whielJ tJ)(,TC i,') u;o:uall," ill subordinlliR 
qWllIti ty JI whit.t, ''' triaLI '!) ft'Jd"';/)lJI'. \ 'f'xl jll importaucr io Ow ieldJo>par 
is quartz. which j,ec[l.u."\(' of i1.,.; l:u!k flf (' ICllnll!:t' show,.; a peculiar gra~' 
~urflw(, /'(·.~wl!llllif)1( \n,t ." U~:lr. I II :uldjj iOIl tD ft'ld."I';1/' :2IId qUfl1iz ther[l i1'l 
gt'llcmlly. t hough !JOt. uniV('l·s:~\l.\' , :~ dark colul'ed Illim'ral, (>ither mien 01' 
horubleude . Th(:' mic:lf il'- U'-:Ulll1,r Iliotitl', thoup:h Oft.Cll ,IL,"soc;llt.e-d wit h 
muscovite. 

Syenite. - Like gl'fllli1-l' , but without quartz) witL 1110re striated fcJd­
Spfll', anu generally I1lso the roc:k has :1 darker !lVerage tint. \Vhile biotite 
is the- commonest dark ('olol'cd cOllst.i(ucut of grallite) hor nbleude is morc 
!lpt to take its plaee in s~'(' nit('. Less rommon than ~I'an it.e , to which it is 
closely reIatf'd ill origin and in composition. 

Gabbro. ~.A (hrk {~olorf:'d rock of f,:trauitie text urc ('omposcd of striated 
feldspal' with Immel c{(':1\,1l1.t(' r\u1'(ac(~f> and u~ullfry !l.ll ahundl1.nee of I)yrox­
f!llf'. I II (;ontl'a . .;:t to 0\(.' f(' ldRpar:-: of g;'ran iLf') those of g:lhhroes are often 
dull ~llld chlorod grayish yellow or grl.'i'llish. The pyroxeno is often ill 
part changed i.o fibl'oul:I amphibole. Magnetite may be all abundant 
U('(,(,SSOl',V mi lle l'ltl. • 

Diabase. - In color d:1J'k li kf' gabbro, tlnd of "imilltr constit ut ion. I n 
d in1Jase, ho\Vr"cl', til f' feldspar ('I')lst.:.I.I:-; , iust.cad of being broad and of 
irregularly interrupted outli ll e. nrc relat.ivfol)1 long (U lath.shaped "), and 
tlu.' pyroxCl1(> nets !Ii-i ~t fille,· of tlw rMiduru SPilCt' lwt weeu them . 

Peridotite . - A heavy aud dark colOl'oo rock of gran it ic texture which 
is nCf\rlv 01' ouite devoid of feld8nilr but contains olivine. When altered, 
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J.lf<: ]1 geJlcrally is, it, j~ lurgrl~' :~ m:IK..: of xcrpl'lIt.illl' , tale, and l!hlorit,(" l-lur­
rounding cores, it InHY h{-., (If i'till IInal1('n"'d p.n'nxptw and nii"illl', 1rag­
netit,c i:s an abundant COllKtitU('lLt, ami ti "pel gal'lld is apt t.o be prcsent., 

2, Extrusive Rocks 

Obsidian. - A rock gla.ss rich in :,ilil'lI. [1 il' u~llall~' hhLCk Rild breakK 
with 1l p{'rf(,(,t c'o lwhoidlti fr:.lt'tnl"l' , 110ftI'll passl'.O: o\'('r thl'oll,l!;h inl:;(m­

fo;ibll' gra.datioll:' into jllunjlw. which eli/ft,!' .... (Jul,," ill it..o: yt'siC'ubu' stl'lIctUn'. 
As regards chcnucal composition, oh;o;idillll and Jlumice ure not. notably 
difforent from rhyolite (below ), 

Rhyolite, - A light colol'('(1 rock of porphyrit i{' text.ure, oftcn nl:::o with 
fluxion or spherulitie tcxt.urc:4, or hot h ('ombilled. The porphyritic ap­
pearance is gi,'en t.he rock b~' large crystals of a ~la&~~' , ullstriated feldspar 
illHJ crYbtais of quartz, Rhyolite> is 11, vcr." bilicl'OU5 bl\'1\ coutuildng rathor 
more silica t.han granit{! , to which of the illtru:-;iw rockti it, ilS most closely 

rela.ted , and from which it differ!:! in its textun' and in tlH' mllnllCr of Hs 
occurrence in nature. \Vhercas granite is found in gl'eat blltholites, 
laccolites, and bysmalites, and consolidated in mos1 case;. heneath the 
earth's sllrfl.L(~(', rhyoljtc generally o(!('urs itl sh('{'t:-l, flowl', or dikt·s, and 
COlll:lolidat NI citJlcr abo\'(~ or in fiSSUI'I!S Il('ar 10 t il(' surface. 

Trachyte. - Similar to rhyolite, but wmull,r with .1 pc(;uliur gmT '!Brcct 
from the greater abundance of feldspar crystals. The rock is less siJi­
e{'Ous than rhyolite, contains no quartz crystuls, and approaches a feldspar 
ill its average composition, 

Andesite. - Similar to rhyol ite in appearance and in origin, but more 
basic and correspondingly dark in (:0101'. The porphyritic crystals are of 
lath-shaped, striated fcldspnr, with which are associated crystals of either 
biotite or hornblclldc or both. A fluxion texture' is particularly char­
acteristic of this t~rpe of extrusive rock. 

Basalt . - A dark colored OJ' hlack basic rock of porphyritiC' texture 
which differs but li ttle from diabus('. 11 may :show under the lells fine 
lath-shaped crystals of stria.ted feldspar ussociated \\;th CI1'st,a.!s of augite, 
but more frequently the rock is dense and without visible mineral con~ 
stitueuts, ft is particularly likely fo o('cur dividf'd up into cohunns six 
inches to a root in diameter and knowll us hasaltic columns. E.'ipeciaUy 
fine examples arc known from t,hc Giant's Causeway and other localities 
in the western British Isles, 

3, Sedimentary Rocks of Mechanical Origin 

Conglomerate (" pudding stone " ), - A rock made up from pebbles 
which are cemented together with sand and fi ller material:-, The pebbles 
are usually worD by work of the waves upon a shore, and may vary in 
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size from ~l Pl':! to lnrge bowld{)J','C. TIll'_)' may consist of almost any hard 
minC'nLi 01' r()ck, though thl' :mlld about them i~ largely quartz. 

Sandstone. - A rock cOll1po:;ed of sand cemented together either by 
cll.lcRrcolls, silicpou!:!, or fe.rrugillolls materia!.", Sandstones are cies('rihcd 
ll."I fri:.\blf' whrn their !'urfllce gmins :11'(' easily rubbed otT, or ns compact 
wbell t.h~'J' :In: more firmly ('{'mcnie(!. Ehmcistol1cs arc often diBtiJ)(,tly 
buncimi and aT!! sometimes variously stained with oxide of iron. Those 
sandstones which have bc(,ll fOl"nwd UpOn a seacoast ate known as murine 
slllJdstoHea, while. thoi:lc derived from accumulations collected by the wind 
in deserts aJ'e distinguished [lS continental deposits. Sandstones form 
much thicket formations than congJomcratt.'s, the Jattcf usually const.i­
tuting a basullaycr only of the sandstone formation (basal conglomerate). 

Shale. - A cOTlsol idat.ed mud stone which is prob1l.bly the most abun­
dant rork formation. In large part day admixed in varying proportions 
wit.h ext remely fine sundy grains. 

4 . Sedimentary Rocks of Chemical Precipitation 

Calcareous tufa (travertine). - Not to be confused with tuff, which 
is a fra.gmental extrusive or volcanic rock. Calcareous tufa is formt.'fl 
when waters which contain carbonic acid gas and lime carbonate in solll­
tion, give off th(' gas and with it. the power to hold the lime in solution. 
Such it lilx>ratioll of ihe gas mn.}' QCcur when the strea.m is dashed inio 
spray above 1.\ cascfLde, and the lime is t.hen depo:sited about the site of t he 
falls. Travertine is gencrally porous and formed of more or less Concen­
tric layers or incrustations. A remarkable ilIustratiou is furnished by the 
tnl..vertine deposits of Ti,'oli find other localities ncar Rome, since hcr~'! 
the material supplies a val uable building stooe. 

Oolitic limestone (oolite). -This rock is made up of spherical nodules 
and so has the Appearance of fish roo. Broken apart, each grain reveals 
in its center a core of siliceous sand about which carbonate of lime has been 
deposited in concentric layers. It is thought that waters charged with 
carbonate of lime, in issuing from a river near a sea beach, coat the sand 
grains of the latter with successive thin films of lime carbonate due to the 
rhythmic ebb and flow of the tides, eva.poration of the adhering water 
t aking plaCE: when the sands are exposed at low tide. 

5. Sedimentary Rocks of 'Organic Origin 

Limestone. - A generally white or gray rock composed of carbonate 
of Hme with varying proportions of clar, silica, and other impurities. The 
lime carbonate is usually derived from the hard parts of marine organisms, 
and the argillaceous and siliceous impuritiei from the finer land~derived 
sediments which d~end with them to the bottom. 
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Dolomite (dolomitic or magnesium limestone). - Differs (!'Om lime­
st.Olle in contuining Ynr~'illg proportions of tlw mincnd dolomite (ante. 
p. '155), which is made up of ( .. qual parts of calcium alld ma.gnesium C:l.f­

bollaics. Difficult to distinguili ll (rolll Limestone unie::;." :1, chemical t.c:,1; 
LS made for IUtl~neSiUlU, though it lIlay be saiJ ill gcucml th~Lt dolomite 
is kss soiuhl(' in cold mineral ~u·id.s. 

Peat . - An :wcumubtiolJ of df'comrl{J~{..J '·t>gl>td1. I"(~ matter within 
5111:111 lakes and in lagoons l)Cparateu from h~rgi'r ones (all.te, p. 429). 
Peat represents t.he first stage in the formation of coal from \'cgctll.blc mat­
ter, and diffe.rs iroD) the conls by it.g larger proportion of (,Ollt~~iIlCd water. 
Because of this water its fuel yulue is correspolldingly smull. 1t is usu­
all~.- dark brown or black and reveals something of the structure of the 
plants out of which it was formcd. 

6. .M etamorphic Rocks 

Gneiss. - A I!;enc.rally mOre or le!;S banded (gncis."Jic) metamorphic 
rock with a mineral constitution l5imilar 1 I) gra.nite. and often developed 
by metamorphic processes from that. rock. It. 1ll:1;\' a1 other times, hy pro­
cesses not essentially diffcrcllt , be cicrin:-d from scdimcllLar~' fonna.tions. 
It usually contains as important constituents unstriated feldspar and 
quartz, but in addition it lnu.\· include a ::itriatcd foldSpitl', biotite, mus­
('o\"ite, or hornblende, or st'\'cml of these combined. In proportion as 
miC.'.t or hornblende is abuuclal1l , ;i h~L.q ~l. marked bu.1)ded texture, but it 
diffrrs fl'oll'l mic~\ sehi:;;t (8('0 lldow) not. ol\l~' in the prctiencc of its feldspar, 
but in the I'maller proportion of micu, Biotite gnciiO.", hornblende gneiss, 
etc., are terms w;cd to designate \'urietics in which one Or the othcl' of the 
dark colored constituents predominate. 

Mica schist. - A metamorphic rock without fclch:par and m[linly 
comp0/3.cd of quartz nnd light colored mica (muscovit<,). The abundant. 
mict!. lends to the rock its characterist.ic schistoRe texture, whicb differs 
from the usual gneissic texture. In some cascs the mjca is wrapped about 
the gmiru; of quartz, but at other times it forms a series of almost contin­
uous membraues SCI)arating Ia.yers of quartz. 

Sericite schist. - A variety of schist which is chaructcrized by an 
abundance of a peculiar silvery mica rich in the element group hydro,",:y!. 
The mica scales are often miscroscopic and wrought into an intricate 
web with the quartz constituent. 

Talc schist. - A schist made up largely of talc, but with varying 
proportions of quartz, magnetite, etc. From the abundance of the talc 
it is usually pale green or white. 

Chlorite schist. - A greenish, fine-grained metamorphic rock in which 
chlorite is the principal mineral, but in which magnetite is a quite charac­
teristic accessory constituent. 

2 B 
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Stsurolitic garnetiferous mica schist. - A mira schist in which gar­
lH't and !4l;l.Urolill' :ire ~o IJ"hundant H .. "i to 1)(' es.<:cntild ('oflst.itucnt-s. 

Clay slate. - A metH.IH(}rpho:·wd Illud stuw' nr shalr-. In till' proccs." 
£If metltOlorphi:o'flI the rock hH.."i /'leerl llardcDC'd. gi n'!1 U sIM~' c1(~ll.l ... agc. 

and innunwr:thlr minui(." scalc~ of mjeR ha,,£' dcQ:!lupcd to produce a. 
silk,'- /uRfer UpOIl tlJ(· dco.HI..g(' [uces, The color Il1lt,r be gm,,", greel1, 
purple, or hlack. 

Quartzite. - A Ill('tarnorpho:-'ed l'land:-torJ(, i[l which t.he l'iaml grains 
have br-COIll(, cnJ::~rj .... cd h~' tu:cr('tioll of silit;a. Whereas a Stl.mbtOJ\(' frac­
tures ahout its constituent gnt/ns, u hrCltk in quartzite iiS (:ontiIW(:d through 
the grains and til(' cement al ik(" In contrast to sandstones, till' quart7,­
it~ derived from them arc usually liJ!btcr In (:(,lor and often lIcarl.,· white. 

Marble (crystalline limestone). - The reJ03ult of mctH,1Uorphism. upon 
limestones. Ul'iua!l,'- \\'hitc irl color' but sometim(.'f; gray, blue gray, (J/' 

yellow, and somctime:-; variously broken or brecciated anci stuim!d with 
iron oxide. Effen'esccs with cold dilute acid. 

Coals . - Under 1,h(' heat! of pent the first stage in the formation of 
coals from "egctllbl(' ma.tter has been brieRy described. Lignite, or 
brown coal, represents Ii further stag(' llnd oue ill which the vegetable 
sttud ure i:-: :-:t.ill r('c·ogn.izabl(:. It is usuall.r hrowni;h black (Jr hllte'!,; 
in color and cont.ain:) a considcrable propor1,ioll of W!Lter. \Yith incrca.;{:d 
pressur(' or dynamic metamorphism, further percentages of the 'vola.­
tile {:onstitucllts arc eliminate(l, and wholl ft'Olfl 8C \·Cllt.r-fil'e to ninety 
per cent of curbon remains, the materia! burns with Ii yellow flame and 
is known as bituminous coal. This is the great fuel for the production 
of steam. A continuation of the metamorpluc processes carries off a 
further proportion of the volatile matter and leaves a dense, hard, black 
substance with sometimes as much as ninety-five per cent of carbon. 
This is the so-called If hard coal " or anthracite generally used for fuel 
in our houses, for whieh purpose it is so we]1 adapted because it burns 
with u. production of much heat and almost without smoke. 
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THE PREPARATION OF TOPOGRAPHICAL MAPS 

Topographical maps a library of physiography. - For the satisfactory 
working out in df'tllil of the geology of any region of Mmpicx struct ure, 
an aecllrat,e iOj)ogrnphi('nl map is prerequisite. This is so much the more 
true because nearly:llI complexl)" folded or faulted rock masses arc to be 
found in mountainousJ or at least in hilly regions. 'rhe making of the 
topographical map mU!I;t., therefore. pn'ccdr that of tJ)(' gcolo~jcnl map, 
flnd ill modern usagp tht, iatt,el' is a lopographica.1 and a geological map 
t'omhinC'd in one. 

Within ('en/lin rw.rrflW limits, prNiictionR cQIlCf?rning the geolo~jca.l 

Jlil'li,nr .... of H Jlfovil!e(;: ilia," uftCll 1)(' made h,v <til expert . .(!;col(}~dfilt, from 
l'XUlIli n41 ion of lW a('c'umi<' topographical map. ,Just. !I .. ';; in forecW:ltin~ 

the: W("lltll{'T upon th( ~ ha ... is of the u~uld wt'alhrr nU1Jl~. ~uch pl'cdictioIl1'i 
tan :;olU('timcs ))(' JlI:lt!I-' with entire cOllficll'lIce ill tlwir fi,1:cumcYJ while 
at other tirol'S IL ~Ut·s..., (lilly may he hazarded. TI1(~ great value of the 
modern topographical map is becoming. how('\,er, universu.l!y a.ckuowl­
t..-.dgcd, ami l'v('r~' hij!hly ci\'ili zcd nat,iull has either eornpletcd. or has in 
prepara.tion sectional topographical maps of its domain on such a scale 
as is warrullt('d by its finunc:ial rondition and its state of development. 
Thus there is now being nccuruulated a vast library of geographical and 
t,o some extent gcoloJ.,';cal information, of which the st,udp.nt of geology 
must he llrepamd to make usc. 

The nature of a contour map. - MOl'C! !\nd morc til<' cont.our map i~ 
repJnciug iJj{' (;arlier llJJd 1('$ :wir.nt.inr J1)('thod:-; of rf'pJ'Cfo;rnl ,ing topog­
mphy on tIH' iu.rgH sC!Lic )'Wc:tiOlluJ mI)..Jl~ . :1nd bence this type only need 
heJ'e Le c:ollsidcrf'd. I II till' (·ou1.our mil-I\ the relief of the land is repre­
sentoo hy 11 series of ('un'iug liu('s, {'deh the int,ersectioll of 8. particular 
horizontal plauc wit.h the land liurfacE:>, and tlw several planes separated 
by uniform differences of (,If'\'!\,tion, Tbi::; altitude interval ~ known as 
the contour inteT\'!1.I . Its choict· is !l matter of considerable import!lIu: ... e, 
for though regions of relatively simple t.opography may be adequately 
rcpresen1ied upon a. map of large contour intervalJ say one hundred feet , 
another diRtrict may l't".!quire all int.en·al as short as five feet. A contour 
map witb this interval may be concei vcd to have been made by flooding 
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the region which it represents and preparing maps of the shore lines for 
('ach ritoif' of fin: [('£'t of the water surface, and superimposing the several 
lI1~lPS thus derived with ac('urate rcgistrntion one above the other. Wher­
l','er t he land slopes arc steep, the shore lines of the several maps will be 
C'rowded c/of:('iy t.ogt'tiwl' and give the effect of a relatively dark Io.>oal 
shade; where, upon the other hand, the surface is relatively flat, the 
sen!'al shorf's will be widely spaced unci the effect will be to produce a 
white ar<'a upon 1.\)(> map. Thus in contour tnap~ dark tones indicate 
~tc('r gracUent."! and pale tones n (latllegs of surface. 

The selection of scale and contour interval . - ,Vith the use of the 
small scale in the' contour map, thl:' tones of tlw map \'i-ill be correspond­
in,:dy dark, though t il(' rcln.ti\'c differences in tone will remain the same, 
\\-it,h til(' use of a doser contour interval 'Lhe tOILCR will deepen Uu·oughout. 
The :ldju~tnl('nt of s{'alf' :tud ('ontour interval to any given r(!giol1 is n 
mutter requirilll! CXIWl'ic!)cc ill t,opogrnphicai mapping, and in addition 
n knowlrrlgp of the W'fJio:ricul sig-nificnllc(' of topographic feMmes. Un­
fort.ull:~tely, the element of expense and thc l'pecin.l commercial objects 
held ill "i('II', ('oll!;;pir(' to sc/f'ct, scales .'llld contour intel'vtlls which are 
oftNI Iitt.Jc aUflpteu t.o tht· d istril'ts ~urw'ycd. 

The metbod of preparing a topographical map. - H ndng fixed upon 
th!' :-;c:l1e and the Nmtour intf..'T\·ui which is t.o be empio.)'Nl, the tn.sk of 
till' topographicad ~urv('yor is uext to fix n.ccuri1.tely the posit-ions and the 
f'lc\·atioll .. ,\ of fl sufficit'ut. number of points to control the map, and then 
to hang, flS it were, upon these points as attachments the design repre­
sented by the relief. " 'ere the surface of the ground to be represented 
by a flexible fabric, the map maker might raise from a flat ba...qe fl series of 
stout posts of the heights and in the positions which he has determined, 
anrl upon t,hes(' supports arrange the slopes of the fabric much as drapery 
is adjusted. Th(.~ dt'tcrminat.ion of the exact positions and t he elevations 
of his control stat.ions is, therefore, a. process coldly precise and formal; 
whereas in the shapjng of t,ile .surface'S hjs nttentioD should be fixed 
more upon cortectly reproducing the shapes than upon fixing accurately 
the position of every point. As a !natter of fact, the lX>l:;ition of the 
:1Verage point will he most accurately fixed when the shapes of the fen.­
tures arc most clcudy compr·c!Jcnded. To some mi.-tent, therefore, the 
topographer should be familiar with the .geological significance of the 
eartb features which be is representing. 

Laboratory exercises in the preparation of topographical maps . - The 
principles which wlderiie the surveyor's method for preparing a topo­
graphicaJ map may bt· learned in the laboratory by the use of models and 
the simple de\-ice shown in plate 24 A and"'B, To represent the section 
of country to be IDapped a model in plaster of Paris is substituted, aud this 



B. The same apparatus in usa for testing the contours or a map. 

I 
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is placed with in a rectl1uguJar tunk to whieb locating carriages and alti­
tude gauges are nttnched 1hat allow tile st.udent to fix the position and the 
ele\'ation of any point upon the surface of the modeL 

Upon each ll10del the studen.t " locates," OJ' fixes, tb(' position of n 
sufficien t Humber of points for tile control of IllS map, entering upon an 
appropriate map base for each position t he altit ude which was read from 
the gauges. Now with ihe map lLill:ays before him hf' "sketches in " t.he 
forms of the surface by means of contour lillcl'i. For t his purpose it 
is often desirable to fix roughly the direction of the steepest slope at a 

Flo. 488. - A student's map prepared from a model hy the usc of the contour 
upparutu.s represented in plate 24 A. 

nwnber of places, and noting the differences in elevation between control 
stations, divide up the distance in accordrulce with the curves of slope 
and start the contours at right angles to the Slope. Afterwards such 
sections are connected by sketching in with the model always in view 
for control (Fig. 488). 

The verification of the map. - The map prepared, its accuracy may 
be tested by a. simple method which is denied the t.opographer \vho has 
to do with the actual surface of the ground. The locating carriages 
and altitude gauges are removed [rom the tank, which is next filled with 
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WUt,{,T Hnd leveled by means of guide marks upon the interior. A few 
drnp~ of milk or of ordinary dot.hcs blueinA ar(, n.dded to t,he wat,cr to 
render it opa.que, tlntl it is 1,hrl1 drawn off at ttu~ fau cet, in l:mccc~si,,(' 111-
~t.alllllcllts, ~o tha.i the 8urfacf' drops by la_verH corrf'fo\ponding in thick­
ne~~ 10 the cant·our ill terval of the map, plute 24 B. As each ls.yer is wit h­
drawn, that contour of the map t.o which the shore line should correspond 
lli carefully ('xaminf'd and {'orT('cted. 13." such corrcctiolL" the Hutme of 
the first er rors ma.de is soon appreciated, and the method of procedure 
is thus llIorc £>,a. .. "i il y !~cquircd. At the same Lime the significance of the 
rle!03ign of the mll.p is marl' quickly learned tb300 by a mere examinatiolL 
uf the standard gO\'crnment maps. 

The ,,,,ark ahon' outli ned (~lllls for waterproofed models of suitable 
form a.nd :;i;o;c, and it series, (~ach of which f;<'ts forth some typical feature 
or F-f'ries of features, has heen dcsigned by Mr. lrvinp; D. Rcott. 1 

The preparation of physiographic models. - 1'111' a,ppll.ratu~ used 1.0 
prl'plLre Ihf' topographic map iR :u.li\ptcd alIso for prf:plI,ring 1\ physio­
~rlLphi(; model from Il ~talldlnd topographical map. For tlus purpose 
UJ(' m('thod is C:;S('nt i!Ll1y J"('\"('rio:(,d, Ihnugh t hf' tnJlk i.-: rcplam'd 1,0 advH.l1-
tagr by a light metul fr'ame clcntted upon one side so as to pcrmit a free 
use of the hands in modeling: t.hp cla,v. 

The material used in preparing the model is artif;t.s' modeling clay! 
IIo'hieh ha.'1 a ha.~ of bed suet, ami hence does not dry out and c1'ack a.'i 
doefl ordinary da.'·. f t. .. (orm is, therefore, retained indefirutely, and if, 
nUL." 11(' used again nnd again. MO)o,i, maps must be cnJru-ged ill model­
ing, <Lnci the simplest. WHY iti oftetl to p/totoltraphically or by panto­
graph enlarge the map to the :rualr of the moor\. The map prcpared, 
it is ('o\'cred by a thin ceUuloid piatt· which has cut upon it a series of 
cross('d lines spaced ill inche:; and la.rger subdi,,;s_ions to correspond to 
those of t,he locating carriages (pJate 24 C). 

The enlargement of the map is not essentia.l to experienced workers, 
lind the standard map may be cO\,·c.red in similar manner by a tl'B.l1Bpar­
cut plate with fI checkerboard '} design, the squares of which bear some 
simple relation in sizc to the larger divisions of the locating carriages 
(Plate 24 C, rear) . 

The method of preparing the model is comparatively simple. Be-­
ginning at any point upon the map, the _intersection of a heavy contour 
line with one of the guide lines of the celluloid If position plate" is care­
fully noted. Both the position and the eleva.tion of this point are fixed by 
the point of thp alt.itude gauge of the modeling frame, and the clay built 

I These models nnd the contouring npparatus..nre now manufacturoo for the U!.IC 

of school!! and colleges by Ebcrbacb and Son, Ann Arbor, Mioh. 
'This clay i.9 maDu/acturOO by the A. lI. Abbott Company, art dealers, Wat>ush 

A venue, Chica.SO. • 
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up beueatb it to that Iwight. \Viti I Lh(' filll-!:er,;; the clay is uow roughl~' 
shaped ill \'arious direction~ from this pOlnt, the altitude gauge is 1\(1-
vanced by the locating carriage so 1\S to correspond in position to the 
intersection oi t.be next heavy contour l.in~ \\ith the same guide line of 
the position plate, and the eie,'atiol1 for this point similarly adjusted 
upon the model. As before, the surface of the clay is roughly shaped in 
advance and upon the sides 1:10 I.U'I to conform to the indications of the 
map; and this process is repeated until the work is finished. Correc­
tions for intermediate positions may be car-rieli to IlUY desirNI de~n.·{' of 
refinement which the scale and the accumc:y of the mllp permit.. Models 
which nrc la.rger than the area of the modeling frame an' prepared by 
mukiug a :jquu,re foot at a t ime by the ILhov(, dCf:lcrihcd process, 2) lid then 
moying til£> frame forward and adjusting ill a !Jew position by means 
,)f the sharp pins ill the legs of the apparatus. 

WILLIAM B . HOBBB. Nf'w Laborat.or.Y J\1f'Lbods for Instruction in Geog­
rapby. Journal of Opograpb)" vol. 7. 1009. pp. 9i~ I04. :\l!-lo Seal. 
Oeogr. Ivlag .. vol. 24. IIJO~. pp. H4;3-tj")~ . TIl(' l\10df·jillg of Physi· 
ographic Forms in thf" Lahoratory, anA., \"01. 8, 1910, vp. 22:;~228. 
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LABORATORY MODELS FOR STUDY IN THE INTERPRETATION 
OF GEOLOGICAL MAPS 

Tlu- laboratory mocle1lS which han:, ucel.l described on pag(' 63, and nre 
used to represent outcrops ill the study of geological IJUIPS, arc !Shown 
in Fig. 489. The LiruIlH;hapl.'d blocks ~er\'e to represC'nt ll'lassiYe rocks 

_ "' ..... "' .......... ,~ ,-..; ~ which occur in irl'Pgula.riy 
~ '~~ 1. 8JI:JpednULSSessurhasb~thD-. _ ~.'" &. _._ ~. ~ ~~ lites and ~o\\,::l. Thf'. long, 

4 'i:n:- ~ , narrow stnps UTe for lIltru-
Wt(""::/=~ . __. l'ii\"(! rocks in the form uf 

J~lG. 'ISH. _ Modds IV rvprt:stJllt outcropso[ rock. dikes, while' til« larger blucks 
pro\oided with a swivel joint 

firc used for oukrops of seciimentary rocks, and after adjustment they 
gj\'e the dip and st rike of the exposurE', The wing bolts used in their 
construction should he of hl'Ouze, bec:ausc of the effect of iroll upon the 
<.:ompnss. Por the same rea..."lon tables should nut bc' plaf'l'd near iron 

FIG. 400.-SpceioJ laboratory tll.hle !'Set ...... iih a problem ill geological mapping 
which is tIOh'cd ill Figs. 47 llUd 48. 

beams or columns. All these blocks can be made by an ordinary car­
penter, and should be ayaibblc in sufficient munbers to arrange problems 
likethosc of Figs. 47, 48, and 490. 'Vith'd view to supplying suggestions 
for other problcm:i of the sa.me general Ilt1ture, the three additional field 
maps of Fig. 491 ·havc been introduced. 

'472 
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TJH' ji,:;t. of flUf'}.;tions gin'n IJrlo\\" i:: intc'Jlfird 10 indicnte thf' nnture' of 
S()!IH' of th(' probh'l1l:-! whidl til(' studl'nt should hf' a:::hd to ~oIYC iu tlw 
prcparalioll of (::Il'h map. TiLe mUll)wr::; ill parcntbcscd refer to pages in 
tIll.':i uooJ, wht'I'£: furtllt'r inrvl"lun.tioll j.; ~irt'n:-

:-;TltATIGHAPUICAL 

1. Of the formn,tio!l5 rrpn .. ..;('llt('d what ()IH'~ nrc seciitncntnrr and whut 
iglloow:; ( 'hajl. 1", :\p/,. ]i)? 

2. \Y hidl fOrtllfl.tilJll:-;. if :\11~-, :U'{' '';(_'}In.tatl'd h~' 1IIlconformiti('s (51-.~:{)? 

3. What i~ t1l(· (ll'drf cA a~(' of Lilt.' t'(\dinwntn..ry fOl'mation:-; ({i5) ? 
4. "·/w.t tin' tilt, c.rp'I.'«('r/ tltj(·kn(·.s~('s of (':Idl of tll(':K' formatious (-I.S-

40)? 
;" Do all~' of th(';;;(' Y!liul''l fC'})I"('::O;(,lIt full thickncss of the formatioll, 

!lnd if eo, whic'h nlH':-;? 
G. \yh~lt j" till' :1.!!;1' iu t(_'rlll~ of Lh~ s('dilUcutarv formation::;. of l':lch ()f 

th!' igllC()ll~ r{Jl"k !U:J.:":i~l:S ((if» '! . 
7. \,!ti('h ign('ow; I'(l{'ks, if :Illy, oc'emll] ba.t.ltoJitcs (143, 441 )1 \\·hich, 

jf uuy, ill Jikps (110):' 

F1TRUCTURAL 

S. "\Yh:u form:.ltion,. if ~In.r . han' mOtlOrlirllli dip (42)1 
9. ll\liic,ltt(, UpUII til<' 111:11' h." tb:Awd lin(':s tlw Crl'Hb of nil anti dHll'S 

and till' trout!;!1 lim's of :-:Yllt"lil1(''I.. 

10. Indic:iI(' hy :u"I"cnr:-:'!\w d ircdiolJ of pil.dl (If ~lll pJuIl,!!ing :Hiti('lil1(, . ., 
IlmJ s~·ucIirH'.s \\·III'I'I'\,('r d i;o;("]mil'd hy dlan~l','i (If dip and strike (-:13), 

11 . Indil':ltl' t!w :tpproxilll:11 p po!::'ition (If all f:l,ults ,,"110~l~ 11(1.-:.itio l1 j..: 

dif)c.lost,d (5L' - ()1 ), !l.Ild. ifpu:,;.;(l'''',~ta(l-' which lillib (:;; thr on~ dowuLhrmYll. 
] 2, Prepa.re ~U il:lhl l' gt'o\ov;il'al 5('('t(0I15. 

HF.A1HNG REFEHEN{,E: 

\VlI .1.I,,:o.1 H. Honns. Appa.ralu,; for lUSlt'U(·j ioll in Of'ograplryand Struc'­
lum\ (;('o\ogy_ ]].\. Tilt, i nh'rpn'lati()11 of (ieo\{Igic l\la.ps. Stlhool 
SCit'HP(' :l.ud l\lM.il('ma.tic:.;, vol. ~J, HH)\). pp. (j,~4---{i."j3. 
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SUGGESTED ITINERARIES FOR PILGRIMAGES TO STUDY 
EARTH FEATURES 

rhe chief ya_llle of the laboratory st.utlics discuss('d in the pn'('('uin~ 
appendices is as !\ preparation fOI" UbS('ITutiolls mad!' i ll tlH' field - the 
lahomtor," Wir c:rccfiellt'l' 'Jf the gcoI()~ist. Thr pilgrimages w!I()sc it incr­
nrk·; ;If(' hen' suggl'stcd lu\\"c bt'('\l phwlletl £'Sl)t'ci:\_U~' for ill1prf'ssing by 
obsernl.Lioti tIl(' 1<'1:1,"0115 of th is buok, l'iuch jOUrIwys are hl'~t inicrrupt<.'d 
a t a rdatively small number of luealitip:; "'hiell, hC(,fluS(' airt'!ldy studied 
in 80me detail, Ufl' specially nduJli.cd t.o Sl'n'c :1.'; cent.ers for lot'al excursions. 
~rhese loc!\li tic:i will in most {':lSC:-l be the great scenic places tu which 
tourists resort\ OJ' the .... eats of uuiversities ncar which specially detailed 
c'xplorations ha\·c been often madC:'. 

Within the Cllited Stu.trs :l few 10(::11 geological guides haH: bl"f'n pub­
lished, a.nd the Gcol()~ie Folios published by the Ll1itcu. ::-itates Geologieal 
:-lluTey an' already aSl1i lahl(' fo r a numhrT of :;iuch cenierR. For oue long 
J.!: ~ological pil~imagc we arc fortunate ill hU\'ing :l l'arl'fuily prepared 
g'licic, namely, from X('W Yod.: 1.0 tile Yellowstone l\8.tiOllUi Park !lHd 
ll:l.ck, with a. side trip tQ the Grand CruiO l1 of the Colorado. Except for 
the side trip this route, in large measure. corresponds \\"itll aIit' here chosen , 
and for the return journey cl3pecia.l ly the- student is referred 1.0 it fo r in­
formatioll (Geologic:ll Guide Book of t he Rocky l\'l ountain Excursion, 
edited by Samuel l i'ranklin Emmons. Comte Rt'[J(lu de ht Congrcs 
Goologique Internationalc, arne Session, Washington, 1891, ]893, pp. 253-
487, map and plalcs 13. figs. 32). 

Our jourIlt"yis hegun at Kcw York C ity, which i:i huilt :tiJout. the deeply 
submerged channels of an Cdtunry choked with glacial deposits) though 
t.he channel may he {oHowed as a deep can0l1 acroSS the l!ontineIltal shelf 
to its margin (252,1 pI. 17 B). Xcw York C ity is ul:-;o upon the margin 
of the glaciated area. t he Quter t.crmin:1.i monune of which is weH reprc­
sented on Loug Islllnd (2~JR). Across the Hudson ill I\ew Jersey is the 
great COllstai Plain which meets the old land in a well-definro margin (159, 
246, 247). A 10M} geolo{!ical guide of the vicinity of tho metropolis has 
been written by Gratacnp (Geology of tht' City of :'\ew York, Greater New 
York. Brentanos, New YOl'k, 1904, PI'. 119, pIs. and map). 

1 Numbers ill parenthesis refer to pages iu this loook, where further information is 
to be found . 
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Traveling by the !"\ew York Central Railwa.v, we follow up the 1\'lohn,wk 
outlet of the glacialbkci:! Iroquois and Algonquin (33-1 ), first sk irtillg upon 
the cast the great sills of intnlsivc basalt known n.s the Pulisades, "'ith 
their markedly columnar jointing and intersections b~' numerous fuults. 
Above Peekskill we enter the picture~uc narrows of the river (174), {'ut 
in the hard crystalline rocks of the Highlands. Ent~l'ing the !\lo1ulWk 
Valley, we pnss SyraclIsc witb limestone c.werns and \l;rll-oricnwd join1s 
widened h.\' solution through the agcl1ey of the descending ground water 
(181 , pI. 6 B). A bra.nch line to the fSOuthwes1 reaches the viciHity uf 
CrL.Yugtl Lake and ltha(~[t, where urc well-uriented joints which b:r:c 1..\011-

trolled the drainage di,·el'tions. :lnd there is also n t;!pical strat.h (55, Si, 
42S)' 

To Xiagam Falls at leal'lL n day should be allotted foJ' the II gorge ride II 
by trolley car, thus mnking the (lomplctc cir(,uit of the brink of the gor~c 
with intc'fl'uptionR and lotal sl.ud ies at all important points (352-366, pI. 
23 A). From 1\ iflp:ar!l Falls over 'he Michigan ('eutm! Railway we reach 
Detroit on the present outlet of the uppel' Great Lakes as well as of the 
later Lake Algonquin (334). Prom this city fiS [L center a tl'ip is made by 
electric railwn,Y to Ypsilanti fil\d Ann Arhor, :1.c ross l"hc hottoms of lllP 
c!lrly gbcifl! lakes from 1..11(' first l\laumee to \\'arren (330-333). Thl' 
strong Whittlesey ben{'h is encountered at the little s1ntion of Ridp:I' 
Road. and one of the M tlllllleC beache:; (Hi ~Ul1IlIlCr ktrcct in Ypsiia..uti, 
The city of Ypsi lanti i~ huilt upon a 1el'l'f\C'I' ( \li!») of till' HUI'OIl Hi\'cl'. 
and anoLher terrQce in the s~unc series is (' ro . ..;st'i.i hy 111(, c\c(·triC' lim' , Til 
an excursion of a few miles dowu the riyer, pn~silll!: lllCli lldel'.':i ( IGJ-Hi:i) 
llnd ox-bow lakes (16':).11;;), is fouud un interesting ('use of stream cu.pt ure 
nCllr the little vill age of Rll\vson·dHe (li5. See haiah Bownmn, .lour. 
Gcol., Vol. 12. 190~ , pp. 3~G--334). 

Continuing our journey from Ypsil~Ulti over a high mornine (312). Ann 
A I'bol' is reached, built upon the le\'el plain of outwash \,·11.h fo~ses SOlTI('­

times sep!lnlting it from · t.he moraine (2S1, 314), Upon th£' ~nmpu~ of 
the university are great bm .... lders of jasper eonglomeratl' and jaspilite, 
which were transported from t he north by tht' cuntimmtal glacier (305), 
Across the ri\'er from the !vlichigan Central bintion and behind the little 
church is It delta formed ill (llle of the glacinl lakes MnlllDCC and hel'e 
opened in section (16R) . \\'est of the city is n great \'uJky wbidl WfiS thC' 
fanner course of the Huron Ri\'er when thus diverted by the con11inentnl 
glacier lying to the eastw3l'd of Ann Arbor - border mn.illage (see Ann 
Arbor folio by tbe U. f'. O. 8., and, further, R. C. Allen and 1. D. Scott, 
An Aid to Geologica.l Ficld Studies in the Vicinity of Ann Arbor, George 
Wnhr, publi~her, AIm Arbor), 

Returning to Det.roit (lVI, C. Ry.), the great Sibley Quarries ill limestone 
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lIcar Trenton ma~' be \'isited. They di spla~T perfect jointing, numerous 
fossils. and especially well-glaciated surfaces interru pted by deep troughs 
and showing sLrire of severnl glaciat ions (304 ). From Detroit the journey 
i:; continued by steamer Lo Mackinac hland ill the stndt connecting Lakes 
l\ li ch igan and Huron, passinl( on the way through the pC('u linr delta of 
the SL. Clnir Rinr (-1 31), and coming in \·tew of the notci\('d hc\\dtnnds, 
whicb arc n monument to the posl:-glnr ial uplift. of the gljciatt'li HrCJl (250, 
341 ), A ciny is spent;)1 i\.1ackiIllH,' l~land :tnd ,"': t. IgII/ICC' ill ordrr to study 
\Vitll SQmp Ca fe the~c uplifted strands of the lnlc ghieinl lukcfo: (341 -;~44j . 
Chit:ago may now be rc[\chf.'d either by Sl!.'an)!;:'}' or hy Tllil. ~llld in its \' icinity 
we may see t be CienllE:'d UCfLChcs and the aneieut. outlet. of Lake Chicago 
(331-332, 3-H, pI. 22 A. !'ee Chicago Folio, U. S. G. R.). Ih t.hc 
Chicago find Northwest.erl1 Raihnl.\· t.ht' firca of rccessional moraine~ and 
in t.ermediate outw:Hsh plains, nnd l ~t,er that of tllf' drumlins, afe crossed in 
journeying to l\Jadi.soli . Wisconsin. By examination of the Illap~ on 
pages 30 and 317 in connection with HI{' larger scale atlas sheets of th(' 
united Silltes Gcolol!ical Rur\'('~' (J anes\'ille, Enl.ni:l\"illf', a.nd Madison 
sheets), this car journe .... can he made most inst ruct. i\·e in gain ing fnllliliar­
i t~, with the Ch:lf:lcteri8tir' glacial fea1,ures, and this !:itutl,v is C!olltiuued to 
fo;p('cialad\':lllt:J~(' in f'x(, lIrsions ahQut ~ I adi:-;Oll (t il a ctmt('r(31()-'317,407). 
Tili.:; i,oj th(' mon' tnu' sirwc at IItUlleroUS 1(I{':tiities ill tit!> \·icinit.v of l'vladi­
tion the \Yell-st.riated gl:.tcirr ,iuvcment is exposC'ci fol' {:on,par i~on of UlC 
st rire as fI'gflJ'ci::; dire{'"{,ioll with the :txe1:i of t he l:lc\'cral types of glnciuJ 
fe:ttu J'cs. 

An eSPQciall.,· itl~tructi\'c excursion may be made hy carriage in a single 
dny to the II driftlpl:ls a rea " some twei\'{' miles west of the city. Before 
reaching it we crr ss in alternation n series of recessional tcnuinal moraines 
(pI. 17 C) and outwash plains, Il.nd neftr Cross Pillin~ encounWr the par­
tially dis."ICctt'ri upland wi th its arborescent drainage and l~" Cl) sky line (298, 
300-301, 3J2-3]3, pI. J6 A find B). Typicnl shore fonnati ons (233, 241 , 
242) are studied t.o R(h·nnt.tlge about Lake l\I cndota in a walking trip to 
and beyond Picnic Point, where ar(> found t he best icc ramparts (431- 434. 
See Buckley, Trons. Wis. Acad . Rri .. Vol. 13, pp. 141- 162, pIs. 18). 

Our journey is now continuer! over the Chicago and Northwestern 
Railway to Devils Lake near Baraboo, where we cross a SA.lient of the 
driftless area, within which lies Devils Lake, imprisoned in a fonner valley 
of the \Visconsin River, ~ince diverted to another course as a result of the 
glacia.l invasion (312-313). The "alley here is s former tutITOWB in bard 
quartzite (466), which towers above the lake in unstable chimneys (300), 
such as the Dc\'ils Towel' , but such remnants are not found on the other 
side of the moraine, being there replaced by rounded rock shoulders. Just 
north of the lake the marginal moraine which blocks the valley is so 
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charnctC'ri stir as to n1f'rit sp('ciai study (pI. ]7 C)' Olll~' a few miles north­
w:lrd U.10l 1g tht' railw:t,v frOll! n (' \'il s Lnkt" is Abtt'rnan, w/1<'r(", expost'd ill 
n fligh clitT, till' hanl pUl'pl1' qllILr1.zit t, witll hl',LUI iful ripp/(' IHnrK:S to revt'fl. l 
it.!:! plaul' or S('cii llH'lltatiulI (pI. II .\ ) dip .... \'crt.il 'aJl,r , amI. i."i ov~rlain by 
horizontally Iwddt'd Yl'lIow ~:llld:-;loll('. Tilt' Jll:trb·d :lu~ul:Lr Ull"ollfol'lllity 

whi('h i ~ L1IUS dis!J!uYI.·t! i.-: fmt Iwl' m:u if' ('\'idt'llt 1),\' u. bas:.Ll !a~'cr of CUIl­

glolH('ratt' ( .. WJ) ill tlH' s:w<i;-;1.0 [H: (;)1 - ,-):1), Il ion' !d~o arC (kposits of l o('~s 

Il loug t l i(' !'iw'!', whit'll di."phly tltc'il' n'r1 i(,;t\ jc)in1. su r fa('t"s (2()7 ). Au 

cXl'ollCILt g:l'oiugil'al guidt, t·o this i lltl'Tcstillg '.list.ri et alld thut, of t h(' Ih.,jgh­
boring" D alles .. of the \r iS('(lIlSill Hiwr hus II('en writtell by j-:alishury 
and Atwood (Tht' (:('ogl'aph:v of tlH' Rf'gion auout D cyils Lake and the 
Dillies of t he Wi!:!COII~ill. ct(·., Bull . 0, 'Yis. GeoL and \"at. I-Est. Sun'. , 1900, 
pp. 1[11. pis. 38. figs . ..j '( ) . 

1£ we }J!l\'(' t.uk('J') II {·OllW'."iUlf'(,::I.t De\·i].., l.tlkc for AhJ('man, we rrw." 
continue in the S:lllH' mantl('r to l\:iloourn, wlJl~ re Ilcgin t he pirt.ur(':-ifjue 
Dalks of the \r is('onsirJ Hi" cr - hert' tl young gorgt' cut in sam18tone, 
uecause the WiSCOllSil1 WHo;'; din~11.ed frOlll it ::; old ndlf'Y to border drainage 
at lhl' ccigf' of the driftlc,;:, arNt (:300. 321 ). The side caiion;; of the rh'er, 
tb rou!-!;h tlwir uhrupt zigz:1~:-', r('n'al Uw (:ontroi or tiu.'ir course~ b:. tIl!' joint 
~yst,('ll1 (~2.f )' III 'Lill' journey up the rap ids uy steamer to ill1:ip(·(·\. the 
Dall£' . ...:. W(' ohsl'I'\'t' many bCHutiful eX3mpies of ('ross bedding in the 5:1nc1-

stew!' (:fi) , 
Fl'om Kilboul'Il we (!ontulliC our journey to )[illlwapolis Q\'('f thc Chicago, 

Milw:1ukee, a.nd :-tt_ Paul Hailwa~·. unci Brar Ca.mp Douglas al'l' o\'el' tl pene­
phlin, out of whidll'isc pl'Olninentmonadnockt:i (17! ). At La Cl'o::;S(' the 
Mississippi l{,in'1' is l'l'lIcht'd , flowing beneath hllifTs of s:ll1cistoue which rue 
capped by lo('ss (2()7). The Ilwandcrings and the numerous cut-utTs of 
tite L\iis.sissippi llI ay \)(' obsern'd to the lcfi (--1-15). Lake Pepin is a sidc­
delta. ltlk(' blockf'Cl by the depo~its of the CbipP(!\\,ll. Rivcr (419). 

Prom l\linneapolis :lO excursion is made to Fort. Snilling to "iew the 
young gorge of the l\Iis.'iissippi , {Out 1;)' th,' Fall;; of St. Anthony for!l. dist.'lllf'c 
of about eight miles in manner similar t.o that of the sevcn miles of K ia~;}.ra 

gorge (35-1). and to comparc this narrow gorge , .... ith the broad valley of the 
·Warren & ';01' ,,,hieIJ drained Lake Af!;assiz (327). Somewhat farther up 
the Warren Ri\'er are examples of saucer lakes (4 1G). 

From .Minneapolis the journ('~' mny be continued by the Great Northern 
Railway to Li"ingstOll, lVIontalla. thus 1!1'ossiug between the stat ions of 
Muscoda and Buffalo tile bed of L.'lkc Agassiz a.nd its marginal beaches 
(325-32R. For local geology of Minncsota consult C. W. Hall , Geology 
of 1\i[innesota, Vol. I , Minneapolis, 1903). 

The YeUowstoue Park is entered from Livingston (Li,ringston Gcologi­
cal Folio_ U. S. G, S.) and departure from it made at the relatively new 
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l"lIioll P:u'ific lrrm ina[ :It til{' soulh\\,(,,,t t1l:lI'~ill. Tbt' r('~tllur trip 
thrnugh llw Park ineludl'~ \,j';11" in III{' !'«'n'ral ~t'y"ir'l' h:t~ill .... ( Im-1n l ), 
Oh:;idian ('lilT l:{: l. 1m \. tIll' (':1111111 of Illo' )",,1111w-;\OlH', t'k. (:oud ('lilllll('l":I 

('an 111:Li,,(':1 ~i (lt' tl'ill 1'1'0111 (11':11" LIIi- ),!:ltllllllrl!t 1[(11 "'priw .. r": t,o till' top o f 

(~u adr .. tll i\1')Unlaili. llil' 1'l'!llI!tllll (If:1 " hi";I'1111 ('ut " (Ipbn.! (::7:.!), !tlld 
tiwl'e r;tutly ill!' Uinlli!)1J PI'Ill'('S,"; ~ali-':. YI'lh'w"tOlll' :\!ltilllL:t1 P:l1'k Ful io, 
r S.l:. '.j . 

Th<> tr'l" (row rILl' P:ll'h to .'"i:!/r l.:lkl' ('ity , "n'r U,{' "lLi1l1 1 Pai'jfie l{u.il­
wa,v, pns..')(' . ..; tlll'OUj..d1 till' }{\·d i{(wk 1':1'-;:' , tilt' fUr!1H'r outl,·\ of 1.:11,\, iJOIIIH'­

ville (...J :!3), ioto the tie'lf' l"t of tilt' (;n,:,t Hasill ((' haps , X" llud XY1), 
Gr('lli :-:alt L:tkl:' i~ U Raiiltl, lal,(' or sink with :.til illt,l" ,{,:;ting !'C'I'onl of di­
IlJatil' dHllIg('S ( HI'\, ..ton, Till' fl'mH (,f tlH' \Ya":J!.(,h H:uJ!.!:t" in \ ic'\\' !lot! 
i':lSil~' readl!'d from :--:a1t I.Jl j,W ('i1~', j" ilt'('ply :-;('(11'1'" fl." tlli ' hurizontu.l 
short, terl':ll'('''' (If Laklo BfJlUI('\'ill" ( \li-':, l!III ), :md 1,11(,..;\, \1'IT:lI'( 'S UI'I' t 'X -

11'Jlllp£1 lit (,"PI'Y /'t'j'lJlr;Jll! by Jmrrir'r J)('<I('J w..; of £:']'/':It /)/'rfl'f'i i(Hl . 1)) Ow 
PkistocC'lIf' pt' I'iml 1Il0\l1ll:lin J,!1:l('i('rs in P:ll't OI'I'upit'd tilt' \'1111(·,\' .... of this 
r:ln.!!\', though 1,]If'Y did 1101 nl"':IY" ('xtl'wl :1-; far a ... lilt' 1I1(IUl!taill front. 
Bi~ ('ottonwood ( 'ailflll, ,,\til'li n'aii;:I':o' tili..; (,CJllIiililJll, :Hld Liw 1L(·it!;hllor­
ill,!! Lit.tll' ('ott(}I1\\'t)()d C~L(HHl, (j'()l11 who)'(' frl1l1t il:o' g;!:u·i,·r sprl'!Ld illtn ~11l 

n':p:.tl1lll'd fl)()1 (2!W I. 1,.hus :;huw for (.'(IJl!p:tri";·11l ill H ...,illgh' ,ii' " tltl' V 
:tllli Ow low U :o't'I'j,ioll<; 1'('''pl'l'lin'1,v ( I,~ , :Hlil. iT('l'l' an' aJ"o !lilu\'ial 
fa.n.; (21:;,j Ilnd n'J.·!'lll fault:-. ",!til'll illt l'r"if'(·t tlH'HI. 

From ,-bit L:ll:f' ('il,· the ,·,'tlu'U ti' ;":c'w Yllrk 111:},\' I,l' Ilwtil' by thl' 
Dl'IlWI' and H.io Grtlnde R:lil\\'a~' nern:-; :'; dC'.';C'!1'; :lnd thrulI.c;h tlic Hoyul 
(forge, tht' CUilOl1 of tIlt' .\_l'k~lIl...;as WnT'. A full itim'!·:!I'.'· of the points 
of geo Jo~ital jllt('r(".;t:'t1()II~ thi:'i route, tfnd emuirltH'd tu ('lLieag{J, W::t.f:hillt{­

t.on, a nd :\(-'w York, iS8UppiiNI i ll much dl'tall in tlt(.·l!uidl' of the J!;c'oioV;it:ai 
excursion to the Rocky :\i olln1.ain:; abc)\'c cited. This the tnt\'cliu!!; A'C'ol­
ogist should not faii t.o study. ROIne I'cf('rcnc('f; tu points along thiR 
journey wi ll be found Drl preceding pflC;C~ of thi,; book (:.?lH--220, High 
P bills; l i O, Allegheny Pbteau in \Vest rirginill; 17G, wllter ~np of 
Ibrpcr 's Ferry; I iG--lTi, 18~- 18H, sidr trip up the Nhennndouh Yalley 
to L ura), f'nrcrn.s :llld ,<::nickcrs Gap; ~,5J , (,b{'.s~ipeak(' Hay). 

Instea.d oi returning directly from ;-;:\11. Lake City, th~ traveler, if he 
ha.s suffi cient time 111. his tlispo::ial. m:1y (':-.'ienci hi:- journey southwestward 
across t hc Great Bn.sin to Los ,\Ilgci<,,,. ,\._ hru.llch linc from this route 
leaves t he VCg!l!-\ Valley :tnd I'll.sliC::i wit.hin rCll('11 of till' f:1I110Ui) Death 
Valley (201 ) to Tonopah (if!) and the O\\,('n:-: V:tlll'~' (77--iS, n2 J, where are 
many surftlc(' f:Lults dflti n~ from the carthqUllke uf 1~7:2 amI nther less 
rccent disturbanc(,s. Ret,urnill~ to the jUlll'tion j)Oint. th(' route' eoniinues 
across the Colorado and Mohave deserts to V}S Augc:les, From Los Angeles 
as a center the exceptionally interesting terraces, C8\'CS1 :lnd stacks of an 
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uplifted (;oust arc to he seen to bC::ii !l.th 'lIntagc !lear Pt. Harford (Chap. 
:\. LX). 1'h(' island!; of Ru.n Clement.e and R:tut:J Cata.lina. may ttlso be 
rC[Lched from Los Allgeh):; (239, 248, 24D, 250, 256. 257, pJ.':l. 5 B, 7 A, 
12 A). The return to the Ens!, if made by the ~auta. Fe Railway, per­
mi ts of :l dsit to thr (;rand Canou ( I i4 , -i-l 3) frorn t,lle sta.tion of \rilJiurus. 
From that point eastward t he geology of the route iti fuLly covered in EIl1~ 
mons' Guide to the Rorky Mountain "Excursion already cite,d. 

For the beJldit of thusf! wil l) a )'1 - prj" ilr'gf'd to 1,rllvc i in EUrope, ~J!)d the 
numher ill(.:rc:J!:i('l) y(!a rl~·. a. piJg-rilllagc i.-; suggested whieh may easily be 
maur to t:() rn~sJl(l1lC1 with plan:' lilid out 011 t hl ' Imsi::; of historical, artistic, 
a.nd s('~'lIi!' points of il1t,('rl'..;t., Till' vnly pOJlulnr guid(' uf /J gl'!wral nature 
wri1,tl'll for gcolo~ist~ t,r:tnliug abroad appC'8rs 1.0 \)(' a hri('f hut "aluable 
little P:.LPCI' by Professor Lalit' (The Geological Tourist in Europ£' , Popular 
Scienc(' Monthly, Vol. 3:3, 18S8. P\). 216-229). The publishing house of 
Uehrudt'I' Borntr::igcr iu Berlin is now publishing l! quitc vnlwlbk series 
of grologi(-:·t1 guich's dealing wi t h :'3p('r i~ 1 di~tricts !Lltd written hy well­
known authoriti(':o: (S')'lIllniullg (;coiogiscllcr Fuhn:: r). Of this series !SOme 
thirit.'(·ll IIlun!){'l'S lu\\' c already becn issllI:,d. :\lan.\' uther valuable Io('·al 
guides of a gcologil'al IHtture un' t hl' Li\Tcts Guide!; of the intc:rnatioll:.l1 
Orological and Geogl'aphical Uoogl'csses. lI,nd t he lSimilal' pamphlets sup­
plied in connection with annual mcctings of national or provinciul geo­
logical societies. 

Passengers 011 steamships sailing from the lutrbor of New''{ork pass out 
over a deeply submerged cation (252) la.rgcly fi11~d with glacial deposits, 
through the Narrows (174) , and in sight of Sand:,' Hook, a modified spit 
(238, 240). To the left :lrc seeu the gl'e:1t morainic aCClIlllulntiolls at the 
border of the glaciated nrea. on Long I sland (298). III the course of the 
trans-Atlantic \'oyngc a much-rounded iceberg tully be encountered (291 ), 
though this is much more apt to occur upon the northern routes from 
Quebec, and la.te in the season. Upon entering the English Channel the 
Jand on both coast s ri :;cs in steep cliffs, where arc found all thccomruon shore 
features wl!ll dcveloj)l'd (Chap . .x-VIII). The Gennan steamships pn.li!:J 
in sight of Heligoland, th~Lt hllSt remnant of W::Wf' erosion (236). 

'Vhile traveliug il) Europe, the student, shoilid consult a. map of the 
glacia.ted area (299), and so learn to ree(lgniz(:' its peculia rities, and care­
ful ly mark its margiuaJ moraine (3 U ) and other strollgly ma.rked features, 

II the British Isles are visited and the more rug,g;ed areas arc selected, 
one may study the cirques and other cJ13·ractcristic features due to the 
presence of mountain glaciers about Snowdon (Chap. XA\Il). More 
mature stages of tbe ~uIl e prot'('fS."es Nrc to he found in the Scottish 'High-
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lands and the loner H()hritic:-1, Inti ('~pcciaHy UPOII the Island (If Sk.n (Fig. 
492) . A vcry valuable Rid to (:xnlrio\inn~ ill this distriet is Baddclf'v's 
Scotland (part, I, DulauJ London) :.lnd ~ir Archihald Gl'ik ic's Expl~la-

~~ 
/:~::;:'::",,"A'b""h .. n 

'.st'f~hc.rron . 

N 

t 
F lO. 49;!.-8kctch InllP of Wcst.tJrn S(;otiand Il.ud the huer Rchriucs to IIhow 

locutiofl of sowe POlut.<; of sPecial geolog;eu/ interest. 

tory Notes to accompany Bartholomew's Geological Map of Scotland 
(map and notes il \ cover, Edinburgb, 1892, pp. 23). 

It is from Ob!lll, the (I Chafing Cross of the Hjghla.nds," t hat olle !.1hould 
start. out upon t he :;lUmncr stCluners in Ordf'f t,o reach hoth Skye and 
Staffa, the latter wi th fin(' ba:mltic collUllns (463) , and Finl.wl ' ii Cave. I II 
sailing to S10'~ 0 0 (' j)!\:.ses upon either ShOfP of t.lw narrow fjords many 
relics left ill the dissection of volcanoes (139-143 and Sir A. Geikie, Ancient 
Volca.noes of Great Britain, Vol. IT); al80 roc\Q' ifilallds and skcrries 
marking 5ubrncrgellf'P (252), aud tlw coust t.f'rraccs Wlli l.'h rcgistrr a later 
uplift (250). Sky(' il'l J:I evnmJcoX (If many intrusive and ,:olcani{; mcks of 

21 
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SUi'll Jllarkedl ~' diITI'l'f'llt color:; :1S to npFf':ll' n-.; t int~ in til(' l:lnd::w!lj)(.'. !n 
th(' CudtilJill ffill~ or d:lr/, !!1'l'PIJ J'j;-:(,s tlH~ tIln;-!~i\"t, c::d'bro (-1(;2 ) C'lJl hv 
cirque,'i illi,o !JiI' jii~!!;I'd pill1l:w/e'i (If h(Jnls :tnd f'lIInlJ I'i<lg(',,; (:J7:J); whil~ 
lowc'r dowl1 :LILU to lhe c:L....;l :l1'(' roulId{,u 110111('::; of rhyolik (-Hia) lIbmdf'd 
bl'!lt'u.t.h thC' )!;1:lt'il'l':-; :\111\ I lr a dl'li~-a.H' :-;:1 1111011 tillt. :-1\ illlllWi'l' ~\lld 1,(1 t.he 
\\'{'",tw:u\1 :U'C' flat lIH' '';;L'\ ('ompo;-;('u of ILIJl'izlJlLlai bYl'I'l'\ of lJbl'k llll!-lai t 
L1l1der a ril'h c'arpctilJ!!; uf tilt' lJrigh1.,<·:-<t \'l'rdurt,_ E:lstw:tl'l\ acro:-;s tlw 
eh:J.l1ut'[ !trC' ,';('('n trw purpJi . .,h \\":111:-; ()f :111 :lIlt'iellt satHistnlU.'_ The j:l!!gC'd 
gnbbl'O <'()I'(.' (If til(' i~l:{1id 11m>.: r('pN'H('tlt":':1 fnotl,("d upl:wd (;~(2) ~tIld is 

n()w th!' traiJliJJ!.~ grmJllu of thl' .\ipillisl (.\\)l'!.lhnlll, H.of'k Climbing ill 

Hkye, LOllglnans, Loudon, Hlns), whill' uC::iUcd in one of the bottoms of a 
U-ndl ry is u)I'h (·orui:.:k , a typi(':l l J'o('k-LftsilJ lake (412\ it.s shores of hard 
ro(:k pi:uwd and scorr,d. 

Fl'OlH Skye we Ina,\' go to !)Ludy 1.1,(, l'l' ln.:uknblr thrusts (-!fi) 00 ill(' north 
S/t(ll'f' of Loch ).iac1"(·, a uwrk('d lirH':lfll('nt, Iwd one dit<'cLCd:H right arrgks 
to lhllt {)1J till' l'nur..,r Df 1.he (':lledonillll ('Mm ! ct)Jllll'l'i-i l1,tr Lm'b Linllc \lith 
Loch Ncs:-i. T his 1l0rtill'fl,-:t, wn.\l (If Lod. l\!ar('(' i::; l1. strikingly rect.ilinear 
ftlult, r('pn'~('ut('(l hy an (;'5t'arp tlll'nt. up whi('h Wl' d imh to finu {It t.he top 
tIll' (,l'uf.;iwd :uld flul(,d tlll'lIS1, pialll'!';l of rtlO\'('1l1{'IJ1, dipp ing soulhea .. -;twlIrd 
at IJ flat all~ I I" Hen' al:.:o are hl'H,ui.iful I'ol'k-hasilllnkc'~, lying ill bol lows 
cuolr/c'd 1)(,llt'alli Lltc' l:unliflC'rila / glrwiC'r" On (lUI' way (rOll I kk."e we have 
p.'l'i'Sf'd Ul' Loeh ('arrrm, a .'if':l Inch or fjord (21/1), and .::tlong tbe' .stl'.'ltb at hs 
h.ead known a:-i {";i.rathl,t!n'on (-128), 

Rl'turnjnp: no\\' ttl UIJan, it i ~ hut a sh()rt t rLp by sh'a.rner up Loch Linne 
to Fort Willianl alon),!; tl)(' .. tl'iking liueameuL (226) which cont inu('!'; to 
Loch Kl'sS and hl'~'o!l(1 (Fi~" 403 ), :1.nd thenc(' by rail to Glc!1 Roy itnd t he 
neighboring gJt'ns of Lochuher (322-325), 

From P:lri,'i,'LS a stul'ting: puint, we m:I~' d sit in :l limit picturesque region 
t he bNl.utifull,v )lrcscn"cd ernter, .. of ('xtin('i. \'oleanoeR iu thl! A u\'crgnc or 
Central Fl'n.m'(~ (105, 12,1, 1-15L which distl'id k; cnLI.'1'cd from Clermont.. 
Ferrand, H C'rc l'I.t'e found t,hr ch:tJ'!H'teristic PU)"'S, steep lava domes of 
viscous lava (105), whieh figurcd largely in the carly controversies of grol. 
ogists concerning the ori)!: in of rocks, 

The rest,of our pilgrimage will be SO planned as to eni.cr the nobJe rirer 
Rhin e fit its mOll lb (Fig. 493), Jl!Scend its course to its birthplace in the 
snows of Switzerland. find after further_explora.tion of the features of t his 
fretted upland j tn\\'crSf' northern and ccntl'::U Ht\ly so as to make our 
df'parture fol' America by the ~outhcrll route, Entering t hen upon this 
eourse in the Low Countries, we have first tile opportunity of observ­
ing the characteristics of tl great delta with natural JC\"ecs artificia.lly 
strcngthelJoo !l8 dikes (165-168). H er; also HIe found dUlles of beach 
ma.teria!. which ~ been raised by the wind into a great rampart ncar the 
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shore (2tm--211 ). F-llrh n w.all of dune salld is well disrlayed at the bathing 
rc.\,\urt :11 '''';('hl'\'('llil!g-4'1l IH'lLr the Hague (-121 ). The flood plain of the 
Rhine ( lG2-/(I,-, 1 Ill:l,\' lIt' I')tudicd ill n journey up the river to tI,e uni-

FlO. 493.-0utl.i.Jw mapo! II gcv](Jgil'!JI J>il grim.agt::lcT0S8 tbc COll tint'nt of Europe. 

vcrsity town of B Ollll, from whence a day's excursion sllould be devoted 
to the relies of \'"u!cunoc:i known us the Seven l'v[oulltains (Fl. von Decheu, 
Geoguostischcr FUhrer ill das Siebengcbirge, Bonn, 1861 ). As a prepara­
tion for this trip and others in the volen.nie Eifel higher up tue river, a visit 
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.ihould hI: madL' 1,0 thl' lIliller:l! and f()('k collcctions of the P01>J>eI,"CIorfcr 
:-:thloss at th~ l" n i \· crsit~ · . [ 11 the vol('a.nic Eife.l aTC fuund SOlUe of til{' 
most interesting of {'rater lakes (405), the brg£>.'it hein~ Lake I.aach whh 
it::; somewhat peculiar volcanic cjettnnlcnta anti its pieturcsquc abbe~' (:;jcc 
von D('dlC!I, Geognostitid.lcr ]<\ih"cr zu der \ 'ulknnrcihe der \'ordcr~Eifel. 
etc. , BOlin, 18SH. (Jon.sult also L:uw, A GeoJogkaJ Tourist in EuroJ')C, l.c. ). 

Continui lLg: our courSe' up thc' ri\·('r fro111 Bonn, we Boon enter the gorge 
of the Hhil)£, ('ut ill <l.ll uplifted pcurplaill ( lG9 , 171 , 174). From Coblcllz. 
wht'n' Uw .\10",d \" ('1l1C'J't'. tilt, IthiIH.' . tI ~i'lc trip may be madc lip thi1:i trib­
utury rivl'!' past Zell with its cnirCllciJ<:u meanders (1,3) to the n.ncjcnt 
ROlwUI cit.\' of Tre\·cs. Ahm'c Bingen Oil the lthine we l ('tH'(> behind u S 

1.111' !la.rrow {;org(> ~lnd rHl )id l'urrcn t of 1,11(' rivc!' and. cont.inue oyer the broad 
floor nt the bottom of u rift \"allt'y ( .. 103), ly ing hetw('t'n t.he rOJ'cst of Odin 
and the Hhl.ck Fore~t on the C!l~t and tbe .. Blue Alsatian ~lount:lillS n 
far aWHY to Uw \V('tit. At the: margins of this pLain ~rrc brO. :; of loess with 
their clwrl.wt('rist.ic joill( :itrudurcs a.ud inclusiutlti (207), and ill the hit!h{'r 
hiHs 011 C'ilhl'r imnd n. wenhh of intJ'usiYe igl.lt·oll~ rocks. 

At the ('ntT:llle(' of the r\('(\kal' Ri\'C'r to th.b hroad plain i6 nC::itlrd the 
pidurcsqlH' <:<.I::;t \(' ami univerHit~r town of HC'idclb('rg, a COIl\'ClliclIt ('cnt!:.'r 
for ('xcursiolls (.Iuliu:.: Rusku, Ge{)log:isrht, Strcifzi.igr in Hcic\(·lb(·rgii 
Ump:chun~. ('t<" .. Xiigelr, L<:lil'zig .. WOOS, i'p. 208. map). At ktnltisl1urg 
(Sclrwllrzm.tJd;j! r/l,<:....;e 12) if' Jj)f')llcd the German Chief r'tlltion for En.rth­
quak{' Htndy , with (\ JUlrUeubrly large ~et of modern sci~lllogrl.lphs . In 
1,1.(' university cabinct i::i also one of the largE'st, and most representative' 
mineral collection:,; in Buropc. For cXt'ul"sions in the neighhorhood ('on­
suIt HCIl{'Ckr , :-i;WlIll lullg Gcognostische Fahrer, Vol. 5, Els:1l;S, iHOO. 

From Strussburg w I.' 11"1.'1)" go by the Bhck Forest R8ihl"l].'· to the Hcg.:w 
with its \'olca,nic plugs ( 140), {,3ch surmounted by n picturesquc ca.'itlr. 
\\' c enter next tin.' hroa.dly extended piedmont apron site, abo\"{~ whil'lt 
Lilke COll!:ltance still remain~ 11S a border la.ke (39Sl). Outwash a.pron~ 
(3 1-:1 ) , moraInes (3 11) , and drumlins (317) are each in t,urn encountered. 
Still contilluillg Ollr course up tbe Rh ine from Bregcnz, we enter the fretted 
upland (372) of the Alps, mouJlI:ll i l.ls {:omposN] of grea.t fo lds an d t,hrusts 
about a cpre of intrusi\"e rock (Rothplctz, Sammlung Goologische FUbrer, 
\"oL 10, 1902. T hrusts in the Alps bctwceu Lu.ke Constance and the 
Engadine). KOII1C f(mrtt.-'C1l miles awvl' Chur we p:l~8 the terrace pro­
duced by SUCCCss.l\,(' lauclslidcs ( .. U.;f), kuowll far and wide as tbe Flliuser 
BergsUirz. The further assent. of t,he C8.,';clldc stll irwny of tbis gJacier­
cn..f\·ed valley brings us to t he F urka Pass, from which pojllt magnificent 
,·jews of the fretted uplund are obtajlled. At the lGinzli, a mHe from 
the hotel, oue may " iew the n(>vp of tbe Rhone Glacier, which Illn ~' alf'n 
be easily visited. 
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We hun' now followed tt. great river from its mOllth ill iILt> Stllld~ ur 
Holl:md to its source' ill tIl(' snows of tire higher AlI's. PIUI.sing over the 
c1i\'ide and descending 1('1 Olctsch, we m.i1.}' obscn"c t he lower end, or foot , 
flf the Rhon~ gla.cier and the crevasses and !:iCrH.c::) (3tH ) on the f;t('(}}l de::Wl'lIt, 
of this mdiatillj!; glacier (383, 386). The rcspon~c which gl:H·icl'1;( mllk<:! to 
{"limatit dUl.l1ges i::; here well ilJustrat,cd hy the recession of the glacier 
{milt from ncar tJ.}(' hot.el (it s \lo,sition in thl' '50s ()f the nineteenth century) 
10 iis pn~cht position about II mile ftlrthrf up thi' nd lry. . 

Th(' du:mi.(."tedst, je~' of I( gh6fit.e(/ rHt'HUtCttCu \":lIlcy (1Iay he [urUlcr 
jJIl.J~1.mtcd by ciimllillJ.r til j nl' (;rilll.o;ci Pw;,..;, whir'h j ,'j S(T,'ltt,hcd and stJ'inted 
(:377/ 3S5). aud then uesccmling the Y<Llley of the .\ar to l\leyringen (377), 
~car the Grimsci I-i onpicc arc the dUirilct.eTi~ti(' rock basin lakes (412), 
and upon the Anr Ohci{'r to our left. Wf'rc carried out the epoch-making 
rc.'>Ca rcbes of Louis Agassiz , the founder of the p;i!lcilll t,beory for cxplll.in~ 

inp: th(" drift, \ft' cncOlln1.('r SOllie' thirt{'PIl rod: hllT~ (:i77), .Just before 
rcacltillg .Meyring(~ n \ .... (' pass the Irts t of thelSe, tb" Gorge of the Aar, cut 
b_\" th(, stream illl'oui!:h limt'.'itfmf'. 

intcrln.hu (-till ) nIH_\" Ill' lU:uh' th{' ('I'lLt(~ I' .for :hidi"iollal ('xcursions up 
the Lltutel'brUILIH!1l \"'~lllt'Y, with ih pruminent all.:, (:nti) :lnd its rihiJoll 
fa.1I of the t-;tauhbucb (37X). By tlH~ ,llll1~fT!lu MtJuutaill milway we TUay 
lIOW ascend Jlartl~- ill tunJlc l ~ uf tht, rock 10,111' Ewigl'isIIIN'J", mid look 
down upon thl' u{>nS nBc! b('r~1>;( 'llI"IlIld:-i of Uw U"t!!!1 _\Iptsd\ (:lacier (J70, 
~ep "Baltzer, SalJ..l.tn!ullg Goolu~i:-;(:hl' FUhrer, rol. J(l, Bt'fflf'SC Oberland , 
! f)(}{i) _ RHUI'llill~ ill futerlukcH by \\'/l ~' (If Urintlclwald, uuc may stuay 
the foot of a, rudbting gJnrupr, the liJlt.rrgrilJdelwfl.ld glacier, with its tunnel 
a.nd its milkY and braided stream. 

Grossing u~w the Alpine fordalld to Villeneu\'e at the uJlper end of Lake 
Gc.lICYa. n.nd upon a well-developed strath (420, ~2."l ), We' may look out 
UI)on the turbid W!ltNS extending fur from the 8horc of the lake. Journey­
ing to Gcuevn by 5tcamcr we no1.t! the gradual d earing of the water until 
tl.t the outlet of the I:tke it is [l)) clear :iI-i ('rystlll. A walking trip from 
Gcneva takes us tOl,he .Bill.", ell' 1;1 H.'Hie, where the Arvr with turbid wa.ters 
meets tJlis clcUJ' slTcrun (-nit 

The ra.i lroad to Clmrnonix [lsccllds allother cascn.de stairway (376), 
affords vieWM of r.omplexly ful rled sedimentary rocks (43), nnd at ChllUlOnix 
itscH the mer dr !!:,lu.ec. !.;uppli~s oPt>ort,unities for t bf' study of moraines 
(386, 393) and ghtcial movement. (300- 392). To expcriellced Alpinists 
tbe summit of Mount B1,U!(' otfcr:i ~I f"Cnlarkahly extended outlook over the 
fretted upltlnd of the _4. Ips (p1. 18.t\ ). From the stat jon of LeFayct below 
Chamonix, ODe may nsceJld t.o the Desert de In Pla;t.-CJ where are Schrlltten 
in limestone due to solution (188), 

Crossing by one of the llfU!SeS to the valley of the Rhone at Ma.rtigny 
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we may reach Zcrmatt , t.o-dn~·lhe cJilHhing cent.er of t!w Alps. From the 
suhordinate cirqu(>:-I sWToutHIinj!; tb i~ \rillllg(' dCStC'lld the Gorner, F indelen, 
St. Th(.'Otiui, ~uHl other cOInpnllcut.s of Uli;,; radi~tt.ing glacier. A black 
tooth of rock. t.he l\latlcritOrll1 to\\,f'l'$ abo\'{' the other peak!; and shows to 
greatest I1Clntntagc thi~ fC~ttw'(' of glilciaJ sculptu/"(' (.374), while the Gorge 
of til{' GOl'ller iii :1 s('\'(;,I'f'ci nH'k bar like tlwt of the AuI' (3ii). Either on 
foot or o\'er t,he mountain railw::J..\' we Ilwy :llif'C1Hl to the Gorner Gr3t, 
n subordinate comb ridg(l (373\ which afTords oue of the most magnifice.nt 
and instruct.in \' iews of I'tldiatiug gbricrs. 

From Brig, f:lrtber up the RhOJH' YnJ]r.'", [11) cxrursiull is maue to the 
Eggif:;ilorn Hotel. a ('cut(·1' [ot' ~hldy on and about thf' Grrat A\(,t~ch 
Gifleicl' (320, 37J, 385, 3SS. ag[" 4 10). The rus)' :l.S('I'Il1. of the Eggishorn 
i:-; rewarded by [I, \·if·\\· almost Jirv('tI~' dowllward upon the iCC-dIlIlUlll'U 
:lblrjclell Lake (32n, 411). 

From Brig one mny make' his ('nil'_\" into JtaJy, either oYCr thr pktur­
C'sque Simplon route afoot or by (Li lig:('ncr, or (:I:;c I.wl(cath it through tbc 
r!lihnl~' wnne!. By all ultlmwtioJl of ~hurt su.':1mboat and rnil trips the 
j OUrllC'Y is cont inued in a. qi!'c<'tiol1 tntIlS\'C'I'::iC' to the longer axes of the 
border lake::; :'\lnggiore, Lugano, and ('OlliO, and lat.er southward to :Jlibn. 
1J1 ]c!lving the village of Como we pllSS Oyer he1\")' !J.lOr:liJ1ic dl-posits on 
tIlt' apron borders of the C:Qli111dNI-fool glacier (3S3, ~S.1) whith once 
Oc'('upied the yalley ::thon:. 011 tile: journ('~' from Milan to Venit:{!, o,'cr 
the fertile phli!ls of Lonlh:ml~', the simi lar :u:cunllllatioIl.H u.uout Lake 
Carda (41 4) nrc fil·~t CIlC()uut.cJ'<'Ci at. the little :'liui- ion of Lona.to alld left. 
hehind a.t Somma, C!llup:lgna (Tornquist, 8umm]uug Gcologischc FUhrer, 
\ '01. 9, Xorthern Italy, H}02). 

The city of Venice is huilt. upon pile fOUllda.t iollf; ill tltl' lagoon behind 
the barrier be:lch known ns the Lido (242, 428---120). From here W(' lllay 

reach the Klll'st country hy way of Tric~tc, SOme of the marc interesting 
and t.\1)ica.i fC:lt,UTCS being fuund JlC!U' Div!l(;:1 ( ISi-1 89, 422, pI. (; A). ]n 
n. different direction from Yeni('c by way of Belluno wc enter the Dolo­
mites with t heir pr~tterned rol ief and battlclllCllted t owers (228,445). 

Additiollu.l centcrs for gcologieal excursions on tile route to our point of 
departure from Ttnly ~tre Rome ~lIld ~aplcs. At the Itn1ian capitol nnd 
in its neighborhood we IU:J." study t he ,'oi<::tn ic Campagna with its beds 
of tufT (105) and its crui..cr iak(~s (405. See Sir A. Geik ie, The ROlllan ClllU­

pa.gna , Lamlsra.pc in History a.nd other Essays, lVla{'milbn, 1905, pp. 30&-
352; also Deecke , Sammlung Geologischc Fuhrer, Vol. 8, CllTnpngua, 1901 ). 
Prom Rome it is an easy journey La the cataract of Tivoli with its deposits 
of tru\'ertiue (184). In the opposite direciion from Rome across the 
Campagna rise the Alban Hills/ ruins of a ('ompo~ite COlle with several 
crater lakes on the sites of Iortllcr "ents. On the swnm,it of t he encircling 
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.!ra.ter rim, like the Monte Somma of the '·('~u vb.n l'vlountnin now n CTeS­

cent only, is iorn.tcu the chief ltulilln st.n,lion foJ' earthquake study. 
From !'-;aplcs w(' !Uny rcach ill short. cxcllr~ion~ Ilnd tiiwciy with SOllle care 

still !lcti\'c \'o icallic mountaills. To the cast is :'\luunt Vcsudus (!l4,9i , 
1::!2 .124, 1:?7- 137L which was in p;l':.lIId C'fuptioll in April, 19Q(l. ,restward 
from Xal)\('S un' til£' ('ampi Phl('gmcii, or burning fi£'ld:;, with many crat(!rs. 
Of th('~w Asironi ofTcfsafinr cX<lmp!(' (J[ H I:trg-r-('rfiH' tf·d ciuder conr (105). 
In the StllUC yicinity arc i\lolltC' .:\"UOYO (OG) alld Lht" Solfatam (!)7) , the 
hItter n iJ1)(' of "olc:um whil'h 110 lunger PJ'upt:; 1:.1\':), hut in its place cmjts 
{'arbon dioxide and other ga::;eou ... ClllUnations (G rotto drl C:l1lC'). The 
sturtilLg poini for £'xl'UrSiOl"l-';;; in t\l£' Ph}('glm:l1l fi(,\lill is Puzzlioli with its 
Temple' of Jupiter i'erapis (254-2;55), rcaclwd fruill l';apkH by :tn electric 
lill e whic.:!t piCI'Cl'S the wall of :in inmwlls(' C'ruU'1' (Posilippo) composed of 
fili I.' yellow \'olcanie I1sh kno",n :115 POl,xuol:HI. 

From KaplC'!l- steamers make- ~hort {'x(_'ul'sio!1.ti to Sorrl'lLto with its deep 
[kih d£'po"its, !lnd to Capri with its blu(' grotto (25i-::!':)S) . llcrcuhncum 
(l.39) fwd Pumpf' ji (l2::!), bUril'd duril!J.::' dJ{' ('rupti(J1l of 79 A,D., firc 011 itl!.' 
Jillr of the Cir('uUl~\·{·Sll\·j:lJl Haihn.l_\,. 

Steamships to XC\\' York from :!\aples {'nil :11 GiiJralt:lr, tlte land-tied 
i:dalld 11(Lr e;rcrUe1l(:e (2-H ) , .\ 'los(. sH:[Lnlsitips of till' 80Iltl)('1'11 route pass 
through or near the yo\(:anic islands of th(' Azores, a.l1d (·crta.iu bo~\t!:! touch 
at Algic!':;, froUl which a linc of railwa.\' give::; ac('css to lliskra on Uw 
Larders of til{' Der;ert of Rah:ll'tl. 

Tlu'oughout thf's(' pilgrim3gcs the trn.y(Mr should be on t.he alert ~o 
note flot ouly the agent rcsp0JrsilJlc [fir tIle fea.tures which come under his 
obscrvntioll, but, esp('('ially where this is (,he t;OnuTIOll I5culpturing [!.gent 
of running wn.tcr, he should not fail to llotice tlJC stage of the erosion 
cycle which is represented (Chapter XIU). 
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('lin~atil:.{'onditit.)[ll' .. ilj I'('\ntinll III 1l101l1l_ l llJtC' ,.t(l$S i:!1'1·tiOn of. ao:!; houri~h-
l:UlL !'r'ull,tUrt·. ·1-'ft llll'l1t. of, :!~:.{, :!~(1, :!!15; 1)T()filf'flllf. :.!n7. 

('litl(!lrJ('ter.4"'. r(l/!till('llwl pl:ltf'lnll. /!I. 
(·lowlburl'l .... in tlt .. ~('rt"' , :!()I. :!l:! . ('rmtilJl'uwl ,, 1l(·lvl'.~, , ...... lil ; llri~ill, :.!:~~. 
('Iout! ZOIJ{';;. :!til'oO, :.!h~l. :!~I·L ('Olltihf'lLtl!, Hrrlllll!"/ III'Il! of, IU: d ('\'d-
('0('/>1. ·I(i(i. (1IHlll,,,t I". I,, : iflt'n'(ll'ol' ir, Ilrf'1,i 0(. 
('oa.~l, D1Jllwt;!tIl , I!roll",· ... lIf. :,::,,, TIlr<lU~il \\;111' :II'iillll, :t-ll : pU.-!f 
('0:1.,,1, 1'\!'\'ill;'11i hr, d\iri"u; "lInbqlllll.,·~. hi"tl,ryor, 1-1. 

"'U; JoIlIhll 't'!'S!:,'hl'('1I (If. d\ll'il'~ ,'urrl,- (",II!(u,ti"u .. (If ti l{' "trala, 4{1, 

qnak"i!, ISO, (·',lltC'UI'''. of 1"I","':'r1\"lli,' Ilia"", I,:.! , 
('r.llsbJ ]lluill". :.!·Hi: 1",11,'.1, :.!-I7 (·.,lllrll<'l.i(l1l .. f ,·:.rtlt'" :1111'[:,,'. ', lb lritl~ 
1 ',,:1"1 lifl .. H. 1'''''11. :_!·Hi; iut/i"alll ,. <If up- ,'unl"llIllk","" ';"" , 

lih I'll' .~/JJ)//J"I·W'IH"', :.!' I.i, :!-In; rllJ!~··d. ('I}J) trllry IJ)O""lIJ1'IJIJ'l ul"JIJ ('0:1.-,,1 -'1, :!;,.l, 
~~ w. 

C'ou<;t T("'orll,,. :!4;.. j (")u\'t'!·tiw· 7,(lui',!lf lltIHO;{phf'rt·, :.!70, 
('()[II.ts. Atbutif ' H.uti l'IH·i!if· (,,,"tm,,'.('f'l, ('olJwrty , ,,' , .\J ., <'itt·d, :!H4. 

4aS: ~'nll':ly('d, :.!51. ('\)pl'r"it, tI ~, ('it\,d. 10, 
C'oU8l ternLl·t'II, XO, :!;j(), :!-I J; uplift. ('fJPI}(·t 1.(,13.1\('(', 4.''lt), 

C.R'I1Ct 0(, OIl s!'!dinwllts, :IK ('oquinll, ;J,j. 

('oat$ Land, sh{'\( if'c' nf, 2Hl). ('()ruisb, Vnllghah, ('ill·d . 211. 222, 244, 
"Ohflit, in DWt('Oritl'S, :!:~. Corrasioll. lU~. 
('uhh, C"'o!1iC'r. cit{'u, 17!J. ('orrn~ion, Qf Tfll'ks, J:j{i , 
("l)i l!lI~, of l'urtJl' iI, !('lralwdr'll fi,lturl'. 15, ('oul{,(' bkt·s, 401i. 
('(,h'fm.n. :\.. P .. dt(.'(l, :H..,. rOVI'lI, 2;~a. :l:w.. 
('olk IlIk('!i. 40k, ,111\1. ('n\('I;.!;, ('anhqHltk,·. j.{ . 

Cn/klf, ,~I\IIW, :.!77. ('ral"I'. ,·"o1I1tinll nf forll\ c)f, I~S. 
('ollr-t . . 1... \\'., I·il",u. :i\). ('rut"r 11th,." 40; •. ,Hit,. 
Colorado Ut'il'rt, 74., ('nltl·rlt'I~. ~4; ,:;·,·tiolls .,f,~, 
Col(lr, (If fujlll'ml.;. -l50. ('r.' IIN.";. IHl'f·ha/Jif'.~ of f·)iplos.iOllB ill, 
(,(,I .. , :ri4; oril!in of iJll'irqll(' il1jl'r~('l'finlL, II.",. 

:i7~, ('nlll'r. \'Oil'll lli c', !)i). 

~~~:~l:~g;:;li~~~~t'>;. 47. 4h, ! f~:!~~;~~i~if'!~~~~ f;::~~~, ~7t:1 , 417. 
Com l)('U'llt b;\'(·r. ·I~; ill n,talion to !l!\'U \ {:r~tlil\l' , of 11ll, lliltidiw" 4.:!', . 
J'~rvoi~. 144. ( rf'\'Ui'8c', rUlIrglllljl, (III n,(IIlIIllUU /tlw'ler-", 

CompOsile (·(>lIe.~. f'flhiufI I.f. I:.!H. I:!.. :i7U. 
COOl PO,utf' I!'TnU!-J1i of jnilOl';, :-'7, f"n'\·II!i.'<l·>;. in l'olUlt,etion with ri\,f'r 
COIll POIutl' ,·ull':J.IJL(· "Ul,C-I. III::;. c·ut-offtl. J04; (III j.!i(ll' icr:;, :t1l 1. 
COlm>o.'1itioll of (·:uth, :N. Cr~, WhitlUlul , ,·itc·d. ~ Hi. 441. 4"j. 
('OIllI)Osit ion of tlw Cllrth'JoI "MI' :,!\. C'rO'r;l-l- lw .. lded structure, :fi. 
COlllJ}!'('ssioll of II Ui>ltri,·t dUrinu; c(lrth- "('r~'stu.1 ('cllars," :1.7 . 

qUilkefl', 711. Crystal (orm, of mille rnls, 441). 
COOcli, a!hl\·iul. 213; c.lu dcr. 105; rOIT,- ('rystnh., bclUl.\'ior under llJ)(lc.itll treat-

pomtt! \'ol(!tUlir, 105. Illf:nl., 2-4, 25: esRCnt.ial IIllture of, 2:S; 
C'.on{orOillble !!Cries, .51. fu rms of, 454, 41)7: individuaHIY of, 
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24: nnuHnl('d, Intrr growth of. :!{j: 
I"ym!lwt ry "f f(lI'lll of. ~ :~. 

('r'lL~ttd ~ l H H·t f·lIi lll: , l:!'. 
('Ut'stu;; , :!·W , 247; SQutu of Lak~ 

Ontarlt1, alii, ::I( '.,!. 
G(lt lIml hllilt tt'Tr :.tl' l\ (m .-;t~'p shor£' of 

],w;,(· nlal\' rial ,., .!:H. 
['ut-oll,., of rnf'u !ul"t!<. 1t;4. 
Cut m r,k krruf'f'.~. ~;~;). 

['o\'il'r, pitl'd. Ifl~l. 

['\'Oie . . 1.. l'itf't\, In~, . 
(,~·d(· of ~bdntinll. ;l{i1. :!!\ I 
Crete!>, of f.da,·lJlioll. l']r'isHw('lIf', ::!H7: 

of iH t C1I1H rm':rlrr} l'r,~, !I,:I 

n an:L,.J n., t'itf'J, G. WI. 10(i. IUH, III. 
I Hi, 1·17. 

D an;L. C.:-:. ('iIN!' 2\1, 
1hl\, It..\ ,('it!,d , 417. 
D :L1ltL', r iv-d, H. 
Ihrton, :-;1 . fL. \'ill'II, Ii!). 
j)arLl'j/l, Ch:trJI·!i. ('ired, J £19. 32:2. 3:!:,s. 

:l:m. 
O :HLhr(>l' •. \ .. l' ill'l}, r,l. 
D:L\·;c[. T. n ·. [.; .. ('; 11,1, :! ~i. 

]);I \, j",(' . \ .. f'ili'il,--I':I I. 
D:t\'i~, \y , :\1. . !'ill'd. 7, 17.,. lifl. 2:!1. 

:H7, :!76, :U7 :{l!I, :r;~, :~~:.!, 

Ol,(,(· \)ti\·(,1\ 1I1·1'1IIfIJrllli\\·, 3:1. 
D '('D1l!W,~itioll, )4!I. l;,ti; nu-dlllll ica! 

r{'>lults of, 1;')0. 
D khrl:; ('onh~. :l'l;'j, 
D "t'p !lNI <{1'1)'I.",il';. :,Hi. a". 
D eA:ltif)lJ , :.!Ol 
Of'fo rl·::!t:lt ilJ[1. 1u rf·\:.ui!)l1 to ltJ,!ri!-u lturl', 

I[l l,; of Kl\r~t f ,:'gicJ LL, 1";1"; f\'!atitm t \J 

l'rol<i()lL, 157. 
D t·f.!I'/.If' l':,r hu, J4f1. 
1)t' ( ~ I ·!' r. (0" ('iit' I. ~;j l, 3M, 410. 
D I· l!fll(iati ()D. lUI. lfi2, 
n .'kkau. fi ~gu rl' f' rl\pt;()u..; (Jf, 101. 
1>. ,11,111('0 111'. A .• I' it,'d. -l:!4. 
1)1' LOrl' HlI{l. ('il"o]. U::'. I:!::! . 
Ddb. "HI((I·f""t:' Ill,: )If1ltotlt·;wt 

I11'0s, 1M: dr.\·. :! I :~: of ~li~is;; iJlpi 
rrh'er, nne ! )f c:r,')I\·th 0[. jn". 

D elt:IIIC'IJo);it:l, In:U1IL1'r nfc:ruwtll of, 107. 
D dtu iuk('s. 41 fl. ·UO. 
D f'lta f(·g;on. of:1 I'j\'('r. :1;1. 
D eltfL:;, :Ibunrnwl, ),o-·\nw uutll, jf< of bk('!I, 

431; in r,·iatio/l t n u1!ri'·llilu rf'. 1(;(1 ; 
ill rc\ o.t.i()11 In l\()jlll lutio JI, l{i6 : lUKe. 
42R: ofriv('rs, 165.1(10. 17!): 5{'(·tions 
of, l 68. 

D~ndrilic glaei('l'I'I. :3$0)3. 385. 3g0. 
D eniston. cit('d, 121. 
Deposition, i o :IOues ahout. d{·scrt. 216. 

21 i . 

Deposits, nkti:1ll. 3(i: chemical, 34 
f'(lILtiUf'lltui. :l/; dr·l'p SPU, ;.i(i. 3l:l 
dl', lt u, malLlI{'r of p;rClwth of. 167 
fltn·huLlc. as: f\u\io-gbrirt!, :.u, 3 1() 
in "alii':>' "(lc!lu·d hy ~b('il'r, 3nS 
~lIH'i /d. :Jl: l:r('ustrirll>, :15, 21 7 
lillom!. :itl: mUMIlt' ,::I5: nW('!muic:ll, 
:14; org:1lI1(', H·I: i:lHlt. :.117: IlbOll1 
wUlcr, :JO ; !'.illtcr, 1)..4 ; t~' rrigc_uol!s., 
3G, 

Dt' r:ull,:;pnlt'l1t of w<lt~r fl ow, dUriu!! 
('arthqu!l.k<'S, ,..:~, ,..,1. 

D,'rwil'II, \ ', cl l', ci{t.u, 4'17, 
D('!;I'I 'I) t IIf !!Touml \I';H L'T, ]1"0, 
D l'lwrt, .. luI ' I.e, J ('f()n'M:lti\JIi, 1i:i0; t'rn--

simi in , :21-1. 222; law of. 19i. 
n t'St' r t hI..J's. 4::!3. 
IJf'B(' rl IUlHl",,,,upI'S, {t'aluT('s ill , 209, 
Dl'il 'rt raillJ!;. :!I:!, 
DVSi.' rt rof'k s. f\.u l'olof of, 222. 
D {':<" rl "\':lr[li"lI, :!Ol . 2:!~. 
1)('$1'1'18. fDrnl('r s ho rt' lillP.~ ill, HIS; 

self~n'gisl('rillg t!:!lug(' of puSt dimaU's. 
1!ll-. 

D cst!'Ur' tiU II!l1 l()po~ral"llY, :WU. 
D et!'l." tioll !If 1,11l11 I!il!~ fol d " , 4fl , 50, 
1)l'I OUllli/JIIS, during \ 'ull'uninl! e rup-

ti ('lI~, 131. 
D ('\· if·C. to SilllUluI(' hllilding of (·illdcr 

cont:s, I:2.:! , 
DirLbuSl.' , 4(i:!. 
Diagrulll, t(1 illllstT:ltt' formation of luxu 

T('s{'f \'oir", 14:~. 
UilLI!TfUII!:' for ('ol1 1Jm ri ~() 1l of rold tYI>f's. 

4:!; t o !:ihn..... t 1If' (·fi'cd of spheroidal 
wt':l tlwl'ing, 150. 

DilLUlonds , in till' drift. 307. 
Diffissioll, :!O-J . 
Dike!!, hull ow, 140: ill ('hili:l, Wi ; il~ 

Holl:md. 1uu; from "olcuui{' (\isst'l'­
tinu, 140 

Diller. ,J. R .. ('iIKI, :m,4:!i:i. 
"Dilu\imu," :30.'). 
Dimples. 011 nl!ug:in of ('ontif~('llt::u 

gl:u'if'rs. :!.':!. 
Dip, ·Hi. 
Dirt l'O ll£'S . HflG. 
Disinte~:ltiou, 15(;: of rorks in dl'60rt!l. 

202: thn,ugh root c xr,llluj!ioll, 154: 
throu~h tn. ... • ~o\\'th. 154 , 15.5. 

Di.'1iol' tLtiolls. m[lrginol. ubout d(!SCrt9. 
!!1 2. 

Di.sfl('rsioll o f the drift, 30--1- 300. 3 Hl. 
Displacement, totul, Oil faults, 50. 
Dis~f'tioll of VO\('!lWl('S. 1:\9. 
Distribulllril"5. ou nlhl\' i;1] f:.tns. 21:J. 220-
Djvidl>fl. 170 ; mijl::nLt io!l of, 175. 
DoIiUl~s . of K IINJt region, I S7 , 422. 
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g~:~:::~~.4~gi 228, 445. j ~~~~~~~:~: ~~~~l~'i~!: 190. 
DouH'u moulltaills of uplift. 441. EurthQuakf_· lakps. 4().l, 
Dome stru{'turc, of grunit(' muSses. 152 Eltrth{luukt of \ll iSk t lRO!l 12 77 ?D, 

1.:J7. I N) l'-I of A ... ~IUfI HNi 72, if 01 
D (II IH'S. bVll, 10::; (.l lLfurru.1 \-I\,{, iU 72 73 74 , !ln, 01. 
DOH'tuilillfr,.of!$I·1I111ll11:\lJd,11.17. Itf (lI:$lllllllll(JII 1~1i;j b7 , of ('oata 
Dr.uiJI.'ll!e, dl1.lll_ge.o of. d'll' 10 ,gb('i.'ltJOn. nu I jllW V'" (If Judi t IOS la &I, 

:i3G-aas; IwpIJllzurd, of ~![\eilltl'd I of JUl'!\ui,'n , ] {i\)2. ~O: of .I nnmic~. 
Uft'U, 301: illtcrfl'rN1I'(' uf glal'i(·r . .; I!JI)7, ~U; (If .)HPlln, Iblll, 72, 75 ; 
wit}l , :CI>: uf gb(';{'fS, :J9:; n'\'('rRIL~:'" nf /o\\'I'r j\ljl':;i:i.~ipr)i "llI,.,y. It- I I, 83; 
uf. dm,' til dul'iulioll. ~~37, JJ~; tn-I I is. of ~I" s!'illtl, 1I1U1">, lir- : nf OWI'IIS 
lit.. \',dl,·y. {"a li fnl"lliH, 1:-.7~, 7:J . ii, 7b. 

Drainllgt' lilies, ('Qntrul 0(, liy (TII<'tIl P'S, 7n: of "'('n·in. I\JlH. r>4: of :"-:outll 
~:!4. (':m,lill:i . 1 Hxti, hr.. 

Dr:lill1lp;l' Ileiworkb, ,'(mtrollf'(\ 11.\' fr:lt·· l;:nrthquukt< !'IilfU'k:<. hl'a\'y 0\"1'1' inolll' 
turps, 2:.l5, :.!:2t.l ; n'pc:lliul! pillt{'f11 in, fourldalj(lI1I', )0,)0,. 

:!:.!5 . Eurlilqllllk, 's, ufTt'r"IIt)l'kI' of. ~:l; :U:lSH-

Dmk(·, ~ir rr:t!lcis, l'ir1'lIl) IWI"i~uti('1l of "i:tt,o(l with ~nl\\il!J.:. TIl(lulituill~, ~{j; 
till" I!lllhr, 10. ('lrau l!." ~ ill ,urth'l> nurf:u'!' duriu).t, 7J : 

Drl'ihmtrll. ::!05. ,· t_lIll1l'(· I."d \\itl! Iill{'s of fnll'ture, t\6; 
Dri blet ('01W:;. 104 , 12[1; (If Kilutu ':L lU7. d(·:,wripti\'" rf'jHlrt" u]ltm, H2 ; due 
"Drift," aOf'.. to udjllstlJll'ld>, h(·twP(·1l IMJI'ks of 
Drift, 1'"i!Ol'tf,d, :hm; di;::pl'rsiIilJ of. :m.j- I!h ell , 7~ . 7\1 : fuu ll" (illd Iissur('!I, 71 ; 

:301,: j'Jlglllt'i:ll, '277, :.!7h; IIlJlI&Ortl·d, JI)"UI"NJ Iii Illuh iJJlI'1'St,/·tio/Js. H7: 
3()fJ. I(Juntn:iIl!' durin!;:. )q. totG: 1 0('lIliu~d Ilt 

"Driftk·sg ur(':t," 300, 31:t :Ub. ('orners Ilf I':uth l'hll'ks, ~7; 1IItillif('t!· 
Driftl!'SS !lrcl.I, mill! uf, :mb. C!!tioll .... · (If I'IIUII j,!('S ill /('1'('/, 66; Illiturl' 

Drift sites, :~(jb, 3HU. 1)£ s lltoc·k", li7 ; of bl'hill, IOl' lI li;o;:ntiou 
Drowu£'d rin'rs, :.!51. of. 1->7: ~hf)W I I h~' !'()1Il'l It'rnu'/'s, :!.")o: 
Drumlill$, ~ Ij, 3!U, 3 17, 30U. 511o'('i:11 IiiII''' "f 11(':1\",\ oIh(l(·k_ XU, ;11 
Dr)' d('itu.s, 21:3. ull~tuhle :.1T\,IIS of t'ai,th '" 1'I\I~t, :-oC; 
DryIt;als.ki, E, ,'on, cih:cl. 27:J, :!79, 2~5, WII"(' motiflu" "f, fI,., ; WIll'>' ill distri· 

:mG. htl t iOIt "f. :-(;_ 
Dry wcnthl'riug, ill ch.'Sf'rts, :.!(JI. F.:J rth relid, reIJl':ltih$! puHrrDs ill, 223. 
DUDe:, war with ollJ:;is:, 2W. J-;r·kt'l'l. (·ilNI. l~. 
Dllll(lillkes, ·121. CIT ~'('t of ('olttrn{'1iolJ 1111011 n l!Pilcri(,1l1 
DUI1('s, 222 ; fonn!1.of,21Q,211: illrl'la· body.l:l. 

tiOtl to obstrtl(' ti (l tls, :!O~l, ::?lO : stolll'(,d 8gg..f;pinniul!: d(,lIIoIlBtrati()ll ()[ cl\rth 
b~' Wglltlltioll, 211; wunc\{>rinp:, :!Ol), ril!idit\', ~O. 
211. .. El/·,·n.t;ou.crutcr" tlwory ()f \'olcuu(i('s, 

Dust, cMrif'lJ (lut of 1I('8('rt, :!OO, ::!22; n.'i. la!J. 
\·olcall.i,', I:!::!. EIII]"lnkIIH'1I1,.;, !!.lir'n· , 240, 

Dust wells, 395. Brnb:ty(o(J Ci)U$t!l, :l51. 
Dutton, C', E., ,.itoo, ~!), 92, 178, 200, EIlIf'rgQJ), n. K .. ('itl'd. 19. 

:!22,447. 

ELlrtier 1igurell (){ tJ.l (, earth, J.J . 
Enrtb, a Illugnet, 23: ('ompO!;ition or, 

20: obllltel)(.>ss of. 10; ri.u:.idity of. 
20, 21. 29; scal(' of its eleva tiOTlS, 10, 
II ; th('Ories of origin or. 20, 29: 
surface shell, ch{'lllicai constitut. ion of, 
23: surfa.ce sLu.'U, response to load , a·m. 

E!LTth fentures. ailUl,oo by running wntcr, 
169, 

Enrth figUre, (,,'olution of idctlS cOllcrrll­
illg, 9. 

End moraines, ~:l1l4, 

Eugell. M. (' .. (·iwd, 2P(l, 
Englnd.'ll dl:briF, 3!~1. 
Eilltlaci!ll drift, 27i , 2iR 
Elllounuirl, l Bo2. 
Entrellchment of nI(!Ilodet'IJ, 172, 173, 

179, 
Eolian Mild, !:!OO. 
Eolian ~dill:l(:.nt8. 30. 
Erosiollal ullconformity, 5a. 
ErOBiotl crt'lc, 159. 
E ro"iml, dTcct of, in nddinp: curves to 

laudscapt', 65: gillCilll, ill (:ontmst 



494 INDEX 

with norin"l weathering, 3ii; in 1 rraclure c·ontrol. of draina.ge Iillell. 224. 
dNl('rt, 214; shadow, ~O(j ; strf'om, as f'i~sure eruptions, of yoicano<·s, 1Ol. 

"J~~jj~~~~~~~/~)!{~~.IH roeks, 1 ;-.J, ! Fj~;9~~~:" d;U;~1I11~tl;'~~JI~~~~t~~: ~~~;It:,~;: 
E~{~l,i~I~~.StrolllboliulJ. 117; Vulcllltiun, I Fi~·~~:~,.c: ;':';;I~~~~·;1. !riO, 195. 

ES('ll.rpnwnts. {roil! bult,;., [Ill Fjords, :"~IO, .'Hu. 
E/ike1'$, :Hl. 315. ;~Jfj. ;Ui:!. ··Flul.Il /"I)j)pr'/'.·' :SO;'j, 
El;t61, L, A., (·ill-I!. !);~, fl(}odl'li portiuw> Ilf j'ont.in('nts. If\. 
Estuaries. 251. Floorl pbin. 171'0; manlwr of grading of, 
EWil, CM.lptil)ll of Hi(-j!l, I!!:l . Wl. 
EvolutioIJ, dC)!'I.rillfo t,L ill ('OllUl'dic)Il J~loor:; Il( hydrosphl'rr' llmJ iIUl1fJSpl!('I·('. 

with rO!iSi ls, :18. lK 
E"o\utioll of idl.'us I'oliceruilll; till' {'urlh'!I Flow, 1'''JJ('rimcnls 011. 11 ; ZOILC of. 4_0. 

figurl.', 9. Flow tl':o;:turf', of cx-trusin;' rOt'ka, 33, 
Exiulililion, ]1)1. :,:!O;~. Flu"jutilf' dr':Posit8, 35. 
£:o;:pallJ~'d fOOL giucicn;. :~I-.;j. :1b5. FhlY1()-l.!.lt~eiul dl'posits. 31. 
EXiJurirueut, to ill uslnlt(' r(·latiau of Fluxion t~}:t lIrI', of prtrusi"e rock.s. 33. 

eartbQUtlke sho('ks t (l foulidaciulJs, t.!,. Fol<!;s, urlfilwiis of, 6-1: cOnW(lri5f11J of 
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11:1: \-"kalli'·.4::-I: ·'\\ul1,"·1:.l:!. 

I.:,I-.i, '·nql1.illll ill 171':i, \l!J, 
1,lwJjnaU'" Bff,"·tUn:'. fiE mc·ks, :J1 .. 
L:ullplu,I;:h. G. W .. , I'it.'d, 225. 
L und. {-':rfl\lth Iof. from "olt'alli,' (!lIlfl,,\\'. 

II ~:, Ill: !>Iit-I'd dllfiuJ,( l'urthqul'J..",. 
1'00: 1I1'1ilt {Jf, II I ,·Iolll" nf if'" :LJ.!!', :i-IO. 

ta m ! :Ir'l·"-~. """I'''lIl mtil)fl {Jf, iu f/orliwrn 
il, IlI1~phf·I·'·. JJ .. 

LUll!] !<!'Ull'tl1f'" by Ilfo\lhl1l1n ~la,'i!'l'!!, 
:I(;{ : illl'f·blillLl IP l'liul~lil'l'uuditions, 
.. In. rr -f"nd ,rf' 10 if'I' ":qJ8, 31-o(J. 

T .. 'lIf{r "hi, .. !d~. r:,. 
Lalilblid" bkl'l-, 11-1, 
Lallll~ti"1\ i_,blll\:-.. '2 11 , 
1.:lIH' • .\ ('., l>jH·ll. 14K 
L~IIlI-., ·st\·I·. r:. J<:lr, ,'h,·d, :!GO. 
L:z .\',w .. (;"lf', ('iu'(l, 7 .. 
L""if/i, I In, I:.!:.!, 
I ,:lj,lat·illu h.\·1101 IWf'ifl of tit{'- unh·CJ'H-!':, 20. 
Latr-ral 1ll0railll'O<. J~I;'L 
L:ltl'ru! Ill fl\'I ·l fl,·utfi. dr'.'p ~tl1 1'd. dUrill~ 

l'Iu'ti1<lzwk""" "I. 
L~\\'II, :J::!: lillII'\.., I J:~; ('UIlI1JO!!itioll n..nd 

I'rf!JlI'rti,· ... of, lOa: rli,whura:inf,:: fro~ 
1I1I1/l1'], 111 ; fil! idit) of 1t,I"il·. 10:-1, 
1I1f,\',·IlIt'nt"., ill I'Jddn,u of I\ibu(':j" 
1117,- pr'I)"dIJ,·(,r iJ!.ill [rom .9fw.l", ).14 ,­
rnpy, 1 J:i.- \ i~I·(l,..il_\' .,f f'ill('(·IlIIH. 1O:~, 

J~a\'[l. d,,,,,,'1". prI ,h:!],," ,.;1f1,lI'tun' IIf wallM 

(Jf. I \..!.- sl"p"" I.f, lCn. IU·l, 105. 
LUI'II Ilr"jl·\,tir" ,~, IIf'ar+iuq,c'd tYlw, 121, 
J~/I\"1< H'sf'n·"ir,.. [(.tll/uti/Ill I)f, J-J:i, 
L:I\'u .-;trf'lt ll l!->. njIJIf·!U'!.I.U(·(' or. 1:13, nf4 , 
1.'1\"11 :-1ll rflll·p. ll~t 1:!4, 
Lnw of th(' dl'f'lcrt.. 11.17. 
Luwsol1. A . ('" I·it{,d, 111. 200, SSt. 
karls . in l/!I.(·k iN', ;!~:m .. 
u. ('ou\.('. JmwJ.!b. citNI. 6, 
Leffingwell cra.ter, California. 104.. 
Levees, 1(Ki. 
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Leverett. Frank, (·it.N1, 6. 104. Hir., 312, [ g1ad~r8, 264; of front of Green Bay 
318.321, 3:JO, 332. a:tl. ;~3.j. 337. :~;m . 101)('.317 : of p:1~l.(·ial f~nturcs. South-
344, :145. em Fillllllld, 315; of ,.d(lcilll Luke 

uwiJitou efIf~:H"Pmcnt. ut Nillgara, ~hllP- AguSliiz. :j~5, :i:W. 328: of gillcint~d 
ing of. 3nO- ::iIl;!. . IIrt'a. EurOJlf'. 2f19: (Jf p.lncil\lcd IIfeu, 

Libl)!':,>" W .. j'itl'd. 27-1. North America. :!!It-:: of i(l(' rampart" 
Lifl· IliNtI,riN;, of rjver:o-, 1.',1-, nn Lld'I' M Clldota. 4:i4_: of inner RaIl­
LiJ,!;ht figntt', froll! sllrf/l1'(' of {'r;o.·,.,lul, ~:I . 

Lil!htninJ,!, in {·PIIII{·{,ti f 'll with \'ol,'ulli(' 
('r(!ptim/s. J:W. 

]~imh!! of fllultti . fIll ; flf f"ielll. ,J;1. 
LinH"llto ll!' , 4h4: uril!:in pf. ~UJ; siuk".. 

IH2. 
Limt'5fO!lt', ('n\'{'rni'illf, IK!. 
Lin.oni((·, 452. 
Liud;. (L, eill-d. 121. 
Liuci('ulwhl , /\" C'it('(I, :l/ili. 
Lilwamf'llt!!, l'>/. :!~(\, 22,. 
Linc of h\.'u.ut~· . Hllj!ar( hiulL, ill !Hnd-

1)I'IIPCl". 170. I,\' 
LWwf/nmIIJl, horin,l::s"f. ;n n·r't>rd,., of 

m'l'ilbtiolL, ~54. I 
Lith(l~lJh('tf', II f'Olllplf'X 'If illt"rlo{'killg 

1"I)'l>tul", 25: and it" t'II\'I~lol''':<' ro. 
Littoral d,'po:;jt...,<, :{fi. 
J...tl{'~, 35, 107; {'ro.~i()11 of. :.m:', 
LtieS8.Inalll!eh{'u, ~ClI'\. 

Lubbol:k. Sir ,101111. {'itl'o, 7 , 
]~uruy clt\'{'rn::;, \' ir~illia. IK!i. 
Lust!' r, of milwral" , 450. 
Lyell. Rir ('harle!'!, I'itcd, 7, (j6. 1·16, HI9. 

259. 260, 304. 

. Manrr.405 . 
MI'G{'!', "J. I~t{'d , 15" :.!5\1 . 
MII('kinu{' lsl:lml, n'f'nrd~ of uplift of, 

34] - 344. 
Madi~n, \\ 'i8('01ll'IU, :!:~:~, :!:{;-. :.!-Il, 317, 

434. 
Magclhlll. drCIIIIIUU\'ic:lttiOIl flf globe. 9. 
M:I-.rmll, d('fiw:,d. :JO. 
MUgllC.tislIl , of miucmls, 451. 
Magucti t l::, 45:2. 
Ma.lachite, 453. 
MamdQll8. tub. 
Mammoth ell\'I', 182, 1~. 
Mantl e, rur k. 185. 
]o.b.p. contour, nUWl·\.' of, 467; of 

ArnlOricau moulltainlj. 438; of barrier 
\'!caches, 24:l- 24:i ; of howlder tnlin 
from h on Rill. ~{)(i: of C'irqu{'6 and 
nichel!, iJl Bi~horll i\IOlllltuius. :37;; 
of ('(Just jim'S. 246: g<"UIOgiCill. M. 
61: gcoiogit:!ll, method of pn;paring, 
46, 63; of ('ontinentsl dj\' icie in 
('olora.do, 377; of (';on ti.nental glueier 
in Victorilt Land, 282: of Dalager's 
llullatuks, 277; ~ expandL'<i foot 

dWlky ni~Y, 3[,0: o f KilLlu(~1l and neigh­
horill~ SIOJ)NI, JO!I : of Lake Chicugo 
:wd ilner l.ak(' !\I .WlIIt..'t', :1.'J2; of 
L:lh i\ l aull1{_'(_', :.~30: 1)£ Lakl'H Whittle­
sey l\ud Rug.imlw, 3:~:1: oi b1\'3 Ollt­
flow,.; (Ill "I'tluyius. JI)06, un: of 18.\'L1 
!'trcl.lln~ 011 Malina Loa, 1:?(i; of 
marj!;inal mor:tim's. 312: of mOllll­

tain lIn'S of Ea5t!'I'I! Asi:), 438; {If 
fHOUIHaill tH'(' (If , .... f·\\'('RtIUI. 43V; (If 

~orth Polar re~iolLs. 2Ss: of part. 
of "fire I,:irdh'" of (he Padflt·. W~; of 
:-'f'ottish gl{'u.s. 321--:{24: of \·OI Clln(J. 

II", : of "oll'!wO 1)('lts. !l1'\ ; of '\'urn·u 
Ui"{'r, ;326, :{~I: In~)('c:r:lpbieul. (il ; 
IOplJ~ruphie·!'I. l'I'CJlllrlltiOl I o f, 461. 
,Hi,,",; topugraphir·w. n·ritieation 0(. 
409; TO I'h'JW c1i!;I'I'r~i(ln of dittHlondli 
ill Lake re!!i')Il. :301'1; 10 ~how disper­
,.,ion of p{'('uliar n>!'k,.,. ::105: to >ihnw 
di:<trilJlLtioli of ('si;'Ot;ul!; g1!u'icrs, :.!1l;J ; 
to "how forlliluion {If shore fcatun'5, 
:.n~; to ... how j!lu,eiat{'d areas of 
P/t'istuC("Il(' pl'riud. :!!ll : '(.0 show 
rN·ipro(·al rdation of land !uld sea, 11. 

Mluhle, 46f>. 
)\Jar,l!erjp. EnlllJ. cll', {'iled, 7, ;}4 . 

Marl!inlllOl()ruillPs, 27'-:- 2f'O,:U 1- 314. 
l\l:Iriu(' (,1.1.\,5, :L'; nJurk!-; of uplift, 15:~. 
i\-brin(; d{·posits. a5, 
M:irj,·11"1l Lakl" .'l2fl. 411. 
Markll. of uri!d..u (If rocks, ao; of uplift, 

011 euusts. 245. 
!\1;jrr, John E., cited, 7, 445. 
Martel. E. A .. cited. 181, 187, 195. 
l\'lartin. LI~wTence. cited, 77. 92. 260. 

280.351. 
Mn.rtol1l1{,. E. de, cited, 7, 195,222, 382. 
Massive structure. of rocks, 31. 
Master joints, 56. 
Matal'llnu, eruption in 1906, 110, 113, 

147. 
Mat of vCf,!:ctation, shield to lithoepbel'e. 

155. 
Matthes, F. E., cited. 7, 371, 381. 
Maturit~·, of upland. J70. 
Mu.utH~ LoR, 106 ; eruptions of. 109. 
Meander scars, 165. 
Meanders. entrenchment of. 172, ]73. 

179; stream, 163 ; strCllm, under­
mining by, 1M. 
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Meusuremcmt of thickness, o f formations, 
48, 49. 

MI·ehuui(.!al sediments, 34. 
Medial Illorllin{!s. 30a; from IlIIIUltllkil. 

274 . 
,\:ledit('rrlln(·zHl/;(·as. 1-1 . 
Ml'llill!;. sclp"li,·C'. 011 jIb('if'r :lurf:II' ('. 

:194, 

Mdyitll'. G . W .. "ill·d. :!>';9. 
M (.' rf'u!/i, (; .. "itt'd. t-(!1. 1(;, I W. H7. 
Mf'rrilt. (;,'url!:l' J~ .. I'itl'{i, Ibn. 
]\1 l'ml, 215. :!1Ii; ()ri~ill ( If. II:!. 
M l!talllorpbi(' rocke, 30 . 31. 465. 
.\rl't''Orit(.'~. t'ompared with eurth, '1'" 

"OlllpoKitinll of, 21, 23. 
Mic:a, 45~. 
Mi,'a s"'li~t. 4fi:j, 
j\'[i .. hrtilodt,·h, .J .. ,·itp<.l, M . 
Mi,'ro!l{,Ol)i"!ll i)('trn~ru\)hy, :!7. 
Mij;!;ratiOIl . of rlh·irh·,.. 175. 
Mill. H. B., dlpd. 4.2,1. 
Mill". ghll·i,· r . aHI\. 
Mill)!' .. Iohn. ('it,f'd. 7 :) . \12. !I:t 
Mi ncml ffligIllf'lll~. Jlo:js i bilit~ of gruwth 

of,24 . 
Minerals. Kl t.·ratiQlls,.f, :!7. :!~ : rOlUllll.tl. 

PT"OJ)f'rtiC',; of. 4i'i:!-4lil ; of '·'·o!"JUmi.' 
importuner. 1\ :i2-4.:'fi . illIj)ortallt Illi 
ro('k mltk(' f f', 456~4fll; pt()jwrti,·,.. of. 
26. 2,: quil'k dt,tc.rrnilmtio ll of . ..Join. 

Mississippi H.ivl'r, 167. 
M itchell. G. E .. ritpd. J.'i7 , 
Moats. ahollt nUllataks. :In. :!74 , 
l\1l)dcl rs. lahoratl1r.,·, fur ~tll(b' of g!'ologi-

:-al mup!>. 63. 
Mojsi~,-ies "011 MojlS\'{ir. E .. f'it{'(1. :!:!~. 
MokullWI'O'Il'[,!). f'Tlltl'r of. Jon. 
.. i'dol{!-hill " f'fft'ct, aft .. r ' ~llrthquak/':;. 

73. 
;\-JI)1tcn rock, rise t.o curtb'!! surface. 

94 . 
Monadn()(:ks. 172. 
Monte. N uovo, 96. 
M.onte Somma, caldera of, 127, 
MOfl~U8 de Ballorc, de F " cited. 92. 

9:3-
Monti Rossi. crystsl ruin from. 122: 

parasitic cOlles of. 125. 
Mont Pcill. po&treruption s tage (If, 135-

138; spine of. 1:~6. 137, 138. 
Moore. W . R oo !;it-cd. 294 . 
Morainal lakes, :H5, 40{j, 407 . 
Mor aines. interfohate, 314; lateral, ~~3; 

marginal. 278-280; medial. :l9:1 ; 
medial. (rom mUIIl,tak8. ;&('4 ; or moun­
tain glaciers. 393, ;j94: ff'ceMionul . 
399: surface, 217; terminal, 3 11-
3 14. 394 ; ·watcrlaid . 330. 

M oreno, F . p .. cited, 235. 
lHClscl(>,\' . E. L .. eit('d. 350. 351. 
M otw'lI l.' River. with cntrl'nched moan' 

til' rs , li'a. 
l\ Intin' pow('r. of riven;. l 5t-. 
M ou lin!:!. :m,'), 
!\'tountuitl IITt·S. fl '~ul(m fl of. 4as. 43(i : 

thf'(]riP<l (If orhdn of. ·,:m, 4:17. 
M oul1 tltil1 ~1:I('illholl l uk/'!!, 4:!'1. 
M OUll tai" .td!lf'il'rl<. f'rHltru.'lti'tl willi 

l'outinl'lItui tz.!tu·i('l'f;. :!fi{; :!r.,"' ; elf'­
fi ll l'(). :!r,1j- 2(it' : d"Hdritil·. :iKI. :ISf.o. 
:it(G : {,XPIiUlkd~f{lIlt t,y pl', :!1)4 : h\lr~­
s ho('. :l/",:I. :iSO, :~ Si ; bud i:'('ulplllr(' 
hy. :U17 : 1I1H.rk", of, ·Ion : pit 'dlll'!1lt" 
aK:~ , :\>:4 : PTllfi ll'r of. 2137; rlidiutillAl: , 
:IKJ . :\1'111: ~llId i l' .~ of l' IJI'!'ilil distrll·t:o. 
:!~H : ';\!U II1I :lr.,· I>f 1."1'(''': /if. :\)o,!l. 

MUllntlliJI rall!\mrt.s. :llu'lll ("Hl1il lt' lllal 
I!';tf·h·r.~. :!71. 

M Olllltllill .... hutth' III1'1l1 tYlw. 2~)o" 44:, ; 
hl(\d, 1.\'111'. 4:m : f'arn't! from 11111-
It'lII1X , 44:! ; (,f ,.ir '·III11'·nJ!utiol1. 44:l. 
44;-'; ddlll"d. 1;1.'"1; dmu(>(1, of IlJllirt. 
"'-II . "fo"i"Hlit. ,1oI!i : I"'idrl)rl' f(lr 
o"f'uputiu!i hy It.ollo tail1 gJnder'S. 400; 
C:{'TlI'til·tll, 4·' .", ; ~lIrC:l'l .\' ~ IUlr)('d h.\' 
" rQ"iul1 , -1:1.') : Hf l,ulAnw and upitl'Itll, 
440: oriltil.l alld f"rTl1~ .1(.4:15 : t run­
I'll tI'(l :\t ,·o:ll.lli)l(·" . 4:\)0,. 

l\.1t . EIllh. I :!."i. 121i. 
;\It. \ ·l'il\!\·iu!I. 114 ; nPIJI'llfUlH't' o f. frolll 

:\ aJjll" ~ lit uigill, 12!r; :tlih r'urtltill, 
ch lri u:.: I' rupti oll , I;t! : ui<h-fall {)Vcr. 
I!HlIi. 1:\;\ ; ""llllli fll>wI 'r " !'loud o\'cr. 
PI:I: dlHII~('d ItPI)('unUll'f' flfL"r ('rUI)­
liOlI of 1 flOli. I :I:!: "rlJptioli of 79 A.IJ. , 
H7 : {'rupt in ll (tf 11>072 . 124; cruptiou 
"f Im)f;. 1 27- 1:~7 : hi ... tory of. !17 : 
lanis of, 32. 

Mud (·ont'B. 1'4 ; nJiglll'fi upon Ii fi St!url', 
R4. 

Mud-crack struoture . 37 . 
Mud. fl occulent. 1!l;i,learf'ouB, of Florida. 

36. 
Mud flowH, which destroyed HcrcuJu-

neum. 139 , 
M ud veneer. from eruption of Ttlill. 121. 
Muir. John. ('it(.-d, 7. 
Munthl'. B .. citl'd, 31:t :\5J, 410. 
Murray , Sir ,Juim. cited, 3~, 29~l. 
.. MU8hroom rockli." 205, 

NaWICIl. F .. cited. 17, 260. 271, 272, 
287. 295. 

Karrows. ri v('r. 174. 327 . 
Naturtll Bridge, Dcar Lexington , Vir 

ginia.I84 . 
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N!~lllru.l ].ridj!;f's • .18-:1. 
N:liural sll1'd blH;;l, 2U,!. 
Xutur(: of m!lteria\;; iu t1w IilhosphC'TC. 

20. 
N('!,klS, vl)\mlli(', 140. 
:.Jl'phl:litl'.4.:i1l. 
Nf'\lIl1U~T, l\t{·ldliOl', cited, 7, 140, ]95. 

11)6. :!~:.!. 4:.!5. 
:\'e\'f,3Ml. 
Nf'W]lIiI']1 rd'u'kr. ~{1-.7. 
!\'t'wlallCl. 1,'j!1, :.!.r;. 
N('W[jHld !nk!'~. ·HJ I, 4\1:.!. 
,\ie-w ~b{{rid I'anhqut )k,· J..:I , 
N!'\\' Hiv('T', I)f { '\ll1lh,'r!:,ut! 1.la1 ('Illl. I ;-:~ 
Nia~arll F all!l, :~,)2- ; ,Hl{j: ('pislltl!'8 ill 

/li";jor,\ I,f. :{(il :~{i:;; !lit' r-I(wk of 
n'I','!!( I!."I,/(ll,:i" al li[11«. :{(H 

Opt.i('al nliucralog.". 2i. 
Order of d('Positil)lI. during Irlll.rille 

tt[l.t\sgrClolsioll.37. 
Order of S\lIlt' rJ10Si 1iOIl, of stra.ta, 52. 
Oq.'.:uldc I'lI.."CI irucnt!(. :j.1-
OrO.:!'I, IS~. 
Orlealls, Dut: d', dted, 2&6. 
OrolZraphic hlock~. 5S. 
O"ar. :.{\ I. :H5. 31£ •. 
Ol'"ii latiollS of mOV(!IlICllt, I)n {,03I'tS. 2Sa. 
nut{TOp h[o"k~, for i'tudy of lJ\aIJ~. O:{, 
OUH'roppiuW', ·Hi. 
Outh'uo, frorn l·tllltill1'lItul g!af"icfl<, :ITI: 

nf ~[II('i:l[ !ak(·~. :l:!n, :~:.!7. 

(11II\\,:l1Ih plaim,. :.!r-O. :!Xl. 3! 1. :n:~, :~! · I, 

:m'!l. -IOk. 
(IW'fthfU!<t, 45. 

Ni:~,;,;'~Il('~7:'~~:j;,/;'r~ I~~~::';r.:'r;i,[:'ir/r~ ;'~~r~~;~;~ I (h;I(;ir;lt(: ' ~~~~:'i~'~ ~·~~'1,~~l!ia. rrlap (If carih~ 
ticlfI with ,:!l!t('i;d lak,,,.,. :{(i.,j: (lInn l!rld "O..:~II(JII'." of ri n'r. lfIij. 
s{'('tioll (If, :j~"j5; mt,· of f(."'{,,..~iOlI (If, .'jr,u. O":-!JOw lukcs, In,) . ·1 J5. 

Nidll'S, 37 J; 1J('111':Hh .mow(jrift .'jilL·S, 
3fi\). Mm. 

Niej,;l'l. ill mr>tl'f)rjH·.~. :.,>:{. 
.'"-'ic/'t·$ lJf'liiff'lI/l'~. :.J97. 
Nipi.s.~ilJ~ Crr')lt L:Jkt' .... ~:J.). 342. 
:Nipigsimr (\nlJiot, ~:~il . a:jG. 
Nippllr, 8:Ulri llmlln(\s 0\"'1', 21R. 
Nh'atinll, a(i:-.. 
i'."i'·a!.iol\ gll.ll'i l'T. 3"7. 
KohlI', F. FI .. "itt'd . Hi. 
{\ordl'lls\;ivld. Otto , ('!ted. 1M, 157, 2tJ;j. 
Xorth Atlantis, W. 
Xorth Bay out\l't, :l::\.'). 
~orthw('st Highl:lllds uf !-'('olinnci, 

thrU!its of. ·15, 
Norway, rl'T'Cll.till~ pot-terllS l'r. 22!). 
No\('h{·d (·!iff,!!. ~:~3; f'\(',·ntl"''I. 2-1:-. , 
~ouri!lhmellt. (If ('olltltwDtal i(1nc.iers, 2fl5. 
:\11llutaki. 272. ~T4, ~77. 
Nussh!lum. F., ('it('d, Hi!. 

On.:.i13,2Ifi, 
Oblnt,ct\c&!I. of tltl' ('arth, 10. 
Qbs('rvutiClual gl'o[ogy 

\lhilo~ovh~· . 5. 
Ol)stdian, ,1(1:::. 
Ob~idiatl ('!iff. ,q~t 

.OI·I·llIl of T,·thp;. I(i, 
O('('(UUC p/U.tfOrtll, JfI. 

speculative 

O('camr, urfah~cUl('[Jt of. 10. 
Oldham. R. 0" C'ited, 72, 7(i, 92, 
O/dlalld. 159. 2,17. 
01h-inc, 461. 
Omori. r., cited, J47. 
Oolite. 4&1 . 
OoHtic Iime&tQu", '464. 
Oo~e, ca1ca.reoLltJ~ 3&: composition oJ. 30. 

Puck, cll'iff of, 257; till'. 286. 
P,wk i{'r. 2R6. 
Pilcin;j!jnll, "f lh ... raMh f{'('ord, 3K 
l'a/;OI')}r" typt' 1)[ )In'll ;;urfal'p, 1j3. 
Pn n f (,rill of dC'!Wrts. 1 \Ii. 
1":I1)U1ll ('r:HPr, "rr.lf/('r(l "f. I~G. 
,. Pafallel road!'," of r-:.r·(lttiSh g1r·w" 322-

:~:!;1, S:!t-, :un. 
P:lrtin\I~' dis>I(,\·Il".-lllplanc\, \60. 
P:I~l\rJ!:r' . $." ('it~'~l, :!'.?l. 2:22. 
"l~lIt\'rnnstl:f lakhl." 3i(i. 
Pait('rn, of rin:r l,tt'hiugs, 1.'i8. 
i'utterDi'.l'C'jlcatill!!:, :t23. 
P:t\·{'l1Wnt. howidl'f, 237: ~ln{'if'r, :n6; 
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