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PREFACE

Tre series of readings contained in the present volume give in
somewhat expanded form the substance of a course of illustrated
lectures which has now for several years been delivered each
semester at the University of Michigan. The keynote of the course
may be found in the dominant characteristics of the different earth
features and the geological processes which have been betrayed
in the shaping of them. Such a peological examination of land-
scape is replete with fascinating revelations, and it lends to the
study of Natwre a deep meaning which cannot but enhance the
enjoyment of her varied aspects.

That there is a real place for such a cultnral stndy of geology
within the University is believed to be shown by the increasing
number of students who have elerted the work. Even more than
in former years 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 visit places identified with past
achievement of one form or another. Yet tbe Chaunel coast, the
gorge of the Rhine, tbe glaciers of Switzerland, and the wild scenery
of Norway or Scotland have each their fascinating 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 ;
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 profiles are often many times repeated in
each landscape, 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 each landscape these more significant
lines and s0 read directly from Nature. In the landscapes which

vii



vili PREFACH

have been represented. the aim Las been o draw as far as possible
upon localities well known o fravelers and likely to le visited,
erther becanse of their Tistorieal interest or their purely scenic
attractions. 1t shonld thus le possible for a tourist in Awmerica
or Barope to pursue his landseape studies whenever hie sets out
wpon bis travels.  The better 1o aid him jn this endeavor, some
suggestions concerning the itinerary of journeys Lave been supplied
in an appendix.

Regarded as a textbook of geology. the present work offers xome
departures from existing examples.  Though it has been c¢ustomary
to combine in a single text listorical with dynamical and stroctural
geology. a tendeney las already become apparent to treat the his-
torical division apart from the others.  Again, a desire to treat the
seience of geology comprehensively has led some anthors info in-
cluding »o many subjects as to render their tests unnecessarily
encyclopedic and correspondingly unintevesting to the general
reader. It is the author’s belief that theve is a real need for a hook
which muy be read intelligently Ly the general public, and it must
he vecognized that the beginner in the subjeet cannot cover the

entire field by a single course ol readings.  The present work las,
therefore, been prepared with a view to selecting for study those
dominant geological processes wlhich are best lustrated by features
in northern North America and LEurope. It is this desire to illus-
trate the readings by travels afield, which accounts for the promi-
nence giveu to the subject of glaciation; for the larger number of
colleges und univer s in both America and Europe are surrounded
by the beavy acenmulations that have resulted from former glacia-
tions.

Empiusis has also been placed upon the dependence of the domi-
vant, geological processes of any region upon existing elimatic con-
ditions, a fact to which too little attention has geucrally been given.
This explains the rather full treatineut of desert regions, of which,
in onr own country particulurly, mnch may be illustrated upon the
transeantinental railway jourueys.

More than in most texts the attempt has here been made to teach
directly throngh the eye with the efficient aid of apt iliusirations
intimately interwoven with the text. TFur such success as has been
reached in this endeavor, the author is greatly indebted fo two
students of the Uuiversity of Michigan, — Mr. James H. Meier,
who bas prepared the hine drawings of landscapes, and Mr. Hugh M.
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Prerce, who has draughted the diagrams. Though eredit has in
must, caxes been given where illustrarions have been made from
another’s photographs, vet especial mention should here be made
of the delt to Dr. H. W, Kuirbanks of Berkeley, Catifornia, whose
heantiful and instrnctive photographs are reproduced upon many
a page.

As given at the University of Michigan, the lectures reflected
in the present vohune are sipplemented by excursions and hy so
much laboratory practice as is necessary to becowe familiar with the
more common minerals and rocks, and to read intelligently the usual
topugraphical aud geolugical maps. In the appendices the means
for carrying out such studies, in part with vewly devised apparatus,
have been indicated.

The scope of the book precludes the yossibility of furnishing the
reader with the sources for the hoedy of fact and theory which is
presented, althowgh much may be inferced from the names which
appear beneath the illustrations, aud more definite knowledge will
he found in the references to literature supplied at the ends of
chapters. A large amount of original and wnpublished waterial
is for a simiJur reason unlabeled, and it has been left for the pro-
fegsional geologist tu detect these new strands which have been

drawn into the weh.
WILLIAM HERBERT HOBBS.
ANN ARBOH, Mu HHIAN,
October 23, 1911,
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EARTH FEATURES AND THEIR MEANING

CHAPTER 1

THE COMPILATION OF EARTH HISTORY

The sources of the history. — The science which deals with the
chapters of earth history that antedate the earliest human writ-
ings is geology. The pages of thi record are the layers of rock
which muakc up the outer shell of our world. Here as in old
manuscripts pages are sometimes found to he missing, and on
others the writing is largely effaced so as to be indistinct or even
illegible. An intelligent interpretation of this record requires a
knowledge of the materials and the structure of the carth, as
well as a proper conception of the agencies which have ceused
change and so devcloped the history. These agencies in opera-
tion are physical and chemical processes, and so the sciences of
physies and chemistry are fundamental in any extended study of
geology. Not only is geology, so to speak, founded upon chemis-
try and physics, but its field overlaps that of many other im-
portant scicnees. The earliest earth history has to do with the-
form, size, and physical condition of a minor planet in the solar
system. The ecarliest portion of the story belongs therefore to
astronomy, and no sharp lire can be drawn to sepurate this chap-
ter from those later ones which are more clearly within the domain
of geology.

Subdivisions of geology. — The terms ‘‘cosmic geology” and
“astronomic geology’’ have sometimes been used to cover the
astronomy of the earth planet. The later earth history develops,
among other things, the varied forms of animal and vegetable life
which have had a definite order of appearance. Their study is
to a large extent zodlogy and botany, though here considered
from an essentially different viewpoint.  This subdivision of our
science is called paleontological geology or paleontology, which

B 1



2 EARTH FEATURES AND THEIR MEANING

i common usage meludes the plant as well ax the animal world,
or what is sometimes valled paleobotany, In order to fix the
order of events in geological history, these biological studies are
wary, for the pages of the record bave many of them been
fudes of earth hisfory. and the
supply « pagination {rom which

neees
nuisplaced ax a result of the vic
remains of life in the roek lave
it i possible to carrectly rearrange the misplaced puges.  Ax com-
piled into a consecutive history of the earth since life appeared
upon it. we have the division of historical geology; though this
ifTers Lt little from stratigraphical geology, the emphasis in the
eaze of the former being placed on the history itself and in the
latter upon the arrangement of cvents — the pagination of the

record.

So far as they are known to us, the materials of which the
earth is composed are minerals grouped into various characteristic
wggregates known as rocks. Here the seience is founded upan
mineralogy as well as chemistry, and a study of the rock materials
of the carth is designated petrographical geology or petrography.
The various rocks whirh enfer into the composition of the rarth's
outer shell — the only portiont known to us from direct observa-
tion — are built into it in an architecturce which, when earefully
studied, discloses important events in the earth’s history. 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 carth have all their deep sig-
nificance, and if properly understood, a flood of light is thrown,
not only upon present conditions, but upon many chapters of the
earth's curlier history. Here the relation of our study to topog-
raphy and geography is very close, so that the lines of separa-
tion arc but ill defined. The terms ‘' physiographieal geology,”
“physiography,” and “ geomorphology 7 are concerned with the
configuration of the earth’s surface — its physiognomy — and with
the genesiz of its individual surface features. It is this ge-
netical side of physiography which separates it from topography
and lends it an absorbing interest, though 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 physiography is largely one of emphasis, the siress
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being laid upon the processes in the former and upon the result-
ant features in the latter.

Under dynamical geology are included important subdivisions,
such as seismic geology, or the study of earthquakes, and vul-
eanology, or the study of voleanoes. Another large subject,
elacia) geology, belungs within the broad frontier conumon o both
dynamical geology and physiography. A relatively new sub-
division of geological science is orientationul geology, which is
concerned with the trend of earth features, and ix closely related
hioth to phasiography and to dyvnamical and srructorat geology.

Tabular recapitulation. — In o slightly different arrangement
froni the nbove order of miention, the subslivisions of geology are
as follows: —

Subdivisions of Gealogy

Petrographicd Geology. Materials of the earth,

Geoteetonic Geology. Arehitectun of tho carth's outer
shell.

Dynamical Geology. Karth processes.

Seismic  Geology — earthquak
Vulennology — voleanoes. Gilae
Geology — glaciers, etc.

Physiographical Gealogy. Farth  physiognomy  and  itx
penesis.
Orientatimal Geology. The srrapgement and the trend

of earth fentures.

In one way or another all of the ubove subdivisions of geology
are in some way concerned in the genesi= of earth physiognomy,
and they muust therefore he given consideration in o work which
i devoted to o study of the meaning of earth features.  The
compiled record of the rocks is, however, something quite apart
and without pertinence to the present work.  As already indicated
its subdivisions are . —

Astropomic Geoluay. Planetary listory of the exrth.

Statigraphic Geulogy. The paginalion of carih records.

Historical Geolugy. The compiled record and its inter-
pretation.

Foleontologicul Geology. The evolution of life upon the earth.

In every attempt at systematic arrangement difficulties are
encountered, usually hecuuse no one consideration can be nxed
throughout sx the basis of classification.  Such terms as ‘' oo
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nomic geology "' and ¢ mining geology "’ bave either a pedagogical
or a commercial significance, and so would hardly fit into the
system which we have outlined.

Geological processes not universal. — It is inevitable that the
geology of regions which are easily accessible for study should
bave absorbed the larger measure of attention; but it should not
be forgotten that geology is concerned with the history of the
entire world, and that perspective will be lost and erroneous
conclusions drawn if local conditions are kept too often before
the eves. To illustrate by a single instance, the best studied
regions of the globe are those in which fairly abundant precipita-
tion in the form of rain has fitted the land for easy conditions of
life, and has thus permitted the development of a high civilization.
In degree, and to some exlent also in kind, geologie processes
are markedly different within those widely extended regions which,
hecause either arid or cold, have been but ill fitted for human
habitation. Yet in the historical development. of the earth, those
zeologic processes which obtain in desert or polar regions are none
the less jimportant 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 terre firma, the safe and solid ground,
arose because of its contrast with the far more mobile bodies of
water: but thiz illusion ix quickly dispelled with the sudden quak-
ing of the ground. Experience has clearly shown that, both upon
and beneath the earth’s surface, cherical and physieal 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 pgeological terms, raised from the sea but yesterday. Even
to-day thev are pushing up their heads, only to he 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 nature.
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Observational geology versus 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 much of it may be
accounted for by a generai failure among scientists, as well as
others, to clearly differentiate that which is essentially speculative
from what is based broadly upon observed facts. Even with
extended obwervation, the possibility of explaining the facts in
more than voe way is not excluded; but the line is nevertheless
a broad one which separates this entire field of observation from
what, is essentially speculative philosophy. To illustrate: the
mechanics of the action which goes on within volcanic craters is
now fairly well understood as a result of many and extended
observations, and it is little likely that futnre generations of
geovlogists will diceredit the main conclusions which have been
reached. The cause of tbe rise of the lava to the earth’s surface
is, on the other band, much less clearly demonstrated, and the
views which are held express rather the differing opinions than
any clear deductions from observation. Again, and similarly, the
physical history of the great continental glaciers of the so-called
“ice age " is far more thoroughly known than that of any existing
glacier of the same 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, so far as possible, to
give an exposition of geologic processes and the earth features
which result. from them, with hints only at those ultimate causes
which lie hidden in the background.

The scientific attitude and temper. — The student of science
should make it his aim, not only clearly to separate in his studies
the proximate from the ultimate causes of observed phenomena,
but be should keep his mind always open for reaching individual
conclusions. No doctrines should be accepted finally upon faith
merely, but subject rather to his own reasoning processes. This
should not be interpreted to mean that concerning matters of
which he knows little or nothing he should not pay respect to the
recognized authorities; but his acceptance of any theory should
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be subject to review »o soon as his own horizon has heen sufficiently
enlarged.  False theories could hardly have endured »o long in the
past. had not too great respeet been given to authorities, and in-
dividual reasoning processes heen held too long in subjection.

The value of the hypothesis. — Because all the fucts necessary
for a full interpretation of observed phenomena are not at one's
hand, this should not he made to stand in the way of provisiona)
explanations. 11 seicnee )~ to advunce, the use of hypothesis ix
absolutely essential; but the particular hvpothesis adopted should
he regarded as Aemporary and as indicating a line of observation
or of experimentation wlhieh i to be followed in testing i, Thus
regarded with nn - open mind, juadequate hypotheses are eventys
ally Tound 1o be untenable. whereas correct explanations of the
[aets by the some process are confirmed.  Moxt hypotheses of
seienee are but partially correet, for we now  sec through a glass
darkly o obut even s, if properly fested, the false clements in the
bypothesi~ are one after the other eliminated ax the embodied
truth is confirmed and enlarged.  Thusx © working hypothesis
posses into theory and heeomes an integral part of seience.

Reavise Rererpsces vor Cuarter |

The most comprehensive of general geological iexts writlen in English is
Chamberlin and Nalisbury's “ Geology ™ in fhree velumes (Henry Hoit,
1904-149060, the first xolume of which is devated cxelusively Lo geologiral
processex and their results.  An abridged one-volume edition of the work
mtended for use as a collegr text wax issued in 1906 (College Geology,
Henry Holt).  Other stendard texts are: —

Sk ArcmisaLp GEIRIE.  Text-book of Geology, 4th ed. 2 vols. Lon-
don. 1902, pp. 1472.

W. B. Srotr.  An Introduction to Geology. 2d ed. Macmillan, 1907,
pp. SIG

J. D. Dana. Manual of Geology. New edition. American Book Com-
pany, 1805, pp. 1087.

Josepn  LrCoxTe. Elements of Geology. (Revised by Fairchild.)
Appleton, 1905, pp. 667. .

A very valuahle guide 10 the recent literature of dvnamical and strue-
tural geology iz Branner's * Syllabus of a Course of Lectures on Elemen-
tary Geology' (Stanford University, 1908).

On the relation of geology to landscape, a number of interesting hooks
hava been written: —

Javes Gerkie. Earth Sculpture or the Origin of Land-Forms. New
York and Loadon, 189¢€, pp. 397.
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Joay E. Marr. The 3cientific Study of Scenery. Methuen, London,
1900, pp. 365.

S A, Geikik.  The Scenery of Scotlznd. 34 ed.  Maemillan, Lendon.
1901, pp. 340,

Sk Jonny Lusbock. The Scenery of Switzerland and the Causes to which
it is Due. Macmillan, Londar, 189G, pp. 480.

Lorp AveEBURY. The Scenery of England. Maemillan, Landon. 1002,
pp. S,

Sik A, Gerxie. Landscape in History, and Other kss
London. 1805, pp. 352,

N.S.8uaner.  Aspectsol the Barth,  Seribners, New York, 18849, pp, 344,

(. pk La Nok et Exy. e MarGERiE.  Les Formes du Terrsin, Serviee

ographique de 'Armée.  Paris, 1885, pp. 205, pls, 4K,

WM. Davis. Practical Exercises in Physical Geopraphy, with Accom-
punying Atlas.  Ginn and Co., Boston, 190X, pp. 148, pls. 45,

Jorx Mrne.  The Mountainsof California.  Unwin, London, 1884, pp. 381

Macmitlan,

Upon the use and interpretation of topographic maps in ijustration of
characteristic earth features, the lollowing are recomunended : —
R. D. Saussvry and W. W. Arwoun. The Interpretation of Topo-

graphic Maps, Prof. Pap,, 60 U.8. Geol. Surv.. pp. 84, pls, 170,

D. W. Jounsox and F. K. M The Relation of Geology tu
Topography, in Breed avd Hosmer's Principles and Practice of Sur-
veving, vol. 2. Wiley, New York, 1408,
#ralL BerTnavr.  Topologie, Etude du Terram, Serviee Géogra-
phigue de VArmée.  Paris, 1909, 2 vols., pp. 330 and 674, pls, 265

The United States Geological Survey issues {ree of charge a fisy of
100 topographic altas sheets which illustrute the more important physi-
ographic 1y Tu his “ Traité de Géographie Physique,” Professor £, do
Martonpe has given at the end of each chapter the important forvign
maps which lustrate the physiographic types there described.

*The Prineiples of Geology,” by Sir Charles Lyell. published first in three
volumes, appeared in the yvears 1830~1833. and may be xajd to mark the
begioning of wodern geology.  Later reduced Lo twa valimes, ao. eleventty
edition of the work was issued in 1872 (Appleton) and may be profitab)y
read and studied to-day by all students of geology. Those familiur with
the Germnan language will derive both pleasure anod proBt from u perusal
of Neumayr's * Erdgeschichte” (2d ed. revised by UGhlip.  Laipzig and
Vienna, 2 vols., 1895-1897), and especially the firs¢ volume, ** Allgemeine
Geulogie. A recent Freneh work to be recommended is Haug's ' Trait¢
de Géologie™ (Paris, 1907).

Some texts of physical geography may well be consulied, especially
Emm. de Martonne's * Traité de Géographie Physique.” Colin, Paris.
1909, pp. 910, pls. 48, and figs. 396.

Nore. An explanatory list of abbreviations used tn thereading refer-
ences follows the List of Tllustrations.



CHAPTER 1II
THE FIGURE OF THE EARTH

The lithosphere and its envelopes. — The stony part of the
earth is known as the lLifhosphere, of which only 2 thin surface
shell is known to us from direct observation. The relatively un-
known central portion, or ‘ core,” is sometimes referred to as the
centrosphere.  Inclosing the lithosphere is o water envelope, the
hydrosphere, which comprises the oceans and inland bodies of
water, and has a mass 3y that of the lithosphere. If uniformly
distributed, the hydrospbere would cover the lithosphere to the
depth of about two miles, instead of being 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 flm about the
lithosphere. 1t is a fact of much significance that all the ocean
basing 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 yrehgey that of the lithosphere. The atomos-
phere is 2 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 percentage of carbon dioxide. Locally, and at special
seasons, the atmosphere may be charged with relatively large
percentages of water vapor; and we shall see that both the carbon
dioxide und the vapor contents are of the utmost iinportance in
geological processes and in the influence upon climate. Uunlike
the water which composes the hydrosphere, the gases of the
atmosphere are compressible. Forced down by the weight of
superincumbent gas, the layers of the stmosphere at the level of
the sea sustain a pressure of about fifteen pounds to the square
ingh ; but this pressure steadily decreases in ascending to higher

levels. From direct instrumental observation, the air has now
]
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been investigated to a height of more than twelve miles from the
earth’s surface.

The evolution of ideas concerning the earth’s figure. — The
ideas which in all ages have been promulgafed concerning the
figure of the carth have been many and varied.  Though among
them are not wanting the purely speculative and fantastic. it will
be interesting to pass in review such theories as have grown directly
out of observation.

The avcient Hebrews and the Babylonians were dwellers of the
desert, and in the mountans which bounded their horizon they
saw the confines of the carth. Pushing af last westward hevond
the mountains, they found the Mediterranean, and thus arrived at
the view that the earth was 2 disk with o rim of mountains which
wos floated upon wuter.  The rare but violent rainfalls to which
they were accustomed — the desert cloudburst — further led them
to the belief that the mountain cin was continued upward in 2
dome or firmament of transparent crystal upon which the heaventy
bodles were hung and from which out of ¢ windows of heaven”
the water ' which is ubove the earth ™ was poured out upon the
curth's surface. Fantastic as this theory may seem to-day, it
was founded upon observation, and it well illustrates the dungers
of rewsaning from abservation within too limited a field.

As soon as men began to sail the sea. it was noticed that the
water surface is conrvex, {or the musts of ships were found to remain
visible long after their hulls had disappeared below the horizon.
It is difficult to say bow soon the idea of the earth's rotundity was
acquired, but it is certainly of greaf antiquity. The Dominican
monk Vineentius of Beauvais, in @ work completed in 1244, declared
that the surfaces of the earth and the sea were hoth spherical.
The poet Dante made it clear that these surfaces were one, and
in his famous address upon ¢ The Water and the Land.”’ which
was delivered in Verona on the 20th of Jaouary, 1320, he added
a statement that the continents rise higher than the ocean. His
explanation of this was that the continents are pulled up by the
attraction 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 bave been first proven
when Magellan’s ships in 1521 had sccomplished the circumnavi-
zation of the globe. Circumnavigation, soon after again carried
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ot by Sie Froaeeis Drake, proved Wi the earth s o closed hody
hounded by vurving surfaces in part enveloped by the oceans and
evervwhere by the atmosphere,  The oreat discovery of Copernicus
in 1530 that the carth, like Venus, Mars, and the other planets,
revolves ahaut the sun as a part of a system, left little room for
doubt that the figure of the carth was essentially that of a sphere.

The oblateness of the earth. — Every schoolboy is to-day fa-
miliar with the et that the carth departs from a perfeet spherical
figure iy being Hattened at the ends of its axis of rotation.  The
palar dinmeter s usually piven as ,ly shorter than the equatarial
one. This oblateness of the spheraid was proven by peodesists
when they came io compare the fengths of measured degrees of

are upon meridians in high and i low Jatitudes,

The oblateness of the geoid ix well understood from sccepted
hypotheses fo be the result of the once more rapid rotation of the
planet when it materials were more plastic, and hence more re-
sponsive to deformation.  An elastic hoop rotating rapidiy ahout
an asis in = pline appears 1o the eve as 1 solid, and becomes
flattened at the ends of if< axis in proportion as the velocity of
rotation ix inereased. Like the carth, the other planets in the
solar svstean are similarly oblate and by amaounts dependent on the
rebtive velocifies of rotation,

The departure of the geoid from the spherical surface, owing to
s obluteness, isso small thaf in the figures which we shall use for
Nustration it waald be less than the thickness of 2 line.  Siace it
= owell recagnized and not important in our present consideration.
we shiall for the time being speak of the figure of the earth in terms
of departures from w standard spherical surface.

The arrangement of oceans and contineats. — There are other
departures from o spherical surface than the oblateness just re-
forred to, and these departures, while not large. are believed to be
full of significance.  Lest the reader should gain a wrong impres-
sion of their magnitude, it may he well to introduce a diagram
drawn ta scale and representing prominent, elevations and depres-
sions of the carth (Tig, 1),

Wrong impressions concerning the figure of the lithosphere are
sometimes gained hecause its depressions are obliterated by the
oceans. The oceans are. indeed, useful to us in showing where
the depressions are located, but the figure of the earth which we
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are considering is the naked surface of the rock.  In a broad way,
the earth’s shape will be given by the arrangement of the peeans
and the continents. As

soun #s we take up the A tr o
study of this arrangement. o e e 2=
we fiad that quite signifi- et e
cant facts of distribution
are disclosed.

One of the most signifi-
cant, facts involved in the
distribution of land and
=ex, 15 2 concentration of
the land areas within the

1. — Diagrams to afford
rorreet impression of the
northern and  the  seas pasare of the inequalities

within the southern hemi-  wpon the earth’s surface «

sphere. The noteworthy vored 24 the Garth'a) zadiiis
v N The shell represented in b i

excepfion is the oceurrence ha of the earth’s radius, and

of fthe preat and  high  in oo this zone s mugnified
Anfaretic eontinent epn. {07 companon with surface
feredd near the  earth's
south pole; and there are extensions of the northern
continent as nurrowing lad masses to the zouthward
of the equator.  Hurdly fess signifieant than the ex-
tstence of land and witer hemispheres is the reciprocal
or antipodal distribution of land and seu (Fig. 2).
A third fact of significance is a dovetailing together of sen and
land along an eost-
and-west  direction.
While the seas ure
generally A-shaped
and narrow north-
ward, the land masses
are V-shaped and nar-
row southward, but
this occurs mainly in
the  southern  hemi-
= sphere. Lastly, there
Fie. 2.-—Map on Mercator's projection to show the

reciprocal relation of the land aod sea arcas (after 1 SOME indication of
Gregory and Arldt). a belt of sea dividing

inequalities.
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the land masses into northern and southern portions along the
course of a great circle which makes a small ungle with the earth’s
cquator.  Thus the western continent is nearly divided hy a
mediterrancan sea, — the Caribbean, —and the castern is in part
so divided by the separation of Europe from Africa.

The figure toward which the earth is tending. — Thus far in
our diseussion of the earth’s figure we have been guided entircly
by the present dis-
tribution of land and
smf»e water. There arc,
however, depres-
stons upon the sur-
face of the land, in
same cases extend-
ing bhelow the Jevel
of the sen, which are
not to~day accupied
hy water. By far
the most notable of
these is the great
Caspian Depression,
Fia. 3. — The form toward which the figure of the earth which with its ex-

ia tending, o tetrahedron wath svmmetrically truncated  tepgion divides cen-
angles.

tral and eastern Asia
upon the east from Africa and Europe upon the west. This
depression was quite recently occupied by the sea, and when
added to the present ocean basins to indicate depressions of the
lithosphere, it shows that the earth's figure departs from the
standard spheroid in the direction of the form represented in
Fig. 3. This form approximates to a tetrahedron, a figure bounded
by four equal triangular faces, here with symmetrically truncated
angles. Of all regular figures with plane surfaces the tetrahedron
bas the sinallest volume for a given surface, and it presents more-
over a reciprocal relation of projection to depression. [Every
line passing through jts center thus finds the surface nearer than
the average distance upon one side and correspondingly 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 bas been secured in other fields. It was pointed out
that the earth's oblateness was proven by comparison of the
measured degrees of latitude upon the earth’s surfuce in lower and
higher latitudes. the degree being found longer as the pole is
approached.  Any variation from the spherical surface must ob-
viously increase the size of the measured degrec of latitude in
proportion ta the departure from the standard form, and so
the tetrahedral Ggure with one of its angles at the south pole
will require that the degrees
of latitude e longer in the
southern than they are in the
northern  hemisphere.  This
has heen found by measure-
ment to be the casge. and the
result is further confirmed by
pendulum studies upon the
distrilution of the earth's ut-
traction or gravity, i less of
the mass of the earth ix con-
ceptrated in the  southern
hemisphere, its attraction as )
measured  in vibrations  of Fie. 4. —A truncated tetsahedron, showing
the p(‘ndulum should be cor- how Lhcdtl‘)r(;&iuuu[)un01\('$?idoufl:h(*(tt‘ll-

. ter 1y bulanced by the opposite projection.
respondingly smaller.

Other confirmations of the tetrabedral figure of the earth have
been derived from a comparison of astronomical data, which assume
the earth to be a perfect spheroid, with geodetic measurements,
which are based upon direct measurements. Thus the arc meas-
ured in an east-and-west direction ncress Europe revealed a differ-
ent curvature near the angle of the tetrahedral figure from what
was found farther to the 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 easily found. When formed,
the earth appears to have been a but slightly oblate spheroid,
or practically a sphere — the shape which of all incloses the
most 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 though the outer shell is no longer able to do s0. The
superficial area being thus maintained constant while the volume
continues to diminish. the figure wust chunge from the initial one
of greatest hulk to others of smaller volume, and ultimately, if the
pracess should continue indefinitely, to the tetrabedron, which of
all regular fieures has the minimum volume for x given surface,

That a contracting <phere does indeed pass through such a
series of chunges has been =hown by the behavior of contracting
soap bubbles and of rubber balloons, as well as by experiments
upon the exhavstion of air contuined in hollow metul spheres of
only noderate strength,  In all these instances, the ultimate
form produced indicutes an indenting of four sides of the sphere
which have the positions of the faces of a tetrahedron.  The late
Professor Prinz of Brusscls sceured some extremely interesting
results in which he obtained infermediate forms with <ix angles,
but unfortunately these studies were not prepared for publication
at the time of his death.

The varth’s departure from the spheroid i the direction of the
modified tetrnhedron 3= as we have seen. wo hypothesis, but ob-
served fuet reverded in (1) the concenteation of the lund ahout
a centrad veean in the northern hemisphere; in 2) the antipodsl
relation of the land 1o the water areus, and in (3) the threefold
subddivision ol the surface into north and south belts by the two
greater oceans and the Caspian Depression.

The earlier figures of the earth. — The manner in which conti-
nent and ocean are dovetailed into each other in an east-and-west
direction has been generally adduced as additional evidence for
the fetrahedral figure as ubove described. Closer examination
shows that instead of being in harmony with this figure, it indi-
cutes o departure from it und, as we shall see, a significant depar-
ture which undoobtedly has its origin in the earlier history of
the planct. The mediterranenn seas of both the eastern and the
western hemispheres likewise interfere with the perfection of the
tetrahedral Fgure and require un explanation.

Let u~ then exumine in outline the past history of the world
with reference especially to the evolution of the continents and
to the times and the manners of surface change. 1t s now wel)
known that there have heen three major periods of great deforma-
tion of the earth’s shell. The first of these of which we have
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record came af the end of the first great era of geologic history,
the so-called Fozoie eri; a second great fransformation catie at
the close of the sceond or Paleozoic era: and a third began at the
end of the next or Mesozoic era, an adjustment which is apparentiy
continuing to~day. Each of these great surface deformations was
accompanied by great voleunic eruptions of which we bhave the
evidenee in the lavas remaining for our inspection, and each was
followed by the formation of great gluciers which spread over
large areas of the existing continents.

Before the earliest of these great changes, the earth appears to
have approximated in its figure somewhat closely to the idenl
spheroid, for it was everywhere enveloped in the hydrosphere as w
universal occan.  Toward the close of this period came the adjust-
ments which brought the litbosphere to protrude through the
hydrosphere in shield-like continents whose distrihution, as shown
by the rocks of this period, = of great significance.  Within the
northern hemisphere rose three land shiclds spaced at newly
equal intervals and at nearly equal distances from the northern
pole.  One of these was centered where now is Hudson Bay,
another about the present Baltic Sea, and the relies of the third
are found in northeastern Siberia. These earliest continents
have been referred to as the Laurentian, Baltic, and Angara shields.
Within the soutbern hemisphere shields appear to have developed

A7 £ o Eoxon Ean A 20 o Pasrozow Sna

Fic. 5. — Approxinstions Lo eurlier and present figures of the earth.

in somewhat similar grouping, namely, in South Americy, in South
Africa, and in Australia (Figs. 3 und 3).

These coigns or angles of a form into which the earlier spheroid
of the earth was heing transformed have persisted through the
greater part of subsequent geologic time, und have been enlarged
by the growth of sediments nbout them as well as hy the later
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levation aud wrinkling of these deposits info marginal mountain

ranges,
The continents and oceans which arose at the close of the
Paleozoic era. — Af the close of the second great era in the recorded

Listory of the earth, the now somewhat enlarged continents were
profoundhy saltered during a series o convulsive movements within
the surface shell of the lithosphiere. - When these convulsions were
over, there was o new disposition of land and sea. hut one quite
different from the present arrungement.  Instead of being ex-
tended in north-soutl belts, &« they are at present, the continents
stretehed out in brond east-west zones, one in the northern and
the other in the southern hemisphere.  To the broud southern
countineut of which o little now remains, the name * Gondwina
Land 7 has been given. and to the sen which divided the northern
fram the =outhern confinent the name " Ocean of Tethvs.”  The
northern continent stretehed across the site of the present Atlantic
Qcean ax the " Narth Atlantis,” it northern shore to the west-
ward being somewhat farther south than the preseni northern
coast of North America. since Jife forms orgrated in the north-
ern ocean fron the site of Behring Sea to that of the present
North Atlantic.

Thix arrangement of land and water duriog the middle period
of the earth’s recorded history, when considered with referenece
both to its carlier and to ifs luter evolution, may perhaps he best
acrounted for by the assumption fhat the lithosphere was then
shaped Jike T (middic). In this figure two truncated tetra-
hedrons ure joined in a common plane of contact which may be
described as the twin plane.  Thig medial depression upon the
lithosphere was occupied by the intercontinental sea, the Ocean of
Tethys.

Near the close of this second great era of the earth’s conti-
nental history, erustal convuisions, which were perhups the most
remarkable 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 somewhat inter-
rupted belt surrounding a central polar ocean (Figs. 3 and 3).

Upon the assumption of twin tetrahedrons in the intermediate
era of contivental evolution, both the Ocean of Tethys of that
time and its present remnants, the Caribbean and Mediterranean

BN
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weus, are accounted for.  The V-shaped continent extensions
and the A=haped oceans of the southern hemispliere (Fig. 2) may
likewize be considered as relies of the nuw hargely submerged tet-
rahedron of the southern hemisphiere, sinee this had its apex to the
northward (Fig. 6).

Thus we see that the lithosphere can scarcely be regarded as a
perfect spheroid, since in the course of geologic ages 6 has under-
zone successive de-
partures from this
origing) form. In
its present stafe it
has been deseribed
as  tetrahedral, Terruhedral Faces with Aper roSourk
though we must
keep in mind that
the sharp angles Lond Loral
af that figure are
deeply truncated. Worer Nerrer Worer
The soundings
first. hy Napsen
and more recent)y
Iy Peary in the
Aretic basin, far Fio. 6.—Digrams for compurison of shore lines upon

tetrabedrons which have ap angle, the first at the south
and the second at the north.

Tarrohadrol Faces wirh Apsx ro Norrh
Acrual lires 171 Sowtthervs Hermgohers.

to the north of the
continental  hor-
der, showed that this depression is characterized by ptofound
depths, and so have afforded confirmation of the tetrahedral fig-
ure.  To mateh this depression at the northern extremity of the
carth’s axis, a high continent reaching to elevations in excess of
10,000 feet has been penetrated by Sir Ernest Shackleton at the
opposite extremity 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 from the standard
spheroidal surface, we might even go a step farther and show how
the tetrahedron, which best represents the symmetry of the present
figure, is somewhat deformed by a flattening perpendicular to the
Pacific Ocean. To draw attention to this fattening of the earth,
it has sometimes been described as * potato-shaped,” since the

c



s EARTH FEATURES AND THEIR MEANING

suthne perpepiheular 1o this face is imperfectly heart-shaped or
like » Aatfencd  peg fop.”

The flooded portions of the present continents, — \We are tecus-
fomed to think of the vontinents ax ending at the shores of the
aceans, L however we
are to regnrd them as
platforms  whiclh  rise
from the occan depres-
stons,  their  muargins
should  be considerably
extended. for a syb-
merged shell now prac-
ticadly surrounds all the
continents o a nearly
wiiform  depth of 100
Cithoms  or 600 {eet.
nd may be thought of

Fig. 7. —The continents with submerged porijons
added (after Gilbert).

The oceans thus more than G their has
as spilling over upon the continents.  In Fig. 7, the submerged por-
tions of the continents have heen joined to those usuatly represented.
thux adding about 10,000,000 square miles 1o their area, wnd giving
them one third, instead of one fourth, of the lithosplhere surface.
The floors of the hydrosphere and atmosphere. — The highest
altitudes apon the continents and the profoundest deeps of the
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¥, 8. — Diggram to indicate the altitude of differeat parts of the
Lithosphere surfuce,

ocean are each removed about 30,000 feet, or nearly 6 miles,
from the level of the sea. In comparison with the entire surface
of the lithosphere, these extremes of clevation represent sueh
~mall areas as to be almost inappreciable.  Only about % of the
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tithosphere surfuce rises maore than 6000 feet above sea level,
and about the same proportion lies deeper than 18,000 feet helow
the same datum plane (Fig. 8). Almost the entire aren of the
lithosphere i= included cither in the so-called confinental plateau
or platform, in the aceanie platforin, or in the slope which separates
the two. The continentsl platform includes the continental shelf
above referred to, and represents nhout one third of the eutire
area of the planct. This platform has a range of elevation from
6000 feet above to GO0 feet below sea level and hax un average
altitude of about 2300 feet.  The oceanic platform slopes more
steeply, ranges in depth from 12,000 fu 18,000 feef helow sea level,
and comprises about one hall  the lithosphere surfuce.  The
remaining portion of the surface, something less than onc cighth
of all. is included in the steep slopes between the two platforms.
between B00 amd 12,000 feef below s The two platforms and
the slope Letween them must not, huwever, he thought of s
continuous fentures upon the surfuce. hot merely
the wverage elevations of portions of the Hthosphere.

represenfing
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CHAPTER IIT
THE NATURE OF THE MATERIALS IN THE LITHOSPHERE

The rigid quality of our planet. — For a long time it was sup-
posed that the solid carth constituted o crust owly which was
Houted upon a liquid inferior.  This notion was clearly an ouf-
growth of the then generally accepted Laplacian hypothesis of
the origin of the universe, which assumed fluid interiors fur the
planets, the erust being suggested by the winter crust of frozen
water upon the surfaee of our inland likes,  To-duy the nebular
hypothesis in the Taplacian form is Tust miving place to quite
different conceptions, in which xolid purticles, and not gaseous
onex, are conecived to have built up the lithosphere.  The analegy
with frozen watler has likewise heen abandoned with the discovery
that frozen rock. instead of floufing. sinks in its molten cquivalent.

Yet even more cogent arguments hive heen brought forward
to show that whatever may he the state of aggregation within the
earth’x core — and it may be different from any now known to
ux— it uevertheless hus many of the properties recognized as
Lelonging to solid and rigid bodies.  Provisionally, therefore, we
roay regard the carth's core n= rigid and essentially solid. It was
long ago pointed out by the late Lord Kelvin that if our litho-
sphere were not more rigid than @ ball of glass of the same size, it
would he constantly passing through periodic six-hourly distortions
of great amplitude in response to the varying attractions of the
moon.  An eqgually striking argument emanating from the same
high authority ix furnished by the well-known egg-spinning demon-
stration.  For illustration, Welvin was accustomed to tske two
eggs, one boiled and the other raw, and attempt to spin them
upon their ends.  For the hoiled, and essentially solid, egg this is
easily accomplished, but internal friction of the liquid contents of
the raw ege quickly stops any rotary motion which is imparted to
it. Upon the same grounds it is argued that bad the earth’s
interior possessed the properties of a liquid, rotation must long
since have ceased.

20
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A stronger proof of earth rigidity than either of these has been
lately furnished by the instrumental study of earthquakes. With
the delicate apparatus which is now installed for the purpose,
heavy earthquakes may be sensed which have occurred anyvwhere
upon the earth’s surface, the earth movement sending its own
ke shortest route through the core of the earth to the
observing station. A heavy shock which occurs in New Zealand
ix recorded in England, shnost diametricully opposite, in ahout
twenty-one minutes after its occurrence.  The laws of wave
propagation and their relation to the properties of the transmitting
mediwm are well known, and in order to explain such extraordinary
veloeity it is necessary to assume Lhat for such impulses the earth’s
interior is mueh more rigid than the Knest tool steel.

Probable composition of the earth's core. — In deriving views
concerning the nature of the carth’s interior we are greatly aided
by astronomical studies. The common origin long ago indicated
for the planets of the solar system and the sun has been confirmed
by the analysis of light with the aid of the spectroscope. It has
thus been found that the sare chemical elernents which we find in
the earth are present also in the sun and in the other stellar bodies.
Again, the group of planets of the solar system which are nearest
to the sun — Mercury, Venus, the Earth, and Mars — have each
& high density, all except Mars, the most distant, having specific
gravities very closely 5%, that of Mars being about 4. This
average specific gravity is also that of the solid bodies, the so-called
meteorites, which reach the surface of our planet from the sur-
rounding space. Yet though the carth as a whole is thus found
to have a 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 possible clew to the
nsture of the earth's interior; 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 pew element has been
discovered in the one group that has not heen found in the other,
and though sorme corapounds of these elements, the minerals, oc-
cur in the earth’s crust that have not been found in meteorites,

message by
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and though some oceor in meteorites which are not known from
the earth, vel of those which are common to hoth hodies there is
apreenient, even to the minor details (Fig. 9). 1t is found. how-
cver, that fhe commonest of the minerals in the carth’s shell are
alwent from meteoarites, as the commoner constituents of meteor-
ites are wonting in fhe carth’s erust, This observation would go
fur to show that we ey in the two cases e examining different

78rresrrial _/AOCKS.

AeTeories ond rarer Terrestrial Rcks.

m to show how terrestrial rocks grade into those of the meteorites.
1. axvger con : 3, aluminiung alkali me 5, alkaline carth metals:
6, iron, nickel, cobalt, cte. ; o, granites and rhyolites: b, syenites and trachytes;
¢, diorites and andesites: d. gabbros and basalts ultra-basic rocks: /, basic
inclosures in basalt, otc.: g iron basslts of west Greenland: k. iron masses of
Qvifak, west Greenland : a'~d’, meteorites in order of density (after Judd).

portions of guite similar bodies: and this view is strikingly eon-
firmed when the rocks of the two groups are arranged in the order
of their densities (Fig. 9).

In a broad way. density, structure, and chemical composition
are all similarly involved in the gradations illustrated hy the
diagram ; and it is significant that while there are terrestrial rocks
not repregented 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 denser, and Jikewise the nwore
common, of the weteorife rocks — the so-valled meteoric irons —
are romposed almost entirely of the elements iron, nickel, and
cobalt. Such aggregutes are not known us yet from terrestrial
sources, although transitional types appear to exist upon the
island of Disco off the west coast of Greenland. If it were pos-
sible to explore the carth's interjor, would such combinations of
the iron minerals be encountered?  Apart from the surprising
veloeity of transmission of exrthquake waves, the strongest argu-
menl for an iron ecore to the lithosphere is found in the magnetic
property of the earth as a whole.  The only magnetic elements
known to us are those of the heavy meteorites — iron, nickel,
and cobalt, — and the earth js, us we know, a great magnet whose
northern pole in British America and whose southern pole in
Antarctica have at last been visited Ly Amundsen and David,
respectively.  The specific gravity of iron is 7.13. and those of
nickel and cobalt, which in the meteorites are present in relutively
small wrwounts, are 7.8 and 7.5, respectively.  Considering that
(he surfuce shell of the earth has o specific gruvity ol 2.7, these
vahies must be regarded as ugreeing well with the determined
density of the earth (3.6) and the other planets of its group (Mer-
cury 5.7, Venus 3.4, Mars 4).

The chemical copstitution of the earth’'s surface shell. — The
number of the so-cnlled chemical elements which enter into the
carth’s composition is more than eighty, but few of these figure
as important constituents of the portion known to us.  Nearly
one Lalf of the mass of this shell is oxvgen, and more than a quarter
issilicon.  The resnaining quarter is largely made up of aluminium,
iron. caleium, magnesium, and the alkalies sodium and potassium,
in the order named. These eight constituent elements are thus
the only ones which play any important réle in the composition
of the earth’s surface shell.  They are not found there in the f{ree
condition, but combined in the definite proportions characteristic
of chemical compounds, and as such they are known as minerals.

The essential nature of crystals. — A crystal we are accus-
torned 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
an expression of a power which resides, so to speak, in the heart
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or soul of the eryvstal individual — it hus its own structural make-
up, its individuafity,  No more correct extimates of the compari-
son of erystal individnalities wonld be obtained by the study of
outward forms alone of fwo minerals than would be gained by a
Cjudgment of persons from the cut of their clothing. Too often
thix outward dress tells onlv of the conditions by which hoth men
and ervstals have been ~urrounded, and but little ol the power
snherent ip the individual, Many a battered mineral fragment
with little beauty to recommend it, when placed under suitable
conditions {or its developinent, has grown into a marvel of beauty.
Few miverals are so mean thut they have not within them this
inherent power of individuality which lifts them above the world
of the mnorphous and shapeless.
Just as the real nature of a person is first disclosed by his
Crostal (Quarts)  AmorphossSubstoncs behavior under trying circum-
’ (Glass) stauces, so of a crvetal it is its
conduet under stress of one sort
or another which brings out
its real character. By way of
ilustration let us prepare a
sphere from the roineral guartz
— it matters not whether we
destroy the beautiful outlines of
the crvstal or employ a bat-
tered fragment — and then pre-
pare a sphere of similar size and
shape from a noncrystalline or
amorphous substance like glass.
If now these two spheres be in-
troduced into a bath of ol and
raised to a higher temperature,
the glass globe undergoes an
Fie. 10 — Comparison of u erystalline €Mlargement without change of
with an amorphous substance when ex- its form; but the crystal ball
S:‘xédc.l by beat und when attucked hy reveals its individuality by ex-
panding into a spheroid in
which each new dimension is nicely adjusted to this more complex
figure (Fig. 10).
We may, iustead of submitting the two balls to the * trial by

awn OF
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tire,” allow each Lo be uttacked by tbe powerful reagent, hydro-
fluoric acid. The common glass under the attack of the acid
remains ix it was before, a sphere, but with shrunken dimensions.
The erystal, on the other hand, 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 had possessed a soul which under this trial has
been revealed.  This glimpse into the nature of the erystal, so as
to reveal its structural beauty, ix still more surprising when the
crystal is taken from the acid in the
enrly stages of the action and held
close beneath the eye. Now the lit-
tle etchings upon the surface display
ench the individuality of the sub-
stance, and joining with their neigh-
bors they send out a beautifully
symmetrical and entirely character-
istic picture (Fig. 11).

The lithosphere a complex of
interlocking crystals. — To the luy- ¢
man the crystal is something rare g 11, Light figure™ scon upis
und expensive, to be obtained from  un ctehed surface of o ervstal ot
a jeweler or to be seen displayed in r\:’]r(;:r?u,(”!m Goldsehmidt  and
the show cases of the great muse-
ums.  Yet the onc most striking quality of the lithosphere which
separates it from the hydrosphere and the atmosphere is its erys-
talline structure, — a structure belonging also Lo the meteorite, and
with little doubst to all the planets of the earth group. A snowflako
vaught during its fall from the sky reveals all the delicate tracery
of erystal boundary; collected from a thick layer lyving upon the
ground, it appears as an intricute aggregate of broken fragments
more or less firmly cemented together. And so it is of the litho-
sphere, for the myriads of individuuls are either the ruins of former
crystals, or they are grown together in such a manner that erysta!
facets had no opportunity to develop.

Such mineral individuals as once possessed the covstal form may
bave been broken and their surfaces ground away by mutual attri-
tion under the rhythmic beating of the waves upon a shore or in
the continuous rolling of pebbles on a stream bed, until as bat-

LA
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fered relics they are piled away together in a bed of sand.  Yet
no amount of such rough handling s sufficient to destray the erys-
tul individuslity, and if they are now surrounded with conditions
which are suitzable for their growth, their individual nature again
beeomes revealed in new ervstal outlives.  Many of our sand-
stones when turoed in the bright sunlight send out. Aashes of light
to rival a bank of smow in early spring.  These bright flashes
proceed from the facets of minute crystals forroed about each
rounded grain of the sand, and if we examine them under a lens,
we may note the beauty of line formed with such exactness that
the most delicate instruments can detect no difference betweer
the similur angles of neighboring erystals (Fig. 12).

Fre. 12, — Battered sand grains whirh have taken on a new lesse of lile and have
developed a erystal form,  a, a single grain grown into an individual erystal; b,
a parallel growth about a sivgle grain: ¢, growth of neighboring grains until they
have mutaslly intetlered und so destroyed the crystal facets — the common con-
dition within the mass of « rock (slter Lrving and Vau Hise).

Tlis individual nature of the crystal is believed to reside in a
symmetrical grouping of the chemieal molecules of the substance
into larger and so-called ' ervatal molecules,”  The erystal quality
belongs to the chemical elements and to their compounds in the
solid condition, hut not to ordinary mixtures of them.

Some properties of natural crystals, minerals. — No two mineral
species appear in crestals of the same appearance, any more
than two animal species have been given the same form; and so
minerals may be recognized by the individual peculiarities of their
crys Yet for the reason that erystals bave so generally been
prevented from developing or retaining their churacteristic faces,




NATURE OF THE MATERIALS IN THE LITHOSPHERE 27

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.

When a mineral is broken under the blow of a hammer, in-
stead of yielding an irregular fracture, like that of glass, it generally
tends Lo part along one or more dircctions =0 as to leave plane
surfaces.  This property of cleavage is strikingly ‘illustrated for
a single direction in the mineral mica, for two directions in feld-
~par, and for three directions in caleite or Iceland spar.  Other
properties of minerals, such as bardness, specific gravity, luster,
color, fusibility, ete., are all made use of in rough determinations
of the minera Far more delicate methods depend upon the
behavior of minerais when observed in polarized light, and such
behavior is the busis of those branches of geological seience known
as optical mineralogy and as microscopical petrography.  An out-
line description of some of the common minerals and the means
for identifving them wilf be found in appendix A.

The alterations of minerals. — By f{ar the larger pumber of
minerals have been formed in the cooling and consequent con-
solidation of molten rock material such ns during a voleanic erup-
tion reaches the earth’s surface as lava. Beginning their growth
at many points within the viscous m the individual crystals
eventually may grow together and so prevent a development of
their erystal 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 erys-
tul — the Krystallkeller or ' erystal cellar.”” It is from such
pockets or veins within the rocks that the valuahle ores are ob-
tained, as are the crystals which are displayed in our mineral
cahinets.

There is, however, a third process by which minerals are formed,
and miperals of this class are produced within the solid rock as
a product of the alteration of preéxisting minerals. Under the
enormous pressures of the rocks deep below the earth’s surface.
they are as permeable to the percolating waters as is a sponge
at the surface. Under these conditions certain minerals are
dissolved and their material redeposited after traveling in the
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solution, or solution and redeposition of mineral matter may go
on together within the mass of the same rock.  One new mineral
mayv have been produced from the dissolved materials of a num-

Fro 18, —Crye-
tal of garnet
drevelaped  in
a sehixt with
graing of
quartz in-
cluded he-
cauye not ns-
similated.

as a crown of new minerals which steadiby widens its
zone until the cenfer is reached and the original
cryvstal has heen entirely transformed (Iig. 14). 1t

her of curlier spevies, or several pew minerals may
be the resulf. of the alteration of a preéxisting min-
cral with u more complex chemical structure. - Where
the new mineral has heen formed * in plaee,” it has
sometimes heen able fo utilize the materials of all
the minerals which hefore existed there, or it mayv
have heen obliged to inclose within itself those earlier
constituents whieh it could not assimilate in its own
strueture (Fig 13).

At other times o erystal which is imbedded in
rack has heen attacked upon its surface by the per-
eolating solutions, and the dissolved
materials have been deposited in place

ix somelimes poxsible to sav

that the action by whieh

thexe changes have been Froo 11.—a

. sl of sug-

bronght about hus involved — (ealofsus

A N ite within the

a nice adjustment of <UpplY s of & rock

of the chemiceal constituents  alteredinpart
. tof E

pecessary to the formation MM ™

A ! " of the mio-

of the new mineral or min-  crals  harn-

erals. In rocks which are blende  und

. . . magnetite.
aggregates of several min- Note the orig.

Fio. 13— A new mineral eral species, a newly formed  inal outline of
(horpblende) forming 24 nn mineral may appear only at,  the augite

intermediate
rim’ between the miners!
ing irrcgular fractures tain of these species, thus showing that

bavin
(olivine) and

white mineral

feldspar).

that below the earth

“reaction crvstal.

the commoen margin of cer-

the dusty ghoy s1pply those chemical elements which
(Jime-sdla .

were necessary 10 the formation of the
new substance (Fig. 13). Thus it is seen
surface chemieal reactions are constantly

going on, and the earlier rocks are thus locally being transformed
into others of a different mineral constitution.
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Near the earth’s surface the carbon dioxide and the moisture
which are present in the atmosphere are constantly changing
the exposed portions of the lithosphere into carbonates, hyvdrates,
and oxides. These compounds sve more soluble than are the
mineralx out of which they were formed, und they are also more
bulky and so wend to crack off from the parent mass on which
they were formed.  As we are to see, for both of these reasons
the surface rocks of the lithosphere succumb to this attack {rom
the atmosphere.

[n connection with those wrinklings of the surface shell of the
lithosphere from which mountains result, the underlying rocks
ure subjected 1o great strains, and even where no visible partings
are produced. the rocks are deformed <o that individual minerals
iy be bent into erescent=shaped or S-xhaped forms, or they are
parted into one ar more frugments which remain inbedded within
the rock.
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CHAPTER TV
THE ROCKS OF THE EARTH'S SURFACE SHELL

The processes by which rocks are formed.— Rocks may be
tormed in uny one of several ways.  When a portion of the molten
lithosphere, so-called magma, cools and consolidates, the product
it iyneous rock. Either igneous or other rock may become dis-
inteprated at the earth's surface, and after more or less extended
travel, cither in the air, in water, or in ice, be luid down as a sedi-
ment. Such sediments, whether cemented into o coherent mass
or not, are deseribed ag sedimentary or clastic rocks.  If the Auid
from which they were deposited was the atmosphere, they nre
known ax subaérial or eolian sediments; but if water, they are
known . Still another class are ice-deposited
and are known as glacial deposits.

But, as we have learned, rocks may underge transformations
through mineral alteration. in which case they are known as
melemorphic. rocks.
When these changes
consizt chieflv in the
production of more
soluble iminerals at
the surface, accom-
panicd by thorough
disintegration, due
1o the direct attack
of the atmosphere,
the resulting rocks
are called  residual
Fra. 16. — Laminated structure of sedimentury rock, rocks.

Western Kansas (after a photograph by E. 8.
Tucker).

subaqueouns deposi

The marks of ori-
gin.— Each of the
three great classes of rocks, the igneous, sedimentary, and meta-
morplie, is characterized by hoth coarser and finer structures, in
the examination of which they may be identified. The igneous
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rocks having been produced from magmas, which are essentially
bomogeneovus, are usually without definite directional structures
due to an arrangement of their constituents, and are said to have
amssige strueture, Sedimentary rocks, upon (he other hand,
hive been formed by an assorting process, the larger and heavier
fragments having been laid down when there was high velocity of
cither wind or water current, and the smaller and lighter frag-
ments during infermediate periads. They are therefore more or
less hunded, and are said to have a bedded or luminated structure
(Fig. 16).

Again, igneous rocks, heing due to a process of crystallization,
are composed of mineral individuals which are hounded eitber
by ervstal planes or by irregular surfaces along which neighboring
crystals have iuterfered with cach other; but in ecither case the
grains poss sharply angulur bouudaries,  Quite difieront has
heen thie result of the attrition between grains in the transpor-
tation and depesition of sediments, for it is characteristic of the
sedimentary rocks that their constituent grains are well rounded.
Eolian sediments have usually more perfectly rounded grains than
subaqueous deposits.

Glacial deposits, if Taid down directly by the ice, are unstrati-
fied, relatively coarse, and contain pebbles which ave both faceted
and striated.  Such deposits are deseribed as till or tillite.  If
glacier-derived material is taken up hy the streams of thaw
water and s by them redeposited, the sediments are assorted
or stratified, and they are deseribed as flurmio-glacial deposits.

The metamorphic rocks.— Both the coarser structures and
the finer textures of the metamorphic rocks are intermediate
between those of the igneous and the sedimeatary classes. A
metamorphosed sedimentary rock, in proportion to its alteration,
loses the perfect lamination and the rounded grain which were
its distinguishing characters; while an igneous rock takes on in
the process an imperfect banding, and the sharp angles of its
constituent grains become rounded off by a sort of peripheral
crushing or granulation. Metamorphic rocks arc therefore
characterized by an imperfcetly banded structure described as
schisfosily or gneiss banding, and the constituent grains may be
either angular or rounded. 1f the metamorphism has not been
too intense or too long continued, it is generally possible to deter-

.
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mine, particulurly  with the aid of the polarizing microscope,
whether the original rock from whieh it was derived was of igneous
or of sedimentary origin.  There are, however, many examples
which bave defied a reliable verdiet concerning their origin.

Characteristic textures of the igneous rocks.— In addition io
the massiveness of their general aspect and the angular bound-
aries of their constituents, there are many additional fextures
whieh are characteristie of the igneous rocks.  While those that
have consolidated below the eurth’s surfuce, the iufrusive rocks,
are notably compaet, the magmas which arrive at the surface of
the lithosphere hefore their consolidation reveal special structures
dependent either upon the expansion of sfeanm and other gases
within them, or upon the vonditions of How over the carth’s sur-
fuce,  Magmas which thus reach the surface of the carth are de-
seribed as faras. and the rocks produced by their consolidation
are exlrusive or roleanie roe The steam included in the lava
expands into bubbles or vesicles which may be large or small,
few or many. Aceording to the numher and the size of these
cavities, the rock is said {o have a vesiculor, scoriaccous, or pumi-
ceous texture,

AMost lavas, when they arrive at the earth's surface, contain
ervstals which are more or fess disseminated throughout the
molten mass.  The tourist who visits Mount Vesuvius at the time
of u light eruption may thrust his staff into the stream of lava
and extract a portion of the viscous substance in which are seen
beautiful white ¢rystals of the mineral leueite, each bounded by
twenty-four crystal faces. It is clear that these crystals must
have developed by a slow growth within the magma while it was
still below the surface, and when the inclosing lava has con-
solidated, these carlier crystals lic scattered within a groundmass
of glassy or minutely crystalline material. This scattering of
erystals belonging to an earlier generation within a groundmass
due to later consolidation is thus an indiration of interruption in
the process of crystallization. and the tfexture which results is
deseribed us porphyritic (Fig. 17 ). Should the lava arrive at
the surface hefore any crysials have heen generated and consoli-
date rapidly as a rock glass, its fexture is deseribed as glassy
(Fig. 17 ¢).

When the ervstals of the earlier generation are numerous and
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needle-like in form, ns i~ very often Lhe case, they arrange them-
selves *end on " during the rock flow, <o that when consolida-
tion has oceurred, the rock has aKind of puckered lamination which
is the characteristic of the fwrion or flow texture.  This texture
hax sometimes been confused with the lamination of the sedi-
mentary roeks, so that wrong counelusions have been reached

F1i. 17— Characteristie textares of igneous rocks, o, gruuiti
of the deep-seated intrusive rocks: b, porphyritic texture
trusive and of the near-surfucc intrusive rocks ; ¢, glassy texture o

s teuire charucteristic
Letistic of the ex-
un extrusive rock,

regarding origin. At other times the same needle-like crystals
within the Java have grouped themselves radially to form rounded
nodules called spheralites.  Such nodules give te the rock a
spherulilic texture, which is nowhere berter displayed than in the
beautiful glassy lavas of Obsidian CHff in the Yellowstone Na-
tional Park.

Those intrusive rocks which consolidate deep below the carth’s
surface, part with their heat but slowly, and so the process of
crystallization is continued without nterruption. Starting from
many centers, the crystals continue to grow until they mutually
intersect in an interlocking complex known as the granitic tex-
ture (Fig. 17 a).

Classification of rocks.—In tabular form rocks may thus be
elassified as follows: —

Intrusive.  Granitic or porphyritie lexture.

Ertrusive  Glassy or porphyritic texture;
often alsa with vesicular, scoriaceous, pumi-
eeous. fluxion, or spherulitic texfures,

Igﬂr;ou,s. Massive and
with sharply angular |
grajns. {

D
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Subaerial.  Sands and loess,
Nolwgueans,  (See below.)
Clacial,  Coarse, unstratified deposits with
faceted pebhlex.  Till and tillite,
Flurie-glacivl.  Stratified sands and pravels
with ““worked over' giacial charncis

Sedimentary. Lamimated
and with roundcd
grams.

Metamarphic,
and with grains either
angular or rounded.

changes.

Seliistone [ Metamorpluc proper. Due to below surface
Residual.  Disintegrated af or near surface,

Subdivisions of the sedimentary rocks.— While the eolian
sediments are all the product of a purely mechanical process of
tifting, transportation, and deposition of rock partieles, this is
not always the case with the subagueous sediments, since water
lias the pawer of dissolving mineral suhstance, as it has also of
furnishing 2 home for animal and vegetable life. Deposited
materials which have been in solufion tn water are described as
chemical deposits, and those which have played a part in the life
process us arganic deposits. The organic deposits from vege-
table sources are peat and the coals, while limestones and maris
are the chief depositories of the remains of the animal life of the
water.  The tabular classification of the sediments is as follows : —

Classification of Scdimants.

Subaqueons
Deposited hy waler.

Subaérial or Eolian
Deposited by wind.

Conglomerate, sand-
stone and shale,
Sandstope and loess.

Mechanical Glacial Till and tillie.
Deposited by ice.
Fhinio-glacial Sands and gravels.
Glacier-water deposits.
Calearcous tufa Deposited in springs
and rivers.
Chemical Qglitie limestone Deposited  at ) the
mouths of rivers
between high and
low {ide.
Formed of plant re- DPeats and coals.
Organic mains. . .
Formed of animalre- Limestones and
mains. marls.
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Winds are under favorable conditions capable of transporting
hoth dust and sand, but not the larger rock fragments. The dust
deposits are found aceunulating outside the borders of des-
erts ax the so-called loess (Fig. 216), though the sand is never
carried bevond the desert border, near which it collects in wide
belts of ridges described as dunes. When this sand has been
cemuented into a coherent mass, it is known as eolian sandstone.
A section of the appendix (B) is devoted Lo an outline description
of some of the commoner rock types.

The different deposits of ocean, lake, and river.—Of the sub-
aqueous sediments, there are three distinct types resulting:
(1} from sedimentation in rivers, the fluviatide devosiis; (2) from
sedimentation in lakes, the lacustrine deposits; und (3) from sed-
imentution 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 river gravels may be found ; in the middie
course the finer silts; and in the mouth or delta region, where the
depusits enter the sea or o lake, there is found an assortment of
silts and clays, Except within the delta region., where the area
of deposition begins to broaden, the deposits of rivers are stretched
out in long and relatively narrow zones, and are so distinguished
from the far more important lacustrine and marine deposits.

Luokes and oceans have this in common that both are bodies
of standing as contrasted with flowing water; and both are sub-
ject to the periodical rhythmic motions and 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
waves from the neighboring land. Their distribution is always
such that the coarsest materials are laid down nearest to the shore,
and the deposits becowe ever finer in the direction of decper
water. Relatively far {from shore may be found the finest sands
and muds or caleareous deposits, while near the shore are sands,
and, finally, along the beach, beds of beach pebbles or shingle.
When cemented into coberent rocks, these deposits become shales
or limestones, sandstones, and conglomerates, respectively.

As regards the limestones, their origin is involved in consid-
erable uncertainty. Some, like the shell limestone or coquina
of the Florida coast, are an aggregation of remains of mollusks
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whicl live near the Lorder of the sea Other limestones are de-
posited directly from carbonate of hme m solution in the water.
A deposit of this nature is lorming in southern Florida, both as
2 Hoeculent calearcous nd wnd s erystals of lime carbonate
upon a lmestone surlaee Again, there ix the reel hmestoue
wlieh is hailt up of the stony purts ol the coral animal, and,
lastly, the caleareous ooze of the decp-sea deposits,

The marine sediments which are derived from the conti-
nents, the so-called ferrigenons deposits, are found only upon the
continentul shelf and upon the continental slope just outside it.
OF these terrigenous deposits. it is customary to distinguish
(1) tittoral or slongshore deposits, which are luid down between
high and Jow Gde levels: (2) shoal water deposits, which are found
hetween low -witer mark and the edge of the continental shelf ;. and
(3) aktean or off<hare deposits, which are found upon the couti-
nental slopes e lidorad and <hoad water deposits are wainly
gravels and =aneds, while the oftshore deposits are principadly
muds or line deposits.

Special marks of littoral deposits.— Il marks ol ripples are
often Teftin the sund ol a beaeh, and may e preserved in the sand-
stone which results from fhe cementation of such deposits (pl. 11 A).
Very similar markings are, however, quite characteristic of the
surface of wind-blown sand,  For the reason that deposits ure
subject to many vicissitudes in their subsequent history, so that
they sometimes stnd al steep angles or are even overturned,
it is important to observe the curves of sand ripplex so as to dis-

tinguish the upper Trom the Jower surlace.

In the finer sands wul muds of <heltered tidal Bats may be pre-
served the impressions Trour raindrops or of the feet of animals
whicly have wandered over the flat during an ebb tide.  When
the tide s at flood, new materi: laid down upon the surfiee
wnd Abe Tmpressions are filed, bt though hardened into rock,
these swfaces are those upon which the rock = vasily parted,
and o the impressions are preserved. Inthe sandstones of the
Conneeticut valley there has been preserved s quite remarkable
record in the footprints of animuls helonging to extinet species,
which at the time these deposits were laid down must have been
abundant upon the neighboriog sbhores.

Retween the tides ouds muy dev out and erack in intersecting




THE ROCKS OF THE EARTH'S SURFACE SHELL 37

lines like the walls of a honeyeomb, and when the crucks bave been
filled at high tide, a structure is produced which mayv later be
revognized and is usually referred to as v mud-crack * steucture.
‘This structure is of speeial service in distinguishing marine de-
posits from the subagrial or continental deposits.

A variation in the direction ol winds of suce
tnay be responsible Tor Lh( piling up of the beach sand ina pecul-

v plunge and flow " or * eross-hedded T structare, a stroeture

dve stornis

|1
which is extremely commmnon in littoral deposits, though simu-
lated in rocks of colian origin.

The order of deposition during a transgression of the sea.—
Many shore lines of the continents are alnwost constantly migrat-
ing cither landward or scawurd.  When the shore line advanees

Level

CTETW sANDs?o’s\lﬁALE—w_
""*'Vbsmag:i_.
B oo <

FLoog

P & — Dingram to show the order of the sediments Iaid down durivg o trans-
gression of the sea.

over the land, the const is sinking, wnd marine deposits will be
formed directly ubove what wus recently the = dry Jand.™  Sueh
an invasion of the land by the xea, due to a sulsidenee of the coast,
Bocalled w transgression of the sea, or =imply a fransgression.
Though af any moment the littoral, shoal water, and offshore
deposits are cach being laid down in u partienlar zone, it is cvi-
dent that each must advance in turn in the direction of the shore
and so be deposited above the zones nearer shore.  Thus there
comes to be a definite series of continuous beds, onc above the other,
provided only that the process is continued (Fig. 18). At the
very bottom of this series there will usually be found a tbin bed
of pebbly beach materials, which later will harden into the sc-
called basal conglomerate. 1f the size of the pebbles is such as {2
make possible an identification, it will generally be found that these
represent the ruins of the rock over which the sea has advanced
upon the land.

Next in order ahove the basal conglomerate, will follow the
coarser and then the finer sands, upon which in turn will be laid
down the offshore sediments — the muds and the lime deposits.
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Later, when cemented together, these become in order, coarser
and finer sandstones, shales, and limestones. The order of super-
position, rcading from the bottom to the top, thus gives the order
of deereasing age of the formations.

A subsequent uplift of the coast will be accompanied by a
recession of the sea, and when later dissected by nature for our
inspeetion, the order of superposition and the individual character
of each of the deposits may be studied at Jeisure.  From such
studies it has been found that along with the inorganic deposits
there are often {ound the remains of life in the hard parts of such
juvertebrate animals as the mollusks and the crustacea. These
so-culled fossils represent animals which were gradually developed
from sitnpler to more and more complex forms: and they thus
sorve the purpose of successive page numbers in arranging the
order of disturbed strafa, at the same time that they supply
the most secure foundation upon which rests the great doctrine
of evalution.

The basins of earlier ages.—It was the great Viennesc geolo-
gist, Professor Suess, who first pointed out that in mountain regions
there are found the thickest and the most complete series of the
marine deposits; whereas outside these provinees the forma-
tions are separated by wide gaps representing periods when no
deposits were laid down because the sea had retired from the
region.  The coropleteness of the series of deposits in the mountain
districts can only be interpreted to mean that where these but
lately formed mourtains rise to-day, were for long preceding ages
the basins for deposition of terrigenous sediments. It would
scem that the lithosphere in its adjustment had selected these
earlicr 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-walled basins, the so-called “ deeps " of the
ocean. As shown by the dredgings of the Challenger expedi-
tion and others of more recent date, the deposits upon the ocean
floor are of a wholly different character from those which are
derived from the conlinents. Except in the great deeps, or
between depths of five hundred and fifteen hundred fathoms,
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these deposits are the so-called “ ooze,” composed of the cal-
careous or chitinous parts of alge and of minute animal organisms.
The pelagic or surface waters of the ocean are, ns it were, a great
meadow of these plant forms, upon which the minute crustaces,
such as globigerina, foraminifera, and the pteropods, feed in count-
less myriads.  The hard parts of both plant and animal organisms
descend to the hottom and there form the coze in which are some-
times found the ear bones of whales and the teeth of sharks.

In the deeps of the ocean, none of these vegetable or animal
deposit= are being laid down, but only the so-called * red clay,”
which is helieved to represent decomposed voleanic material
deposited by the winds as fine dust on the surface of the ocean, or
the product of submarine voleanic eruption.  From the absence
of the coze in these profound depths, the conclusion is foreed upon
us that the hard parts of the minute organisms are dissolved while
falling through three or four miles of the ocean water.
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CHAPTER V

CONTORTIONS OF THE STRATA WITHIN THE ZONE OF
FLOW

The zones of fracture and flow. — It i~ easy to think of the
atmosphere and the hydrsphere as cach sustaining at any point
the load of the superincumbent material. At the sea level the
welght of air upon cuch square inch of surface is ahout fifteen
poumds, whereas upon the floor of the hydrosphere in the more
profound deeps the lond npon the square inch must be measured
i tons. Near the lthosphere surface the rocks support by their
strength the load of rork above them, but st grexter depths they
are wble (o do this, Tur the load bears upon each portion
ol the rock with a pressure equivalent to the weight of a rock
colmmn which extends upward to the surface. The average
specifie gravity of roek i 2.7, wnd it i thos casy to calculate the
length of the ineh squure column which has a0 weight equivalent
to the crushing strength of any given rock. At the depth repre-
sented by the length of such a column, rocks cannot yield to pres-
sure by fracture, for the opening of o crack implies that the rock
upon cither side is strong cnough to prevent the walls from elos-
g At this depth. rock must therefore yield to pressure not by
fracture, as it would at the surfiee, but by flow after the manner
of a liguid: and =0 1he zone below this erifical level is referred to

Y

as the zone of flow.

{n contrast. the near-surface zone 5= called the zone of fracture.
But different roeks different strengths, and these are
subjert to modifications from other conditions, such, for example,
as the proximity of an uncovled magma.  The zone of flow is
therefore joined {0 the zone of fracture, not upon a definite surface,
but iy an intermedinte zone deseribed us the zone of frocture and

JHOSSCSS

Senr.
Experiments which illustrate the fracture and flow of solid
bodies. — A prismatic block prepared from stiff molders’ wax,

il erushed hetween the juws of o testing machine, vields a system
40
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of intersecting fractures which are perpendicular to the free sur-
faces of the block and take two directions each inclined by hall

of a right angle to the direction of compression
(Fig. 19). This experiment may illustrate the
rnanner in which fractures are produced by
the compression within the zone of fracture
of the lithosplere, as ifs core continues fo
contract,

To reproduee the conditions within the zone
of How, it will he neeessary to losd the tateral
surfaces of the block instead of leaving them
uncopstrained as in the above-deseribed ex-
periment,  The experiment. ix hest devised us
in Fig. 20, Here a seriex of Javers having
varying degrees ol rigidity 1= prepared from
Leeswax as 2 base, cither stiffened by ad-
noisture of varying proportions of plaster of
Paris, or weakened by the use of Venice turpen-
tine.  Such o series of layers me
rocks of as widely different charact
stone and shale. Fle load which ix to rep-
resent superincwmbent rock is supplied in the
experiment by a deep layer of shot.

When compression = applied to the layers
from the ends, these normally solid materials,
instead of fracturing, are hent into a scries

represent
= as line-

|

Fr. 19.—Two inter-
seeting parallel series
af fructures produced
upon each free sur-
face of a prismatic
block of stifl melders®
wax when bruken by
compression from the
ends (after Daylirée
and Tresca).

of folds.  The stiffer. or more competent, lavers are found to he
less conforted thun are the weaker layers, particulasly if the

Section on lune cd

bra. 20, ~- Apraratus 1o iflutrate the folding of strata within the zone of flow

(ulter Willis).
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latter have been protected under an arch of the more competent
laver (pl. 2 A).

The arches and troughs of the folded strata.— Every series
of folds is made up of alternating arches and troughs.  The arches
of the strata the geologist calls anticlines or anficlinol folds, and
the troughs he calls synclines or synclinal folds (Fig. 21). When a

straturn is merely dropped in o
mw bend to a lower level without
producing a complets arch or a
complete trough, this half fold

f is termed a monocline.

Fig. 21. — Dingrams representing a. an Any flexuring of the strata
anticline ; &, g syoeline; and ¢, 0 mong- inmlies a reduction of their
clia -

e surface arca, or, considering a

single section, a shortening. If the arches and troughs are low
and bLroud, the deformation of the strata is slight, the shorten-
ing is comparatively small. and the folds are described as open
(Fig. 22 b). If they be relatively both
high and narrow, the deformation is
considerable, a larger ainount of crustul & H
shortening has gone on. and the folds
are described as close (Fig.22¢).  This
closing up of the folds may continue ¢ E =R
until their sides have practically the
sume slope, in which case they are said
to be iseclinal (Fig. 22 d). & U Ll

The elements of folds. — Folds must
always be thought of as having ex- pg 22 4 comparison of
tension in each of the three dimensions  folds to express increasing
of apace (Fi;I. 23}, and not as properh’ degrees of m?uslul sheryu:iny
. Lo . . y or progressive deformation
included within a single plave like the  Gikin the zone of flow : a,
cross sections which we so often use in  stratum before fulding: b,
illustration. A fold may be conceived — °opev folds; ¢ ciose folds;

. . N d. isoclinul folds.

of as divided into equal parts by a plane
which passes along the middle of either the arch or the trough,
and is called the azial plane. The line in which this plane inter-
sects the arch or the trough is the axis, which may be called the
crestline in an anticline, and the froughline in a syncline.

In the case of many open folds the axis is practically bori-

[ G e———
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sontal, but in more complexly folded regions this iz seldom true
The departure of the uxis from the horizontal is called the piich,
and folds of this type are described as pilching folds or plunging

A - PITCH

ANTTCLIVAL LINE

Serra
%

Fic. 23. — Anticlinal aud synelinal folds in ~trata (after Willis).

Jolds. The axis is in reality in these cases thrown into a series
of undulations or ““longitudinal folds,” and hence pitch will
vary along the axis.

The shapes of rock folds. — By the axial plane each fold is
divided into two parts which are called its limbs, which may have
either the same or different average inclinations. To describe
now the shapes of rock folds and not the degree of compression of
the district, some additional terms are necessary. Aaticlines
or svoelines whose limbs have about the same inclinations are
known as wupright or symmelrical folds. The axial plane of the
symmetrical fold is vertical (Fig. 24). If this plane is inclined to
the vertical, the folds are unsymmetrical. So soon as the steeper
of the two limbs has passed the vertical position and inclines in
the same direction as the fAatter limb, the 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 flat angle, and the fold is then
said to be recumbent. The observant traveler by train slong any
of the routes which enter the Alps may from his car window find
illustrations of most of these types of rock folds, as he may also,
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though gencrally less easily, i pussing through the Appalachian
Aountuins,

. , T In regions which have been closely
\:'_/I;—\ folded the larger flexures of the strata
] ! may be found with folds of a smaller

! ' order of magnitude superimposed
Symmerrical -upon them, and these in turn may
<how crumplings of <till lower orders.
1t has been found that the folds of
the smaller orders of magnitude pos-
sexs the shapes of the larger flexures,
andd much is therefore to be learned
from their carcful study (Fig )

Y, . . .
o~ It i also quite generally diseovered
\ \ .
N that parailel plunes of ready parting,
: . which are deseribed as rock cleaeaye,

Overrurmed take their course parallel fo the axial
plune within cach minor fold. A<

-
&} wis long ago shown by the pioncer
British  geologists, these planes of

z cleavage are c~<enlially parallel und

Arecurmbenr follow the fold axes throughout large

Fri. 24, — Disgrams o illustrate
the diffcrent shapes of rock folds,

Unsymimerricol/

arcas,

The overthrust fold. — Whenever
w stratum s bent, there s a tendency for its particles to be
separated upon the convex side of the bend, at the sume fime
that those upon the con-
cave side are crowded
closer together — there
1s tension in the former
case und compression
in the latter (Fig. 26).
Within an unsxymmet-
rical or an overturner
fotd, the peculiur dis-
tortions in the different
sections of the stratum

are le&:‘S sm]ple and are Fic. 25. —Secondary and tertinry fexures superime
best illustrated by posed upon the primary oncs.




PrLaTk 2,

A. Layers compressed in experiments and showing the eficct of u competent layer
in the process of folding (after Willis).

B. Experimental production of a series of parallel thrusts within closely folded strata
(after Willis),

C. Apparatus to illustrate shearing action within the overturned limb of u fold.
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pl. 2C. This apparatus shows two similar piles of paper sheets,
upon the edges of each of which a series of circles has been drawn.
When now one of the piles is bent into an unsymmetrica) fold, it
i~ seen that through an wecominudation by the paper sheets sliding
caeh over iz neighbor furge distortions of the cird

fsve oevurred.
T thud steeper lind which with eloser folding will be overfurned
the vircles have been diawn
out into long and narrow
ellipses, and this indicates
thut  those roek particles
which before the bending
were incluided in the cirele
have heennoved past each
othier in the manner of the
blades of a pair of shears,
Such extreme “ shearing " action is thus localized in the uuder-
turned limh of the fold, and 4 time must come with continnation
of the compression when the fold will rupture at this eriticul place
ixis of the ellipses or nearly

116, 26— A Dhent stratim 1o ilhastrate tenson

upon the cony, A vennpiression upon

concave side (after Van Hige).

alang a plane parallel o the Jongest

pavallel to the axial plane of the anticline. Suel struetures prob-
ably oceur in the zone of combined {racture and fHow, up mnto
which the heds are furced in enses of close compression. Relief
thus betng found upoan this plane of fracture, the upper portion
of the fold will now ride over the lower, and the displacement is
deseribed as a thrust or overthrust.

In the dong series of experiments condueted by Mr.o Bailey
Willix of the Cuited States Geologicad Surves, all the stuges he-
fween the averturned fold and the overthrust Told were reprodaeed.
Where a series of Tolds was elosely compressed, a parallel seried of
thrust~ developed (pl. 2 B). so that @ series of slices cutting sergss
neighhoring strata was slid in suecession, each aver the other,
like the seales upon a fish or the shingles upon @ roof.  Quite
remarkable struetures of this kind have been discovered in rocks
of sueh closely Jolded distriets ax the Northwest Highlands of Scot-
land, where the overriding is measurcd inaniles,  Near the thrust
planes the rocks show w crushing of the grains, and the planes them-
selves ure sometimes corrugated and polished by the movement.

Restoration of mutilated folds. — Sinee Hexuring of the rocks
tukes pluce within the zone of How ut u distance of several miles
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below the earth’s surface, it is quite obvious that the results of the
process can be studied only after some thousands of feet of super~
incumbent strata have been removed. We are a little later to see
by what processes this lowering of the surface is acconuplished,
but for the present it may he sufficient to accept the [act, 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 mountuins upon the surface, and occasionally this is truc;
as, for example, in the folded Jurs Mountuains of western Europe.
More generally, the mountuins have a ¢ynclinal structare and the
valleys an anticlinal one; but as no general rule ean be applied,
it i> necessary to make a restoration of the truncated folds in each
distriet hefore their character can be known.

The geological map and section. — The earth’s surface is in
muost regions in large part covered with soil or with other inco-
hereut ruck material, so that over considerable areas the hard rocks
are hidden from view. Each locality at whicli the rock is found
at the earth’s surface **in place” is described as an oulcropping
or cxpocure. I a study of the region each such exposure must
be examined to determine the nature of the rock, especially for
the purpose of correlation with neighboring exposures, and, in
addition, hoth the probable direction in which it is continued along
the surface — the strike —and the inclination of its beds —
the dip. If the outeroppings are sufficiently numerous, and rock
type, stnke and dip, may all be determined, the folds of the dis-
trict may be restored with almost as much aceuracy as though
their curves were everywhere exposed to view. A cross section
through the surface which represents the observed outcrops with
their inclinations and the assumed intermediate strata in their
probable attitudes is deseribed as a geological section (Fig. 27). A
map upon which the data have been entered in their correct loca-
tions, either with or without assumptions concerning the covered -
areas, Is known as a geological map.

If the axes of folds are absolutely horizontal, and the surface
of the carth be represented as a plain, the lines of intersection of
the truncated strata with the ground, or with any horizontal sur-
face, will give the 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 compass provided with a spirit level.  When that
edge of the leveled compass which is paraliel to the north-south
line upon the dial is held against the sloping rock stratum, the

Fia. 27.— A gealogickl section based upon abservations at outcrops, but witk
the truncated arches restored.

angle of strike is measured in degrees by the compass needle. If
the cardinal directions have been placed in their correct positions
upon the compass dial, the needle will point to the northwest
when the strike is northeast, and rice verse (Fig. 28 ). Upon

Fig. 28. — Diagram to illustrate the manner of determiniog the strike of rock beds
at an outcropping. a. a compass which has the eardinal directions in their
natural positions: b, a compass with the cast and west initials reversed upon the
diul ; ¢, bome-mude clinometer in pogition to determine the 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 any expo-
sure, and this must obviously be measured in a vertical plane
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along the <leepest line in the Ledding plane. The dip angle s
alwitvs referred to a horizontal plane, and hevee vertical beds have
a dip of 90°. The deviee for measuring this angle of dip, the
clinometer, ix merely a simple pendulum which serves as an indi-
cator and is centered at the corner of a graduated quadrant. A
home-muade variety ix easily constructed from a square piece of
hoard and an atiached paper quadrant (Fig. 28 ¢), but the geolo-
gist’s compass is always provided with a clinoieter attachment

to the dial.

Sincee the strike is the interseetion of the bedding plane with a
hatizontal <urfuce.and the dipisthe intersection with that partic-
ulnr vertical plane which gives the steepest inclination, the strike
and dip are perpendicular to cach other. To represent them
WPOR s, 38 BOMOTe oF Jess vustonary 1o use the so-catied T
svmbols, the top of the T giviug the direction of the strike and the
shunk that of the dip. 17 meridians are deawn upon the map, the
direction or attitude of the T ean be found by the nse of a simple
protractor; and when entered upon the map, the exact angle of
the strike may be supplicd by a figure near the top of the T, and
the dip angle by a figure at the end of the shank. It is the custonr,
also, to make the length of the shunk inversely proportional te
the steepness of the dip, so that in a broad way the aftitudes of
the strata may Le taken in af a glance (Fig. 29). It s further of
advantage to make the top of the
T a double line, so that scme
symhol or color may show the
a/< C/“’ correlations of the different expo-

»5 sures. To illustrate, in Tig. 29,
the symbol marked a represents

N

6 @ ° an outcrop of limnestrne, the strike
E;kﬁw of which ix 50° east of north (N.
50° B.), and the dip of which is

Fre, 20, — Diggrium to show e une 452 southeast.  In the same figure
of Trvmbols to indivats the dwand ) peprasentx a shule outerop in hori-
wtrike of outeroppings. . .

zontul beds, which bave in conse-

quence a universal strike wod a dip of 0°. An exposure of limestone
in vertical beds which strike N. 60° I. is shown at ¢, etc.

Measurement of the thickness of formations. — When forma-

tions still lie in horizoatal beds, we may sometimes learn their
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thickness directly either {rom the depth of borings to the under-
Iying rock, or by measurements upnn steep cafon walls.  If the
beds stand vertically, the matter is exceedingly simple, for i this
case the thickness is the width of the outeraps of the formation
between the beds which bound it upon either side. In the general
case, in which the beds are )
neither horizontal nor ver- !

tical, the thickness must be | Ouvrerop |
obtained indirectly from the \
width of the exposures and
the angle of the dip.  The
factor hy which the ex-
posare width must he mul-
tipliedd s known as the < By 30, — Dragram 1o show How the thickncss
of the dip angle (Fig. 30),  of 4 formation may be obtained fron the
which i\'g’i\'('ll\\'nh suffieient ungle of the dip and the width of the va-
aceuracy for most purposes
in the following fable. It i obvious that in order o obtain
the full thickness of a formation it is necessary (o measure from
the vontact with the adjacent formation upon the one side to a
similur contact with the nearest formation upon the other.

widlrir
or

posures.

Natural Sines

0° .00 35° 57 70° M
3° 09 40° .64 75° 7
10° 17 45° 71 80° U
15° 26 H50° 77 85° Lo
20° 4 55° 82 90° 1.00
25° 42 60° 87
30° .50 65° 91

The detection of plunging folds. — When the axis of a fold is
horizontal, its outcrops upon a plain will continue to have the same
strike until the formation comes to an end. Upon a generally
level surface, therefore, any regular progressive variation in the
strike direction is an indication that the folds have a plunging
or pitching character. Many serious mistakes of mterpretation
have been made because of a failure to recognize this evidence of
plunging folds. The way in which the strikes are progressively
modified will be made clear by the diagrams of Figs. 31 and 32,

E
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the first representing a pitching anticline and the second a piteh-
ing syncline.  In both these reciprocal cases the strikes of the

e
e
§
/,
e

£ ¥ ST ¥

Fi1e 31 — Combined surface and sectiopal view s of a plunging anticline (after Willis).

beds underge the same changes, and the dip direetions serve to
distinguish which of the two structures is present in a given case.
There is, however, one further difference in that the hard layers

T
1

1\

BHeS

73
7

2
?;—

F1a. 32.— Combined surf{ses and sectional views of a plunging syneline (after Willig).
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of the plunging anticline, where they disappear below the surface
in the axis, will present a domed surface sloping forward like the
back of a whale as it rises ahove the surface of the sea. Plunging
folds in serics will thus appear in the topography as a series of
sharply zigzagging ranges at those localities where the harder
layers intersect the surface. Such features are encountered in
eastern Pennsylvania, where the hard formations of the Appala-
chian Mountain svstem plunge nertheastward under the later
formations. The pitch of the larger fold is often disclosed by that
of the minor puckerings superimposed upon if.

The meaning of an unconformity. — The rock beds, which are
deposited one above the other during a transgression of the sea,

F1u. 33, — Unconformity between a lower and an upper series of beds upon the coast
of California. Note how the hard luyer stands in reliel upon the connecting
surface (after Fairbanks).

are usually parallel and thus represent a continuous process of
deposition. Such heds are said to be conformable. Where, upon
the other hand, two series of deposits which are not paraliel to
each other are separated by a break, they are said to form un-
conformable series, and the break or surface of junction is an un-
conformity (Fig. 33).
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Here it is evident that the sediments which compose the lower
serics of beds have been folded in the zone of flow, though the
upper series has evidently escaped this vicissitude. Furthermore,
the surface which delimits the lower series from the upper is some-
what irregular s shows wchard laser sfaonding o eelief, as it
Aanee 1o the attavks of the

would if it had apposed greater 1o
atinasphiere upun it

In reality, an unconformity between formations niust be in-
terpreted to mican that the lower series is not only older than the
upper, as shown by the order of superposition, but that the time
of it= dleposition was separated from that of the upper by a hiatus
in which important changes took place in the Jower series. The
stages or episodes in the history of the beds represented in
Fig. 33 may be read as follows (see Fig. 34 a-e) :—

(a) Depusition
of the lower series
during a transgres-
sion of the sea.

(b Continued
subsidence  and
burial of the lower
series beneath
overlying sedi-
ments, and fAexur-
ing in the zone of
fow.

() Elevation ol
the conbined e~
posits to and far
above sen level and
Fic. 34, — Seriosof dingrams to lustrate in muocession the [0 UY TN

episodes involved in the historical development of an Of VSt thicknesses

nngular upconformity. The vertical arrows indicate 0f the upper sedi-
the dux-mim._of movement of the land, and the horizontal ments.

arrows the direction of shore migration.

(d) A new sub-
sidence of the truncuted lower series and deposition of the upper
series across its eroded surface.

(¢) A new elevation of the double series to i
above sea level,

s present position




CONTORTIONS OF THE STRATA 53

I'rom this succession of episodes it is seen that a break of this
kind between two series of deposits involves a double oscillation
of subsidence followed by clevation — a large depression followed
by a large elevation, a smaller subsidence followed by elevation.
The time interval which must have been represented by these re-
peated operations is so vast as at first to stagger the mind in con-
templating it.  ¥hen, as in this instance, the dips of the lower
~eries of beds differ from those of the upper, we have to do with
an angular wnconformity. It may he, however, that the lower
series was not so fur depressed as to enter the zoue of fAow, and
that its beds meet those of the upper series with apparent con-
formity.  Sueh an unconformity is offen extremely difficult to
recoguize, and it s deseribed as u deceptive or erosivnal wuncon-
Jormity.

With a deceptive unconformity the clew to its real nature is
usually some fact which indicates that the lower serics of sedi-
ments had been raised above the
level of the sea before the upper
series 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-
nished by a basal conglomerate
in the upper series, or some in-
dication of diffcrent resistance of
different rocks of the lower series
to attacks of the aftmosphere
upon them (Figs. 33 and 35 a—c).

In most cases, al least, the
lowest member of the upper
series will be a different type of

C. Depression of survace over
rock from the uppermost mem- a— Weak rock, Gnapre/ecrion? orer

her of the Jower series, hence the b— orrong rock
frequent. occurrence of the dis- Fia. 35, — Types of deceptive or crosionat

i 1 unconformities.
cordant cross bedding in sand- ueonformities

stone should not deceive even the novice into the assumption
of an unconformity.
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Keavine Rereresces 1o CoarTer V

The zones of fracture and flow : —

C. R. Vax e, Principles of North American Precambrian Geolagy,
16th Ann. Rept. U8, Geol. Surv., 1895, Pu I, pp. 381-603.

Baiey WiLwis.  Mechanies of Appalachian Structure, 13th Ann, Rept.
U8, Geol, Sury,, Pt. I, pp. 2 .

A, Davpaie.  Etud nthétigues de Géologie Xxpérimentale. Paris,
1879, pp. 306-328. pl. 11

W. Prixz. Quelques remarques géoérales 3 propos de Iessal de carte
tectonique de la belgique, ete. Bull. Soe. Belge Geol., vol. 18, 1904,
P43 pl v

Analysis of folds: -
Vans and WitLis as ahove: pE Marcerie ot Hein: Les disloca-
tions de I'écoree 1errestre (in Frepch and German languages).  Zurich,
1888,

Gieological maps: —
Wy, H. Honns. The Mappiog of the Crystalline Schists, Jour. Geol.,
vol. 10, 1902, pp. 780-792, 855-890.



CHAPTER VI

THE ARCHITECTURE OF THE FRACTURED SUPER-

STRUCTURE

The system of the fractures. — ln relerring to experiments made
upon the fracture of solid blocks under compression (p. 41), it was
shown that two series of parallel fractures develop perpendicutar

to each free surface of
the block, and that
these series are each of
them inclined by half
of a right angle fo the
direction  of  compres-
sion, and thus perpen-
dicular to each other.
The fragments into
which a block with one
frec surface would thus
tend to be divided
should he square prisms
perpendicular  to the
free surface. It would
be interesting, if it were
practicable, to learn
from experiment how
these prisms would be
further fractured by a
continuationof the com-
pression. From me-

Fig. 36. — A set of master joints developed ip shale
upon the shores of Cayuga Lake near lthaea,
New York (after U. 8. G. 8.).

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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attitudes, they are, m
fact, scen 1o be inter-
sected by two parullel
serics of fractures
which are perpendicu-
lar to the earth's sur-
face and to cach other
andare deseribed as
Jodnds, T My cases
more than twao seriesof

such fractures are
found, yet even in
these cases two more

f £

perfectly  developed
series are prominent

and abmosl  exactly
perpendicular to cach
other as well as Lo the

T, 37.— Dingrum 1o show how sets of wsster fonts N P
differing in direction by half a right angle may  carth’s surface.  This

abruptly replace each other.

onmipresent double series or
sel of joints is the well-known
set of master joints, and very
often it is found developed
pragtically  alone  (Fig. 36).
Over lurge arcas, the direction
of the set of muster joints
niay remoein practically con-
stant. or this set may quite
suddenly give place to u sim-
ilar set which iz, however,
turned through bulf a rtight
angle fromn  the first (Fig.
37). Not infrequently two
such sets of master joints
are found together bisecting
each other's angles within the
same  rocks, and 1o them

Fic 3%, — Dingram to show the difforent
combinations of the scries composing two
doulile sets of muater joints, and ina, a, a
wdditionn disarderly fractures,
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are sometimes added additional though less perfect series of joint
planes.

Studied throughout a considerable disirict, the various series
which make up these two =vi- of master joints may be seen locally

equal spacing of the joints (after Kornerup).

developed in different combinations as well as in association with
additional fissure planes which are not easily reduced to any siraple
law of arrangement
(Fig. 38 a. a, a)
Only rarely are reg-
ular joint series oh-
served which do not
stand perpendicular
to the original atti-
tude of the rock
beds. Inafewlocal-
itie<, however, rec-
tangular joint sefs
have been discov-
ered which divide

! ! Fig. 40.— View of un exposed hillside in leeland upou
the rock info prisms  which the snow collected in crannies along the joints
paraliel to the ])rium out to ud\?nfangc both the larger and the smaller
B intervals of the joint system (after Thoroddsen).

earth’s surface and
with the joint series inclined to it each by hall a right angle.

Where the rock beds have been much disturbed, the complex of
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joints may be such as to defy all attempts at orderly arrange-
ment,

The space intervals of joints. The same kind of subequal spac-
ing which charueterizes the fractures near the surface of the block
in Duubrée's experitnent (Fig. 19, p. 41) is found simulated by the
rock joinlx {Fig. 39). Such unit intervals hetween fractures may
he grouped fogether into larger units which are separated by frac-
tures of unusual perfection. We may think of such larger spuce
units as having the smaller anes superimposed upon them (Fig. 40).

The displacements upon joints — faults. — [n the vast majority
ol cases, the joint fractures when carefully examined betray no
evidence of any appreciable movement of the two wulls upon each
other.  Generully the rock layers are seen to cross the joints with-
out appuarent displacement.  Joints are thereflore planes of dis-
Jjunction only, and not plancs of displacement.

Within many districts, however, a displacement may be seen
to have occurred upon certain of the joint planes, and these are
then deseribed as feults.  Such displacements of necessity unply

Tia. 41.— Faulted blocks of basalt divided by joints near Woodbury, Connecticut,
‘To show the structure of the roek, some of the foliage has been removed in prepar-
ing the sketeh from n photograph.

a differential movement of sections or hlocks of the earth's crust,
the so-called arographic blocks. which are bounded by the joint
plances and play individual réles in the movement. A simple cuse
of such désplucements 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 i= measured upon it not only
varies between wide limits, but is marked by abrupt changes at
the margins of the larger Llocks. This vertical displacement upon
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the fault is called its throe. Thougb not illustrated by the model,
liorizontal displacernents may likewise occur, and these will be
more fully dizenussed when the subject of carthquakes is considered
in the following chapter.  An actual exaraple of blocks displaced
by vertical adjustment is represented in Fig. 41, a stmple type of
faulting which has taken place in rocks but slightly disturbed from
their original attitude, but jntersected by a relatively simple sys-
tem of muster joints,  ln those regions where the beds have been
folded and perhaps overthrust before their elevation intoe the zone
of [ructure, and which are further interseeted by disorderly fissure
planes, the yesults are far more complex.  In such cases the
plines of individual displacement may not be vertical, though
they are generally steeper than 453°. For their description it is
neressary fo make use of addi-
tional technical terms (Fig, 42).
The inclination of & sloping fauit
plane measured against the ver-
tical is called the hade of the fault,
The totel displacement is measured
along the plane of the fault from a
point upon one lirmb to the point
from which it was separated in Fie. 42. — A fault in previously dis-
the ather. The additional terms turbed strata. AB. displacoment.
are made sufficiently clear by the g({_: ;}:\O\:;ifé:_"‘;’?}";?ﬂ:’;ﬁ?mw:
diagram.

Methodsof detecting faults.— The first effect of a fault is usually
to produce a crack at the surface of the earth; and, provided there
is a vertical displacement or throw, an escarpment which rises
upon the upthrown side of the (ault. In general it may be said
that escarpments which appear at the earth’s surface as plane
surfaces probahly represent planes of fracture, though not neces-
=arily planes of faulting. In rnany cases the actual displacernents
lie buried under loose rock débris near to and paralleling the es-
carpment, and in some cases as a result of the erosional processes
working upon alternately hard and soft layers of rock, the escarp-
menf may later appear upon the downthrown side or limb of the
fault (Fig. 43). As an illustration of a fault escarpment. the
fagade of El Capitan and many other rock faces of the Yosemite
valley may be instanced.
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When we have further studied the erosional processes af. the
earth's surface, it will be appreciated that faults fend to quickly

§
S

F16. 43. — Diagrams to show how

an escarpment originally on the
ide of the fault may,
m, appear upon the

upthrown
through cros

downthrown side,

hury themselves from sight, where-
as Told structures will long remain
in evidence.  Many faults will thus
Le overlovked, and too great weight
i= likely fo be ascribed to the folds
in accounting for the existing atti-
tudes and positions of the rock
masses.  Faults must therefore be
sought out if mistakes of interpreta-
tion are to be avoided.

The most satisfactory evidence of
a fault is the di= -overy of a rock bed
which may be casily identified, and
which is actually seen displaced on
a plane of fracture which intersects
it (Fig. 42, p. 59).  When such an
casily recognizable layer is not 1o be
found. the plane of displacement

may perhaps be discovered as a narrow zone composed of angular
fragments of the rock cemented together by minerals which form

out of solution in water.
follows a plane of faulting is
a foult breceia. 1 the fault
breccia, or vein rock, is much
stronger than the rock on
either side, it may eventually
stand in reliel at the surface
like a dike or wall. At other
times the disp'acement pro-
duces little {racture of the
walls, but thev slide over each
other in syuch @ manner
vield either o sioothly cor-
rugated or an evenly polished
surface which is described as
“slickensides.” It may he,
however, that during the move-

ax to

Such a fractured

rock zone which

" drug.”
The opening is artificial (after Scott).

Fic. 44.— A fault plane exhibiting
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ment either one or both of the walls have

‘

* dragged,” and so are

curled back in the immediate neighborhood of the fault plane

(Fig. 44).

When, as is quite generally the case, the actual plane of dis-
placement of a fault i< not upen to inspection, the movement may

he proven by the observuation ol
abrupt, as contrasted with grad-
ual, changes in the strikes and dips
of neighiboring exposures (Fig. 43) ;
or by noting thot some easily rec-
ognized formation has Dbeen
sharply ofisel i its outerops (Fig.
EIN

There gre i addition many in-
dicutions rather than proofx of the
presence of faults, which must be
tuken account of in cvery general
study of the geology of a distriet.
Thus the outerop< of all neighbor-
ing formations may ferminate
abruptly upon a

straight line whiclt 6. 45— Map W show how s fuult

intersects all alike.  Deepweated may beindicuted in abrupt chusiges

fissure springs may be aligned jn
a striking manner, and =0 indicute

of the strike s dip ol neighboring
PXpOsures.

the course of w promment

46.— A series of parallel
faults indicated by successive
offsets in the course of su

easily recognizable rock for-

mation,

though not neeessarily of u fuult.
Much the same may be said of the
dikes of cooled magrma which have
been injecled along preéxisting frae-
tures.

The base of the geological map.—
Modern topographic maps form an im-
portant part of the library of the serious
student of physiography; they are the
gazetteer of this brunch of science.

Every civilized nation has to~day either completed a topographic
atlus of its territory, or it is vigorously prosecuting a survey to
furnish maps which represent the relief with some detail, and pub-
lishing the results in the form of an atlas of quadrangles. Thus
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a reliel map will erclong Le obtainable of any part 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 Leing attacked from many centers.  Here and elsewhere
the reliel of the land is being expressed by so-culled contours or
lines of equal altitude vpon the carth’s surface. 1t is us though
u series of horizontal planes, sepurated by uniform mtervals of 20
or 40 or 100 feet, had been mude to intersect the surface, and the
interseetion curves, after consecutive numeration, had heen dropped
into a single plane for printing.

Where the slopes are steep, the contour lines in the topographic
utap will appear crowded together and so produce a deep shade
upon the map: whereas with relatively flat surfuces white patches
will stand out prominently upon the map.  More and more the
topographic map i~ coming into use, and for the student of nature
i particular it is important to acquire facility in interpreting the
relicl fronm the topographic map.  To further this end, a speeial
mudel has been devised, and its use is deseribed in appendis €
Usually before any satisfuctory geologieal map can be prepared,
a contoured topugraphic map of the distriet 1o be studied st
be available.

The field map and the areal geological map. - A« (he atlus of
topographic maps i the physiogruphic gazetteer, so geological
maps together constitute the reference dictionary of deseriptive
geology.  Not only are topographic maps of many districts now
gencrally available, hut more 2nd more it has become the policy
of governments to supply geological maps in the same quadrangle
form which i the unit of the topographic wap.  The geological
map is, however, a complex of so many conventional =vmbols,
that without =ome practical experience in the actual preparation
of one, it is excecdingly difficult for the student to comprehend
its significance. A modern geologieal map 1= usually a rectangular
sheet printed in color, upon which are many irregular areas of in-
dividual hue joiped to cach other like the parts of a child’s pic-
ture puzzle.

The colored arcas upon the geological map are cach supposed
to indicate where a certain rock type or formation lies immediately
below the surface, and thix distribution represents the best judg-
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meni of the geologist who, after a study of the district, has prepared
the map.  Unfortunately the conventions in use ure such that his
observation anil his theory have heen hopelessly intermingled
in the finshed produet. Armed with the geological map, the
stodent who visits the distriet finds spread out before him, it may
be, a landscape of hill and valley, of green forest and brown farming
Jand, which ix as different ws may he from the eolored puzzle which
he haldsin his hand. Hidden nder the Tumn vegetation oy nisked
by the woods are seattered outeroppings of rock which have heen
the basis of the geologist’s judgment in preparing the map. Fx-
perience shows that in order to bridge the wide gup hetween the
geology in the Jandseape and the patches of color upon the map
something more than mere examination of the colored sheet is
necessary.  We shall therefore deseribe, with the aid of luboratory
models, the various stages necessary to the preparation of a geo-
jogical map, and every student should he advised to follow this by
practical study of some =mall area where rocks are found in out-
crop.

Though Uie pullished areal grological map represents both fact
and theory, the map maker retains an unpublished field map or
map of observations, upon which the final map has been based.
This ficld map shows the Jocation of each outcrop that has been
studied. with a record of the kind of rock and of such obhservations
as strike, dip, and piteh.  Our task will therefore e to prepare :
(1) a field map; (2) an areal geological map; and (3) some typical
geological sections.

Laboratory models for the study of geological maps. — In order
to represent in the labarntory the disposition of rock ouferops
in the field, special lahoratory tables are prepared with removable
covers and with fixed tops, which are divided info squares num-
hered like the township sections of the national domain (Fig. 47).
To represent the rock outerops, blocks are prepared which may
he fixed in any desired position by fitting a pin into a small augur
hole bored through the table. The outerop hlocks 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. — To prepare the map, use
is made of a geological compass with rlinometer attachment,
protractor, and a map base divided into sections like the top of




64 EARTH FEATURES AND THEIR MEANING

the table, and on the scale of one ineh to the foot.  Bach exposurce
represented upon the tuble is * visited 7 and then loeated upon the
base map in its proper position and attitude.  The result is the
field map (Fig. 473 whicl thus represents the fuets only, unless
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TG, 47, — Yield map prepared from a laboratory tuble.

there have heen uncertainties in the correlation of exposures or
in determining the position of the bedding plane.

To prepare the areal geological map from the field map, it is
first necessary to fix the boundaries which separate formations at

e atTos o e T e e

Fia. 45. — Areal geological map constructed from the field map of Fig. 47, with two
selected geological sections.

the surface: and now perhaps for the first time it is realized how
large an element of uncertainty may enter if the exposures were
widely separated. It is clear that no two persons will draw these
lines in the sume positions throughout, though certain portions
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of themui—where the fucts arc more nearly adequate — may cor-
respond.  In Figo 48 is represented the arcal geological niap con-
strueted from the ficld map, with the doubtfu! arca at one side left
blank.

Some conelusions from (hi= uap may now be profitably con-
sidered. The complexdy folded sandstone formation at the left
of the mugs appears as the oldest. member represented, sinee its
area has been cut through by the intrusive granite which does not
intrade other formations, and is unconformal)y overluid by the
limestone and its hasal layer of conglomerate.  The limestone in
tury ix unconformably overlaid by the mercly tilted sandstone
becls at the right of the map. These three sedimentary forma-
tions clearly represent decreusing amounts aof elose folding, from
which it is clear that each earlier formation has passed through
an episode not shared by that of next younger age.  OF the other
jutrusive rocel-, the dike of porphyry is vounger than all the other
formations, with the possible exeeption of the upper sandstone.
Offsetting of the formations has disclosed the course of a fault,
and from its relations ta the dikes we may learn that of these the
porphyry s sounger and the basalt older than the date of the
faulting.

The doshed Jines upon the map (48 and CD) have been -elected
as appropriate lines along which ta construct geological sections
(Fig. 48, helow map), and from these seetions the exposed thick-
nesses of the different formations may be calculated.  In one in-
stance only, that of the conglomerate, can we be sure that this
exposed thickness measures the entire formation.

Fold versus fault topography. — The more resistant or  stronger”’
rock beds, as regards attacks of the atmosphere, in the course
of time come to stand in relief, separated by depressions which
overlie the * weaker "' formations. Simple open folds which are
not plunging exercise an influence upon topography by producing
gencrally long and straight ridges.  More complex flexures, since
they generally plunge, make themselves apparent by features
which in the map are represented by curves.  Fracture structures,
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 asperity
of features and to mold them with flowing curves. The frac-
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ture ~siructures are for this reason much more likely to be over-
looked, aud if they are not to clude the observer, they must be
sought out with care.  [Fold aod fracture structures may both be
revealed upon the same map.
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CHAPTER Vil

THE INTERRUPTED CHARACTER OF EARTH MOVE-
MENTS: EARTHQUAKES AND SEAQUAKES

Nature of earthquake shocks. — Man's Lelief in the stability of
Mother Eurth — the ferra firma — is so inbred in his nature that
even a light shock of earthquake brings a rude awakening. The
terror which it inspires is no doubt largely to be explained by this

% ¥ 7 3 .
Fra. 49, — View of « portion of the ruins of Messinu slter tie carthquake of
December 28, 1908,

disillusionment {rom the most fundamental of his beliefs.  Were
lie better advised, the long periods of quict which separate earth-
quakes, and not the lighter shocks which follow all grander dis-
turbances, would occasion him concern.

67
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Earthquakes are the sensible manilestations of changes in level
or of lateral adjustruents of portions of the continents, and the
scismic disturbances upon the sea — seaquakes and seismic sea
waves — relate to similar changes upon the floor of the ocean.

During the grander or catastrophic earthquakes, the changes
are indecd terrifyving, and have usually been accornpanied by losses
to life and property, which are only to be compured with those of
great conflagrations or of inundations on thickly populated plains.
The conflagration has all too frequently been an aftermath of
the great historic earthquakes.  The earthquuke of Deceraber 28,
1908, in southern Italy, destroyed almost the entire population of
a great city, and left of its massive buildings only a confused heap
of rubble (Fig. 44y, Two yvears later u heavy earthquake resulted
in grext damage to ecities in Costa Rica (Fig. 50), while two yveurs

. 50.-—Ruina of the Carnegie Palace of Peace at Cartago, C'osta Rica, de-
stroyed when almost completed by the great earthquake of May 4, 1910 (after
a photograph by Rear-Admral Singer, T.S.N.).

earlier cur own country was first really awakened to the danger
in which it stands from these convulsive earth throes; though, as
we shall see, these dangers can be largely met through proper
methods of construetion.

Earthquakes are usually preceded for a brief instant by sub-
terranean runoblings whose intensity appears to bear no relation
to the shocks which follow. The ground then rocks in wavelike
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motions, which, il of large amplitude, may induce nausea, prevent
animals from keeping upon their lect, and wreck all structures
not specially adapted to withstand thern.  Heavy bodies are some-
times throwy up from the ground (Fig. 51), and at other times

Fic. 31. — Bowlders throem vt the dir and everturned dunog the Assaw
earthquake of 1807 wafter R. D. Oldham).

similar heavy masses are, apparently because of their inertis, more
deeply imbedded in the earth.  Thus gravestones and heavy stone
nosts are often sunk mare deeply in the ground and are surrounded
by a hollow und perhaps by small

open cracks in the surface (Fig. 52). P

When hodies are thrown upward, it ,"'
) . @

would imply that a quick upward - o

movement of the ground had been frie. 52. — Heavy post sunk deeper
suddenly arrested. while the burial  into the ground during the
of heavy bodies in the earth is pl‘(.\h- S:‘“{L’;{:“‘i“:?gt‘:tz:;’f August
ably due to a movement which

begins suddenly and ix less abruptly terminated.

Seaquakes and seismic sea waves.— Upon the ocean the quakes
which emanate from the sea floor are felt on shipboard as sudden
joltings which produce the impression that tbe ship has struck upon
a shoal, though in most instances there is no visible commotion in
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the water.  The distribution of (hese shocks, as indicated cither
by the eaperiences of neighboring ships at the time of a particular
shock, or by the records of vessels which at different times have
sailed over au area of {requent seismic disturbanee, appears to he
. hmited to narrow zones or lines (Fig.
M/ 83). The same tendeney of undersseu
i cisturbanees 1o be localized upon deii-

nite straight lines hus been often i

-

» trated by the hehavior of  deepssea
/' cables which are laid in proximity {o
-~ one another and  which have heen

known to part simultanconsly at points
ranged upon w straight line.

— Map showing the fo- '
E ieh shocks huve  Fur grander disturhat upon the

txea off Cape (loor of the accan have been revealed
wlifornia.
difornis by the great sca waves — the so-called

Mendocinn,

“idal waves" properly referred to as fsunamis — whieh recur in
those sea districts which adjoin the spercial carthquake zones upon
the continents (p. 8).  The forerunner of such a sea wave approach-

Fig. 54. — Effcet of a seismic water wave at Kamaishi, Japan, in 1896 (after E. R.
Scidmore).

ing the shore is usually a sudden withdrawal of the water 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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vry and encountered a mountain wall.  Such seismic waves huve
been especially common upon the Pucifie shore of South Americs
and upon the Japanese httoral (Fig. 54}, These waves proceed
from above the great decps upon the oceun bottom, and clearly
result from the grander earth movements to which these depres-
sions owe their exceptional depth.  The withdrawal of the water
from meighhoring ~hores may be presumed to be connected with
a deseent of the floor of the depression and the consequent. draw-
ing-in of the occan surface ahove.  The later high wave would
thus represent the dispersion of the mountain of water which i
raised by the meeting of the waters from the different sides of the
depression.

The grander and the lesser earth movements.— Upon the
land the grander and so-called catastrophic earthquakes are
usually the accompaniment of important changes in the sur-
fuce of the ground that will be discussed in later scetions.
Those shocks which do little damage to struetures produce no
visible changes in the earth’s surface, except, it may be, to shake
down some water-sosked nasses of eurth upon the stecper stopes.
Still other movements, and these too slight to Le felt even in
the night when the animal world is at rest, may yet be distin-
euished by their sounds, the unmistakable rumblings which are
churacteristiv alike of the heaviest and the lightest of earth-
quake shocks.

Changes 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 of
the earth’s surface within the district
where the shocks were most infense.
A section of the ground is usually
found to have moved with reference to
another upon the other side of g verti-
cal plane which is usually to be seen;
we have here to do with the actual
making of a fault or displacement such
as we find the fossil examples of within Fie. 53.—a faule of vertical
the racks. The displacement, or throw, displaceraent.
upon the fault plane may be either upward or downward or
laterally in one direction or the otber, or these movements may be
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combined. A movement of adjacent sectiens of the ground
upward or downward with refer-
ence 1o each other (Fig. 53) has
been often observed, notably
at Midori after the great Jap-
anese earthquake of 1891, and
in the Chedrang valley of Assam
after the carthquake of 1897
(Fig. 56).
A lateral  throw, woaccom-
P panicd by appreciabic verfical
e L 8 e e sl (P 57, o
River and thus produced a waterfall,  Glally well illustrated by the
Assum carthquake of 1897 (sfter R. D, fault in California which was
Oidliagmn): formed during the earthquake
of 1906 (Fig, 38). A combination of the two tyvpes of displace-
ment in one (Fig. 39) is exempli-

o,

Fia. 57.— A fault of lateral displacement. Fig. 58 — Fence parted and displaced

o fiften feet by o transverse fault
fied by the Baishiko fault of  foreq during the California carth-
Formosa at the place shown in quake of 1906 (after W. B. Scott).
plate 3 A.

The measure of displacement. — To
afford sotie measure of the displacements
which have been observed upon earth-
quake faults, it may be stated that the
maximum vertical throw measured upon
the fault in the Neo valley of Japan (1831)
was I8 fect, in the Chedrang valley of
Assam (1897) 35 feet, and of the Alaskan
coast (1899) 47 feet. Large sections of
land were bodily uplifted in these caxes

Fia. 59, — Fuult with verti-
S eal und Jateral displaces
within the space of a few seconds, or  ments combined.



PraTe 3.

1. An earthquake fuult opened in Formosa in 1906, with vertical aud lateral dis-
placements combined (after Omori).

B. Earthquake faults opened in Aluska in 1059, on which vertical slices of the
earth's ghell have undergoneiudividual idjustments (after Tarr and Martin).
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at most a few minutes, by the amounts given. The lurgest re~
corded lateral displacement measured upon an earthguake faolt
is about 21 feet upon the California

rift after the earthquake of 1906; .
though an amount only slightly less
than this is indicated in the shifting
of roads and arrovas dating from the
carthquake of 1872 in the Owens valley,
California. Fault lines once established
are planes of special weakness and
become later the scat of repeated
movements of the sawe kind.

The greater number of earthuake
faults arc found i the loose rock cover
which so generally mautles the frmer 119 60 — Diagran to show how

- P . stuall faults in the rock buse-
rock basement. and it is almost certain i may be masked st the
that the throws within the solid rock — surface through adjustments
are cousiderably larger thag  those  Withintheloose rock muntle,
which are bere measured at the surface, owing {o the adjustments
which so readily take place i the Jooser materials.  Those lighter
shocks of earthquake which are acconipanied by no visible dis-
placements at the surface do,
however, in sone instances affect
in a measure the How of water
upon the surface, and thus indi-
cate that small changes of sur-
face level have oceurred without
breaks sufficiently sharp to be
perceived (Fig, 60).  Intermedi-
ate between thesteep escurpment
and the masked displacement.
just described is the =o-called
“mole-bill”" effeet,—a rounded
Fio. 61.— Disram to show the apprar- &nd variously cracked slope or

unce of a *mole hill" wbove a buricd ridge above the position of a

curthquake favlt (after Koto). buried fault (Fig 61).

The escarpments due to earthquake faults in loose materials
at the earth’s surface can obviously refuin Lheir steeppess for a
few years or decades at the most; for because of their verticality
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they must gridualy disappear i rounded slopes under the action
of the elements, Smaller displacements within o rock which
rapidly disintegrates under
the action of frost and sun
will likewise before long be
effaced. In those excep-
tional instances where a
resistant rock type has had
all altered  upper layers
plancd away until a fresh
L and hard surface isooex-
- R posed, and has further
B heen proteeted from the
frost and sun beneath u
thin layer of soil, its origi-
nal surface may be re-
tained unaltered for many centuries.  Upon such a surface the
lightest of <ensible shocks, or even the smaller earth movements
which are ol perecived at the tine, niay leave an almost indelible

srthquake fuults of s
sement, eastern New

It cumulntive displ
York (after Woodworth)

record. Such records particu-
lieriy show that the movenents
which they register oecur upon
the planes of jointing within the
rock, and that  these  ready
fornted cracks have probubly
heen the seats of repeated and
cumulative adjustments  (Fig.
G2).

Contraction of the earth’s
surface during earthquakes.—
The wide variutions in the
amount of the luteral displuce-
ment upon earthquake faults,
like those opened in California
in 1908, show that at the time of
a heavy carthquake there must
be large local changes in the
density of the surface materials. Literally, thousands of fis-
sures may appear in the lowlands, many of them no doubt a

T N 2
F1g. 63. — Barthquake cracks in Colorndo
desert (2fter a photograph by Sauerven).
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secondary effect of the shaking, but others, tike the guebradas of
the southern Andes or the *“ carthquake eracks ™ in the Colorado
desert (Fig. 63), may have a deeper-scated origin.  Many facts
go to show, however, that though local expansion does occur in

-

‘:zé\ .

i, B4, — Disgrams to show low rmlwin tracks

@3 f
vither broken o1 huekled

locally within the distret sisited by eurthognanke,

same Jocalities, a surlace contraction i= w for more general conse-
quence of earth movement.  In eivilized countries of high indus-
trial development, where lines of metal of one kind or another run
for long distances heneath or upon the surface of the ground, such
general contraction of the surface may he casily proven. Con-

Fis. 65.—The Biwajima ruilroad bridge in Jupnn ulter the earthquake of 1581
(after Milnc and Burtwn).

paratively seldom are lines of metal pulled apart in such a way
as to show an expansion of the surface; whereas bucklings and
kinkings of the lines appear in many places to prove that the area
within which they are found hus, ax a whole, been reduced.

Water 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
are thrown into local loops and kinks which imply a very consid-
erable local contraction of the surface (Fig. 64). With unvarving
regularity railway or other hridges which cross rivers or ravines,
if the structures are seriously damaged, indicate that the river
harks have drawm nearer fogether at the time of the disturbance.
In such cases, whenever
/W—\/'—Mr the bridge girder has re-
A mained in place upon its
W abutments, these have
T [ I Il cither been broken or back-
B tilted as a whole in such a
6. — Diagrams 1o show how the compres= manner as to indicate an
m-n{ur:nii.\'lru-t andits con: unu(«"t)ntr'ylr.‘ll.m\ appro:uzll of the fownla-
during an carthquake 1t lose up the joint A .
spices within the rock basement and concen- 1005 which was prevented
trate the cantraction of the overlying mantle gt the fop by the stiffness
where |I|i-‘ is partially cut through and so of e girr]ur (FIL‘; ()_-))
weakeped i the valley seetions. .

The siniplest explana-
tion of sueh an approach of the hanks at the sides of the valleys
cut i Joose surface material is to be found in a general closing up
of the joint spaces within the underlyving rock, and an adjust-
men( of the mantle upon the foor mainly in the valley sections
(Fig. G6).

The plan of an earthquake fault.— [n our consideration of earth-
quake [aults we have thus far given our attention to the displace-

Seate 0 It
.— Map of the Chedrang fault which made its appearance during the Assam
rthguake of 1807, The figures give the amonuts of the locwd verties! displace-
ment measured in feet @fter R DL Oldha).

ment as viewed af a single locality only.  Such displacements are,
however, continued for many miles, and sometimes for hundreds
of miles; und when now we examine o map or plan of such a line
of faulting, new facts of large significance make their appearance.
This may be well illustrated by a study of the plan of the Chedrang
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fault which appeared at the time of the Assam earthquake of
1897 (Fig. 67).  TFrom this map it will be noticed that the upward
or downward displacement upon the perpendicular plane of the
fault is not upiform, but is subject to large and swdden chianges.
Thus in order the measurements in feet, “

are 32, 0, 18, 35, 0, 8, 25, 12, 8, 2, 0.
The fault formed in 1849 upon the
shores of Russell Fjord in Alaska (Fig.
68) reveals similar sudden changes of
throw, only that here the direction of
the movewent is often reversed; or,
otherwise expressed, the upthrow is
suddenly transferred from one side of
the fault to the other. Such alwupt
changes in the dircetion of the dis-
placemnent have been observed upon

FrG. 89. — Abrupt change in the direction . s 3
of throw upon an earthquake fault which ALES.
was formed in the Owens valley, Califor- FiG. 68— Map giving the
nia, in 1872, The observer looks dircetly displacements  in feet
along the rowrse of the fault from the loft measured wlong an earth-
foreground 1o the clifl beyond and to the guake fauit formed 1
left of the impounded water (after a Alaskain 1899 (after Tarr
photegraph by W. D. Johnson). apnd Murtin).

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 subdivided into
sections, each of which differs from its neighbors upon cither side
and is sharply separated from them, at least in many 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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Sueh points of ahrupt cliange in the degree or in the direction of

(he displacetnent inuy be, when

its within su aren
California, formed
in purt during t thquake of 1872,
and i part due to early disturbances.
In the western portions the displace-
ments cut aeross irm rock and alluvial
deposits alike without deviation af di-
rection (after a msp by W. 1. Johusan).

Fia. 70. — Map of the fu
of the Gsvens valle,

luoked at from above, abrupt
turning points in the direction
of extension of the fault, whose
e upon the map appears us
zug Jine made up of straight
sections  connected by shurp
clbows (Fig. 70).

Such a grouping of surface
faults as are represented upon
the map is evidence that the
area of the earth’s shell, which
is included, has at the time of
the earthquake been subject to
adjustments as a =cries of sepa-
rate units or blocks, certain of
the houndaries of whieh are the
fuult lines represented.  The
chunges in displacement meas-
ured upon  the targer faults
ke it clear that the observed
fanlts can represent but a frae-
tion of the total number of
lines of displacement, the others
being masked by variations in
the compactness of the loose
mantling deposits.  Could we
but have this mantle removed,
we should doubtless find a rovk
floor separated into parts like
an ancient Pompeiian pavement,
the individual blocks in which
have been thrown, some upward
and some downward, by vary-
ing amounts. Less than a
hundred miles away to the east-
ward from the Owens valley, a
portion of this pavement has
been uncovered in the extensive

cou
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operations of the Tonapah Min-
ing District, so that there we
may study in all its detal the
claborate pattern of carth mar-
quetry (Fig. 71) which for the
Aoor of the Owens valley is as
vet denied us.

The earth blocks adjusted
during the Alaskan earthquake
of 189g.— For u study of the

adjustments which  take  place

between peighboring earth blocks
during a great carthquake, the
recent Alaskan disturhance has

Fio. 7. — Mup of a portion of the Aluskan coast 1o
show the adjustments in Jovel during the earth-

quake of 1899 (after Tarr und Murtin.

— P

I, 71, — Marguetry of the roek floor

of the Tonupah  Mining  Distriet,
Nevada (after Spurr).

offered  the  advantage
that the most alfected
district was upon the

seavoust, where changes
of level could be referred
o the datum of the sea's
surfuce.  Here a great
island wind farge sections
of the neighboring sbore
underwent  movemsents
both as a whole in large
blocks and in adjost-
ments of their subordi-
nate parts among them-
selves (Fig. 72). Some
sectionsof the coast were
here elevated by as much
as 47 feet, while neigh-
horing sections were up-
lifted by smaller amounts
(Fig. 73). and certain
smaller sections
even dropped below the
level of the sca The
amount of such subsid-

were
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ence is, however, difficult {0 aseertain, for the reason that the
former shore features are now covered with water and thus removed
from observation,  In favor-
able loealitios the minimum
amount of submergenee may
sometimes he measuredupon
forest {rees which are pow
flooded with sea water. In
Fig. 74 a portion of the
coust is represented where
the beach sand is now ex-
) tended back into the spruce
Fii — View on Haeneke Isdand. Disen- o pai g distanee of o hun-

ehantment Buy, Maska, revealing the shore

it rose seventeen feet ahove the sea during dred feet or more, and where

the carthuuake of 1599, sud was found with  serdgy beach grass is growing
still lingine 1o the roek Glter o on e trees whose roots are
now laved in salt water.
At the front of this [orest the great storm waves overtur the
trees and pile the wreekage in front ol those that still remain

Twrnactes
Tarr and Murtin)

standimg.
Upon the ghaciated rock <urfaces of the Alaskan coust, exeep-
tionally favorable opportunitics are found for study of the intricate

2 . — Settlement of o section of the

- a ™ ) o shore at Port Royal, Jamaica, during

16, 74— Partially submerged forest  the earthquake of January 14, 1907,

upon the shore of Knight Islapd, Alaska,  adjacent to u similar hut langer settle

due to the sinking of a section of the  ment of the ncar shore during the

const during the earthquake of 1899 carthquake of 1692 (after a photo-
(after Tarr and Martin), gruph by Brown).

pattern of the earth mosaie which is under adjustment at the time
of an earthquake. Upon Gannett Nunastak the surface was found
divided hy parallel faults into distinet slices which individually
underwent small changes of level (plate 3 B).



CHAPTER VIII

THE INTERRUPTED CHARACTER OF EARTH MOVE-
MENTS: EARTHQUAKES AND SEAQUAKES (Concluded)

Experimental demonstration of earth movements. — The study
of the Alaskan earthquake of 1899 showed that during thix adj
ment within the carth’s shell some of the local blocks moved up-
ward and by larger amounts than their neighbors, and that still
others were actually depressed so that the sca flowed over them.
It must be evident that such differential vertical movements of
neighboring blocks at the earth’s sorfuce can only tuke place
il lateral transfers of maferial are made bheneath it. Froni under
those strips of coust lund which were depressed, material nust
have been moved so as to fill the void which would otherwise have
formed bencath the sections that were upliited. 1 we take into
consideration much larger fractions upon the surface of our planet,
we are taught by the great seaquakes which are now registered
upon carthquake instruments at distant stufions that large down-
U'UT(] movernents are fo-
than =ufficient fo compensate all extensions of the carth’s surface
within those districts where the land is rising in mouutuins,  From
under the ofishore deeps of the ocean to beneath the growing
mountaing upon the shore, a transfer of earth material must be
assumed to take place when disturbances are registered.

Within the time interval that scparates the sudden adjustments
of the surface which are manifested in earthquakes, the condition
of strain which brings them about is steadily accumulating, due,
as we generally assume, Lo eartl contraction through loss of its
heat. Tt scems probable that the resistance to an immediate ad-
justment is found in the rigidity of the shell beeause of the com-
pression to which it is subjected.  To illustrate: o 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 surface is ealled into exist-
ence, a foree which increases with the degree of compression.

G 81

day in progress heneath the sea mueh more
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It ix thus possible upon this assumption crudely to demonstrate
the adjustment. of carth blocks by the simple deviee represented in
plate 4 A, The construction of this experiteatal tank is xo simple
that little explanation i= necessarv.  Wooden blocks of different
heights wre supported in water within s tank having a glass front,
and are kept in a strained condition at other than their natural
positions of flotation by the compression of a sinople viee at the
top. Held firmly in this position, they may thus represent the
neighboring blocks within the carth’s oufer shell which are sup-
ported upon relutively yielding materials bencath, and prevented
from at once adjusting themselves fo their natural positions through
the compression to which they are subjected. Held ax they now
are, the water near the ends of the tank is foreed up beneath the
blocks to higher than its natural level, and thus tends to flow from
both ends toward the center. Such a movement would permit
the end blocks to drop and force the middle ones to rise.  The end
blocks are, let us say, the sections of Alaskan const line which sunk
during the earthquake, as the conter blocks are the sections which
rose the full measure of 47 feet. Upon a larger seale the end blocks
may equally well be eonsidered as the floor of the great deeps off
the Alaskan coast, whose sinking at the titne of the eartbquake
was the cause of the great sen wave.  Upou this assumption the
center blocks would represent the Alaskan coast regarded as a
whole, which underwent a general uplift.

Though we may not, in our experiment, vary the tendency to
adjustment by any contractional changes in either the water or
the blocks, we may reduce the compression of the vice, which leads
to the same general result. As the compression of the vice is
slowly relaxed, a point is at last reached at which friction upon
the block surfaces is no longer sufficient to prevent an adjustment
taking place, and this now suddenly occurs with the result shown in
plate 4 B, In the casc of the earth blocks, this sudden adjustment
is accompanied by mass movements of the ground separated by
faults, and.these movements produce suceessional vibrations that
are particularly large near the block margins, and other frictional
vibrations of such small measure as to be generally appreciated by
sounds only. The jolt of the adjustments has thrown some blocks
beyond their natural position of rest, and these sink and rise sub-
sequently in order to readjust themselves with lighter vibrations,




Prate 4.

A. Experimental tank to illustrate the earth movemonts wmeh are
munifested in earthquakes. The sections of the earth's shell are bere
represented before adjustment has tuken place.

B. The samce apparatue after a sudden adjustment,

C. Model to illustrate a block displocement in rocks which zre intersected
by moaster joints
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which may be repeated and continued for some time,  In the case
of the earth these later adjustments are the so-called aftershocks
which usually continue throughout s considerable period follow-
ing every great earthquake.  Grudually they fall off in intensity
and frequeney until they can no longer be felt, and are thereafter
continued for a fime as rumblings only.

Derangement of water flow by earth movement.— The wuter
which suppurted the blocks in our experiment has represented
the more mobile purtion of the earth’s substance beneath its outer
zone of fracture.  The surface water luyers in the tank may, how-
ever, be cousidered in a different
way, since their behavior s remark-
ably like that of the water within
and upon the earth's surface during
anearth adjustment. At the instant
when adjustment takes place in the
tank, water frequently spurt=s upward
from the crocks hetween the sinking
end blocks; and if in place of one
of the higher center blocks we isert
one whose top s helow the level of ) )
the wuter in the tank, a “lake” will F"L;;“W:J';i[:;::ir":”:s l:‘;l‘;“‘?\::’i‘:s
be formed above it. When the ud- wirthquuhes.
justment oceurs, this lake is im-
mediately drained by outflow of the water at its bottom along
one uf the eracks between the blocks (Fig. 76).

Such derangements of water flow as have been illustrated by
the experiment are among the commonest of the phenomena
which wccompany carthquakes. lakes and swamp lands have
during eurthquakes been suddenly drained, fountains of water
have been seen to shuot up from the surface and have played for
some minutes or hours lefore their sudden disappearance in a suck-
ing down of the water with later readjustment. During the great
curthquake of the lower Mississippi valley in 1811, known as the
New Madrid earthquake, the earlier Luke Eulalie was completely
drained, and upon the now exposed bed there appeared parallel
fissures on which were ranged funnel-like openings down which
the water had been sucked. In other sections of the affected
region the water shot up in sheets afong fissures to the tops of high
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trees.  Arcas where such spurting up of the water has been ob-
served have in most cases been shown to correspond to areas of
depression, and such areas have sometimes been left fooded with
water,  During the Indian earthquake of 1819 an arca of some
200 square miles cuddenly sank and was transformed into a lake,

Sand or mud cunes and craterlets.—Fromn u very moderate
depth below the surface fo that of seversl miles, all pore spaces

garthguake Spwngs foon-
"’"“‘“"“ " 12 Swomp droined.
'.\'T'

J

Fie. 77.— Diagram to illustrate the dernogements of flow of water at the time of
anentthguake s water issuing at the surface over downthrowu rocks, and being
sucked down in upthrown blocks.

and o) Jarger openings within the rock are completely filled with
water, the * trunk lines ™ of whose circulation i~ hy way of the
juints or along the bedding planes of the rocks.  The prineipal
reservoirs, so 10 speak, of this water inclosed within the rock are

Fic. 78.— Mud rones aligned upon a fissure opened at Moraza, Servia, during
the earthquake of April 2. 1904 (after Mickailoviteh).

the porous sand formations. When, now, duriug an earthquake a
black of the earth’s shell is suddenly sunk and as suddenly arrested
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i its downward movement, the effeet is to compress the porous
Jayers and so foree the contained water upward along the joints to
the surface carrving with it large quantities of the sand (Fig. 77).

Fig. 79.—One of the many craterlets formed near Churleston, South Cuaroling,
during the earthquake of Angust 31, 188G, The opening is twenty feet across,
aud the leaves about it are eucssed in sand as were those upon the branches
of the overhanging trees to a height of some twenty feet (after Dutton),

Ejected at the surface this water appears in fountains usually
arranged in line over joinis, or even in continuous sheets, and the
sind collecting about
the jet~ builds up lines
ol sond or mud cones
soloefimes deseribed as
*mud voleanoes ™ (Fig.
78).  The amount of
sand thus poured out
is sometimes w0 greaf
that blankets of quick-
sand are spread over

o ; Fig. 80, — Cross scctivn of & craterlet to ghow the
arge sections of the truwpet-like form of the sand column.
country.  Most  fre-

quently, however, the sand is not buill above the general level
of the surface, but forms a series of cralerlets which are largely
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shaped as the water is sucked down at the time of the readjustment
with which the play of such carthquake fountains is terminated
(Mg 79). Subsequent excavations made about such craterlets
have shown them to have the form of a trumpet, and that in the
sand which so largely fills them there are generally found scules of
mics and such light bodies as would be picked out from the hetero-
gencous materials of the savd layers and carried upward in the
rush of water to the surface (TFig. 80).

The earth’s zones of heavy earthquake.—Nince earthquakes
give notice of a change of level of the ground, the special danger
zones from thix source are the growing mountain systems which
are usually found near the borders of the sea.  Such lines of moun-
tains are fo~day rising where for long periods in the past were the
basing of deposition of former seas. They thus represent the
zones upon the eartl's surface whieh are the most unstable —
which in the recent period bave undergone the greatest changes
of Jevel.

By far the most unstable Delt upon the carth’s surface i the
rim surrounding the Pacific Ocean, within which margic it has
been estimated that about 54 per cent of the recorded shocks of
earthquake have oceurred.  Nextin importance for seismie in-
stability s the zone which horders both the Mediterranean Sea
and the Caribbean—the American Mediterrancan—and s ex-
tended across central Asia through the Hiolayas into Malaysia.
Both zones approximate to grest cireles upon the carth’s surface
and interseet cach other at an angle of about 67°. Tt has been
estimated that about 35 per cent of the recorded continental earth-
quakes have emanated from these belts.

The special lines of heavy shock.— Within any earthquake
district the shocks are not felt. with equal severity at all places,
but there are, on the contrary. definite lines which the disturbance
seems to search out for special damage. TFrom their relations to
the relief of the land these lines would appear to he lines of fracture
upon the boundaries of those sections of the crust that play in-
dividual réles in the block adjustment which takes place. More
or less masked as these lines are beneath the rounded curves of
the landscape, they are given an altogether unenviable prominenee
with each succeeding eartbquake. At such times we may think
of the earth’s surface as specially sensitized for laying bare ity
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hidden struetiure, as is the sensitized plate under the magical -
fuence of the X rays.

When, 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 contact.  Corners of blocks
- the intersecting points of the im-
portant faults — should for the same
reason  be  shaken with a  double
vialeuee, and this assumption ap-
pears to be confirmed by observation.
Upon the island
of lIschia, off the
Bay of Naples,
the shocks from
recent carth- 1.—Map of the istand of
quukes have to shaw bow the shoeks
heen .\’(run;zo]y of reeent carthgunkes have bees
concentrated  ut the  erossing
paint of  twa fractures  (after
x near the town of  Neradh snd Johnston-Lavis).

' Caramicciola,
whieh was last destroyed in 1883.  This un-
fortunate city lies ot the crossing point of
important fractures whose course upon the
island i+ marked by nurerous springs and
suffion (Fig. 81).

Seismotectonic lines, — The lines of imn-
portant earth fractures, as will be more clearly
shown in the sequet (p. 227), are often indi-
. Soame. o cated with some clearno.&ﬂ. by s!:raight, lim--:< in
= the plan of the surface relief (FFig. 82).  Lines
F‘&i"\;:-*i,',id':::“;;‘“i" of this nature are easily made out upon the

the plan of the N“QR map of the West Indies, and if we represent

which muy at oy time  upon it by circles of different diameters the

:ﬁfs:{:enth:nd”r::ul‘: wmbing(i intensit‘ies of' %he recorded earth-

ant shock, quakes in the various cities, it appears that

the heavily sheken localities are ranged upon
lines stamped out in the relief, with the most severely damaged
places at their intersections (Fig. 83). These lines of exceptional

....... Epiconlrum of 1eny
Inlense destructive Areo 1796
. . 1628
o1
1083

concentrated
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instability are known as se/smolectonic {ines — curthquake struce-
ture lines.

The heavy shocks above loose foundations. —- [t is character-
istic of Jaults that they soan bury themsclves from sight under
loose matenials, and are thus made difficult of inspection.  The
escarpment whicl ix the direct consequence of a vertical displace-
ment upon a faul{ tends to migrate from the place of its furnation,
rounding the swrface as it does so and burying the fault line beneath
its deposits (Fig. 43, p. 60).

This is nof, however, the sole reason win loose foundations
should be places of special danger at the time of earth shocks, for
the regson that earthquake wuves are sent out in all directions
from the surfaces of displacement through the medium of the un-
derlying rock.  These waves travel
within the firmn vock for considerable
distances with only a gradual dissipa-
tion of their energy. but with their
entry into the loose surfuce deposits
their energy s guickly used up in
local vibratious of large amplitude,
and hence destructive to huildings.
Fia. 5. — Devive to illustrate the The essenfial - difference hetween

different effects upon the trans-  firm roek and such loose materials as

wission and the charactes of gre found upon a river bottom or in
shocks which are produced by 0y e land 7 ubout our cities
firm rock and by loose materiaky.
may be illustrated by the simple
device which is represented in Fig. 84. Two similar metal pans
are suspended {rom a firm support by hands of steel and “elastic”
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 direetly to the pans with the effect of upsetting that block
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which is supparted by the Toose Lraid beeawse of the Lirge rugge
or wnpbitude of movement that s fmpurted to the pan. The
elastie " braid, becuuse of these large vibrations of which it is
susceptible, may represent the loose waterials when sn earthquake
wave passes into them. In the case of the steel support, the
energy of the Dlow, instead of being dissipated in Jocal swingings
of the pan, is to a o extent transmitied through the clastic
metal to materials bevod. The steel thus resembles inits higlh
clasticity the firmer rock hasement, which receives and transmits

the earthquake shoch=. but except when ruptured in g fault is
subject to vihrations of sial)l amplitude only.

Construction in earthquake regions. — Wherever carthquakes
liave been felt, they arc certain to oceur agam; and wherever
mountains are growing or changes of level are in progress, there

no record of past carthguukes is required inorder to Tore
fitare <cismic histors.  Although the future carthguakes nay be
predicted, the time of thelr conning )
St hidden from o 3 o’ ot
eauntry

< fortunately or unfortunaiely,
< fu he east inoan earthquahe
L the unly sune course to pursue i< to build with due regurd

o future contingencies,
The danger Trom destructive fices may to-day be largely met
by methods of construchion which levy an additional burden ol

cost, Though the dunger [rom seismic disturbances can hardly
be met as fully as that from fire, yet i i troe that buildings may
he so constructed s fo withstand oli save those heaviest shocks
i the immediate vieinity of the Hoes of large displacement. Here,
alro, o considerable additional expens
ol consiruction, in the case of residenc

I'ram what has heen said, it ix obvious that mueh of the danger
fromy carthguakes can be met by a choice of site away frony Jines
ol important fracture and fromg areas of relatively Toose foundation.

is involved in the method

= pacticularly.

The choice of building materials is next of importance. Those
Luildings which sueenumb to carthquakes are in most cases racked
orshaken apart, and thus they become a prey to their own inherent
propertios of inerfia.  ldach part of a structure may be regavded
us a weight which i bulaneed upon a stiff rod and pivoted upon
the ground.  When shocks arrive, each part tends to be thrown
into vibration after the manner of an inverted pendulum. o
proportion, therefore, ux the weights are large and rest upon long
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supports, the danger of overthrow and of tearing apart is increased.
{n eneral, structures are best constructed of light materials whose
weight s concentrated near the ground. Masonry structures,
and espevially high ones, are, therefore, the least suited for resisting
earthquakes, of which the late complete destruction of the city
of Messinu is o grewsome reminder.  Despite repeated warnings
in the past, the buildings of that stricken city were generally con-
structed of heavy rubble, which in addition had been poorly ce-
mented (Fig. 49, p. 67). Such struetures are usually first ruptured
at the edges and corners, sinee here the vihrutions which teud to

cked in San Fraweizeo earthquake of 1906 because the Roors

IM16. 835, — House wrec
aud purtitions were not securely fustencd w the walls (after R. L. Humphrey).

sisted by no supports and are

tear the building asunder are
reénforced from neighboring walls.

An advantage of the first importance is evidently sceured if the
rods of the pendulum, of which the building is eonceived to I com-
posed, have sufficient elasticity te he considerably distorted with~
out rupture and to again recover their original position.  This is
the supreme advantage of struetural steel for all large huildings,
which is coupled, however, with the disadvantage that the
riveted fastenings are apt to he quickly sheered off under the
vibrations.  Large and high buildings, when sufficiently elastic,
have forfunately the property of destroying the eurth waves
by interference before they bave traveled above the lower
stories. .

For large structures in which wood cannot be used, strongly
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reénforced concrete is well adapted, for it has in general the same
advantages as steel with somewhat reduced clasticity, but with a
more effective binding together of the parts. This requircraent
of thorough bracing and tying together of the several parts of a
building causes it 10 vibrate, not us many pendulums, but as one
body. If met, it removes largely the danger from racking strains,
and for small structures particularly it is the requircwent which
is most easily complied with.  For such buildings it is therefore
negessary that the framework should be built i a close network

§tendtet,

FiG. 8. — Building wrecked at San Mateo, California. during the late earth-
quuke.  The heavy roof aud upper floor, acting as a unit, have battered down
the upper walls (after J. C. Branner).

with 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 ot
have heen suhjected to heavy sbocks, for though the walls are
thrown down, the floors and partitions have been left. near 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 that a volcano is a © burning mountain
or o smoking mountain " has heen much fostered by the schoal
texts in physical geography in use during an earlier period.  The
best introduetion 1o a disenssion of voleanoes iz, therefore, a disil-
lusiontuent from this notion.  Far from being burning or sinoking,
there s normually no combustion whatever in connection with a
voleanice eruption.  The unsophisticated tourist whe, looking aut
from Naples, reex the steam cap which overbangs the Vesuvian
crater tinged with brown, easily receives the tmpression that the
materiul of the cloud is stnoke.  Even more at night, when g Lright
glow is reflected to his eye and soon fades away, only to again glow
brightly alter a few moments have passed, is it difficult to remove
the impression that one s watehing an intermitient combustion
within the erater.  The cloud which floats away from the crest of
the mountain is in reality composed of steam with which is ad-
mixed a larger or xmaller proportion of fine rock powder which
gives to the cloud its brownish tone.  The glow observed at night
is only a reflection from molten lava within the crater, and the
variation of its hrightness is explained by the allernating rise and
fall of the lava surface by a process presently fo be explained.

Not only is there no rombustion in connection with voleanic
eruptions, hut <o far us the voleano is a mountain it is a product
of its own action.  The grandest of voleanic eruptions have pro-
dured no mountains whatever, but only vast plains or plateaus
of consolidated molten rock, anrd every voleanic mountuin at
some time in its history has risen out of a relatively level surface.

When the traditional notions ahout volecanoes grew up, it was
supposed that the solid earth was merely a “ crust” enveloping
still molten material.  As bas already been pointed out in an ear-

94
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lier ehapter, this view ix no longer tenable, for we now know that the
condition of matter within the earth's interior, while perhaps not
dirertly comparable fo any that is known, yet huas properties most
resembling kuowo matter in a =olid state; it is wueh more rigid
than the best tool steel. While there must be reservoirs of molten
rock beneath active voleanoes, it is none the less elear that they
are small, loeal, and temporary.  This is shown by the compara-
tive study of voleanie outlets within any circummseribed district.

1t is perhaps not easy 1o frame g definition of a voleano, hut
its essential part, instead of heing 2 mountain, is rather a vent or
chanuel which opens up connection hetween a subsurface reservoir
of molten rock and the surfuce of the carth.  Au crupiion occurs
whenever there is a rise of this material, together with more or less
steamn and admixed gases, to the surface.  Such molten rock ar-
riving ot the surface is designated lave. The changes in pressure
upon this material during it elevation induce secondary phenorn-
eny as the surface ix approached, and these manifestations are
often most awe inspiring.  While often locally destructive, the
geological inportance of such phenomena is by reason of theic
terrifying aspeet likely to he grestly exaggerated.

Early views concerning voleanic mountains. — A« already pointed
out, a voleano al its hirth is not a mountuio at all, but only, so Lo
speak, a shalt or chiannel of communication between the surface
and a subferrancan reservoir of molten rock. By bringing this
melted rock to the surface there is built up a loeal clevation which
may be designated a mountaio, except where the volume of the
material is so large and is spread to such distances as to produce a
plain (see fissure eruptions below).

Lo the early history of geology it was the view of the great Ger-
man geologist von Buch and bis friend and colleague von Hum-
boldt, that a voleanie mountain was produced in much the same
manner as is a blister upon the body. The fluids which push up
tbe cuticle in the blister were here replaced by Auid rock which
clevated the sedimentary rock layers at the surface into a dome or
mound which was open at the top — the so-called crater. This
“elevation-crater ” theory of volcanoes long held the stage in
geological science, although it ignored the very patent fact that
the layers on the Aanks of volcanic cones are not of sedimentary
rock at all, but, on the contrary, of the volcanic materials which
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are brought up (o the surfiee during the eruption. The observa-
tional phuse of seience was, however, dawning, and the Fnglish
geolozists Nerope wand Lyvell
were able to show by study of
voleanic mountains that the
maound whout the voleanie vent
wis due to the accumulation

of onee molten rock which had
G ST BEAE lu-rn.onlu-r exuded or ejerted.
ned. showing the Making wc o data derived
edinmentars strata fron New  Zealand,  Serope
neighborhood of the vent after . | .
showed that, tstead of heing
clevated during the formation
ta of the viehity

Aurklund,
Beudime down of 1)1'

in the
Heaphy and Serope),

of w0 volexnic mountain, the sedimentary sty
may be depressed near the voleanie vent (1%, 87,

The birth of volcanoes. - - T'o confirm the impression that {he
formation of the voleanic mountain i= in reality o sceondary phe-
namnenon conneeled with eruplions, we nay cite the ohseryved hirth
of a mnuber of voleanoes. On the 20010 of September. 1338, &
new voleano, shiee known ax Monte Nuove (new moantain), rose
on the border af the ancient Luke Taerinus (o the westward of
Naples. This smadl mountain attained o height of 340 Teet, and
1=~ o he seenson the shore of the bay of Naples. From Mexico
have been recorded the births of several new voleanoes: Jorallo
i 17340, Pochutla in 1870, and in 1881 a new voleana in the Ajusco
Mountains about midway hetween the Guif of Mexico and the
Pacific Ocean. The latest of new voleanoes is that raised in Japan
on November 9, 1910, in connection with the eruption of Usu-san.
This * New Alountain ” reached an clevation of 690 feet.

As described by von Humboldt, Jorulio rose in the night of the
28th of September, 1759, from a fissure which opened in a broad
plain at a point 35 miles distunt from any then existing voleano.
The most remarkable of wew voleanoes rose i 1871 o the ixland
of Camignin northward from Mindanuo in the Philippine archi-
pelago. Thix mountain was visited by the Challenger expecition
in I8 and was first aseended and studied thirty vears later
by a party under the leadership of Professor Dean (. Worcester,
the Secretary of the nferior of the Philippine Islands. to whom
the wnier s indebted for this deseription and the accompanying
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illustration of fhix largest and most inferesting of new-born vol-
cinoes, s e the case of Jorulto, the eruption began with the
formation of a fissure in oo

Jevel plain, some SO0 vards

distant from the town of I

Cutarman (Fig. 88). The e -
cruption continued for four - i

vears, af the end of which =Tl
Lime the height of the suni- e ss 0 View of the wew Cumiguin vobeano

i we wtimated by (1 from the TC was Tormed in INTY over
A was s estimiated hat i iy dovel plain. The town of Catarman

Challenger expedition to e at the right near the shore (after an

100 feet. A the Guge of  unenblished photaszegh by Professar Dean
. . O Woreester.

the first seent i 1905, reesten)

the heht was defermined by aneroid us 1750 feer, witle <harp

ne

appe

rock pinnacles projerting sane 50 or 73 feet ligher.

Active and extinct volcanoes. —- The ferms active 7 awed
“ontinet 7 have come into more or less contmon use 1o deseribe
respectively those voleanoes which <how signs of eruptive activity,
and those whieh wie not at the e aetive. The term = dormant. ™
i~ apphed (o voleanoes recently active and supposed 1o he in a
doubtfully extinet condition. From a well-known voleano i
the vicinty of Naples, volewnoes which po longer cvupt lava or

cmder, hut shiow mscous cnnations ( fimerales) are <aid to be in
the xolfutara condition, or to show solfataric activity.

extinet,” while usefull must
always be interpreted to mean apparently extinet.  This may be
iDustrated by the history of Mount Vesuvius, which before the
Christian cra was forested i the crater and showed no signs of
activity © and in fact it is known that for several eenturies no erup-
tion of the volcano had taken place. Following a premonitory
carthquake felf in the vear 63, the mountain burst out in grand
explosive eruption in 79 A, This ernption profoundly altered
the aspeet of the monntain wed buried the eities of Pompei, Stalei,
and Herenlanewn from sight. - Onee more, this time during the
mddle ages, Tor nearly five centuries (1139 o J631) there was
complete maetivity, i we rxcept # light ash eruption in the year
1500.  During this period of rest the crafer was again forested,
but the repose was suddenly fermimated hy one of the grandest
eruptions in the mountain's history.

H

Experienee shows that the term
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The earth’'s volcano belts. — The distribution of volcanoes is
not unifori, but, on the contrary, voleanic vents appear in definite
zone- or helts, cither upon the margins of the continents or ineluded
wifton the oveanic arcas (Fig. 84).  The most important of these

Fra. 89, — Map showing the location of the belts of active voleanoes.

helts girdles the Pacific Ocean, and is represented either by chains
or hy more widely spueed voleanic mountains throughout the
Cordifleran Mountain system of South and Central Ameriea and
Mexico, by the volesnoes of the Coast and Cascade ranges of North
Amerien, the festooned voleanie ¢hain of the Aleutian Islands, and
the similar island ares off the castern coast of the Eurasian con-
tinent.  Uhe belt is further continued through the islands of
Malaysia to New Zealand, and on the Pacific’s southern margin
are found the voleanves of Victoria Land, King Edward Land,
and West Antaretica.

This voleano girdle is by no means a perfect one, for in addi-
tion to the principal festoons of the western border there are many

Fiu, 90.—l—4\ portion of the **fire grdle™ of the Pacific, showing the relation of the
chaing of voleanic mountsins to the deeps of the neighboring ocean floor.
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secondary ones, and still other arcs arve found well toward the
center of the oceanic area. Another broad belt of voleanoes bor-
ders the Mediterranean Sea, and is extended westward into the
Atlantic Ocean.  Nurrower belts are found in both the northern
and southern portions of the Atlantic Ocecan, on the margins of
the Caribbean Sca, ete.  The fact of greatest significance in the
distribution seems to be that bunds of wctive voleunoes are to be
found wherever mountain ranges are paralleled by deeps on the
neighboring ocean floor (Fig. 90).  Ax has been already puinted
out in the chapter upon earthquakes, it ix just surh places us these
which are the seat of earthquakes; these are zones of the earth’s
crust which are undergoing the most rapid changes of level at the
present time. Thus the rise of the land in mountains is proceeding
siinultaneausly with the sinking of the sea floor to furtn the neigh-
boring deeps. '
Arrangement of volcanic vents along fissures and especially at
their intersections. — Within thuse di-tricts in which voleanoes

Fig. 91— Valenpic cones formed ju 17588 above the Skuptér fissure in Iecland
(after Helland).

are widely separated from their neighbors, the law of their arrunge-
ment is difficult to decipher. but the view that voleanic vents ure
aligned over fissures 18 now supported by so much evidence that
illustrations may be supplied from many regions.  An excep-
tionally perfect tine of small cones is found along the Skaptdr
cleft in Tceland, upon which stands the large voleano of Luki.
This fissure reopened in 178%, and great volumes of lava were
exuded. Over the cleft there was left a long line of voleanie
cones ([N, 91),  There are in leelaud two dominuating sevies of
parallel fissures of the same character which tuke their directions
respectively northeast-southwest and north-south.  NMany such
fissures are traceable at the surface as deep and nearly <traight
clelts or gjds, usually a few yards in width, but extending for muny
miles. The Eldgjd has a length of more than 18 English miles
and a depth varying from 400 to 600 feet. On some of these
fissures no lava has risen to the surface, whereas others have at
oumerdus points exuded molten rock. Sometimes one end only
of a fissure, the more widely gaping portion, hus supplicd the
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conduits for the molten ivar This i well illnstrated by the
cratered monticules rmsed by the common ant over the cracks
wlhieh separate the blocks of cement
stdewadh, the hillocks heing located

where the most favorable channel was
found for the clevation of the mate-

s
Those places upon fissures which be-
+ the

ones where the cleft gupes widest <«

Fra. 92— Diugrams to illustrate eome Lova conduits appear to b
the loeation of voleanic vents
upon fissure lines.  a, openings
eaused by atersl movenent of (0 furnish the widest ehaunel. Wher-

HE

fissureweall b apeninzs formed - cyer 0 differentinl laers) movement of
nt Hssure intersections., B .
the walls has oecarred, openings will
he found n the neighborhood of caelr minor variation from o
straight line g 92050 Wherever there are two or more series
of fissures, el this would appear 1o be the ol condition,
bl
Within such veritable voleano gurdens as are o he found in A

e fuvornbie Tor Tava conduiis ovenr wd fissure infersections.

Tig
rangement of vo
at fissure intergeetions (after Verbeek).

3. — Outline map of the eastern portion of the
e vents inadignment upon fissares with the lrger aeiatainn

aceuraté mups hiad heen prepared. Thus the outline map of a por-
tion of the ikmd of Juva (Fig. 93) shows us that while the vol-
canoes of the island present a first <ight @ more or less irregular
band or zone, there wre o number of fissures interseeting in n net-
work, aod that the voleanoes are aligned upon the fissures with
wetions. No also in Leeland,

the Larger cones located at the inter:
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the great eruption of Askja in 1870 oceurred at the intemscetion
of two lines of tssure.

Outside these clasely packed voleanie regions. sinilar though
loss marked nefworhs are indicated; as. for example, in and near
the Gull of Caineas 1 now, Instead of reducing the scale of our
voleano mrps, we dnerease 1t the sume law of distribution s no
les< elearly brought out. The monticules or snwill volennice cones
which Torm apon the fanks of larger voleanic mountaing are like-

wise bailt up over fissures wlich on numerous oecasions have
heen observed (o open and the cones o form upon them,

Sl further reducing now
the aren of our studies and
cor~idering for the moment the
“frozen ' sarfuce of the boil-
ing [ava within the ealdron of
Kilaues. this when olwserved at.
might reveals in great perfec-
tion the sud ien Tormation of

fissures i the erust with the o G e Parion i the
appestrinee of miniatnre vol=  gycergne of central Franee.  The seat of
canoes FiNing successively al eruption has migrated along the fissure
upon which the sarlier cone had bwen
built up (after Scrope).

tiore or less regnlar intervals
along them,

It not infrecquently happens that after a voleauic vent has
became established above some conduit in a fissure, the conduit
migrates along the fissure. thus extablishing a new cone with morc
or less complete destruction of the old one (Fig. 94).

The so-called fissure eruptions. — The grandest of all voleanje
cruptions have heen those in which the entire Jength and breadth
of the fissures have heen the passageway for the upwelling lava.
Sueh grander eruptions have heen for the most part prehistoric,
and in later geologic histary have occurred chiefly in India. in
Abyssinia, in northwestern Europe, and in the northwestern
United States. In western Indin the singularly horizovtal ply-
teaus of hasaltic lava, the Dekkan traps. cover some 200,000
square miles and are more thun a mile in depth. The wderlying
basement where it appears about the margins of the basalt is
in many plsees infersected hy dikes or fissure fillings of the same
materizl. No cones or definite vents have been found.
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The larger portion of the northwestern British lsles would
appear 1o have heen at one time similarly blanketed by nearly
horizonta) bids o basaltic lava, which beds extended north-
westward across {he sex through the Orkney und Faroe islands
1o Ieeland.  Remnants of this vast plateau are to-day found in all
the island groups as well as in large areas of northeastern lreland,
and fissure fillings of the same material oceur throughout large
arcas of the British Isles.  Tu mauy cases these dikes represent
onee molten roek which may never
have communieated with the surface
at the time of the lavn outpouring. vet
they well illustrate what we might ex-
peet to find ¥ the basalt sheets of
Icclund or Ireland were to be removed.

The floods of basaltic Java which in
the northwestern United States have
yielded the barren platesu of the Cas-
Frg. 95. — Basaltic plateauof the ¢, Je Mountains (Fig. 93) would appear

northwestern United States due -

‘o fissure-eruptionaof lava. to offer another example of fissure erup-

tion, though cones appear upon the
surface and perhups indieate the position of lava outlets during the
later phases o! the eruptive perlod. The barrenness and desola-
tion of these lava plains is suggested by Fig. 96.

Fia. 96. — Lava plains about the Snake River in Idabo.

Though the greater effusions of lava have occurred in pre-
bistoric times, and the manner of extrusion bas necessarily been
largely inferred from the immense volume of the exuded materials
and the existence of basaltic dikes in neighboring regions, yet in
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Teeland we are able to observe the connection between the dikes
and the lava outflows.  Protessor Thoroddsen has stated thas in
the great basaltic plateau of Iceland, lava has welled out quietly
from the whole length of fissures and often on both sides without
giving rise to the formation of cones. At three wider portions of
the greal Eld cleft, lava welled out quietly without the formation
of cones, though here in the southern prolongation of the fissure,
where it was narrower, a row of low sl cones appeared.  Where
the lava outwellings occurred, an area of 270 square miles was
flouded.

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

Fio. 87. —Characteristic profites of isva voleanoes, 1, basaltic lava wmountain;
2, mountain of siliceous lave (after Judd).

alumina, iron, magnesia, lime, potash. and soda. The more
abundant of these constituents is silica. which varies from 35 to
70 per cent of the whole. Whenever 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 consequence relatively fluid at the temperatures
which lavas usually have on resching the carth’s surface.  Further-
more, irom being more fluid, the water which i~ nearly always
present in large quantity within the lava more readily makes its
escape upon reaching the swface. Eruptions of such lava are
for this reason without the vialent aspeets which belong to extru-
sions of more siliceous (more *' acidic ) lavas. For the same



T0:4 FEARTH FEATURES AND TIIEIR MEANING

w much

son. also, busaltic faova flows more reely and can spr

re
further before 3t has cooled sufficiently 1o consolidate. This s
equivitent to sayving that its surliee will assume o fatter angle of
slope, which in the case of hasaltic lava seldown exeeeds ten degrees
and may be less than one depgree (Iig. 97).

Siliceous Tavax, on the other hand. are, when consolidated, rela-
tively light hoth in eolor and weight and melt, at relatively high
femperatures, They are, therefore, vsually hut partly tused and
of i viseous consisteney when they arrive af the carth’s surface.
Beeause of this viscosity they offer much resistance to the libera-
tion of the contained water, which therefore iy released only to
the accompaniment of more or less violent explosions.  The lava
is blown into the air and usoally falls as consolidated fragments

of various degrees of conmeness,

It must not, however, be assumed that the temperature of Tava
ix always the =iume when it arvives at the saeface, and henee it
iy happen that o siliecons Tavais exuded
s bigh o temperature that i behaves
Hke ool busaltic Tavias - Onthe other
hand, 1 tie kivas may he extruded ol
wuisnally Tow temperstures, in which ease
their Liehavior may resemble that of the
vornl sihieeous lavag. 1, however, as is
ally the case, the ene ol explosion
Froo 98— & driblet cone o0 agaltie fava s relidively small, any

(after J. D. Dana). . . S '
cjoeted portions of the liquid lava travel
to a moderite height only in the air, so that on falling they are
still sufficiently pasty to
adhere to rock surfaees
and thus build up the
remarkably  steep cones
and  spines  known  as
“xpatter cones’ oor
Cdriblet cones " {Fig.
UR).  When, on the other
hand, the energy of ex-
plosion i great, as i nor- Fig. 09— View of Lefingwell crater, o cinder
mally the ease with sili- 0 B T lev, California (attor 50
ceous lavas, the portions  ynpublisbed phatograpk by W. D. Johuson).
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of ejected lava have been fully consolidated before their fall to the
surface, so that they build up the same type of accumulation us
would sand fulling in the same memuner.  The structures which
they form arc known as tuff, cinder, or ash cones (Fig. 99).

Whenever the contained water passes off from siliceous lavas
without violent explosions, the tava may flow from the vent, but
in contragst to basaltic lavas it travels a short distanee only before
consatiduting.  The resulting mountain is in consequence propor-
fionntely high and steep (Figo 97). Eruptions charaeterized by
violent explosions accompanied by a fall of cinder are described
as explosive cruptions.  Those which are relatively quiet, and in
which the chief product 1= in the form of streams of flowing lava,
are spoken of as conrulsive eruptions.

The three main types of volcanic mountain. — If the eruptions
at a voleanic vent are exclusively of the explosive type, the ma-
terial of the mountain which results is throughout tuff or cinder,
and the voleano s deseribed as o ernder cone. 11, on the other
hand, the vent at every eruption exides livi, 2 mountain of solid
rock resulis which is w lara dome. 11 is, however, the exception
for a voleano which hax a long history to manifest hut a single
kind of cruption. A one time exuding lava comparatively
quietly, at another the violence with which the steam s liberated
vields only cinder, and the mountain is a composite of the two
materials and s known as a comepasite voleanic cone.

The lava dome. — When successive lava flows come from a
erater, the strueture which results hax the form of u more or less
perfeet dome. I the lava be of the basaltic or fluid type, the
slopes are flat, seldom making an angle of as much us ten degrees
with the horizon and flatter towurd the summit (Fig. 101, p. 106).
IT of siliceous or viseous luva, on the other hand, the slopes are
correspondingly steep and in some cases precipitous. To tois
itter eluss helong some of the RKuppen of Germany, the puys of
central France, and the mamelons of the Islind of Bourbon.

The basaltic lava domes of Hawaii. — Al the © crossroads of
the Pacific ' rises a double line of lava voleanoes which reach
from 20,000 to 30,000 feet above tbe floor of the oceun, some
of them among the grandest voleanic mountiins that are known.
More than haif the height and a much larger proportion of the
bulk of the largest of these are hidden beneath the ocean’s surface.
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The two great active vents are Mokuaweoweo (on Mauna Loa)
and Kilauen, distinet 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
the sea, whereas that of Kilanuea
is less than 4000 feet and ap-
pears to rest upon the flank of
the larger mountain’ (Figs. 100
and 101).  Although one crater
is but 20 miles distant from the
other and nearly 10,000 fect
lower, their eruptions have ap-
parently Deen  unsympathetic.
Nowhere have still active lava
mountains been subjected to
such frequent observations ex-
tending throughout a long pe-
riod, and the dynamies of their
F1G. 100.— Map of Hawaii and the lava cruptions are fairly well under-
voleanoes ‘v‘af Mokuaweoweo (Mauna gro0d. To put this before the
Lou) aud Kilauea (after the governmeut Lok
map by Alexander). reader, it will be best to con-
sider both mountains, for
though they have much in common, the ohservations from one are
strangely complementary to those of the other. The lower crater

Mauna Lea

Scok_of Mies

TF1a. 101. — Section through Mauna Loa sad Kilauea.

being easily accessible, Kilauea has been often visited, and there
exists a long series of more or less consecutive ohservations upon
it, which have been assembled and studied by Dana and Hitch-
cock. The place of outflow of the Kilauea lavag has not generally
been vigible, whereas Mokuaweoweo 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
voleanic 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 whick are open lakes of boiling lava.
Enough 15 known of the history of Kilauea to state that the steep
¢lifis bounding the terraces are fault walls produced by inbreak
of a frozen lava surface. The cfiffl below the so-called “ black
ledge ” was produced by the falling in of the frozen lava surface
at the time of the outflow of 1840, the lava issuing upon the
enstern fAank of the mountain and pouring into the sea near
Nanawale.  Since that dale the floor of the pit helow the level
of this ledge has heen essentially 2 movable platform of frozen
lava of unknown and doubtiess variable thickness which has risen
and descended like the floor of an elevator car between its guiding
ways (Fig. 102). The floor has, however, never been complete,
for one or more open lakes are
always to be seen, that of Hale-
maumau located near the south-
western margin baving been mueh
the most persistent.  Within the : o .

. . F16. 102, — Scheuratic disgran 1o us-
open lakes the boiling lava is ap- "~ (0 e moving piatlorm of frozen
parently white hot at the depth  lavu which rises and falls in the crater
of but a few inches below the of Kilsuca.
surface, and in the overturnings of the mass these hotter portions
are brought to the surface and appear as white streaks marking
the redder surface portions. From time to time the surface
freezes over, then cracks open and erupt at favored points along
the fissures, sending up jets and fountains of lava, the material of
which falls in pasty fragments that build up driblet cones.  Small
fluid clots are shot out, currying a threadlike line of lava glass
behind them, the well-known “ Pele’s hair.””  Sometimes the open
lakes build up congealed walls, rising above the general level of
the pit, and from their rim the lava spills over in caseades to
spread out upon the frozen floor, thus increasing its thickness from
above (Fig. 103). At other times a great dome of lava has been
pushed up from the pit of Halemaumau under a frozen shell, the
molten lava shining red through cracks in its surface and exuding
50 as to heal each 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 which times the moving plat-

CcCRaTER
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fornt of frozen lava has sunk more or tess rapidly to Jevels far
below the black ledge and from 900 to 1700 fect below the crater
rini. Following this descent a slow progressive rise 1= tugurated,
which has sometimes gone on af a rate of more than a hundred
feet, per year, though it is usually much slower than this. When

3 et

Fie. 1 — View of the opey Lova Jake of Halewsiau withiu the erater of
Kilwnew, the mnlten lava shown cuscading over the raised lava walls on to the
floor of tht pit {after Puviow).

the platfornn has reached a beight varying from 700 to 350 feet
below the erater rin another sudden settlement occurs which
again carries the pit floor downward a distanee of from 300 to 700
fect.

The draining of the lava caldrons.— The changes which go on
within the crater of Mokuaweoweo, though less studied than
those of Kilanen, appear to be in some respects different.  Here
every eruption seems to he preceded by a more or less rapid infux
of melted lava to the pit of the crater. this phenomenon being
ohserved from a distance as o brilliant ght above the erater —
the reflection of the glow from overhanging vapor clouds.  The
uprising of the lava hax often heen aceompanicd by the formation
of high lavy fountains upon the surface, and the molten lava
someiimes appears in fissures near the crater rim at levels well
above the lava surface within the pit.
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Although in many cases the lava which has thus flooded the
crater has suddenly drained away without again becoming visible,
i1 1< prebable that in such cases ui outlet huas been found to some
~ubmarine exit, sinee under-ocenn discharge effects have been
observed i conneetion with vruptions of cuch ol the voleanoes,

[nastiueh ax no carthquakes are felt in connection with such
outflows a= have heen deseribed, it is probuhle that the hot lava
fuses o passugeway for ifself into some open channel underneath
the flanks of the mountain,  Such » course is well Hllusteated by
the outfow of Kilauea
in 1840, when, it will
e remembered,  oc-
curred the great down-
plunge ol the crater
that yielded the pit
below the black ledge.
At this time the lava
first made its appear-
snee upon the fHanks
of the mountain at the
bottons of  siadl pie
or inhbreak erater

Fr. 104, — Map showing the manner of outfiow of
lava from Kiwues during the cruption of 1840,

which opened five
miles southeast of the
muin crater of Kilauena

The outflowing lnva made ity appeatance suce
sively at the points .1, &, €, o r,ovod hoally at a
paine helow r, from whenee it issued i volume aoud

flowed down to the sea at Nanwwale after J. D,

(Fig. 104). Within 500

this new erater the
Livu rose, and small ejections xoon followed from fssures formed in
its neighborhood.  Nome time after, the lavi sank in the first new
crater, only to reappear successively at other small openings (Fig.
M, B Coany ) and finally to issue in volume at a point eleven
miles from the shore and flow thereafter wpon the surface of the
mountain until it had veached the sen. Only the slightest eurth
tremors were felt, and as no rumblings were heard, i is evident
that the lava fused its way along « buried channet largely open at
the time (sev helow, p. 112).

In a majority of the eruptions of Mokuaweoweo, when the
outflowing lavas have hecome visible, the molten rock has ap-
parently fused jts way out to the surfuce of the mountain at
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points from 1000 to 3000 feet below the bottom of the crater,
and this discharge has corresponded in time to the lowering
of the lava surface within the crater. There are, however,
three instances upon record in which the lave issued from definite
rents which were formed upon the mountain flanks at compars-
tivelv Jow levels. 1ln contrast to the formation of fused outlets,
these ruptures of & portion of the mountain’s flank were always
accorapanied by vigorous local earthquakes of short duration.  In
one instance (the cruption of 1851) such a rent appeared under
the same conditions but at an elevation of 12,300 fect, or near
the tevel of the lava in the crater.

The outflow of the lava floods. — In order to properly com-
prebend these and many otherwise puzzling phenomena connected

Fig. 105, — Lava of Matavanu upon the Island of Savaii flowing down to the
s during the eruption of 1606, The course may be followed by the jots of steam
escaping from the surface down to the great steam cloud which rises where the
fluid lava discharges into the sea (after H. 1. Jensen).

with voleanoes, it is necessary to keep ever in mind the quite
remarkable heat-insuluting property of congealed lava.  So soon
as a thin erust has formed upon the surface of molten rock. the
heat of the underlying Huid mass is given off with extreme slow-
ness, so that lava strenms no longer connected with their internal
lava reservoirs may remain molten for decades.

We have seen that for Mokuaweoweo and Kilauea, lava either
quietly melts its way to the surface at the time of outfiow, or
else produces a rent for its egress to the accompaniment of vigor-
ous local earthquakes. In either case if the lava issues at a point
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far helow the erater, gigantic lava fountuins arise at the point of
outflow. the fluil rock shooting up to heights which range from
230 fo 600 or more feet above the surface. A certain proportion
of this fhuid lava is sufliciently cooled to consolidate while travel-
ing in the air,and fulling, it builds up a einder cone which is left
as :docstion monument. for the place of dischurge.  From this
outlet the molten lava heging its journey down the slope of the
mountain, and quickly freezes over to produce o tunnel. heneath
the roof of which the fluid lava flows with comparatively slow
further loss of heat. Save for oceasional steam jets issuing from
its surface. it may give little indication of its presence until it has
reached the sea (Fig. 105).

IT sufficient in volume and the shore he not too distant, the
stream of lava arrives at the sea, where, discharging from the

F16. 106. — Lava stream discharging into the sex from beneath the frozen roof of
alava tuoncl.  Eruption of Matavanu on Saveii in 1906 (after Sspper).

mouth of its tunnel, it throws up vast volumes of steam and in-
duces ebullition of the water over a wide area (Fig. 106). Pro-
fessor Dana, who visited Hawaii a few months only after the
ereat outfow of 1840, states that the lava, upon reaching the
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o, wis shivered like melted glass and thrown up in millions of
particles which durkened the sky and fell like hail over the sur-
rounding country.  The lght was so bright that at o distance of
forty miles fine print could be read at midnight.

Protected from any extensive counsolidation by its congenled
cover, the lava within a stream may all drain away, leaving behind

an empty lava tunnel, which in the
case ol the Hawait volewnoes
sometimes has its roof hung with
beautiful lava stalactites and its
sentation of the strurture of the  Ho0r studded with thin lnva spines.
flanks of lava voleunoes as wre= Later lava outfows over the sume

:‘:‘:u'.’lr””"'d”"“.'"’: of frozen Yavs o0 peiphhoring courses ury suell

) ’ tunnels beneath others of similar
nature, giving to the mountain flanks an clongated celtular strue-
ture iustrated schematically in Fig. 107. These buried channels
may i the fature he amain utilized for outflows similar in char-
acter to that of Kilauea in 1840,

While the formation of Tava stalaetites of such perfection aisd
beauty is peculiar to the Hawaiian lava tunnels, the formaiion of
the tunncl in connection with lava outfluw i= the rule wherever a dis-
stpation at the end has permitied of drainage. A Tew bours only
after the flow has begun. the frozen surface has usually a thickness
of a few inches, and this cover may be walked over with the lava still
molten helow. At first in part supported hy the molten lava, the
tunnel roof sometimes caves in so soon us drainage has oceurred.

Wherever basaltic lava has spread out in valleys on the surface
of more easily eroded
material, either cinder
or sedimentiry forma-
tion~. the ~ofter inter-
vening ridges are first

Fiu. 107, — Dingrummatic  repre-

)
L
PRI

. Fira, 108 — Dingrmm ta shaw the manner of Tornin-
carried  away by the 0

eroding agencie:
ing the luva as cappings
upon residusl  rlevi-
tions  Thus are derived a type of fuble mountain or mesa of the
sort well illustrated upon the western slopes of the Sierra Ne-
vadas in Califorsia (Fig. 108).

o by menntas by Lhie ot o

< e - v the subsequent more papid

crasion of the iptervemng ridees. R carlier fver
aulles L R'R Iater vadlevs,
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Fra, 109, - Surfuce uf luva of the Puhochoe type.

The surface which flowing lavie assumes, while suljeet o con-

siderible variation, sy yet be ¢
On the one hand there s the hillowy surface in which

fapes,

aseified tnto fwo rather distinet

cllipsoidal or kidney-~huped masses, cuch with dimensions of from

one to s

eral fect. lie merged
in one another, not unlike an
irregular colleetion o sofu
pillows.  This type of lava has
Decome known as the Pahochor,
from the Huwaiian occurrence
(Fig. 109). A variation from
this type is the “ corded” or
“ropy " lava, the surface of
which much resembles rope as
it is coiled along the deck of
a vessel, the coils being here the
lines of seum or scorie arranged
in this manner by the currents
at the surfaece of the stream
(Mg 123 p. 1249, A quite
different type ix the bloek bava
tda type) which nsually hosa
ragged scoriaceous surface and
consists of more or less separate
fragments of cooled lava (Fig.
131, p. 130).
1

Fre. 110 —Three  succesgive views to
illustrate the growth of the lsland of
R from the outflow of lava at
Matavanu in-the year 1906. a.nearthe
beginning of the outflow ; &, some weeks
Iater than a: ¢, some weeks later than
b (after H. I. Jensen).
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Wherever lava fows info the sea in quantity, it extends the
margin of the shore, often by considerable areas.  The outflow of
Kilauea in 1840 extended the shore of Hawaii outward for the
distance of o guarter of a mile, and a wore recent ustration of
such extension of land masses is furnished by Fig. 110.




CHAPTER X

THE RISE OF MOLTEN ROCK TO THE EARTH'S
SURFACE

VOLCANIC MOUNTAINS OF EJECTED MATERIALS

The mechanics of crater explosions. —If we now turn from
the lava volcano to the active cinder cone. we encounter an entire
clunge of seene. In place of the quiet How and convulsive move-
ment~ of the molten lava, we here meet with repeated explosions
of greater or less violence. If we are to profitably study the
marer of the explosions, considering the voleanic vent as a grest
experimental apparatus, it would be well to select for our purpose
a voleano which is in a not too violent mood. The well-known
cinder cone of Stromboli in the Eolian group of islands north of
Bicily has, with short and unimportant interruptions, remained in
a state of light explosive activity since the beginning of the Chris-
tian era.  Rising as it does some three thousand feet directly out
of the Mediterranean, and displaying by day a white steam cap
and an intermittent glow by night, its summit can be seen for a
distance of a hundred miles at sex and it has justly been called
the “ Lighthouse of the Meditcrranean.” The  flash” interval
of this beacon may vary from one to twenty minutes, aod it may
sbow, furthermore, considerable variation of intensity.

For the reason that the crater of the mountain is located at
one side and at a considerahle distance below the actual summit,
the opportunity here afforded of looking into the crater is most
favorable whenever the direction of the wind is such as to push
aside the overhanging steam cloud (Fig. 111). Long ago the
Ttalian vuleanologist Spallanzani undertook to make observations
from nbove the crater, und many others since his day have profited
by his example. .

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

115
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welling out to uverflow the frozen surface; from others, steam is
ejected i pufis as though from the stack of a locomotive.  Within
others lavao is secn heaving up and down in violent ebullition, and
at wmdervals aogreat bulble of steany i ejected with explosive vio-

lenee, e o owith it considerable quuntity ol the stil)
molten Tuva, together with its scwmlike surliee, to full outside the
crater o rattle down the mountain's slope into the sea.  Fol-
loaving this explosion the lava surfaee in the pool is lowered and
the agitation i~ renewed, to culininate after the further fapse of a
few minutes in U second explosion of the same nature. The rise

of the lava which
‘* - precedes the ejection
| " appears at night as a
Lrighter reflection or
glow from the over-
hanging steam cloud
— the flash scen by
the mariner from his

ssel.
What 15 going on

v —
A7 s
! e within the erater of
Stromboli - we  may
Frg, 11— The valewnn of Stromboli, showing the e s
excentric posin of 1he crater (after 3 sketeh by PCTIADS  Dest illus-
Judd). trate by the boiling

of o stift porridge
over i hot fire,  Any one who has made corn mush over a hot
e fire is fullv aware that in proportion as the mush becomes
thicker by the addition of the meal, it is necess to stir the
mazs with redoubled vigor if anything is fo be retaned within the
kettle.  The thickening of the mush increas scosity to such
an extent that the steam whicl is generated within it is unable to
make iz escape unless aided by openings continually made for it
by the stirring spoon. If the stirring motion be stopped for a
moment, the steum expands to form great bubbles which soon
eject the pasty mass from the kettle.

For the crater of Stromboli this process is illustrated hy the
series of diagrams in TFig. 112, As the lava rises toward the
surf: presumably as a result of conveetional currents within
the chimney of the voleano, the contained steam is relieved from
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pressure. <o that at some depth below the surface it begios to
separale out in minute vesicles or hubbles, which, expanding as
they rise, acquire a rapidly accelerating velocity.  Soon they flow
together with a quite sudden increase of their expansive energy,
and now shooting upward with further accelerated velocity, a
Iayer of liquid lava with its cover of scum is raised on the surfuec
of a ggantic bubble and thrown high into the air. Cooled during
their flight. the quickly congealed lava masses become the tufl or
voleanic ash which is the material of the cinder cone.

FiG. 112, — Diagrams to illustrate the nature of eruptions within the vrater of
Stromboli.

Grander voleanic eruptions of cinder cones. — Most cinder and
composite cones, in the intervals between their grander eruptions,
if not entirely quiescent, lapse into a period of light activity
during which their crater eruptions appear to be in all essential
respects like the habitual explosions within the Strombolisn
crater.  This phase of activity ix, therefore, dexcribed as Strom-
bolian. By contrast, the ocensional grander eruption= which have
punctuated the history of all larger voleauoes are described in
the language of Mercalll as Vwlcanion cruptions, from the best
studied example.

Just what it is that at intervals brings on the grander Vul-
canian outburst within a voleano is not known with certainty ;
but it, is important to note that there is an approach to periodicity
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in the grander eruptions. It is generally possible to distinguish
eruptions of at least two orders of intensity greater than the
Strorubolian phase; & grander one, the examples of which may
be separated by centuries, and one or more orders of relatively
moderate intensity which recur at intervals perbaps of decades,
their time intervals suhdividing the larger periods marked off by
the eruptions of the first order.

The eruption of Volcano in 1888. — In the [olian Islands to
the north of Sicily was located the mythical forge of Vulean.
From this locality has come our word “ voleano,” and hoth the
islund and the mountain bear no other
name to-day (Fig. 113). There s in the
structure of the island the record of a
somewhat complex voleanic history, hut
the form of the large central cinder cone
wag, according to Scrope, acquired during
the eruption of 1786, at which time the
crater i reported to have vomited ash for
a period of fiftecn days. Passing after
this eruption into the sotfatara condition,
with the exception of a light eruption in
ﬁm\'nl- ISI?T' Ll?e. vol‘c:mo remained quiet until

can0 in the Ealiag group 1886, S0 active had been the fumeroles

of islands. The smaller within the crater during the latier part of
craterspartislivdissected  (his period that an extensive plant had

by the waves belong to . .

Vulcanello (after Juad). Deen established there for the collection

especially of boracic acid. In 1886 oceurred
a shght eruption, sufficient to clear out the bottom of the crater.
though not seriously to disturb the Epglish planter whose vine-
yards and fig orchards were in the valley or atrio near the point o
upon the map (Fig. 113), nearly a mile from the erater rim. Onp
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 a century of the mountain’s history, and may serve us
to illustrate the Vuleanian phase of activity within a cinder cone.
During the day, to the accompaniment of explosions of consider-
able violence, projectiles fell 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, cach

Scak of Mies. P
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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 in his villa a iile from the crater. [alling asteep toward
morning, he was rudely awakened by a rain of projectiles falling
upon his roof. Hastily snatching up his two children he ran
toward the door just as a red hot projectile, some two feet in di-
ameter, descended through the roof, ceiling, and foor of the drawing
room, setting fire to the building. A second projectile similar to
the first was smasbed into fragraents at bis feet as he was emerg-
ing from tbe house, burning one of the children. Making his
escape to Vulcanello at the extremity of the 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 could not be reached. |
The ruined villa, smashed and - . .
charred, stood with its walls half Fx;'mlli,a'f;m ?;:ag_:::?;n ol[m\',c;]c‘;?o_
buried in ash and lapilli, among  in 1888 (after Mercalii).
which were partly smashed pumi- .
ceous lava projectiles.  The entire atrio about the mountain lay
Luried 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 (g, 114). The larger of these exhibited the peculiar
““bread-crust " surface and had generally been smashed by the
foree of their fall after the manner of a pumpkin which has been
thrown hard apainst the ground. One of these projectiles fully
three feet in diameter was found at the distance of 2 mile and a
half from the crater. Though diminished considerably in inten-
sity, the rhythmic explosions within the crater still recurred at
intervals varylag from four minutes to hall ap hour, and were
accompanied by a dull roar easily heard at Lipari on a neighboring
island six miles away. Simultaneously, a dark cloud of “smoke,”
the peculiar * caulifiower cloud '’ or pine mounted for a couple
of miles above the crater (Fig. 115), and the rise was succeeded
by 2 rain of small lava fragmeats or lapilli outside the crater rim
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Yo, 115 — Peeuliar * cauliflower elou
or pine camposed of steam and
rising aboy ¢ the cinder cone of ¥V mlr\uu
of the explo-

after a photo-

during the waning phas
sive eruption of 1585
graph by 5. Hobson.

EARTH FRATURES AND THEIR MEANIXNG

There seems to be no good
reason to doubt that Vuleanian
cinder cruptions of this type
differ chiefly in magnitude from
the rhythmic explosion within
the crater of Stromboli, if we
excepl the clevation of o con-
quantity  of naeces-
and older tuff which
derived from the inner walls
of the crater and carried up-
ward into the air together
with the pasty cakes of fresh
lava derived from the chimney.
It s this accessory material

<iderable
is

which gives to the pino its dark or even black uppearance.

The eruption of Taal volcano on January 30,

recent eruption of the cinder
cone known as Taal voleano
i of interest, not ounly because
so fresh in mind, but because
o nelghhoring vents crupted
sipltmeonsly with explosions
of nearly equal violenee (Fig,

1165, Thix Philippine  vol-
cano lies near the center of a
lake =ome  filteen miles in

dinmeter and about fifty miles
south of the ¢ty of Manike
After a period of rest extend-
ing over one hundred and fifty
yeurs, the <ymptoros of the
coming  eruption  developed
rapidly, and on the morning
of Junuary 30 grand explo-

sions of stenm and ash oe-
curred =<imuftancousiy in the
neighboring craters, and the
rondensed  moisture  brought

1911, — The

26— Double explosive eraption of

Tanl voleano on the morning of January
30, 1YL
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down the ash in un avalandlic of sealding mud which buried the
enfire island.  Almost the entire population of the island, num-
hering  several hundreds,
was literally buricd in the
Blistering mud (Fig. 117);
and the gases from the ex-
plosions carried to the dis-
tant shores of the lake
added to this number wany
hundred victhms,

The shocks which accom-
panted the explosions raised
a great wave upon the sur-
fuce of the lake, whicl, ad-
vaneing upon the shores,
washed away structures Tor
a distance of nearly a half
mile.

The materials anod the
strocture of cinder cones.
— Obviously the materials ) !
which compone inder cones P 1T The 0kl v i
are the cooled lava frag-  puuiston).
ments of various degrees off
courseness which bave been cjected {rom the erater. If larger
than a Hnger jolunt, such fragments ave referred to as roleonic
projectiles, or, ineorreetly, ax ¢ valeanic bombs" Of the larger
masses it iz often true that the force of expulsion has not heen
applied opposite the cen-
ter of muss of the body.
Thus it follows that they
undergo  complex whirl-
ing motions during their
flight, and being  still
semiliquid, they develop
curious penr-shaped or
lexs regular forms (Fig.
118). When erystals
haped lava projectile. huve already separated

FiG. 118, — A pear;
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out in the laiva belore its rise in the chimney of the voleano, the
surrounding fluid lava may be blown to finely divided volcanic
dust which floats away upon the wind, thus leaving the crystals
intact to descend as a crystal rain about the crater. Such a
shower oceurred in conneetion with the eruption of Etna in 1669,
and the black aupite crystals may to-day be gathered by the
handful from the slopes of the Monti Rossi (Fig. 125, p. 125).
The term lapilli. or sometitnes rapilly, s applied 10 the ejected
lava frapients when of the average size of a finger joint. This is
the mareriad which til}
partially covers the un-
exhumed portions of the
city of Pompeii. Vol-
canic sand, ash, and dust
are terms applied in
order to increasingly
fine particles of the
ejected lava. The finest
material, the voleanie
dust, 15 often carried
for hundreds and sonme-
times even for thou-
sands of miles from the
crater in the high-levcl
currents of the atmos-
phere.  Inasmuch as

. . this  material is  de-

T ter sone i ot otenets sty sried vy POSited far from the

jo a)ornation by & current of air (alter G. Linck), crater and in  Ilavers

more or less horizontal,

such muterial plays a small role in the formation of the cinder

cone. The coarser sands and ash, on the other hand, are the
materials from which the cinder cone is larpely constructed.

The manner of formation and the structure of cinder cones
may be illustrated by use of a simple luhoratory apparafus (Fig.
119). Through an opening in » 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 sand
form in the attitudes shown; that is to say, dipping inward or
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toward the chimney of the voleano at all points within the crater
rim, and outward or away from it at all points outside (Fig. 119).
If the experiment is carried so far that at its termination sand
slides down the crater walls into the chimney below, the inward
dipping layers will be truncated, or even removed entirely, as
shown in Tig. 119 b,

The profile lines of cinder cones. — The shapes of cinder cones
are notably different from those of lava mountains. While the

A

—n o
7 ] F
Fie. 120. — Diagram to show the contrast between a lava dome and a cinder cone.
A4, cinder cone: BabC lava dome: DE. line of low cinder cones above & fissure
{after Thoroddsen).

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 carlier stages of its growth the cinder
cone has a crater which in proportion fo the height of the moun-
tain ix relatively broad (Fig. 99, p. 104).

Speaking broadly, the diameter of the crafer is a measure of
the violence of the explosions within the chimney. A single series
of short and violent explosive

eruptions huilds a low and
broad cinder cone. A long-
continued succession of moder-

F

ately violent explosions, on the
other hand, huilds a high cone
with crater diameter small if
compared with the mountain’s
altitude, and the profile afforded
is & remarkably heautiful ssveep- Fio. 121.—Mayon voleano on the island
ing curve (Fig. 121). Toward ‘k’lgg;“g;’g;ri'ol;m‘\ remarkably perfect
the summit of such a cone the

loose materials of which it is composed are at as steep an angle
as they can lie, the so-called angle of repose of the material;
whereas lower down the flatter slopes have been determined by the
distribution of the einder during its fall from the air. When one
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mike< the wscent of such & rmountain, he encounters continually
steeper grades, with the most difficult slope just below the crest.

The composite cone. — The life
histories of voleanoes are generally
so varied that lava domes and the
pure types of cinder cones are less
cornmon  than voleanoes in which
paroxysmal eruptions havealternated
with explosions, and where, therefore,
the structure of the mountain repre-
sents w conuposite of Liva and cinder,
Surh camposite cones possess i skele-
tem ol solid rock upon which have heen bailt up alternate sloping
lavers of cinder und lava.  In most respects such cones stand in
an dnfermediate position he-
fween lava domes und einder
cones.

Reparded o< a retaining wall
for the lavu which mounts in
the chimney, the cinder cone
is obviously the weakest of
all.  sShould lava rise in a
cinder cone without an ex
plosion occurring, the cove i
at once broken through upon
one side by the outwelling
of the lava near the buse.
Thus arises the characteristic
breached cone of  horseshoe
form (Tig. 122).

Quite in contrast with the
weak cinder cone is the lava
dome with its rock walls and g 03 e osen or mouth upan the
relatively flat slopes.  Con- " juuercone of Mannt Yesuvius from which
sidered as a retaining wall for  flowed the lava stream of 1572 This
lava 16 is much the strongest 15 TR 1 [ Ot
type of volecanic mountain,
and it is likely that the hydvostatic pressure of the lava within
the crater would seldom suffice to rupture the walls, were it not

Fia.

cinder cones where the place of
s migrated along the
underlying fissure. The Pavs
Noir, § und La Vache in ti
Mont Dore Provinee ol veptral
France (after Serope).

— A series of  breached

eruption

olas
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that the molten rock first fuses its way into old streamn tunnels
buried under the mountain slopes (see ante, p. 112). Composite
cones have a strength as retaining walls for lava which is infer-
mediate betaween that of the
other types. "Therr Vulewnian
cruptions of the convulsive
type are lnitisted by the fornia-
tion of u rent or fissure upon
the mountain Hanks at eleva-
tions well above the hase. the
opening of the fissure being
generally accompanied by a
local earthquake of greater or Fio. 124 — A row of purasiric cones raised
less violence.  From ane or b 8 e the
more such fissures the 1ava smypion of 1892 (after De Loreuzo).
issues usually  with sufficient

violenre ar the place of oufflow to build up over it either an
enlarged type of driblet cone, referred to ws u ™ mouth,” or bocea?
(Fig. 123), or one or more cinder cones which from their position
upon the Hanks of the larger volecano are referred to as parasitic

Ny

A |

Fic. 125.—View looking townrd the summit of Etna from a position upon the
southern flauk near the village of Nicolosi. The two breached parasitic cones
seen behind this village are the Monti Rossi which were thrown up in 1669 and
from which flowed the lava which overran Catsnia (after a photegraph by
Sommer)

cones (Fig. 124). The lava of Vesuvius more frequently yvields
bacchi at the place of outflow. whereus the fanks of Etna are

2 Ttalian for mouth : plural hoechi,
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pimpled with great nuwmbers of parasitic cinder cones, each the
monument {o some earlier eruption (Fig. 125).

It is generally the case that a single
eruption wakes but a relatively small
contribution to the hulk of the rnouutaiu.
From eack vew cone or boeea there pro-
eeeds u strewn of lava spread oou rela-
tively narrow stream extending down the
slopes (Fig. 126).

The caldera of composite cones. —
g Because of the varied episodes in the
Fio. 126.— Sketeh map of history of composite conex, they lack the

Etna, showing the indi- pooylar  lines characteristic of the two

vidual surfacelavastreams . o

Gin black) apd the wi Simpler types.  The larger number of the

covered surface (stippled). more important composite cones have

heen built up within an outer crater of
relatively large diameter, the Somma cone or caldera, which
surrounds them like a gigantic rufl or collar.  This caldera is
clearly in most cases at least the relic of an earlier explosive
crater, ufter which successive eruptions of lesscr violence have
built a more sharply conieal structure.  Thix cun only be inter-
preted to mean that most larger and lovg-active voleanoes have

Fig. 127. — Panum crater, showing the caldera and the later interior coues
(adter Russell).

been born in the grandest throes of their life history, and that a
larger or smaller lateral migration of the vent has bheen responsible
for the partial destruction of the explosion erater. Upon Vesu-
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vius we find the crescent-like rim of Mounte Somnua; on Etna it
is the Val del Bove, ete. M is this caldera of composite cones
which gave rise to the theory of the ' elevation crater ' of von
Buch (sec ante, p. 95, and Fig. 127).

The eruption of Vesuvius in 1906. — The voleano Vesuvius
rises on the shores of the beautiful bay of Naples only aboul. fen
miles distant from the city of Nuples.  The mountain consists of
the remuaut of an ecarlier broad=mouthed explosion crater, the
Monte Somma, amd an inner, more conical elevation, the Monte
Vesuvio.  Before the eruption of 1906 this central cone was sharply
conieu) und rose to
a height of about
4300 feet  above
the surfuce of the
bay, or above the
highest point of the
ancient caldera.
The Dhase of this
mner cone is at an
clovation of some-
thing less than half
that of the entire Fic. 128 —View of Mount Vesuvius as it appeared from

the Bay of Naples shortly before the eruption of 1006
The barn to the left is Monte Somma.

mass, and s sepa-
rated from the en-
circling ring wall of the old crater by the alrio, to which corre-
sponds in licight a perceptible shelf or piane upon the slope toward
the bay of Naples (Fig, 128).

An active composite conce like that of Vesuvius 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 the mountain has been excited to the periodic Vul-
canian outbreaks with which its history has been punctuated.
The Strombolian explosions have sufficient violence to eject small
fragments of hot lava, which, falling about the crater, slowly built
up a rather sharp cone. The period of Strombolian activity has,
therefore, been called the cone-producing period.  Just before each
new ocuthreak of the Vulcanian type, the altitude of the mountain
has, therefore, reached a maximum, and since the larger explosive
eruptions remove portions of this conc at the same time that
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they inerease the dimensions of the crater. the Vulcanian stage in
contrast to the other has been called the crafer-producing period.
In this period. then, the material ejected during the explosions does
nof consist solely of fresh lava caukes, but in part of the older débris
derived from the eraler walls, whenee it s avalanched upon the
climney after eaclr larger explosion. The over-

e the et . . it B .
lnging cloud. which during the Stroniholian
period bas consisted fagely of steam and is

noticeably white, now assumes u darker tone,

the " smoke " which characterizes the Vuleanian

cruption.

On several historical oceasions the cone of
Vesuvius has been lowered Ly several hundred
feet, the greatest of relatively recent truncations
having occurred in 1822 and in 1906, Tetween
Vuleanian cruptions the Strombolian activity is
by ne means uniform, and o the upward growth
of the cone is subject o lesser interruptions and
truneations (Fig. 129).

The Vesuvian eruption of 1006 has heen
selected as u type of the larger Veleanian erup-
tion of composite cones, hecause it combined the
explosive and paroxysmal clements, and because
it has been observed aud studied with greater
thoroughness than any other.  The latest pre-
Fio. 129.— A series Vious eruption of the Vuleanjan  order  had

of consecutive oveurred in 1872, Some twa years later the

:k“”"‘,““ “fi ‘:": period of active cone building began and pro-

\t),‘I‘:\”,“, " w‘,,:;‘v ceeded with such rapidity that by 1880 the new

showing the modi- - cone began to appear above the rim of the crater

5 ‘i(:]r‘\!r-’rll.&:ir“l'li'l: of 1872 From this time on occasional light

Jiwm Hamiltony.  Cruptions interrupted the upbuilding process,

. and ax the repairs were not in all cases com-
Pleted before a new interruption, a nest of cones, cach smaller
than the last, aruse in scries like the outdrawm sections of an old-
time spyglass. At one time no less than five concentric craters
were to be seen.

For a brief period in the fall of 1904 Vesuvius had been in almost
absolute repose, but soon thereafter the Strombolian crater ex-
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plosiots were resumed. On May 25, 10035, a small stream of lava
hegan to issue [rom a fixsave high up upon the central cone, and
from thi= time on the lava continued to flow down to the valley or
alrio, sepurating the inuer cone fronn the ciddera resiant of Monte
Semma.  Seen in the night, this stream of lava appearcd lrom

Te. 130.— Night view of Vesuvius from Naples before
the outbreak of 1906. A sroall lava stream is »ecn
descending from s high point upon the central cone
(after Mercalli).

Naples fike a red hot wire laid against the mountain’s side (Fig.
130).  With gradual wugmentation of Strombolian  explosions
and increase in volume of the flowing lava stream, the sarae condi-
tion continued until the first days of April in 1906. The flowing
Isva had then overrun the tracks of the mountain railway and
accumulated in considerable quantity within the afrio (Fig. 131).

On the morning of April 4, a preliminary stage of the eruption
was inaugurated by the opening of a new radial fissure about 500

x
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fect below the sumimit of the cone (Fig 132 a), and by early after-
noon the cone-destroying stage hegan with the rise of a dark  eauli-
flower cloud ™ or pino o replace the lighter colored steam cloud.
The eone was beginuiug te lall into the crater, and old lava débris
waus mingled in the ejections with the lavu clots hlown from the
still fluid material within the chimney.,  From now oo ~hort and
snappy lightiuing Aashes played about the bluck elond, giving out.
a sharp staceato ™ tack-n-tack.”  The volume and density of the
cloud and the intensity of the erater explosions confinued to in-
crease until the culmination on April 7. On April 5 at widnight o

F16. 131. — Scoriaceous luva cucroaching upon the tracks of the Vesuvian raijway
{after & photograph by Sommer).

new lava mouth appeared upon the same fissure which had opened
near the summit, but now some 300 feet lower (Ifig. 132 ). The
lava now welled out in larger volume corresponding to its greater
head, and the stream which for ten months had been flowing from
the highest antlet upon the cone now ecased to flow.  The next
worning, April 6, at about 8 o'clock, lava broke out at several
points some disfunce east of the opening b, and evidently upon
another fissure transverse to the first (Fig, 132 ¢).  The lava sur-
face within the chimney must still have remained near its old
level, — effective draining had not yet begun, — since 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 culmination of the eruption came in the evening of April 7,
when, to the accompaniment of light earthquakes felt as far as
Naples, lava issued for the first time in great volume from a mouth

more  than  haifeay
down the mountain side
(I 1832 ), and thus
hegar the draitiage of
the chimney. At about
the same time with loud
detonations a huge
black ¢loud rose above
the crater in conneetion
with heavy explosions,
and a rain of rinder wus
general in the region
aliout the mountain but
expecially  within - the
nartheast  quadrant.
Thaose who were so for-
tunate us to he in Pom-
peii had o elear view of
the mowntuain’s sunimit
where red hot musses of
fava were thrown far
into the air. The direc-
tion of these projections
was reported to have
heen not directly up-
ward, but inclined
toward the northeust
quudrant of the moun-
tain; but xince with a
northeast surface wind
the heasiest deposit of
ash and dust should

\ LA\

\ \
\ A
Mm';pscvtyzl’ur?

Fie. — Map of Vesuviux, showing the position
and order of formation of the lyva mouths upon
na fanks during the eruptivn of 1906 (after

Johnstan-Lavia),

have heen upon the southwestern quadrant of the mountain, it
is evident that the material was carried upward untit it reached
the contrary upper currents of the atmosphere, to be by them dis-

tributed.
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When the beavy curtain of ash, which now for a number of
succeeding days overhung all the circum-Vesuvian country, began

at wh

Uu autlines of the mountain on April 10, 1911

to lift (Fig.
truncated an average of ~ome HO0 fod
the surronuding country

and muel of

Fia. 134. —The central conc of Vesuvius as it
appeared after the eruption of 1906, but with
the earlier profile indicated. The truncation
represents o lowering of the summit by some
five hundred feet, with corresponding inerease in
the diameter of the crater (after Johuston-

Lavis).

I had u\»r]muL Vesuvins Infunz apd disclos

tafter De Lorenza).

133), 1t was seen that the summit of the cone had been

(Fig. 134). Al the slopes
had the aspect of being
buried heneath a cocoa-
colored snow of a depth
fo the northeastward of
several feet, where it had
drifted into all the hollow

wiys 80 as alruost to
offace them (Fig. 135).
More  thay  thrice  ax

hieavy as water, the weak
rouf tinbers ol the houses
at the hase of the moun-
tain gave way heneath
the added load  upon
them, thus making many
victims, Inasmueh, how-
ever, axs the ash-ful) par-

tskes of the same general characters as in eruptions (rom cinder
cones, we may here give our attention especially Lo the streams of
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drifted cocou-volured ush from the Vesu-
vian eruption of 1906,

lova whicli lssiea upon the
opposite flauk of 1the moun-
tain (Fig. 136).

The main lava stream
deseended the first steep ! %
slopes with the velocity of 4 Fie. 136, — View of Vesuvius taken from the
mile in twenty-five minutes, southwest during the wuning stages of the

\ the strolling speed of  “FPton of 1906 T the middle distance
about the strolling speed of 10 1 discerned the several lava mouths

a pedestrian, but this rate aligned upon 2 fissure, and the courses of
was gradually reduced as  the strewms which doscend from then.  In
be lvanved Tap. e orosround i the man lava stream with
the strewm advanced  far- e (after W, Pring).

ther from the mouth,  Tak-

ing advantage of each depression of the surface, the black stream
advanced slowly hut relentlessly toward the cities af the south-
west baze of the mountain.  With a motion not unlike that of a
heap of coal falling over itsell down a slope. the Dbiock lava

SCOMeeons s

of LA

Frs. 137, — The main lava stream of Fi6. 138.— An Italian pine snapped off
1906 advancing upon the village of by the lava and carried forward upon
Boscotrecase. its surface as a passenger (after Haug).
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advances without burning
the object~ in its path
(Fiz 137 The beautiful
pines are merely charred
where snapped  off  and
are carried forward upon
the surface of the stream
(Fig. 138).  When a real
obstruction,  such ns 2
bridge or a villa, ix cn-
countered, the stream  is

Fic. 139, — Lava front hoth pushing over and
running around a wall which lies athwart its X
caurse (after Johnston-Lavis). at frst haited, but the

rear erowding upon the

van, unless o pussage ix found ot the side, the Java front rises
higher and higher until by its weight the obstrnetion is foreed (o
give way (Figs 139 gnd 1400

The sequence of events within the chimuney. — The thorough
study of thix Vesuvian erapiion has placed us in 2 position {o infer
with somie confidenee in our conclusions the sequence of events

withiv  the  chimwey  and ———
erater of the voleano, both
hefore ond during the erup-
tion.  Anticipating  sonme
conclusions derived from the
abserved  dissection of vol-
canoes, which will be dis-
cussed  below, it may  he
stated that what might he
termed the ecore of the com- o

wite cone — the chi Fic 140.—One of the villas in Boscotrecase
posite cone 1€ CDUNIRY g pich was ruined by the Vesuviun lava flow
—ix 1 more or less cvlin-  of 1906. The fragments of masonry from
dr plug of cooled lava  the ruined walls traveled upon the lava
which during  the active _('urrenl,.whcrr’ they sometimes beeame

. = incased in lava.
period of the vent has an
interior bore of probably variable caliber. This plug in its
lower section appears in solid black in all the diagrams of Fig.
141, During the cone-huilding period (Fig. 141 a and b) the plug
is obviousty built upward along with the cone, for lava often Aows
out at a level a few hundred feet only below the crater rim. By
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what process  this  chimoey
building  goes on is not well
understood, though some light.
is thrown upon it by the post-
eruption stage of Mont Pelé in
1902-1903 (see below).

Both the older and newer
sections of this plug or chimney
furnishied support
against the outward pressure
of the confained lava by the
surrounding wall of tufl; and
they ave, therefore, in a condi-
tion not unlike that of the
mner barrel of a great gun over
which siecves of metal have
been shrank so as to give sup-
port against bursting pressures.
On the other land, when not
sustaining the hydrostatic pres-
e of the liguid Tava within,
the chiney would tend fo be
by the pressure
of the surrounding tuff. s
strength to withstand bursting
pressures 15 dependent  not
alone upon the thickness of its
rock walls, buf ajso upon its
internal  diatieter or caliber,
A steam exlinder of  given
ihickness of wall, as is well
known, can bursting
pressures in proportion as its
internal diameter is snuall. So
in the voleanic chimney, any
tendeney to remel( from within
the chimney walls must weaken
them in a twofold ratio.

We are yet without accurate

are soe

erushed in

resisg

ROCK TO THE
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F1G. 141.— Three diagruns to illustrate

the sequenee of events within the erater
of a compastte cone during the cone-
Imilding sud erater-producing periods.
w and b, two successive stages of the
cone building or Strombolizn penod
<. enlargement of the erater, truncation
of the cone, and destruction of the upper
chimmney during the relatively hoel
crater-producing or Vuleanian period.
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teniperature observations upon the Java in voleanic chinneys,
but it secin< ahmost certain that these temperatures rise as the
Vulcanian stage is approaching, and such clevation of teniperature
must be followed by a greater or less re-fusion of the chimmney
wal The sequence of events during the late Vesuvian eruption

F16. 142, — The spine of Pelé rising above the ehimney of the valeano alter
the eruption of 1902 (ufter Hovey)

is, then, naturally explained by progressive re-fusion and conse-
quent weakening of the chimney walls, thus permitting a radial
fissure to open near the fop and gradually extend downwards.
Thus at first stoall and high outlets were opened insufficient to
drain the chimney, but later. on April 7, after this fissure had
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been mucl extended and u new and larger one had opened at a
lower level. the draining hegan and the surface of luva connmenced
rapidly to sink.

When the rapid sinking of the lava surface occurred, the lower
lava Jayers were almost immediately relieved of pressure, thus
causing a sudden expansion of the contained steam and resulting
i grand crater cxpiosions.  The partially re-fused and fissured
upper chimney, now wable 1o withstand the inwurd pressure of

}4

Seaie_or Fer.

Trc. 143. —Outlines of the Pelé spine upon successive dates. The full line repre-
sents its outline on December 26, 1902 the dotted-dashed fine is a profile of
January 3. 1902 ; while the dotted line is that of January 9, 1903, The dark
hue js g fissure( after E. O, Hovey).

the surrounding tufl wails. sinee outward pressures no longer
existed. crushed in and eontributed its materials and those of
the surrounding tufi to the fragnents of fresh lava rising in
volume in the grand explosions (Fig. 141 0. Iy ontline, then,
these seem to be the conditions which are indicated hy the
sequence of observed events in connection with the late Vesuvian
outhreak.

The spine of Pelé. — The disastrous eruption of Mont Pelé
upon Martinique in the vear 1902 ix of importance in connection
with the intercsting problem of the upward growth of volcanic
chimneys during the cone-building period of a voleano.  After
the conclusion of this great Vuleanian eruption, a =pine of lava
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grow upwiard frone the chimuey of the muin cerater untif it had
reachied an elevation of more then a thousand feet above its base,
u figure of the same order of magnitude as the probable height of
the upper =ection of the Vesuvian chimney previous to the erup-
tion of 1906.  The Pelé spine (Fig. 142) did not grow at a uniform
rate. but was subject to smaller or larger truncations, but for a
period of 18 days the upward growth was at the rate of about 41
feet per day.  Later, the mass split upon a vertical plane revealing
a econcave inner surfaee, and was somewhat rapidly reduced in
altitude to 600 feet (Fig. 143), unly fo rise aguin to its full height
of about 1000 feef some three months later.

While apparently unique s an observed phenomenon, and not
free from uncerfainty ws to its inferpretation, the growth of this
obelisk has at least shown us that 2 mass of rock can push its way
up above the chimney of an active volcano even when there are no
walls of tuff about it to sustain its outward pressures,

The aftermath of mud flows.— When the late Vuleanian ex-
plosions of Vesuvius had come to an end, all slopes of the moun-
tuin, but especially
the  higher  ones,
were buried in
thick  deposits of
the  cocoa-colored
ash, included in
which were larger
and  smaller pro-
E jectiles.  Ax this
P16, 144, — Corrugated sarfuee of the Vesuvinn cone material is ex-

after the mud flows which folluwed the crutption i 1906 tremely porous, it

Gaifter Johnston-Lavis). g

greedily sucks up
the water which fulls during the first suceeeding rains. When
neurly saturated, it hegins to descend the slopes of the mountain
and soon develops a veloeity quite in contrast with that of the
slow-moving fuva. The upper slopes are thus denuded, while
the ficlds und even the houses about the base are invaded by these
torrents of mud (lave d' acgua).  Inasmuch 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
construction of dikes intended to arrest their progress in the future.
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It was streams of this sort that Duried the city of Herculaneum
after the explosive eruption of 79 4.,

After the mud flows have oceurred. the Vesuvian cone, hike all
similar volcanic cones under the sume conditions, is found with
deep radial corrugations (Fig. 144), such as were long ago de-
sevibed as " barrancoes " and supposed to support the " elevation
crater '’ theory of voleano formation.

The dissection of volcanoes.— To the uninitiated it might ap-
pear a hopeless undertaking to attempt to learmm by observation
the internal structure of a voleano, and cpecially of u complex
voleano of the composite type.  The carliest sucees<lul atlempt
appears to have been made by Count Cuspar von Sternberg in
order to prove the cor-
reetness of the theory
of his friend, the poet
Goethe,  Goethe bad
claimed that a fitte
hill in the vieinity of
Eger, on the horders |.
of Bohemia, was an ex- |
tinet voleano, though
the foremost. geologist
of the €ime, the fa- Fro. (45 —The Kammorhiihl near Eger, showing

the tuanel vompleted in 1837 which proved tbe
volcanic nature of the mountain (after Judd).

mous Werner, had pro-
mulgated the doctrine
that this hill, in cormmon with others of similar aspect, originated
in the combustion of a bed of coal. The elevation in question,
which is known .as the Kammerbihi, s mainly of cinder,
and Goethe had maintained that if a tunnel were to Dbe driven
horizontally into the mountain from one of its slopes, a core or
plug of lava would be encountered hencath the summit.  The
excavations, which were completed in 1837, fully verified the
poet’s view, for a lava plug was found o oceupy the center of
the mass and to connect with a small lava stream upon the side
of the hill (Fig. 145).

It is not, however, to such expensive projects that reference
is here made, but rather to processes which are continually going
on in nature, and on u far grander scale. The most important
dissecting agent for our purpose is running water, whizh is con-
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tinually paring down the earth’s surface and disclosing its buried
struetures.  How much more convincing than any results of

2 B

Fio. 146.— Voleanic plug exposed by nutural dissection of a
voleanic cone in Calorado (U, 8. G

artificial exeavation, ax evidence of the internal strueture of a
voleane, ¢ the monument represented in Fig, 146, sinee here the
lava plug stands in reliel like a
migantic thumwb still surrounded by
a renumant of cinder deposits. 8Such
exposed chimneys of former voleanoes
are found in many regions, and have
become known as voleanie necks,
pipes, ar plugs.

Not. infrequently the beds of tuff
composing the flanks of the voleano,
upon dissection by the same process,
hring to light walls of cooled [ava
stunding in reliel (Fig. 147) — the
filling of the fissure which gave outlet
FiG. 7. —Adike cutting bedsof  to the flanks of the mountain af the

tuﬂ:iu a partly dissected voleano i) of the eruption.  Study of cx-

of southwestern Colorado (after . . .

Howe. U. 8. G. S.). posed dikes formed in connection

with recent eruptions of Vesuvius
has shown that in many instances they are still hollow, the lava
having drained from them before complete consolidation.
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Another agent which is effective in uncovering the huried struc-
tures of volcanoes iz the action of waves on shores. Always a
relatively vigorous erosive ageney, the softer structures of vol-
canic cones are removed with especial facility hy this agent.  On
the shores of the island of Voleano, the littie
cone of Vuleanello las been nearly half
carried oway by the waves, o as to reveal ¢
with especial perfection the structure of the
cinder beds as well as the internal rock
skeleton of the mass.  Here the character-
stic dips of fava streams, intercalated us
they now are between tuff deposits und the
Java which consolidaied in fissures, are both
revealed,

In mid-Atlantic a quite perfeet erater, the
St. Paul’s Rocks, has been cut nearly in

half =0 as to producce a natural harbor Fic. 145.— Mapand gen-

(Fig. 14). eral view of St. Paul's
S . Rocks, a volcanic cone
In still other instances we may thank the  gisseoted by waves.

voleano itself for opening up the interior of
the mountain for our inspection. The eruption in 1888 of the
Japanese voleano of Bandai-san, by removing a considerable part
of the ancient cone, has afforded us a section completely through
the mountain.  The summit and one side of the small Bandai was
carried completely awav, and there was substituted a yawning
crater eceentric to the former mountain and having its highest
wall no less than 1500
feet. in height (Fig. 149).
In two hours from the
first. warning of the ex--
plosion the catastrophe
was complete and  the

2 JMe cruption over.

Fra. E'(Ld isse ') _I[ \.E :1[ Little The cruption of Kra-
andai-san in 1988 (alter Sckiva). Katoa in 1883, )7r0|)ab|y
the erandest observed voleanic explosion in historic times, {eft
a voleanic cone divided almost in half and open to inspection
(Fig. 150). Rakata, Danan, and Perbuatan had before con-
stituted a ine of cones built up round individual craters sub-
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sequent to the partial destruction of an carlier calders, portions
of which were =Gl existent in the islands Verlaten and Lang.
By the eruption of 1883 ull the exposed parts und considerable
submerged portions ol fhe two smaller cones were entirely de-
stroyed, and the furger one, known ws Rakata, was divided just
cutside tlhe plug so 1x Lo leave o preeipitous wall rising divectly
fromn the sca und
showinglavastreans
in alternation with
somewhat  thicker
tuff layers, the whole
knit together by nu-

Fee 150 The halieal \ i merous lava dikes.
o e ot St bfore s iher e conmtion o 1D o7der to carry
1883 (after Verbeck). our dissecting pro-

cess down to levels
below the base of the voleanic mountain, it is usually necessary to
mspect the results of erosion by ranmniog water. Here the plug or
chimney, instead of being surrounded by tufl, is inclosed hy the
country rock of the region, which is commonly a sedimentary
formation.  Such exposed lower seetions of voleanie chinmeys are
numerous wlong the northwestery shores of the British Isles.

Where aligned upon

adislyeation or note-

worthy fissure in the
rocks, the goup of
plugs hus been re-

Terred {0 as u sear or
cicofrice (Fig. 15)).
Associuted with the
plugs of the cieattiee m 151, - The cicatrice of the Banat (sfter Suess).
are not inlrequently

dikes, or, it muy be, sheots of Java extended between lavers of
sediment and known as salls. '

If we are able to continue the dissection process to still greater
depths, we encounter at last igneous rock having a texture known
ws granitic und indicating that the process of consolidation was
not only exceedingly slow lut also uninterrupted. This rock
is found in masses of larger dimensions, and though generally of
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more or less irregular form, no one dimension is of a different ordes
of magnitude from the others. Such masses are commonly de-
seribed as bosses, or, il especially larae, as batholiles (Fig. 152).
Wherever the rock beds appear as though they had been foreed
up by the upward pressure of the igneous mass, the latier takes
the form of w mushroom and las heen deseriled as g laceolite
(Figs. 479481, pp.441-442).  Evidence seems, owever, {0 accumu-
late that in the greater mnmber of cases the molten roek has fused
its way upward, in part assiniilating and in part inclosing the rock
which it encountered. This pro-
cess of upward fusion hax been
likened to the progress of a red
hot iron burning its way through
a board.

The formation of lava reser-
voirs. — The discarding of the
carlier notion that the earth has
a liquid interior makes it proper
in discussing the subjeet of vol-
cunoes Lo at Jeast toueh upon
the origin of the molten rock
material.  As already pointed
out, such reservoirs as exish  Dingram to fllustrate a prob-
must he local and temporary,  able cause of formation of lava reser-
or it would be difficult to sce  voirs, and to show the connection
how the existing condition of between such reservoirs and the val-
earth rigidity could be main-
tained. From the rate at which 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
solid state by the prodigious loads which they sustain.  Any relief
from thix load should at onee result in fusion of the roek.

Now the restriction of active voleanoes fo those zones of the
earth's surface within which mountains are rising, and where
in consequence earthquakes are felf, has furnished us at feast 2
clew to the origin of the lava. Regarded as a structure capable
of sustaining a load, the competeney of an areh is something quite
remarkable, so that the arching up of strong rock formations inlo
anticlines within the upper layers of the zone of fow, or of com-

canoes at the surface.
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bined fracture and flow, would he sufficient to remove the load

from relatively weak underlving beds, which it consequence would

Lo fused and Torm Jocal reservoirs of lava (Figs, 132 and 153).

It has heen further quite gencrally observed that lines of vol-
canows, in =0 far as they betray any relation in position to neigh-
horing mountain ranges, tend to uppear upon the rear or fatter
limb of unsymmetrical avches, or where loeal tension would favor
the opening of channels toward the surface. Moreover, wherever
recent hlock toovements of surfuce portions of the curtl's shell
have heen diselosed in the neighborhood of voleanoes, the latter
appear to be connected with downthrown blocks, as though the Java
had, so to sprak, been squeczed out from
beneath the depressed block or blocks.

We must not, however, forget that the
igneous rocks are greatly restricted in the
range of their chemical composition.  No
igncous rock type is known which could

be furmed hy the fusion of any of the
ment with 1y carbonate rocks such as  limestone ar

position to illustrate  the . .

Lof relief of lond upon  dolomite, or of the wmore siliceous rocks,
rocks by arching of come- sueh ax sandstone or quartzite.  There
‘\‘{ifﬁ: formation (ler i only the argillaccous cluss of

sedimenls, the shales and slates, and so
<oon as we examine the composition of these rocks we are struck by
the remarkalle resemblanee to that of the cluss of igneous roc

For purposes of compartson there is given helow the composite or

average constitution of igneous rocks in parallel columm, with the

average attained by combining the analyvses of 56 slates and shales,

e — | Averaok Swars
| (Washington) |

L SAsta o
o GO o ol
HHSREAEES

BD

'S
&
<

=
e

i
1
8
4
3
9
2
3

Do & it b L

g
3
:
8




RISE OF MOLTEN ROCK TO THE BARTH'S SURFACE 145

This close resembilunce s probably of deep signilicanee, for the
reason fhat shales and slates are structurally the weakest of all
racks and for the Tuether reason that they rather generally di-
rectly underlie the carbonate rocks, which are by contrast the
strongest (see anle, p. 37). Tor these reasons shales and slates are
the only rocks which are likely to be fused by reliefl from toud
through the formation of anticlinal arches within the carth's zone
of flow. I this view is well founded, Javas and other igneous
rocks are i Jarge part fused argilliccous sediments formed in con-
neetion with the process of folding, or are refused rocks of igneous
origin und similar composition.

Character profiles. — The character profiles of features con-
neeted o their origin with voleanoes are particufarly easy to
recognize, and in a few cases in which they might be confused with
others of a different origin, an examination of the materials of
the features should lead to o definitive judgment.

The lava plains which result {rom massive outflows of basalt
might perhaps strictly be regarded as lack of feature, o great may
be their continuous exfent.  Wherever definite vents exist, a
biroadd flat dome is the usual result of the extravasation of 4 basal-
tic lavu. The puys of France and many of the Kuppen of Ger-
nany, being formed from dess fuid Tava, have afforded profiles
with relatively sl radius ol curvature.

In it~ vouthful stage, the cinder cone nsually presents a broad
summit sag aud relatively short side slopes, whereas the eone of
later stage- is apt to present fong sweeping aud upwardly concave
curves with botl the gradient and the radius of curvature jnereas
ing rapidly toward the summit.  In contrast, too, with the carlier
stage, the erest is relatively small. A marked reduetion in the
high symmetry of such profiles is noted wherever a breaching by
lavu outfiow has occurred (Fig. 154).

With the composite cone. complexity and corresponding lack
of symmetry iz introduced, especially in the partially ruined
caldera, and by the more or Jess accidental distribution of parasitic
cones, as well as hy migrations of the central cone.  Feculiarly
similar acuminated profiles result from spatter-cone formation,
from the formation of a superchimney spine, and by the uncover-
ing of the chimney through denudational processes — the volcanic
neck.

L
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Another important feature resulting from denudation ix the
Mesa or table mountain with its profeeting basalt cap above softer
rocks. s profile most resembles that of table mountains due to
differential crosion of alternately strong and weak horizontally
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¥16. 152 — Churacter profiles conneeted sith voleanoes.

hedded rocks, =ueh as compose the upper portion of the seetion in
the Grand Cafon of the Colorado.  Here, however, in place of a
single unusually strong top layer there are found several strong
layers in alternation with weaker ones so ax to produce additional
steps in the profile.
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CHAPTER XIJ
THE ATTACK OF THE WEATHER

The two contrasted processes of weatbering. — It lhus already
been pointed out that change and not stabilitv s the order of
nature.  Within the carth’s outer shell and upon it rock altera-
tion goes on continuaily, and from sorae portions of its surface the
chunged material is as constantly migrating 1o neighboring or
even far distant regions.  Before such transportation can begin
the hard roek must first be broken down and reducad to fragments
which the transporting ageucices are competent to move.

To accomplish this bresking down, or degencration, of the rock
masses, either a wide range in temperature or chemical reaction is
essential.  In the atmosphere are Tound sueh active chemical
agents as oxygen and carhon dioxide, the so-called carbonic arid
gas; and these agents in the presence of wafer react chemically
with the minerals of the rocks and form other minerals <uch ax the
hydrates and carbonates, which are lighter in weight and more
soluble.  This chemical attack upon the outer shell of the litho-
sphere is deseribed as decom position.

On the other hand the rock may succwmb to changes which are
purely mechanical and are due cither to the stresses set up by dif-
ferences between surface and interior temperatures, or to the prying
action of the frost in the ereviees.  Such purely mechanieal de-
generation of the rocks is in contrast with decomposition and is
deseribed as disiulegration.  The twa processes of decomposition
and disintegration may. however, go on together; and the changes
of volume that are caused by decomposition may result diveetly

in considerable disintegration, as we are to see.

The réle of the percolating water. — In ovder fa offeet chemical
change or reaction. it i« essential that the substan which are
to resct 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 between the gaseous atmosphere
and the solid lithospliere are accarnplished through solution of the
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gases ;n water.  This water, derived from rain or snow, percolates
into the ground or descends along the crevices in the rocks, carry-
ing with it a certain measure of dissolved air.  This air differs
from that of the surrounding atmospherie envelope by containing
relatively large amounts of oxygen and
ol the other active clement carbon diox-
ide. Tt follows from the imoportant réle
thus performed by the pereolating water
that the process of decomposition will
be relatively  impertant i humid re-
gions where the atmospheric precipita-
tion ix sufficient. for the purpose.

Within hot and dry regions there s
a larger measure of rock disintegration,
and distinet  ehemical changes unlike
those of humid regions take place in the
higher temperatures and with the more
concentrated saline solutions.  The dis-
cussion of such changes will he deferred
until desert conditions are treated in
avathier chapter.

Mechanical results of decomposition
— spheroidal weathering. — From an
carlier chapter it has heen learned that,
the rocks of the earth's outermost shell
are generally intersected by a system of
Fre. 155, — Successive dia- yertica) fissures which at each locality

grams to show the effect of S ; )

decomposition and resulting e8¢ to divide the roek into parallel and
disintegration upon joint upright rectangular prisms. It is these

:’r')‘;‘::ld“:f‘ “‘;n:‘:l'dsz"d“s)‘j joints which offer relatively easy paths

wentbering. 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 cfieet of the joints and the additional
parting planes is thus to separafe the rock mass into more or
less perfect squared bloeks (IFig. 155, upper figure) which stand
in vertical columns.
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The water which pereolates downward upon fthe joints, fiuds
its way laterally along the parting planes, aud so subjects the en-
tire surfuce of euch block o simultaneous attack by its reagents.
Though all parts of the surface of each block arc alike subject to
attack, it is the angles and the edges which are most vigorously
acted upon.  In the nwrow creviees the solutions move but slug-
gishly, and as they are soon jmpoverished of their reagents in the
attack upon the rock, fresh solution can reach the middle of the
faces from relatively fow direetions. The edges are at the same
time being reached Trom many more directions, and the corners
from a still larger nonmiber,

The mwinerals newly formed by these chenieal processes of
hvdration and carbonizarion ure notably lighter, and hence more
bulky than the mincrals from whose constituents they have heen
largely formed.  Strains arce thus set up whick tend to separate
the butkier new material from the core of unaltered rock below.
As the procesg continues, distinet channels for the moving waters
are developed Tavorable to action at the edges und corners of the
Hocks.,  Burentually, the squared block is by this process trans-
formed into a spheroidal core of still unaltered roch wrapped in
layers of deconipused muterial, like the outer wruppiogs of an onion.
These in turn sre usually imhedded in more thoroughly disinte~
arated  material from  which
the shell strocture has dis-
appeared (Fig. 1536).

Exfoliation or scaling. — A
fact of much importance to
geologists, hut one far too
often overlooked, ix that rocks
are but poor conductors for
heat. T results fromy {his
that in the bright sun of u
summer's day u thin skin, as
it were, upon the rock surfuce may be heated to a relatively high
temperature, although the laver immediately below it is prac-
tically unaffected. The consequent expansion of the surface laver
causes Stresses that tend to scale it off from the layer helow,
which, uncovered in its turn. develops new strains of the same
sort. This provess of exfoliation scquires exceptional importance

Fig, 136, — Sphervidal weuthering of uo
igneous rock,
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in desert regions where the rock surfaces are daily elcvated teo
excessively high temperatures (see Chapter X'V),

Dome structure in granite masses. — In large granite masses
such as arc to be found in the ranges of the Sierra Nevada of Cali-
fornia, a peculiar dome structurce is sometimes found developed
upon a large seale, and has bad an importaut influence upon the
hreaking down of the rock and
upon the shaping of the mountain
{Fig. 137). Suchastrueture, mude
up as it is of prodigious layers,
can have little in common with
the vencers of weathered miner-
als which are the reselt of exfoh-
. 2. afion, and it is quite likely that
o tina the dome structure is in sone
- — Dome structure in granite ywayv eonnected with the reliel of
Yosemite valley, California N
welair).

these massive rocks from their
load — the rock which once rested

(after a photograph

upou thenot, but has been carried away by erosion sinec the uplift
of the range.

The prying work of frost. — ln ull countries where winter tem-
peratures range below the Treezing point of water, w wost potent
agent of rock disintegration is the frost which pries at every arevice
and cranoy of the surface rock.  Important in the temperate zones,
in the polar regions it becomes almost the sole effective asgent of
rock weathering.  There, us elsewhere, its efficiency us a disinte-
grating agent is divectly dependent upon the nature of the crevices
within the rock, so that the omnipresent joints are able to exer-
¢ise a degree of control over the seulpturing of the surface features
which is hardly to be looked for elsewhere (see plate 10 A).

Talus. — Wherever the curth’s surface rixes in steep clifis, the
rock fragments derived from frost action, or by other processes of

- disintegration. as they hecome detached either full or slide rapidly
downward until arrested upon a flatter slope.  Upon the earlicr
aceumulations of this kind, the later ones are deposited, until their
surlace slopes up 1o the ¢lifl face as steeply ns the material will lie
— the angle of repose. Such débris accumulations at the base of
a chiff (Fig. 158) are known as fafus, and the slope is described as
a talus slope, or in Scotland as a “ scree.”
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Soil flow in the continued presence of thaw water. — Su 200D
s the rocks are brahen down by the weathering processes, they are
casily moved, usunlly (o lower fevels.  {u part thix transportation
may be accomplished by gravity slowly seting upon the disinte-
grated rock and causing
it to creep down the slope.
Yei even in such cases
water s usually present
in quanfity sufficient to fill
the spaces between the
graing, and so act as a
fubricant to lacilitate the
ngration.

[Upon a large scale rocks
which were cither origic
nally fwncoberent or have
been made so by weather-
g, alter they luve he-
come satiurated with F1e. 158 —Talus slope bencath a Cliff.

waler, nuy =<t into sudden maotion ax great landslides or ava-
Lunches, which in the space of a few noments materially change the
luce of the country, and by burving the botfom lunds leave dis-
aster and misery n their wuke.

Within the subpolar regions, where a large part of the surfaee
ix Tor much of the vear covered with snow, the underlying rocks
are for long periods suturated with thaw water, vl in alternation
are repeatedly frozen and thawed,  Issentinlly similar conditions
arc met with in the high, snow-capped mountains of temperate or
torrid regions.  For the subpolar regions particularly it ix now
generally recognized thal somewhyt special processes of soil How,
deseribed under the pame solifluciion, are characteristic. The
exact nature of these processes js as yet imperfectly understood, but.
there can he little doubt roncerning the large role which they have
pluved in the transportation of surface materials.  Such soil flow
is elearly manifested under differeat aspects, and if is likely that
by this comprehensive term distinet processes have been brought

together.
Possibly the most striking aspect of the soll flow in subpolar
regions is furnished by the remarkable * stone rivers” and * rock
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glaciers 5 though the more generally characteristic are peeuliar
stripings or other markings which appear upon the surface of the
ground and thus betray the
movements of the underlying
materials.  Upon slopes it is
not. uncommon for the surface
to be composed of angular rock
Fie. 150, — Striped ground from soil flow fragments riven by the frost

of chipped rock fragments upon a slape,  and crossed hy hroad parallel
Z‘(‘:‘(“‘\‘:{o‘:h:ii‘ﬂl‘(};d‘ Antareticn (@fter g us though a gigﬂu!ic
plow had gone over it (Fig.
159).  The direction of the furrows is alwuys up and down the
slope, and the striping is marked in pro-
portion as the slope issteep.  Where the
hottom is reached, the furrows are re-
placed by a sort of mossic pavement
of hexaganal repeating figures, each of
which may be an areu of the surface six
feet or more across (Fig. 160, and Fig.
390, p. 368). The depressions which :
separate the *“blocks ™ of the pavemeunt Tuw. 160. —Pavement of hori-
are often flled with clay, while the in-  zontal surface duc to soil
N . flow, Spitzbergen (ufter Otto
closed surfaces are made up of coarsely N rdenskiold).
chipped stone.
The splitting wedges of roots and trees. — In the mechanical
1y breakdown of the rocks
within humid regions a
not. unimportant part is
sometimes taken by Lhe
{rees, which insinuate the
tenuous extremitiesof their
rootlets into the smallest
cracks, and by continued
growth slowly wedge even
the firmer rocks apart (Fig.
161). To a similar manner
the small tree trunk grow-
ing within a crevice of the
rock may in time split its parts asunder (Fig. 162).

P

prying its sections apart.
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The rock mantle and its shield in the mat of vegetation. —
Through the action of weathering, the rocks, us we bave seen,
lose their integrity within a surfarce layer, which, though it may he
as much as a hundred feet or more
n thickness, must still he accounted
a ruere film above the vaderlying bed
rock.  The mechanical agents of the
Dreakdown operate only within a few
feet of the surface, and the agents of
rock decomposition, derived as they
are frorn the atmosphere, Lecome
inert, bofore they have descended to
any considersble depth.  The surface
laxer of ineoberent rock is usually
referred to as the rock mande (Fig.
163).  Where the rock mantle is rel- » :
atively deep, as it s in the states  spli growing tree near East
south of the Ohio in the easteyn — Lansing Michigan (after a pho-
United States, there is found, deep $iaraph By Bepkhs Thomipacs):
helow the outer laver of suil, a partially decomposed and disin-
tegrated rock. of which the unaltered minerals lie unchanged in
position but sepurated by the pew minerals which have resulted
from the breakdown of their more
susceptibleassociates. Whilethus
in A certain sensc possessing the
original structure, this altered ma-
terial is essentially incoberent and
easily succumbs to attack by the
pick and spade, so that it is only
at considerably greater depths
that the unaltered rock is en-

Fre. 163, — Rock mantle consiting of  countered.

Because of the fendeney of
mantle rock to ereep down upon
slopes it is generally found thicker
upon the crests and at the bases of hills and thinnest upon their
slopes (Fig. 164).

In the transformation of the upper portion of the mantle rock
into soil, additional chemical processes to those of weathering

broken rock, above whirh s s0il and
aveuetable mat, Const of
(after u photograph by Fu
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are carried through by the ageney of earthworms, bacteria, and
other organisms, and by the action of humuos and other acids de-
vived from the decomposition of vegetatiow.  The hacteria par-
ticularly play a part in the formation of carbonates, as they do
also in changiog
the nitrogen  of
e wir ointo ni-
trates which be-
»  come  available
F1g. 164, — Diagram to show the varying thickness of  ax  plant  food.

mantle rock upon the different portions of a hill surface W i¢hjn the
(after Chambyetlin and Salisbury).

hunid  tropical
regions ants ancd other insects enter ax a large factor in rock
decomposition, as they do also in producing not wnimportant
surface irregularities.

How important is the vover of vegetation in retaining the rock
mantle and the upper xoil laver in their respective positions. as
required for agricultural purposes, may be best ustrated by the
disastrous consequences of allowing it to he destroved.  Wherever,
by the destruction of fores ssive grazing of animals,
or by other causex, the mat of turfl has been destroved, the sur-
face is opened in gullies by the first hard rain, and the fertile luyver
of sotl ix curried front the slopes and distributed with the coarser
mantle upon the bottom lands.  Thus the face of the country is
completely transformed from fertile hills into the most desolate
of deserts where no spear of grass is to be seen and no animal food
to be obtained (plate 5 A). The soil once washed away is not again
renewed, for the continuation of the gullying process now effec-
tively prevents its accumulation.

s by the exe
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A. Opee wooded region in China now reduced to desert through deforestation

(nfter Willis).

B. * Had Lunds” in the Colorado Desert (after Mendenbult).
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CHAPTER XI1
THE LIFE HISTORIES OF RIVERS

The 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 débris makes it the
natural prey of any agent competent to carry it along the surface.
We bave seen how, for short distances, gravity unaided may pile
up the déhris in accumulations of talus, and how, when assisted by
thaw watcer which has soaked into tlie material. it may accomplish
a slow migration by a peculiar type of soil flow. Yet far more
potent transporting agencies are at work, and of these the one of
first importance is running water.  Only in the hearts of great
deserts or in the equally remote white deserts of the polar regions
is the sound of its murmurings never heard.  Every other part of
the earth’s surface has 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 intricate pattern of anastomos-
ing valleys which constitutes the chief difference between the land
surface and the relatively even floor of the oceans.

The motive power of rivers. — Every river is born in throes
of Mother Earth by which the 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 waler which falls upon the higher portions
to descend by gravity to the lower.  This natural * head " due to
differences of clevation is the motive power of the local streams,
and for each increuse in elevation there is an immediate response
in renewed vigor of the streams. The clevated area off which the
rivers flow is here termed an upland.

The velocity of o stream will be dependent ot only upon the
difference in altitude between its source and its mouth, but upon
the distance which separates them, since this will determine the
grade.  The level of the mouth being the lowest which the stream

158
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caw reach is termed the base level, and the current is fixed by the
slope or declivity.  The capacity to Tift and transport rock débris
is sugmented af, o quite surprising rate with every increuse in
current velocity, the law being that the weight of the heaviest
transpertable fragment varies with the sixth power of the velocity
of the current.  Thus if one stream flows twice as rapidly as
another, it cun traosport fragments which are sixty-four times as
heavy.

O1d land and new land. — The uplifts of the continents may
proceed withont changes in the position of the shore lines, in
which case areas, already carved hy streanss but no longer actively
modified by them, are worked upon by tools freshly sharpened
and driven by greater power.  The land thus subjecied {o active
stream cutfing s deseribed as old Jand, and has already had
engraved upon it the characteristic pattern of river elehings,
albeit the design has been in part effaced.

U, upon the other hand. the shore line migrates seaward with
the uplift, « portion of the relatively cven sea flor, or new land,
is elevated and laid ucnder the action of the running water.
As we are (0 see. stream cutding is to some extent modified when
a river pattern is inherited from the uplift.  The uplift, whether
of old land only or of both old Jand and new land, marks the
starling point of a new river history, uvsually described as an
croston cycle.

The earlier aspects of rivers. — Though geologisls have some-
times regarded the uplift of the continents as u sort of upwarping
in a continuous curved surface, the discussions of river histories
and the pictorial ilustrations of them have alike clearly assumed
that. the uplift has been essentially in blocks and thal the ele-
vated area raeets the lower lying country or tbe sea in a more or
less definite escarpment. The first rivers to develop after the
uplift may be described as gullies shaped by the sudden down-
rush of storm waters and spaced more or less regularly along the
margin of the escarpraent (Fig. 165). These gullies are relatively
short, straight, and steep; they have precipitous walls and few,
if any, tributaries,

With time the gully heads advance into the upland as they
take on tributaries; and so at length they in part invest it and
dissect it into numerous irregularly bounded and flat-topped
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fubles which are sepurated by eapons (Fig. 166). At the same
time the grade of the chaunel is becotsing flatter, and its precipi-
tous walls are heing replaced by curving slopes. ae will he more

Fre. 165, — Twosuecessive forms of gullies from the earliest stage of a
river's life (after Salishury and Atwood).

fully described in the sequel. It is because of this progressive
recuction of grades with inereasing age that the carly stages of
aoriver's Hfe are mueh the most furbulent of its history. The

Fig. 166, — Partially dissected upland (after Salishury ad
Atwood),

waler then rushes down the steep grades in rapids, and is often
at times opeped out in some hasin to form a lake where differ-
ences of uplift have been characteristic of neighboring sections.
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For several reasons sueh basins i the course of o stream are rela-
tively short lived (Chapter XXX), and they disappear with the
carhier stages of the river history.

The meshes of the river netwark. — From the continued throw-
ing out of new tributaries by the strewms, the meshes in the
river network draw more closely together us the stages of its his-
tory advavre.  The closeness of texture which is at last developed
upon the upland is in part defermined by the quantity of rainfall,
sa that in New Jersey with heavy annual precipitation the meshes
in the network ure mueh snmller than they are, for example,
upon the semiarid or arid plains of the wesfern United State
Tte design will, however, in cither case more or less clearly express
the plan of rock arehitecture which is hidden beneath the surface
(Chapter XVIT)

The upper and lower reaches of a river conmtrasted. — From
the fuct that the river progressively invades new portions of the
upland and I the acquired sections under more and more
thorough investment, ¥ has newr i heasdwaters for o long time
a frontier district which may be regarded as youthful even though
the sections near its mouth huve reached a somewhat advanced
stage.  The newly acquired sections of river valley may thus
possess the steep wrade and precipitous walls which ure eharac-
teristic of early gullies and cafions amd are in contrast with
the more rounded and fai-bottomed sections below.  Lateral
streams, from the fact that they are newer than the main or {runk

—

Fi¢. 167.— Charaeteristic longitudina seetions of the upper portion of a river
valley and its tributaries (after sealed seetions by Nusshavm).

stream to which they are tributary, likewise descend upon somewhaf.
steeper grades (Fig. 167).

The balance between degradation and aggradation. -— We¢ have
seen that the power to transport sock {ragments i augmented at
a mos!, surprising rate with every inerease in {he enrrent veloeity.
While the lighter particles of rock may be carried as high up as
the surface of the water. the heavier anes are moved forward
upon the hottow with » combined rolling and hopping motien
aided by local cddies. Those particles which come in contact

u



162 EARTH FEATURES AND THEIR MEANING

with the bottom or sides of the channel abrade its surface so as
ever to deepen and widen the valley,  This cutting accomplished
by partially suspended débrisin rapidly moving currents of wuferis
known as corresion and the stream is said to be incising its valley.

As the current is cheeked upon the Jower and flutter grades,
sonse of s load of secdiment, and espectally the coarser portion,
will be deposited and so partially fill o the chanoel. A nice
balanee is thus establsbed between degradation and the con-
trasted process known as aggrodaiion.  The older the river valley
the flatter hecome tbe grades at any scetion of its course, and
thus the point which separates the lower zone of aggradation
from the upper one of degradation moves steadily upstream with
the lapse of time.

The accordance of tributary valleys. — [t is a consequence of
the greal sensitiveness of stream corrasion to current velocity
that no side stream may enter the trunk valley at a level above
that of the main stream — the tributary streams enter the trunk
streamn accordantly.  Each has curved its own valley, and any
abrupt increase in gradient of the side streams near where they
enter the main stream would have increased the local corrasion
at an aceelerated rate and so have cut down 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.  Where there
arc wet and dry scasons these differences are greatest, and for a
large part of the year the valleys in such regions may he empty
of water, and are in fact often utilized for thoroughfares. In the
temperatce climates of middle latitudes rivers are generally flooded
in the spring when the winter smows are melted, though they
may dwindle to comparatively small streams during the late
summer. In the upper reaches of the river the current velocities
are such that the usual river channel may carry all the water of
flood time; bhut lower down and in the zone of aggradation, where
the current has been cliecked, the level of the water rises in flood
above the banks of its usual channel and spreads over tbe sur-
rounding lowlands. As a deposit of sediment ic spread upon the
surface, the succession of the annual deposits from this source
raiges the general level as a broad floor described as the fluod plain
of the river.
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The cycles of stream meanders. — The annual flooding with
water and simultaneous deposition of silt is not, however, the
only grading process which i3 in operation upon the Boed 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 proporiion 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 increases the curvature of the stream
at an accelerated rate up o a critical point, when by a change,
sudden and catastrophic, a new and direct course is taken, to be
in its turn carried through a similar eycle of changes. This
so-called meandering of a stream iz accompanied by u transfer of
sediment from one bend or meander of the river to those below
and from one bank to the other.  Inasmuch as the later meanders
cross the earlier ones and in time occupy all portions of the plaia
to the same average cxtent, a process of rough grading is accom-
plished to which the anpual overflow deposit is supplementary.

The course of the current in consecutive meunders and the
cross sections of the chanpel which result directly from the mean-
dering process will be made rlear from examination of Fig. 168,
So soon as diverted from its direct course, the current, hy its
inertia of motion, is
thrown against the
outer or convex side
s0 as to scour or
corrade that bank.
Upon the concave

or inner side of the .

e tein on. Fi6. 165 -Nap und sections of a streum sieander.
curve thereisin con- T B0 R e maim curront s indicted by the
sequence an arex of  Joghed lioe,

slack water, and here

the silt scoured from higher meanders is deposited.  The scouring
of the current upon the outer bank and the filling upon the inner
thus gives to the cross section of the strearn a generally unsym-
metrical charncter (Fig. 168 ab). Between meanders near the
point of inflection of the curve, and there only, the current is een-
tered in the middle of the channel and the cross section 1s sym-
metrical (Fig. 168 cd).
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The scour upon the convex side of o meander cavses the river
Lo swing ever farther in that direction, and through invasion of
the silted food plain to migrate across it.  Trees which lie in its
path are undermined and fall out-
wird e the stream with tops di-
rected with the current (Kig. 169).
Whenever the Hood plain is for-
ested, the fullen trees may be so
numerous = to He in ranks along
the shove, and at the time of the
nest Hood they are carried down-
streant fo on in norrow plavces
along the chaunel and give the er-

roncous hpression that the food
SR hats its=elf uprooted a seetion of for-
Fra. 169, — Tree in purt nudermined est (see 118).

npan the auter bank of n meander The cut-off of the meander. —
Asthe meander swings toward s extreme position it heeonies
more and more elosely looped.  Adjaeent Toops thus approach
nearer and nearer to ciach other, but o the successive positions
o onearly  stationary point is estabhished near where the river
makes its sharpest turn (Fig 170, G, and
Fig. 454, p. 417). At length the neck of land
which separates meanders is so narrow that
in the next {reshet a temporary jamming of
logs within the channel may dircet the wuters
across the neck, and once started in the new
direction a channel is scoured out in the
soft silt. Thus by a breaking through of
the hunk of the stream, a so-called ™ ere-  Fro. 170, — Diagrams to
visse, the river suddenly  straightens its  show “‘f’ Bugressive
course, though up to this time it has steadily :’::‘,:Z:’; Uingl";’:
hecome more and more sharply serpentine. relatively  stutionary
After the cut-off has occurred, the old chan-  peint near the sharp-
nel may for a time continue to be used by the et rorvatare
stream iz common with the new one, but the advantage in velocity
of current heing with the cut-off, the old channel contains slacker
water and so beging to fill with silt both at the beginuning and
the end of the loop.  Eventually closed up at both ends, this loop
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or “axbow ™ ix entirely separated from the new chaunel, and
once abandoned of the stream is transformed into an oxbow
lake (Fig. 171 and p. 415).

Meander scars. — Swinging us it occasionally does in its
meanderings quite across the flood plain and agaiost. the bank of
the earlier degrading river in
this section, the meander at
times  scours the high hank
which bounds the flood plain,
and undermining it in the same
manner, it exeavates a recess
of amphitheatral jorm which is
known s a meander scar (Fig. 5 B |
172).  Atlength the entire bank  Fio. 171 — An oxbow luke in the fuad
is searred in thix manner s as pladn of a i er.
to present to the stream aseries of coneave scallops separated by
sharp iatermedinte <alients of cuspate form.

River terraces. — ‘Whenever the river's history is interrupted
by a small upliti, or the hase level is for uny reason lowered, the
streamn ab once begins {o =ink its channel into the flood plain.
Ooee more flowing upon a low grade, it aguin meanders, aad so
produces new walls at w lower Jevel, hut formed, like the first, of
intersecting meander nears. Thus there is produced & new food
plain with ¢liff and ter-
race  above, which is
known as a river lerrace.
A suceession of uplifts
y 57 : or of depressions of the
Fre, base level yields terraces
in series, as thev appear
schematically represented
i Fig. 172, Such ter-
races are Lo be found well developed upon most of our larger
rivers to the northward of the Ohio and Missouri. The highest
terrace is obviously the remnant of the earliest flood plain, as the
lowest represents the luntest

The delta of the river. -—
moves more and more sluggishly aver the fat grades, and 5
in broader meanders as it flows.  Yet it still carries a quantity

al tiver terraces. a. b, ¢, ¢, succes
inorderof ape 4. d. d. d, terrace slopes formed
of meandor svars.

it approaches it moutly the river
ings
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of silt which is only laid down after its current has heen stopped
on meeting the body of standing water into which it discharges.
If this be the ocean, the salinity of the sca water greatly aids in a
quick precipitation of the finest material. This clarifying cflect
upon the water of the dissolved salt may be strikingly illustrated
by taking two similar jars, the one filled with fresh and the other
with salt wuter, and stirring the same quantity of fine clay into
each. The clay in the salt water is deposited and the water
cleared long before the murkiness of the other has disappeared.

By the laying down of the residue of its burden of sediment
where it meets the sea, the river builds up vast plains of silt and
¢lay which are known as deltas and which often form large local
cxtensions of the continents into the sea.  Whereus in its upper
reaches the river with its tributary streams appears in the plan
like a tree and its branches, in the delta region the stream, by
dividing into diverging channels called distributaries (Fig. 458,
n. 420), completes the resemblance to the tree by adding the
roots.  From the divergence of the distributaries upon the delta
plain the Greek capital letter A 1s suggested and bas supplied the
name for these deposits. Of great fertility, the delta plains of
rivers have become the densely populated regions of the globe,
amnong which it is necessary to mention only 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 the cultivated fields. Though at this time
the waters spread broadiy 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 thus built up on either side of the channel a
ridge of silt 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 inbabited plaing,
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 small degree of enpgincering skill and ex-
perieuce to construct. So important to the life of the nation is
the proper management of its dikes, that in the past history of
China each weak administration has heen marked by the develop-
ment of gralt in this important department and by floods which
have destroyed the lives of hundreds of thousands of people.
Wherever there has heen a markedly rapid sinking upon a
delta region, and depressions are common in delta territory, no
doubt as a result of the fonding down
of the crust, the river may present the
paradoxical condition of flowing at a
higher level than the surrounding coun-
try.  Between the levees of neighboring
distributaries there are peculiar saucer-
shaped depressions of the country which
easily become filled with water. At the
extremity of the delta the levee may be &
the ooly land which shows above the o 173.—"Bird-foot " delu
" . of the Mississippt River.
ocean surface, and so present the pecul-
iar ¢ bird-foot "’ outline which is characteristic of the extremity
of the Mississippi delta, though other processes than the mere
sinking of the deposits may contribute to this result (Fig. 173).
The sections of delta deposits. -— [ now we leave the plan of
the delta to consider the section of its deposits, we find them so
characteristic as to be easily recognized. Considered broadly,
the delta advances 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 steep slope at the front,
a smaller amount of material is dropped along the way, and o
laver 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 horizontal layer
of courser materials, the so-called top-set bed; the bulk of the
deposit in a forward sloping layer, the so-called fore=set bed:
and a thin film of clay which is extended far in advance, the
bottom-set bed (Fig. 174,2). If at any point a vertical section is
made through the deposits, beds deposited in different periods
are encountered ; the oldest at the bottom in a horizontal posi-
tion, the next younger above them and with forward dip, and the
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youngest und coursest upan the top in nearly horizontyl position
(Fig. 174, 3.

I has been esthnated that the surface of the Undted States
is now being parced down by erosion at the avers rate of an
inch in 760 years,
The derived ma-
terinl s being
deposite:d] in the
flood  plain and
delta regions of it

! Pk or o Defro.

Toocees % &, principal  rivers.
S Some 513 million
tons of suspended

matter is in the
United States car-
ried o tidewuter
each  year, and
ahout fudfusmuch
more poes out fo
sea as hssolved

3 serrrcol Sectron avross rhe beds matier. I (his
Fra. 174, — Disgraws to show the nature of delta de-  vinferial were re-
Premits ns exbibited i seetion. moved  Srom the

Panama Canal cutting, un 85-foot sea-level canal would he ex-
envated in about 73 days. The Mississippi River alone currices
annually to the sea 340 millon tons of suspended matter, or
two thirds of {he entire mwnount removed from the wrea of the
United States as a whole, It is thus little wonder that great’
deltas have extended their boundaries so rapidly and that the
crust is so generally sinking heneath the lond,



CHAPTER XIIT
EARTH FEATURES SHAPED BY RUNNING WATER

The newly incised upland and its sharp salieats. — The suc-
cessive stages of incising, sculpturing, and finally of reducing an
uplifted Jand area, are cach of them possessed of distinetive
characters which are all to be read either from the map or in the
lines of the landscape.  Upon the newly uplifted plain the incis-
g by the young rivers iz to be found chicflyv in the neighbor-
hood af the marging. In this stage the valleys are deseribed as
Voshaped eadions, for the vidley wall meets the upland surface
in sharp salients (plate 12.3), and the Jines of the landseagwe are
throughout mmade up from <traight elemsents. Though the land-
seapes of thix stage present the grudest seenery that s known
and yuay be eut oout i massive proportions, often with rishing
river or placid Lake to enbanee (he effect of erag and gorge, they
lack the softness and prace of
outline which beloug only to the
miaturer  cyosion stages. The
prand ecanon of the Colorado
presents the features charaeter-
istie af this stage in the grandest
and ot sublime of b exam-
ples, and the castied Rhine is a
gorge of rugged beanty. carved
out from the newly clevated
plateany of  western Prussia,
through which the water swirks by eddyving rapids (Fig. 175).

The stage of adolescence. — As the wplund becomes more
largely invaded s o consequence of the headward advance of
the canons and their sewding out of tributary =ide cafions, the
shirp angles in which the canon walls intersect the plain become
prackially replaced by wellronnded shoulders.  Thus the lines in
the landseape of this stage are a combination of the straight

169

5. — Gorge of the Rjver Rhine
ineised within aa np-
fifted plain whicl forms the hill tops
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line with a simple curve convex toward the sky (Fig. 176). In
this stage large sections of the original plateau remsin, though
cut into small areas by the ex-
tensions of the tributary valleys.

The maturely dissected up-
land. — Continued ramifications
by the rivers eventually divide
’ the entire upland area into sep-
Fic, 176 — v-shaped valley with weil-  atated parts, and the rounding

rounded shoulders characteristic of  of the shoulders of valleys pro-

the atage of adolescencr. Allemheny (oo s simultuneously until of the

platesu in West Virgioia. L. .

original upland no easily recog-
nizable compartments are to be found. Where before were flat
hilltops are now ridges or watersheds, the well-known divides.
The upland is now said to be completely dissected or to have
arrived at maturity. The streams are stil vigorous, for they
make the full descent from the upland level to base level, and
vet a critical turning point of
their history has been reached,
and from now on thev are to
show a steady falling off in eff-
ciency as sculpturing agents.

Viewed from one of the hill- g5 177, — View of a maturely dissected
tops, the landscape of this stage  upland from one of its hilltops, Kla-
bears a marked reserablance to math Mountains, ‘(leliforniu (nfter o

. . photograph by Fairbanks).
a sea in which the numberless
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 Hogarthian line of beauty. — Since the youthful stage of
the upland, when the lines of its landscape were straight, its
character rugged, and its rivers wild and turbulent, there has
been effected a complete transformation. The only straight line
to be seen is the distant horizon, for the landseape is now molded
in softened outlines, among which there is n repeated recurrence
of the line of beauty made famous by Hogarth in his * Analysis of
Beauty.” As well known to all art students, this is a sinuous
line of reversed or double curvature —a curve which passes
insensibly at a point of inflection from convex to concave (Fig.

! Levaol
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178).  The curve of heauty is now found in every section of the
kills, and it imparts to the landscape a gracefulness and a measure
of restfulness as well, which are not to be found in the landscapes
of earlier stages in the erosion cycle. In the bottoms of the
valleys also the initial windings of the
rivers within their narrow flood plains
add silver beauty lines which stand
out prominently from the more som-
her baekground of the hills,
Considered from  the commercial — Fio. 178 — Hogarth's hae of
viewpoint, the mature upland s one beauty.
of the leust adaptable as a habitation for highly civilized man.
Dircet lines of communication run up hill and down dale in
monotonous alternation, and almost the only way of carrying a
rajlroad through the region, without an expenditure for trestles
which would he prahibitive, is to follow the tortuous crest of a
main divide or the equally winding bed of one of the larger valleys.
The final product of river sculpture — the peneplain. — When
maturity has been reached in the history of a river, is energies
are devoted to a paring down of the valley slopes and crests so
as {o reduce the general level. From this time on hill summits
no longer {all into a common level — that of the original upland
— for some mount notably higher than others, and with increas-
ing age such differences become accentuated. There is now also
a larger aggradation of the vallevs te form the level floors of
flaod plains, out of which at length the now slight elevations rise
upon such gentle slopes that the process of land sculpture ap-
proaches its end.  Gradually
% the vigor of the stream has
Q/ * faded away, and can now only
3 be renewed through a fresh
uplift. of the land, or, what
would amount to the same
s thing, a depression of the base
Fig. 179. — View of the old land of New level. Upland and river have
England. with Mount Mooadnock rising  renched old age together, and
in the distanre. . .
the approximation {0 a pew
plain but little elevated above base level is so marked that the
narne pencplain is applied to it. Scattered elevations, which be-

Faint of
Infiecsion
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eause of some favoring circumstance rise to greater heights ahove
the general level of the peneplain. are known as menudnocks after
the tipe example of Mount Monadnock in New Hampshive (Fig.
179).

The river cross sections of successive stages. — To the suc-
cessive stages of a river's life it has been common to carry over
the wumes from the wellanmorhed pertods of a buman dtfe.
neglecting for the mowment the general aspect of the uplnd. we

Gx our atteution up-
on the chareteristic
cross sectians of the

Ioforcy Yourh . river valley, we find

that here also there

v are  clewly marked

character to  distin-

Adolescence Morurity X
puish ench stape of the
——— river's Ufe (Filg. 180).
In infaney the steep
Ol Age ;. . '
4 Comparison  parow. and sharp-
1 e bSO — Copuparizan of the cross sections of river

angled cafion isa char-
acleristic: with youth
the wider Veform has atready developed o in adoleseence the angles
of the cafion are transformed into well-rounded shoulders, and the
valley broadens =0 us in the lower reaches fo fay down o fload
plain; in maturity the divides and the double curves of the line
of heauty appear; while in the decline of old ape the valleys are
extremely broad and fat and are Hoored by an extended flood
plain.

The euntrenchment of meanders with renewed uplift. — Upon
the reduced grades which are characteristic of the declining stage
of a river's life, the current has little power to modify the surface
configuration.  On the old land of this stage a rencwed uplift
starts the streams again into action. Thix infusion of driving
power into moving water, regarded ax a machine eapable of ae-
comphshing cerfain work, i Bke winding up a clock that has
run down.  Once more the streams acquire o veloeity sufficient
to enable them fo cut their vallexs into the land surface, and
s0 u new erosional cycle may be inaugurated upon the old land
surface ~— the peneplain. After such an uplift has been accom-

valteys for the different stages of the erosion evele.
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plished and the rivers have sunk their early valleys within the
new upland, we may look out from this now elevated surface
and the eve take in but s single horizontal line, since we view
the pluin along it edge.

By the uphft the vwensders of the carlier rivers miny hecows
crteenched i the new upland, the wide lohes of the individisd
meanders being now separated by mountains where hefore hiad
heen plains of =ift oniv. The New River of the Combertand
platean and the Yakima River of centra) Washipgton (Fig. 181)
furnish excellent American examples of intrenched meanders, as

Fio. 151, —The Beavertuil Bend of the Yakima Cafion in central Wasbington
(after George Otis Smith),

the Moselle River does in Europe.  Upon the course of the latter
river near the town of Zell a tunned of the railroad a quarter of
o mile in fength pierces aomountain in e neck of 1 meander
lobe i which the river Hsell travels a distanee of more than six
miles in order to nunke the same advance. The Kaiser Wilhelm
tunnel in the sume district penetrates a lurger mountuin meluded
in a double meander of the siver.  Although intrenched, river
meanders are still competent (o scour and =0 undermine the
outer bank, and with favoring conditions they may by this process
erode extended ** bottoms " out of the plateau. (Sec Lockport
quadrangle, U. 8. G. 8)

The valley cf the rejuvenated river. — Whenever a new uplift
oteurs before an erosionad cycle has been compleled, the rivers
become intrenched. not in a peneplain, but in the botioms of
broad wvalleys, The sweeping curves which churacterize mature
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landscapes may thus be brought into striking contrast with the
straight lines of vouthful cafons which with V-sections descend
from their lowest levels
(Fig. 182). The full
cross section of such a
valley sbows a central V
whose sharp  shoulders
are  extended outward
;| and wpward in the soft-
ened curves of later ero-
sion stages,

The arrest of stream

F16. 182.— A rejuvenated river valiey (after 8 grogion by the more re-
photograph Ly Fairbanks).

sistant rocks. — The ca-
pacity of a river to erode and carry away the rock material
that Des along s course ix dependent not only upon the ve-
locity of the current, but also upon the hardness, the firniness
of texture. and the solubility of the material.  Particularly in
arid and semiarid regions, where no mantle of vegetation is at
hund to mask the surfaces of the fimner rock masses, differences
of this kind are stamped decply upon the landscape, The rock
terraces in the Grand Caifion of the Colorado together represent
the stronger rock formations of the region, while sloping talus
accumulations bury the weaker beds from sight.

Each area of harder rock which rises athwart the course of a
stream cauvses a temporary arrest in the process of valley erosion
and is responsible for o noteworthy local contraction of the river
valley.  The valley is carved less widely as well as less deeply,
and since a river can never corrade
below its base, a © temporary base
level " 35 for a time established
above the ares of harder rock.
Owing to the contraction of the
valley under these conditions, the
focality is described as a river
narrows (Fig. 183). The narrows
upon the Hudson River oceur in
the Highlands where the river leaves a broad expanse occupied
by softer sediments to traverse an island-like area of hard crystal-

Fig. 183. — Plan of a river purrows.
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Tine rocks,  Within the narrows of « river the steep walls, charac-
teeistic of youtlyand the turbulent current as well, are often retained
Jong after other portions of the river have acquired the more restful
lines of viver maturity.  The picturesque crag and the generully
rugeed eharncter of river narrows render them points of speeial
interest upon cvery navigable river.

The capture of one river's territory by another. — The effect
of a hard layer of rock interposed in the course of a strewnm is
thus alwavs to delay the advance of the erosional process at all
levels ahove the obstruction. When 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-
cowered the havder layer.  Where several neighboring streams flow
by similur routes fo {heir common hase level, those which dis-
cover a harder rock will advance their headwaters less rapidly
izto the uplund and so will be at a disadvantage in extending
their drainage territory. A stream
which i not thus hindered will in the
course of thme rob the others of a por-
tion of their ferritory, for it is able fo
erode its lower reaches nearer to hase
level and thus acquire for its upper
reaches, where erosion is chiefly accom-
plished, an sdvantage in declivity.  The
divide which separates its headwaters
from those of its less favored neighbor
will in consequence migrate steadily in-
to the reighbor's territory.  The divide
is thus a sort of boundary wall separat-
ing the drainage basins of neighboring
streams, and anv migration raust extend
the territory of the onc at the expense

. Fre. 184 —Successive  dia-
of the other. As more and more terri- ~ 0 40 dustrate repeated

tory is brought under the dominion of  river pirscy and the devel
the more favored stream, there will come ~ opment of " trellis druinage.”
a time when the divide in its migration wfter Russell).

will arrive at the channel of the stream that is being robbed, and
so by a sudden act of annexation draw off all the upper waters
into its own basin. By this capturc the stream whose territory has
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e to have heen beheaded. By this act of prracy
the atronger strean now develops exceptional activity hecause of
the local steep grades near the point of caprure, and with this
newly acquired cutting power the invader s competent fo ad-
vance still further and enter the territory of the stremm thut lies
next bevond,  The type of drainage network whieh result< from
repeated  capiures of i< kind i known as cfteellis drainnge
(Fig, 1847, 0 tepe well illustrated by the rivers of the southerrn
Appadachinns,

Tn general it rany he said that, other conditions being the
same, of (two neighbaring streans sehieh have o comron buse
level, that one which takes the Tongest route will lose territory
to the other, stace it must have the Batter average stope. Stremn
cupture may thus come about without (he discovery of burd
rork layers which are more unfavorshle to one streany than au-

been imnvided

other.
Water and wind gaps. — In the Allegheny platean rivers eross
the range of harder rocks in deep wountain narrows whieli upon
the horizon appear as gatewayvs through the harrier of the monn-
tain wall. Sueh gate-
wavs  are  sometimes
referred to as twater
maps,” ol which  the
Delware Water Cap
Is perbaps the besg
known example
though the Potomac
crosses the Blue
Ridge at the fistorie
P S et s it e Haper's Feny rongh
near Harper’s Ferry.

"
o s

<
I
Lot

a similar portal.  The
valley of the tributary
Shenandoah has heen the seene of an inferesting episode in the
struggle of rival streams which ix {ypiead of others i the e
upland region.  The records which may be made out. from the
landscapes show clearly that in an easller but recent period,
when the peneral surface stood at a higher level which hax been
ralled the Kittatinny Plain, the yvounger Potomac nf that time
and a younger but larger ancestor of Beaverdam Creek each
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crassed the Blue Ridge of the time through similar water gaps
(Fig. 183, map, and Fig. 186). The Potomuc of that time wus,
however, the more
deeply intrenched,
and  pos ng an
advantage in =lope
owas able to
advanee the divide

IDLOMIEC
mwrer,

at the hewl of its ~-— sz svmamr —
tributary, (he P it —Sertion to ilustrate the history of Mnickers
Shenandoah,  ivto Cep.
the ferritory of Beaverdam Creek. Thus the beheoding of the
Beaverdum hy the Shenandonh was secomplished (Fig 183, second
map) and s upper waters annexed {0 the Potomae svstem.
With the submequent lowering of the general level ol the country
which yvielded the present Shenandosh Plain. the former water gap
of Beaverdam Creek wax abandonel of igs strenm at u high level
in the rauge.  Isnown as Spickers Gap, it may serve o type of
the = wind gaps’ of similur origin which are not altogethier un-
common in the Appalachian Mountain system (Fig. 186).
Character profiles. — For humid regions the landscapes possess
chararters which. speaking broadly, depend upon thie stage of the
ergsion cycle. For the earliest stages the straght line enters
as almost the only element in the desigu; as fhe eyvele advances
to adolescence the rounded forms begin {o replace the angles of

YouTH ADOLESCENCEN,

NATURITY
OLp Ase

REJUVENATION
¥1o. 157.— Character profiles of laudscapes shaped by stream erosion o humid
chimates.
N
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the immature stages, and with full maturity the lines of beauty
alone are characteristic,  As this eritical stage s passed irregu-
larity of feature und ever more flattened curves are found to cor-
respored to the dectine of the river's vital energies.  There are
thus murks of wenility in the work of rivers (Iig. 187).
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CHAPTER XIV
THE TRAVELS OF THE UNDERGROUND WATER

The descent within the unsaturated zone. — Of the moisture
precipitated from the atmospbere. that porfiont which neither
cvaporates into the air nor rons off upon the surfuee. sinks into
the grownd and is deseribed s the grownd water. Here it deseends
by vty through the pores and open spaces, and ot o quite
maenlerate depth arrives ot a zone which s completely saturated
with water.  The depth of the upper swface of this saturated zonce
varies with the humidity of the climate, with the ultitude of the
earth's surface, and with many other similarly varving lactors.
Witlin humid regions its depth may vary from a few fect to a few
hundred fect, while in desert areas the surface may lie as low as a
thousand feet or maore.

The surface of the zone of the lithosphere thal is saturated
with water is called the water tuble, and though less accentuated it
conforms in general to the relief of the country (Fig. 188). lts

o/
Arrermmens
Strace

Fi6 1h8. — Disgram to show e seasonal range wn the psition of the witer table
and the cause of intermittent streams,

depth at any point is found from the levels of all perennia) streams
and from the levels at which water stands in wells.

During the season of small preeipitation the water table is
lowered, and if at such times it falls below the bed of o valley,
the surface stream within the valley dries up, to be revived when,
after heavier precipitation, the water table has in turn been raised.
Hueh streams are sald to be inlervittent, and are especially char-
acteristic of scmiarid regions (Fig. 188).

180
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Wherever in descending from the surface an impervious laver,
such as clay, is encountered, the further downward progress of the
water is arrested. Now conducted in a lateral direction it issues
at the surface as a spring at the line of emergence of the upper sur-
face of the impervious laver (Fig. 189).

1o, 188 — Diagram to show how nn imperviou: yer conducts the d
water in o lateral direction Lo issue in surface springs.

ndiog

The trupk channels of descending water. — While within the
unconsolidated rock naterials near the surface of the earth, it i
clear that water can cireofate in proportion as the materialy are
porous and xo relatively pervious.  As the pore spaces bhecome
minute and capillary, the difficulty of permeation through the
materials becomes very great. Thus in the noncoherent rocks
it s the coarse gravel and the layers of sand which serve as the
underground chanuels, while the fine clays have the effect of an
impervious wall upon the circulating waters.  Tn coarse sand as
much as a third of the volume of the material is pore space for the
absorption and transmission of water. ven under these favor-
able conditions the 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  spaces, but in
nearly all consolidated
rocks there are addi-
tional spaces afoug
certain of the bedding
planes, the joint open-
ings (Fig. 190), and
the crushed zones of
displacenient, so that
these parting planes
become the trunk
chanel,so to speak, 7 0. Sk g Oy e e
of the circulating 500 of limestone along two series of vertical jointe
water. Tt is along  (after Martel).
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such crevices that in the course of time the mineral matter carried
in =olution by the water is deposited to produce the ore veins
and the associated crystallized 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 solu-
tion into broad crevices with well-rounded shoulders. At joint
interseetions solution of the limestone is so favored that the water
may here deseend in a sort of vertical shaft until it meets a bedding
plzne extending laterally and offering more favorable conditions
far corrosion.  {ts journcy now begins in a lateral direction, and
solution of the rock continuing, a tunnel may be etehed out and
extended until another joint is encountered which is favorable to
its further descept into the formation. By this 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 evenlually discharged
into the river system of the district (Fig. 191).  Within the larger
caverns the water at the lowest Jevel
usually flows as a subterranean river
to emerge later into the light from he-
neath a rock arch.

Fi6. 101.— Diagram to show the From the plan of a system of con-
relation of cavernsin limestone  necting caverns it may often be ob-
to the river svstem of the dis- gorved that the palleries of the several
triet nd to the "SWallow jevels are alike directed slong two
oles™ upon the surface.
rectangular directions which indicate
the master joint directions within the limestone formation. This
is especially clear from the map of the galleries 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
bas' descended in the largest volume, and here funnel-shaped
depressions have been dissolved out from the surface of the rock.
In different districts such depressions have become known as
“sinks,” " swallow boles,” entonnoirs, and Orgeln. Wherever 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 relatively small connections only with the
subterranean caverns. They have thus naturally collected upon
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their bottoms the insoluble clay which was contained in the impure
limestone as well as a certain amount of slope wash {rom the sur-

Fio. 192. — Plop of a partion of Mammoth Cave, Kentucky (after H. C. Havey).

face.

Inasmuch as the clays are impervious to water, 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 landscape
(Fig. 193).

Certain of the depressions
above caverns are, however,
less regular in outline, and their
bottoms are occupied by a
mass of limestone rubble. In
some mstances, at least, these

Fio. 193. — Precs and shrubs growing
luxuriantiy upon the bottoms of sinks
within a limestone country (after a
photograph Ly H. T. A. de L. Hus).
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depressions appear 1o he the result of local incaving of the cavern
roofs.  Au incaving ol this nature may close up an earlier gallery in
the cavern and divert tiie cave waters to 2 new course. The de-
struction of the roofsof caverns through this process of incaving may
continue uniil only relatively small remmants are left.  From long
subterranean tunnels the caves are thuz transforned into suhaérial
rock bridges that have become knowi as * nutural bridges." The
hest-hnown American example i< the Naturad Bridge near Loes-
gton, Virginia,  Muach grander natrad hridges have been formed
in sandstone by a totally different proeess; and nnsst pod be con-

fused with these Hmestone renmants of caverns

The sinter deposits. — Just g~ water can dissolve the caleare-
ous rocks with the formation of caverns, it can under other con-
ditions deposit the muterial which hus thus been taken into solu-
tion.  Tts power to hold earbonate of lime in solution is dependent
upon the presence of carbonic acid gas within the water.  Water
charged with gas and dissolved lhne carbonate 1= said 1o e hard,”
and if the gus be driven off By hoiling or otherwise, the dissolved
lime is thrawn out of solution and deposited in a form well knowa

to all housekeepers.

Hard water flowing in « surface stream. if dashed into spray
at a caseade, may deposit it= lime carbonate in an ever thickening
veneer wherever the spray is dashied about the fati~. Thi< materiad,
when cut inosection, has waving parallel layers and s known as
travortine o calearcous sider. Some of the most remarkable de-
posits of thix nature may be seen wi the caxcade of Tivoli near
Rome, and most of the Romun buildings have been construeted
from travertine that has been quarricd in the vieinity.

The growth of stalactites. — Waler, after pereolating slowly
through the crevices of limestone, where it beeomes eharped with
the carboenic acid gas and with dissolved carhonate of line, may
trickle from the roof of a cavern. Emerging from the narrow
erevice, it may give off some of its contained gas and is usaally
subject to evaporation, with the result that the lime carbonate is
left. adhering to the rock surface from which evaporation {ook
place.  1f the water collects upon the cavern roof so slowly that
it can entirely evaporate before a drop can form, the entire content
of carbonate will be left adhering to the roof.  Evaporation is
most rapid near the marging and over the center of cach drop as it
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develops, and the deposit which is left thus takes the form of tiny
white rings at those points upon the crevice where there is the
casiest passage for the trickling water.  To the outer surface of
these rings water will first. adhere and then evaporate, as it will
also slowly coze through the passage in the ring, but here without
cvaporation until it reaches the lower surface. A pendant struc-
ture will, therefare, develop, growing outward in all direciions by
the deposition of concentric layers which are thickest near the roof,
and downward inte the formm of a rock “ iciele ™ through cvapora-
tion of the water which colleets near the tip.  These pendant
sinter formutions are known as stalactites and are thux formed of
coneentrie layvers arranged like a series of nested cornucopias with
a perforation of nearly uniform caliber along the axis of the struc-
ture (Fig. 194).

Formation of stalagmites. — Wherever the water percolates
through the rool of the vavern so rapidly that it cannot entirely
evaporate upon the roof, @ portion
fulls to the floor, and, spattering as
itoatrikes, builds up a relatively
thick cone of ~inter known as a
stulagmite, and this is accurately
centered beneath o stulactife upon
the roof. In proportion gs the
cavern is high, the deopping water
is widely dispersed as it strikes the
floor. with the formation of a corre- Fia Diagrama to show the

. . muanner of formation of stalzetites,
spondingly thick and blunt stalag-  § ites, and snfer cal
mite.  As this rises by growth to-  beneath paraliel crevices upon the
ward {he toof, it often develops — roofsof caverns (in purt aftes von

. . L TRuebel).
upon its sununit a distinet crater-
like depression (Fig. 194, lower figure). When the process is
long continued, stalactites and stalspmites may grow together
to form columns which may be ranged with their neighbors
Like the pipes of an organ, and like them they give out clear
tones when struck lightly with a mallet. At other times the
columns are joined to their neighbors to form hangings and dra-
peries of the most fantastic and heautiful design (Fig. 195).

In remote antiquity limestone caverns afforded a refuge to many
species of predatory birds and animals as well as to our earliest
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ancestors.  The bones of all these denizens of the caves lie en-
tombied within the elays and the sinter formations upon the cavern
floors, and they tell the story of a fierce and lung-continucd war-
fure for the possession of these natural strongholds.  The evidence
is clear that these cave men with their primitive weapons were

Fi1g. 105, ~ Sinter formations in the Luray caverns, Virginia

able af times to drive away the cave bears, lions, and hyenas, and
to set up in the cavern their simple hearths, only in their turn to
be conquered by the ferocity of their enemies.  Some of the Buro-
pean caves huve yvielded many wagonloads of the skeletons of
these fierce predatory animals, together with the simple wenpons
of the primitive man.

The Karst and its features. ~- Most so-called limestones have a
large admixture of argillaceous materials {clays) and of siliccous
or sandy particles.  Such impurities make up the bulk of the elays
and muds which are left behind when the soluble portions of the
limestone have been dissolved.

Swallow holes we have found to be characteristic features within
such districts. When limestones ure more nearly pure, as in tho
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Karst region east of the Adriatic Sea, similar features are devel-
oped, but upon a grander seale, and certain additional forms arce
encountered. In place of
the sink or swallow hole,
there appears the “ karst
funnel " or doline, a deep,
bowl-shaped  depression
having a flat  Dottom.
Such funnels may he 30
to 3000 feet across and
from 6 to 300 feel in depth
(Fig. 196).  Though in
one or {wo  instances
known ta e the result
of the break down of
cavern rools (Fig. 197),
vet like fhe swallow holes
of other regions these
Jarger funnels appear gen-
erally to be fthe work of
solution by the descending waters.  Where they have been opened
inartificial cuttings along railroads or in mines, the original rock
is found intact at the bottom, with
sruall erevices only going down to
lower levels. Over the bottoms of
the dolines fherc is spread a layer
of fertile red clay, the ferra rossq,
like that which is obtained as a
residue  when a fragment of the
Fra. 197 — Cross section of the do- limestone has been  dissolved in
line formed \:_\- inbreak of a cavern ahoratory experiments.

;:“é’mi::‘};:;;;;‘;’;:::f{;_de['"p A desert from the destruction of
forests. — 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
runs 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.

Eic. 196 — Map of the dolives of the Karst re-
rion near Divaéa
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Although to-day so largely a barren waste, we know that the Karst
upon the Adriatie was in remote antiquity a heavily forested re-
gion and that it supplied the myriads of wooden piles upon which
the city of Venice is supported.  The vessels which brought to
this port upen the Adriatic its ancient prosperity were huilt from
wood brought from this tract of modern deserf.  In the davs of
Venetian grandeur the fertile terra rossa formed a veneer upon
the rock surface of the Karst and so retained the surface waters
for the support of the luxuriant forest cover.  After deforestation
this vencer of rich soil was washed by the raing into the dolines
or into the few streaws courses of the region, thus leaving a barren
tract which it will be all but impossible to veclaim (plote 6 A).
Upon the steeper slopes
over the purer imestones,
the rain water runs away,
guided by the joints within
the rock. There is thus
etehed out o mare or less
complete network of nar-
row channels (Fig. 190,
p. 181), betweenwhich the
remnants rise ti sharp
blades to produce a strue-

Fro. 198. — Sharp Karren of the Ifenplatte in ture often simulated upon
Allggu (after Eckert).

the fissured surface of a
glacier that has been melted in the sun's rays (Fig. 401). These
almost impassable areas of karst country are described as Schralten
or Karrenfelder (Fig. 198).

The ponore and the polje. — To-day large arcas of the Karst
are devoid of surface streams, nearty all the surface water finding
its way down the crevices of the limestone into caverns, and there
flowing in subterranean courses. The foof traveler in the Karst
couwntry is soractinaes suddenly arrested ta find a precipice vawn-
ing at his feet, and looking down a well-like opening to the depth
of 2 hundred feet or more, he may see at the bottom a large river
which emerges from beneath the one wall to disappear heneath
the other. These well-like shafts arein the Austrian Karst known
as Ponores, while to the southward in Greece they are called
Katavothren.



PLate 6.

A. Barren Kurst landscape near the famous Adelsherg grottoes.
{Photogruph by 1. D. Scott.)

B. Surfuce of # limestone ledge where joints bave been widened through solution
Syracuse, N.Y.
(Photograpk by I. D. Sealt.)
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Elsewhere the karst river may emerge {rom its subterranesn
course in a broader depressed area bounded by vertical chiffs, from
which it later disappears benesth the limestone wall.  Such de-
pressions of the karst are known ns poljen, and uppear in mosi
 to be above the downthrown blocks in the i
e of Che region. Some of these steeply wadled inclosures

e Tault

an aren of several hundred square miles, and expecially at
the thme of the spring suow melting they are flooded with water
and so transformed jnto seasonad lakes (Fig. 199 and p. 422). 1+
appears that at such times the eave
galleries of the remion with their local
narrows are not able to carry off all
the water which ix condueted to them;
and in consequence there = a tempo-
rary wnpoureling of the lood waters in
those portions of  the river's course
which are open o the sky and more
extended.  The rush of water at such
times may bring the red clay into the
subterrancan  chamels  in o sufficient Fre. 199, —The Zirkuitz seasonal
quuntity to clog the passages. The l(:‘;ﬁ:;:‘p‘:;:‘ﬁ’i‘:‘)‘t of the Karst
Zirknitz Lake usually has high water ’

two or three times a year, and exceptionally the flooding has con-
tinued for a number of years. 1t has thus in some districts been
necessary to afford relief to the population through the ronstruc-
tion of expensive drainage tunneéls.

The conditions which are fypified in the Karst area {0 the cast
of the Adriatic Sea are encountered also in roany other lands; as,
for example, in the Vorarlberg and Swiss Alps, in Lebanon, and
1 Ntedly,

The return of the water to the surface.— Water which has de-
scended from the surface and been there held between impervious
lavers, may be under the pressure of its own weight or *“ head ”;
and will later find its way upward, it mayv be to the surface or
higher, where a perforation is discovered in its otherwise imper-
vigus cover. Such loeal perforations are produced naturally by
fines of fracture or fauiting (widened at their intersections),
and artificinlly through the sinking of deep wells. The water,
which at ordinary fimes reaches the surface upon fissures, is usually
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concentrated locally at the intersections of the {racture netwark,
where it izsuex in lines of fissure springs (Fig. 200) ; but at the time
of earthquakes the water may rise above the surface in lines of
fountains (p. 83), or occasionully as sheets of water which may
mount sonte teus of fect inta the aic.

In contrast to the flow of surface springs, which varies with the
seasolt through wide ranges hoth in it= volume snd o tenperature
of the wuter, the solume of
fissure springs is but slightly
affectedd by the seasonal pre-
cipitation, and the wuater tem-
perature iy maintained rela-
tively constant.  Rock s but
a poor heat conductor, and the
sonal temperature changes
descend a few feet onty into the
ground. Thus water which
yises [rom depths of a few hun-
dred feel only is apt to he ey
Fra 208. — Fissure springs arranged upon  cold, while front greuter deptlis

Yuex ol roek syt PLerseetions. b ofaet of the earth's interad

Pomperaug valley. Connectica, : : o

heat s apparent in o unifurin
but relatively higher temperature of the water. Such ™ warnm ™
or thermal springs are apt to contain consideruble mineral muiter
in solution, both because the water i far traveled and beeause ifs
higher temperature has considerably increased its solvent properties.

It has Jong been recognized that lines of junction of different
rock formations at the baxe of mountuin ranges ure loralitios fa-
vorable for the occurrence of thermal springs, These junction
lines are usually within zones where by wovement upon fractures
the widest openings in the roek have farmed, and the catehnient
area of the neighboring mountain highland has supplied bend for
the ground water. A map of the bot spriogs within the Great
Basin of the western United States would present in the muin a
map of its principal faults.

Artesian wells. — From the natural fissure spring an artesian
well differs in the artificial character of the perforation of the im-
pervious cover to the water laver. The wuter of urtestan wells
may flow out at the surface under pressure, or if. may require

s
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pumplag tu raise it from some fower level.  Ideal conditions are
furnished where the geological structure of the district is that of a
broad basin or =vneline.  The wuter which falls in a neighboring
upland is here impounded between two parallel, saucer-like walls
and will How under its bead if the upper wall be perforated at
some luw level (INg. 201, 3).

2
T1G. 201, — Schematic diagrams to illustrate the different types of artesian wells,
(1) A non-flowing well; (2) flowing wells without basin structure eaused by
clogging of the pervious formation: (3) lowing wells in an artesian basin.  The
dotted lines are the water levels within the pervious layers (after Chamberlin.

A monoclinal structure may furnish artesian conditions when
the generally pervious layer hus hecome c¢logged at a low level so
as to hold back the water (Fig. 248, 2).  Pumping wells may be
used successfully even when such clogging does not exist, for the
slow-moving underground water flows readily in the direction of
all free outlets (Fig. 201, 1).

Hot springs and geysers. — Thermal springs whose temperature
approaches the boiling point of water ure known as hol springs.
A geyser ix w hot spring which intermittently ejects a column of
water and steam.  Botb hot springs and geysers are to be found
only in volcanic regions, and appear to be connected with uncooled
masses of siliceous lava. In two of the three known gevser regions,
leeland and New Zealand, the voleanoes of the neigbborhood are
still active, and the lavas of the Yellowsfone National Park date
from the quite recoent geological period which immediately pre-
ceded the so-called “ Tee Age”

Wherever found, geysers are in ihe low levels along lines of drain-
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age where the underground water would most naturally reappear
at the surfare. Their water has penetrated to considerable depths
below the surface, but has heen ehiefly heated by aseending steam
or other vapors.  The water jonrney has heen chiefly made olong
fissures, us i shown by the cool springs which often issue newr
them, Though some hot springs and gevsers may disappear {rom
a distriet, ofhwers are found (o be Jorming, and there iz po gomd
reason to think that gevsers are rapidly dving out, as wus af

one time supposed.

The action of a gevser was fist satisfactorify explained by the
great German chemist Bunsen after he had mude studies of the
Teelandic gevsers, and the mechanics of the eruption was later
strikingly illustrated in the laboratory by an artificial geyvser con-
structed by the Irish physieist Tyndall,  LIn nany respects tlis
action is like that of the Strombolian eruption within a cinder
cone, since it 18 connected with the viscosity of the fluid and the
resistanre which this opposes to 1he lheration of the developing
vapor. In the case of the gevser, a columu of heaied water stands
within a vertical tube and is heated near the hottor of the column.

Though the water may at its surface have the normal boiling
temperature and he there in quict ebullition, the hoiling point
for all lower levels is raised by the
weight of the column of superin-
cumbent liguid, and so for a time
the formation of steam within the
mass s prevented.  In Figo 202
15 shown o eross section of the
Ieelandic Geysir from which our
name for such phenomena has been
derived, and to this section have
f been added the actual observed
Fia. 202, —Cross section of Geysir trmperatures of the water at the

leeland, with simuitancously ol ooy jevels as well as the tem-

served temperatures recorded at the
left, and the boiling temperatures for  peratures gt which  boiling can
the same levels at the right (after take place at these levels. From

Campbell). oL

this it will be seen that at a depth
of 45 feet the water is but 29 Centigrade helow its boiling point.
A slight increase of temperature at this level, duc to the con-
stantly ascending steam, will not only carry this layer above the
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boiling point. but the expansion of the steam within the mass will
elevate the upper layers of the water into zones where the boiling
painis are fower, and thos bring about w sudden and violent ¢bul-
lition of Wb these upper partions. Thux is explained the shmost
universal observation that just hefore geysers crupt the hot water
rises in the bowls and generally overflows them.

The water ejected from the gevser is considerably cooled in the
air, and after its return to the tuhe must e sgain heated by the
ascending vapors hefore another eruption cun [
occur.  The measure of the cooling, the time
necessary to fill the tube, and the supply of [
rising steam, all pluy w part in fxing the period ;
which sepurates consecutive eruptions, 1f the '
top of the tube be narrowed from its average U
caliber, as 1x comymonly obscrved to be true of |
the gevsers within the Yellowstone National l
Purk, the escape of the steam is further hin-
dered, amd frequent gevser eruption promoted.

An artificial gevser for demonstration of the
phenomenon in the lecture room is represented
i Fig. 203, The cut bas heea prepared from
a photograph of an apparatus designed by
Professor B, W. Snow of the University of
Wisconsin,  In this design the tube is con-
tracted so as to have a top diameter one fourth
only of what it is at the hottom, where heat is
directly applied by multiple Bunsen lamps.
The water once sufficiently heated, this arti-
ficial gevser erupts at regular intervals of time >
which are dependent upon the dimensions of Ti6.203.—Apparatus
the upparatus and the quantity of heat applied. :‘: ::";;::L“:]’)'ﬁ:l‘;

In case of natural gevsers a coosiderable  ture room (by cour-
quantity of heat cscapes between eruptions in v of Professor B.
steam which issues quietly from the bowl of - S0
the geyser. I this heat be retained by plugging the mouth
of the tube with a barrowful of turf, as is sometimes done
with the gevser Sbokr in lceland, eruption is promoted and so
takes plice easlier.  Another method of securing the same result
is to increase the viscosity of the water through the addition of

o
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soip, as was accidentally discovered by o Chinaman who was ufi-
i
tions.  After this discovery it beeame a4 comuon customn to
“soap ' the Yellowstone gevsers in order to make them play;
but this method was prohibited under heavy penalty after the dis-
astrous cruption of the Excelsior Geyser.

The deposition of siliceous sinter hy plant growth. — Ge
are known only from areas of siliceous voleanic lava, and this may

perhaps have its cause in the easier
W solution of the geyser tube from

ng the gevser water in the Yellowstone Park for fauudry opera-

HOTS

sueh materials. The silica dis-
solved in the heated wuters is
again deposited at the surfuee 10
formy  scliceous sinler or geyserile,
This material forms terraces sur-
rounding the geysers or is built up
into mounds which are often quite
symumetricad, such as those of the
Bee Hive and Lone Star gevsers
of the Yellowstone Park (Fig, 204).

11, 204, — Cone of siliccous siuer The greater part of this sepu-
built up about the mouth of the t "'[ slica f the heated
Lone Star Geyser in the Yellow- [2UON 0t siica from the healc
stone Nutional Park. geyser waters is due to the action

of plants or alge that are able
to grow in the boiling waters and which produce the beautiful
colors in the linings to the hot springs. The wonderful variety
of the tints displayed is accounted for by the fact that the alge
tuke on different colors at different termperatures. The silica
is deposited from the water in the gelatinous hydrated form, which,
however, dries in the sun to a white sand.  The growth within the
pools goes on in a manner similur to that of a coral reef, the alge
dying below and there beeoming encased in the roek lining while
still continuing to grow upon the surfuee.  Whereas stnter of this
nature, wher deposited by evaporation alone, can produce a maxsi-
muin thickness of layer of a twentieth of an inch each year, the
growth from alga deposition within limited areas may be as much
as eight inches during the same period.
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CHAPTER XV

SUN AND WIND IN THE LANDS OF INFREQUENT
RAINS

The law of the desert. — It ix well to keep ever in wmind that
there is no universal law which dominates Nature’s processes in
all the seetions of her realin. Those changes which, because often
observed, are most famifiar, may not be of gencral application,
for the reason that the areas habitually occupied by highly eivi-
lized races together comprise hut a small portion of the earth’s
surface.  Ip (he dank tropical jungle, upon the vast arid sand
plains, awd in the cold white spuces near the poles, Nature has
nstituted peculiar und widely different processes.

The fundamental condition of the desert is andity, avd this
necessitates an exclusjion from it of all save the exceptional rain
cloud.  Thus deserts are walled in by mountain ranges which
serve as barriers to infercept the moisture-bringing clouds.  They
are 0 consequence saucer-shaped depressions, often with 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 avmosphere through evaporation.

The desert history is thus begun in isolation from the ses from
which the clouvd moeisture is derived, a balance being struck be-
tween inflow and evaporation.  Yet if deserts have no outlets,
it is not truc that they bave no rivers. These are occasionally
permanent, often periodic, but generallv ephemeral and violent.
The characteristic drainage of deserts comes as the iminediate
result of sudden cloudburst.  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 dowp into the
Roor or evaporated and returned to the atmosphere. The dis-
solved material which was carried in the water is eventually left

197
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in saline deposits, and the great burden of sediment accumulales
in thick stratified masses which in magnitude outstrip the largest
deltas in the ocean.

The self-registering gauge of past climates. — From the ini-
tiation of the desert in its isolation {rom the lands tributary to the
sea, its history beeomes an individual and independent one.  An
inereasing quantity of rainfall will e marked by larger inflow to
the basin, and the lakes which form in its lowest depression will,
as a consequence, rise and expand over larger areas. A contrary
climatic change will bring about a lowering of the lukes and leave
behind the marks of former shorelines above the water level (Fig.
205).  Deserts are thus in a sense self-registering climatic gauges
whose records go bark far bevond the bistoric past. From themn

Fus. 206, — Former gshare lines on the mountain wall surrounding the desert of the
Great Basin, View [rom the temple in St Lake City (after Gitbert).

it ix learned that there have been alternating periods of larger and
smaller precipitation, which are referred to as plurial and inler-
plurial periods.

Fram such records it is learned that the Great Basin of the
western United States was at one time occupied by two great desert
lakes, the one in the eastern portion being known as Lake Bonne-
ville (Fig. 206).  With the desircatinn which followed vpon the
series of pluvial periods, which in other lafitudes resulted n great
continental glaciers and has become known as the Glacial Period,
this former desert lake dried up to the fimits of Great Salt Lake and
a few smaller isolated basins., Between 1850 and 1869 the waters
of Gireat Salt Lauke were rising, while from 1876 to 1890 their level
was falling, though subject to periodic fluctuations, and in recent
years the waters of the lake have risen so high as to pass all records
since the occupation of the ¢ountry. As a consequence the so-
called Salt Lake ‘“‘cut-off 7 of the Union Pacific Railway, con-
structed-st great expense across a shallow portion of the Jake, bas
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been overflowed hy its waters,  The Sawa Lake in the Persian
Desert, whicli disapperred some five hundred years ago, apguin
came into existence in 1888 s0 as to cover the caravan route to
Teheran.

The record in the rocks of the distant past reveals the fact that
in some former deserts barriers were, in the course of tirne, broken
down, with the result that an invading
sea entered through the breached wall,
The result was the sudden destruction
of land life, the remains of which are
preserved in * hone beds,” now covered
by true marine deposits, A siill later
cpisode of the history was begun when
the sea had disappeared and land ani-
wals again roamed above the carlier
desert.  Such an alternation of marine
deposits with the remains of land plants
and animals in the deposits of the Paris
Basin, led the great Cuvier to his belief
that geologic history was comprised of
a succession of cataelysms in which life
was ulternately destroyed and re-created
in new forms — a view which later, under
the powerful influence of Lyell and
Darwin, gave way to that of more
gradual changes and the evolution of Fic. 206. — Mup of the former
life forms. Lake  Bowsevilie  (dotted

Some characteristics of the desert ;:}'OE?::’:‘“L}];“]:OE?‘:“;F
wastes. — The great stretehes of the 1869 (smaller arca) and that
arid ands have been often compared 10 of the present (after Berg-
the ocenn, and the Bedouin's camel is ™%
known as “the ship of the desert.” Though a deceptive resem-
blance for the most part, the comparison is not without its value.
Both are closed basins, and it isin this respect that the desert and
the ocean may be said Lo most resemble cach other, for none of
the water and none of the sediment is lost to either except as
boundaries are, with the progress of time, transposed or destroyed.
Flatness of surface and monotony of scenery both have in common,
and the waters and the sand are in each ease salt; yet the ocean,
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fram the tropics to the poles, has the same salts in essentially the
sume proportions, while ip the desert the widest variations are
found borh in the salts which are present and in their relative
Guantities.

Upon the horders of the occan are found ridges of vellow sand
heaped up by the wind, but these ramparts are small in comparison
to those which in deserts are found upon the borders (plate 7 4).

The desert is a land of geographic paradoxes. A~ Walther has
pointed out, we have rain in the desert which does not wet, springs
which yield no brooks, rivers without mouths, forests preserved
in stone, lakes without outlets, valleys without streanws, lake basins
without lakes, depressions Lelow the level of the =en yet barren
of water, intense weathering with no maufle of disintegrated rock,
2 decomposition of the rocks from within nstead of from without,
and valleys which branch scmetimes upstresin and sometirnes
down.

Within the deserts curious mushroom-like remnants of erosion
afford 2 local relief from the searching rays of the desert sun.
Pocket-like openings large enough for a hermit's habifation are
hollowed out by the wind from the disintegrated rock musses.
Amphitheaters open out frem little crosion valleys or wadi. and
isoluted outliers of the mountains stand like sentinels before their

massive {ronts.

Beeause of the general absence of clouds sbove a desert, no
shield such as is comamon in humid regions ix provided against the
Llinding intensity of the sun’s rays. Sun temperatures as high
as 180° TFahrenheit have been registered over the deserts of
western Africe. Every one is familiar with ibe fact that a
Llanket of thick clouds is a prevention of frusts at night, for, with
the setting of the sun and the consequent radiation of heat from
the earth, these ravs are intercepted by the clouds, returned and
re-returned in muony successive exchanges. Over desert regions
the absence of any such blanket of moisture is responsible for the
remarkable falls of terperature at sunset. Though shortly hefore
temperatures of 100° Fehrenheit or greater may have been
meusured, it is not uncommon for water to frecze during the
following night. Much the same conditions of sudden tempera-
ture change with nightfall are experienced in high mountains when
one has aseended above the blanketing clouds.




SUN AND WIND IN LANDS OF INFREQUENT RAINS 201

Dry weathering — the red and brown desert varnish. — In
desert lands the fierce rays of the sun suck up ull the available
motsture, and the water table may be hundreds of feet below the
surface. Roots of trees a hundred fect or more in length have
been found to testify to the
ficree struggle of the desert
plant with the arid conditions.
In Lumid regions the meteorie
water dissolves the more
soluble sodium salts near the
surface of the rock and earries
them out to the ocean, where P
they adil 1o the saltness of the Fie. 207.— Rorax deposits upon the floor
so. In the desert the rare of Death valle alifornia (after a pho-

. . tograph by Fairbanks).

precipitations prevent an out-

flow, hui the sun's strong rays suck out with the moisture the
salts from within the rock, and evaporating upon the surface, the
salts are left as a coat of ** alkali,” which isin part carried awayv on
the wind and in part washed off in one of the rare eJoudbursts.
In cither case these constituents find their way to the lowest de-
pressions of the basin,
where they confribute
to the saline deposits
of the desert lukes (Fig.
3 207).

Certain of the saline
constituents of the
rocks, as they are thus
& drown out by the sun’s
| rays, fuse with the rock
at the surface to form a

dense brown substance
Fig. 208.— Hollowed forms of weathered granite in it <mooth surface
a desert of central Asiu {after Walther).

i
|
¥
[
|

coat, known as desert
varnish.  Within the Interior a portion of the salts eryvstullize
within the capillary fissures, and like water freezing within a pipe,
they rend the walls apart. As a direct consequence of this
disintegrating process the interior of rock masses may crumble
into sund; and if the hard shell of varnish be broken at any
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point, the wind nahes its entranee and reinoves the interior por-
tlon su us to Jeave a hollow <hell — the characteristic ** pocket
rock U (Fig. 208) of the desert. The nummulitic limestone of
Mokkatan and many of the great hewn blocks of Egyptian lime-
stone sound hollow under the tap of the hammer, and when
broken. they reveal a shell a few inches only in thickness (Fig.
209).

The brown desert varnish is one of the most characteristic
mark= of wnarid country. 1t s found in all deserts under much
the same conditions, and
is especially apt to be pres-
ent in sandstone. When
seratehed, the surface of
the rock becomes either
cherry-red, indicating an-
hydrous ferric oxide, or it
is yellowish, due to the
hydrated iron oxide which
we know as iron  rust,
Thus it is seen that the
sand~ of deserts, in contrast to those yielded by other processes
within Lowid regions. have a characteristic red color, and thix
may vary from brownish red upon the one hand to a rieh carmine

Fig. 200, — Hollow hewn blacks in a wall in the
Wadi Guerraui (after Walther).

upon the other.

The mechanical breakdown of the desert rocks. — The chemi-
ea) changes of decomposition within desert rocks are, as we have
seen, targely due to the action of concentrated solutions of sults
at high temperatures.  That there is a certain mechanical rending
of these rocks, due to the © freezing ' of =alts within the capil-
lary fissures, hus been already mentioned. A further strain
effect arises in rucks like granite, which are n mixture of different,
minerals.  Heuted to a high temperature during the day and
cooled through a considerable range at night, the different minerals
alternately expand and contract at different rates and by dif-
ferent relative amnounts. so that strains are set up, tending to
tear them apart. The cffect of these strains is thus 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



SUN AND WIND IN LANDS OF INFREQUENT RAINS 203

through the daily round of wide temperature range.  This outer
shell when heated is expanded, and so tends to peel ofl, or ex-
foliate, like the outer skin of an onion.  The process is therefore
described as exfoliation.  1n all rocks of homogeneous texture the
continued action of this process results in convexly spherical sur-
fa the material scaled off in the process remaining as a slope
or talus which surrounds the projecting knob (Fig. 210;.  Naked,

Fra. 210. —Smooth granite domes shaped by exfolistion snd surrounded by a rim of
talus,  Gebel Karsala, Nubian Desert. (after Walther).

these projecting domes rise above the rim of débris at their bases.
Not a particle of dust adheres to the fresh rock surface —no
dirt interferes with its glaring whiteness. Yet close at hand lie
masses of débris into which wells may be carried to depths of
more than six hundred feet without encountering either solid
roek or ground water. The bare walls of granite sometimes mount
upwards for thousands of feet into the alr, as steep and as inac-
cessible as the squared towers of the Tyrolean Dolomites.

Roek is such a poor conductor of heat that sperial strains are
set up al the margin of sunlight. and shade.  This localization of
the disintegration on the margin of the shaded portions of rock
masses Is known as shadow weathering (ser Fig. 215, p. 206).

There is, bowever, still another mechanical disintegrating
process characteristic of the desert regions, which is likewise
dependent upon the sudden chanpges of temperaturc. Raing,
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thougl they may not oceur for a year or more, come as sudden
downpours of great volume and violence. Rock masses, which
are highlv heated beneath the desert sun, i suddenly dashed
with water, may be rent apart by the differential strains set up
near the surface. That rocks may be easily rent as o result of
sudden chilling is well known to our Nortbern farmers, who are
accustomed to rid themselves of objectionable bowlders by first
building & fire about them and then dashing water upon their
surface. Thus =plit inte [ragments, even the larger howlders
may bhe hundled and so removed from the farming land. The
natural process of rock rending by the oceasional cloudburst may
be described as diffission. Blocks as much as twenty-five fect in
diameter haye been observed
in the desert of western
Texas, soon after being
broken  into  several frag-
ments at the time of a down-
pour of rain (Fig. 211).

The natural sand blast. —
Beeause of  ihe saucer-like
shape. thie vast expanse, and
. 211.— Granite blocks in the Sierra de the absenee of wind breaks,
los Dolores of Texus, rent into several  ghe potency of wind as a

fragments by the dash of rain (after
Walther).

TSR
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geological agent is in desert
areaxs not  eusily  overesti-
mated.  While most of its work is accomplished with the aid of
tools, it hus heen proven that even without this help, considerable
work is done througls the friction of the wind alone, particularly
when moving as powerful eddies in eracks and crannies.  This
wear of the wind, unaided 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 generallv charged above the deserts. Un-
protected by any mat of vegetstion the materials of the desert
surface are easily lifted and are constantly migrating with the
wind. The finest dust is raised high into the air, and is carried
bevond the marginal barricrs, but none of the sand or coarser
materials ever passes heyond the borders.

The efficiency of this sand as a cutting tool when carried by the
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wind is directly proportioned to the size of the grain, since with
Jarger fragments a heavier blow is struek when carried at any
given velocity., These maore effective grain= are, however, not lifted
far above the ground, but advance with & squirming or hopping
motion, much ax do the larger pebbles upon the hoftom of a river
at the time of n spring freshet. To quote Professor Walther:
“IWhoever has had the oppor-
tunity to travel over a surface
of dune sand when a strong wind
is blowing has found it easy to
convinee bimself of the grinding
artion of the wind. At such
times the ground becomes alive,
everywhere the sand is creeping .
over the surface with snake-like :
squirmiings. and the eyve quickly
tires of these writhing movements of the currents of sand and
cannot long endure the scene.”

A direct comsequence of this restriefion of the more effective
cutting tools to the layer of uir just above the ground, is the
strong tendency to cut away all projecting masses near their
bases. The “ mushroom reeks.” which are so churacteristic of
desert landscapes, have been shaped in this manner (Fig. 212).
Aunother praduct of the desert
sand blast isthe so-called Wind-
kante (wind-edge) or Dreil-ante
(three-edge). a pebble which is
uzually shaped in twe form of
a pyramid (Fig. 213).

Whenever a rock face, open
to direct attack by the drifting
Fia. 213. — Windkanten shaped by the sand, is constituted of parts

desert sand blast (after Chamberlin and which have difierent hardness
Salsbury). )

2.— " Mushroom rock " from &
Lin Wyoming (after Fairbanks).

the blast of sand pecks away
al the softer places and leaves the harder ones in refief.  Thus is
produced the well-known ™ stone lattice " of the desert (Fig, 214).
Particularly upon the neck of the great Sphinx have the fiving
sund grains, by removing the softer layers, brought the sedi-
mentary structures of the sandstone into strong relief.
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When guided both by planes of sedimentation and planes of joint-
wg, forus of o very high degrec of vrnamentation are developed.
Sowe of the most remarkable forms wre due to the protection af-
forded to the sun-exposed surfaces by the shell of desert varmish.
In e shaded portions of projecting masses there is no such pro-
tection, and here the sand blast insinwaies itself into every erack
and erunny. In this it s aided
by shadow weathering due to
the differential straivs set up at
the horder of the expanded sun-
heated surlace.  As a result,
projecting rock masses are some-
times etched away beneath and
give the effect of o squatting
animal. These forms, due to

f.—The *stone I shadow erosion, have also heen
desert. the work of the natural sl Hkened to projecting faneets.
blast (after Walthor). (Fie, 2151,

Worn by it impact upon neighboring sand grains while in trans-
port, but moeh more as i is thrown against the ground or hard
rock surfacees. the wiml-driven or eolion sand s at last worn into
stoothly rounded grannes whielr approach the form of u sphere.
Compared to the sur-
face which sea sand
acquires hy attrition,
this shaping proces<is
much the more effi-
clent. sinee in the
water (lie heach sund
s buoyed up and s

more efectively cush- ! ot &

joned ageinstits neigh-  Fia. 215.— Projecting rock carved by the drifting

boring grains,  The  %and into the form of & couchaut animul as n ekt
A 0l shadow weathering and erosion.  Cut in granite

grains of beaeh sand L e worth Tndian Desert, (ufter Walther).

when examined under

2L miicroseope are found to be mueh more irregular in form and

usually display the original fracture surfaces only in part abraded.
The dust carried out of the desert. — When, standing upon the

mountain wall that surrounds o desert, the traveler gazes out to
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windward over the great depression, los ficld of view s generadly
obseured by the yellow hoze of the dust clouds moving across

the margins.  Upon the mountain
flanks and extending far outside
the borders, this cloud of dust
settles as o shrouvding mantle of
impalpable yellow powder, which
is known as loess.  These deposits
are continudly  deepeuing, und
have sometimes accumulated until
they are hundreds or even thou-
sunds of feet in thickness.  Before
reaching its final resting place the
dust of this deposit may have
settled many times, and has cer-

tainly been in part redistributed g oig.— Cliffs in loess 200 feet in

by the streams near the desert  height which exbibit the charnetens

margin.  In it are the ingredients
wiy for the nour-

which are nec

tic vertieal jointing (after vou Rich-
tafen),

ishment of plants, and it constitutes the most m\port‘m(‘ of natural

Fra. 217, — A eaiton
in loess woru by
traffic sudwind. A
highway in north-
ern China  (after
von Richtofen).

soils.  Continuafly fed by new deposits from
the desert, and refertilized from below by a
natural process 30 soon as the upper layers
become impoverished. it requires no artificial
fertilization.  Without artificial aids the loess
of northern China has been tilled for thousands
of years without any signs of exhaustion.
Though casily pulverized between the fingers,
loess is none the less characterized by u perfect
vertical jointing and stands on vertical {aces
as does the solid rock (Fig. 216), but it is ab-
solutely devoid of layers or hedding.  Tts cu-
picity of standing in vertical ¢liffs the loess owes
to a never failing content of lime earbonatce
which acts a8 a cernent, and to s peculiar porous
structure eansed by capillary canals that run
vertically through the mass, branching like

rootlets and lined with carbonate of lime. This texture once
destroyed, [oess resolves itsell into a common sticky clay.
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Dy the feet of passing animals or hy wheels of yvebicles, the loesse
18 croshed, aml o portion is Wffed and
Thus in the course of the roandway s sink deep into the muass as
steep-walled cofons (Fig 21750 A portion of the now struecture-
less clay remaining upon the rowdway is at the time of fhe rains
transforte ! into o thick nmd which makes traveling 2l hut
nupossible, though before s strocture bas been destroyed the
loess s perfeet)y drained to the bottom of its deposits.

The particles whicli compose  the loess are sharply angular
quartz fragments, so fine that all but a few grains can be rubbed
into the pores of the skin.  Fine scales of mica, such as are easily
lifted by the wind, are dissconnated unifornnly throughout the
muss. The orly inclosures which are arranged in layers consist
of irregularly shaped coneretions of elay.  These show o striking
resemblanee to ginger roots and are called by the Chinese “stone
ginger,” though they are clsewhere more generally known by
thetr Germean name of  Luwessnénnchen, or 1 dolla. These
coneretions are so disposed in the Jaess that their longer axes are
vertical, and they were evidently scpurated from the mass and
not deposited with it.

wried away by the wind,




CHAPTER XVT
THE FEATURES IN DESERT LANDSCAPES

The wandering dunes. — Over the broad expanse of the desert,
sand and dust, and occasionally gypsum fror the saline deposits,
are ever migrating with the wind; on quiet days in the eddying
“sand devils,” but especially during the terrifying sand storms
such as i the windy season darken the air of northern China and
southern Manchuoria.  This drift of the sand is halted only when
an obstruction is encountered — a projecting rock, a bush, or a
bunch of grass, or again the buildings of a city or a town. The
manner in which the sand is ar- g
rested by obstacles of different e g N,
kinds is of great interest and im- < g oLt
portance. and is utilized in raising
defenses agaiust its encroschinents,
1f the obstacle is unyielding but
allows somc of the wind to pass
through it, no eddies are produced
and the sand is deposited both to
windward and to Jeeward of the
obstruetion to form a fairly sym-
metrical mound (Fig. 218 ). AD 6. 215 — Dingrams to ilustrate the
obstruction which yiclds to the  effects of obstructions of different
wind causes the sand to deposit ~ typesinarresting wind-driven sand.
R . g a, An unyielding obstruction which
in a mound which is largely to [ i the wind ta puss through it ;
leeward of the obstruction {Fig. b aflexible and perforated ohstrue-
218 4). A solid wall, on the other tion; ¢, an unyiclding closed barrier

. . L (after Schulke).
hand, by inducing eddies, is at
first protected from the sand and mounds deposit both to wind-
ward and to leeward (Fig. 218 ¢ and Fig. 219,

Except when beld up by an obstruction, the drifting sand travels
to leeward in slowly migrating mounds or ridges which are kmown
as dunes. Their motion is due to the wind lifting the sand from

r 209
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the windward side and carrving it over the crest, from where it
slides down the leeward slope and assumes o surfoce which ig
the angle of repose of the material.  In contrast with this the
windward  slope s
notahiv gruduad, he-
ing shaped in con-
formity to the wind
currents,

The dunes which
are talsed upon s
shores, like those of
the desert, ure con-
R stantly  migrating,
to leeward of a firm and impenetrable obsteucvon.  those upon the shores

The wind comes from the left (after a photograph v . .
hy Bastin). of the North Sea at

-

the average rate of
about twenty feet. per year. Relentlessly they ndvunce, and de-
spite all attempts to halt them, have many fimes overwhelmed
the villages along the coast.  Upon the great barrier heach known
as the Rurische Nchrung, on the southeastern shore of the Baltie
Sea, such a burial of villages has more than onee oceurred, but
as in the course of time further migration of the dunc hus pro-
ceeded, the ruins of the huried villages have been exbumed by
this natural excavating process (Fig. 220).

vy

7600 -

7639 T

ZrT) T—
Scale of Aiea x
e of Ml s

F1a. 220. — Successive diagrams to show how the town of Kunzen was buried, and
subsequently exhumed in the cousinned migration of o grest dune upon the
Kurische Nehrung (after Hehireudt).

The forms of dunmes. — The forms assumed hy dunes are de-
pendent to a very lurge extent upon the strength of the wind
and the available supply of sand. With small quuntities of



PraTe 7.

4 Raners of dunes upon the margin of the Colorado Desert (siter Mendenbsis)

B. Sand dupes encroaching upon the oasis of Wed Souwf, Algeria (after T, H.
Kearney),
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sand and with moderaie winds, sickle-shaped dunes known as
barchans (Kig. 221) are forined, whose convex and flatter slopex
are toward the wind and whose ateep concave leeward slopes are

Fra. 22]. — View of desert barchans (after Haug).

maintained at the angle of repose. The barchan is shaped by the
wind going both over and around the dune, constantly removing
sand fronr the windward side and depositing it fo leeward.  With
Lrger supplies of sund and winds which are not too violent w
series of hurchans is hudlt up, and these are areonged transversely
to the wind dircetion (Vg 2226)0 11 the winds are more violent,
the minor depressions i the erests of the dunes beeome wind
channels, and the sand is then traiked oot along them until the
arragement of the ridges s paralle) to the wind (Fig. 222 ¢).
The surtaces of dunes ure

generally marked by beau- a " >
tiful ripples in the =and, 4 Sé \

which, seen from w lLittle 4 J&\\ e
distance, may give the ap- @ % A

pearance of watered silk
(plate 7 A). ”A'{}

Under normal - condi= gy~ Diageanis to show the relationshiis
fions dunes are not st i farm and in anentation of dunes to the sup-
tionare but  continue to ply of sund and to the strength of the wind,

“ A R a. barchans furnu sd Ly small \upp]u > of sand
wander with the prevail-

¢ dune ridges.
ing winds until they have  formed when sy M_\ of sand i large wid wisida
are moderate : e, dune ridges formed with large
sand supply aod violent winds (after Walther
wnd Cornish).

reached the outer edge of
the zoue of  vegetation
near the huse of the foot-
hills at the margin of the desert.  Here the pgrasses and other
desert plants arrest the first sand grains that reach them, and
they continue to grow higher as the sands accumulate.  Some of
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the desert plants, like the yuccas, have so adapted themselves to
desert conditions that they may grow upward with the sand for
many feet and so keep their erowns above its surface.

The cloudburst in the desert. — Such clouds as enter the
desert through its mountain ramparts, and those derived from
evaporation from the hot 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 rain can sometimes be scen descending, but long
before it has reached the ground it hxs again passed into vapor,

Afountons,

Oritocar
o 3
]

Fra. 223. — Ideul scction across the rising mountuin wall surrounding a desert
and a part of the neighboring slope (after R. W, Pumpelly).

and through repetition of this process the clouds become so charged
with moisture that when they encounter a tnountain wall and
are thus forced to rise, there is a sudden downpowr not egualed
in the humid regions. Desert rains ave rarc, but violent beyond
comparison. Often for a year or more there is no rainfall 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 elouds burst, each small cafion
or wed (pl. 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 has flowed a mile, it may
be thut the water has disappeared entirely, leaving a layer of mud
and sand which rapidly dries out with the 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 deseris are generally growing upward with reference
to the inclosed desert floor. The marginal dislocations which
separate the two are often in evidence at the 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 than
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 an unusual velocity
that. when they cmerge from the
mountain valleys on to the desert
floor, the cwrrent is  suddenly
checked and the burden of sedi- - -
ment in large part deposited at  Fio. 224, — Dry deltaor alluvial fan at
the mouth of the valley so as to  the foot of & mountuin runge upon

) . the borders of » desert.

form a coarse delta deposit which

seribed as o dry delta (Fig. 224).  Dependent upon its steep-
s of slope, this delta is variously referred to as an alluwal fan
or apron. or as an alluvial cone. Over the conical slopes of the
delta surface the stream is broken up into numerous distributaries
which divide and subdivide as do the roots of a tree. In the
Mohammedan countries described as wadi, these distributaries

o 3eote of Miss oo

— Map of the distributaries of neighboring streams which emerge at the
western buse of the Sierra Nevadas in California (after W. D. Johnson).

upon dry deltas are on the Pacific coast of the United States
referred to as “ washes "’ (Fig. 225).

Fast losing their velocity after emerging from the mountains,
the various distributaries drop first of all the beavy bowlders,
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then the large pebbles and the sand, so that onfy the finer sana
and the xilt are carried to the margin of the delta.  As they
enlurge their houndarics. the neighboring  deltus eventually
coalesce and so form an alluvial bench or * gravel pledwont ™ at
the foot of the range.  Only the larger streams are able to entirely
eross this bench of parched deposits with jts coarsely porous
structure, for the water ix soon =ucked up by the thirsty ma-
teriuls.  IEncountering in its descent more clayey layers, this water
i= conducted to the surface near the margin of the bench and
ay there appear us a line of springs. At this level there develops,
therefore, a zone of vegetation. though there is no local rain,

The alluvial heneh grows npward by aceretion of layers which
are {hickest at the mountain end, so that {he steepness of the
hench inereases with time.

Erosion in and about the desert. — The violent clondburst thit
is charaeteristic of the arid fands i~ 2 most potent agent in model-
ing the surface of the ground wherever the rock materials are
not too firmly coheeent  Uniler the dasly of the rain a peculiar
typeofl " hadland " topography is developed (plate 5 13 wnd Fig, 226).
Ruel a vain-eut surface is o verituble maze
of alternafing gully and ridge, o couniry
worthless for agriculiural purposes and otfer-
ing the greatest diffienlty in the way of pene-
frating it.  When composed of stifl clay with
scattered pebbles und howlders, the effect of
the “ rain erosion " is to fashion steep clay
pillars esch capped by a pebble and described
as  demoiselles 7 (Fig. 226).

Behind the mountain front the valleys out
of which the {orrents are discharged are usu-
ally short with steep side walls and a rela-
tively flat bottom, ending headward in an

F16. 226.— A aroun of
“ demoiselles ™ i the
“bad lands™ (after a amphitheater with precipitous walls (Fig.

photograph by Fai- 297) In the western Unifed States such

banks)
§ valleys are referred to as “ hox cafions,” but

in Mohammedan countr the name “wed” appligs to the river

valley within the mountains and to the distributaries as well.
Characteristic features of the arid lends. — If i characieristic

of erosion and deposition within humid regions that all outlines




THE FEATURES IN DESFERT LANDSCAPES 215

hecome soffened into flowing curves, due to the profective mat
of vepetation. Iy arid lands those massive roeks which uare
without structural planes of separation, partly as a consequence
of exfoliation, develop broad domes which ure projected upon
the horizon as great sewmicircles,
broken in hall it may be hy
displacement.  The saine massive
rocks where intersected by vertical
joint planes vield, on the contrary,
sharp granite needles like those of
Harnev Peuk (plate 8 A). Similarly,
sehistose or bedded rocks, when tilted
at a high angle, may yield forms
which are almost identical.  Ex-
amples of such needles are found in
the Garden of the Gods in Colorado.
At lower levels, where the flying
sand hecomes effective a= an erod-
. 07 ihents
ing agent. flat hedded l‘l)cl\'ril beecome . "““’r'“u'_‘:‘\“"’:;”&’{il’l‘::\,’;""za;ll;:
etehed nto shelves and corndees, and W pen.

if interseeted by Joints, the shelves

and cornives are transformed into groups of custellated towers and
pinoacles of o high degree of ornamentation. These fantastic
erosion remmunts are usually referred to as © chimneys” and may
be seen in numbers in the bad Jands of Dakota, as they may in
Colorado either in Monument Park or in the new Monolithic
National Park {plate 8 B).

Where wind erosion plays a smaller réle in the sculpture, but
where after an uplift a river has made its way, horizontally bedded
rocks are apt to be carved into broad rock ferroees, nowhere shown
upon so grand a scale as nbout the Grand Cafion of the Colorado.
Each barder layer has here produced a floor or ferrace which
ends in a vertical escarpinent, and this ix separated from the
next Jower layver of more resistant rock by a slope of talus which
lurgely hides the softer intermediate beds.  The great. Desert. of
Sahara iz shaped in a series of rock terraces or steppes which
descend toward 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 usuaily stand
like sentinels before the larger mass, and according to their rela-
tive proportions, these are referred to either as small mesas ox
as the smaller butles (Fig. 228).

Fic. 228. — Mesa and outlying butte in the Leucite Hills of Wyoming (after Whit-
man Cross, U. 8. G. 8.).

The war of dune and oasis. — In every desert tbe deposits
are arranged in consecutive belts or zones which are alternately
the work of wind and water. Surrounding the desert and upon
the flanks of the mountain wall there is [ound (1) the deposit of
loess derived from the dust that is carried out of the desert by
the wind. Immediately within the desert border at the hase of
the mountains is (2) the zone of the dwindiing river with its
sloping bench of coarse rubble and gravel. Next iu order is
(3) the belt of the flying sand, & zone of dune ridges often sepa-
rated by narrow, flat-hottomed basins (Fig. 229) inte which the

Fic. 229. —Flat-bottomed basin separating dunes — bajir or fakyr (after Ella-
worth Huantington).

strongest streams bring the finer sands and silt from the moun-
tains. Lastly, there is (4) the central sink or sinks, into which
all water not-at once absorbed within the zone of alluvigtion or
in the zone of dunes is finally eollected. Here are the true lacus



PraTe 8.

A. The arapite necdles of Harney Peak in the Black Hills of South Dakota (after
Darton).

B. Castulluted erosion chimaeys in Ei Cobra Cafion, New Mexico,
(Photograph by E. C. Case.)
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trine deposits of eluy and ~eparated salts (Iig. 230 and Fig. 207,
po 200, The luke depoxits B e all the origingl irregalaritios
of the desert. floor. out of which the tops of isolated ranges of
mountains now project like islands out of the surface of the sea.
The several zones of de-
posits in their order from
the margin to the conter .-
of the desert are given
schematically in Fig. 231,

The zone of vegetation,
as already stated, lies neae : g ! <
the font of the allnvial e Dameng
hench, so that here are .
found the oases about Fic. 230. — Billowy surface of the salt erust op
which have clustered the the central sink in the Lop Desert of central

o Asia (after Bllsworth Huntington).

cities of the desert from

the earliest records of antiquity until now.  Just without the line
of ouses 1 the wail of dunes held back from further advance only
by the vegetation which in turn is dependent upon the rains in
the neighboring mountains.  With every dimination in the water
supply. the dunes sdvanee and encrawch upon the vases (plate 7 BY 1
while with every considerable increase in this supply ol inoisture

Zone of

wrargil
Displocernanrs

3
" Zome of
§ Atuviorion

Locustrine Toune Sonds  Boulder
Lepos/rs Graver
Beds

Fro. 231. —Schematie dingrumn to show the zooes of deposition in their order from
the murgin to the center of a desert.

the alluvial hench advances over the dunes and aequires a strip
of their territory. Thus with varying fortunes a war is con-
tinually waged between the withering river and the flying sand,
and the allernations of climate are later recorded in the dove-
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tiling together of the solign and alluvial deposits at {heir com-

mon junction (g 2310,

In addition to the smaller periodic alternations of pluvial and

Fig. 232. —Mounds upon the site of the buried
city af Nippur (after the cast by Muret).

interpluvial  climate —
the “pulsc of Asia” —
the record of the Asiatic
deserts indicates a pro-
gressive  desiceation  of
the entire region. whieh
has pow given the vie-
tory to the dune. The
ancient history of the
cities of the plains sup-
plies the records of many
that have DLeen buried
in the dunes. To-~day,
where once were pros-
perous cities, nothing is

to be seen at the surface but a group of mounds (Fig. 232). DEx-
humed after much painstaking labor, the walls and palaces of

these ancient cities
have once more been
bronght to the light
of day. and much
has thus becn
learned of ihe civi-
lization of these
earty  times  (Fig.
233).  Quite re-
cently the mounds
which  cover  be-
tween one and two
hundred buried vil-
lages have  been
found upon the bor-
ders of the Tarim

Fie. 233. — Exhumed structures ip the buried city of
Nippur (after Hilprecht).

basin of central Asia, where they were lost to history when
they were overwhelmed in the early centuries of the Christian

Era.
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The origin of the high plains which front =
tae Rocky Mountains. — To the eastward of
the great backbone of the North American
continent stretches a vast plain gently in-
clined away from the range and generally
known as the High Plains region (plate 9).
The tourist who travels westward by train
ascends this slope so gradually that when he
has reached the mountain front it is diffieuit
to realize that he hias climbed to an altitude
of five thousand feet above the level of the
sea. That he has also passed through several
climatic zones —a humid, a semiarid, and
an arid —and has now entered a semiarid
distriet, is more cusily appreciated from study
of the vegetation (Fig. 234). The surface of
the High Plains, where not cut into by rivers,
is remarkably even, so that it might be com-
pared to the quiet surface of a great lake.
The materials which compose the surface
veneer of these plains arc course conglomer-
ates, gravels, and sands, und the so-called
“ mortar beds,” which are pothing Lut sands
cemented into sandstone by carbonate of lime.
The pebbles in all these deposits are far-
traveled and appear to have been denved
from erosion of those crystalline rocks which
compose the eastern front of the Rocky
Mountains.  These different materials are
not arranged in strictlsy parallel beds, ag are
the deposits of a lake or sea; but the beds
arc made up of long threads of lenticular
cross section which are interlaced in the most
intricate fashion and which extend down the
slope, or outward from the mountain front
(Fig. 235). It is thus sbown that the High
Plairs are a bench or plain of alluviation
formed at the front of the Rocky Mountains
during an earlier series of pluvial periods, and that subsequent
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uplift has produced the modern river valleys which are cut out of
the plain.  The plexus of fong threads of the coarser materials are
the courses of dwindling rivers which interlaced over the former

Z e T 2 2
.— Section across the great lenticular threads of alluvial depo:
compose the veneer of the High Plaing (after W. D). Johnson).

plain, and which in tirne were buried under other channcl deposits
of the same nature but in different positions (Fig. 236). The
— pluvial periods in which this
7 beneh was formed produced
in other lafitudes the great
confinental  placiers which
wrought  such  marvelous
changes in northern North

Fio. 36, - Distnbutaries of the foothills  America und  in northemn
superimposced upon an cevlier seriv: (after Europi‘
W. D. Johnsun).

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
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F1c. 337.— Character profileg in the landscapes of arid lnads.
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elements (1. 237). Almost the only exeeption of importance is
furnished by the domes of massive granite monoliths, which are
sometimes broken in hall by great displaceruentz.  Below the
horizon the =econdiry lines in the landseape betruy the same
straightiness of the component elements by the gabled slopes
of Gidus which are many Aimes repeided =0 ax almost 1o repro-
duce the lmes oo house of eards, sinee the sloping lines are
maintuined at the angle of repose of the materiuls (Fig. 482, p. 443).
Wherever the waves of desert lukes have made an attuck upon the
rucks and have retired the projecting spurs, other gubles charac-
terized by slightly different slopes are introduced into the landscape.
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CHAPTER XVII
REPEATING PATTERNS IN THE EARTH RELIEF

The weathering processes under confro{ of the fracture system.
— In an earlier chapter it was learned that the rocks which com-
pose the earth's surface shell are intersecied by a svstem of
joint fractures which in little-disturhed areas divide the surface
beds into nearly square perpendiculur prisms (Fig. 36, p. 55),
more or less modified by additional disgonal joints, and often
also by mare disorderly fraciures.  Throughout large areas these
fractures may maintaim neurly constant directions, though either
one or more of the master series may be locully absent. This
distinetive architecture of the surface shell of the lithosphere has
exercised ifts influenee upon the various weathering proeesses, us it
has ulso upon the activities of running water and of other fess
common trunsporting agencies at the surfuce.

Within high latitudes, where frost action is the dominant
weathering process, the water, by insinuating itsclf along the
joints and through repeated freczings, s broken down the rock
in the immediate ncigbborhood of these fractures, and so has
impressed upon the surface an image of the underlying pattern
of structure lines (plate 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 the less coberent deposits
in these provinces, the initial forms of their erosional surface bave
sometimes been determined by the dash of rain from the sudden
cloudburst. Thus the  bad lands "' may have their initial gullies
directed and spaced in conformity with the underlyving joint strue-
tures (Fig. 238).

In such portions of the temperate regions as are favored by a
humid climate, the mat of vegetation bolds down a layer of soil,
and mat and soil in codperation are effcctive in preventing any

223
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sueh large measure of frostwork ax is charaeteristic of the sab-
polar regians or of high levels in the arid lands. In bumid regions
the rocks beeame o prey espes
clally to the proc
tion and wecompanying chemi-
cal decomposition, and these
processes, although guided by
the course of the percolating
ground water along the frace-
ture plancs, do not afford such
striking examples of the con-
trol of surface relief,
Thoze  limestones
slowly pass into solufion in
the percolating water do, how-
ever, quite generadly indicate
a localization of the solution
along the Joint chanuels (Fig
239 and plate 6 123).  Though
in other rocks not <o apparent,
yet o solutions generafly  fake
their courses along the same channels, and upon them is localized
the development of the newly formed bydrated and carbonate
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 of
the earth's architectural plan in
the surface relief, which we have
seen hepun in the processes of
westhering, ix continued after the

es of sohi-

which

— Rain seulpruring under control
by joints.  Coust nf sonthern California
(after & photagraph by Fairhanks).

3. — Outerop of flaggy limestone

trangporting agents have hecome
effective. 1t is often ensy to see
that a river has taken its eourse
in rectangular zigzags like the

which shows the effects of solution
along neighboring joints in a sagging
of the npper beds (after Gilbert, UL
ERERE BN

elbows of a jointed stove pipe, and that its walls are formoed
of joint planes from which an oceasional squared huttress pro-

jects mnto the channel.

This structure is rendered in the plan of
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the Abisko Cafion of northern Lapland (Fig. 240). We are lutes
to learn thal another great transporting agent, the water wave,
makes a selective attack upon the lithe- :
sphere along the fractures of the joint
system (Figo 230, po 233 and Figo 254,
p- 235).

Where the seale of the exumple is Targe,
as in the cases which have beens above
eited, the actual position and directions
of the juint wali sre cusily compared with
the near-by clements of the river's course,
s0 that the econpection of the drainage
lines with the underlving structure is at
once apparent.  In many examples where

. A . Fra. 240, — Map of the
the scale is small, the evidence for the con- 0 7000 Abisko
frolling influence of the rock structure i Casen in porthern Lap-
determining the courses of streams may  1and @fter OtteRjogren).
Le found in the peeuliar charseter of the drainage plan. To
iustrate: the course of the Zumbesi River, within the gorge helow
the fimous Vietoriy Falls, not only mmikes repeated furnings at a
right angle, hut its fributary streams, instead of making the usual

sharp angle where they join the
e main stream. also affect the right
3 angle in their junctions (Fig. 241).
i The repeating pattern in drainage
T AN G-y networks. — [t is a characteristic of
! the joint system that the fractures
within cach series are spaced with
-» approximation to uniformity. If
the plan of o drainage system has
heen regulated in conformity with
the architecture of the underlying
rock basement, the same repeating
. rectangles of the master joints may
be expecied Lo appear in the lines of druinage — the so-called
drainage network.

Such rectangular patferns do very generally appear in the
drainage network, though they are often masked upon modern
maps by what, to the geologisf, scems iimpertinent inteusion of the

Q

.

w24 — AMap of the gorgeof the
Zambhesi River belaw the Vietoria
Falls (after Lamplugh).
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black lines of overprinting which indicate railways, lines of high-
way, and other culture elements.  On river maps, which are
printed without culture, the pattern is much rore easily recop-
nized (Figs. 242 and 243). Wherever the relief is strong, us is

Y

3maies

Fia. 242, — Controlled
drainage network of  Fi. 243, — A river notwork of repeating rectangular pai-
the Shepaug River tern. Nesr Lake Temiskaming, Ontario (from the map
in Connecticut. by the Dominion Government).

the case in the Adirondack Mountain province of the State 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 bas 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 rclief without st the same time obscuring



REPEATING PATTERNS IN THE EARTH RELIEF 227

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 hit of straight coast line, & visible line of frac-
ture, a zone of fault breccia, or the boundary line 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 pattern. These significant lines of landseapes
which reveal the hidden architecture of the rock basement are
described as lineaments (Fig. 82, p. 87). They are the 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 as a drain-
age line, a little farther on it may be a line of coast; then, agein,
it is a series of aligned waterfalls, a visible fault trace, or a recti-
linear boundary between formations; but in every case it is some
surface expression of a buried fracture. Hidden as they so gen-
erally are, the 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
tirae, 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
especially heavy vibrations; they are the seismotectonic lines
of the earthquake province. Many lineaments are identical
with seismotectonic lines, and they therefore afford a means of
to some extent determining in advance the lines of greatest dan-
ger {rom earthquake shock.

The composite repeating patterns of the higher orders. — Not
only do the larger joint blocks become impressed upon the earth
relief as repeating diaper patterns, but larger and still larger com-
posite units of the same type may, in favorable districts, be found
to present the same characters, Attention has already been
more than once directed to the fact that the more perfect and
prominent fracture planes recur among the joints of any serles at
more or less regular intervals (Fig. 40, p. 57, and Fig. 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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Syrian desert (plate 10 B). 1 ix usually, however, in the older
sediments that such structures may he recoguized:; as, fur ex-
ample, in the sguared towers wusd huttresses of the Tyrolean
Dolomites (Fig. 244).  Here the Lurger hlocks appeur in the thick

Fig. 244, — Sguared mountan masses which reveal adistribition of the junis in
black patterns of different orders of maguitude.  The Pordoi range of the Sella
gronp of the Dolomites, seen from the Chma di Rossi (after Mojsisovies)

bedded lower formation, the dolomite, divided into subordinate
sections of large dimensions; but in the overlying formations
in blocks of relatively small size, vet. with similarly perfeet, sub-
equal spacing.

The observing traveler who ix privileged to make the journey
by steamer, threading its course in and out among the many is-
lands and skerries of the Norwegian coast, will hardly fail to be
struek by the remarkable profiles of most of the lower islands
(Tig. 243). These profiles are generally convexly scalloped with o
noteworthy regularity, and not in one unit only. but in at least two
with one a multiple of the other (Fig. 246).  As the steamer passes
near Lo the islands, it is discovercd that the smaller recognizable
units in the islaud profiles are separated by widely gaping joints
which do not, however, belong to the unit serics, but to a larger
composite group (Fig. 246 4).  Frostwork, which depends for its
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4. View i Spitzbergen to illustrate the disintegration of rock under the cantrol of
joints.

(Photograph by 0. Haldis)

B. Composite pattern of the joint structures within recent alluvial deposite
(Photograpk bu Ellsworth Huntington.)
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action upon open spaces within the rocks, has here been the cause
of the excessive weathering above the more widely gaping joints.

High northern latitudes are thus especially favorable for re-
vealing all the details in the arehitectural pattern of the litho-

_

e, - — lsland groups of the Lofoten archipelago off the northwest coust of
Norway, wleh reveal repeating patterns of the relief in two orders of magnitude
(after a photograph by Knudsen).

sphere shiell, and we need not he surprised that when the modern
mups of the Norwegian coast are examined, still larger repeuting
patterns than any
that may be scen
in the field are to
be made out. The
Norwegian  coast
was long ago shown
to he a complexly

faulted region, and E 2

- f b, near view, showing the individual joints and the more
these larger divi- 0 fractures beacath cack sag in the profilc.
stons of the relief

pattern, instead of being explained as a consequence solely of
selective weathering, must be regarded as due largely to fault
displacements of the type represented in our model (plate 4 C).
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 cach particle
of water within an orbit of its own; and there is, further, the for-
ward motion of propagution of the wave considered as a whole.

The water particle 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~
gaticn of the wave (Fig.
247).  Lach particle of
water, through its fric-
tion upon neighboring
particles, is able to
transmit its motion both

N : | ;
along the surface and N : i i i |
downward into the water | ! ! ‘ :
below. Theforcewhich | 1 : ! ; : ;

: ! ; j
starts the water in mo- L I i : H H H
tion and develops the Wova N
i o Fio. 247.— Dingram to show the pature of the
wave, is the friction of motions withiu a frec water wave,

wind hlowing 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 streteh of
water over which it has blown. The wind's effect is, therefore,
curpulative — 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 diamneter of the
orbit of motion of the surface particle, and this is the difference
in height between trough and crest. The distance from crest
to crest, or from trough to trough, is called the wave length.
Though the wave motion is transmitted downward into the water
231
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there is a continued loss of energy which s here not compensated
by added wind friction, und so the orbital motion grows siabler and
smaller, until at the depeh of about @ wave leugth it has completely
died oul. This level of no motion s called the wave base.  In
quiet weather the level of no motion is practically at the water's
surface, and inasmuch 28 the geological work of waves is in large
part accomplished during the great storns, the ferm “wave base”
refers to the lowest level of wave motion at the time of the heavi-
est storms,  Upon fhe orean the highest waves that have been
measured have an amplitnde of abouat {ifty feet and o wave
length of about «ix hundred feet.

Free waves and breakers. — - Ro long ns )]u deptly of the water
is below wave base, there s obviously no possibility of interfer-
ence with the wave through friction upen the bottom. Under
these conditions waves are deseribed as free warves, and their forms
are symmetrieat pt in so far as their crests are pulled over
and more or less dissipated in the spray of the © white caps” at
the time of high winds.

As a wave approaches s shore, which generdly s o gentle
outwaurd sloping surface, there is interposed iy the way of a free
forward movement the friction upon the bottous. Thix friction
begins when the depth of water i dess thun wave hase, and its
effect is to bold back the wave af the hottom, Carried slowly

\35

‘

}lu 248, ——Dmgrum to illustrate the transformation of & free wave iuto & breaker
as it approuches the shore.

upward in the water Ly the friction of particle upon particle,

the effect of this holding buck is a piling up of the water, which in-

creases the wave height as it diniinishes the wave length, and also

interferes with wave symretry (Fig. 248). Moving forward

at, the top under its inertia of motion and held back at the bottom
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A. Ripple markings within an ancient sundstone (courtesy of U. 8. Grant).

B. A wave breaking as it approaches the shore.
(Photograph by Fatrbunks.)
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by constantly increasing friction, a strong turning motion or
couple is started shout o horizontal axis, the immediate effect
of whicls is to stecpen the forward slope of the wave, and this con-
tinues until it overhangs,
and, falling, < breaks " into
surf.  Such a breaking
wave is called a  comber
or “breaker ™ (plate 11 RB).

Effect of the breaking
wave upon a Steep rocky
shore - the notched cliff. - : s
If the shore rises abruptly £ o, 3
from deeper water, the top s }f‘(g\(y
of the breaking wuve i 1 249, — Notehed rock liff cut by waves and
hurled against the ¢liff with  the fullen blocks derived from the ¢liff through
the force of a hafteringrany,  @pdermining.  Profile Rock at Furmells

A Point near Madison, Wisconsin,

During storms the water of

shore waves is charged with saud, and eacl sand particle js driven
like a stane cutter's tool under the stroke of his hamnser. The effect.
i thus hoth to chip nnd fo batter away the rock of the shore to
the Dieight reached by the wave, undermining it el notehing
the rock at its base (Figo 249, When the noteli s been cut
in thix manner to a sufficient deptly, the overbanging rock falls
by its own weight in blocks which
are bounded by the ever present
Jjointx, leaving the upper ¢hiff face
essentially vertical.

Coves, sea arches, and stacks.
=t i~ the headland which is
moxt expased to the work of the
waves, since with chanpe of wind
direetion it is exposed npon more
than a single fuce,  The study of
headlands which bave been cut
by waves shows that the joints
within the rock play a large role
in the shaping of shore features.
vontrol by juints, const of Maine (ufter 1116 attack of the waves under
Tarr). the direction of these planes of

Fic. 250.— A wavescut chasm under
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ready scparation opens out indentations of the shore (Fig. 230) or
forms sea caves wliich, as they extend to the top of the ¢liff by the
process of sapping. vield the cores which are so common 2 feature
upon  our rock-bound sbores
(Fig. 239, p. 238).  With contin-
uation of this pracess, the caves
formed on opposite sides of the
beadland may be united to form
a sea arch (Fig. 231).

A later stage in this selective
wave carving under the controt
of joints is reached when the
bridge above the arch  has
fallen in, leaving a detached
rock island  with precipitous
walls,  Such an offshore islund

Fra. 251. — The ses arch known as the
Grand Arch upon one of the Apostle Of rock with precipitous sides
Islands in Luke Superior (after o pho- s known a~ a sfack (Fig.
tograph by the Detroit Photographic 252
Compony). 52),

or sometinies  as  a
“ chimney,"” though this latter
tertu is hest restricted to other and similar forms which are the
product of selective weathering (p. 300).

Whenever the rock is less firruly consolidated, and so does not
stand upon such steep planes,
the stack iz apt to have a
more conical form, and may
not be preceded in its forma-
tion by the development of
the sea arel (Fig. 260, p. 239).
In the reverse case, or where
the rock possesses an unusual
tenacity, the stack may be
largely undermined and stand
supported like a table upon
thick legs or pillars of rock
(Fig. 233). In Fig. 234 is
seen a group of stacks upon the coast of California, which show
with clearness the control of the ioints in their formation, but
unlike the marble of the South American example the forms

L= e
Fio., 252.—Stack near the share of Lake
Superior.
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arc not rounded, but retain
their sharp angles.

The cut rock terrace.—
When waves first begin their
attack upon a steep, rocky
shore, the lower limit of the
action iz near the wave buase.
The action al this depth s, 3 :
however, less officient, and 45 Fie. 258 — The Marble Islands, stacks in

the reces<ion of the elifl is one  Lake Buenos Aires, sonthere Andes
(after F. P. Moreno).

of the most rapid of erosional
proc¢ s, the rock floor outside the receding eliff comes w slope
gradually downward from the clifi to & maximum depth at the

Fi1c. 254. — Squared stacks which reveal the position of the joint planes which have
controlled in the process of carving by the waves. Pt. Buchon, California
(after 8 photograph by Fairbanks).

edge of the terrace, approximately equal to wave base (Fig. 235).
This cut terrace is extended seaward or lakeward, as the case may
be, in a buill terrace constructed from a portion of the rock débris
acquired from the cliff.
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The liroken wave, alter rising upon the terrace onder the inertja
of its motion unfi) all s encrgy bas been dissipated, slides out-
wured by gravity, and though
checked and overridden by
succeading Lreakers, it con-
tinues ity outward slide as
the  “undertow ™ until it
reaches the end of the ter-
race.  Here it suddenly en-
ters deep water, il losing
its veloeity, drops it~ burden

shore earved by waves inta s notehed liff 0f roek, and builds the ter-

and ent terraee, and extended wou built pyee enward after the man-

forrace. ner of construetion of un
embankinent.  As we nre to see, the larger portion of the wave-
quarried material i diverted to a different guarter.

To gain =ome conception of the importance of wave curting
ax an eroding proces<, we miay consider the late history of Heli-
zoland, @ sandstone island off the mouth of the Elhe in the North
Sea (Fig. 236). From a periphery of 120 miles, which it possessed

in the ninth cen-
fury of the Chris-
tian cru, the
island has reduced
it outline to 45
miles in the four-
teenth century, 8
miles in the seven-
teenth, and to
about 3 miles at
the beginning of
the twentieth cen-
tury. The German :
government,which g e srmtter
recently acquired
this little remnant Fre. 256.—Map showing the uut.)ines of the Island of
~ Jleligoland at different stages i its recent history. The
from England, bas  oipneries given are in miles,
expended large
sums of money in an effort to save this last relic.
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The cut and built terrace on a steep shore of loose materials.
— 1n materiuls which lack the coherence of firm rock, no vertieal
cliff can form; for as fast as undermined by the waves the loosa
materials slide down

and ssume aosurface —T‘,\ Py

N

of praciendiy constuant .
slope — the  angle of

repose o the mate- o 7
rials (Fig. 257).  The ek

o= Cut and huilt terraee with bowlder pave-
aves an w steep shore formed of

terrace  below  this ko
sloping ¢liff will not
differ in shape from
that cut upon a rocky shore: but whenever the materials of the
shore inelude disseminated hlocks too large for the waves to handle,
they colleet upon the terraee near where they hive been exhuned,
thus Torming what has been ealled o bowlder prvement ™ (i,
258).

The eder of 1he et and boit fern
maintained at the depiy of wave Tase, 1 oue will study the sub-
merged contours of any of our
intand Likes, it will be found
that  these  buasins are  sur-
rounded by a gently sloping
marginal shelf,— the cul and
built terrace,—and that the
depth of this shelf at its outer
edge 1s proportioned to the
size of 1he lake, Upon Lake
Mendota at. Madison, Wiscon-
sin, the large <torm waves have
o length of about twenty feet,
which is the depth of the outer
edge of the shore terraces (Fig,
Mass 967 p. 242). The shelf sur-

rounding the continents bas,
with few local exceptions, a uniform depth of 100 fathoms, or ubout
the wave base of the heaviest storm waves,

The work of the shore current.— In desxeribing the {ormation
of the built terrace, it wus stated that the greater purt of the rock

et ghaped by
loase materials.

e b, as already mentioned,

55, — Sloping cliff
Bowlder puvement exposed ut low tide
upon the sea shore at

achusetts.
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material quarried upon headlands by the waves is diverted from
the offshore terrace. This diversion is the work of tbe shore cur-
rent produced by the wave.

At but few places upon a shore will the storm waves beat per-
pendicularly, and then for but short periods only. The broken
wave, a8 it erawls ever more slowly up the beach, carries the sand
with it in a sweeping curve, and by the time gravity has put a stop
to its forward movement, it is directed for a briefl instant parallel
to the shore.  Soon, however, the pull of gravity upon it has started
the backward journey in a more direct course down the slope of

at
Prweniintg
L ——

Fic. 239. — Map to show the nature of the shore current und 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
agein carried forward for a repetition of the zigzag journey. This
many times interrupted movement of the sand particles may be
observed during a high wind upon any sandy lee shore,  The “ sat.”
of the water along the shore as a result of its zigzag journevings
is described as the shore current (Tig. 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 trend of the
moving particles. .

The sand beach. — The first effect of the shore current is to
deposit some portion of the sand within the first slight recess upon
the shore in the lee of the cliff. The carlier deposits near the cliff
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gradually foree the shore current. farther from the shore and
so lay down oosand selvage 1o the shore, which is shaped in the
form ol an are or erescend amd known as a beack (Fig. 259 and
g 2050y,

Fic. 260.— Crescent-shaped bench formed in the lee of a headlaud. Sants
Catalina Island, California (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
the sand alone, but pebbles, the area of whose broader surface may
be as great as the palm of one's hand. Such rock fragments are
shaped by the continued wear against their neighbors under the
restless breakers, until they have a len-
ticular or watch-shaped form (Fig. 261). ©
Such beach pebbles are described as shingle,
and they are usually built up into.distinet  Fic. 261. —Cross section
ridges upon the shore, which, under the of u basch pebble:
fury of the high breakers, may be piled several feet above the level
of quiet water (Fig. 262). Buch storm beaches have a gentle
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forward slope graded by the =hore current, but o steep hack-
ward stope on the angle of repoase. Most starm heaches have
been largely shaped by the last great storm, such as comes only

atintervals of a numbier of years,
4 Bar, spit, and Dbarrier. —
4 Wherever the shore upan wlich
“; a bench s huilding pkes a

5 e - sudden landward turn ot the cn-

© ] trance to a bax, the shore eur-
© rents, by virtue of their inertia
_ 3 ae of motion, are unable longer to
Fig. 262.—Storm  beach of course  (0Mlow the =hore. The  déhris

shingle about four feet ju height at which they carry is thus trans-

:‘:1 :f::—[pmxx:"(l‘-‘rt:.m;‘lu‘;r: D‘L.rf:: ported into deeper water in a

Michigan, direction corresponding to a con-

tinuation of the shore just before
the point of furning (see Fig. 259, po 258). The result i the
formuation of whar, which n and s ex-
tended across the entranee ta the hay through continued growth
atoits end, after the munner of constructing s« railway embank-
went across a valley.

Over the deeper water near the bur the waves are at firsf ot
generally hulted and broken, as they are upon the shore, und so
the bar does not at once
build itself to the surface,
but remains an invixible
bar fo navigation. From
its shoreward end, how-
ever, the waves of even
moderate storms are
broken, and  the har s
there built above the water
surface, where it appeaes
as g narrow eape of sand

= toncar the waier surf:

i3, — Spit of shivgle oo Au Train Lvland,
or shingle which gradually Lake Superiort (after Gilbert).

thins In approaching its

apex. This feature is the well-known spit (Fig. 263) which, as it
grows across the entrance to the bay, becomes a barrier or barrier
beach (Fig. 264).
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The continuation of the visible in the n=ually invisible har, is
at the time of high winds made <tnikingly apparent, for the wave
hase s below the crest of the huar, and at such fimes its crescentie
course hevond the spit can be followed Dy the exve ina white are
of hroken water.

The construetion of a harvier aeross the eutranee (o 0 bay trans-
forms the latter info o separnte bhody of wuter, o Tagoon, within
which silting up and peat
formation usually lead to an
curly extinetion (p.429). Che
formation of burriers thus
tends fo straighten out ihe
rregularities of coust lines,
and opens  fhe way {o
natural enlargement of the
land areus.  While the consts
of the United Kingdom of
CGreat Britain have  heen
losing some four  thousand
acres through wave crosion,
there has been o gain by
growth in quiet lagoons which
amounts to nearly seven
times that amount.  As evidence of the straighfening of the shore
line which results from this process, the coast of the Cyrolinas or
of Nantucket (Fig. 459) may serve for illustration.

The land-tied island. — We have scen that wave crosion oper-
ates to separate small Islands from the headlands, but the shore
currents counteract this loss to the continents by throwing out
harriers which join many separated islands to {he mainfand. Such
land-tied islands are a common feature on many rocky coasts,
ancd upon the New England coust they usually huve heen given the
nume of “neck.”  The long are of Lynn Beach joins the former
island of Nuhant, through its smaller neighbor Little Nahant,
to the coast of Massachusetts. A similar land-tied island is
Marblehead Neck. The Rock of Gibraltar, {ormerly an island,
is now joined to Spain by the low bench knowp as the ** neutral
ground.” The Spanish name, tombola, has sometimes been em-
ployed to describe an island thus connected to the shore.

B

hlhng up and s largely hidden in vepge
tation.
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A barrier series. — The cross seetion of a barrier beach, like
that of 2 storm beuch upon the shore, slopes gently upon the for-
ward side. and more steeply
at the angle of repose upon
the reoar or fandward nergin
(Kig. 265).  The thnwing
wedge of shore deposits whieh
the barrier throws out to <ca-
ward raises the level of the

Cross scction of u barrier beach

with fagoon in its rear.

lake bottom (Fig. 266), and when coast irregularitics are faver-
able to it, new spits will develop upon the sbore outside the

S S S,
t N N 3
4 ] Q a

Original Borrom | gt L

Fi16. 266. — Cross section of a series of barriers and an outer bar.
earlier one, and a new bar, and in its turn a barrier, will be found

outside the initial one. taking a course in a direction rmore or less
parallel to it (Fig. 267).

Scala in Miles.

o

Fra. 267.— Formation of barrier series and sn outer bar in University Bay of
Lake Mendots, at Madison, Wisconsin. The water confour intervel is hve feet,
and the land contour interval ten feet (based on a map by the Wiscongin Geologi-
cul Survey).
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So soon as the first barrier is formed, processes are set in opera-
tion which tend to trans-
forma the newly formed la-
goon into land, and so with
a series of barriers, a zone
of water lilies hetween the
outer barrier and the har,
a bog, and a land phatform
may represent the suc
sive stages in this aequisi-
tion of territory by the |
lauds. A noteworthy ex-
ample of  barrier  seriex
and estension of the land
behind them. i aforded Dy g oy goricy of tarmiers at the western end
the bay ut the western end of Lake Superior (after Gilbert).
of Lake Ruperior (Fig. 268).

Character profiles. — The character profiles vielded by the
work of waves are easy of recognition (Fig. 269). The vertical

¢liff with noteh at its
Lise is varied by the

Norchea stark  of  sugar-loaf
Rock ‘ra carved i e
i forra earved in softer
rocks, or the steeper

Srack Vorchew Notched variety cut

Srack  from harder masses.
——————  Sea caves and sea
Sea Arch . .

S /015 nlrches vield varia-
ClAF __Q__ tions of a curve com-
mon to the undercut
P o N forms. Whereverthe
Sorrier Beach materials of the shore
are loosely consoli-
dated unly, the slop-
ing cliff is formed at the angle of repose of the materials. The
barrier beach, though projecting but a short distance above the
waves, shows an unsymmetrical curve of cross section with the
steeper slope toward the land.

Fra. 269.— Character profiles resulting from wave
action upon shores.
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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. —
The peculiar forms into which the sea has etehed and molded its
shores have been considered in the last chapter.  Of these the
more xignificant are the notched rock clifi, the cut rock terrace,
the sea cuve, the sea arch, the stack, and the sloping cliff and ter-
race, among the carved features: and the barrier beach and built
terrace, among the molded forms. 1t is important to remember
that the molded forms, by the vern manner of their {ormation,
stand in w definite relationship to the carved features: =o that
when cither one has been in purt effaced and made difficult of de-
termination, the discavery of the other in its correct nutural posi-
tion mey remove all doubt as to the origin of the relic.

In studies of the change of level of the land, it i~ customary to
refer oll variations to the sen level as a zero plane of reference.
It is not on this account necessury to assume that the changes
measured from this arbitrary datum plane are the absolute up-
ward or downward oscillations which would be measured {rom the
earth’s center; for the sca, like the fand, has been subject to its
changes of level,  There need, however. be no apology for the
use of the sca surface as a plane of reference; for it is all that we
have available for the purpose. and the changes in level, even if
relative only, are of the greatest significance. It is probable that
i most. cases where the coast line is rising from uplift, some por-
tion of the sea basin not far distant is hecoming deepened, so that
the visible change of level is the algebraic sum of the two effects,

Even coast line the mark of uplift. — It was early pointed out
in this volume (p. 158) that the fioor of the sea in the neighborhood
of the land presents a relatively even surface. The carving by
waves, 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 scale, and these in much softened outlines.  Upon
the continents, an the contrary, the running water. tuking advan-

F1o. 270. —The east
coast of Florida, with
¢ven shore line char-
acteristic of a raised
coast.

ragged outline is

tage of every slight difference in elevation and
ching out the hidden structure planes
within the rock, soon etches out a surface of the
most intricate detail.  The cffect of elevation
of the sea floor into the light of day il there~
fore be to produce an even shore line devoid of
harbors (Fig. 270). 1i the coast has risen
along visible planes of fnulting near the soa
margin, the coast live, in addition to being even,
will usually be 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
oceurs upon the coast,
the intricately etehed
surface, resulting from
erosion beneath the
sky, comes to he in-
vaded by the sea
along each trench and
furraw, o that a most
the result (Fig, 271).

Such a coast

has many Fic. 271.— Ragged coast linc

harbor . of Alasks, the effect of sub-
X T gidener.

while the

vplifted 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 & portion of its floor, thus ex-

posing this even surface of recent

Fro. 272 —Portion of Atlsntie cediiments. The former shore land

. comstal plain and neighboring old-
land of the Appalachian Moun-

tains.

will he easilv recognized by its etched
surface, which will now come into
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sharp contrast with the new plain. Tt is therefore referred to as
the cldland and the newly exposed coastal plain as 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 incrensed
in the process of uplift. The streams from the oldland have
trenched their way across these deposits while the shore was ris-
ing. Buf the process being a slow one, deposits have formed
upon the seaward side of the plain after the landward portion was
above tide, and the coastal plain may come to have a “helted ”
or zoned character.  The streams tributary to those larger ones
which have trenched the plain may encounter in turn harder and
softer Javers of the plain deposits, and at each hard layer will be
deflected along its margin so as to
enter the main streaxms more nearly
at ripht angles. They will also, as
time goes -on, migrate laterally sea-
ward through undermining of the S
harder lavers, and thus will be Fic. 273.—Idesl form of cuestas
shaped alternating belis of l[lm'l:md ;::1\ ‘i‘f:z:;‘[ﬁ";fm’;“(L‘}’l‘iss:‘:‘l:)d
separated by escarpments in the
harder rock from 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. — Llevations of the coast
which yield the coastal plain must be accounted among the
slower earth movements that result in changes of level. Such
movements, instead of being accompanied by disustrous earth-
quakes, were probably marked by frequent slight shocks only,
by subterranean rumblings, ar, it may he, the land rose gradually
without manifestations of a sensible character.

Upon those coasts which arc often in the throes of seismic dis-
turbance, a quite different effect is to be observed. Herc within
the rocks we will probably find the marks of recent faulting with
large displacements, and the movements have Leen upon such a
scale that shore features, little modified by subsequent weathering,
stand well above the 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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Fia. 274.— Uplifted sen cave, ten feet above the water upon the coast of Califor
he monument to a former earthquake (after a photograph hy Fairbanks).

Fra. 275 — Double-notehed cliff near Cape Tiro, Celebes (after « photograph t
Sarasin),
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The upraised clif. — Upon the coast of southern California
roay be found all the features of wuve-cut shores now in perfect
preservation, and in some cases as much as fifteen bundred feet
above the level of the ~neu.  These features are monuments to the
grandest. of carthquake disturbances which in recent time have
visited the region (Fig. 274).  Quite ax striking an example of
similar movements is afforded by notehed cliffs in hard limestone
upon the shiore of the Island of Celebes (Fig. 275).  But the coast
of California furnishes the other characteristic coast features in the
high sea arch and the stack as additional monuments to the recent

Fra. — Jasper rock stacks uplifted on the coast of California (ufter & photo-
graph by Fairbroke).

uplift.  Tet one but imugine the stacks which now form the Seal
Rocks off the Chfi House at San Francisco to be suddenly raized
high ahove the sea, and the forms which they would then present
would differ but little from those which are shown in Fig. 276,

The uplifted barrier beach. — Within the réentrants of the
shore, the wave-cut ¢liff is, as we know, replaced Ly the barrier
beach, which takes its course across the entrance to a buy.  After
an uplift, such a barrier composged of sand or shingle should be
connected with the headlands, often with a partially filled lagoon
behind it.  Its cross section should be steep in the direction of
the lagoon, but quite graduud in front (Fig. 277).
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Fig. 277.— Uplifted shingle beach across the entranre to a (ormier hay upon
the coast of xouthern California (after o photograph by Fairbanks).

Coast terraces. — Upon those shores where to-day high moun-
tains{ront the seu, the coast may generally be seen to rise in a series
of terraces (Fig. 278). This
is notably true of those coasts
which are to-day racked by
earthquakes, such as is the
easlern margin of the Pacific
from  Alaska to Patagonis.
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

Fi16. 278 — Raised beach terraces pear Elie,
Fife, Scatland.

Fio. 279.— Uplifted sea cliffls and terraces on the coast of Russell Fjord, Aluska
(after Tarr and Martin).

Alnska we are fortunate in having the history of the later stages in
this uplift (Fig. 279). As described in a former chapter, portions
ol this shore rose in the month of September of the year 1899 in
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some places as high as forty-seven feet, to the accompaniment of
a terrific earthquake and sea wave. Above the terrace which

Fig. 2580, — Diagrams ta show how excessive sinking upon the sea floor will csusa
the shore to migrate landward as it iy uplifted.

marks the beach line of 1899 there is a higher terrace of sirmilar
form now overgrown with trees, but nonc the less clearly to be rec-

ognized as a shore line of the past century
which preceded in the long scquence the
uphift of 1899.

As was noted in our study of earth-
quakes, the recent instrumental records of
distant carthquakes 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-
erallv rising, the deeps of the sea are sink-
ing. The effect of this over-balance of
sinking, or resultant shrinking of the earth’s
shell, may be to compress the mountain
district. and so cause the shore line to move
lapdward at the same time that it moves
upward (rig. 280).

The sunk or embayed coast.— When
now, upon the other hand, a section of the
const line sinks with reference to the ses,
the water invades all the near-shore val-
leys, thus “ drowning ”’ them and yiclding
the “drowned river mouth” or estuary.

T1G. 281. — A drowned river
mouth or estuary upon a
cogstal plain,

If the relief of the shore was slight, as it generally is upon a
coastal plain, slight depression only will produce broad estuaries,
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Fia. 282, — Archipelago of steep rocky islets due to large submergenee of o const
having strong relief. Entrance to Esquumalt Harbor, Vancouver lsland (after
a photograph by Fairbanks),

such as Chesapeake Bay at the
drowned mouth of the Susque-
hanna (Fig. 281).

If, on the other hand, the relicf
of the shore ix «trong and the sub-
sidence is lurge, the entire coast
Lne will be transformed into an
archipelago of steep-walled rocky
islets which rize abruptly from the
sea (Figs, 282 and 284). A plateau
which is intersceted by deep and
steep-walled vallevs of U-section
(p. 341) under large submergence
vields the fjords so characteristic
of Scandinavin or Alaska. A rag-
ged coast line, fringed with islands
as o result of submergence, is de-
N scribed as an emboyed const.
Submerged river channels. —
The sinking of a coast of small
reliel may he sufficient to com-
pletely submerge river valleys,

Fic. 283.— The submerged Hudso-
pisn channel which continues the
Hudson River across the continental
ghelf. whose channels then begin to fill
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with sediment aud whose courses can only be followed in sound-
ings. Omne of the most interesting of such channels is that which
continues the Hudson River scross the confineatal shelf into the
deeper sea (Fig. 283).

Records of an oscillaticn of movement. — Becnuse a coast
is deeply embayed is no ground for assuming that a subsidence
= now in prog-
ress, or ix, In
fact, the latest
movement  re-
corded upon the
const. Inmany

ee that such
is not the case.
The coust  of
Muine is per-
haps as typical
of un embayed
shore line  as
any that might
be eited, but o
study  of  the Fie. 284.— Marine clay deposits near the mouths of the rivers

river vallevs in  of Maine which preserve a record of carlier subsidence (after
N Ntone)

the  neighbor-
hood shows clearly that the present submergence of their mouths
is a fraction only of an earlier one which has left a record of its
existence in beds of marine ¢lay which outline the earlier and far
deeper indentations (Fig. 284).

If now we give a closer examination to the coast, it s found
that there are marks of recent uplift in an abandoned shore line
now far above the reach of the waves. There is here, then, the
record, first of subsideace and consequent embayment, and, later,
of an uplift which has reduced the raggedness of the coast outline
exposed the clay deposits, and raised the strands of the period of
deep subsidence to their present position.

In countries which possess a more ancient civilization than our
own, the record of such oscillations in the Jevel 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 the periods of subsidence
or elevation. At the little town of Pozzuoli, upon the shore of
the Bay of Naples, is found one of the most instructive of these
records.

In the ruins of the ancient temple of Jupiter Serapis are three
marble monoliths 40 feet 1n height, curionsly muarked by a
roughened surfuce between {he
heights of 12 and 2} feet above
their pedestals (Fig. 285).  Closer
inspection shiows that this rough-
ened surface has been produced
by a marine, rock-boring mollusk,
the {ithodumus, which lives i the
waters of the Bay of Naples, and
the shells of this animal are still
to be found within the cavities
Fig. 285, — View of the three standing 5o the surface of the columns,

cofumus of the temple of Jupiter Se- ol . . .

rapis at Pozzuoli, showing the dark ¥ ithout reconnting defails which

and rough boud nine feet in width have heen many times recited

ﬁ?zlﬁnﬁnl‘:f\]i:}:_ci;(;'\,‘;:JrfL:;,":f [;!Z][IJU‘:_ since  these vin!(‘r?rfmg monu-

ments were first geologically ex~

plored hy Babbage amd Lyell, it may be stated that o record s

here preserved, first of subsidence amounting to some 40 feet, and

of subsequent clevation, of the Jow const land on which stood the
temple in the old Roman city of Puteoli (Fig. 286).

At the time of deepest submergence the top of the lithodomus
zone upon the column stood at the level of the water in the Bay of
Nuples, the smoother lower zone being buried at the time in the
sand at the hottony, and thus made inaceessible for the lithodomi.
It is to be added that studies made in the environs of Pozzuoli
have fully confirmed the ehanpes of level revealed by the columns,
through the discovery of now clevated shore lines which are re-
ferable to ibe period of deep submergence.

Simultaneous contrary movements upon & coast. — In our
study of the changes in the level of the ground that take place
during earthquakes, it was learned that neighboring scetions of
the earth’s crust may be moved at different rates or even in op-
posite directions, notwithstanding the fact that the general move-
ment of the province is one of uplift.  Thus during the Alaskan




— s T B e
Lo ST T
A - e
"? LY A
/-/ - a

Tra OR& _ Pawanali in ths 3rd 0th and 2Nth Centiriee



256 FARTH FEATURES AND THREIR MREANING

enrthiquake of 1899, although portions of the canst line were elevated
by as mueh as forty-seven feet, neighhoring seetions were raised hy
smaller amounts. and some small secfions were sunk and so far
e the beacl saed were wished

submerged that the salt wa
about the roots of for trees.

A region racked by heavy earthquakes, where the present cou-
<xrongly for o movement of some-

figuration of the ground spea
what similar nuture, but with average movenwent of elevation much
greater Lo the northward than in the opposite direction, is the ex-
tended coast line of Chili.  This country is charucterized by a
greal central north and south valley which separates the coast
range from the high chaio of the Cordillerns to the castward.  To
the southward the floor of this valley descends, and has its con-
tinuance in the Gulf of Corcovado behind the istand of Chiloe and
the Chonos archipelago.  The known recent uplift of the const of
Chili, particularly in the porthern sectiows und during the earth-
quakes of the cighteenth, nincteenth. and rwentieth centuries,
lends great intercst to this topograpbic peculioriiy.  Indications
are not lacking that, during the carthquake o Concepeion in
1833, and of Valparaiso in 1907, the measure of uplift wus greater
to the north than it was to the south.

The contrasted islands of San Clemente and Santa Catalina, —
Perhaps the most striking example of simulfancoux opposite nmove-

1
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Fig. 287. —Map of San Clemente Island, California, showing the characterisue
topography af recent uplift (after U. 8. Coast and Geodetic Survey).
ments observable in neighboring porfions of the eorth’s crust
is furnished by the coast of southern California. The coast. itself
at San Pedro and theisland of San Clemente, some fifty miles off
this point, in common with most portions of the neighboring coast
land, have been risingin interrupted movements from the sea, and
offer in rare perfection the characteristic coast terraces (Fig. 287
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V-rhaped cailon cut in an uplund recently elevated from the sca, San Cleruente
Islund, Californin (after W. S. Tangier-Smith).

B. A “hogback ™ at the base of the Bighorn Mountains, Wyoming (after Darton).






COAST RECORDS OT THFE RISE OR FALL OF LAND 257

and Iig 278 p. 230).  Midway between these {wo rising sections
of the erust, i Jess than twenty-five miles distant from either, is
the sl of Santi Cidalina, which has been siuking beneath the
wuves, aind appurently b a stmilarty rapid rate (Fig. 288). The

Fic. 285, — Map of Sunta Catalina Island, California, showing the charncteristic
aurface of which has long heen above the waves, and the entire absence of
coaxt terraces (after U, 8. C.and G. 8).

topography of the island shows the intrieate defail of a maturely
eroded surfuce, while that of the neighboring San Clemente shows
only the widely spaced, deep cations of the infantile stage of evosion
(Fig. 165 andd pl. 12 A). While Santa Cataling las been sinking,
San Pedro Hill has risen 1240 feet, and San Clemente, 1500 feet.
It is characteristic of a sinking coast line that the cliff vecossion is
abnormally rapid. and evidence for this is furnished by the shores
of Santa Catalina, upon which the waves are cutting the clifis
back into the beds of cabons, and so causing small falls to develop
at the caton mouths.

The Blue Grotto of Capri. — We may now refurn to the Bay
of Naples for additional cvidence thut oscillations of level in
neighboring portions of the =ume coast are not neceszarily syn-
chronous, and that near-lying sections may even move in opposite
dircctions ot the same time, as has already been shown for the isl-
ands off the California coast. For the Pozzuoli shore of the bay
it wag learned that within the Christian Era a complete cycle of
downward, followed by later upward, movement has been largely
accomplished. Across the 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. [t is the refracted sunlight which enters the cave through

8
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this Jower subroerged opening and has been robbed on the way of
all but its blue rays which gives to the famous grotto its special
charm (Fig. 289).

It is koown that the former,and now submerged. sea cave was
in use by Roman patricians as a
covl retreat from the oppressive
hot wind known s the sirocco,
and that an artificial entrance or
window was cut where ig now the
only accessible entrance (o the
grotto.  In the ancient writings,
no mention is made, however, of

1. 280, — Cross sertion of the Bhe the remarkable blue llumination

Grotto on the Island of Capri. show- fir which it i now famous, und

o e red s L conitions a the fim, o v

grotto, and the higher artificial win- LY see. were not such as to muke

dow now widened by wave action this possible.  Later subsidence
fafter von Rohel): of the const has brought the
ancient window {o the sea level, where it has been considerally
enlarged by the waves. The cuarlier grotto, abandoned us its
entrance was closesl, was rediscovered in 1826 by the 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 Grotlo,
is found upon the island of Busi off the Dalnatian coast.
Character profiles. — In the landscape of a coast which has been
slowly uplifted the characteristic line is the profile of the cuesta,
with short. perpendicular element joined 1o a gently sloping and
longer section and continued in the horizontal portion correspond-
ing to the lowland (Tig. 290). Rapidly uplifted coasts offer in
contrast the lines charncteristic of wave crosion and deposition,
- but at higher levels and in repeated sections, Most prominent
of all = the staircase constructed of const terraces, with either
vertical or sloping risers and with outwardly inclining and gently
graded treads. Near the steep riser in the staircase way some-
times be scen the sugar-loaf outline of the stack cut in softer ma-
terial, or the obelisk-like pillar undercut at its base, which is carved
in firmer rock masses. With excessively rapid uplift, the double-
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notched chiff or the double sea arch may appear in the landseape.
Upon a submerged coast the most significant lines in the view
are those of the rock islet and the steep-walled fjord.

-
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CHAPTER XX
THE GLACIERS OF MOUNTAIN AND CONTINENT

Conditions essential to glaciation. — Wherever for a suffi-
ciently protracted period the annual snowfall of a district is in
exeess of the snow that is melted, a residue must remain from
each season to be added 1o that of snereeding ones. Eventually
=0 much snow will have accumulated that under its own weight
and in obedienee to its peculine properties, a movement will begin
within the mass tending to spread i1 and so fo redoree the slope
of itz upper surface (FFrontispiece plate). The conditions favorable
to glaciation are, therefore, heavy precipitation and low annual
temperature.  1f the precipitation is scanty, the small snowfall
ix soon melted ; and if the temperature be too high, the moisture
is precipitated not in the form of snow but s rain, [t is impor-
tant here to keep in mind that snow is a poor heat conductor
and itself protects its deeper layers from melting.

The snow-line. — Because of the low temperatures glaciers
should I most abundant or most extensive in high latitudes and
in high altitudes.  The lurgest are found in polar and sub-polar
regions, and they are 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 Andces, and in New
Zealond.  Much smaller glaciers are characteristic of cortain
bighlands within temperate and tropical regions, but because
of specially favorable conditions both of altitude and precipi-
tation the Himalayas, although in relatively Jow latitudes. nourish
glaciers of large proportions. In general, it may be said that
the nourishing grounds of glaciers are largely restricted to those
areas where snow covers the ground throughout the year. The
lower margin of such sreas is designated the snow line, and varics
but little from the line on which the average summer tempera-
ture is at the [reeszing point of water — the so-called swmmer
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isotherm of 32° Fahkrenheit. Within the tropies this lipe may
rise as high as 18000 feet above the sea, whereas in polar lati-
tudes it descends to sex level.

Importance of mountain barriers in initiating glaciers. — The
precipitation within any district depends, however. not alone
upon the amount of moisture which is brought to it in the clouds,
but upon the wnount which is abstracted before the clouds have
passed over it The cupaeity of space to lold moisture increases
with its temperature, and hence any lowering of this temperature
will reduce the capacity. I lowered sufficiently, the peoint of
complete saturation will be reached and furtber cooling rust
result in precipitation.  Heoee, anyvthing which forees an wir
current to rise into more rarefied zones above, will lower the pres-
sure upon it and o bring about a cooling efleet in which no heuat
= abxtracted. This so-called adiabatic refrigecation of o s
may be llustrated by the rool current whieh issues in g jet from
a warm expanded rubber tive after the cock hus been opened ; or
even heiter, by the instant solidification af extreme low tempera-
an carbonic aeid when they are allowed

fures of surh normal gas
to issue under heavy pressure from a small orifice.

As apphed fo moisturedaden and wear-surface winds, the
effective agents of adiabatic cooling are the upland areas upon
the continents, and especiully the ranges of mowntains.  Theee
barriers foree the moving clouds to rise, cool, and deposit their
moisture. 1t 1%, therefore, the highland barners which face the
on-coming, moisture-laden winds that receive the heaviest pre-
cipitation. Within temperate regions, berause of the prevalence
of westerly winds, those barriers which face the western shores
receive the heaviest fall.  Within the tropics, on the other hand,
it s the barriers {acing the eastern shores which, because of the
easterly “ trades,” are most favorable to precipitation.

Thus it 1s in the Sierra Nevadas of California, and not in the
Rockies or the Appalachians, that the glaciers of the United States
are found. The highland of the Swiss Alps lving likewise athwart
the ¢ westerlies” of the temperate zone acquires the moisture
for nourishment of its glaciers from the 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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thiz 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 by clouds from the Atlantic

Fig. 291, — Map showing the distribution of existing glaciers, sud the twao im-
portant wind poles of the earth.

Sensitiveness of glaciers to temperature changes. — How
sensitive ix the adjustment hetween snow precipitation and feui-
perature may be strikingly illustrated by the stutement on ex-
cellent authority that if the avernge annual temperatare of the air
within the Scottish Highlands should be Jowered by only three
degrees Fuhrenheit, small glaciers would be the result; and a
woderate temperature full within the region surrounding the
Luurention likes of North America would bring on glaciation.
otherwise expressed as a depression of the snow line of the region.

The cycle of glaciation. — Though to-day buried beneath its
ice mantle, it is known that Greenland had more than once in carlier
geological ages a notably mild climate, and in some future age
it may revert to this condition. In other regions, also, we have
evidence that such a rotation of climatic changes has been sue-
cessively accomplished. the climate having steadily increased in
severity towards a culminating point, and heen followed by a
reverse series of changes. Such a complete period may be called
a cyde of glaciation. While the climate is steadily becoming
more rigorous, we have to do with an 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 whatever be the cause of the climatic chauges which bring
on glacial conditions, these changes came on by nsensible grada-
tions. The first visible evidence of the increased =cverity of
the climate is the longer persistence of the winter snows. at first
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Fig. 292, — An Alaskon placier spreading out at the oot of the ranpe which
nourishes it.

within the more elevated districts.  In such positions drifts must
eventually continue throughout the warm season and so con-
tribute to the snow accumulations of the succeeding winter.  This
point once reached, small glaciers gre inevitable, even should the
average temperature fall no further, for the snow left over in
each season must steadily increase the depth of the deposits until
the weight brings about an internal motion of the mass from higher
to lower levels,

The inherited depressions of the upland — the gentle hollows
at the heads of rivers — will first be filled, and so the valleys
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below become the natural channels for the outfow of the early
glaciers.  With a continued lowering of the annual temperature
and consequent increased snowfull, the ewrly glaciers hecome
more and more amply nourished,  Snow and ive will, therefore,
cover larger arcas of the upland, and the glaciers will push their
fronts farther down the vallevs belore they wre wasted in the
wartn air of the lower Tevels.  As the vallevs heeome thus more
completely invested by the glacier they are likewise filled to greater
and greater depths, and they may thus submerge portions of the
walls that separate adjacent valleys. Reaching at fust the {ront
of the upland aren, the glaciers may now be so well nourished ag
their heads that they push out upon the flatter foreland and with-
out restraint from retaning walls spread broudly upon it (Fig. 242).

The culmination of the progressive climatie chunge may ere
this have been reached and mwilder conditions have ensued. If]
however, the severity of the climate should be still further in-
creased. the expanded fronts of neighboring glaciers will coalesce
to form a common ice fan or apron along the foot of the upland
(Plate 18 B).  This could hardly take place without a still further
deepening of the ice within the valleys above, and. prubably, a
progressive submergenee of {he Jower crests in the valley walls.

o= N = =
Fic. 293. — Surface of a glacier whose upper lavers spread with slight restraint
from retniuing walls, Surface of the Folgefond, an ice cap of sonthern Norway.
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This nay even continue until all parts of the upland area have
been buried.  ‘The snow and jee now take the form of a covering
cap or carapace, and the upper portions being no longer restrainec
at the sides. now spread into & broad dome, ax would & viscous
liquid like thick molagses when poured out upon the floor (Fig.
293). The lower zones of the mass and the thinner margina!
portions still bave their motion to a greater or less extent con-
trolled by the ircegularity of the rock Roor against which they rest.

The reverse series of changes in the glacier is inaugurated by an
amcliorntion of the climate, and here, therefore, the advaneing
hemieyele becomes merged in the reeeding hemieyele of glacin-
tion.

Continental and mountain glaciers contrasted. — The time
when the rock surface becomes submerged beneath the glacier
is, as regards both the surface forms and the erosive work, a eriti-
cal point of much significance: fur the ice cap und larger conti-
nental glacter obviously protect the rock surface from the action
of those chemical and mechaniea processes in which the atmosphere
enters as chiel agent. and which are collectively known as weath-
ering proces: Until submergence s accomplished, larger or
simaller portions of the roek surface projeet cither through or
between the tee muasses and are, therefore. exposed to direct
attack by the weather (see below, p. 370).

Snow which falls Tu the mountains s ot allowed to remain
long where it fnlls, By the first high wind it i swept off the
wore clevated and exposed surfaces and collected under eddies in
any existing hollows, but especially those upon the lee slopes of
the range.  We nre to Jearn (hat glaclers earve the mountains by
enlarging the hollows which they find and produciog great basins
for the collection of their snuws: but with the initiation of gla-
cigtion the inherited hollows wre in most casex the unimportant
depressions at the heads of streams.  Whatever they may be
and however formed, the snow first fills those hollows which ure
sheltered from the wind, and as it accumulates and becomes
distributed as ice, assumes a surface of its own that is dependent
upon the form and the position of the basin which it occupies
(see Fig. 294).

When the quantity of accumulated snow is so great that all
hollows of the rock surface are filled, its own surface is no longer
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controlled by retaining rock walls, und §t now ssunses w form
largely independent of the irregularitics in the upland.  Ixpe-

7 o
Tz, i
Fie. 291 — ection through « mountain glacier (in solid hlack), showing how jta

surfice s determined by the irregulurities in 1he roek basement (ulter Hoss.

rienee shows that this sueliee is approxinmately that of o fat dome
or shield, and as it covers all the uplund, save where the ice thins
upon its margins, this tyvpe of glacier is called an dee cap (Fig.
205). Al types of glacier in which rock projects ahove the
highest levels of the tee and snow are known as maewntoin glaciers.
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Fic. 245 — Profile weross the largest of the Ieelapdic ice caps, with the vertical
scule greatly exaggerated (after Thoroddsen and Spethmunn).

The Aat domes of ice which mantle the continents of Green-
land and Antarctica, though reserobling in form the smaller ice
cap, are yet because of their vast size =0 distinct from them, par-
ticularly in the manner of their nourishment, that they belong in
a separate class described as inland ice or condinental glaciers.
Though they have some affinities with ice caps, they are most
sharply differentiated from all types of mountain glaciers.  Of them
it is true that the lithosphere projects through them only in the
peighborbood of their margins (Fig. 206), whereas in the case of

P S R

Fia. 206. — Ideal section across a continental wlacier, with the vertical scale and
the projecting rock masses of the marminal zone greatly magoified.
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mountain gluciers rock may project at any level but elways obove
the highest swow surface. Jee eaps may be regarded as interme-
disnte between the two main classes of mountain and continental
glaciers (Fig. 207). Because of the large role which continental

glaciers have played in geologieal history, 1t is thought best to con-
sider them first, leaving for later discussion the no less interest-
ing hut less himportant mountain gliciers.

The nourishwent of glaciers. — The life of a glacier is depend-
ent upon the continued deposition of snow in aggregate amount
in excess of that which is lost hy melting or by other depleting
processes. Whenever, on the other hand, the waste exceeds the
precipitation, the glacier is fn a receding condition and must
eventially disappear, if such conditions are sufficiently long con-
tinued.  The souree of the snow is the water of the occan evapo-
rated into the atmosphere and transported over the land in the
form of clouds.  We ure to learn that the changes which this
moisture undergoes hefore its delivery to the glacier are notably
different Jor the classes of continental and mountain glacier.

The upper and lower cloud zones of the atmosphere. — Be-
fore we can comprehend the nature of the processes by which gla-
ciers are nourished. it wiil be necessary to review the results of
recent studies made upon the carth’s atmospheric envelope. Tt
must be kept in mind that the sun’s ravs are chiefly effective in
warming the atmosphere throngh being first absorbed by sorae
solid body such as rock or water and their heat then communicated
by contact to the immediately adjacent air lavers. 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.  Such ecurrcnts developed in the air by contact
with warmer solid bodies constitute the process known as con-
vection.
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To a refatively =mall degree the atiwosphere is heated by the
direct absorption of the sun's rays wineh pass through it. Since
air has weight, it compresses the lower bigers ooar e earth, and
henee ns we ascend from the earth’s surface the wir hecomes con-
finnaily  lighter.  Convection currents must,  therefore,  adjust
themselves by the air expanding as it rises. But expunsion of a
gas always results in its cooling, s every one must have ohserved
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Fii. 298 — The zones of the lower atmosphere 8 revesled by recent kite and
balloon explorations.

who has placed his finger in the air current which escapes from
the open valve of a warm rubber tive.  Dre uir is cooled a degree
Fahrenheit for every six bundred feet of ascent in the atmos
phere. At a height of about seven miles ahave the carth’s sur-
face all rising air currents have cooled to about 68° helow the
zero of the Fahrenheit scale, and exploration with balloons has
shown that the currents rise no farther. At this level they
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move horizontally . st s rising vapaor spreads out inoa roons be-
neatle the celding. Above this level, us Tur as exploration has gone,
or Lo o heght of more Chan twelve miles, the temperature remains
newrly constant, wnd this apper zone s, therefore, catled the iso-
thermal or the adecetiec zone the uniforin temperafare zone
of the lower atmosphere. Beneath the convective cetling the

tic. und thix zone is thereflore

process of convection i~ cliaruete
i hed as the concet e one U0 298),

A large part of the moisture which rises from the ocean’s sur-
fuce is condensed to vapor before it has ascended three miles, and in
this Torms it males U~ transit over lund ax fleeey or stratiform
clouds — the so-eulied cumulus and stratus clouds and their niany
intermediate varieties (see Frontispiece).  This lower layer within

the conveetive zone s, therefore, o moist one overlaid by a rela-
tively drier middle laver of the conveetive zone. That mois-
ture which rises above the lower eloud luver is congealed Hy adin-
hatie coolmg to fine der needles visible as the so-called cirmus
clonds which float as feathery fronds heneath the convective
ceiling (see frontispicee at right upper corner of picture). Thus
we have within the conveetive zone an upper laver more or less
charged with water in the form of jve needles, Tt s the elouds
of the lower zone whose moisture iu the form of vapor supplies
the nourishient of wnonntain glaeiers, and the high cirrus clouds
whose vongealed moisture, after interesting transformations, is
responsible {or the coutinued existence of continental glaciers.
we are fo =see. there ure other noteworthy differences he-

tween continental and mouetain glaciers. in {the manper of their
seulpture of the lithosphere, <o that ung after they lave disap-
peared the claraelers of cacli are ensily ideatified in their handi-
work. How the lower clauds are foreed upsward and so compelled
Lo give up their moisture o {eed the mountain glaciers, and how
the upper clouds are pulled downward fo nourish the glaciers of
continents, can e best understood ufter the characteristics of
each glacter class have been studied.




CHAPTER XXI
THE CONTINENTAL GLACIERS OF POLAR REGIONS

The ioland ice of Greenland.— In Greenlund wnd in Anfare-
tiea the land is almost or quite buried under a cover of snow and
ice—the so-ealled “inland ice ™
— which alwuys assumes the
surface of a very flat dome or
shicld.  In Greenland there is
found « marginal ribbon of
fand generally  from  five to
twenty-five milex in width
(Fig. 209). but in Antaretic:
all the land, with the exeep-
tion of a few mountain peaks,
is inwrapped in o mantle of
ive which is also extended upon
the sea in a broud shelfl of snow
and ice.  Neither of these vast
glaciers hus heen explored ex-
cept in its marginal portion.
yet such is the svinmetry of
the profiles along the routes
traversed, and such the flat-
ness and ronotony of the snow
suwrface within the margins,
that there i= little reason to
doubt that the profile made ¥ 299 — Map of Greenland showing the
along Nansen's route in south- < of inland-ice and the routes of differ-
ern Greenland would, save only
for magnitude, fairly tepresent a section across the roiddle of the
contivent (Fig. 300).

The mountain rampart and its portals. —As soon as we ex-
amine the coastal belt we olmerve that the “ Great Tee” of
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Greenland i< held in by aowall of mountains and <o prevented from
spreading ot o its natural surface in the narginal portions.
Through portals of the indosing mountain ranges — the enf-
lets —=1t <ewds ont Jonygies of Jee which in many respecis resemble

cortain types of mountain glicic

TG 500 rafileinnatural propareic aeross the sonthern end of the continental
wlaud, construeted upon an are of the earth’s surface and bused

portions of the profile

iroof Gir

upon Nunsen's profile currected by Hess,  The marging

uted below upon 2 magnified seale i order to bring out the characters

arginal slopes.

Such meusuremciits as have been made upon the inland ice
of Greenland at points back from, but vet comparatively near to,
the ontlets, show that it lius here a surface rate of motion amouni-
ing to Jess than o inel per day, and it is highly probable that at
woderite distances frons the margin this amount diminishes 1o
zero. Upon the outlets, on the contrary, surfaee rates as high as
A0 feet per day have been mieasured, and even 100 feet per day Los
been veported. We are thus justified in saying that glacier flow
within the outlets is from 700 to 1000 fimes as great
the near-by inland ice, and that the glacier is in a measure drained
through the portals of the inclosing rapges.  Back from these
outlet streams of ice. or tongues. the surfuce of the inland ice is
depressed o form a ditmple or © hasin of exudation " as is the sur-
face of a reservoirabove the ruceway when the water is being rapidly
drawn away (I 301).

Fissures in the ice. the so-called crevasses, are the recognized
marks of ice movement, and these are always concentrated at the
steep slopes of the e surface in the neighborhood of its margios.
Upon the Greenland ice, crevasses are restricted in their distribu-
tion to a zone whicli extends from scven to twenty-five miles
within the ice horder. . .

The marginal rock islands. — [from its margin the ice surface
rises so steeply as to be climbed only with difficulty, but this

s It is upon




A. Precipitous front of the Bryant glacier outlet of the Greenland inlund-ice (after
Chamberlin).
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eradient =teadily diminishes until a1t a distance of hetween seventy-

five and a hundred miles i(s slone is less than two degrees.

Where

croz<cdd by Nansen near latitude 612 No the broad central area of

iee was =0 nearly level as to
appear ta he ;e plain,

Asawve pass aeross the irregu-
Iar ice margin in the direction
of the interior, larger and farger
proportions of the land's sur-
face are submerged, until only
fing above
as dslands which are
(Fig.

proje penks  risc
the ice
deserihed s nunataks
3024,

Though ot a universal ob-
servitione, it has often
noted thut the absorption of
the sun's ravs by rock masses
projecting through the snow
results in a radiation of the
heat and a lowering by melting
of the surrounding snow and
e, Ior this reason nunataks
are often surrounded by a deep
wench due to a melting of the
Such a depression in
the ice surfuce about the mar-
gin of a nunatak, from its re-
serblance to a trench about
an ancient  castle, has been
designated a moat (Fig. 303).
For the same reason, the out-
let tongues of ice which descend
in deep flords between walls of
rock are melted away from
the walls and a latersl siream
of water is sometimes found
to flow between ice and rock
(pl. I3 B).

T

Lien

SNOW.

on tana —

Fi6. 301.—Map of a glacier tongue, with

Contours

omice —

dimple showing above and due to in-
droughtof theice. Umanakfjord, Green-
land (after von Dry galsks).
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Rock fragments which travel with the ice. -~ Rock surfares
whieh sre exposed to the atmosphere are inchigh Tatitudes broken
down through the frees-
ingof water within their
crevices,  The fruag-
ments resulting  from
this rending process fall
upon the gheeier surfuace
andd are carried forward

as passengers i the di-
rection of the tee mar-
gin. They are either

Fia. 302, — Fdge of the Greenland inland ice, visible us long and nar-
.th?ing_xhv uufx:\\:\!ﬁ diminishmu_in size lﬂ\\'u-rll row ritlg('s or trains fol-
the interior,  The lines upon the ice are medial

moraines starting from munatuks (after Libbey), 10Wing the directions of

ihe steepest =lope (Fig.
302). or they become buried under fresh falls of snow and only
again beeome visible where sunimer melting has lowered the glacier
surface in the vieinity of its margin. - These longitudinal (mins of
rock fragiments upon the glacier surface always have their starting
point at the lower margin of one of the nunataks, and are known
ws medial moraines (Figo 301, po 2730 and Figo 3023, Inside
the zonc of nunataks the glacier surface is, however, clear of rock
débris except where dust has
heen blown on by the wind,
and this extends for o few
miles only.  The material of
the medial moraines s a col-
lection of angular blocks whose
surfaces are the result of frost
rending, for in their travel
ubove the ice they ure sub-
jected to no sbrading pro-
cesses.

A contrasted type of surface
moraines upon the Greenland
glacier. instead of heing par-
allel to the direction of ice movement, is directed trapsversely or
parallel to the marginz. The materials of these moraines are

Fia. 303. — Moat xurrounding 5 nunatak in
Vietnria Land (after Scort).
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more rounded fragments of roek which have come up from the
bottom layers. and we shall ngain refer to the origin of such
moraines after the subglacial conditions hiave heen considered.

The grinding mill beneath the ice. — I, now, we examine the
front of w ghieier tongue which goes out from the infund ice, we
find thut while the upper portion is white und nuinly free from rock
débrix (plate 13 A), the Jower zone is of wdark color wnd crowded
with Juyers of pebbles aud bowlders which have been planed.
polished, and seratehed in a guite remarkable manner.  The ice
front is itself subject to forward and retrograde migrations of short
period, but it is easily seen that in the main itz lurger movement
has heen u retrograde one. The ground from which it has lately
withdrawn is generdly o bured rock Hoar usweathered, but smooth,
polishied, and seratehied in the sume manner as the howlders which
wre inthedded seithsin the iee, Tt is perfeetly apparent thet the
latter have been derived from some portion of the rock basement
upon which the @ucier still restz, and that foor and howlders have
alike heen ground =mvotls by mutual contact under pressure.

This crosion heneatli the jee is necamplished by twa processes;
wanely. plucking wd abrasion Wherever the rock over which
the der moves bas stood up l projecting masses and is riven
by fissure planes of any kind, the ice has found it casy to remove
it i Jarger or sialler fragments by a quarrying process deseribed
as plucking. The rock muy be said to be torn uway in blocks which
are Jargely bounded Ly the preéxisting fissure planes.  Over rela-
tively even surfaces plucking has little importanee, but where
there sire noteworthy inegualities of surface upon the glacier bed,
thoxe sides which wre away from the oncoming ice (lee side} are
degruded by plucking in such o munner as sometimes to Jeave
steep and ragged fructure surfaces.  The tools of the ice thus ac-
quired in the process of plucking are quickly frozen into the lowest
ice layers, and being now drugged along the floor they ubrude in
the sume manner as does o rusp or file. These tools of the ice are
themselves worn awuy in the process and are thus given their
characteristic shapes.  Just as the lapidary grinds the surface of
a jewel into facets by imbedding the gem in o matrix, first in one
and then in unother position, cach time wearing down the pro-
jectiug irregularitics through contaet with the abrading surface;
80 in like manner the rock fragment is beld fast at the bottom of
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the glacier until © soled " or ““ shoad,”’ first upon one side and then
upon apother.  Accidental contact with some obstruction upon
the Aoor may suffice to turn the fragment and so expose u new sur-
face Lo wear upon the abrading floor.  Minor obstructions com-
ing in contact with one side of the fragment only. may turn it in
s own plane without overturning,  Evidence of such interrup-
tions cun be later read in the different directions of striw upon
the same facet (plate 17 A).

The Aoor beneath the glacier 15 reduced by the abrading process
to a more or less smooth and generally flattened or rounded sur-
face — the =o-called glacier pavement (Fig. 3043, To accomplish
this all former mantie rock
due to weathering processes
must first be eleared sway,
and the firm unabiered rock
beneath is wherever suseep-
tible of it given a =mooth
polish although locally
~eored and seratehed by the
grinding bowlders. The
carlier  projections of the
surface of the floor, if not
entirely planed away, are

boniferous age in South Africs.  The strise
running in the direetion of the observer are
prominent and 1 noteworthy gouging of the  at least  transformed into

surface is to be noted to the right in the ) na0q shoulders of rock,

middle distance (after Davis).

which  from  their
blance to closely crowded backs in a flock of sheep have been
called “sheep backs " or “raches moutonnécs”  Thus the cffect
of the combined action of the processes of plucking and abrasion
is to reduce the wecent of the relief and to mold the contours of
the rock in smoothly flowing curves, generally of large radius.
The Lfting of the grinding tools and their incorporation
within the ice. — Whercver the ice is locally held in check by the
projecting nunataks, reliel is found between such obstructions,
and there the flow of the ice has a correspondingly increased ve-
locity (Fig. 305 b).  If the obstructions are not of large dimnensions,
the ice which flows around the outer edges is soon joined to that
which passes between the obstructions and so norma! conditions
of flow are restored below the nunataks. The locally rapid flow
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of the ice is, therefore. restricted to a relatively short distance, the
passageway between the nupataks, and the conditions are thus
to he likened to the fall of water at a raceway duc to the sudden
descent of its surface from the level of the reservoir to the Jevel of
the stream in the outlet. As is well known, there is under these
conditious a prodigious scour upon the bottom which teuds to dig
a pit just above and helow the dam — u scape coll — nod enrry
the materials up to the surface below the pit. Such a tendency
was well illustrated by the behovior of the wuater at the opening
of the Neu Haufen dan below the city of Vienna (Fig. 3054). In

a
F1a. 305. — o, Map showing pit excavated by the current below the opeping in a
Nunataks and surface moraines on the Greenland irc. Dszlager's
(after Suess).

the case of ice, material from the bottom may by the upward cur-
rent be brought up to the surface of the glacier at the lower edge
of the colk and thus produee a type of local surface moraine of
horseshoe forin with its direction generally transverse to the direc-
tion of icc movement (Fig. 305 b).

Any obstruetion upon the psvement of the glacier apparently
exerts a lurger or smaller tendency to elevate the bowlders and
pebbles and incorporate them within the ice. Rock débris thus
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).

Near the front of the inland ice the increased slope of the upper
surface greatly increases the flow of the upper ice layers in com-
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parison with those neurer the bottom, so that the upper layers
override the lower as they would an obstruction.  The englacial
drift is either for this reason or becsuse of rock obstructions
brought ta the surface, where it vields paraliel ridges corresponding
in direction to the glavier margin.  Such trausverse surface mo-
raines are thus in many respeets analogous to those which up-
pear about the lower murgins of scape colks. In rontrast to the
longitudinal or medial surface moraines the materials of the trans.
verse moraines are more faceted and rounded — they have been
abraded upon the glacier pavernent.

Melting upon the glacier margins in Greenland. — During the
short but warm sunmimer seuson, the nargins of the Greenlund iee
are subject 1o considerable losses through surflicee melting. When
the uppermuost jee layer has attained a femperature of 32° Faliren-
Lieit. melting begins and moves rapidly inward froon the glacier
narght Inlate spring the surface of the outer marginal zone is
saturated with water, and this zone of slush advances inwiard with
the season. but apparently never transgresses the jnner border of
what we have generally referred 1o as the marginal zone of the ive
characterized by relatively steep slopes, erevasses, awd nunataks.
Upon the ive within this zone are found streams large cnough to be
designated as rivers and these are connected with pools, lakes, and
morasses. The dirt and rock fragments imbedded in the ice are
melted out in the lowering of the surfaee, so that late in the season
the ice presents u most dirty aspect. At the {ront of the great
mountain glaciers of Alaski, a more vigorous operation of the same
process has vielded a surface <oil in which grow such rank forests
as entirely to musk the presence of the ice hencath.

In addition to the visihle streams upon the surface of the Green-
land ice. there are others which flow beneath and can he heard by
putting the ear to the surface. All surface streams eventually
encounter the marginal crevasses and plunge down in foaming
cascades, producing the well known “ glacier wells 7 or “ glacier
mills ' The progress of the water is now throughout in tunnels
within the ice until it again mnkes its appearance at the glacier
margin.

The marginal moraines. — Study of both the Greenland and
Antaretic 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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ment hus beensa retrograde one — we live in a receding hemievele
of gluciation.  The carlicr Greenlund glacier has now receded so
as to expose large arcas of
the former glacier pave-
ment. In places this

pavement s arpely bare,
indicating a relutively rapid
retirement of the ice front,
bot at all points at which
the ee margin was halted
there s now found o ridge

of unussorted roek mite- — -
rials which were dropped Tae, 306, — Marginal moraine now forming at
e . iy the edge of Greenlund inland ice, showing n
by thedee asitmelted (Fig- oo0th roek pavement outside it. A small
306).  Such ridges, com-  luke with a partial covering of lake ice occu-
pies a hollow of this pavement (after von

posed ol the unassorted !
Dirygalski).

nuiterials deseribed as G
come to have afestooned arrmgenent largely coneentrie to the iee
margin. and are the marginal or ferminad moraines (see Tig. 336,
p.312). Marginal moraines, il of large dimensions, usually have a
hummocky <urface, aud are apt to be composed of rock fragments
of a wide range of size from rock flour (clay) fo large howlders
(plate 17 A, which muy represent nany types since thev have
been plucked by the glacier
or gathered iu at its surface
from mny widely separated
tocalities.

As the glacier front retires
front the moraine which it
hax built up, the water which
emerges from beneath  the
ice is impounded hehind the
new dam so us to form a

Fic. 307 —small lake impounded hetween  lake of erescentie outline
the jee front and a moraiwe which it has  (Fig. 307), Such lakes are
:.:x:;:j‘ built.  Greenland (sfter vou Dry- particularly short-lived, for

the reason that the water
finds an outlet over the lowest point in the crest of the moraine
and easily cuts a gorge through the loose materials, thus draining
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the luke (Fig. 308). Thereafter, the escaping water flows in a
Lradded stream across the lnte lake bottom and thenee at the
hotton of the gorge through the mworaine.

F16. 308. — View of u drained lake bottom between the morsine-covered ice front
inthe foreground and an abandoned marginal moraine in the ruiddle distance.  The
water fluws from the jec front in a braided stream and passes out throngh the mo-
raine in a narrow gorge. Varicgated glacier, Alaska (after Lawrence Martin).

The outwash plain or apron. — The water which descends from
the glacier surface in the glacier wells or mils, eventually artives
at the Lottomn, where it follows n sinuous course within a tunnel
wmelted out in the ice.  Much of this water may issue at the ice
front Leneath the coarse rock materials which are found there,
and so be discovered with the ear rather than by the eve. The
water within the tunnels not flowing with o free surface Lut being
conhined as though it were in a pipe. may, however, reach the
slacier margin under a hydrostatic pressure sufficient to carry it
up rising grades.  Inasmuch as it s heavily charged with rock
debris and s suddenly checked upon arriving at the front it de-
posits its burden ubout the ice margin so as to build up plains of
assorted sands and gravels, and over this surface it flows in ever
shifting serpentine chinnnels of braided type (Fig. 308). Such
plains of glacier outwash are described as outwask plains or owl-
wash oprons.

Rising =5 it does under hydrostatic pressure the water issuing
at the glacier front may find its way upward in some of the cre-
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vises and suoemerge at s level considerably above thie glacial
- floor. 1t may thus come about that the outwash plain is built
up about the nose of the glucier so us partially to bury it from

FiG. 309. — L
autwash pl

rams Lo show the manner of formation und the structure of an
n, sud the position of the fosse between this und the morsine

sight.  When now the ice front begins a rapid retirement, o de-
pressiaror Jusse (Fig. 309 and Fig. 339, p. 314) s left el the
outwa-h plait and i front of the moraine whicliis built up xt the
next halting place.

The continental glacier of Antarctica. — In Vietoria Land, upon
the continent of Antarclica, so far as exploration hus yet gone,
the continental glucier is held baek by o rampart of mountains,
as has been shown to be true of the inland jee of Greenland.  The
same flat dome or shield has likewise been found to charseterize
it< upper surface (Fig. 310).

The most noteworthy differences hetween the inlaud iee musses
of Greenland and Antarctica are to be aseribed to the greater
severity of the Antaretic elimate and fo the more ample nourish-
ment of the soutbern glavier measured by the land area which it
s submerged.  There is bere no marginal land ribhon as in Creen-
land, but the glacier covers all the land and is, moreover, extended
upon the sew as a broad floating terrace — the shelf ice (Fig. 311).
Tuis barrier at its margin puts @ bar to all further navigation,
rising as it does in some cases 280 feet above the sea and descend-
ng to even greater depths helow (plate 15 B).

Tr that portion of Antarctica which was explored by the German
expedition, the inland ice is not as in Vietoria Land restrained
within walls of rock, but is spread out upon the continent so as to
assume its natural ice slopes, which are therefore much flatter
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than those examined in Greenland and Vietoria Land.  Here ia
Kuiser Wilhelm Land the ice rises at its sea margin in a cliffl which -
ts from 130 1o 163 Teet in heigl, then upon a lairly steeply curving

F16. 310. — Map showing the inond ice of Vietoria Land bordered by the shelf
ice of the Grest Ross Barrier  The arrows show the direction of the provailing
winds (bused on maps by Scott und Shackleton).

stope Lo up elevation of perhaps a thousand feet. Here the grades

have become relatively level, and on ever Aatter slopes the surface

appears to continue into the distant interior (plate 14). Near
the lce margin numerous fissures betray a motion within the mass
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which exact measurements indicate to he but one foot per day, and
at o distance of w mile and 1 quarter from the margin even this
slight value has diminished by fully one eighth. 1t can hardly
be doubted thut at moderate distances only within the ice margin,
the glacier is practically without motion.

Rain or general melting conditions being unknrown in Antaretica,
a striking contrast is offered to the marginal zone of the Greenland
confinent.  Thix is to a large extent expluined by (he existence

o Sova ot Foat

Fro. 311. — Sections across the inland ice of Vietoria Land, Antaretica, with tbe
shelf ice in Iront (after Shackleton).

upon the northern land mass of a coast-land ribhon which becomes
quickly heated in the sun's rays, and both by warming the air and
by radiating heat to the ice it causes melting and produces local
air temperatures which in summer may even be described as hot.
About Independence Bay in latitwle 82° N. und near the north-
ernmost. extremity of Greenland, Peary descended from the in-
land ice into a little valley within which musk oxen were lazily
grazing and where bees buzzed from blossom to Llossom over a
gorgeous carpet of flowers.

Nourishment of continental glaciers. — Explorations 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
utinospheric cover constitutes o sort of refrigerating air engine
and plavs an important part in the wind svstem of the globe.
(see Fig. 201, p. 263).  Both the doned surface and the low tem-
perature of the glacier are essential to the continuation of this
pulsating movement within the atmasphere (Fig. 312), The air
Taver in contact with the jee is during a period of ealm cooled, con-
tructed, aud rendered heavier, so that it hegins to slide downward
and ontward upon the domed surface in all directions.  The ex-
treme flatness of the greater portion of the glacier surface —a

GraciaL
M - v v
ANTICYCLONE
-— - - > - ———
[P e

celone above

un to show the nature of the fixed glacial antie:
continental glaciers and the process by which their surface is shaped.

fraction only of one degree — makes the engine extremely slow
in starting, huf fike all bodies which slide upon inclined planes,
the veloeity of its movement is rapidly aceelerated, until a blizzard
is develaped whose vigor is unsurpassed by any elsewhere experi-
enced.

The effect of such centrifugal air currents above the glacier is
to suck down the air of the upper currents in order to supply the
void which soon tends to develop over the central portion of the
glacier dome.  This downward vortex, fed as it is by inward-blow-
ing, high-level currents, and drained by outwardly directed sur-
face currents. is what is known as an anticyclone, here fixed in
position by the central emhossment of the dome.

The air which descends in the central column iz warmed by
compression, or adiabatically, just as air is warmed whiceh is forced
into a rubher tire hy the use of a pump, "The moisture congealed
in the cirrus clouds floating in the uppermost Iayer of the convee-
tive zone, is carried down in this vortex and first melted and in
turn evaporated, due to the adiabatic effect. This fusion and
evaporation of the ice hy its transformation of latent, to sensible,
heat. in a measure counteracts, and so retards, the adiabatic ele-
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vation of tempersture withie the colunie Eventually the warm
air now charged with water vapor resches the iee surface, 1s at
onee chilled, mied its burden of moisture precipitated in the form of
fine snow necdles, the so-ealled * frost siow " which i acveompani-
ment to the sudden clevation of tenperature is precipitated . the
termination of @ hlizzard.

T'he warming of the air has, however, had the effeet of damping
as it were, the cugine stroke, and, ax the process is continued, to
start a reverse or upward current within the chimney of the anti-
evelone.  The blizzard is {hus suddenly ended in a precipitation
of the snow. which hy changing the latent heat of condensation
1o sensible hent {ends to inereuse this counter current.

The glacier broom. — During the cal which suceveds to the
Blizzard, heat is onee wore abstracted from the surface air Javer,
and onew outwardly directed engine stroke is begun. The tem-
15w gigantic centrifugal broosn which

pest which later develops .

Fie. 313 —Snow deltas about the margins of the Fan glacier outlet of Greenlund
(after Chamberling.

sweeps out to the margius of the glacier ull portions of the lutest
snowfall which have not become tirmly attached to the ice surface,
The sweepings piled up auhout the margin of continental glaciers
have heen described ns fringing glaciers, or the glacial fringe. The
northern coast of Greenland and Grant Lund are bordered hy «
fringe of this nature (plate 14 A, and Fig. 315, p. 288). It is by the
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operation of the glacier broomn that the inland iec is given its charac-
teristic =hicld-like shape (Fig. 312}, The granular nature of the
snow carried by the wind is well brought out by the little snow
deltas about the margins of Greenland ice tongue- (Fig. 313).
Obviously beeause of the presenee of the vigorous anticyelone, no
snows such as nourish mountain glaciers can be precipitated upon
continental glaciers except within a narrow marginal zone, and,
as shown by Nausen rock dust {rom the cosstland ribbon and
from the nunataks
oL of Greenland, isear-
LT ried by « {ew miles
inside the western
margin, and ot
at all within the
eastern.

Field and pack
ice.—Within polur
remions the surfuce
of the =ea freezes
during  the long
winter scason, the
product being known as sea-ice or field-ice (Fig. 314). Thix ice
cover may reach a thickness by direct freezing of eight or more
feet. and by breaking up and being crowded above and below
neighboring fragments may increase to u considerably greater
thickness.  lee thus crowded together and more or less crushed is
deseribed as pack e or the pack.

The pack does not remain stationary but is continually drifting
with the wind and tide, irst in one direction and then in anather,
but, with  general drift in the direction of the prevailing winds.
Becuuse of the vast dimensions of the pack, the winds over widely
separated parts may be contrary in direction, and hence when cur-
rents Llow toward each other or when the jce is forced ngainst o
land aren. it is loeally crushed under mighty pressures and forced
up into lines of hwnmocks — the so-called pressure ridges. At
other times, when the winds of widely separated arcas blow away
from each other, the pack is parted, with the formation of lanes or
leads of open water.

If seen in bird's-cye view the lines of hummocks would accord-

Fia. 314. — Sea ice of the Arctic region in lat. 30° 5" N,
and long. 2° 52’ E. (alter Due d'Orleans).
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ing to Nausen he arranged tike the meshies of o net having roughty
squared angles and reaching to ivights of 10 (0 25, rarely 30, feet
above the general surface of the pack. The iee within each mesh of
the network is w0 floeswhichat the times of pressure is ground against
its neighbors and variously shifted in position. At the margin of
the puek these floes Become separated and Bout toward lower lati-
tudes until they are melted.

The drift of the pack. — The discovery of the drift in the Arctie
pack i 1 romantic chapter in the history of polur exploration, and
has furnished an example of faith i ~eientific reasoning and judg-
ment which may well be compared with that of Columbus, The
great figure in this later discovery is the Norwepn explorer
Friftjof Nansen, and o the finad achievement the ill-fuved JSean-
nefte expedition contributed an important purt.

The Jeannctic carryving the Americun exploring  experition
was in 1870 eaught in the pack to the northward of Wrangel Island
(Fig. 515), and two yvears later was crushed by the ice and sunk to
the northward of the New Siherian Islands. In 1884 various
articles, tneluding @ list of stores in the inudwriting of the com-
mander of the Jeannetie, were piched up at Julianehaal near the
southern extrenzity of Greendand but upon the western side af
Cape Farewell.  Nansen, having carefully  verified the facts,
concluded that the recovered articles could have found their way
fo Jullunchaah only by drifting in the puck across the polur sea,
and that at the longest only five vears had been consumed in the
transit.  After heing separated from the pack the articles must
have floated in the current which makes southwurd along the enst
coast of Greenland and after doubling Cape Farewell flows north-
ward upon the west coast. It was clear that if they had come
through Smith Sound they would inevitably have been found
upon the other shore of Baffin Bay. In confirmation of this view
there was found at Godthaab, a short distance to the northward
of Juliznehaab (Fig. 315), an ornamented Alaskan ‘‘ throwing
stick” which probably came by the same route. Moreover,
large quantities of driftwood reach the shores of Greenland which
have clearly come {rom 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-
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Fic. 215, — Map of the nurth polar regions, showing the area of drift ice and the
tracks of the Jeannetic and the From (compiled from various maps).
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sures of (he jee pack, stocked her with provisions sufficient. for
five vears, and by allowing the vessel fo be fruzen into the pack
north of the New Siherian sand=. he consigned himsell and
Tus companions to the merey ol the clements The world knows
the result as one of  the most remarkabde achievements in
the long histary of polur exploration. The track of the Fram,
charted in Fig, 315, considered i connection with that of the
Jeawnetle, shows that the Arete pack drifts from Bering Seqa west-
ward until neqr the northeastern coasi of Greenland.,

Npecinl ensks were for experimental purposes fastened in the
ice to the north of Behiring Strait by Mefville wnd Bryant, and two
of these were afterwirds recovered. the one wear the North Cupe
in northern Norway, anid the other i wortheastern Teeland (see
map, Fio 3150 Peary’s trips northward in 1906 and 1909 from
the vicinity of Smith soumd have indicafed that hetween the Pole
and the shores of Greenland and Grant Land the drift is through-
out to the castward, corresponding fo the westerly wind. Upon
this horder the preat aren of Aretie driff dee s in contact with
grext contineniul glaciers hordered by a glacier fringe.  Admiral
Peary hims shown that instead of consisting of frozen ses ice, the
piek s here made up of great floes from 20 to 100 feet in thickness
wiel that these have beencderived from the alacier fringe.

Whencever the blizzards blow off the inland ice from the south,
lewds are opened at the margin of the fringe and may carry strips
from the latter northward across the lead.  With favorable con-
ditions these leads may be clogsed by thick sew ice so that with
the occurrence of counter winds from the north they do not entirely
return to their original position. A continuance of this process
mayv have resulted o the beavy floe ice fo the northward of Green-
land. whirb, acting as an obstruefion, may bave foreed the thinner
drift jee to keep on the Buropesn side of the Aretic pack.

About the Antarctie continenf there 3= # broad girdle of pack
ire which, while more indolent in its movements thun the Arctic
rack, has heen <hown by the expeditions of the Belgica and the
Pourquoi-Pas to possess the same kind of shifting movewments.
In the southern spring this pack floats northward and is to a large
exteny broken up and melted on reaching lower latitudes.

The Antarctic shelf ice. — It hax been already pointed out
that the inland ice of Antarctica is io pact at least sucrounded by

u
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o thick snow ad dee terrace fonting upon the sea and 1

g fo

heights of yore (han 150 feet above if (plate 15 Band Fig. 316).
The visible portions of this shelf-iee are of stratified compact

i %

Fia. 316 ~— The shelf ice of Coats Land with the surrounding pack ice showing
in the foreground (after Bruee)

snow, and the areas whieh have thus far heen studied are found
in hays (ronn v lieh diglodgment s less casily effected.  The origin
of the shelf ice is believed to be a sea-ice which hecause not easily
detached t the time of the spring © bresk-up  i= thickened in
succceding sea<ons chiclly by the deposition of precipitated and

Fra. 817. — Tidewater cliff ot the front of a glacier
tongue from which jechergs are born,

drifted snow upon its
surface, so that it is
bowed down under
the weight and sunk
to greater and greater
depths in the water.
To some extent, also,
it is fed upon its inner
margin by overflow
of placier ice from
the inland ice masses.

Icebergs and snowbergs and the manner of their birth. — Green-
land reveals in the character of its valleys the marks of a large
subsidence of the continent -— the serpentine inlets or fjords by



PLare 15,

A. An Antaretic ice fuot with boat party landing (after R. F. Scatt).

B. A near view of the front of the Great Ross Barder, Antarctica (after R. F. Scott).
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which its coast is o deeply indented,  Into the heads of these fjords
the tongues from tbe inland ice descend generally to the sea level
and below.  The glacier ice is thus direetly attacked by the waves
as well as melted ip the water, so that it terminuates in the fjords
in great cliffs of lee (Figo 317). Tt s also believed to extend
bencath the water surfaee as
a long toe resting upon the
bottorn (Fig. 319).

The exposed cliff is notched
and undercut by the waves in
the same manner us a roek cliff,
atd the upper portions 0\‘(\x'rl‘(le P I ——
the Jower so that at frequent in- long jolriiey T Wiiri Tatitudes
tervals small masses of ice from
this front separate on crevasses, und toppling over, full into the
water with picturesque splashes.  Such small bergs. whaose birth
may be often seen at the ¢l front of both the Greenlund and
Aluskan glaciers, have littde in common with those great floating
ixlunds of ice that are drifted by the winds until, wasted to a frac-
tion only of their former proportions, they reach the lanes of trans-
atlantic travel and hecome aserious menace to navigation (Fig. 318).

Northern webergs of large dimensions are hora either by theliffing
of a separated portion of the extended glacier {ue lying upon the
Lottom of the fjord, or else they separste hodily from the cliff

Fus. 319 — Diagram showisg one way in which northern icebergs may 1 born
from the glacier tonrue (after Russell)

itself, apparently where it reaches water sufficient!y deep to float it.
In either case the buoyancy of the sea water plavs a lurge role in its
separation.

If derived from the submerged glacier toe (Fig. 319), a loud noise
is beard before any change is visible, and an instant later the great
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mass of ice rises out of the wuwter some distunce sway from the
lifting as it does so a great solume of water whick pours off on
all sides in thundering cssendes and exposes ut lust o berg of the
deepect sapphire Blue. The commonton peoduced inthe flord is
prodigious, ind o vissel in close proximity s placed in Jeopardy.

Fven L
T I this case o dpstunt before or simuhianeonsty, with a loud
report, but suels herpge float awuy with comparatively little com-

rver boergs sre sometines seen 1o separate from the iee

motion in the wiler.

The ievbergs of the south polar region are usually built upon a
for grander seale than those of the Arctie regions. and are, {urther,
both distinet]y tabular in form and bounded by rectunguolar out-
Hoes (g 32100 Whercas the large hergs of Greenlandic origin
are of dee and Blue in color, the tabalar hergs of Antaretien mght
better be deseribed as siowrbergsosines they are of 2 blinding white-

Fie 320, — A porthern iceberg surrmunded by sea ice.

ness and their visible portious wre either campacted snow or alter-
nuting thick Livers of compaet snow and thin ribbons of blue iee,
the datter thicker amd more abundant towand the base. Al such
bergs have heen derived {rom the shelf iee and not from the inlund
e el Blue feehergs which have been derived from the infand
ice have been deseribed fronn the one Antaretic lund that has heen
explored in which that ice descends direetly to the sea.
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In hoth the northern and southern hemispheres those bergs
which liave floated into lower latitudes have suffered profound
transformutions.  Their exnozed surfaces huve been melted in the
sun, washed by the rang cod o
lose their relatively simple Jarins but acquire rounded surfaces in
place of the carly angular ones  Fie 31812915 Sir John Murray
who had such extended opportunities of =tudying the southern ice-

tered by the waves, so that they

a6 421 Tabulur Antareticiecherg separating from the shelf ier (aftor Shackleton)

bergs from the deck of the Challenger, hus thus deseribed their
Lentios :

‘Waves dash against the verticul faces of the floating e island as
against a rocky shore, so that at the sea level they are first cut into ledges
and gullies, and then into caves and caverns of the most heavenly blue,
from out of which there comes the resounding roar of the ocean, and into
which the snow-white and other petrels may be seen to wing their way
thraugh guards of soldier-like penguins stationed at the entrances. As
these ice islands are slowly drifted hy wind and eurrent to the north, they
tilt, turn and sometimes capsize, and then submerged prongs and spits are
thrown high into the air, producing irregular pinnacled bergs higher, pos-
sibly, than the original table-shaped mass.”
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CHAPTER XXII
THE CONTINENTAL GLACIERS OF THE " ICE AGE”

Earlier cycles of glaciation. — Qlur <tudy ol the rocks compos-
ing the outermost shell of the lithosphere tells us that inoat feast
three widely separated periods of it history the earth s passed
through cveles of glaciation during which cansiderabie purtions
of its surface have heen submerged heneath coutinental glaeiers.
The latest of these aecurred in the yesterduy of geology and has

he areas which were covered by the con-
of the Pleistocense period.  The arrows
wir currents in the fixed anticyelanes above the

Fio ¥
tinental gla
show the directions of the centrifug
glaciery,

Map of the globe showing

5 of the so-called i

often been referred to ns the ©iee uge,” because until quite re-
cently it was supposed fo T the only one of which a record was
preserved.

This lutest ice age represents four complete eyveles of glaciation,
for it is helieved that the continental ice developed and then
completely disappeared during a period of mild climate before the
next glacier had formed in its pluce. and thut this alternation of
climates was no less than three tirnes repeated, muking four cycles
in all. At nearly or quite the same tine ice roasses developed in

297
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¢ hus weathered aut of a1

of Permo-Carboniferous sge upon which
it rests. South Austrudin (after How-

chiu).

ciated  granite  bowlder

northern North Anwrica and
in northern Europe, the em-
bosswents of the aee domes
being located in Canada and
in  Scandinavia  respectively
(Fig. 3. There appears to
have been at thiz time no ex-
tensive glaviation of the south-
ern hemisphere, thongh in the
next carlier of the known great
periads of glaciation — the so-

cxlled Permo-Carboniferous — it was the southern Jiemisphere, and

6).

N orrricss ania

e, TERNIAAL MOAAINE.

o

Fiu. 324 — Map to show the glaciated and nonglaciated regions of North America
(after Salisbury snd Atwood).
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From the still carlier glicial period our data sre usturally much
more meager, but it scems probabie that i wus characterized by
glaciated areas within both the northern and the southern hemi-
spheres.

Contrast of the glaciated and ponglaciated regions. — Since
we have now studied in brief outhine the characteristies of the
ing continental glaciers, we are in a position to review the evidences

15t

s
’ ¢ Tporam
o
{ J-—(;\_IU'
By M
F1a. 325, — Map of the glaciated and nonglaciated arcas of northern Enrope.  The
<lruuzh marked morainal belts respectively south and north of the Baltic depres-
sion represent hulting places in the retreat of the latest continental glacier (com-
piled from maps by Penck and Leverett).

of former glaciers, the records of which exist in their carvings, their
gravings, and their deposits.

An observant person familiar with the aspects of Nature in both
the northern and southern portions of the central and eastern
United States must have noticed that the generul courses of the
Ohio snd Missoun river- define a somewhat marked common border
of areas which in most respects are sharply contrasted (Fig. 324).
Hardly less striking is the contrast between the glaciated and the
nonglaciated regions upon the continent of Europe (Fig. 325).

It is the northern of the two areas which in each case reveals the
characteristic evidences of glaciation, while there is entire absence
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of such marks to the southward of the conumon horder. Within
the American glactated reglon there ks, however, an arew surrounded
like an island, and within this district “Iig. 324) none of the marks
characteristic of glaciation are to be found.  This area is usually
referred to as the " driftless aren,”” and oceupies portions of the
states of Wisconsin, Illinois, Minnesota, and Iowa. Even better
than the area to the southward of the Ohio and Missouri rivers, it
perniits of o comparison of the nonglaciated with the drift-cov-
ered region.

The ‘ driftless area.” -—— Within thix district, then, we have
preserved for our studs a landscape which reoiains largely as it was
before the several ice
mvasions had so pro-
foundly transformed the
general surface of the
surrounding — country.
Speaking broadly, we
may say that it rep-
resents an uplifted and
in part, dissected plain,
svhich to the south and
east particularly reveals
the character of nearly
raature river erosion
(Fig. 177, p. 170).  The
rock surface is here
evervwhere mantled by
decomposed and disin-
tegrated rock residues
tand Rack " near the *Dells” of the 0f local origin. The
Wiscousin river, an unstable crosion remnant ehar. soluble constituents of

seteristic of the driftless arca of North America .
: rock, such as the
(after Salisbury and Atwood). the roek, suc

carbonates, have been
removed by the process of leaching, so that the clays no longer
effervesce when treated with dilute mineral acid.

Wherever favored by joints and by an alternation of harder
and softer rock layers, picturesque unstable erosion remnants or
‘" chimneys ” may stand out in relief (Fig. 326). TFurthermore. the
driftless area is throughout perfectly drained -— it is without lakes
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or swamps —since all valleys are characterized throughout by
forward grades. The side valleys enter the main valleys as do the
branches a tree trunk ; in other words, the drainage is deseribed as
arhorescent. Tusofarasany portions of « plane surlace now remain
v the tudseape, they are Tound at the highest levels (ptate 16.A).
I'he topogeaphy is thus the result of o partial removal by erosjon
of an upland wnd may be deseribed as (neased topography. Nowlere
within the area are there found rock masses forcign (o the region,
but all mantle rock ix the wenthered product of the underlying
ledges.

Characteristics of the glaciated regions. — The topogruphy of
the driftless area has heen deseribed as incised, beeause due to the
partial destruction of an uplifted plain; wnd this surface is, more-
over, perfeetty  drained. The
characteristic topography of the
“erift 7 arcas is by contrast bwelt
up; that is fo sav. the features of
the region instead of being carved
oul of u plie are the result of
aolding by the provess of deposi-

werum showing the wane 7
contiental gueier obe 1iun (plate 160 In ~o far as a

ting valleys Gafter Tarrl plgse s recognizable, 3t s to be
foumsi) not at the highest, but at
the Towest level ~—a surface represented Jargely by swamps and
lukes — and above this pluin rise the characteristic rounded hills
of various types which have heen buidt wp through deposition.  The
process by which this has heen accomplished 1s one eaxy to cornpre-
heud.  As it invaded the region, the glucicr planed away beneath
its marginal zone all weathered mantle rock and deposited the
plauings within the hollows of the surface (Fig. 327). The
effect hus heen to flatten out the preéxisting irregularities of the
surfuee, and to yield at first « gently undulating plain upon which
are many undrained areas and a haphazard system of drainage
(Tig. 328).  All unstabic erosion remunants, such as now are 1o be
found within the driftless area, were the first to be toppled over by
the invading glacier, and in their place there is left at hest only
rounded and polished “ shoulders " of hard and unwenthered rock
— the well-known roches moulonnées.
The glacier gravings. — The tools with which the placier works

literntes
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are never quite evenly edged, and instead of an in all respects
perfect polish upon the rock pavement, there are left furrowings,
gougings, and scraiches. Of whatever sort, these scorings indi-
cate the lines of ice movement and are thus indubitable records
graven upon the rock floor. When mapped over wide areas, a

2n.— Loake and marsh district in northern Wisconsin, the ¢ffect of glacial
deposition in former valleys (after Fairbanks).

most. interesting pieture is presented to our view, and one which
supplemenis in an important way the studies of existing continental
glaciers (Fig. 334, p. 308, and Fig. 336, p. 312).

It has been customary to think of the glacier as evervwhere
eroding its bed, altbough the only warrant for assuming degra-
dation by flow of the ice is restricted to the marginal zone, since
bere only is there an appreciable 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 glaciers, the vast ice mantles were conceived to
have spread out over the country as the result of a kind of viscous
flow like that of molasses poured upow a flat surface in cold
weather. The maximum thickness of the latest American glacier
of the ice age has been assumed to have been perhaps 10,000 feet
near the surmamit of its dome in central Labrador. From this
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point it was assumed that the dee traveled southward up the
northern slope of the Laurentian divide in Canada, and thence
to the Ohio river, o di=tanee of over 1306 miles.  1f such 2 mantle
of iee e represented in jts natural propertions in vertical section,
to cover the distanee from center 1o margin we may use o line
Sixinchies i length, mudionly )5 of an ineh thick.  Upon s reduced
seule ‘hese proportions are given i Figo 320, Obviously the
force of gravity acting within a viscous muss of such proportions

Fic. 329.— Cross section in approximate natural proportions of the Intest North
American continental glacier of Pleistocene uge from ity center to its margin.

would he incompetent to effect a transfer of material from the
center to the periphery, cven though the thickness should be
doubled or trehled.  Yet until the fixed glacial anticyclone ahbove
the glacier had been proven and its efficiency as 1 broom recog-
nized, no other hypothesis than that of viscous flow had been
offered in explanation.  The inherited conception of & universal
plucking and abrasion on the bed of the glacier is thus made un-
tenable and can be accepted for the marginal portion only.

Not only do the rock scorings show the lines of ice movement,
buy, the directions as well may often be read upon the rock.  Wher-
ever there are pronounced irregularities of surface siill existing on
the pavement, these are generally found to have gradual slopes
upon the side frop which the iee came, and relatively steep falls
upon the lee or ** pluck " side.  1f, hawever, we consider the irregu-
larities of smaller size, the unsymmetrical slopes of these protruding
partions of the floor are found to he reversed — it is the steep slope
which faces the oncoming ice and the flatter slope which is upon the
lee side. Such minor projections upon the floor usually have their
origin in some harder nodule which deflects the abrading tools and
causes them to pass, same 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 Jeeward.

Younger records over older — the glacier palimpsest. — Many
important, historical faets have been recovered from the largely
effaced writing upon ancient palimpsests, or parchments upon
which an earlier record has been intentionally erased to make room
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for another.  In the gravings upon the glacier pavement, earlier
records hve heen likewise in large part effaced by later, though in
favorable localities the two may be read together.  Thus, as an
example, at the great limestone quarries of Ribley, in south-
castern Michigan, the ghicinted rock sarface wherever stripped of
its drift cover s a smootlidy polished und relatively level flour
with strize which are divected west-northwest. Beneath this gen-
erul surface there are, however, a1 number of elliptical depres-
sions which have their longer axes dirceted south-southwest. one
being from twenty-five {o thirly feet long and some ten f{eet in
depth (Fig. 330). These boat-shaped depressions are clearly the
remnants of an carlier
more undulating sur-
face whiclh the latest
glacier has in large
part planed awuy,
since the bottoms of
the depressions are no
less perfectly glaciafed
but have their strie
cdirected  in o general
near the longer axis of
the troughs.  Palimp-
sest-like  there  ave
here also the records
of more than one
graving,.

The dispersion of the drift. — Long before the ™ ice age ” had
been conceived in the minds of Agassiz and his contemporaries,
it had been remarked {hat scattercd over the North German plain
were rounded fragments of rock which could not possibly have been
derived from their own neighborhood but which could be matehed
with the great masses of red granite in Sweden well known as the
“O¥wedish granite.” Buckland, an English geologist, had in 1815
accounted for such ““ erralic " hlocks of his own country, bere of
Scoteh granife, by eslling in the deluge of Noah; but in the late
thirties of the nineteenth century, Sir Charles Lyell, with the results
of English Arctic explorers in mind, claimed that such traveled
blocks had been transported by icebergs emanating from the polar

Fi0. 330. — Limestone surfuce at Sibley, Michizan.
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regions. A relie of Buckland’s carlier view we have in the word
diluvium st oceasionally used in Germany for ghicier truns-
ported materials: while the term © drift,” <Gl remuins inccommon
use to reendl Lyvell's deeherg hivpothesis. even thongh the original
meaning of the term has been abandoned. Drift s now a generie
ferm and refers Lo all deposits dircetly or indireet)y referable to the

continental ghaciers,

In generud the place of dertvation of the glaeiad drift may be sad
to he sore point mare distant front and withio the former e mar-
gin at the time
when it was de-
posited ; in other
words, the dis-
persion  of the
drift was  cen-
trifugal with ref-
erence to the
glacier.

Wherever
rocks of unusual
and therefore « -
easily recogniz-
able  character
can be shown to
occur in  place
and with but lim-
ited areus, the

dispersion  of W 0 at Lakes, and some of the
X material i “float copper” hus been collected (flout

such malenal 18 per localities after Salishury).

easy to  trace,

The areas of red Swedish and Scoteh granite have been used to
follow out in & broad way the dispersion of drift over northern
Furope. Within the region of the Great Lakes of North America
dre aress of limited size which are occupied by well marked rock
types, so that the journeyings of their fragments with the conti-
nenta] glacier can be mapped with some care.  Upon the northern
shore of Georgian Bay occurs the beautiful jasper conglomerate,
whose bright 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 the equally beautiful jaspilite composedl of puckered
alternating bivers of bluek hertite and red jusper.  On Keweenaw
Peninsulia, wlich profrodes iuto Lake Superior from its seuthern
shore, s found that yemuarkable occurrence of native copper within
a series of dgneous rocks of varicd types and colors. Fragmenis
of this copper, somne weighing severad
} hundreds of poinids each and nrsked
ina coat of green madachite, have under
the name of “drift. " or ** tlout ™" copper
been rollected ot many localities witbin
a broad ** fan ¥ of dispersul extending
almost to the very limits of glaciation
(Fig. 331).

Some miles to the aorth of Provi-
dence in Rhwde Island there is a hill
knowm as Iron Hill compescd in large
part of black magnetite rock, the so-
culled Cumberlandite.  ¥From this hill
w2 an apex there hus heen dispersed a
great quantity of the rock distributed
as o well marked “ bowlder train ™
within which the size and the fre-
quency of the dispersed howlders is in
inverse ratio to the distasee from the
parent  ledge (Fix. 332).  Similar
though less perfect trains of howlders
are found on the lee side of most pro-
stant rocks within

Fro. 832, — Mapef the - bontder CC1INE Masses of
train” from Iron Hill, R.1 the area of the drift.
(based upon Shaler's map, but Large bowlders when left upon a
;‘t‘r'bi ;}“:2“;‘; tions of glacial oge of notably different appearance
easily attract attention, and have been
described as * perched bawlders.”  Resting as they sometimes do
upon a relatively small area, they may be nicely balanced and
thus easily given a pendular or rocking motion. Such “ rocking
stones "’ are common enough, especially among the New England
hills (plate 17 B). Mapy such bowlders have made somewhat
remarkable peregrinations with many interruptions, having heen
carried first in one direction by an earlier glacier to be later trans-




ruare 1.

4. Soled glacial bowlders which show differently directed striz upon the same facct.

B. Ferched howlder upon g strinted ledge of different rock type, Broax Park, New
York (after Lungstedt),
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ported in wholly different directions at the time of new ice inva-
siens.

The diamonds of the drift. — Of considerable popular, even if
not economic, interest are the diamonds wbhich have been sown
in the drift after fong and interrupted journevings with the ice
from some unknown home {ar to the nerthward in the wilderness
of Canada.  The first stone to be discovered was taken by work-
men from a well opening near the Yittle town of Eagle in Wisconsin
in the year 1876, Its nature not being known, if remained where
it was found as a curiosity only, and it was not until 1883 that it
was taken to Milwaukee and sold to o jewcler equally ignorant
of it= vatue, and for the merely nominal sum of one doilar.  Later
reeognized as a dimmond of the unusual weight of sixteen carats,

& B BOY

Fic. 335, —Shapes and approximate natural sizes of some of the more imaportant
diamonds from the Grent Lakes region of the United S In arder from left
to right these figures represent the Eagle diamond of sisteen carats, the Saukville
dismond of six and one half carats, the Milford diamond of six s, the Oregon
diamond of four earats, and the Burlington diamond of u little over two carats.

it was sold to the Tiffanys and hecame the cause of a long litiga-
tion which did not end unti} the Supreme Court of Wisconsin had
decided that the Milwaukee jeweler, and not the finder, was en-~
titled to the price of the stone, since he had Leen ignorant of its
value at the time of purchase.

An even larger dinmond, of twenty-one carats weight, was found
at Kohlsville, and smafler ones at Oregon, Saukville, Burlington,
and Plum Creek in the state of Wisconsin; at Dowagiac in Michi-
gan; at Milford in Ohio. and in Morgan and Brown counties in
Indiana. The appearance of some of the larger stones in their
natural size and shape may be seen in ig. 333.

While the number of the diamonds sown in the drift is undoubt-
edly large, their dispersion is such that it is little Jikely they
can be profitably recovered. The distribution of the localities at
which stones 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. —Glacial map of a portion of the Great Lakes region, showing the ungla-
ciated area and the areas of older and newer drift. The driftless arca, the mo-
raines of the Jater jee jnvasion, and the distribution of diamond Jncalities upon
the Jatter are alse shown.  With the aid of the directions of strige some sttempt
has been made to indieate the prabable tracks of more important dismonds, which
tracks converge in the direction of the Labrador peninsula.

308
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since these only aftract attention. In 1893, when the finding of
the Oregon stone drew attention to these denizens of the drift,
the writer propbesied that other stones would occasionally be dis-
covered under essentially the =ame conditions, and sueh discoveries
are certain to continue in the future.

Tabulated comparison of the glaciated and nonglaciated re-
gions. — 1t will now be profitable to sum up in parallel columns
the contrasted peculiarities of the gluciated and the unglaciated
regious.

UNGLACIATED REGION CGuaciaTEn Rucion
TOPOGRAPEY

The tapagraphy is destructinnel: The topography is canstruclional :
the remnants of a plain are found at the remnants of a plain are found
the highest levels or upon the hill  al the lowest levels in lakes and
tops; hills are carved out of a high swamps: hills are malded above a
plain ; unstable erosion remuantsare  plain in characteristic forms; po
characteristic. unstable erosion rempants, but only

rounded shoulders of rock.

DAAINAGE

The area is completely drained. The ares ineludes undrained
and the drainage network is arbores- areas, — lakes and swamps, — and
cent. the drainage system is haphacard.

ROCE MANTLE

The exposed rock is decomposed No decomposed or disintegrated
and disintegrated {o a considerable rock iz "'in place.” but only hard.
depth: it is all of foeal derivation fresh surface:; foose rock material
and hence of few types — homogene- s all foreign and of many sizes and
ous; the fragments are angular: types-— heferogeneous; rock howl-
soils nre leached and hence do not ders and pebbles are faceted and
contain earbonates. polished as well as striated, usually

in several directions upon each
facet; soils are rock flour — the
grist of the glacial will.

ROCR SURFACE

Rock surface is rough and irreg- Rock surface js planed or grooved,
ular, and polished. Shows glacinl strig.

Unassorted and assorted drift. — The drift is of two distinet
types; namely, that deposited directly by the glacier, which is
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without stratification, or unassorted ; and that deposited by water
flowing either beneath or from the ice, and this {ike most fluid de-
posited material is assorted or stratified.  The unassorved material
15 deseribed us Ll or sometimes ax “ bowlder clay ™ the as-
sorfed is sand or gravel, sometimes with small inchuded bowlders,
and is deseribed s keme gravel.  To recall the parts which hoth
the glacier and the streams have played in {ts deposition, all water-
deposited mwaterials in connection with gliciers are called fluvio-
glacial.

Till is, then. characterized by a noteworthy laek of homaogeneiiy,
both as regards the size and the composition of itx constituent
parts.  As muny as twenty
different rock types of varied
textures and colors maysome-
times he found in a single
exposure of this material, and
the entire gamut is run from
the finest rock flour upon the
one hand to bowlders whose
diameter muy he meazured
in feet (Fig. 333).

In contrast with those do-
rived by ordinary stream
Fia. 335. — Section in coarse till.  Note the action, the pehbles and

range in size of the materisls, the lack of Yygwlders of the till are fac-

stratification, and the “'soled™ form of the .

howlders. eted or ' soled,” and usually

show striations upon their
faces. 1f a numher of pebbles are examined, some at least arc sure
to be found with striations in more than one direction upon a
single facet.  As a criterion for the diserimination of the material
this may be an important mark to be made use of to distinguish
in special cases from rock fragments derived by breceiation and
slickensiding and distributed by the torrents ol 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 implics, it is also stratified. From ordinary
stream gravels, the kame gravels are distinguished by the form of
their pebbles, which are generally faceted and in some cases
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striated.  In proportion, however, as the muateriuls are much
worked over by the water, the angles between pebble faces be-
come rouunded and the original shapes considerably masked.

Features into which the drift is molded. — Though the pre-
existing valleys were first filled in by drift materials, thus reducing
the accent of the relief, a continuation of the same process resulted
in the superimposition of features of characteristic shapes upon
the imperfectly evened surface of the earlier stages. These
features belong to several different types, according as they were
built up ocutside of, at and upon, or within the glacier margin.
The extra-marginal deposits are deseribed as outwash plains or
aprons, or sometimes as palley lrains;  the marginal are either
moraines or ftumes; while within the border were formed the fll
plain or graund moraine, and, locully ulso, the drumlin and the
esker or vs. These characteristic features are with few exceptions
to be founc only within the area covered by the latest of the ice
invasions. TFor the earlier ones, so mach time has now elapsed
that the effect of weathering, wash. and siream erosion has been
such that few of the features wre recognizalile.

Marginal and extra-marginal features are extended in the direc-
tion of the margin or, in other words, perpendicular to the local
ice movement,; while the intra-marginal deposits are as note-
waorthy for heing perpendicular to the margin, or in correspondence
with the direction of local ice movement. Each of these features
possesses characteristic marks in its form, its size, proportions,
surface molding and orientation, as well as in its constituent
muterials. It should perliups be pointed out that the existing
conlinental glaciers, being in high latitudes, work upon rock ma-
terials which bave been subjected to different weathering processes
from those characteristic of temperate latitudes. Moreover, the
melting of the Pleistocene glaciers having taken place in relatively
low latitudes, larger quantities of rock débris were probably released
from the ice during the time of definite climatic changes, and hence
teavier drift accunaulations have for hoth of these reasons resulted.

Marginal or ‘' kettle ’ moraines, — Whercver for a 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 margin, but upon the ice sur-
face as well; in part due Lo materials collected {rom relting down
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of the surface, and in part Ly the upturning of ice layers near the
rwargin (sce ante, p. 277).

An imporiant role is played by the thaw water which emerges
at the ire margin, especially within the reéntrants or recesses of
the outline. The muaterials of moraines are, thercfore, till with
large local deposits of kame gravel, and these form in a series of
ridges corresponding to the temporary positions of the ice front.
Their widtb may range from a few rods to a few miles, their height
may reach a hundred feet or more,
and they streteh across the country
for distances of hundreds or even
thousands of miles, looped in ares
or seallops whicl are ilways convex
outward aund which meet 1o sharp
cusps that in a general way point
toward the embossment of the
former glacier (Fig. 334, p. 308, and
Fig. 336). These festoons of the
moraines outline the ice Jobes of
the laftest iee invasion, which in
North America were centered over
the depressions now occupied by the
Laurentiun lakes.  There was, thus,
2 a Lake Superior lobe, a Lake Mich-
Fua. 846, —Sketeh map of portions  jgan {obe, ete.  With the aid of

of Michigan, Obio, and Jodiana, ¢} ce morgine maps we may thus

ghowing the festooued outlines of N R B

the moraines sbout the former jce 11 iMagination picture in broad linex

lobes, aud the dircetions of ice  the frontal contours of the carlier

:)LJ:‘;'::;.Z’n ‘;h""';‘:K’“'pi\’;‘r“g:‘t g(u‘(’,ierx. At speciafly favorable {o-

(after Leverety). calities where the ice front has

crossed a deep vallev at the edge of

the Driftless Arer, we may, even in a rough way, measure the slope

of the ice face.  Thus near Devils Lake in southern Wisconsia the

terminal moraine crosses the former valley of the Wisconsin River,

and in so doing hus dropped a distance of about four hundred feet
within the distance of a half mile or thereahouts {Fig. 337).

The charaeteristic surface of the marginal moraine is responsible
for the name " Lettle "' moraine so generally applied to it. The
* kettles " are roughly circular, undrained basins which lie among
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Fii. 337, — Map of the vicinity of Devils Lake, Wisconsin, located within i reins
trant of the “kettle™ moraine upon the margin of the Driftless Arca.  The lake
Ties within an earlier channel of the Wiseonsin River whivh has been blocked at
both ends, first by the glacier and later by its moraine  The stippled area upon
the heights and next the moraine represents the elay deposits of o (ormer lake
(based on map by Salisbury and Atwood).

Fra. 338. — Moraine with outwash apron in frout, the latter in part eroded by a
river. Weatergotland, Sweden (aftor H. Munthe).
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bummocks or knobs, so that the surface has often been referred
to as ** knob and busin ”* topography (plate 17 C).

Kames.— Within reéntrants or recesses of the ice margin the
drift deposits were especially heavy, so that high hills of hummocky
surfuce bave heen buailt up, which ure described as kames.  NMost
of the higher drilt hills have this origin.  They rarely have any
principal extension along a single direction, hut are composed in
large part of assorted materials. Lo contrast with other portions
of the morainal ridges they lack the prominent basing known as
kettles. Other kames are high hills of assorted materials not in
direct. association with mo-
raines and believed to have
been built up heneath glacier
wells or mills (p. 278).

OQutwash plains. —— Upon the
outer margin of the moraine
is generally to be found a plain
. : of glacisl " outwash” com-

e (S % posed of sand or gravel de-
F10. 339, — Fosse between auoutwashplain - posifed by the braided streams

(in_ v.hc_ foreground) a_nd the Amor:xirw, (Fig. 3()8Y . 280) ﬂo“’ing from

shich rises to the deft in the middle dis- . . -

(ance.  Ann Arbor, Michigin. the glacies murgin. Such

plains, while notably Hiat (Fig.
338), Mlope gently awuy from the moraine.  Between the outwash
plain and the moraine there 15 somcetimes found o pit, or fosse
(Fig. 309, p. 281), where apart of the iee front was in part buried
in its own outwash (Fig. 339).

Pitted plains and interlobate moraines. — Where glacial outwash
is concentrated within a long and narrow reénteant, separating
glacia) lobes, strips of bigh plain are sometimes builf up which
overtop the other glacial deposits of the district. The sand and
gravel which compose sueh plains have a surface which is pitted by
numerous deep and more or less circular Inkes, so that the term
“pitted plain ” has been applied to them. The surfuce of such a
plain steadily rises toward its highest point in the angfe between
the ice lobes. Though consistiug almost entirely of assorted
materials, and built up largely without the ice margins, such
gently sloping pitted platforms are described as inlerlobate mo-
ruines. 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 Iig. 330).

Eskers. — Intra-morainal features, or those developed beneath
the glacier but relatively near its margin, include the ' serpentine

kame,” esker, or,
as it is called in
Seandinavia, the os
(plural osar) (Fig.
34, These di-
rinutive ridges
have n width sel-
dom  exceeding a
few rods. and a
heieht a few tens

F1g. 340, — View looking along an esker in southern
‘Maipe (after Stoge).

of funt at most. but with slightly sinuous undulations they may be
followed} for tens or even hundreds of miles in the general dirertion

of the local ice movement (Fig. 341).

They are composed of

Fie. 341. —Outline map showing the eskers of Finland trending southeastesly to-

ward the festooned moraines at the margin of the ice.

The characieristic lukes

of a glaciated regioo appear behind the moraines (after J. J. Sedarbelm).
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poorly stratified, thick-hedded sands, gravels, and ‘" worked over
materials, and are helieved to have been formed by subglacial
rivers which flowed in tunpcls beneath the ice.  Inasmuch as the
deposits were piled against the ice walls, the beds were disturbed
at the sides when these walls disap-
peared, and the stratification. which
was somewhat arched in the hegiuning,
has been altered by «liding at hoth
marging,  As already stated. eskers
have not o general distribution within
the glaciated area, but are often found
in great nuniberz af specially favored
loealities.  Formed as they are hencath
the ice, if is believed thut many have
their materials redistributed <o soon as
uncovered at the glacier margin, be-
cause of the vigorous drainage there.
They are thus to be found only at those
favored loealities where for some reason
border drainage is less active, or where
the ice ended in a hody of water.
Drumlins, — A peculiar tape of small
hill likewise found behind the marginal
moraine in certain favored districts has
the form of an inverted hoat or canoe,
the long axis of which is paraliel to

Seale the direction of ice movement, as is
o L] ) - a0 oy | i
Tt iroees) 20 Feet that of the esker (Fig. 342). Unlike

Fig. 342.—Small sketeh maps the esker, this type of hill is composed
showing the relatonships in { till, und fr 'l_ . i 1in Treland
size, proportions, snd orienta- O "l L uand rrom )Pll]g ound ll:\ retand
tion of drumlins and eskers in 1L i3 called a drumlin, the Irish word
southern Wisconsin.  The es- meaning a liftle hill (Fig. 343).  Drum-
kers are in solid black (afier . v f 3
Alden). ling are usually found in groups more

or less radial and not far behind the
oufermost moraine, to which their radiating axes are perpendicular.

The manner of their formation is involved in some uncertainty,

but 1t is elear that they have been formed beneath the margin of

the glacier, and have been given their shape by the last glacier
which occupied the district.
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The mutua} relationships of nearly all the molded features
resulting from continental glaciation may be read from Fig. 344.

The shelf ice of the ice age.— Shell ice, such as we have become
familiar with in Aotarctica as a marginal snow-ice terrace floating

sachusetts (after Shaler and Davis).

upon the sea, no doubt existed during the ice age above the Gulf
of Muine (sec Fig. 324, p. 208), and perhaps also over the deep sea
to the westward of Scotland. Though the inland ice probably
covered the North Sea, and upon the American side of the Atlantic

2k -i%

g : - 1 R v

Fig. 344, — Qutline map of the fropt of the Green Bay lobe of the lutest continental
glocier of the Upited States. Drumlins in solid black. moraines with dwgoual
bachure, outwash plains and the till plain or ground moraine in white (after
Alden).

the Long Island Sound, both these basing 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 materials,
present gently flowing outlines which are convex upward (Fig.
345). The ouly definite features carved from rock are the roches
moufonnées, with their flattened shoulders, while the hillochs upon

—~ e
~ T~ —~ T
~ o oo S MHOULDERS

@& e
F1G. 345, — Character pmbles referabie to continental glacier.
moraines and kames, und the drumlins as well, approximate to
the same profile.  The esker in its cross sections is much the same,
thougt its serpentine extension may offer some variety of curvature

when viewed frorm bigher levels.
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CHAPTER XXIII

GLACIAL LAKES WHICH MARKED THE DECLINE OF
THE LAST ICE AGE

Interference of glaciers with drainage. — Livery advance and
cvery retreat of a continental glacier has been marked by a com-
plex series of episodes in the bistory of cvery river whose territory
it has invaded. Whenever the valley was entered ltowm the diree-
tion of its divide, the
effect of the advanc-
ing ice front has gen-
erally heen to swell
the waters of the river
into flaods to which
the present streams
bear little resemblance
Frc. 346, — The Hinois River whereit passes through (11§ 330). Beeause

the outer moraine at Peoria, Tlliuois, showing the  OF the exeessive melt-

flood plain of the ancient stream as an elevated  ing, this has heen even

:’rrr::(“)a:; Sl\[lgl\hgxu:&mduu stream has cut its more true of the ice

retreat, but here when
the iec front relired up the valley toward the divide. A sufficiently
striking cxample is furnished by the Wabash, Kaskaskia, Illinois,
and other streams to the southward of the divide which surrounds
the basin of the Great Lakes (Fig. 347).

“Wherever the relief was small there occurred in the immediate
vicinity of the ice front a temporary diversion of the streams by the
parallel moraines, so that the currents tended to parallel the ice
front. This ternporary diversion known as ** border drainage”
was brought {0 a close when the partially impounded waters bad,
by cutting their way through the moraines, established more perma-
nent valleys (Fig. 348).

320
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to ice blocking. — Whenever, on the con-

trary, the advancing ice front entered a valley from the direction

of ifs mouth. or w re-
irealing ice Jront retived
down the valley, quite
different.  results  fol-
lowed, since the waters
were  now lmpounded
by the ice front serving
as a dam. Though the
histories of such block~
iug of rivers are ofien
quite complex, the prin~
ciples  which underlie
them are in reality sim-
ple enough.  Of the
Takes formed during ad-
vancing  hemicycles of
glaciation, and of all
siuve the latest reced-
ing hemicyele, no satis-
factory rccords are pre-
served, for the reason

Fic. 347.— Broadly terraced valleys outside the
divide of the 8t. Lawrence basin, which remain to
mark the Roods that issued (rom the latest con-
tinental glacier during its retreat (after Leverett),

that the lake beaches and the lake deposits were later disturbed
and huried by the overriding ice sheets.  We have, however, every

Fra. 348.—Border drainage sbout the retreating ice front south of Luke Erie.

The stippled arcas are the

of border drainsge (after Le:

reason to suppose that

mormnal ridges and the hachured bands the valleys
verett).

the histories of zach of these hemicycles

were in every way as complex and interesting as that of the one

which we are permitted
Y

to study.
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As an introduction ta the study of the ice-blocked lnkes of North
Ameriea, and fo set forth ws cearly as may be the fundamental
principles upon which such lakes are dependent, we shall consider
in some detuil the late glacial hixtory of certain of the Scottish
glens, sinee their aren 12 so small
aud the relief so strong thut rela-
tionships are more cnsily seen; it
is, s0 to speak, a pocket edition
of the history of the more ex-
tended glacial lakes.

The ‘ parallel roads” of the
Scottish glens. — In a number
of neighboring glens within the
southern highlands of Scotland
there are found faint terraces upon the glen walls which under the
name of the ** paraliel roads *

Glen Roy in the southern highlands
of Scotland (sfter Jamieson).

(Big. 349) have offered a vexed
problem fo seientists. Of the many scientists who long attempted
to explain them, though in vain, was Charles Darwin, the father
of modern evolution.  He offered it as his view that the * roads ™

N
~

§ar

Fie. 350. — Map of Glen Roy and neighboring vallevs of the Scottish highlande with
‘the so-called “roads™ entered in heavy tines. (Glens Roy, Glaster, and Spean
have three "roads,” two *'roads,” and one “roud.” respoctively (after Jamieson).

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, Darwin, with a frankoess char-
acteristic of some of the greslest scientists, admitted how far astray
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he had been in his reasoning.  Let us, then, first examine the facts,
and later their interpretation. The map of Fig. 350 will suffice
o set forth with sufficient clearness the course of the several
“roads.” These * roads " are found v o nusher of glens tribu-
tary o Loch Lochy. and of the three neighboring valleys, Glen
Roy has three, Glen Glister two, snd Glen Spean one ™ road.”
The facts of greatest significance in arriving ot thely interpretation
refute to their elevations with reference tu the passes at the valley
heuds, their abrupt terminations down-valleyward, and the mo-
rainic accumulations which are found where they terminate.  The
single voad " of Glen Spean is found at an clevation of 898
feet, 2 height which corresponds fo that of the pass or col at the
head of its valley and 1o the lowest of the © roads ™ iu hoth Glens
Glester and Roy. Similarly the upper of the two * roads’ in
Clen Glaster is at the height of the puss at its head (1075 feet)
and correaponds in elevation to the mididle one of the three = o
in Glen Rov.  Lastly, the highest of the “roads’ i Glen Roy is
Tound at an elevation of 1151 feet, the hetght of the eol at the head
of the Glen. i thie neighboring Gien Gloy s a =8l higher © road ™
corresponding likewise n elevation to that of the puss throagh
which i eomneets with Glen Roy.

To come now fo the explanation of the “roads" it muy he said
at the outset that fhey are, we Darwin supposed, heaeh fervices
eut by waves, not us he believed of the ocean, but of lakes which
onee filled portions of the glens when glaciers praceeding from
Ben Nevis to the southwestward were blocking their lower por-
tons, The several epizodes of this lake bistory will e clear from
a study of the three suceessive dealistic diagraras in Fig, 351,

To derive {he principles underlyving this history, it ix at once
seen that all changes are initiated by the retirement of the ice front
Lo such a poind that it wablucks for the walers of o lake an mutlet that
@ lower tharn the one (e service al the time. This is the principle
which explains nearly all epirodes of glacial lake history.  Thus,
when the ice front had retired so as to open direct connections
between Glen Rov and Glen Glaster, the col at the head of Glen
Roy was abandoned ns an outlet, and the waters fell to the Jevel
fixed for Glen Glaster. A still further retirement at last opened
direct connection hetween Glen Glaster sl Glen Spean, so that
the lake comnion to Glens Glaster and Ros [ell to the level of the

”
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Fia. 551. — Three successive diagrams to set forth in order the late glacial lake
history af the Scottish giens.
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col which was the outlet of the Spean valley at the time. This
stage continued until the ice front had retired so far that the waters
drained naturally down the river Spean to Loch Lochy and thence
1o the ocean.

Only in their far grander scale and in the lesser relief of the land
over which they formed, do the complex histories of the great

[+ e
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F1a. 352, — Harvesting time on the fertile floor of the glacial Lake Agassiz (after
Howell).

ice-blocked lakes of North America differ from these little valley
lakes whose beaches may be visited and the relationships worked
out, thanks to Jamieson, in a single day's strolling.

The glacial Lake Agassiz. — The grandest of the temparary lakes
referahle to blocking by the continental glaciers of the ice age
must he looked for in the largest
valleys that lay within the terri-
tory invaded and which normally
drain toward (he reliring tce front.
In North America these rivers arc
the Red River of the North in 21 > [
Minncsota, the Dakotas, and Mani- \
foba; and the St. Lawrence River —rernyna$n

system. To the ice dam which lay iars ‘{’"@W

Hopean

/\/Lr
/-/ NG

across the Red River valley we
owe the fertility of that vast plain
of lake deposits where is to-day the T16-3562. —Mapof Lake Agassiz (after
most intensive wheat farming of Unham);

the northwest (Fig. 352). Lakes Winnipeg, Winnipegoosis, and
Manitoba, and the Lake of the Woods, are all that now remain of
this greatest of the glacial lakes, which in honer 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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Manitoba and Keewatin, the waters of the Red were swollen hy
melting frora the retiring glacier and spreacd over a vast area before
fiuding 1 southeru outlet along the course of lhie present Lake
Traverse and the valley of the Minnesota River.  Along this route

Fic. 354.— Map of the southern end of the Lake Apassiz basio, showing the position
of some of the beaches nud the outlet through tbe former Warren River (after
Uphbam).

there fiowed a mighty flood which carved out a broad valley many
times too large for the Minnesota, its present occupant, and this
giant prehistoric river has been called the Warren River (Fig. 354).



GLACIAL LAKES . 327

It is interesting to follow this ancient waterway and to discover
that, like our normal, present-day streanis, it was held up in narrows
wherever outeroppings of harder rock bad constricted its channel
(Fig. 335). The upper end of the Warren River valley is now

Scole_or Aitax

F16. 255. — Narrows of the Warren River below Big Stone Lake, where it pussed
between jaws of hard granite wnd gneiss (after Upham).

oceupied by the long and relatively narrow Lakes Traverse and
Big Rtone, each the result of blocking by delta deposit~ where a
tributary streamy hias emerged into the valley, but this gigantic
clinmel continues down to and beyordd Minneapolis, aceupied as
fur ax Fort Snelling by the
Minnesotn River — a0 mere 1 Seotthorny N

5 Sééy
Pygmy compared fo its prede- )\
cessor. To the sarnest student \
of glucial gevlogy there can he
few sights more inupress
are obtained by standing at
Fort, Spelling, just above the
confluence of the Minnesota
and the Mississippi rivers, and
surveyiog first the steep and
tarcow valley of the Missis-
sippt wbave the junction, —a
streain fitted to its valley for Fra. 836.— Mup of the valley of the Warren
the simple reasan that it has River in the vicinity of P\‘li.nn.r-n.pn]fs, with
the young valley of the Mississippi enter-
iug it at Fort Spelling (alter Sardesou).

carved 1t, —and then guezing
up and down that broad valley
in which the great Warren River once flowed majestically to the
sen, now the bed of the Minnesota above the Fort and of the Mis-
sissippi below it (Fig. 356).
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Just as the ** parallel roads ™ of Glen Roy, roads in name only,
are the beaches of earlier glacial lake stages, so in Lake Agassiz
we have parallel beaches of the barrier type which are often roads
in fuct as well as in name, and which mark the stages of successive
lakes within this vast basin.  The Herman beach, corresponding
to the highest level of the lake. is thus a sharp topographic bound-
ary hetween lake deposits and morainal accumulations, and is

Fig. 357.— Portion of the Herman quadrangle of Minnesota, showing the position
of the Herman beach on the shore of the former Lake Agass: The lake basin is
to the left, and the pitted morainal deposits sppear to the right (U. 8. G. 8.).

further itself a well-marked topograpbic feature composed of wave-
washed and hence well-drained materials (Fig. 357). Farmers of
the district have been quick to realize that these level and slhightly
elevated ridges lack the clay which would render them muddy in
the wet seasons, and are thus ideally adapted for roads. They
have in many sections been thus used over long stretches and are
known as the “ ridge roads.”
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Episodes of the glaclal lake history within the St. Lawrence
yalley. — Within this great drainage basin it has apparently
been possible to read the records of each stage in the latest lake
history — cowplex as this has been.  We have only to recall the
lake stages cited from the Scottish glens and remember that each
new stage was hegun in a retirement of the glacier front which un-
blocked an outlet of lower level than the last. This sequence
might, however, have beert varied by a temporary readvance of the
ice, as indeed onee oceurred in the Huron-Erie lobe of the great
North American glacier.

The crescentic lakes of the earlier stages. —So long as the
glacier covered the entire drainage basin of the St. Lawrence

F16. 35% — The continental glacier of North America in an carly stage of its reces-
sion, when it covered the entire St. Lawrence drainage hasiu, The dashed line
is the approximate position of the divide (bused on a map by Goldthwait).

River system, all water was freely drained away by streams which
flowed away from the ice front (Fig. 338). So soon, however,
as at any point the front had retired behind the divide, impound-
ing of the waters must locally have ocenrred.  Lakes of this type
are to-day to be seen in Greenland and in the southern Andes;
and though upon a diminutive scale, some idea of their aspect may
be obtained from the appearance of the Mirjelen Lake of Swit-
zerland, here blocked by a mountain glacier (Fig. 448, p. 411).



o Scale -
Fie. 359, — Outline map of the
early Lake Maumee, with the

bordering  moraine and  the

water-laid motaine re
on the site of the formerice ¢

ining
Jiff.

Within eucli of the Grent
peared at that end of the

BARTH FEATURES AND THEIR MEANING

Within all areas of small relief, such as
the prauje country surrounding the
present Laurentian lakes, the earlier
and smaller stages of sueh ice-blocked
lakes are generally crescentic in out-
line.  This is because a moraine in
most cases forms the Lnd margin of
the lake, and hecuuse the jee chff
upon the opposite horder, although
somewhat straightened, as @ vonse-
quence of wave-cutting and iceberg
formation, still retains the convex
outlines characteristic of ice lobes
(Fig ).

ke basins a crescentic ke early ap-
depression. which was first uncovered

Fite. 36U, — 2dap to show the first stages of the jce-dammed lakes within the
£t. Lawrence bagin (after Leverett and Taylor).
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by the glacier: Lake Duluth in the Superior basin, Lake Chicago
in the Michigan basin, and Lake MMaumee in the Huron-Erie
basin {Fig. 360).

We may now, with profit, trace the successive episodes of the
placial lake history, considering for the carlier stages those chunges
which oceurred within the Huron-Erie huasin, sinee, these are in
esaential rospeets like those of the Michignn and Superior hasins,
although worked out in grester detail. Lake Chicngo must,
however, be brought into consideration, since in all save the curli-
extoand the later stages, the waters from the Huron-Erie depression
were discharged through the Grand River into this lake nnd
thence by the so-called " Chicugo outlet ” into the Mississippi
(plate 20 A).

The early Lake Maumee. ~— The area, outline, and outlet of
thix lake are indicated upon Fig 360, Its ancient beaches have
heen traced, as well ax the water-laid moraine beneath its former
e oliff o and no observani traveler who should tiake his way
down the ancient outlet {rom Fort Wayne. Indiana, past the town
»f Huntinglon, could f:i] to be impressed by its slze, snmpesting
as it doex the great volume of water which must onee have flowed
along it. Now a chungel 2 mile or more in width, itx bed for the
twenty-five miles between Fortle Wayne and Huntington may be
seen from the tracks of the Wabash Railway as o series of swamps
merelv, while at Huntington the Wabash river enters by a young
Voshaped valley at the side, mueh as the Mississippi emerges into
the old chanuel of the Warren River ut Fort Snclling, Minnesota
(see p. 327).

The Huron River of southern Michigan, which now discharges
into Lake Erie, then found its lower course blocked by the glacier
and was thus compelled to find a southerly directed channel now
easily followed to the northern horn of the crescent of Lake
Maumee.

The later Lake Maumee. — When the ice lobe had retired its
front sufficiently, an outlet lower than that at Fort Wayne was
uncovered past the city of Tmlay., 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
of the present Drainage Canal and the line of the Chicago &
Alton Railway. The traveler journeying soutbward by train from
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Chicago has thus the opportunity of observing first the beaches
of the {ormer Iake, and then the =everal channels which were
joined in the main outlet at the station of Sag (plate 20 A).

In this stage of our history Lake Maumee pushed a shrunk
arm up past the site of Ypsilanti in Michigan (Fig. 361), the well-
marked beach being found on Summit Street opposite the State
Normal College.  The Huron River, which in the first lake stage
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Fio. 361, — Outline map of the later Lake Maumec and of its " Imlay outlet™ to
Lake Chicaga (after Leverett).

had foflowed the valley 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
of following the more direct «' Imlay outlet " to the Grand, passed
at a lower level completely around “ the thumb ” of Michigan
into the Saginaw basin. Meanwhile a crescent-shaped lake had
developed in that basin, so that now the waters of the Maumee
basin were joined to thosc in the Saginaw basin as a common
lake, just as the lowering of the waters in Glen Roy caused a
union with those of Glen Glaster in the example cited for illus-
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tration. Our records of this third North American lake stage,
referred to as Lake Arkona, are however most imperfect, for the
reason that it was followed by a readvance of the ice {ront which

Fra. 362, — Outline map of Lakes Whittlesey and Saginaw (aflter Leverett).

n

closed the passage around ** the thumb ™ and raised the level of
the waters until an outlet was found past the town of Uhly at a
lower level than the '‘Iraluy outlet.” When the waters of o

B umon qu's:u- S
i £

=g

Fiy. 363. — Map of the glacial Lake Warren, the last of the lakes in the Huron-Esie
basin, which discharged through the * Grand River outlet " into the Mississippi
(after 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 some Uhree hundred miles entirely wround the southern and
western murgins of Luke Brie, this benell is for much of the dis-
tomee the famous © ridge coad 77 (gL 362).

Lake Warren. — A» the ice udvance which had produced Lake
Whittlesey came to an end, the normal recession was resumed
and a lake enee more formed as a body common to the Saginaw
and Erie bhasins. This lake, known as Lake Warren, extended
s shrunk orm far eastward along the ice front into western New
York, though if was still Dlocked from entering the great Mo-
hawk valley (Fig. ).

Lakes Iroquois and Algonquin.— It must he evident that
foward the close of the Lake Warren stage n profound chunge was

G, 464, ~— AMap of the Glacial Lake Muanguin (wfter Leverstt),

imminent — a {ransfer of the glacial waters from their rourse ic
the Mississippi and the Gulf 1o the trench which crosses New
York State and enters the Atlantic.  So soon as the ice front had
retired sufficiently to lay bure the bed of the Mohawk, an outlet
was found by this route and its continuation down the Hudson
valley to the sea. The Lake Ontario basin now became nccupied
by a considerably larger water body known as Lake Iroquois, and
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the three upper lakes, then joined as Lake Algonguin, discharged
their combined waters into Lake Iroguois at first through a great
channel now strongly marked across Ontario in the course of the
Trent River and Lake Simeoe, the sn-called * Trent outlet.”
At thix time o smaller Like Brie probably occupied the basin of
that lake. and later the Trent outlet was abandoned for the Port
Huron outlet (Fig. 364).

The Nipissing Great Lakes. — We huve now lollowed the ice
front step by step in its retreat aeross the valley of the 8t Luw-
renee svstem. The suecessive unblocking of outlets offers buf
one further possibility — the opening of the Freneh River-Nip-

Fls. 365. — Outline map of the Nipissing Great Lukes with their outlet pust North
Bay into the Champlain Sea.

issing Lake-Ottawa River, or “ North Bay outlet.” Though not
50 to-day, the bed of this ancient channel was then much lower
than that of the “ Mohawk outlet,” and =0 soon as the glacier
had in its retreat uncovered this northern channel, the waters of
the upper fakes discharged through it past {he site of Ottawa
and into an arm of the sen which then occupicd the Tower St.
Lawrenee valley and bas been called the Champlain Gulf or Sea
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(Fig. 365).  The {evel of the waters was lowered and the area
of the lukes correspondingly reduced.

The reader who has had no opportunity to observe these an-
cient. channels whieh carried the swollen waters of the former
glacier Inkes, will find it interesting to consider that every one of
thent has been fixed upon by engincers for improvement as arti-
fiial waoterwayvs.  Thusx we have the Illinois Drainage Canal
and projected ship canal along the © Chicago outlet,” the pro-
jeeted Mississippi-Lake Erie Canal along the © Fort Wayne out-
let,” the Grand River canal project to connect Lake Michigan and
Saginaw Bay along the course of the * Grand River outlet,” the
Trent. Canal along the “ Trent ouflet,” the Erie Canal along the
“ Mohawk outlet,” und, lastly, the proposed Georgian Bay ship
cunal to the ocean along the *“ North Bay " or ** Nipissing outlet.”

Summary of lake stages. — We have omitied in thix sum-
mary of late lake history in the Laurentian basin all the less
important lake stages, including some of a transitional nature
whiclh were represented hy beaches and outlets easily traced to-
day. This is because it is an outline only which it scems hest 1o
present, and the episodes of this abridged history way be tabu-
lated as follows:

EPISODES OF GLACIAL LAKE HISTORY
Misssarrl DRaTNAGE
Lake Maumee (early), Fort Wayne outlel,.
Lake Maumee (late), Tmilay City outlet.
Lake drkona, " thumb ™ outlet.
Lake Whittlesey (with readvance of glacier), Ubly outlet.
Lake Warren, “‘thumb " outlef.

ATLANTIC DRAINAGE
Lakes Jroquois and Algonquin (early), Trent and Mohawk outlets.
Lakes Iroquois and Algonquin (late), Port Huron and Mobawk

outlets.
Nipissing Great Lakes, North Bay outlet.

Permanent changes of drainage affected by the glacier. — While
the lake history which we have sketched is made up of episodes
which endured only while the ice front lay between certain sta-
tions upon its retreat, there were none the less hrought about the
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profoundest, of permanent modifications in the drainage of the
regior.. It is possible to restore upon maps in part, ondy the pre-
glacial drainage of the north central states, but we know at least,
that it was as different as may be from that which we find to-day.
The Missouri and the Ohio take their courses to-day along the
margin of the glaciated aren ns an inheritance from the border
drainage of the ice age. Within the placiated regions rivers
have in many cases been compelled by morainal ubstructions to
enter upon New courses, or even to travel
in the opposite direction along their rie
former channels. In districts of con- ke ®
siderable relief these diversions have |# \_é
P

sometimes caused the streams to plunge
over the walls of deep valleys, and it
may truthfully be said that we owe - \;ﬁ,;'f/
much of our most beautiful scenery in f;«f S~
part to the carving and molding of 2y
glaciers, but especially to the cascades \/}" ot~
and waterfalls directly due to their in- i}v VAN ?
terference with drainage. =

Many diversions or reversals of former ™
drainage lines, through the influence of
the continental glacier, are at once sug-
gested by the abnormal stream courses,

which appear upon our maps, and the {
correctness of these suggestions may e el
often be confirmed hy very simple ob- * jrainage of the upper Ohio

servations made upon the ground.  region (after Chamberlio and
The map of Fig. 366 shows how differ-  Leveretth

ent was the preglacial drainage of the upper Ohio region {rom
that of to-day.

An interesting additional example is furnished by the Stil
River which in Connecticut is tributary to the Farmington, and
is no less remarkable for its abnormal northerly course and sluggish
current perpetrated 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 was once a part of the
Naugatuck and flowed southward toward J.ong Island Sound like
other rivers of the district (Fig. 367 B). It possessed, however,

z
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an advantage in a narrow belt of =ofter rock along its course, and
because of this advantage it captured a portion of one of the tribu-
taries to the Farmmington (Fig. 367 ). The continental glacier
later covered the region, and on its retrent laid down moruinul
obstruetions directly across this river aml also at the head of the
severed arm of the Farmington tributary (Fig. 367 D). The now
impounded waters found their lowest outlet near Sandy Brook,
and in walerfalls and cascades the now reversed river falls one

Frariramen’

Fra. 367. — Dwgrams {o illustrate the epizodes i the reeent history of the Still
River tributary to the Farmington in Counecticut. A, present drainage: B, early
stage: C, nfter capture of u tributary o the Farmington: &, after Dlocking by
morsinal obatructions of the ice age.

hundred feet to the bed of that stream. With the aid of the
excellent topographic maps which are now suppfied by a generous
government at. a merely nominal price, such hits of recent history
may be read at many places within the glaciated 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 drainage, it was in a position to impound those
waters which normally drained to Hudson Bay. The lake which
then came into existence has been called Lake Ojibway and was the
latest of the entire series. Though of but recent discovery in
a country till lately a trackless wilderness, its extension seems to
bave been that of the clay beds suited for farming. The beaches
and outlets remain to be mapped when the country has been
roade 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 zood reason to believe that the earth’s outer shell makes
a response by oscillations of level due to the loading by ice, on the
one hand, and io the removal of this burden upon the other. We
know teast, that both in northern Europe und in North America
areas which have undergone depression during and elevation after
the ice nge, currespond closely to the regions which were ice cov-
ered.  Wherever in these regions there was high relief before the
advent of the ive, river vallevs were drowned at the land margins
and were wso gouged out into troughs through erosion by the
outlel tongues upon the margin of the ice sheet. Such furrowed
and half-submerged vallevs have a characteristic U-shaped sec-
tion, so that their walls rise precipitously from the sea. From
thelr typical occurrence in Scandinavian countries the name fjord
bas heen applied to them.

It is now no less cfear that the removal of the ice blanket brought
from the earth a relatively quick response in uplift, which began
before the ice front had retired across the present internstional
boundary of the United States, and that this uplift continued
until the final disappearance of the ice. A far slower elevation of
a somewhat different nature has continued, even to the present
day.

1t 1s obvious that at the time of their formation all shore lines
réferable to the work of waves must bave been horizontal, and
bence any variations from a perfect level which they reveal to~day
must indicate that a tilting movernent of the ground has occurred
since the waters departed {rom their basins. We have thus
provided for us in the positions of these ancient water planes,
particularly because of their wide extent, a complete record the
refroement of which is not easily overstated. Interpreting this
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record, we find that it was the uptilt of the land to the northward
which brought the glacial lake history to an end and inaugurated
the present system of St. Lawrence drainage. The outlet of the
Nipissing Great Lakes is to-day more than a hundred feet abave
the level of the outlet at Port Huron, where the upper lakes are
now discharging their waters, and this difference in level can
only be ascribed to an upward tilting of the land sinee the latest
of the glacial lake stages.

The abandoned strands as they appear to-day. — The traveler
by steamer upon the upper lakes, as he comes within view of
cach rocky headland, muy note
how the profile against the ho-
rizon is notched by a series of
steps or terraces (Fig. 368), N -
and if he has followed the dis- S : J

cussion in previous chapters, B = =
he will suspeet that these ter- Fio. 368, — The potched rock headiand
races mark the o shandoned i 1l mms G By s
shore lines which have come

to their present position through a series of uplifts of the ground
accompanied by earthquake shocks. As his steamer skirts the
shore he may chance to note a cave within the rock cliff which
represents the now elevated sea-arch of an ancient shore.

Disembarking from the steamer and traveling inland at any
point where the shores are high, the traveler is certain to come
upon still more convineing proofs of the ancient strands; perbaps
in u storm bench 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 apd unmistakable as though formed upon the present shore.
Sometimes it is the rock cliff and terrace, at other times barrier
ridges of shingle, or, again, it is the sloping cliff and terrace cut
in the drift deposits; but of whatever sort, if studied with proper
regard to the topography of the district, the evidence is clear
and unmistakable,

The records of uplift about Mackinac Island.— Nowhere are
the records of the recent uplift of the 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 by o ¢liff, the island profile slopes gently
away to a still lower cliff, below which is another terruce.

T

Fra. 360. —View of Muchinae Island from the direction of 8t, Ignace. The ir-
reguiar central portion is the: oniy part of the istand that was not submerged in
Lake Algonguin. The terrace st its base is the old shore line of Lake Algon-
quin, und the lower terrace the strand of Lake Nipissing (after a photograph by
Taylor).

When we have reached the islind and have climbed to the
summit, we there find the surface which is characteristic of eresion
by running water, whereas at lower Jevels are found the forms
curved or roolded by the action of waves.  This central * island,”
superimposed upon the larger i<land, is @l that rose above Lake
Algonquin. the earliest of the glacial lakes i this nortbern dis-
trict; and as we fook out from the ohservatory upon the summit,
it is ensy Lo call up u picture of
the country when the lake stood
at the hase of this highest cliff.
To the northward one sees the
“ Sugar Loaf " rise out of a sea
of foliage, as it formerly did
from the waters of Lake Algon-
7 SRR : T quin (Fig. 370). Itis a buge
Fia. 370.— The “Sogar Loal.” u stack gtk near the former island

near the shore of Lake Algonquin, as

it i3 seen from the observatory upon shore. If we turn now to the

Mackinac Island (after  photograph  southward and direct our gaze

by Taylor). 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 the ““Short
Target Range ” (Fig. 371). These ridges mark each a stage within
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a series of suce
its present height.

{ . 1

v¢ uplifts which have brought the island to

Fu.. 871 — View from the observatory upon Mackinae 1  SKhagt
Target Runge” toward the Fort.  Beach ridges uppear in succession within the
cleared spuce (after w photopraph by Rossiter).

¥V g : s - >
Fre. 8$72.- Notched swack of the Nipissing Great Lakes at St lgnace
{(after B photograph by Taylor),
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[f 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.
stack of the Nipissing Lake.

C
{
1y
» {
b
£
£
E I

Fia. 373. —Series of diagrams ta
illustrate the evolution of i 1
concerning the uplift of the luk
region since the ice age. A,
simple  northerly  up-canting
(Githert) : B, northerly accejor-
ation of the up-canting (Spen-
cer and Upham); ), wvortherty
“feathering out™ of beuches

© (8pencerand Upham) : 2, hinge
Jine of up-rapting foand within
the lake region (Leverett); B,
multiple and northwardly mi-
grating binge lines of up-canting
{(Hobbs).

like & trap door (Fig. 373, A).

Near by in the woods is Pulpit Rock, a strikingly perfect

Across the straits at St. Ignace is an
even finer example of the notched
stack (Fig. 372). Other less prom-
inent beaches, but all 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 are to know the nrature 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 this field ;
and, asin the investigation of so many
other problems, the earlier observa-
tions were largely of the nature of
reconnaissances with the elevation of
beaches estimated by comparatively
crude methods only. The evolution
of ideas concerning the uptilt has,
therefore, been a gradual one.

It was early observed that the
beaches corresponding to a given lake
stage were higher to the northward
and northeastward, snd the natural
conclusion from this was that the
earth’s crust bad here been canted
As we are to see, this but half-

correct assurnption has led to a striking prophecy relating to future



UPTILT OF LAND AT CLOSE OF ICE AGE 345

cluoges within the fuke region which we now kuow to be with-
out warrant in the facts.  Later it was leamed that the uptilt
of the lake beaches i« much accelerated to the northward (Fig.
373, B), and that new benches make their appearance from be-
neath others as
we  procecd in
1his direction —
thereisa * feath-
ering ont " of
bewches  to the
northward  (Fig.
373, O).

The hinge
lines of uptilt.
~— Sl fater n
the study of the
reoion, It was
learned that the
wxds o fulerum P 85740 —Map of the Great region 1 show iso-
about which the  Pases sand Linge lines of wptift,a, isobse of the Chicago

. outler: By main binge line of e Lnke Whitihmey heach
region hus Beeit (overett) ; 60, inge line of the Lake ¥ o
uptilted, instead of the Part Huron outlet, d.
of lying to the Algonquin beach (Goldthwuit) ;

arren gl

oo
. additional hirige lines of Algonguin beachesin Door County
southward of the  Loyivsuia (Habbs) : 1, isobnse of the Lake Superior outlel

e11) ; m, isobase of the
hes (Leverett).

lake district, ax  for the Algonguin bearhes (Lev
had bheen as. s outlet for the Nipissing bea
sumed by Gilbert, lay within the region and shout halfway up
the basin of Lake Michigan (Fig. 373, D, and Fig. 374). Simi-
larly, in the uptilt which followed the ice retreat in northern
Europe a definite hinge line of movetment hus heen discovered.
Lastly. it has been shown, as a result of the use of precise level-
ing methods, that not oue but seversd hinge lines of movement
lie within the region, und that the separate sections into which
they divide the area are each in tura characterized by inereased
up-cant as we proeeed to the northward (Fig. 373, E and Fig. 374).
The heaches of Lake Maumee, the earliest of the series of lakes
within the Huron-Erie lobe and within the extreme southern
portion of the Great Lakes area, show only the slightest possible
northerly uptilt, and the well-marked hioge line disclosed in the
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Whittlesey heach 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 a similar initial hinge line in the Warren beach —
that this strand begins its uptilt some fifteen miles farther north-
east than does the Whittlesey beach — is one of the preatest im
portance in ohtaining a correct idea of the recent uplift; for it

Tt

It

b

Fra. 375. — Reries of idealistic diugrams Lo indicate the nature of the quick recovery
of the crust by uplift in blocks unicaded of the ice in suceession. A further and
glower uptilt, added after the letion of the first . is brought out in
the lost diagram (b7).

shows that the draining of Lake Whittlesey was followed by
a period of quick uplift and seismic activity, that the stage of
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Lake Warren was one of comparative stability of the iand,
and, lastly, that the draining of lLake Warren was followed by a
second period of rapid uplift and carthquake disturbance.
The strongly marked binge lines, additional to the initial one
indicated for the Algonquin beaches in the profiles by Gold-
thwait from the west shore of Lake Michigan, when considered in
the light of this northeasterly migration of the still earlier hinge
line in the southern district, are best explained through the as-
sumption of a suceession of quick recoveries of the crust by up-
1ift, separated by periods of relative stability, and brought on hy
the removal in turn of the jce burden from suceessive Dlacks of
the shell which are separated by the several hinge lines (Fig. 375).

The claborate study of crosion in the outlet of Lake Agassiz
had indicated identical interruptions in the up-canting process
for that basin.

Future coosequences of the continued uptilt within the lake
region. — One of the most distinguished of American geolopists,
Dr. G. K. Gilbert, in order to determine whether the uptilt revenled
by canted heach lines is still in progress, carried out an elaborate
study upon the gauge recovds preserved at the vurious gauging
stations about the Great Lakes. Upon the basis of these studies,
he concluded that the uplift continues, that the axes of equal
uplift (isobases) take their course about fiftecn degrees north of
west, 5o that the lines of greatest uptilt should be perpendicular to
this direction, or fifteen degrees east of north.  He further believed
that the hasin was undergoing an up-cant in the simple manner of
a trap door, the hinge of which lay to the southward of Chicago,
and the study of the gauge records led him to believe that “ the
rate of change is such that the two ends of a line one hundred miles
long and lying in a south-southwest direction are relatively dis-
placed four tenths of o foot in one hundred years.”

Gilbert's prophecy of a future outlet of the Great Lakes to
the Mississippi. — The nalural rock sill, over which the waters
of Lake Chicago once flowed to the Mississippi, is to-day but,
cight feet above the common mean level of Lakes Michigan and
Huron, and if the tilting of the lake region were to continue upon
Gilbert's assuraption 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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more drain Lo the Mississippi and the Gulf.  Upon the hasis of
his measurements, Gilbert ventured the propheey that the first
Ligh-water dixeharge into the Mississippi should oceur in from
five hundred to six hundred vears, and for continuous discharge
in fifteen hundred vears. In twenty-five hundred vears Niagara
Falls should st low water stages be dry from this cause, and in
thirty-five hundred vears it <hould have become extinet.

This prophecy, emanating from a high scientific authority and
relating to changes of such profound economic and commercial
importance, has been often quoted and has taken o firny bold upon
the popular imagination.  Obviously, it depends upon the now
exploded theory that the lake basin has been eanted s o plone
and that the axis of uptilt lies somewhere to the southward of
the lake region, or, i any event, to the southward of the present
Port Huren outlet.  We know to-day that instead of being uni-
formly distributed over (he entire lake region. the uptilting goes
on atoaoanueh higher rate within the northern areas, and that
sinee the early stage of Lake Whittlescy the hinge line of uplift
s Dheen steadily migrating northward with the retreat of the
ice and is now well o the northward of the present outlet.  There
ix. thercefore. no known uptilt of the distriet which separates
the present. from the former Chicago outlet, wnd there is no ap- "
parent. naturs) esuse which shonld result in ihe reoceupation of
the old outlet. 1o the Mississippi.  The prophecy must be regarded
as one that has been outgrown with the progress of science.

Geological evidences of continued uplift. — [t has recently
heen claimed, on the basis of a reéxamination of Gilbert’s study
of the lake guupge records, that his methods are open to serious
criticisin and that in readity the figures afford no evidence of con-
tinued uplift of the region. However this may he, there are not
lacking geological evidences which do not admit of doubt, and
these are in a striking way confirmatory of the latest conclusions
upon the manner of the recent uplift.

If our conclusions bave bLeen correct, ibe several lake basins
should now be hehaving in different wavs as regards the changes
upon their shores. If it is true that the lines of preatest uptilt
run north-northeasterly, there should he, speaking broadly, a
“spilling over” of waters upon the south-southwesterly shores
and a laying barc of the north-northeasterly shore terraces of the
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hasins,  This should, howecer, be true only of basins whose
outlets dre to the northeastward of the existing main hinge line
of uptilt. Lahe Huron, baving its outlet af the southern margin
of 1ts hasing shonld not have its waters eneroaching upon the
southern shore, for the simple resson that any continued uptin
ol the basin can only have the efeet of pouring more water thirough
the outlet.  Lake Michigan and Suginaw Bay, which are arms of
the Huron basin, ought, howoever, to become flooded upon their
southern shores, were it nol that the hinge line of wptill to-day lies
o the 7w_rlhzmrd of the outlel of Port Huron, and, further, that the
two connecting  channels stll kave thear beds lower than the sill of
the autlet channel. Now the evidence goes to show that no en-
croachment of waters is oceurring upon the Chicago shore of Take
Michigan, and although the shores of Saginaw Bay are so exces-
stvely fat as to reveal slight changes of leved by lurge migrations
of the strand, vet the ancient meander posts fixed by the enrly
supveys wre still Tound near the wider's edge.

Drowning of southwestern shores of Lakes Superior and Erie. —
Within the hasing oceupied hy Lakes Superior and Erie. o wholly
different condition ix found.  In early ¢ the outlet s found
to the northeastward (Fig. 374, p. 345), and the northwesterly trend
of the jsobaser fram these outlets is responsible for a continued
clevation {rom uptilt of the outlets with reference to the western
and southern shores. In consequence, the waters are encroach-
ing upon these shores, and rivers which there enter the lake are
drowned at their mouths, with the formation of estuaries.  Upon
Lake Superior these changes are very marked near Duluth and par-
vicularly in the 8t. Louis River, within which, since the early treaty
with the Indians, certain rapids have disappeared and submerged
trunks of frees are now found in the channel of the river. As
far east as Ontonagon essentially the same conditions are found.

Upon the shores hin the Porcupine Mountain district, the
witers are clearly rising.  Here old cedar trees may be seen, in
Nome eases dead hut st upright and standing in from =ix to cight
inches of water n number of feet out {rom the present shore,
while others neur the shore, but upon the land and still fiving, are
washed by the waves, and losing their lower bark in consequence.
An old road along the shore has had to be abandoned because of
the encroaching waler.
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Upon the opposite or northeastern share of the lake, on the
other hand, the land is everywhere rising out of the water, and
the waves are now building storm beaches well out upon the wave-
cut terrace. Here the streams. instead of forming estuaries hy
drowning, drop down
in rapids to the level
of the lake.

At the southwest-
ern. murgin of Lake
Erie there is every-
where evidence of a
rapil  encroschment
by the water.  In the
cuves of South Bass
Island stalactites,
which must obviously
Fio. 576, — Portion of the Tuner Sanlusky by, 1o ave formed - above

afford a compurison of the shore fine of 1520 with  the lake level, are
that of to-day (after Moscley). now permanently sub-
merged. It is, however, about Sandusky Bay upon the south-
west sbore that the most striking observations have been made.
Moscley has collected historical records of the killing of forest
trees through a submergence which was the result of an advance
of the water upon the shores. [t seems to be proven from his
studies that the water is now risingin Sandusky Bay at a rate of
about 2.14 feet per century. In Fig 376 therc is a comparison
of the shores of the inner hay separated by an interval of about
ninety vears.

e
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CHAPTER XXV

NIAGARA FALLS A CLOCK OF RECENT GEOLOGICAL
TIME

Features in and about the Niagara gorge. — A striking ex-
amople of those permanent alterations of drainage which have
resulfed from the presence of the late continental glacier in North
Amerien ix 1o he found in the Niggara gorge between Lakes Erie
amd Optario.  With the aid of borings muany of the now buried
chanunels of the region have been followed out. and in & later para-
graph we shall refer to some of the stronger lines of the earlier
drainage system.  Before undertaking the study of Niagara his-
tory, it i~ essential that one hecome somewhat familiar with the
present  topography in and about the Ningara gorge.

Below the present cataract the river flows through a deep gorge
for about seven miles hefore issuing at the Lewiston Escarpment
(Fig. 381, p. 355).  This gorge bas been cut in beds of rock =edi-
ments which dip at a gentle angle southward toward Lake Eric.
The capping of the rock series is n compact and relatively resist-
ant limestone which is known as the Niagara limestone, heneath
which there are alternating beds of shale with thinner limestone
and sandstone.  The plain formed by the upper surface of the
limestone capping terminates in the Lewiston Escarpment, which
is transverse to the direction of the gorge and seven miles distant.
below the Falis. The depth of the gorge varies markedly, the
above-water portion heing represented at the upper end by the
height of the cataract, one hundred and sixty-five feet, while at
its lower end near Lewiston it s twice that amount. Halfway
down the gorge a sharp turn is made at an angle of more than
ninety degrees, and the upstream arm is extended to form a
hasin which contains the famous whirlpool.  This visible exten-
sion of the upper gorge is continued in a huried channel, the Si.
Davids Gorge, which extends to the ecsearpment. hroadening as
it does so in the form of o trumpet. The materials which Rl
this earlier channel arc notably conrse glacial deposits (Fig. 389).

352
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Directly above the whirlpool the Niagara goree is first con-
tracted. but ahmost immediafely swells out into the Jorm of o
sausnge. which under the weme of the aldy Basin extends to the
constricted efzmnel occupied by the Whirlpool Rapids. This Gerge
of the Whirlpool Rapids extends to and o little above the railrond
bridges. whoere it a
<oeprisingly uniforny eross seetion pow continues as for as the eat-
el Thiz uppermost secton is hnown as the Upper Greal.

nosuddenly widens and deepens and with

Corge. Ahout a mile below the whirl-

. PP ¥
poot is that rensckalle projertion into {
v b4

Bt

the gorge from the Canadinn wall which
i+ known as Wintergreen Fli
which and nearer the river are Fosters
Flais.  Almost  throughout ifs  entire
length the Niagara gorge i= bordered
on either side by a narrow and gently
earviog terraee eroded helow the get- i, 377, — Ideal cross seetion
ol devel of the plain and meeting the  of the Niagara gorge to show
gorge in a sharp angle (Fig 377). vbe Targingl terrace.

The features immedintely about the eataract. show that the Fulls
are to-day in a condition which, =0 far us we know, has oceurred
hut. onee before in (heir entire history — the waters of the river
are divided unequally by anisiaud, and for this reason, as we shall
see, the caturael enters over the side wall of the gorge instead of
at its end (Fig. 381), although the turning of the channel from this
cause iz combined with a bend of the river.

Thbe drilling of the gorge. — There appear to he two iroportant
processes which are responsible
for the recession of the Falls,
the rate of which ix deterwined
Lirgely by the resistanee of the
Jimestone cupping and the tena-
city of the looser shale henenth
: i, Oneof the eroding processes
378, — View of the bed af the Niggara  OPCTates from below and under~
River above the cataraet, where water mines the cap until the unsup-
B e v of iAo ported cornice falh in Hlocks
stane are still in place (after J. W. U0 the botlorm of the gorge;
Spencery. the other makes its attack di-

2a

below
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rectly from above, selecting for the purpose the lines of jointing
of the rock which it widens by solution and corrasion until the
included blocks are in 50 far separated that they are torn out and
go over the hirink of the Falls (Fig. 378).  This process of over-
head attack in the powerful currents just above a cataract is even

Fie. 379.— Falls of St. Anthony, looking westward from Heunepia Jsland in 1851
(after N. H. Winchell, daguerreotype by Hessler of C'hicago).

better iltustrated by the Falls of St. Anthony near Minneapolis,
which have had a similar history of recession to that of the Niagara
Falls (Fig. 379).

The blacks of the capping limestone at Niagara Falls are to
somce extent fixed in size by the joint planes present in them, and
as they fall to the bottom of the gorge, they promote or retard the
further recession of the Falls according as they can or cannot be
moved about by the churning currents beneath the cataract. Of
the retarding effect there is an illustration in the accumulation of
the blocks below the American and the intermediate Luna Talls
(plate 23 A), which the weaker currents upon the American side
find too heavy to handle. The Canadian Fall, with its much greater
power, is an example of the promotion of recession through the
churning about of the hlocks at, the base of the caturact. We have
here to do with a churn drill which bores its way into the bottom
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{ the gorge with increasing radius of rotary motion with eaeh in-
rease in volume of the falling water. Under this rotary churning
be soft shales are torn out near the botlom and in suc-

6. 380, —Iden! section to show
the nature of the drilling proceas
beneath the caturoct.
ession the harder layers
bove 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
lied remaining as a terrace on
either side and extending to
the former river bank (Fig.
377).

As must have been noted,
one peculiarity of the opera-
tion of the churn drill beneath
the cataract is that the depth
of the gorge will bear & direct
proportion to its width, and
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T1g. 381.— Plan and section. of the Niagara
gorge, showing how in each section the
depth is proportional to the width, except
in the lowest section where subsequent river
action of the normal type has modified the
hed of the channel (plan after Taylor and
gection after Gilbert),
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i the volume of water has varivd durving the prow of recession
these ehanges in volwne will be registered m the widrh and alo
in the depth of that =ectionc of the gorge which was drilled at the
time — the cross seetion ol the gorge af any plaee is proportiong!
to the voluie of the water falling in the eantara
it modified, liowever. by e conpeieney o hundle the joint Bloeks
of definite size (K, 3800

The present rate of recession. — There are various sketches,
more or less aecurate, wade in the early part of the ninereentb

Cwhieh prodneed

— Compuarison of u sketeh of the Canadian Fall made with the aid af a

amera lucidn in 1827 with a photograph taken from the swire view point in 1583
© Galter Gilbert),

century, and fromy the later period there are daguerreotypes, photo-
graphs, and maps, which refer cspecially to the Canadian Fall; and
which, taken together, render possible o comparison of the euwrlier
with the Jater hrinks, By comparing the carliest wish the recent
views it ix seen at o ghoee that the Falls are receding, and at a
quite appreciable rate (Rig. 382). A eareful comparison of the
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maps made i 18420 1875, 1886, 1890, and 1903 of the brink of
the Canadian Fall (Fig. 383) indicates that for the period covered
the rate of recession has heen about five feet per veur, und sinilar
studies made of the
Amertean Fall show that
it has heen receding ot
the e of only three
mehies per yenr. or one
rwentieth the rate of the
recession of the Canadinn

Fall. Z Survey of. ..
Future extinction of the === i1, P g2

; - / fo— = 875
American  Fall. — {{ s ! L R
¢ /890

beesuse of - this many
times more rapid reeess
sion ol the  Choadian
Il that the Niagar
citariet, instead of Iving
athwar the gorge, enters
it frome it side. The
Canelinn Fall is thus in
reality awinging  about €
the American, o 1he /1 [/ /
time can already be

roughly estinated when 1.,
this more effeetive drill-
ing tool will have brought
about a capture, so to speak, of the American Fall through the
cutting off of its water supply. It will then be drained and left
literally “ high and dre.” an cnduring witness to the geological
effect of an islund in making an unequal division of the waters for
the work of two cutaracts.

As already pointed out, the inefficiency of the Armerican Fall
as an eroding agent. i amply attested by the wall of blocks
already appesring above the water helow 5t.  The tourist who a
thousand years henec pavs a visit o 1he Niagara cataract, pro-
vided the water flow i allowed to remain as it has heen, will find
above this rampart of blocks a bare ¢liff in part undermined, and
surmounted by a nearly flut table surface which is cut off from the

5. — Map (o show the recession of the Lrink
lien Fall, based upon maps of differ-
ent dutes (alter Gilbert).
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existing cataract by a higher section of the gorge (Fig. 384). It
is quite likely that this table will furnish the most satisfactory
viewpoint of the future cataract of that dste.

f

e ]

=
A
I Cary Flr,
Y
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Tui. 364 — Comparison of the present with the future {alls.

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 the study of 2 monument to ear-
lier capture made Jong before the upper section of the gorge had
been cut ar the whirlpool had come into existence.  The tables
were then turned, for it was a fall upon the Canadian side of the
gorge that was captured by one upon the American.  The locality
is known as Wintergreen Flats, or sometimes as Fosters Flats;
though the first name properly applies to a higher surface near the

Fi1c. 385.— Bird's-eye view of the cuptured Conadien Fall at Wintergreen Flats.
showing the section of the river bed sbove the cliff and the blocke of fallen Niagara
limestone strewn over the abandoned channel below (after Gilbert).
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brink of the gorge, and Fosters Flats to a lower plain near the level
of the river (see Fig. 381, p. 355). The peculiar topographic fea-
tures at this locality are well brought out in Gilbert's bird's-eve
view of the locality (Fig. 383); in fact, in some respects hetger
than they appear to the tourist upon the ground, for the reason
that, the abandoned channel and the Flats on the site of the since
undermined island are both heavily forested and so not easy to
include in & single view. For one who bas studied the existing
cataruct this early monument is full of meaning. Standing, us
one roay, upon the very brink of the former cataraet, it is easy
o call up in imagination the grandeur of the earlier surrounding=
and to hear the thunder of the falling water. A particularly vivid
touch is added when, in digging over the sand about the great
blocks of fallen limestone underneath the brink, one comes upon
the shells of ap animal still living in the Niagarz River, though only
in the continual spray beuneath the cataract.

The Whirlpool Basin excavated from the St. Davids Gorge. —
Tt has already been potuted out that & rock channel now filled with
olacial deposits extends from the Whirlpool Basin to the edge of
the escarpment at St. Davids (Fig. 382, p. 363). lo plan this
huried gorge bas a trumpet form, being more than two miles wide
at its mouth and narrowing to the 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 wulls that are
well glaciated.  Different opinions have been expressed concerning
the origin of this channel, one being that it is the course either of
a preglacial river or one incised between consecutive glacial in-
vasions ; and another that it is a cataract gorge drilled out between
glacial invasions after the manner of the later Niagara gorge. In
cither case its contours have been much modificd Ly the later
glacier or glaciers, whose work of planing, polishing, and widening
is revealed in the exposed surfuces; 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
earlier cataract which ended its life immediately above the present
Whirlpool. When the later Niagara cataract had receded to near
the upper end of the Cove section, or near the present Whirlpool,
the falling water must have been separated from this older channel
and its filling of till deposits hy only a thin wall of rock, and this
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must have been corstuntly wenkened as its thickness was Turther
reduced.

When this weakened daro at last gve way. it must have pro-
duced a debacle grand in the extreme. It is hoardly to be conceived
that the * washoui ™ of the ancieni channel to form the Whirl-
pool Basin could have oceupicd more thon @ <mall fraction of a
day, though it ix highly probable that the hroken rock partition
helow the Whirlpool was not immiediately removed entive. The
manible-like termination of the Eddy Basin immediately above
the Whirlpool has Jed Tavior to helieve that the entarset quickly
reistablished Stzelf at thisx point upon the last ~ite of fhe extinet
St Davids ea .l oredueed in power for a shart interval, as a
result of the ob=tractions =0l remadning i the lately broken dam
helow thie Whirlpool, the remarkable nurrowing of (he gorge
this point would be sufficiently accounted for.

Reing competled to turne through more than w right, angle after
it enfers the Whirlpool Basin. the swift. current of the 2
River is foreed to double upon dself against the opposite lunl\
and dive below the incoming current hefore energing info the
Cove section helow the Whiripool (Fig, 3861,

T tearing out the loose leposits which had filled this part of

the burted St Duvids Gorge,
many - bowlders of great size

were Jeft which sbd down the
slope and in tinse produced an
armor about the luoser deposits
benesth, so as to protect them
and prevent continued exsava-
Thus it is found that the
sulnperged  northwestern  wall
of the basin is sheathed with
howlders large enough to retain

fiom.

Fii. 456, — Map of the Whirlpaa! Basin,

showing the rork side walls like those of
the Niagara Gorge, aud the drift bank
which forms the northwest wall (after
Gilberty.

their positions and so stop n
natural process of placer out-
washing upon a gigantic seale
(Fig. 386).

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 rmuch larger
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area — that of the Great Takes region ns n whole. “I'o the north
of the Lakes in Canada is found a most ancient continent which
wax in existence when all the area to the southward lay below the
waters of the ocean. In a period still very niany times as long
ago as the events we have under discussion, there were laid down
off the shore of this oldland a series of unconsolidated deposits
which, hardened in the course of time, and elevated, are now repre-
sepded by the shales, sandstone, and limestone which we find, one
ahove the other in the Ningara gorge in the order in which they
were Jaid down upon the oecan floor.  The formutions represented

Fia. 387.— Map ta show the cuestas which have played so important & part in
fixing the boundacies of the Lake basing, wnd also the principul preglacial rivers
by which they have been trenched (hased upon a miap by Grabsu).

in the gorge are but u part of the entire series, for other higher mem-
bers are represented by rocks about Lake Erie and even farther
to the southward.  These strata, having been formed upon an out-
ward sloping sea foor, had a small ipitial dip to the southward,
and this has been probably inereased by subsequent uptilt, including
the latest which we have so recently had under discussion. At
the present time the beds dip southward by an angle of less than
faur degrees, or about thirty-five feet in each mile.
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When the elevation of the land in the vicinity of this shore had
caused a recession of the waters, there was formed a coastal plain
on the borders of the oldland Jike that which is now found upon
our Atlantic horder between the Appalachians and the sea (Fig.
272, p. 246).  The rivers from the oldland cut their way in narrow
trenches acruss the newland, and hecause of the hurder limestone
formations, their tributaries gradually became diverted from their
earlier courses until they entered the trunk stream nearly at right
angles and produced the type of drainage
network which is called * trellis druinage.”
It s characteristic of this drainage that
few tributaries of the second order will
flow up the natural slope of the heds, hut
on the contrary these natural slopes are
followed in the softer rock nearly at right
7| angles again to the tributaries of the first
order of magnitude (Fig. 387). Thus are
produced a series of more or less parallel
escarpnienis formed in the harder rock and
having at their base » lowland which nses
gradually in the divection of the oldland
until a new escarpment is resched in the

- — next lower of the hard formations.  Such
Fia. .— Bird'seve view R . )

of the cuestas south of dat-topped uplands in series with inter-

Lakes Ontario and Erie mediate lowlands and separated by sharp

(after Gilbert). csearpiments known us cuest
246), and the Lewiston Escarpment limits that formed in
Ihmestone (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 perfeet as we could desire, but the later
events are fully and trustworthily recorded. The birth of the
Falls is to be dated at the time when the ice front had 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 pewly formed Lake Iroguois
(Fig. 364, p. 334).  Since the level of Lake Iroquois was fur above
that of the present Lake Ontario, the new-born cataract was not
the equivalent in height of the escarpment to-day. The Iroquois

gurs
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waters then bathed all the lower portion of the escarpment, so
that the foot of the Fall was upon the borders of the Lake.

[n order to interpret the history of the Niagara gorge, we must
remember that the eficctive drilling of this gorge was in each stage
dependent mainly upon
the volume of water dis-
charged from Lake Erie,
a large discharge being
recorded by a channel
drifled  both wide and
deep. while that pro-
duced by the discharge
of u smadler volume was
correspondingly  narrow
and  shallow.,  To-day
the gorges of large cross
section have, moreover,
a relatively placid sur-
face, whereas through the
constricted =ections the
wiler of the river is un-
able to pass without first
raising its level at the
upper end and under the Sketch map of the greater portion of
head thus produced rush- Niagara Gorge to show the changes in cross
ing through imder an in-  section in their relatwne to Ningara history
creased  veloeity,  The  (based upon & map by Tuylen).
hest illustration of such a constricted section is the Gorge of the
Whirlpool Rapids.

Our reading of the history should begin at the site of the present
cataract, since the records of later events are so much the more
complete and legible, and it should ever be our plan to proceed
from the clearly written pages to those hall effaced and illegible.

As we have learned, the most abrupt change in the cross section
of the gorge is found a little ahove the railroad bridges, where the
Upper Great Gorge is joined to the Gorge of the Whirlpool
Ropids (Fig. 389). In view of the remarkably uniform cross
xeetion of the Upper Great Gorge, there is no reason to doubt that
it bas been drilled throughout, under essentially the same volume

) ‘i"«c‘in—‘ RrvRE
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of wuter, and that its lower limif marks the position of the former
cataract when the waters from the upper lakes were transferred
from the ** North Bay Outlet V' into the present or = Port Huron
Outlet " and Lake Ere.  As the upper limit of the Garge of the
Whirlpool Rapids thus corresponds to the closing of the ** North
Bay Outlet” and the extinction of the Nipissing Great Lakes,
50 its lower limit doubtless corresponds to the opening of that outlet
and the termination of the preceding Algonquin stage: for in the
stage of the Nipissing lakes the water of the upper likes, as we
have learned, reached the ocean through the northern ontler,

Mr. Frank Tuyvlor, swho has given much study to the probiem
of Niagaran history. believes that the Middle Great Gorge, com-
prising the Bddy Busin and the Cove seetion. represents the gorge
drilling which oceurred during the later <tage of Lake Algonquin
after the © Trent Outlet ™" had been elosed and the waters of the
upper lakes had been turned into the Bric Basin.

Summarizing. then, the episodes of the lake and the gorge history
are to be correlated us follows: —

Giracian Lake

Karly Lakes Irognoix and Algon-
quin.

lLater Lakes Troquos and Algon-
quin with upper lakes discharging
into Erie basin.

Nipissing Great Lakes with the
upper lake waters diverted from
Lake Eric.

Recent Bt Lawrenre  drainage
since the waters of the upper lakes
were discharged into Lake Erie
through accupation of the Port
Huron Outlet.

Niacana Gorar

Drilling of the gorge from the
Lewiston Ksearpment {o the Cove
section above the Wintergreen Flats,

Drilling of Middle Great Gourge.

Drilling of the narrow Gorge of
the Whirlpool Rapids.

Drilling of Upper Grant Gorge to
the present cataract.

Time measures of the Niagara clock. — In primitive civiliza-

tions time has sometimes heen measured hy the lapse necessary
to accomplish a certain task, such, for example, as walking the
distance between two points; and the natural clock of Niagara
has been of this type. But men possess differences in strength
and speed, and the same man is at somé times more vigorous than
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at others, and so does not work at a uniform rate. The cataract
of Niagara, charged with the pent-up energy of the waters of all
the Great Lakes, can rush its work as it is clearly unable 1o do at
times when the greater part of this energy has been diverted.
Units of distauce messured adong the gorge wee therefore too -
reliable for vur use, with the nuque exception of the streteh from
whe railrond bridges to the site of the present eataraet, within
which streteh the gorge cross seetions are so nearly uniform as to
indicate an approximation to continued application of uniform
energy. This cnergy we may actually measure in the existing
cataract, and so fix upon w unit of time that can be teanstated into
yeurs.

In order to sceure the normel rate of recession of this Upper
Great Gorge, we should add to the volume of water in the Canadian
Full that now passing over the American; and for the reason that
the Blocks which fall from the eataraet corniee and are the tools
of the drilling insfrument approximate to o definite size fixed by
their joint planes, the effect of this wdded energy it s not easy
to estimate. We muay be sure, however, that the drilling action
wordd he somewhat tnereased by the junction of the two Fulls,
and Lhas wre assured that the sverige rute of recession within the
Upper Great. Gorge has been somewhat in exeess of the five feet
per vear determined by Gilbert for the present Canadian Bl
The Upper Great Gorge is about two milex iu length, and its begin-
ning may thus be dated near the dewning of the Christian Era.
The Whirlpool Gorge was eut when the ice vucated the North Bay
Outlet in Canada, and still lay as a broud mantle over alt north-
enstern Canada. For the earlier gorge and lake stuges, the time
extimates are hardiy nore than guesaes, and we need not now con-

cern oursefves with them.

The horologe of late glacial time in Scandinavia. — A glacial
timepieee of somewhat diffecent (onxtr\uhon and of greater refine-
nuent has been mude use of in Scandinavia to derive the “ geo-
chronology of the last 12,000 vears.”  Instead of retreating over
the land and impounding the drainuge ns it did so, the latest con-
iinental glacier of Seandinavia ended below sea level, and as it
rotired, its great subglacial river laid down a miant esker known as
the Stockholm Os, which was bordered by a delta und fringed on
cither side by water-laid moraines of tbe block type. These re-
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cessional moraines are upon the average less than 1000 feet apart,
and are believed to have each been formed in a single season.  The
deitn deposits which surround the esker are of thin-banded clay,
and as an additional uppermost band is found outside every mo-
raine, these bands are also believed to represent each the delta
deposit of a single year. In studies extending over many vears,
Baron de Geer, with the aid of a large body of student heélpers,
has succeeded in completing u count of moraines and clay layers,
and =0 in defermining the time 1o be 12,000 years since 1he ice
front of the latest continental glacier lay across southern Sweden.
The Jertility of econception and the thoroughness of execution of
this epoch-making investigation recommend its conclusion fo the
scientific reader.
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CHAPTER NXVI
LAND SCULPTURE BY MOUNTAIN GLACIERS

‘Contrasted sculpturing of continental and mountain glaciers. —
I thsenssing ina previous chapter the rock pavement lately un-
covercd hy the Greenland glacier, we learned that this surface had
been lowered by the processes of plucking mnd abrasion, the com-
bisted effect of which is wwavs to reduce the irregularitios of the
surface, soften its outlines, and from sharply projecting masses to
develop roundert shoullders of rork — roches snpulonnées.

Though the same proacesses uet in wmuch the sume manner beneath
mountsin glaciers, though here upon all parts of the hed, they are,
in the earlicr stages at leust, subordinated to a third process maore
iaportant thun the {wo aeting together.  Sculpture by roountain
glaciers, instend of reducing surface irregularitics and softening
outlines, increases the accent of the reliel and produces the most
sharply ragged topography that is known.  In nearly all places
where Alpinists resort for difficult rack climbing, mountain gla-
ciers ure to be seen, or the evidence for their former presence may
he read i unmistakable characters,

Wind distribution of the snow which falls in mountains. —
U'ntil quite recently students of glaciation have concerned them-
sefves but little with the work of the wind in lifting and redis-
tributing the snow after it has fallen. We have already seen that,
for the continental glaciers, wind appears te be the chief trans-
porting agent, if we except the marginal lobes where glacier fow
assumes large importance.  Tn the casc of mountain glaciers, also,
we are to find that for the earlier stages particularly wind is of the
first importance as a redistributing agent. In the higher levels
snow is swept up from the ground by all high winds, and doees not
find a resting place until it is dropped beneath an eddy in some
irregularity of the surface; and if tbe inberited surface be rela-

367
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tively smooth, this will he found in niost cases upon the lee of the
mountain crest,

[n normal cases at least the inberited irvegularities of the higher
zones of mountain uplund are the gentle depressions which develop
at the heads of streams.  These hecome, then, the sites of snow-
drifts that are augmented in size from yeur to year, though at
firat they melt away in the late sunmoer.

The niches which form on snowdrift sites. — Wherever a drift
is formed, a process is set in operation, the effect of which is to
holiow out and lower the ground beneath it, & process which has
been called wivation. The drift shown in Fig. 390 was photo-
grapbed in late summer at an elevation of some 9000 feet in the
Yellowstone Nuational Park. The very gently sloping surface

Fie. 380. — Svowdrift hollowing its bed by nivation and buildive a delta (at the
le(t). Quadrant Mouuntain, Yellowstoue National Park.

surrounding the drift is covered with grass, but within a zone a
few feet in width on the borders of the drift no grass is growing,
and in its place is found a fine brown soil which is fast becoming
the prey of the moving water derived by melting of the drift.
This is explained by the water permeating the crevieces of the rock
and being rent by the nightly freezing.  Farther from the drift
the ground is dry, and no such action is possible.  With each sue-
ceeding spring the augmenied drift as it mels carries all finely
comminuted rock materia) down slopes beneath the snow 10 emerge
at the lowest margin and be there deposited in the form of a delia.
By the operation of this process of nivation the higher parts of the
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drift site are lowered as deposition goes on upan the Jower.  The
combined effect is thus to produce aniche or Saingly ofehed amphi-
theater upon the slope of the mountain (Fig, 301).

Fre. 391 — Amphitheater formed on a <drift site in northern Luplund  (after o
photogruph by G. von Zahn).

The augmented snowdrift moves down the valley — birth of
the glacier. — In still lower wir temperatures the drifts enlarge with
each suceeeding vear until they endure throughout the summer
season.  From this stage on, antinerement of snow is left from each
succeeding season.  No longer entirely wasted by melting, the
time soon comes when the upper snow layers will by their weight
compress {he Jower into ice, and the mass will begin to creep down
the slope aloug the course of the inherited valley. The enlarged
snowdrift which Teeds this ice strean: is called the névé or firn.

Against the sloping eliff which 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 a cleft or crevasse

29
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parallel to the wall. This erack in the snow ix called by its Ger-
man name Bergschrund or Randspalte. and may perhaps be re-
ferred to as the marginal erevasse
(Fig. 392).

The excavation of the glacial
amphitheater or cirque. — It has
heen found that the marginal cre-
visse plays a most important role
i the sculpture of mountains by
glaciers, for the preat amphitheater
which is everywhere the collecting
hasin for the nourishment of moun-
fain glaciers s noto an inherited
feature, but. the handiwork of the
ieeitself. This was the discovery
of Mr. W.D. Johnson, an American
topographer and geologist, who, in
order to solve the problem of the
————— miphitheater allowed himself to he
Fie. 892, — The marginal crevasse or - {gwered into such a erevasse upon

Bergschrund on the highest margin .

of u glacier (after Gilbert), the Mount Lycll glucier of the

Sierra Nevadas in California,

Let down a distance of o hundred and fifty feet, he reached the
hottom of the crack, and in a drizzling rain of fhaw water stood
upon a floor composed of rock masses in part distodged from a wall
which extended some twenty feet upwards upon the ¢liff side of the
crevasse, 1t was evident thaet the warm air of the day produced
the thaw water which was constantly dripping and which filled
every crack and cranny of the rock surface.  With the sinking of
the sun below the peaks the sudden chill, so eharacteristic of the
end of the day in high mountains, causes this water to freeze and
thus rend the rock along its planes of jointing. Broad and thin
plates of ice, lnosened by melting at the walls, could be extracted
from the crevices of the rock as mute witnesses to the powerful
stresses developed by this most vigorous of weathering processes.

In short, the rock wall above the glacier, which in its initial
stage was the upper wall of the niche hollowed heneath the snow-
drift, is first steepened and later continually both recessed and
deepened by an intensive frost rending which is in operation at
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the base of the marginal crevasse. The same process does not go
on as rapidly above the surface of the névé for the reason that the
necessary wetting of the rock: surface does not there so generally reswlt
Jrom  the daily swmmer thaw.
At the bottom of the marginal
crevasse alone is this condition
fully realized. Intensive frost
action where the rock is wel with
thaw waler daily is thus a
fundamental cuuse, both of 1he
hollowing of the early drift site
to form the niche, and of the
tater enlargement of this niche
into an aphitheater or cirque — = *
e (e Gt b been trans. P 25 Nl e me
formed into the névé of u Wyoming. 4. 4. uomodificd valleys
L:l:u‘i(-r. Inasmuch as the cre- B, B, niches on drift sites: ', €, cirques
vasse forms where thesnowand ' T'_"'A\"Iljnsllf_:.“('r (“‘“"r wap by
ice pull away from the rock
toward the middle of the depression, the cirque wall in s early
stage has the outline of a semicirele.  In the Bighorn Mountains
of Wyoming, all stages, from the unmadified valley heads to the
full-formed cirque, may he seen near
[ one another (Fig 303). Tt will be
noted that wherever a glacier has
formed, as indicated by the cirque.
there ix a series of lakes which have
develaped in the valley below (see
p. 412).

Life history of the cirque. —In its
earliest stage the cirque is jnore or
less aniformdy supplicd withe snow
from all sides, and so it enlarges by
recession in a manner to retain its
early sernicirculur outline.  In a later
Fie. 394, — Subordinate small cir-  stage a larger proportion of the snow

ques in the amphitheater on the  ragehes the cirque at its sides so that

west face of the Wannehorn .

its further enlargement causes it to

above the Great Aletsch Glacier
of Switzerland. broaden and {o flatten somewhat that




Fra. 395, —  Biscuit cutting ™ effect of glacial seulpture in the Uint:e Monntaine of
Wyoming (after Atwoad).

part of jts outline which represents the head of the valley (Fig.
398, p.364).  Asthe territory of the uplund s still further invested
by the eirques. their nourish-
ment becones still more irreg-
ulur, and the circudur outline
gives place ta a0 sealloped
border, as the wmphitheater
becomes  differentiated
~rualler

it
subordinate cirques,
cach of whieh curresponds to «
seallop of the outline (Fig. 398
and Fig. 394).

Grooved and fretted wup-
lands. — The  partinl
ment by eirques of a mountain
upland yields o type of topog-
raphy quite unlike that pro-
duced by any ather geologieal
process.  The trregularly con-
nected remnunds of the inher-
ited upluand resemble nothing
S0 much ux o luyer of dough
from which hixcuits have been

invest-

FiG.

396. — Two
cones representing glaecial cirgu

inverted
s of dif-

intersecting

ferent sizes, to show that theis intersec-
tion is the arc of a byperbola, the curve
to which the col approximutes,

cut (Fig. 395).  Thesurface as
a whole, furrowed as it is below



8. Model of the Mulaspina Glacier and the fretted upland above it (after model by
L. Martin).






A. Contour map of a grooved upland, Bighorn Mountains, W yoming
(U. 8. Geol. Survey).

W RN Y Y

< SR TN
B. Contour map of a fretted upland, Philipsburg Quadrangle, Montana
(U. 8. Geol. Survey).
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the cirques. mny he deseribed as a groored wpland {plute 19 A).
A further continuation of the proce-s removes all traves of the
exrlier upland, ©or the cirques intersect from opposite sides and
thus yield palisades of sharp rock pinnacles which vise on pre-
cipitous walls from n terraced floor.  This ultimate product of
cirque sculpture by glaciers is called a fretted upland (plate 18
Aand 19 B).

The features carved above the glacier. — The ranges of pin-
nucles enrved out by nountain glaciers fuve hecome known by
various names o Toreign derivation, such as erde, gral, aiguile

Fuu. 397.— .1 col shaped like a hyperbola between Mount &ir Donald and Yogo
Teak in the Selkirks (after a plate by the Keystone Plate Co.).

mountaing, ‘' files of gendarmes,” ete. They may, perhaps, be
best referred to ns comd 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
bave made their attack, the area from which winds may gather
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up the suow is steadily diminished, and lhence cirque recession is
corvespondingly retarded.  Cirques which have approached each
other from opposite <sides of the ridge until they have become tan-
rent at one point mav. however, still receive nourishment at the
sides and so continue to cut down the intervening rock wall to
form w pass or cal. The theoretical curve which results from

this intersection is that

known ax the haperhola,

Erpen !
g ) ol which an illustration

6? Q is afforded by Fig. 396,
ﬁ 7 G

Grooven Umano
(yourt)

An approsimation to this
form i~ clearly furnished
V4 hy ost of the mountain
passes in glactated moun-
tain districts, and u par-
ticularly good illustration
i= furnished  from  the

(T Lo 4D viemity of Glacier on the

Ccsod line of the Canadian Pa-

on. — Disgrains o illnstrate the progree. (NG Railway (Fig. 397).

sive investment of an uplund by cirques with Upon either side of the

the formption of comb ridges, cols, and horns. ¢l the land mass is left
1, e tage, youth : 1l intermediate stage:

in high relief, rising from
a more or less triangular
hase (Fig., 39%, IT1) into a sharp born or tooth. An illustration
of such a horn ix furnished by the Matterhorn in the Swiss Alps,
or by Mount Sir Donald in the Selkirks, though less noteworthy
examples may be found in every maturely glaciated mountain
distriet.

The features shuped beneath the glacier. — Those features
which are curved above the glacier — the comb ridge, the col.
and the horn— are all shaped as o result of intensive weathering
upon the cirgue wall.  The shaping at Jower levels is accomplished
by processes in operation helow the glacier surfuce, where weather-
ing is excluded and where plucking nod abrasion work together
to tear away and grind ofi the rock surface. By their joint action
the valley is both deepened and widened, directly to the height of
the glacier surface, and indirectly through undermining as far up
as rock extends.  Thus the vallex is transformed into one of broad

111, late stage, maturty
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and flat bed and precipitous side walls — the U-shaped section
illustrated by valleys of the - Alps and in fact o all districts
which have been strongiv glaciated by wountuin gluciers (Fig.
399).

As high up in the valley as it bas been occupicd by the glacier,
the bed is rounded, smoothed, and polished, and warked by the
characteristie glacial scorings or
striz which point down the val-
ley. Above the level of the gla-
cier's upper surfuce, on the other
hand. crosion s accomplished
through undermining or sapping,
a process which always leaves
precipitous slopes of ragged sur-
face made up of the joint planes Fre. 399.— The U-shaped Kern valley
on which the fallen blocks bave e Hevadon of Califorua

. (after W. B. Scott).
separated from the clifi.  Thus
there is found a sharp line which separates the smoothly rounded

Fic. 400, — Glaciated valley wall in the Sierra Nevedus of California, showing the
sharp line which separates the abraded {rom the undermined rock surface (after
» photograph by Fairbanks).



376 EARTH FEATURES AND THEIR MEANING

rock surface below from the jagged und precipitous one above
(Iig. 400).  Inazmuch o~ this boundary usually separates the
sealable from the inaccessible slopes above, spow is apt to lodge
af this level and make it strikingly
If uplift of the land occurs while gluciers oceupy the vadleys of
mountaing, an inereased capacity for deepening the valley is im-
parted o these ice
streams, and we find,
as a result, a deep
central valley of U
cross  section  exea-
vated within a rela-
tively broad trough
visible  above  the
shoulder oneitherside
of the later furrow.
Save onlv for its
characteristic curves,
Fia. 401 — View ul'_llm Vale of ('hanm_nix from the cuch a valley Dears
scrucs of the Glacier des Bossons.  The alb of the N
epposite side is well brought ot

parent.

close resemibluance to
anature stream val-
Tey which hias been rejuvenated (see p. 173 The remnants of the
carlier glacier-carved valley are, as wlready stated, gently curving
Ligh terraces so commoun in Switzerland, where they are known as
albs or high mountain meadows. These albs may be seen ta special
sdvantage on the sides of the Chumonix valley (Fig, 401), the
Lauterbrunnen valley, orin fact almost any of the larger Alpine
valleys.

The cascade stairway in glacier-carved valleys. — If now, instead
of giving our attention to the cross xcetion, we follow the course
of the valley that has been occeupied by« glacier, we find that it
descends by a series of steps or terraces having many hackwardly
directed treads (plate 19}, whereas a normal and wellestablisbed
river valley has only forward grades. Because of these buck-
ward grades the stream waters are impounded. and so lakes
are found strung along the valley in chains ws the larger beads
are found 1 a rosary, and these are the charneteristic rock basin
lakes sometimes referred to as “ Paternoster Lakes " (see p. 412
and Fig. 402).




Prate 20

Map of the surface modeled by mountsin glaciers in the Sierra Nevadas of Calilornia
(after I. C. Russell),
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When the backward grades upon the valley floor are especially
stecp, the rock step hecomes a roew bar. or Ricgel, of which nearly
every Alpine valley has its examples. In a walk from the Grimsel
to Meiringen many such bars are passed.  Carrving in suspension

the sharp rock sand from the glacier deposits along its bed, the

6.

.— Map of an area orar the continental divide in Colorado, showing an
unglaciated surface to the swest of the divide, where the westerly winds have eleared
the ground of suow, und the glacicr-carved country to the eastward.  Note the
reular forms of the youthful eirque, the glacicr stairway, and the rock basin lakes
(U. 8. G. 8.).

stream which succeeds to the glacier as 1t vacates its valley saws
its way through these ohstructions with a rapidity that is amazing,
thus producing narrow defiles, of which the Gorge of the Aar near
Meiringen and that of the Gorner near Zermaft are such well-
known examples (Fig. 403).

[t is characteristic of rivers that the tributaries cut their val-
levs more rapidly than does the wain stream within the neighbor-
ing section. though they cannot cut lower than their outlets —
the side streams enter accordantly. This is easily explained be-
cause the grades of the tributary streams are the steeper, and, as
we well know, the corrasion of a valley is augmented at a mosé
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amazing rate for cach increase of its grade. No such law controls
the processes of plucking und abrasion Ly which the glasier lowers
its loor, for these processes
appear {0 depend for their
efficiency upon the depth of
the ice, and the supply of
cutting tools, quite as much
as upon the grade of the
bed. To apply a homely
illustration, the hLollowing
of flugstones upon our walks
is dependent more upon the
number of persons that pass
over them, and upon their
size and the number of pro-
truding nails in their boot
heels, than upon the grades
upon which they are placed.
At all events we find that
the main glacier valleys are
cut deeper than the side
vallexs, so that the latter
Fic. 403. —Gorge of the Albula River near become hanging ralleys —
Berkuni in the Engadine, cut through arock  they enter the main valley,
bar by the river which has succeeded to the it .
sarliordasier. not upon its bed, hut some
distance above it (Fig. 404).
The U-shiaped hanging valleys, like the main valley, are much
too large  for  the
streams which now fill
them, and  these di-
ninutive side streams
plunge over the steep
wall of the main valley
i ribbon-ike falls so
thin  that the wind X
turns them aside and  \ 3
. . RRONNS
disperses the water in - ; :
‘ . Fic. 404. — [dealistic sketch showing both glaciated
the spray of a “ bridal 5 non-glaciated side valleys tributary to a giack-
veil.” Such falls are  ated main valley (after Davis).
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found by the hundred in every glaciated mountain district, impa t-
ing to it one of the greatest of its scenic charms.

U valley

U-valtey

Fi6. 405, — Charactor profiles in landscapes sculptured by mountain glaciers.

The character profiles which result from sculpture by mountain
glaciers. — The lines which are repeated in landseapes carved by
mountain glaciers are easy to recognize (Fig. 405). The highest
horizon lines are the outlines of horns which are scparated by cols.

F16. 406. — Flat dome shaped under the margin of a Norwegian icv rap with pro-
jecting rock knobs and moraines in foreground.

Minaret-like palisades, or “ files of gendarmes,” often run for long
distances as the characteristic comb ridges. Lower down and



380 EARTH FEATURES AND THEIN MEANING

lacking the lighter background of the sky, we make out with less
distinctoess the U-valley, either with or without the albs to show
that the sculpturing process has been interrupted by uplift.

The sculpture accomplished by ice caps. — In the case of ice
caps, the only rock exposed is found in the neighborhood of the

F1g. 407. — Two views illustrating succcssive in the shaping of tinds

or " bee-hive' mountair

margin — the projecting islands known as nunataks. Tt is es-
sential for the existence of the ice cap that the rock basc should
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have relatively slight irregularitics compured to the dimensions of
the cap itself. Except in very high latitudes this base must be
somewhat elevated, for like mountain glaciers ice caps are nour-
ished by the surface air currents, and their snows are deposited
above the snow line.

The Norwegian tind or beehive mountain. -— Within femperate
or tropical elimes the snow line lies so high that only the loftier
mountiins are able to sapport glaciers. It follows that those
which are formed flow upon relutively high grades with corre-
spondingly high rate of movement and inereased cutling power.
Within high latitudes the <now ix found pearer the sea level, and
glaciers are for the most part correspondingly Suggish in their
movements as well as Jess active dennding agents.

To this condition charneteriztic of high bvitude glaciers, there
is added in Norway another in the peeuliar shape of the basement
beneath the recent and the still existing gluciers.  The plateau of
Norway is intersected by a network of deep and steep walled fjords,
and the gluciers have developed as small ice caps perched upon
veritable pedestals of rock, over the marging of which their out-
let tongues of ice descend on steep slopes into the fjord.  The tops
of the pedestais thus come to be shaped by the plucking and abrad-
ing processes into Hat domes (Fig. 406), while the knobs of rock,
which as nunataks reacl above the surface of the ice, divide the
outflowing ice tongues at the margin of the pedestal. These
tongues being much niore active denuding agents, because of their
steep gradients, continually lower their beds, thus transforming
(e carlier knobs of rock into high and steep mountains of more or
less cireular base,  Such ** beehive ™ mountains upon the margins
of the fjords are the characteristic Norwegian finds (Fig. 407).
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CHAPTER XNXVII

SUCCESSIVE GLACIER TYPES OF A WANING
GLACIATION

Transition from tbe ice cap to the mountain glacier. A study
of existing glaciers leads inevitally to the conclusion that although
subject to short period advances and retreats, vet, broadly speak-

p s
- FROIATING e
Denoriric GraciERs HORSESHOE
GeATER GLACIERS

Fr6. 408. — Schematic diagram to show the relationships of glacier tvpes formed
in succession during a receding hemicyele of glacintion.

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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Many mouatain districts which now support small glaciers only,
or none at all, were onee nearly or quite submerged beneath snow
and e, D onee covered by an dee carapace or eap, vur present
inferest in them begins at that stage of the receding hemiey cle

when the rock surfuce has wade s reappearance abive the surface
e intensive frostwork, the che

of the snoe=fee mass. AU his
feristic high level weathering, hegins, and cirques develop above
the sears of those earlier amphitheaters formed in the advaneing
hemievele.

The piedmont glacier. — In this carly stage of transition from
the iee cap to the wountain glacier, the ice flows outward to the
mountain frout in ill<lefined streams divided by the projectiog
ridges, and upon reaching the mountain front these streams deploy
upon it so as to coalesce in a great stagnant ice apron whose upper

surfuce slopes gently forwurd at an angle of a few degrees at the
wmost. (Fig. 408, stage 1), This is the pledmont glacier, a type

. the hest known of exsting
115,

Fio. 408. — Map of the Maluspina glacier of Alasl
piedmont glaciers (after R

found to-day in the high latitudes of Aluska and in the southern
Andes (Fig. 409 and pl. 18 B). :

During this stage the cirques may be but poorly defined, and
ice flows in both direetions from rock divides so that the streams
transect the range, and later, after the glaciers have disappeared,
may expose a pass smoothed and polished upon its floor and with
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strim directed in opposite directions from the highest point.  The
pass of the Grimsel in Switzerland furnishes an excellent illustra-
tion of such ewrlier transeetion of the range,

The expanded-foot glacier. -— Axair temperatures continue (o be-
come milder, the dacier streams within fhe mountasins are less decep
and hienee more elearly
defined, and instead of
conlescingupon the monn-
fain forcland, fhey now
ssue from the mountains
to form individual aprons
and are described as er-
panded-foot glaciers (Fig. b
408, stage 1I, and Fig. T 410.—Map of the Baltoro glacier of the
202, P 264). Hir a typieal glacier of the dendritie

The dendritic glacier. e
— 26l later in the hemicvele nourishment of the glaciers is di-
minished as depletion from melting juercases, so that the glacier
streams no longer reach to the mountain front. Branches con-
tinue to enter the main valley from
the several side valleys like the short
branclies of u tall tree, and because of
thi= arrangement xuch a ghacier iy
be deseribed as a dendritic glacier
(Fig. 408, stage 111, and Fig. 410).

Inasmuch as the depletion from
melting increases ut a rapid rate in
descending to lower levels, the tribu-
tary glacier valleys “ hanging " above
the main valley in the lower stretehes
become separated, and may continue
to exist as series of hanging glacierets
upon either side of the main valley be-
jow the glacier front (Fig. 408, stage
111, and Fig. 411). It must be clear
> from this that any attempt to name
Fra. 411, —The Triest gacier. » each separated ice stream without

i’;:’g’é’ft‘i“c';l'f:;i‘m;::ﬁ“’:‘; regard to its relationship must lead
shich it was lately a tributary. t0 endless confusion, for glacier size
2c

Baa)
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1~ 0o such seasitive adjostinent to air temperature that a fall or rise
of a few degrees only in the average annuad temperatore of the dis-
triet ay prove sufficient to fuse nuny glaciers into one or separate
one iee nuss into many =maller ones.

When in high latitudes o dendritic glacier descends in fjords
fo helow the level of the sea, it is attacked by thie water i the same
manner as sre te outlets of Greenlnd glacers, and is then known
asa” tidewater glacier,”
which muy thus he o
subtype or variety of the
dendritic glacier  (Fig.
412).

The radiating { Alpine)
glacier. — [ the pro-
gressive wastings of
dendritic glaciers. there
comes a time when their
dendritic ontlines give
place to radiafing ones.  Attention T already heen called tothe
division of the eirque info subordinate hasins separated hy smal
roeh arétex and vielding o markedly scalloped border (Fig, 304,
o371 When the iee front refires (rom the main valley into one
ol these mature eirques, the now wasted ice stream is broken up
into subordinate glacierets, each of which oveupies one of the
hasinswithin the larger eirque, and these ice streams
flow together to produce a glacier whose compo-
nent elements radiate Jike the sticks within e lady's
fan (Fig. 408, stage IV, and Fig. 413).

The horseshoe glacier. — As the glacter draws
near to its final extinetion. it is crowded hard
against the wall of the amphitheater in which it
has =0 long been }louri\'h(—‘d. Up to this stage it Vio, 415 — Map
hax offered 5 xwelling frond outwardly convex as 2 5f \he Rotmoos
cdirect consequence of the laws controlling its flow. glacier, o radi-
No longer amply nourished, for the first time its ating  glacier
. ' . . . . of Switzerland
front is hollowed, and it awaits its final dissolu-  (GyperSonklar).
tion curled up agaiast the cirque wall (Fig. 408,
stage V, and Fig. 414). Practically all the glaciers of the United
States and southern Canada are of this type.

ut oty of dendritic glacicr (after o
map by Gannetty.
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The above classification is one depending directly upon glacier
nourishment, and hence also upon size, and upon the stage of the
glacial hemicyele. In order to determine the type of any glu-
cier it i- ury to koow the outlines of the mountain valley

° B H 1 [l 2 miles
L | ] | |

TFro, 414, — Outline map of the Asulkan glacier in the Selkirks, « typiesl horseshoe

glucier,

— its divide — and those of the glacier or glaciers within it. Tt
is likely that the types of the advancng hemieyvele of glaciation
would be muech the same, save only for the »wew-born or nivation
glacier, which would he as different ax possible from the borse-
shoe fvpe. fo which in size it corresponds.  Upon the continent
of Antarctica, where the absence of uny generul melting of the ice,
evenin the sunimer season and near the sex level, introduces special
conditions, some additional glacier types wre found, wlich, how-
ever, it is not necessary thut we consider here.

The inherited-basin glacier. — It may be, however, thut pla-
ciers have developed, not upon mountains shaped o cyele of
river erosion, nor vet in suceession fo an iee cap, as in the nor-
mal < which we have considered.  On the contrary, glaciers
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may 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

Milos
b e s e

Fia. 415, — Outline map of the Tilevillewaet glucier, an inherited-basin glacier in
the Selkirks. :
the glacier.  Glaciers which develop under such conditions may
be described as inherited-basin glaciers.
A partly closed basin between ridges may supply a collecting
ground for spows carried from neighboring slopes by the wind,
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and so may yield a hroad névé, approaching in size a small ice cup,
vet without developing definite iee streams except upon its border.
Such a glacier is the Hlecillewaet glacier of the Selkirks (Fig. 41a).
Again in low latitudes the high and pointed voleanie peaks
may push up bevond the snow line inte the upper atmosphere,
and <o become snow-capped.  Definite cirques do not develop well
under these circumstances, and the loose materials of which such
ks are always composed are attacked in somewhat irregular
fashion from the different sides.  This is the case of Mount Ranier
and similar peaks of the Caseade runge of North Ameriea.
Summary of types of mountain glacier.— In tabular forom the
various types of mountain glacier may he arranged s follows: —

er
1

MOUNTAIN GLACIERS

Picdmont glacier.  Mountuin valleys entirely weeupied and largely
submerged, with overflow wupon the foreland to form a ecommon ice apron
through coalescence of neighboring streams.

Exrpanded-foot glacier.  Valley entirely occupied and an overflow upon
the foreland sufficient to produce individual ice apron.

Dendritic glacicr. Valley not completely occupied it with tributary
ice streams ranged along the sides of the main stream, and with hanging
glacierets separated near the glacier feat.

Radiating glacier. (Hacier Jargely included in a rirgue with aubordi-
nate glacierets converging below like the sticks in a lady™s fan.

Horseshoe glacier. Small glacier remnants hugging fhe ecirque wall
and having an incurving front.

Inherited-hasin glacier.  Of fotm dependent on a hasin inherited and
not shaped by the glacier itself.
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CHAPTER XXVIIL

THE GLACIER'S SURFACE FEATURES AND THE

DEPOSITS UPON ITS BED

The glacier flow. — The downwurd flow of the ice within a
mountiin glacier has been the subject of many investigations and

the topie of many heated diseussion:

nee the time when Louis

Agnssiz o his compardons set o line of stakes aeross the Aar

Fr6. 416.— Diagrum
taillustrate the mi-
grations of lines of
stakes crossing a
glacier, due to it
surface movement,

original and dis-
torted forms of a
pquare section of
the glacier surface
near its mugng v,
7', ~diagonal  ere-
vasses.

ghieter and numbered the surf bowlders in
preparation for repeated observations.  Their

first observation was thalo the line of stakes,

which had run straight across the glicier, was
distorted into i curve which was eonvex down-
stresun (Fige 4610 AN thus showing thaf the
surface lavers have more rapid motion in pro-
are distant from the side mar-
gins. Sommarizing these and later studies, it
nuy be staded that the glacter inerenses its rate
of mation from its side margin towards its cen-
tor line. from its bed upwards towards its sur-
{ace, and helow the névé the velocity is greatest
where the fall is greatest and also wherever the
cross section diminishes. In all these particu-
lars, then, the ice of the glacier behaves like a
stream of water. The average rate of flow of
Alpine glaciers varies from a few inches to a few
feet per day. and is greater during the warm
summer season.  The Muir glacier of Alaska
has been shown fo move at the rate of about
seven feet per day.

In traveling from the névé downward to the
glacier foot. the snow not only changes into

portion ws they

ice, but it undergoes a granulating proces= with continued increase
in the size of the niodules until at the foot of the glacier these may

390
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be picked out of the partially melted ice as articuluting balls the
size of the fist or larger. Glacier ice has therefore u structure
quite different from that of lake ire, <ince the Litter is developed
in parallel needles perpendicular to the freezing surface.
Crevasses and séracs. — Prominent surfuce indicutions of gla-
cjer movement are found in the open ¢ s, which
are the marks of its vielding to tensional stresses.  Crevasses
wre apt to run either directly aernss the glacier, wherever there is
i steen deseent upon ils hed, or dizgonally, rimning in from the
wer (r.orors of Fige 416), thaugh they
asionally run longitudinally with the glacier when there s

ROOF (Terasse

margin and direeted up-gh

LR
wrock terrace al the side of the valley beneuth the e The
dingonal crevasses st the glacier margin are due to the more
sluggish movement where the ice is held back by frietion upon the
walls of the valley. as will be clear from Fig 416, The syuare a
hus by this movement beeu distorted into the lozenge o, o that
the line 2y has been extended into o'y, with the obvious tendeney
to apen erue
Every glaci
terraces, which are well understood to overlie cotresponding steps
of the
(plute 195, The steep risers of these sfeps are usually marked
by parallel erev
of the sunm, which strike thems more from oue side thau from
the other, the slices intu which the ice
ix divided are transformed into sharp- :
cued blades and needles which are
known as séracs (Fig. 401, p. 376, and
Fig, 417).
The numerous crevasses tell us thut
the ice js many times wrenched apart at the fall below ¢
during its journey down the glacier, ~ transformed by unsvmmetri-
. . eal melting into séracs.
This has been  illustrated by some-
what grewsome incidents connected with accidents to Alpinists,
but as they illustrate in some ineasure both the mode and the rate
of motion of Swiss gluciers, they sre worthy of our vonsideration.
Bodies given up by the Glacier des Bossons. — In the year
1820, during one of the earlier ascents of Mont Blanc. three guides
were buried beneath an avalanche near the Rochers Rouges in

iu the direction ss.

s osurface below its névé i murked hy steps or

we stairway to he ~cerein all vaeated glaeier valleys

ses which cross the ghieier. Under the rays
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the névé of the Glacier des Bossons (Fig. 418). In 1838 Dr
Forbes, who had meusured the rate of flow of a number of Alpin
glaciers, predicted that the hodies of the vietims of this aceiden
would be given up by the glacier after beng entombed from thirty
five tu forty years. In the year 1861, or forty-one years after th

Fie, 41n. —View of the Glacier des Bossons upon the slopes of Mont Blane show
ing the position of sccidenta to Alpinists and the place of reappearance of thei
bodies.

disaster, the heads of the three guid ated from their hodies,
with some hands and fragments of clothing, appeared at the {aot
of the Glacier des Bossons, and in such a stufe of preservation that
they were easily recognized by a guide who hud known them in
life. Inusmuch as these fragments of the bodies bhad required
forty-one years to travel in the ice the three thousand meters
which separate the place of the uccident from the foot of the
glacier, the rate of movement was twenty centimeters, or eight
inches, per day.

Various separated parts of the body of Captain Arkwright, who
bad been lost in 1866 upon the névé of the same glacier, reap-
peared at its foot after entombment in the ice for a period of thirty-
one years. To<lay the time of reappearance of portions of the
bodies of persuns lost upon Mont Blanc is rather accurately pre-
dicted, so that friends repair to Chamonix tg await the giving up
of its victims by the Glacier des Bossons.




THE GLACIER'S SURFACE FEATURES 393

The moraines. — The horns and comb ridges which rise shove
the glacier surface are continvally subjeet to frost westhering,
and from time (o time drop their separated fragmients upon the
wlacier.  Falling u~ these do from considerable heights. they reach
the ice under a high veloeity, and rebounding, sometimes travel
well out upon its surface before coming to a1 temporary rest. . Upon
a fresh snow surface of the névé their tracks may somefhmes be
followed with the eye for considerable distances. and their fall
is w constant menace to Alpine elimbers.  Below the névé the
larger nuinber of such frog-
wents remain near the o
cliff, und the lines of flow N
of the ice within the gla- U
cier surfuce e sueh that
blocks which reach points
farther out upon the gla-  Fio. 419, — Lines of flow upon the surfuce of the
Hintercisferner glacier in the Alps (after Hess).

cier ure Iater gathered in
beneuth the clifl at the side (Fig. 419).  The ridge of angular rock
débris which thus forms at the side of the glacier is called a
laterol moraine (see Fig. 411, p. 383, and Fig. 420).

At the juunction of two glacer
streams, the laterid moraines are joined,
and there move out upon the jce sur-
face of the resuttnd glacier us a medial
moraine.  Thus from the number of
medial moraines upon a glacier sur-
fuce it is possible to =uyv that the im-
portant tributary glaciers number one
more (Fig. 420).

The plucking and abrading processes
in operation heneath the glacier, quarry
the rock upon its bed, und after shap-
ing and smoothing the separated rock
. —Lateral and medial {ragments, these are incorporated with-

moruines of the Mer de glace in the jower lavers of the ice as engla-

aud it tributary feo streams. oy el déhris, In spaces favorable
forits accumulation, a portion of this material, together with much
finer débris and rock flour, is Ieft. behind as a ground moraine
upon the bed of the glacier (sec Fig. 421).
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AC the foot of the glacier the refatively angular rock débris,
whieh has been earried upon the surface, and the soled and polished
englaciad materiad fromn near the bottom, are alike deposited in a
common nirgingl ridge known as the terminal or end moraine
(plate 21 BB).

Selective melting upon the glacier surface. — The white sur-
face of the glacier genernlly reflects i large proportion of the sun’s

— Ldeal eross-section of w mountain glacier to show the position of
aines und other pecnliarities charucteristic of the surfice of the bed

rays which reach it, and its more rapid melting is largely accom-
plished through the ageney of rock fragments spread upon its
surface. Such fragroents. however, promote or retard the melting
process ininverse proportion to their size up to a certain limit,

m =Layer warmed by sun,
Fra. 422.— Fragments of rock of dificrent sizes, to bring out their different
effects upon the melting of the glacier surface.



A View of the Harvard Glacicr, Alaska, showing the characteristic terraces (after
UL 5. Grangy.

B. The terminal moraine at the foot of a mountaio glacier (after George Kinney).
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and above that size their action is always io profect the glacier
from the sun.  This nice adjustment to the size of the rock frag-
ments will be clear from examination of Fig 422, for rock is »
poor conductor of heat, and in cven the longest summer day s
thin outer layer only is appreei-
ably warmed.  Large rock blocks,
wrouped in the medial and lateral
moraines, hold back the process of
lowering the glacier surfuce during
the sunmer, so that late in the
season these moraines stand fifty
feet or more above the alucier as
armored ice oidges.

Isolated und large roek sfabs as
the season advances, may come to
form the capping of wniee pedestal 1, 423 — sl gl
which they overlemg and are known the surface af the
us glacier tables (Iig. 123). Such placieriuy JHE.
tables the sun attacks more upon one sidde than upon the other,
<o that the slab inclines more :nil more to the south :od may
eventually =lip down until its edges rest against the glacier sur-
face.  Rounded bowlders, which
upon ice pedestals, may, from o similar process, slile down upon
the southern side and leave a pyramid of jee Turrowed upon this
side and known as an ice pyromid.

Fine dirt when scattered over the glacier «urface is, on the other
hand, most effcetive in lowering its level by melting.  Use was
made of this knowledge to lower the great drifts of snow which
had to be removed each season during the construction of the
new Bergen railway of southern Norway. Each dirt particle,
being warmed throughout by the sun’s rays, melts its way rapidly
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 are near together, the thin walls which separate
the dust wells are attacked from the sides in the warm air of sum-
mer days, thus producing from a patch of dirt upon the glacier
surface a bath tub (Fig. 424 ¢). At night the water which fills these
basins is frozen to form a lining of ice ncedles projecting inward
from the wall, and this, repeated i succeeding nights, may

ier able upon
at Aletsch

frequently becorne perched
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cntirely close the basin with water ice and procuce the familiar
glacior star (Ko 424 ¢).

If the dirt upan the glacier surface, instead of being scattered,
is 50 disposcd as to make o pateh completely covering the ice to

e 3

! ; Bagno.r’-é
Glctscherstern a
[

ct= of differential melting and subsequent refreezing upon the
well

b, gacier fuh produced by melting
ier star produced when t
ve nights; o, “hath gl

»out a group of
nelosed water of the

seattered dust

glacier well has frozen in suec

the thivkness of an inch or more, the effect is altogether different.
Protecting as it now does the ice below, a loeal ice hillock rises
upon its site as the surrounding surface is Jowered, and as this

.— Dirt cone apd one with its casing in part removed.  Victoria glacior
(after Sherzer).

grows in height its declivities increase and a portion of the dirt
slides down the side. The final product of this shaping is an
almost perfectly comical 1ce hill encased in dirt and koown as a
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débris, sand, or dirl conc (Fig. 425). The novice in glacier study
is aph to assume that these black cones contain only dirt, but is
rudely awakened to the reality when he attempts to kick them to
picres.  Both glacier tubs and débris cones may assume large
dinuensions, os, for example, in Atagkas, where they may he properly
deseribed as lakes and hills.

A pateh of hard and dense snow which is less casily welted
than that uporn whiclt it rests may lead to the formation of snow
cones upon the glacier surface similar iu size and shape to the
better known débris cones. Such cones of  snow have, with
doubstful propriety, been designated © penitents” for it is pretty
clear that the intercsting bowed snow figures, which reslty re-
semble penitents and which were first deseribed from the southern
Andes under the name of nieves prudfentes, ave of sowewhat dif-
ferent churacier.

tne further ice feature shaped by differential meliing around
rock particles remains to he mentioned.  Wherever the seusonal
snowfalls of the névé are exposed in erevosses. thes sre generally
found to be separated by lavers of dirt, and lines of pebbles simi-
larly separate those ice layers which are revealed at the foot
of the glacier. In either case, if the sun's ravs can reach these
lavers in an opened crevasse, the half-buried
rock fragments are warmed by the sun upon
their exposed surfaces and slowly melt their
wuy down the ice surface, thus removing from
it n thin layer of snow or jec and causing that
part above the pebble layer to project like
a cornice.  This process will go on until the
overhanging cornice protects the pebhles from <
any further warming hy the sun. hut each  prooa26. sehomaue
lower pebble layer that is reached by the sun  disgram to show the
will produce an additional cornice. so that 2:“;2:;‘"3:;’(‘(‘:""
the originat surface mayv at the hottom have
been retived by the process a number of inches. These features
arc described as glacier cornices (Fig. 426).

Glacier drainage. — Already in the early morning of every
warm summer day. active melting has begun upon the surface of
the Swiss placiers. Rills of icy water soon make their way along
depressions upon the surface, and are joined to one ancther so that
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they ~ometites fornn hrouks of considerable size (Fig, 427). Such
streains continue their serpentine courses until these are inter-
seeted by oo erevusse down which the wuters plunge in a whirling
vortex whieh soon develops o vertiend shaft of circular section
within the ders BSuely shafes with thehr descending columns of
whirlingwater are the
well-known' mowline,
or  Ctmills,” which
may be detected from
a distance by their
rurglingsounds, The
first. plunge of the
water may not reach
to the bottom of the
alacier, in which ease
the stream fiuds

passageway below the
Fues 427 = Supershacial stresan sipon the Great e G e

floer  until another

Metsel ghi

erevasse ix eneountered and o new plunge made, here perhaps 10
the hotton. - Uee upon the valley Boor the stream is joined by
within an ice tunnel of its own

others, wnd pumnes its cours
waking (Vg 420 p. 394 until it is<ues at the ghuier frunt.

The caarser of the rock débris which was gathered up by the
stream upon the glacior surface ix deposited within the tunnel in
imperfect assortinent (gravel and sand), while all finer materiad
and that lifted (rons ihe Aoor (rack flour) is retained in suspension
and gives to the eseaping stream its opague white appearance.
This glovier mill mny generally be traced far down the valleys or
out upon the foreland, and s often the traveler's fiest indieation
that o range which hie i< approaching <snpports glaciers,

Deposits within the vacated valley. — kor every excavation
of the higher porfions of the upland through glacial sculpture,
there ix a corresponcing deposit of the éxeavated uaterials in
lower fevels, S0 far as these materiads are deposited directly by
theice, they foranthe Iateral, medial. ground. and terminal moraines
alrendy deseribed, A cousiderable proportion of them are, how-
ever, depusited by the water vutside the terminal moraine; but
as with the shrinking glacier the ice front retires in balting move-
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ments over the arca colier iee-covered, the terminal moraines are
ranged along the vacuted valley
a valley train of outwash below.  About the apron of the picdmont
glacier, such deposits are particulody heavy (Fige 128), During

as recesstonal mararnes, cach with

— Ldeal form of the sarf
glacier. M. moraine s T, ontwish
lins (after Penck).

left on the site of the apron of o picdmont

Dasin usual)y oceupicd by a lake s £, drum-

the “ice age ” the Swiss glaciers extended down the valleys below
the existing lee remnants and =pread upon the Rwi
great piedmont glaciers such as may now be seen in Aluska,  To-
day we find there moraines and plucisl outwash, a lake in the
middle of the apron site, and xometimes a group of radiuting drum-
Ting like those found withio the jee tobes of the continental glacier
in southern Wisconsin (Fig. 429, and Fig. 344, p. 317).

iss forelund as

6. 420, — Moraiues and drwnlins about Lake Constance upon the site af the
carlier picdmont gacier of the Upper Rhine  The white area outside the outer-
most morsinc is buried in glacial outwash (after Penck and Brickner).
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Behind the recessional moraines within the gluciated valley are
found the valley moraine Likes (1 118, p.413). in association
with the rocl hasin lakes duce to glacial sewptare (g, 417, p. 412).
Mter the glacier has ted s valley, the precipitous side walls
becomne the prey of frostwork and e the scenes of  disustrous
avulanehes or ndslides. Within the virgues, drifts of snow e
nourished long after the ive has disappeared, and as a consequence
of solifluxion

< of drainage, which are 8o characteristic
of the work of confinental glaciers, are hardly less common to
glaciated mountain districts. Many of our most beautiful water-
falls Dive resulted from cither the temporary or permanent oh-
struction of carhier vallexs above the falls, The famous Yosemite
Falls offers an mteresting ihistration of the shifting of an earlier
waterfnll, itzelf no doubt dur 1o iee blocking g still carlier glacia-
tion (plate 22 B).

Marks of the earlier occupation of mountains by glaciers. —
s well thut we shiould now bring together within a small corapags
those evidences by whiclr the existence of furlior mountain giaciers
may he proven in any district.  These niarks are so deeply staniped
upon the landseape that no one need err in their interpretation.

MARKS OQF MOUNTAIN GLACIERS

High-tevel sendpture, 'The grooved uplund with it cirgues, or the fretted
upland with its cirques, cals, harns, and comb ridges,

Low-level sculpfure.  The U-shaped main valley, the hanging side
valleys with their ribbou [alls, the dlacier stairease with its rock hars aud
gorges, the rouuded, polish and striated rack floor.

Deposits,  The recessional moraines of Gl and (he valley trains of
sand and pravel, the soled erratic bluocks derived always from higher
Tevels of the valley .

Lakes.  The valley moraine lakes and the chains of rock basin lakes.

ReapinG Rersnences For Ceapter XXVIIL

Glacier movement : —
L. AGasstz. Nouvelles Etudes et Expérionces sur les Glaciers Actuels,
ete.. Paris, 1347, pp. 435-539.
H. He Die Gletscher, Brauuschweig, 1904, pp. 115-150.
H. F. Rew. The Mechanies of Glaciers, Jour. Geol., vol. 4, 1896, pp. 912-
928 Glacier Bay and Its Glaciers, 16th-Ann. Rept. U. S Geol
Surv., Pt. i, 1898, pp. 445448
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CHAPTLER XNINX
A STUDY OF LAKE BASINS

Freshwater and saline lakes. — Lakes require for their exist-
cnce a basin within which water may be impounded, and a supply
of water more than sufficient to meet the losses from seepage and
cvaporation. If there is a surplus heyond what is peeded to meet
these lo Lukes have outlets und remain fresh: their content
of miveral matter is then too =bght to be detected by the padate.
If, on the other hand, supply i~ insuflicient for overflow, continued
evaporation results in o concentration of the mineral voutent of
the water, subject as it is o continual augmentation {rom the in-
flowing streams.

As we have seen, fhere wre in avens of sl rainfall special

weathering pracesses which tend to bring out the salts frow the
interior of rock imasses, these coveentrated alts generadly first.
appearing as i surface cftloreseence which is altimately triansferred
through the ageney of wind and doudburst {o the characteristi-
cally suline desert lakes.

Lake hasins may be formed in muny ways
the land surface may result from fectonic movements of the crust;
they may be formed by excovating processes; but in by far the
greater number of instances they result from the obstruction in
some manner of valleys which were before characterized by uni-
formly forward grades. In relatively fow cises loose materials
arc heaped up in such 2 manner as to produce fairly symmetrical
basins.

Newland lakes. — On land recently clevated from the ses,
basing of lakes may be mcrely the inherited slight irregularities
of the earlier sea floor, in which case they may be assumed to be
largely the result of an irregular distribution of deposits derived
from the land. Lakes of this type are especially well exhibited
in Florida, and are known as pewland lakes (Fig. 430). Such

lakes are exceptionally shallow, and are apt to have irregular out-
Z2p 40!

Depressions of
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lines and extremely low banks. Under fhese cireumstances, they
are soon filled with wrank growth of vegetation, so that it is some-
fimes difficult 1o properly distinguish lake and marsh.

Lakes a/;d Marsh

Fri. 430—Map and dingram to bring ot the characteristies of newland iakes,

Basin-range lakes. — Newland lakes may be said te have their
origin in an uphft of the Lind and sca floor near their common
margin. A Jake tvpe dependent upon movewents of the earth’s erust

Fig, 431~ View of the Warner Lukes, Oregon (after Russell),

but within interior areax has been deseribed as the basin-range
type and is exemplified by the Warner Lakes of Oregon. In this
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distriet great rectangular Blocks of the sarth's erust, whieh n their
upper portions at least are composed of basaltic lavas, have under-
gotie vertical adjustients in devel and have been Glted so that
the correspouding corners of neighboring blocks have been given
a similar degree of down-
Uit (g 43150 Lakes
formed in ihis wav e
of {riangular outhne, are
bounded  on  the two
shorter sides by eliffs,
but have extremely flut
shores on their {ongest,
aide. From this shore the
water ereases gradually
in depth and attains o
maximarn depth i or
near the opposite angle.
Sueh fakes naturadly be-

atie diagrams o ilstrate the

s of Dasin-ramee Jikes

charaeter

fray a tendeney to appear
Land are unfortunately much too often Hhas-
trafed on o small seale after a shower Dy the tilted Dlocks of

it series (b

imperfeetly mnade cement sidewatks,
Rift-valley lakes. \pathier {vpe of lake basin which hus its
origin in faulted block movements is known us the rift-valley lake,

433, — Schematic dingrams of rift-valiey fakes, and the Tift vallex of the Jardun
with the Dead Sew il (he Sescof Galilee os remmants of a farger fake suowhich

their basins we

neludial,

and ix hest exemnplified by the great lakes of east Central Africa,
In this type « strip of crust, mapy times as long as it > wide, has
been relatively sunk between the blocks on either side so as fu
produce a deep rift, or what in Germany is known as a Graben
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(treneh).  Buch a basin when occupied by water vields a lake which

is long, struight, deep, and narrow, snd is in addition bounded on

the sides by steep rock cliffs. At the ends the
shores are generally by contrast decidedly low.
If the hard rock at the bottom of the luke
could be exumined, it would be found to be of
the sume type as that exposed near the top of
the side eliffs. The valley of the Jordan in
Padestine is a rift of this character and was at
one thue occupted by 4 long and narrow lake
of which the Dead Sea sud the Sea of Galilee
are the existing remnants (Fig. 433).

One of the most striking examples of a rift
valley luke ix Loke Tangunyiha, while Albert

Nyunzo, Nyassa, and
Rudell i the
region are similar
(Fig. 434).

Earthquake lakes.—
The complex adjust-
ments in level of the
surface of the ground
at the time of sensible
earthquakes are many
of them made apparent in no other way
than by the derangements of the sarface
water.  Thix is at such times impounded
cither in pools or in bread lakes, which
inasmuch as they date from known earth-
quakes have bLeen called “ carthguake
lakes,” even though in a striet sense any
lake which has originated in earth move-
ments might properly be regarded as an
earthguake lake. To avold unnecessary
confusion, the term must, however, be re-
stricted to those lakes which are known to

{ame

ing  the rift-valley
lakes of cast Central
Africa.

FiG. 435, —Euarthquuake
lskes which were formed
in the floed plain of the
lower Mississippi during
the earthquake of 1811
(after Humphreys).

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 the feuds between the fishermen
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f the district and the constituted nuthorities, is a lake more than
wenty miles across and came into existence during the great

arthquake of the fower M sippi valley in 1811

Crater lakes. — The craters of voleanic mouniains are natural
asins in which surface waters are certain to be collected, provided
nly the supply is sufficient and seepage into the loose materials is

G. 436.— View of lake in Poas Crater in Costa Rica, & voleanic crater more
than hall o mile across and with walls 800 fect deep. At intervals there is an

ejection of steam mixed with mud and ash after the manner of a geyser (after
H. Pitticr).

Some craters, still visibly more or less active, are
scupled h\ lakes (I%ig. 436).

In the larger number of cases in which eraters become oecupied
i lakes, the evidence of continued activity is lacking, and it would
pear in such euses that the lava of the chimney had consolidated
1o a voleanic plug. closing the bottom of the crater. Notable
‘oups of erater lakes are the Caldera of the Roman Campagna
‘ig. 437) and the so-called macre of the Eifel about the Lower
hine. Crater lakes are easy to recoguize by their circular plan,




400 EARTH FEATURES AND THEIR MEANING

their steep walls of voleanic materisls, and their considerable
depth with o maximum near the center,

One of the most remarkable of these water-filled basins js Crater
Luke in Oregon, which has a diameter of about six miles and is

Tic. 437. — Diukrams to Blustrate the characteristics of erater lukes.  The Romun
Campagun ix & plaiu formed of valeanic ush, with the erater lukes of Braeciano,
Vico, and Folseno arranged on a line traversiog it

believed to have resulted from the incaving of o great voleanie
cone in the litest stage of its activity,  This remarkuble feature
has now been made a national park and will soon be conveniently
reached by tourists and counted one of the greatest nature wonders
of the Pacific slope.

Coulée lakes. — Fur more important as lukes are those voleanic
basins which arise from the flow of a stream of Tava across the val-
lex of a river so as fo inpound s
waters (Fig. 438).

At the time of the great crup-
tion under Skaptar Jokull in 1783
the river Sksptar and many of
its tributaries were blocked hy
the flow of lava, which it is esti-
mated exceeded in bulk the mass
of Mont Blanc.

Morainal lakes. — As we havt
learned, the obstruction of dram-

F16. 438. — View of Snag Lake, a couléc
lake with lava dam shown in middle o el
distance (after Fairbanks). age. due to the distribution of

rock débris by continental glaciers,
has vielded lakes in almost countless qumbers. Probably ninety
per cent or more of the known lakes have had this origin, and the
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ype s w0 common within the onee glaciated regions that it forme
erhaps the best distinguishing mark of furmer glaciation.  The
ummocky surface of moraingl deposits is =0 characteristic that
he lakes of this type are never very large and are correspondingly
Tegular in outline.  They have oiten numerous islands, and their
anks are formed of the combination of rock flonr and ice-worn ma-
crials known ax il (Figo 439, The smadlest of the morainal
kes are mere kettles on the marginal moraine, wnd these rapidly

srixtics of morainal lukes, nud o

Frs. 449. — Disgrams to illustrate the ¢
sumple map of such Jukes from the glaciated region of North America.

ccome replaced by peat hogs. T contrast with pit likes, mo-
vnul lakes favk the steep surrounding <lopes and the eneircling
lain.

Pit lakes. — The o-called pit likes have their origin in con-
nepta) glaciation, and are found in groups within browd plains
*glacial outwash (mainly sand and gravel). which are for this
asan describod as ¢ pitted plains ™ {see p. 314). Those arcas
hich lay between neighboring lobes of the ice sheet were subject
y particularly heavy deposits of outwash material. and are, in
wmsequence, particularly likely to be occupied by pit lakes,  As
s heen pointed out in an cwrlier section, the water derived from
irface melting within the marginal portions of w continental
acier descends to the bottom in the crevusses and thereafter
ows in an ice tunnel under the same conditions as water flowing
i a pipe. Having in most cases a considerable head at the outer
wargin of the 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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aml gravel (Figo 440). Separated blocks, often of massive pro-
portions, are thus buried beneatli nonconducting materials by
which they wre long protected from further melting.  Eventually,
however, with the approach of still milder climates they disappear,

Glacier

F16. 440. — Diagram to show the wmnner of formation
of pit lukes,

thus cavsing the overlving sand and gravel to descend and form o
pit of steep walls similar (o the sawdust pits over netted ice blocks
within our storehouses.

Pif lakes are thus casily recognized by their occurrence usually
in groups within a plain of glacial outwash and by their churac-

Fic. 441.— Dingrams to illustrate the characteristics of pit lnkes and a sumple
wmap from the glaciated region of North America.

terisiic banks inclined at the angle of repose of such materials
(Fig. 441).

Glint or colk lakes. — It has been found to be true of existing
continental glaciers that where their mass has been held back by
mouniain wall, their current at the portals within this rampart
becomes greatly accelersted. Though the upper layers of the
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glacier in the vieinity may move forward with a veloeity of but un
inch per day, the current within the outlet may be as much as
zeven hundred or a thousand times as great. In many respects

ot of formation of Wint or outlet lakex where
isgued from the Baltic deprossian through

F1G. 442, ~ Disgram Lo show the muan,
the continentul glacier of 8

poriuls in its mountuin rampart.

rdin

these conditions are similar to those about the raceway of a reser-
voir where the pear-by surface of the water is lowered by the in-
draught of the outlet and the cureent in the ruceway
ated that, unless protected, the hottom of the race is carried :
and a basin excavated which extends a short distance hoth ahove
and below the positiun of the dwm,  In Holland sueh hasins hol-
lowed out beneath breaks in the dykes are known as cotks. Busins
which were excavated beneuath the glacier outlets by w similur pro-
cess would not be open to our
inspection until after the jee had
disappeared from the region;
but it is most significant that in
Seandinavia, where the Pleisto-
cene continental glacier. advanc-
ing westward from the Baltic,
was held in cherk by the escarp-
ment at the Norwegian bound-
ary (the glint), lake busins have
been excavated in bhard rock
whose walls show the abrading
and polishing which are charac-
teristic of glacial sculpture, and  Fis. 443.—Map showing a ;
whose_ positions are such that Et:lollml ‘bx',','ahm'“ 2}"?;3{[.,'"325
they lic beneath the former out- Norway.

lets partly above and in part

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 this series is Tornetrisk in
porthern Lapland (see p. 277 and Fig. 443).

series of
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Ice-dam lakes. — Whenever a continental glacier, either in ad-
vaneing its front or in retiving, lies across the lines of drainage upen
their downstream side, water is impounded along the ice front

50 a5 to form ice-dam lak Such fakes
-57,?”%’77 are found to-day in Greenland and in

T~~~ the southern Andes, and similar bodies
of water of far greater size and iwpor-
fance came into existence in Pleistocene
times cach time that the continental
glaciers of  northern North Anwerica
and Burope advanced upon or retired
from suitably dirceted river systems.
Thus above the Baltic depression, when

. the ice fronf lay to the castward of the
o, 444, —leedam lakes (0 ypqin watershed, each easterly sloping

black) betveen the front of .

the late Pleigtocene glcier Y18y was obstrueted by the ice and

of northern Europe and the occupied by an ice-dam lake (Fig. 444),

divide uear the x°”"f"““" the beaches of which mav all be traced

boundary (after G. de Geer). - - N

to-day (Fig. 415).

One side of each ice-dam lake is formed by an ice chiff at the
glacier front, and if the region is relatively flat, the rernaining
shores are likely to be formed by a marginal moraine which the
glacier has abandoned in its retreat. In their smaller stages,
therefore, ice-dam taukes on prairie country have the form of a

Fic. 445.— Wave—cut terrace nt an clevation of 177.5 meters above sea oo the
southern slope of the northern Dsla vulley north of Buggedalen in Sweden. To
the right in the foreground is » peat bog (ufter Munthe).

crescent, which is the more pronounced hecause 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 an 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 heaches, and the ice mar-
gin by a water-luid moraine of low relief (Fig. 350, p. 330).

A much smaller but in many respects sumilar ice-dam lake is
to-day to be seen at the side of the Great Aletsch glacier, a moun-
tain glacier of Switzerland.  The traveler who makes the easy
ascent of the Eggishorn muy look directly down upon this crescent-
shuped Jake with its jee efiff on the glacier side (see Yig, 446).

Frc. 446.— View of the Mirjelen Lake at the side of the Great Aletsch glacier,

sven looking directly down from the summit of the Eggishorn (after a photo-
graph by 1. D. Scott),

Glacier lobe lakes. — Upon the sites of the former lohes of the
Pleistocene glacier of North America ore found the hasing of the
Laurcntian River system, the largest freshwater lakes in the world.
There has heen much controversy concerning the manner of for-
mation of these lakes, but the view which hg= scemed to have the
largest following is that they were excavuted by the croding ac-
tion of the continental glacier over the drainage basins of former
rivers. It is but one phase of the long controversy between op-
posing schools, which have advocated on the ane hand the efficiency
of glacier ice as an eroding agent, and upon the other its supposed
protection from the weathering processes. The positions and the
outlines of the several Jakes of the serics sufficiently proclaim their
connection with the former glacial lobes, and the name which we
have adopted leaves the exact manner of their formation a still
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open question.  The recognition of the importance of the glacial
anticyclone, in giving shape to the glacier surface and in effecting
a trapsfer of snow from the centrul to the ruarginal portions, has
had the effcet of cmphasizing the relative importance of erosion
under the marginal and lobate portions.  Thus the importance of ice
lohes has been greatly accentuated, though this applies only to
the shaping of the hasins and not in any important way to the im-
pounding of the present waters. The present Laurentian Lakes
owe their existence to fhe elevation by successive uplifts of the
country to the northward and eastward, since the glacier retived
from the lake region. When the ice front lay to the northward of
the Ottawa River, the discharge of the upper likes was by a channel
through Nipissing River apd Lake and thenee down the Ottawa
River to a gulf in the lower St Lawrence.  The uplift of the land
has had the effeet of ruising o bharrier where the former outlet
existed, ind diverting the woters to o roundabout channel by way
of Detroit and Lake Erie (see Fig. 363, p. 335).

Rock-basin lakes. — The reversed grades which develop in a
valley deepened by mountain glacicrs — the back-tilted treads of

i
word KT I A

F1o. 447 — Dingrams to Musvrate Yhe srrungetuent and the characters of rock-
basin fakes, together with & map of such lakes from the Bighorn Mountains in
Wyoming.

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 “ Paternoster Lakes " which has sometimes been applied
to thern in Europe. Their positions-in series within U-shaped
mountain valleys, and their rock shores with characteristically
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smoothed and striated suefaces, make them ensy of determina-
tion. In the higher portions of the valley. where the treads of the
cagcade stairwuy are relatively varrow, sueh lakes are often ap-
proximately circular in outline, but i the fower levels ynd upon
wider treads they niay be ribhon-like, though lukes of (hix (ype
are 10 u large extent repliced in the lower levels by the valley
moraine (ype or a combination of the two.

Valley moraine lakes. — The recessional norgines which nrk
the halting stations of mountain glaciers, while retiring up their

Fru, #58. — Conviet Lake, & lake behind a moraine dam within o gacmted valley
uof the Nierra Nevadas, California (after u pbotograph by Fairbanks).

valleys, form dame in the later river and so produce a type of lake
which is in contrast with the morainal Jakes which result from
continental glaciation. They may, thercfore, be distinguished
by the name valley movaine lakes,  Their positions on the bed of a
U-shaped mountain valley, and the glacial materials which com-
pose the dams, are sufficient for their identification (Fig. 448).
Moraine Lake and Lake Louise in the Canadian Rockies are typi-
cal examples. Rock busin and valley moraine 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 glaciers are too steep to long retain their perpendic-
ularitv when the support of the glacier has been removed.  Aided
by the cver present joint planes, which admit water to the rock,
they succumb to frost action, and further give way in avalanches
whenever the vock
s of sufficiently
porous material to
- become saturated
Fiu. 449, — Lake basing produced by surcessive slides with water. Land-

Z;T{Zr [g;s;illl‘))) walls of s glaciated mountain valley ol o o

oveur suceessively
until the original valley wall has been replaced by a terrs
The treads of the steps in this terrace have generally a buckward-
sloping grade, <o that basins are formed to be filled by relatively
long and narrow lakes or hy successions of small pools (Fig. 449
and plate 23 B).

When the avalanched material is so disposed as to dam the val-
ley, mush larger lakes of this type come into existence.  During
an earthguake which occurred on January 25, 1348, there was n
landslide within the valley of the Gail,
Carinthia, which destroyed seventecn
¢ilages and produced a lake which
even to~day is represented by a great
marsh.

Border lakes. — Whenever moun-
tain glaciers push out their fronts
peyvond the borders of the mountain
range by which they are pourished,
they spread upon the forefand in
hroad aprons about which morainic
accumulations are particularly heavy. =
This elevation of morainal walls about  £0 450, _ Lake Gardn, &
the margins of the aprons yields natural horder lake upoa the sitc of 2
basins that are occupied by lakes so picdmont apron at the mar-

. . . n of the Alpioc highland
soon as the placier retires its front  (iri.r ponck and Beocknen,
within the valley.  Because such lakes
are found at the borders of upland districts they have been called
border lakes. The beautiful Lakes Constance, Lucerne, Maggiore,

) slope.




PraTe 23

.. View of the American Fall at Niagarn. showing the aceumulation of rocks beneath
(after Grabau).

B. Crstal Lake, a landslide lake in Colorado.
(Photograph by Howland Bancroft.)
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Lugano, Como, and Garda (Fig. 450), on the borders of the Alpine
highland, are alf of this type.

Ox-bow lakes. — The cutting off of a meunder within the flood
plain of a river vields a luke which is of horseshoe tox-haw) oul-
line and fies generally with low hanks within a plain composed of

Leres s

-

g, 491 — Diagrams to bring out the characteristios of ox-bow lnkes. together
with a map of such lakes from the flued plain of the Arkansas River.

river silt.  Before separating from the parent stream the meander
had begun to silt up, especially at the ends. Ox-how Jakes arc,
however, relatively deep near the convex shore und correspond-
igly shallow toward the concave margin (Fig. 451).

Saucer lakes. — As we have learned, a river meandering in its
flood plain has banks which are higher than the average Jevel of
the plain, for the reason that at flood time the main current of the
stream still persists in the channel, thus allowing the burden of
sediment to be dropped in the
relatively slack water upon its
margin.  Because of these natural
embankments or levees, tributary P .
strecams are oiten compelled 10 Fig, 452, — Disgrammatic section to
flow long distances in nearly par-  Hlustrate the formation of saucer-

Lo . like busing between the levees of
aliel direction before effecting a0 fowing in @ flood phiin,
junction.  Between the trunk
streany and its tributaries, likewise bounded by levees, and be-
tween streams and the valley walls, there thus exist low busins
which are more or less saucer-shaped (Fig, 452). At flood time,
when the levees are overflowed or crevassed, water enters these
depressions, and an additional supply may be derived from the
walls of the valley. Good illustrations of suck lakes are furnished
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by the Hoad plain of the former river Warren near the hanks ol
the present Minnesota River (Fig, 433),

park £ _1Ten Rier

FG, 453, — Saucer lakes upon the bed of the former river Warren (from the
Minpeapolis sheet, UL S, G 8.

Crescentic levee lakes. — As we approach the delta of a river,
the size and importance of the levee increases, and here a new type
of levee lake may develop in series (Fig. 454).  Af fiood time the
levee is hreached newr the point of sharpest curvature on the con-
vex side (Fig 454 a). When the waters are subxiding, the cur-
rent is kept away from the old channel by the dsing grade of the
levee us well as by the inertia of the current, and an entrance to
the old channel is first found below the next change in curvature
of the meander, since here scour becomes coffective in cutting
through the levee. The new channel is thus established in the
form of a Joop inclesing the old one, and the process of Jevee build-
ing now erccts a wall about the territory newly acquired by the
meander.  This territory has the form of a crescent, and when
occeupied by water produces n crescentic levee luke often joined
to its neighbors jo series. The abandoned channel now closed
at both ends by levees may be occupied by water to produce a
subordinate ribbon type of curving trench (Fig. 4534 b, ¢).

The importance of levees in obstructing drainuge to form lakes
is only beginning to be nppreciated. It has quite recently heen
shown that when trunk streams are greatly swollen and burdened
with sediment while flowing from a receding continental glacier,
they may build such high levees as to apprade their tributary
streams above the junctions, even producing reversed grades
and fo impounding the waters to form extensive lakes. During
the ““ice age " lakes of this type were formed in llinois and Ken-
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o WStY

oped concentric

within meanders of a
stream tributary to the Mississippi and flowing upon its detta plain. 6 and ¢ are
examples of the tibbon type of le ake due to oceupution of the sbandoned
river channel. The larger number of lukes, of which Sip Luke and Tesas Lake
are examples, h: the form of crescents and lie between abundoned levess (from
recent map of UL =, G.=y.

tucky rivers just above their junetions with the Ohio.  The old

lake floor with itx eastern <hore linc and its profruding isfunds is

easily niade out upon (he new topographic maps of Kentucky.

Raft lakes.— Within humid regions the flood plains of our larger

rivers are generally forested, and 20 the river swings from side to
25
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side i ifs perpetual meanderings, the timber which grows upon
the convex side of vach meander i3 progressively undermined by
the river and felled upon ils bank.  The prostrate trees remain
upon the banks during the low water of the summer season, to be
aathered up at the time of Hood in the next spring season. It
is log jurns thus aequired which so generally block the main ¢hao-
nel of a river and furn the current across the neck of the meander
when cut-off= oceur with the formation of ox-bow lakes. When
the mass of timber thus gathered up by the river is excessive, as,
for example, within the flood plain of the Red River of Arkansas
and Lwouisiana, huge log rafts are pro-
duced which dara up the river so effee-
tively as fo produce temporary lakes.
The impounded waters soon find an
outlet over the tevee at some point
bigher up the river, and the waters
flowing off through the timbered
hottam lands, other logs are caught
by the standing timber as in a weir.
A second dam is thus formed which is
Fio. 555 — aft lakes nlong separated fr.orn Lljo initial one h\ open
the banks of the Red River in Water, and in this way the driftwood
Arkansas and  Louisianu at dam  aequires enormous  proportions
;‘“X::Lf"(‘l‘;::\r"‘;;’.’d‘: ‘1\“:‘0“;& as it gradually moves up the river.
U 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 lower Red River a great raft of alternating jams and
open water reached a length of about one hundred and sixty miles
and moved up the river at the average rate of something less
than a mile per vear. Within the limits of the dam all tributary
streams were blocked, so that secondary lakes were formed in 2
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 its re-formation.
Side-delta lakes, — It is characteristic of river drainage that
the tributary streams enter the main valley on steeper gradients
than the trunk stream at the point of junction. Wherever the

¢ Scatc orsates s
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difference in velocity of the two streams at the junction is large,
and the side stream is charged 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 the main
channe] so as to form a
more or less sausage-
shaped expansion of the
river —a side-delta lake.
Traverse and Big Stone
Lukes in the valley of the
Warren River in Minne-
sota have been formed in
this way (Fig. 354, p. 326). Lakex Thun and Brienz in the Swiss
Alps arc of similar origin, the beautiful city of Tuterlaken heing
built upon the delta plain over the valley of the earler river
(Fig. 456).  The Mississippi has similarly heen expanded to form
Luke Pepin above the delta at the mouth of the Clippewa River.

Delta lakes. — A somewhat dif-
ferent type of delta lake has been
formed in Louisiana, where the
“father of waters” discharges into
the guli.  Here the various dis-
tributaries radiate from the main
channel to produce the “ bird-foot
delta type and the toes in this foot
by their junction with the banks
which outline the uncien{ estuary,
have separated in successton a series

F1g, 456.— The Swiss lakes Thun und Brienz,
formed by deltas at the junction of streams
tributary to a steep-walled valley.

Mites.

Fra. 457. —Delta lakes formed at
the mouth of the Mississippi
through the junction of the levees
of { radisting distributarics with
the shore of the cstuary (after
Berghaus).

of basins that before were in direct
connection with the sea (Fig. 457).
Lake Pontchartrain is the largest
of this series, while the so-called
Lake Borgne is in process of
separation.

Where large deltas push out from the shore into the open sea,
the levees which border the individual distributaries are attacked
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hy the waves and their maternals are trunsported by the shore
currents aud built it buene These harriers cut off the re-
entrants Letween weighhoring distrbutaries o us to produce
Jagoons or lakes (g, 458y,

A type of delta fake, which e resembles the side-dela luke
abiove deseribed. Nias fornsed at the mouth of the Colorwdo River,
where 30 enters the Gulf of Lower
Culifornia. The  Duperial - Valley
lving to the narth of this delta is
the desiceated floor of the earlier
Gulf of Lower California which has
heen captured from the sca by the
delta of the Colorado. The rampart
of iInountains, by which this valley
t+ surrounded, hus cat 30 off from
lakes  any water  supply  derived  from
s dnopart e g g ad s waters being no

Fia, 455, — A type of delt

formed by lev

stroyed and Duilt into barriers
on the margin af e deltaof the  Tonger rencwed from the sea, the

Nile tafter Supan). region has « through o period
of desicention wlieh has left the
Sudton Sink as the only existing remmant of the carfier lagoon. It
will he remyembiered that cureless operations in diverting distribu-
taries of the Colordo recent)y reversed this proe o thut the
waters ose in the valley, and expensive emergency operations
were necessary in order to again turn the waters of the Colorado
inte their acenstomed clannels,
Barrier lakes. — The Salton Sivk illustrates a type of fake
which ix formed n5 the border of the sea through the erection of

o Scale o mwes g

Fra. 459, — Disgrams to ilustrate the eharacteriziies of harrier lukes, with su
example from the southern coast of the luland of Nuntucket.
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some kind of barrier which captures o small areq of the ocean’s
surface.  Though =uch lakes nuay be properly described as strand
lakes, it ix usually at the mouth of a river that the process be-
comes effective.  The common type of bovrier lokes is found
developed on most ragged coast lines where {he
shore currents have formed first hars and later
= (T 459).
Such embankments are usually gently curving
ur crescent shaped and are coniposed of sand or
shingle which presenis u steep landward and o
gradual seaward slope.

Dune lakes. — Within the narrow <trips of
shore in whiclr all the fine =oil that conld be

barriers at the mouths of the estuar

avuilable for plant life has heen washed away by §
the waves, beach sand i~ exposed to the direel pro. 460, — Duace
action of the winds. In time of storn the <and Jnkeson the coast
i~ picked up and after drifting o the wind 1z ‘]':”L'r‘:_jl"':;_ (after
collected in Jong ridges parallel to the ~hore.
Constantly traveling afong shore, these dunes block the mouths
of rivers and thus prodice s series of lakes sueh s are indicated
in Fig. 460.

Sink lakes. — Another cluss of lakes wre due cither directly
or indirectly to the work of nnderground waters.  In distriets
which are underlain by Jimestone, the surface water descending

FiG. 461, — Sink lakes in Florida. with a schematic diagram to illustrate the
muaooper of their [ormation (map from U. 3. 8)
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along the joints of the limestone may widen these passageways
through solution of the rock and at lower levels flow on the fioors
of caverns caten out by the same process on bedding planes of the
farmation. At the interscetions of joints, more or less circular
shafts known as © swallow-hojes ' go down to the caves from the
surface.  Locally, also the cavern roofs give way so as to choke
the galleries with rubble and leave a basin at the surface which
has an Irregular but generafly a more or fess oval outline. If
sufficiently clogged ub the hottom by finer rock débris, these basins
berowe occupied by small lakes which are known as sinks, and
constitute one of the best surface indications of a limestone
country,

Karst lakes — poljes. — In {he limestone country to the north
and east of the Adriatic Sea — the so-called Karst region — there
are many interesting features which are directly traceable to the
solution of the country rock. Here all the surface water descends
in certain districts along the widened joint planes so that the
drainage i< largely subterranean.  The socalled doléines or sinks of
very regular and symmetrical forms resembling decp bowls cover
a large part of the surface.

The entire country is, moreover, faulted in the most intricate
fashion into many rift vallevs. The drainage being so largely
subterranean. these down-thrown blocks of crust, the so-called
poljen, become flooded at certain seasons of the year when the
subterranean passages become choked 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 that 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 and barren.  Those waters which fall upon the inner
margin of the ranges drain toward the interior of this 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 waters of these shallow basins may be sucked up in the space
of a few bours but reappear in the same basins at the time of the
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next succeeding cloudburst. Such ephemeral lakes are known
us plavas.

Salines. — Desert lakes more favored in their supply of water
may be relatively long lived and persist for periods measured in
years or eenturies. Such lakes are, however, extremely sensi-
tive te climatic changes (sce p. 198).

For the reason that they have no outlet the waters of desert
lakes becorne salt through continued evaporation. They are,
therefore, spoken of as salines.  Lake Bonneville, so long as it
discharged its waters over the sill of the Red Rock Pass, must
bave remained fresh; but when the level of its waters had fallen
below thix outlet, its waters became salt and the content increased
as the volume diminished.

The shallow basins énon the floors of desert lakes may have
come into existence in various wavs: but it would appear thal
theirregular removal of the soil by the winds, modified as thisisby
differences in composition of the rock materials and hy vegetable
growth, and the deposition of sand by the same agent, are 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. — Within the mountains upon the desert
horders, the alluvial fans which form ot 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 arc tmpounded in essentislly the
same manner as are the rivers of humid regions by the deltus
of their tributaries.

Résumé. — 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 others
which, while not of common occurrence, are yet of interest in giv-
ing further illustration to the processes which have becn treated
in earlier chapters,

By giving careful attention to criteria which have been above
suggested, it should be possible in the greater number of instances
at least to determine whether any lake which is visited has had its
origin in one or another of the processes described.
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CLASSIFICATION OF LAKES

Toetpnic Lakes Voleanic Lakes
Newland lakes Crater lakes
Basin-range lakes Coulée la

Rift-valley lakes
Farthquake lakes

Condinental Glaciation Lakes Mountain Glaciation Lakes
Morainal lakex Rock-basin lakes

Mt lakes Valley moraine Jakes
Glint or calk takes Landslide lakes

lee-dam lakes Border {akes

CGlacier-lobe fakes

Rever Lakes Ntrawd Lukes
Ox-bow Jukes Burrier lakes
Saueer lukes Dune lakes
Creseentic fevee Lkes
Ruft lukes
Sude-delta lakes
Delta lakes

Grownd Water Lakes Desert Lakes
Sink | Playa lakes
Korst lakes — poljen Sulines

Alluvial dam lakes.
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CHAPTER XXX
THE EPHEMERAL EXISTENCE OF LAKES

Lakes as settling basins. — Of al] the processes which conspire
to blot ouf the lakes with which our northern landscapes are
dotted, the one of greatest importance is in miost cases a process
of filling by the sediments brought in by tributary streams.  The
carrving of sediment in suspension depends, as we know, upon the
veloeity of the current, and as this is checked where it reaches
the lake margin, afl coarser material is at once deposited to form

TG, 462.~—Map of the Arve and the upper Rhone to sbow the importance of
Lake Geneva as a scttliog busin of the larger stream.

a delta, while the finer sediments are held longer in suspension and
finally =eftle in thin layers over the entire bottom of the lake.
Clay deposits surrounded by coarser sediments are thus charac-
Leristic of filled lake basins.

How waters are 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 Mississippi. Not only
are the lower stretches of the St. Lawrence in striking contrast
with the muddy floods of the Missouri and Mississippi; but the
delta, which is so remarkable a featuie in the Mississippi, has
no counterpart in the northern river.

426
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The most noteworthy examples of settling are. however, fur-
nished by the lakes of Switzerland, for the reason that Swiss
rivers are heavily charged with rock flour produced beneath the
numerous glaciers at the valley heads, and, further, hecause these
rivers descend with turbulent currents to near the horders of the
larger lakes.  To look out upon the murky waters of the upper
Rhone, where they enter Luke Geneva near Villeneuve, and then
to wateh the flood of erystal water which issues from the lake
and passes under the bridge at Geneva, is an object lesson which
no traveling student should miss (Fig. 462).  Yet even more in-
structive = a visit to the Boisde la Bdtic at the junction of this
clear stream with the Arve, a half hour's walk only below Geneva.

Fic. 463. — Yiew looking upstream across the opaque waters of the Arve 1o the

clear veflectiug surface of the Rhone. To the right across the Arve is secn the
cement works for recovering 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
the cleared waters of the Rbone, they flow beside them down
the common valley without mingling. Dufl and opaque, the
Arve waters can be discerned for a long distance as a white belt.
against the left bank of the river, sharply defined against the blue
reflecting surface of the Rhone waters (Fig. 463). Upon the
banks of the Arve, just above its junction, a cement manufactory
has been established o utilize the clays which are here deposited.
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Wherever lakes are contained in long and narrow valleys, the
greater part of the tributary drainage enters at the upper end,
and the delta which there forms
cxtends from bank to bank. As
it continues to advance into the
lake, the earlier water basin is
eradually transformed into a level
plain of delte deposit, a feature
=0 common as to he deserving of

spectal name. The Seottish lochs,
which are lakes of this type, wre
cach extended in alonger or shorter
delta plain deseribied s w0 sfrath,
el s Tocal term mny well be

Frei.

i estern Swit

e villige of Posehinva
e, built uponriven o general applieation (fron-

”'T”””‘ At the el of Litke Pos - epinee). The ity of Thaes, tie
i,

seal of Cornell University, ix huoile
upon o steath af the head of Like Cavaga, qand numiherless Neot-
tish and Rwi-- hambets have been located upon such fertile plains
(Fig. 464).

Drawing off of water by erosion of outlet. — Next in impor-
tancee to the filling up of lake basins as a factor i their carly
extinction is the cutting down of their channels of outfow.
Whenever the walls of the outlet are eut in rock, this drain-
ing process ix apt fo be slow, for the reuson that the outlet
stream is of filtered water and so lacks the necessary cutting
tools. By far the lurger numsber of lakes are, however, held
back by dums of loose drift deposits laid down by the earlier
continental glackers: and so the very clarity of the water pro-
motes the crosion of the outlet by allowing the stream's full
burden of sediment to he lifted and then removed from the
channel.

The pulling in of headlands and the cutting off of bays. — The
removal of projecting headlands by wave action, though it in-
creases the aren of the lake, vet it decreases directly the volume
of take water through formation of the built terrace, and indi-
rectly in far larger measure through the transformation of bays
into quiet lagoons within which the extinguishing process of peat

rrrantth i cat in Aneratinn



THE EPHEMERAL EXISTENCE OF LAKES 429

Lake extinction by peat growth. — The first condition for the
growth of lake vegetation is quiet water. Within small lakes,
such as the kettic basins upon moraines, squatic vegetation de-
velops rapidly, and bags of peat might almost be included among
the most important distinguiahivg marks of o glaciated country.
Within Targer kes it ionly after baseier Beaches love heen Yo
aeross the mouths of the bays to Torm natura) breakwiters Sor
the waves thut this process of Juke extinetion by peat growth
can beeome effective.

Many erroncous notions are still held concerning the prime
importunce of sphagnum in peat fornation. owing to the peey)-
iar local conditions
under which  the
early studies were
made.  Within the
glaciated distriets of
the United States,
the  formation  of
peat anvolves the

siecessive growths
of o number of
zones of vegetation
and the formation :
of a foating DOR 1 gy View of the flosting bog i suroandin
whichadvaneesinto  sones of vegetstion in o small wacial fake of the Y

the lake from the lowstone Nutional Park (after a photograph by F
banks).

it il

sbores, followed in
turn by belts of low shrubx, tamaracks, aad Jastly deciduous
trees (Fig. 463).

In most cases the first plants to develop in o quiet lake ave the
water lilies, though these are sometimes preceded by chara und
floating bladderwort.  Next behind  the water lilies corne the
sedges, which form a mat of floating bag by their grasslike stems
sinking down in the wuter and Dheing there interwoven with the
rhizomes below.  Thix mat of sedge is often so firm that cattle
may advanee upon it ta the water's cdge, hut it is sepoarated
by a laver of water from the hed of growing peat at the bottom
of the lake (Fig. 466). This bed of peat appears to grow upwird
toward the surface und become joined to the shore end of the
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floating bog by decaying vegetation which is dropped from the
bottom of the mat above.

Io order behind the floating bog come the advanced plants
of the conifer group, with sphagnum and low shrub here upon a
peat hase extending to the lake bottom. Behind the belt of
shrubs arise the tamaracks and spruces, and lastly, toward the
shore, come the deciduous trees and especially poplars, muples,
und marginal willows.  Upon the margin of the basin there is

4

5
y

2 2
gaiumy AT 1] u\‘u,‘wq‘ruy,

pe o U

Fi. 466, — Dingran to show how small lakes are trunsformed into peat bogs
(alter €. AL Davis).

usually alow trench, or * fosse,” filled with water during wet sea-
sons, as a result, no doubt, of seasonal inwash that does not reach
the residual lake toward the center of the basin.

Extinction of lakes in desert regions. — In arid regions there
are special causes of lake extinetion. Thus the blowing in of
sand and dust carried for long distances io the air, a by no
means negligible factor even in bumid regions, bere assumes
targe importance.  The now exposed basins of extincet desert
lakes aflord the evidence, however, of an even greater factor
of extinction, in climatic change. The clouds, whirh at one
time found their way into the drainage basin of a lake, may
later through the nse of & mountain barrier bhe cut off, and
so with reduced water supply a period of lake desiccation
it begun. When, in this process of drying up, the lake level
has fallen belew that of the outlet, the saline content of the
waters begins to increase, and later a stage is reached, as in
Great Salt Lake, when the sodium salts are precipitated. When
the lake has become extinet, these deposits remain as a witness
to the changed climatic condition.

The réle of lakes in the economy of pature. — It is natural,
in considering the extinetion of lakes, to give some attention to
the réle which they play in the economy of nature. That lakes
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filter the water of rivers, and prevent the formation of important
delta deposits, has already heen noticed. A curious exeeption
to thix general rale = furnished by the great detta at the head of
Fake St Clair, just helow the outlet of Lake Huron.  This anomaly
is, lwwever, explained by the peeutiae currents of Lake Tluron,
which are so direeted as to sweep the beach sand into the swift
current of the vutlet, to be depoxsited in the quiet
waters of Lake St. Clair (Fig. 467). MI \

As regulators of the flow of rivers, lakes perform i
an important funetion.  Such disastrous floods as
are rharacteristic of the spring scason within the
hasin of the lower Mississippt could nol eccur in
the lower S{. Lawrence, for the reason that the
great hasing of the lukes serve as distribufing reser-
voirs.  The annual floods, upon which the agri-
enlture of Lgyvpt depends, are explained by the ,ﬁ’:;t
flood waters from the high mountains of Abyvssiniy i, 487 — Ma
entering the Nile betow the Jakes of its upper bagin, ~ o g0 m_‘mmrz

In one further respect large inland bodies of  alous position
water have an important function as regulators,  of the delts in
Tt is the property of water to respond but slowly é’akc il

. & ue to the pe-
to the variations in the quantity of heat which  culiar currents
reaches the earth's surface from the sun. A lasger  in Lake Huroo
quantity of heat must be added to or ahstracted ((“‘é;:‘)r maps by
from a body of water, in vrder to change its tem-
perature by one degree, than would be required for a like change
in the sarme bulk of earth or rock.  Thus bodies of water by more
slowly acquiring the summer’s heat retard the coming spring, and
by storing up this energy and carryving it over into the autumn
the warm season is prolonged and carly frosts prevented. The
fruit belts about the lower Great Lakes are thus 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 arc formed upon lake shores by the action of Jake ice, though
subject to so many qualifying conditions that the range of their
oceurrence is somewhat limited. Within districts where a winter
ice cover of some thickness is formed, the shores of fakes are apt
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1o present cidges of bowlders parallel to and near the wuter’s
cdge, wrd such lakes have zometimes become known as < wall
Lahes 7 (Fig. 468).

Iiomawy cases these smadl tdges have been formed at the time
of the apring = break up 7 of the wee; for the iee cover, when once
loosened, is drifted in grent
rafts first against one shore,
and dater, with a change of
wind  direction, against an-
other. Under the impact of
such heavy rafts, the haif-
submerged howlders near the
shore are forced up the beach
b until they lie in a ridge or
in.— A hawdder wall upon the share bowlder wall,
sl ke i the Adirondacks of New At other times such bowlder

\orh. : .

walls, and far move interesting
Fidges o~ well result from o kind of jee shove independent of the
wind, hut caused Dy expansion within the ice itselfl during a sud-
den rise of temperature of the surrounding air.  Such ice ramparts
require for their explanation a consideration of the sequence of
events from the thne die dee cover closes the nkes.

The first luke ice of carly winter forms in most cases with air
temperatures a few degrees only below the freezing point of the
water.  When later a severe * cold wave 7 arrives, the ice cover
1> contracted and hecomes too small for the lake surface. To this
contraction it vields and opens cracks up which the water rises,
and in the prevailing low teniperature this water is quickly frozen
and the lake cover again made complete. Skaters are familiar
with the opening of these eracks and the loud * roaring ”’ which
acvompanics it on eold mornings, the sharp skate runners some-
times =tarting 2 eraek dn the strained ice, as does a light seratch
upon glas< {hat i= iu a similar strained condition.,
< The origimal iee vover of the lake, which was formed at near-
freezing temperafures, has now received a number of inserted
wedges of new iee at a time when its contracted volume has made
this possible. 1f mow a “warm wave” succeeds to the * cold
wave ’ in the alr, the ice cover expands at a rate corresponding
to its rate of contraction, so that a strong pressure is exerted

Fre..
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against the shore (Fig. 469).  Sliding up the sloping surfuce of
the cut und built terrace, the foree of (his shove may be deflected

Fic. 469.—Diagrams to show the effect of ice shove in producing ice ramparis
upon the shores of lakes (after Buckley with 2 slight modifieation).

upward against the eliff, and if this i of loose materinls, the effect
may he to ram bowlders into the bunk, to push up ramparts or
ridges, 1o overturn frees, ete. (Fig. 470). In marsh lund the

frozen surface layer may slide over
its unfrozen base and be forced up
into broken folds (lower diagram
of Figs. 469 and 470).

In order that ice ramparts may
he formed, it is necessary that the
winter climate of the district be g 470, — Various forms of ice
severe and characlerized by alter- ramparts (after Buckley).
nating cold and warm waves, in- .
volving considerable range of air temperature below the freezing
point. If the lake is small, the push of the ice will be through so
small a distance as not to vield appreciable ramparts. If, on the
ather 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

2r
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emploved in the same manner to transmit a compressive stress,
it 1= bent out of a straight line and later broken. Thusin 2 broad
lake, with the coming of a * warm wave,” the ice cover opens in
a crack from shore
to shore and finds
reliefl from the stress
by pushingup a ridge
above the crack. On
such lakes ice ram-
parts are found only
ahout the shores of
bays whose expanse
does not greatly ex-
ceed amile (Fig. 471).
Fio. 471.— Map of Lake Mendota at Madison, Wis- ~ When there is

consin, showing the position of the ridge which forms }|Uﬂ\"\7 snowfall, icc

from ice expansion, nnd the ice ram

whores of the bays (based on Buckle:

* ramparts cither do
not form or are of
smaller dimensions, probably in part because the ice is blankcted
by the snow and so prevented from sudden elevation of tempera-
ture during the ' warm wave.” but even more hecause the ice
cover is sensibly bowed down under its load and so rendered
incompetent to transmit the developed stresses to the shores.
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CHAPTER XXXI
THE ORIGIN AND THE FORMS OF MOUNTAINS

A mountain defined. — As ordinarily understood, mountains
are elevations upon the earth's surface which rise above the
general level of the country,  Their sumimits need not be at great
heights above the sea, but it is essential that they project above
the vverage level of the surrounding country by at least a quarter
of « mile.  Lower clevations are deseribed as hills.  On the other
hand, the elevation of a plateau like the *“ High Plains  of the
rn United Stutes may he as much as a mile, but the vast
ansc of mearly level surfuce precludes the use of the term
“mountain.” The word is thus applied to o feature of the earth
and not merely to un elevuted tract.

In a collective sense, though more often in the plural form,
the term is properly applied to groups of similar features which
have & common origin in lacal uplift of the land. The origin of
mountaing used in this sense of mountain complexes is thus
connected with some essentially focal uplift of the earth’s surface.
This may take place by the processes of folding and superin-
cumbent {ault displacement, by volcanie extravasations or ejec-
tions, or by a deeper scated and essentially hydrostatic elevation
of rock bedx over molten rock material.

The existing forms of mountains, as we are to see, are largely
shuped by the crosional processes which are set in operation
Ly the uplift itself, though often completed long subsequent
to it.

The festoons of mountain arcs. — From our earliest studies
of school geographies, we have become familiar with the arrange-
ment of the more important mountaios in long chains or systems.
Comparatively few persons have given any further attention to
the arrangement of the 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 uare grouped as though bung

435
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upen the map in festvons with knots or vertexes to separate
ueighboring groups (Fig. 474, p. 438, and Fig. 472).

The significance of these mountain groupings in the evolution
of the earth’s surface
has been pointed out
by the great Viennese
geolagist Suess, towhon
we are mdebted for fo-
cusing upon the plan of
the carth an amount of
attention which bhefore
had beeu largely given
Lo the preparation of
hypothetical  sections
of strata which were
largely buried from sight
beneatly the earth’s sur-
Fig. 472, —The great multiple mountain are of fuve. Broadly speaking,

Sewestan, British India (afler de Suint Martin tle pountain arcs may

and Schrader). .

be said to be grouped
about those shiclds of older rock which geolugical studies have
shown fo be the oldest Innd upon the globe,  Within the
northern hemisphiere: these original contineuts ure represented by
the areus of ervstalline rock centered over Hudson Bay, the Baltic
Sew,and an aren in northeastern Siberia known to geologists as
Angara Land. In our study of the figure of the carth (Chapter I1)
it was found that these shields represent the truncated angles of
the rounded tetrahedral form toward which the planet is tending
(Fig. 3. p. 12).

Theories of origin of the mountain arcs. — The mountain
ares. when studied in detail, are found to be composed of closely
folded rock stratu, the flexures of which are generally so overturned
that their axial planes dip toward the center of the arc (Fig. 473).
It was the view of Suess that these ares are to be explained
by a pushing outward of the rock struta from the center of the
arc toward its periphery, thus causing a wrinkling of the surface
strata and an overriding of the surrounding formations, which
upon this hypothesis opposed o greater resistance to the sliding
movement.  The folding together of the strata due to the sliding
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naturally involves a very considerable diminution of the surface
area presented by the strata (Fig 220 p. 421, In the case of the
Alpine chains it has heen estimated that a flat land area, four
bundred to cight hundred miles across, has by the {olding process
been reduced to a width of only about one hundred miles, or from
a fourth to an cighth of its former width.

The weakness of Professor Suess’ theory lies in the faet that
jon as it implies i< assumed to be due to an
oufrrard movement of the relatively
small area of the
whicl i included weithin the are. Tt A —
must he obvious that suclt a move- \’\_ (=
rient. heing frony a center toward three
<ides at once, would for this cireum- s 5F s Fo St
sevibed arex involve cnormous pro- (@)
portionate reduction in superficial urea
of the strata and could only result in

such  eompress

Acrivayy Moving Area
rth's outer shell >

i

[/ #iorw ressstonr roSidtng N\
/ N

a hiatus near the center of the are. . T
No such gap is to be found, and one  \ , oL

. w R =2
would, moreover, be difficult Lo account ~ e

for upon any plausible hypothes On Acrively A/;W”ydfm
the other hand, the general confraction .

" . . FiG. 473. —a, diagram to illus-
of the planct as a whole, involving trato the Suiess® theors of the
as it does reduction of surface over  orign of mountain arcs: b, the
large areas, is a well-recognized fact; suthor's modification of this
and if it be true that the shields '™
formed by the older continents are less suhject to contraction than
the remaining portions of the surface, it ix easy to understand why
the earth’s outer skin should be wrinkled by underfolding and
thrusting ahout these continental margins, 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 sheet of rub-
ber cloth such as is in common use by dentists, upon which a
thin layer of hot 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 the tension upon the
rubber then released, the viscous halsam of the unchilied portion
of the layer is thrown into wrinkles about the cooled and more

)
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resistant areas. These more resistant portions of the stratum
may thus represent the ancient continental shields of our planet.

The Atlantic and
i Pacific coasts con-
{ trasted. — In his
studies of moun-
tain ares in their
relation to the
plan of the earth,
Professor  Suess
has shown how
the arrangements
of the mountain
chains about the
two larger oceans
represent two
strongly con-
Fic. 474. — Festoons of mountein arcs sbout the borders {rasted types.

of the Parific Occan— Pacific tybe of coast (based upon Whereas about
Suess). = T

the Pacific margin
the mountain ares are, as 1t were, strung in festoons wlich trend
parallel to and are convex toward the coast, or else He in {ringing
garlands of islands in the same attitude (Fig. 474); the mountain
chains about the Atlantic become sharply truncated as they reach
the coast, and thus indicate
that the hasin of this ocean
has been produced by an in-
throw or depression between
great marginal  displace-
ments in some period sub-
scquent to the formation of
the mountains.

Thus the mountain folds
of the Appalachian system
are in Newfoundland cut
off abruptly at the coast
line, and the same bedsy Fic. 475.—The interrupted system of the
similarly truncated, are en- gj";’;;“:u d‘“;:"’&"‘:l"“s’{g:,:m:;c'::c:e(":‘z
countered again across the  anay.
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expanse of ocean in the folds at the coast of western Europe (Fig.
475).  In discontinuous remnants this ancient mountain chain may
Le traced in an east and west direction across western and central
Europe.  We have thus here to do with o single mountain
system which extends from eentral Europe to northern Alabama,
out of which a great link has heen taken by the subsequent
<inking in of the basin of the Atlantic Oeran.

The block type of mountain. — The inclusion of most eleva-
tions in mwountain chains and ares is onc of the most obvious
faets to any one who has examined
world atl with this subject iu
mind.  Such chains are almost in-
varigbly composed of folded rocks,
thus indjcuting that erosion has
rernoved  great  superincumbent -

; o.f strata since the_crusm] r’:‘onqz‘;‘:“z];::‘“:}' d:t‘;:‘“';‘:
ssion produced the folds at  placement™ in the Great Basin of
considerable depths below the then  the western United States (after
curface. Powell).

There are, however, large elevated tracts upon the earth’s sur-
face which are interzected by deep valleys, 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
. stand at diffcrent levels
Aomave Lake (Fig. 476).

. ] b e Such block mountain dis-
tricts are to be found in
many parts of the earth’s
surface, but notably within
the Great Busin of the
western United States, and
in the land area which
borders the Indian Ocean
upon the west and north-
west. In contrast with the
rmountain 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

%
Mites

Fi6. 477. — Section of ap East Africun block
mountain (after J. W. Gregory).
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valley separated from each other by great displacements.  Though
maodified to some oxtent Iy erosion, the elevations seem generadly
fo represent the displaced erust Blocks whicls in mutual adjust-
ments have been left af the highest tevels (Fig. 477).  The valley
of the Jordan, with the mountains of Lebanon rising above it, is
near the northern estremity of this faulted mountain region (Fig.
434, p. 404), while the Great Rift valley, crossing cast Central
Africa, und the many neighboring rifts to the east and west, are
graven in lines so deep that an observer upon a neighboring planet
might perhiaps detect them.

It is not necessary in all cases {o assume that the block moun-
tains of a faulfed distriet represent the blocks which in the ad-
justments were left the highest.  Erosion in the course of time
accomplishes marvels of transformation, and it may result that
hewvy masses of snore resistant rack eventually project the high-
est, even though they may represent the downthrown blocks in
the Tault mosaic (Fig, 43, p. 60).

Where in addition to undergoing changes of level the earth
blocks have been tilted, the features long sinee described from our

e T

Fig. 475 — Tilted erust blecks in the Quuantoweap valley.

western interior basin as “ Basin Range structure " are developed.
Here the upper surface of the disturbed earth blocks hetrays the
evidence of a definite G4 in sume one direction (Fig. 478, and Fig.
431, p. 402).

Mountains of outflow or upheap. — An lmportant type of moun-
tain, generally deseribed as voleanie, may be due either to the out-
flow of Juva at the earth's surface, or to accumulations of sepurated
fragments of lavy, first thrown into the air, and then deposited
by gravity or admixed with water as voleapic mud.  Such moun-
tains, hoth before and after modification by erosion, assume the
strikingly eharacteristic forms which have been fully discussed in
Chapters 1X 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.
Excepting only the surface produced by the few great fissure erup-
tlons and the semivoleanic mesa tvpe, the individual mountains
of voleanic origin develop features with notably circular bases.
Domed mountains of uplift laccolites. — At a considerable
number of widely separated localities upon the earth's surface,
nountainous regions are encountered, the central areas or cores

. 479.—Pen drawing of the laceolite of the Carriso Mountain by W. H.
which shows the jagged surface of the igneous rock rore and the slop-
ing tables which still remain of the roof of sedimentary rocks (after Cross).

of which are composed of intrusive igneous rock such as granite,
und about this core the sediments dip away in all directions as
though they
had onpce
formed a con-
tinuous  roof
above it and
had been
foreced into
this dorne by
hydrostatic
pressure of
the once vis-
cous material
bencath (Fig.
152, p. 143,
and Figs, 479
and 480). LEx-
amples of such
domed moun-
tains of uplift
were first de-
scribed by

Fia. 480, — Map of {accolitic mountains. A portion of the
! Judith Mouutain:, Montann. The intrusive igneous rock is
Gilbert from  shown in blusk {after Weed).
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the Henry Mountains of Utah, but instunces are furnished by
muny elevated tracts, especially within the western United States.
Such mountains are known as lac-
colites, but when one margin at least
of the igneous core corresponds to
a displacement, the mountain is de-
seribed as a bysmalite (Fig. 481).

When subjected to long-continued
erosion, the generally fissured granitic
core of the laccolitr weathers in o
L. 45‘0‘[;::"‘;‘1‘\;;!h::fp:i?lri]fc of lues wholly difierent manner from  the

) A bedded sediments which surround
and still in part mount over it. The former usually presents a
more or less jagged surface which contrasts sharply with the gently
sloping tables of the latter (Fig. 479).  About the high granite core
of the mountain, the several strata of the uptilted formations pre-
sent each a steep slope toward this higher land, and a geatler slope
in the opposite direction. Such unsytumetrical ridges which sur-
round the mountain area are often referred to as * hog backs ”
(plate 12 B). The arrangement of the strata io the hog backs thus
presents an overlapping series like the shingles upon u roof, ex-
cept that the overlapping is here from the hottom instead of the
top, and the exposed ends thus face toward the crest.  Unlike a
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 parallef to the base of the slope except where outlets
are found through them.

Mountains carved from plateaus. — In the mountain types
thus fur discussed, the local uplifting of the land bas itself developec
features which in the aggregate may be referred to as mountains
even though the characters of the original surface are soon de
stroyed hy ecrosive processes of one sort or the other. Erosive
processes are, however, quite competent to produce mountait
forms from a featureless plateau, and particularly through the
incision by streams of running water, the best studied process o
mountain sculpture (sec Chapters X1-XII1). This process o
throwing valleys about an elevated section of the earth’s surface
and so carving out rountains, is somefimes described as circum
vallation; and if the term “mountain’ be applied in its ordinar;
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sense to deseribe an individual feature, it is clear that most. moun-
tains bave been formed in this way.

To discuss the characteristic shapes of such mountains would
be largely to review the contents of this Look, and especially those
portions which discuss the character profiles resulting from the
action of cach sculpturing or molding agent. The work of frost
and other weathering agencies, of running water, of mountain and
of continental glacier, would all have to be considered in order to
evolve the history of each mountain.

In addition to discovering the agents which were chiefly re-
spousible for the shaping of the mountain, we may, further, in
many cases determine ot what stage the work of one agent has
been suceeeded by that of another, and at least at what stage
of its complete cycle of activity the Iatest agent is now at work.

The climatic conditions of the mountain sculpture. — Since
the different geological agencics operate cither in a different man-

Fic. 482, — The gabled fagade so largely devcloped in degert lapdscapes and
sharply contrasted with the recurring curves in the landscapes of bumid districts
(from a painting of the Grand Cafion of the Colorado by Morau).

ner or with differences in vigor according to the varyiong climatic
conditions, the mountains of arid regions may in most cases be
readily differentiated from tbose of the more habitable bumid 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 vegetution, which protects the rock sur-
face from more rapid mechanical degeneration, and arrests the
sliding movements within the aiready loosened rock débris. In
place of the reversed curves of the lines of beauty, so geoerally
observed in the landscapes of well-watered regions, the deserf
fands present ever a. repetition of the vertical cliff alternating with
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a sort of many gabled fagade which i= occasionally due to trunca-
tion of mountain spurs by the waves of former lakes, but far more
often the ouitines of débris cones huilt up beneath each prominent
joint of the ebff walls (Fig. 182).

The effect of the resistant stratum.— In n striking manner
mountain landseapes may diselose the influence of the diversified
rock materials and of the rock structures as well.  After prolonged
erosion there iz likely to he little correspondence hetween the posi-
tions of the anticling] folds and the crests of the higher wountains.
Such mountains are, in fact, much more likely to rise over syn-
clines than upon the site of unticlines.  The traveler who enters
the Alps by any of the sevecal railways, or who journcys by steamer
over the beautiful lake of Lucerne, has a most favorable oppor-
tunity to study the position of the rock folds in the mountain
sections that are unrolled in succession before him.  Rarely in-
deed will he find a defipite anticline in correspondence with a noun-
tain peak, for the lavers which are most resistant have developed
the peaks, and it is because the outer layers of the anticlines open
by local tension (see Fig. 26, p. 45) that they were first cut away

o T 5 —._.. by crosion, so that the hard
- ... ... layvers within the synelines
are likely to constitute the
peaks within the existing sur-
. fare.

o - i When, ns sometimes hap-

Fic. 483.— The Mythen, composed of Juras- ST
sic and Cretaceons sediments, und resting PO #0 older and likewise
upon softer Tertiary formations.  View More resistant bed has been
from a balloon (after o photomaph by C. folded back upen younger und

Sebumide); solter formations, an isofated
remnant may be found “unrooted " to its base, upon which it ap-
pears as though floating within a billowy sea of the softer forma-
tions (Fig. 483).

The mark of the rift in the eroded mountains. — Applying
the term “mountain ™ in its collective sense for a circumscribed
aren of uplifted crust, whether represented to-day by a folded or
a faulted complex, a lava mass, or a granite dome; the period of
uplift has marked the beginving of the activity of sculpturing
agencics. By these the mass is pared down as it is shaped into
a more or less intricate design of component and essentially
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repeating units. lo the vernacular the word ' mountain” is
applied to these units info which the larger mountsin mass is
subdivided.

It has been one of the main objects of this work to point out
that the peeculiar shapes of these clementary mountains are cach
characteristic of the erogive agents which produced them, and that
each surface has marks which may be recognized in those lines of
profile which recur within the land-
scape — the character profiles.  In
the subdivision of the larger muss
—the genefical mountain —to form
the numerous smaller miasses — the
erostonal or circwmrallntional moon-
tains — there Is disclosed a puttern
of fructures which has guided the =k
erosional agents in their incisional Fig, 454, —The battlement type of
operations (see Chapter NVI). T erosios moustains,  Die Drei Zin-
higlh z.il\ilu(les, \\‘he:-re L)w‘ action of ’l‘;"l‘luilf’i'f:'(]{li:‘:“.l\'l:];r’;m fu_ the
frost s so potent in prying at the
wider fractures, this ~ubdivision of the mass may be revealed by
the sculptuting of squared towers or battlements (Fig, 484).

For other examples in which the sculptured surface is lurgely
the handiwork of a single erosionul sgent, as over vast areas in the
Canadian wilderness, the revelation of the {racture design is no
less apparent. Here a series of crystulline rocks underlie broad
expanses of territory and arve without noteworthy variations of

N

N e

Fra. 485, — Symmetrically formed law islands repeated in runks upon Temagam
Lake, Ontario.

harduess and almost bare of surface débris.  Seulptured beneath a
mantling ice sheet, excavation has naturally been concentrated
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above the more widely gaping fissures of the joint-fault system,
douhtless already marked out in the river network which the
glacter overrode. The result hus been a division of the surface
into a series of low, oval ridges or hummocks, which over vast areas
are repeated with mopotonous regularity.  Wherever the lower
tevels have been flooded, svmmetrical low islands of nearly uni-
form clevation rise from the expapse of water and may be counted
by thousands. Though the smalier islands have notably regular
shore lines, the larger ones disclose their cormposition from smaller
units by the breaking of their shores into similar bays spaced with
regular intervals (Fig. 485, and Figs. 243 and 243, p. 229).

The ever repeating fracture design of the carth’s crust is not
restricted to the mountain masses which it has broken up, and the
unity of which it has done so much to conceal. It extends far
outside the margin of these masses, and is in {act common o whole
continents and perhaps even to the planet as a whole. The part
played by this design of fractures in the control of the sculpture
of landscapes it would be lLard to overestimate. Through its
tnfluence the striking festures molded by one agent have been
merged in the contrasted shapes developed by another. It is the
great outline blender in the creation of nature’s nmasterpieces of
form und eolor,  Thux the lines of this mysterious fructure net-
work, though stamped in indelible characters upon our landseapes,
are generally lost in the ensemble effect and may fong remain un-
discovered., Like a moss-grown inseription upon a siab of marble,
though veiled, it may yet be deciphered; and if the veil be with-
drawn, the runic characters are disclosed, and one of nature's laws
lies open before us. ’
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APPENDIN A
THE QUICK DETERMINATION OF THE COMMON MINERALS

BEFORE one may gain a knowledge of rocks or the architecture of their
arrangement within the earth's crust, it is quite essential that some fa-
miliarity should be acquired with the appearance and properties of the
commonest minerals, and particularly those which enter as cssential
constituents into the more abuadant rocks.  Ta be a competent mineralo-
gist, one must have a rather extended knowledge hoth of inorganie chem-
istry and of the science of crystallography, which, fascinating as it is to
study, involves some fechnical knowledge of roathematies and much
laboratory experience.  Though necessary {o any one who contemplates
making a carecr as o geologist, this special study is not essential to a
cultural course like the present one.  The attempt will here be made to
bring together a body of fact, from the study of which the student may
quickly learn to recognize the cormmonest mincrals in their usual va-
rieties.  The tests he is to apply are mainly physical, and in place of an
elaborate discussion of erystal symmetry, pictures only can be suppliod.

To the beginner the usual textbook of mineralogy is difficult to read
intelligently. for the reason that for each mineral species it sets before him
3 catalogue of each physical property in its turn, with little indication of
those data which in the ndividual case have special diagnostie value,
None the less, however, the student is advised to consider the several
properties of each mineral in o definite order, and the following may serve
as well as any: ervstal or other form, cleavage, fracture, luster, color,
streak, transparency, tenacity, bardness, magnetism, und specific gravity.
In endeavoring to connect the specific values of these properties with
individual mineral species, the chemical composition and the manner of
occurrence are not to be forgotten. 1t is well for the student to be
supplicd with a small pocket lens and with 2 pocket knife the hiade of
which has been magnetized.

Crystal form. — Some mineral specics generally occur in more o7 less
definite erystals — are bounded by definite plane surfaces develaped when
the minera! was formed ; others in groups of interfering crystals or aggre-
gates, in which case the mineral is said to be crystalline; while still others
arc rarely found crystallized at all. Thus in a given case crystal form
may, or may not, be importast for the diagnosis of the substance. If
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amineral speeies is usnally to be found in erystals, the student should
be aware of the faet, and if possible shauld have a mental picture of the
commant ervstal shape or shapes. Without an extewded knowledge of
crystatlography, this must be supplied him by drawings. Since crys-
tals of most species are apt to be distorted, owing to the fact that some
planes within the same group appear upon the erystal with a larger de-
velopment than others, it is convenient to remember that markings, such
as lines or elchings upon the crystal faces, are the same throughout the
same group of planes, aud in the text figures such groups of planes are
indieated Ly the use of a common letter. For ervstalline aggregates
such terms s fibrous, radiating, massive, or granular have their usual

meinings

Cleavage. — {1 is churacteri-tic of most erystals that they break or
cleare along ccitain directions <o as to leave plane or nearly plane surfages,
and the fuster of the eleaved surfsee measures the perfection of the cleav-
uge property. It s important always to note how many such directions
of clenvage are present, and, roughly at Jenst, at what angles they inter-
seef — whether they are perpendicular to cach other or inclined at some
ather angle,  Further, it should he noted whether a given cleavage is
perfect, that Is, casy, whieh will be indicated by the thinness of the plates
which can be seeured  An extremely perfeet cleavage is possessed hy
the mineral mica, whose plates are thinner than the thinnest paper. In
the ease of imperfeet or inferriupted elewvage, the frq(tnw surf&ces ure
not plane throughrt but inferrupted, the surface mping” from one
plane to a neighboring parallel one. It is especially important to note
whether, in the case of several cleavuges possessed by a crystal, sl have
the same degree of perfection, or whether they exhibit differences.

Fracture. — In mincrals with poorly developed cleavage, the frac-
ture surface is deseribed as fracture.  Fraoture is thus perfect in pro-
portion s cleavage is imperfect.  The fracture is deseribed as conchoi-
dol when 3t surfaces like hroken dass For
fine aggrepates the fracture is deseribed as even, uncven, carthy. ete.,
pames which are generally intelligible.

Luster. — This ferm ix applied especially to the manner in which light
v reflected from mineral surfaces,  The most important distinction
is made hetween those mincruls which have u welollic luster and those
which have not, the former being always opsque.  Other churacteristic
lusters are adamantine (like oiled glass), vitreous (glassy), resinous,
waxy, ete.

Color. — For minerals whiclh possess metallic luster the color is always
oracticaly the cume, and heace it becomes a valuable diagnoatic property.
Of mincrals which have nonmetallic luster, the color may be always

bows wavieg saheriesl




APPENDIX A 451

the same and hence characteristic, but in the case of many minerals it
ranges between wide lirnits and sometimes runs almost the entire gamut
of hues, yet without appreciable changes in the chemical composition af
the mineral.

Streak. — This ferm ix applied to the color of the mineral powder,
ami iz usually fairdy constant, even when the surface eolor of different
specimens may vary within wide limits, Lo the case of fairly soft minerals
the streak Is best examined by waking o mawrk on a picce of unglazed
porcelain (streuk stone),

Transparency (diaphaneity).— The ferms ‘‘ {ransparent,” “ translucent.”
“subtranslucent,”” and “opague’ are used to deseribe decreasing grades
of permenbility by light ravs. Through transparent bedies print may
he read, while translucent bodies allow the light to be transmitted i
conziderable guantity through them, though without rendering the image
of ubjects.

Tenacity, — This comprehensive term includes such propertics as
brittleness, flexibility, clasticity, malleability, ete.

Hardness. — Quite erroneous notions are held concerning the mean-
ing of this very commaon word, which properly inplies a resistenee olered
to abrasion. Tt is one of 1he most valuable properties for e quick de-
termination of minerals, sinee minerals range frou diamond upon the one
hand — the havdest of substunces — to tale and geaphite, which are so
soft as to be deeply seratehed by the tamb nml. FFor praetical pur-
poses it i~ sufficient to make use of w rough seale of hardiess made up
from common or well-known minerals. 15 we exclude the gem minerals,
this seale need include but seven numbers, which are: wale, 1; vpsum, 2
caleite, 31 fluor spar, 4; apatite, 5 feldspar, 6 and quartz, 7. A given
mineral is softer than a mineral in the seate when it can be visibly scratched
by a scale mineral, but will not Jeave a scrateh when the conditions are
reversed. I each will serateh the other with equal readiness, the two
minerals bave the sume hardpess.

Sinee it may often be desirable to test mineral hardness when no scale
ix at hand, the following substitutes may be made use of : 1, greasy feel
and easily seratched by the thumbnail; 2, takes a seraich from the thurnh
ail, but. much less readily; 3, seratched by a copper coin and very
casily by a poekel knife; 4, serabehed without difficulty by a knife;
ratehed with diffieulty by a koife, but easily by window glass:
G, seratched by window glass; 7, seratches window glass with readiness,
but a grain of sund may be substituted to represent quartz in the scale.

Maggetism. — Though uearly all minerals which contain important
quantities of the clements iron, cobalt, or nickel may be attracted to o
strong clectromugnet, there are bt two commou minerals, and these
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of widcly different appearance, whose powder is lifted by a common
magnet. Others are, however, [lifted after strong heating in the air
(rgnition), und t s a valuuble test.

Specific gravity. — Rough tests of relative weight. or specific gravity,
may be made by 1ifting fair-sized specimens in the hand. Better deter-
minztions require the use of a spring balance.

Treatment with acid. — The carbonate minerals react with warm
and dilute mineral scid so as to give a boiling effect (effervescence),
since carbonic acid gas escapes into the air in the process.

PROPERTIES OF THE COMMON MINERALS

The more impartant common minerals fall into two classes according
as thev have large cconomic importance as ares, or eoter in an impor-

tant wuy into the composition of roc;

1. The Minerals of Economic Importance

Hematite. — The sesquioxide of iron, Fe.Ox, and by far the most impor-
tant ore of iron. Rarely in good ervstals, but sometimes in thin opague
seales bearing some resemblance to wica and known as miecaceous or
specular iron ore At other times in nodules built up frow radial needles
(necdle ore), in hard masses wixed with fine quartz grains (hard hema-
tite): or in =oft reddish brown carth (soft hewatite). Color, black to
cheryy red. The powdered mineral always cherry red or reddish brown,
and casily Dfted by the magnet after ignition.  FHardness 5.5-6.3:
specific gravity J.

Magnetite. — The maguetic oxide of iron, Fe.Qs, often in ervstals like
Tig. 486. 1-2. Black and opague with 2 metallic Juster.  Streak Llack.
Lifted by a magnet and sometimes itsell capable of lifting flings of
soft iron (Jodestone).  Hardness 5.5-6.5.  Specific gravity 5.

Limonite. — The mest abundant and most valuable of the hydrated
iron ores, 2 Fe,0y. 3 H:O.  Chemical composition the same as iron rust,
with which in the earthy form il is identical.  Never in ervstals, but often
in mammilldry or rounded pendant forms resembling icicles, or some-
times clusters of grapes. [ts yellow (rust) streak is its best diagnostic
propertv. Ignited it gives off water and becomes magnetic. The streak
and its notably lower specific gravity distinguish it from certain forms of
hematite which it outwardly resembles. Harduwess 5-5.5. Specific
gravity 3.6—4.

Pyrite, iron pyrites, or “fool’s gold.”” “~The sulphide of iron FeSa.
The most widely distributed sulphide mineral and now a chief source of
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the great chemical reagent, sulphuric acid or vitriol,  Often, but not. al-
ways, in crystals (Fig. 486, 3-5) which have peculiar stmz upon their
faces. At other times the mineral is found massive or in radiated needles.
Bright metallic luster with the color of new brass, though often tarnished
or altered upon the surface to limonite.  Hard und Lrittle, and so dis-
tinguished from pold. which is soft and malleable and of the color of the
paler old bruss (which contained a larger percentage of zine).  Gold is,
further, about four times as heavy as pyrite.  Hardness 6-6.5  Speeific
gravity 5

Chalcopyrite, copper pyrites.— A mixed sulphide of copper and iron.
If in erystals, like Fig. 486, 6: otherwise massive or compaet.  Luster moe-
tallic.  Color orange-yellow, often with local blue and green iridescence
like a pigeon’s throat. Distinguished from pyrite hy the deeper color
und lower hardness, and from gold, particularly, by its brittleness and
fower spocifie gravity.  Hardness 3.5 Specific gravity 4.

Galenite, galena. — Sulphide of lead, PhS. The chief ore of lead, and,
from admixture of s silver mineral, of silver as well. Uspally found in
cryvstals (Fig. 486, 7). Always cieaves into blocks bounded by six very
perfeet rectangular faces which, when freshly broken, show a bright sil-
very luster and quickly tarnish to a peculiarly leaden ” surface. Very
heavy. Color and streak lead-gray.  Hardness 2.5, Specific gravity 7.5,

Sphalerite, zinc blende. — Sulphide of zine, ZnS, usually with considerable
admixture of sulphide of iron. The great ore of zinc.  Not infrequently
in erystals (Fig. 286, 8-9), but more often in cleavable crystalline
agaregates. 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 different directions, so that a symmetrical twelve-faced form
may sometimes be broken out (dodecahedron). Luster like that of rosin
(rosin jack), though when with large iron admisture the color may approach
black (black jack). The lighter colored varieties are translucent. Hard-
ness 3.5-4. Specific gravity 4.

Malachite, — Hydrated (basic) copper carbonate. The green copper
are and the common surface alteration product of other copper minerals.
Usually has a microscopic structure made up of fine needle-like crystals,
but gencrally massive in various imitative shapes not unlike those of the
ron ores. Sometimes earthy. Its color is bright green, and it is usually
found in nssociation with other characteristic copper ores, such as chal-
vopyrite and azurite.  When relatively pure and in large masses, il is
a beautiful ornamental stone.  Effervesces with acid.  Hardness 3.5-4.
Specific gravity 4.

Azurite. — Hydrated (basic) copper carbonate, less hydrated than
malachite, and known us the blue carbonate of copper. Generally iu
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very minute and quite complex erystals, but also in imitative shapes
similar to those of malachite, and at other times earthy. Slightly lighter
in weight than malachite, from which it is easily distinguished, as from
most. other minerals, by its bright azure blue eolor and its somewhat
lighter blue streak. Iiffervesces with nitric acid. Hardness 3.5-1.
Specific pravity 3.7-3.8.

Calcite. — Calcium carbonate, CaCOr. Almost alwayvs in crystals (Fig.
286. 10-13), or in confused crvstal aggregates, though rarely fibrous or
dull apd earthy. Some of the farms of the crystals are deseribed as
“dog-tooth spar,” others 25 nail-head spar,” while still others are modi-
fied hexagonal prisms. There is a heautilully perfect. cleavage of the
winerel along three directions which make ungles of about 103° with each
other, so that under the himmmer the substance hreaks into blocks which
are shaped like the crystal of Fig. 486, 10, Usually white or gray, but
occasionally faintly tinted. Streak white. Effervesces with cold and
dilute mineral acids. An associate of many ores and the chiefl mineral
of limestone. 4 similar mineral — dolomite — contains in addition mag-
nesium carbopate, has simpler ervstals (like the drawing of Fig. 486, 19,
but often with rounded faces), and effervesees oulv when the acid is warrned.
Hardness 3. Specific gravity 2.7

Gypsum. — Hydrated calcium sulphate, Cas0,.2 H-O, and the souree
of plaster of Paris. Often iu simple cryvstals (Fig. 487, 1) or clse “ swal-
Jow tail,” like Tig. 487, 2, in which case the miveral is generally either
transparent or translueent and is described as selenite.  Such erystals
show a cleavage approaching in perfection that of the micas, bul, unlike
the mica laming, those produced by cleavage in gypsum though flexible
are not elastie.  There are also fibrous forms of gypsum (satin spar),
a fine-grained form (alabaster), and the impure carthy form (rock gyp-
sum).  Very soft, light in weight, and difficultly fusible.  Color usually
white, gray, ar pale vallow. Hardness 2. Specific gravity 2.3.

Copper glance. — A sulphide of eopper, CusS. Not usually well crystal-
lized, but generally massive and nssociated or variously admixed with
other copper ores such as chaleopyTite, malachite, ete. Fracture con-
choidal, luster metallic, color and streak blackish tead-gray, though often
tarnished blue or green from surface alterations to the copper carbonates.
Softer and heavier than chaleopyrite.  Blowpipe or chemical tests are nec-
essary for its identification. Hardness 2.5-3. Specific gravity 5.5-5.8.

Cerussite.— The white or earbonatc tead ore. PbCO,, and an important
ore of silver as well.  Often in crystals of considerable complexity, though
IMig. 487, 34, shows somec common shapes, Often granular, masive, or
carthy (gray carbonate ore). Very brittle and with conchoidal fracture.
The luster is adamantine or like that of oiled glass. Color generally
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white or gray.  Very heavy, the heaviest of light colored and nonmetallic
mincrals.  Dissolves in nitrie acid with effervescence. Hardness 3-3.5.
Bpecific gravit .
Siderite. — The carbonate or * spathic " ore of iron, FeCO, Either
in crvstals resembling in form g, 486, 10, but with rounded faces, or
clegvahle massive to finely granular and earthy.  The crystalline varieties
cleave easily into smaller blocks of the same {orm as those of calcite.  Color
usually gray or brown and streak white.  On strongly igniting, the white
powder heeames black and magnetic.  Lighter in both color and weight
than the other iran ores, andd unlike them siderite effervesces with acid.
Distinguished from ealcite by its higher specific gravity and its change
upon heing ignited.  Hardness 3.5~ Specific gravity 3.9.

Smithsonite. — Carbonate of zine, Zn('O,, and an important ore of
that metal.  Scldom found in erystals except ax a replacement of caleite
erystals, in which case it shows the forms ch ~ristic of the latter min-
cral.  Usually kidney-shaped, stalactitic, or else in lucrustations upon
other minerals.  Sometimes granufar or carthy. Brittie. Luster vitre-
ous, color white or greenish gray, though often stuined vellow with iron
rust.  Streak white except when the wineral is stained with iron.  Ef-
fervesces with warm acid.  Hardness 5. Specific gravity 4.4,

Pyrolusite. — Black oxide of manganese, MaU,, though generally im-
pure from admixture with other manganese oxides.  Usually in intricate
aggrepates which may be columnar, fibrous, memmillary, earthy, ete.
Opaque, with color and streak both black, Soft and easly soils the fingers.
With hydrochlorie acid gives off the choking fumes of chlorine. Hard-
pess 2-2.5.  Specific gravity 4.8

S

Il. The Minerals important as Rock Makers

These minerals are in most cases complex silicates of one or more of a
eertain number of metals such as aJuminium, calcium, magnesium, iron,
sodinm, potassinm, or hydroxyl (OH). For their idenfification an ex-
amination of the physical properties is usually sufficient, whereas of the
ore minerals already considered, additional chemical tests may be
NECessATy.

Feldspars."— A group of similar alumino-silicates of potassium, socium,
and ealeivm.  The rost important of all rock-making minerals.  Although
with wide variation in chemical composition, the feldspars are yet broadiy
divided into two classes; the one striated, and the other an unstrinted
potash or orthoclase variety.  The pocket lens is usually necessary in order
ta make out the striations upon the erystal or cleavage surfaces. When
formed in veins, feldspar appears in crystals (Fig. 487, 5-6), but as a rock
constituent the mutual interference of erystals prevents the development
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Fig. 487. — Forms of Crvstals: 1-2, gypsum; 3-4, cerussite; 56, {cldspar; 7,
quarlz; & pyroxcne (cross pection): 9, harnblende (cross section); 10, garnet;
11, nephelite; 12-14, staurolite; 15-16, tourmaline (cross sectivus); 17, olivioe
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of bounding faces.  Two clensage diveetions, nearly or quite perpendicular
{o each other, wre notaldy different i their perfection.  Hard enough
to serateh glass, but casily scratehed by sand.  Calor pink (usually ortho-
clase or microline), white (often albitey to gy, Sometimes with beauti-
ful “ pigeon's throat " effeet of iridescence (lubradorite). Low specific
gravity.  Hardpess 6. Specific gravity 2.5-2.8,

Quartz.— Oxide of silicon or silica, 80,  Both an important vein
mineral assoclated with the ores and a rock maker,  In the former casc
purticutarly, often in crystals of notably simple forms (Fig, 487, 7). Few
i which are not pems are so hard,  Remurkable freedom from
cleavage so that the mineral hreaks much like window glrss — eonchoidal
fracture.  Wide range in both fransparency and color.  Trangparent and
colorless ervstalline varivy (rack ervstahy, brown transtueent. (smoky
quartz), turhid white (milky quartz), aud various colored varieties (car-
nelian, jasper, Jvt cte).  Insoluble in acids and infusible. Hardness 7.
Specifie gravi

Micas. — Like Lh( feldspurs a group of complex silicates, hut here
chiefly of potassium, magnesium, jron, and hydroxyl.  Abundant as rock
juakers, the micas wee all charaeterized by the thitmest and toughest
of elastic cleavage plates, sneh ax are generally known us |
a needle s driven sharply through 2 thin scale of mics, a

npluss. When
~rayed punes
ture star forms about the needle point. The darker common variety of
miea is rich i iron and magnesium and ix ealled biotite, and the lighter
colored  alkaline variety, muscovite,  Hardness 2.5-3.1. Specifie grav-
ity 2.7-3.0.

Chlorite. — Generally an intricate mixture of more or less similar
mieroscopie erystals haying varying and rather complex chemijeal composi-
tions and relaeted to the micas, hut all characterized by a peculiar leaf
green color.  These minerals are a common product of hydration weather-
ing in rocks which are ricl in magnesium and iron especially those that
contain hiotite, pvroxene, or hornblende (see helow}.  Hardness 1-2
Specific gravity -

Pyroxenes. — An JmpurtmL group ol related rock-making minerals al}
of which are silicates of the bases magnesium, calcium, aluminium, iron,
and manganese, Quite generally developed cither in columnar or needle-
ke ervstals which are uniformly shaped in cross scetion like Fig. 487, 8.
Two rather imperfeet cleavages are directed parallel to the longer axis
of the crystal and nearly at right. angles to each other. The colors of all
but the Jime varieties are dark and generafly green, dark brown, bronze,
or black. The lime varieties are white, gray, or pale green. A dark
colored and common iron variety is known as augite. Streak generally
either white or lightly tinted. Hardness 5-6. Specific gravity 3.2-3.6.
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Amphiboles. — A group of minerals of the same chemical composition
as the pyroxenes, with which also in most physical properties they agree.
‘The principal distinction s found in the shape of the cross seetion wnd in
the cleavage (Iig. 487.9). Whercas the cross sections of pyroxenes are
generally eight sided. those of the amphiboles have six sides, und whereas
the cleavage dircetions of prrovenes are nearly at right angles to ecunch
other (87°1, the similar but much more perfeet cleavage direetions of
the amphiboles are inclined at an obtuse angle (1241°).  Owing to the
obhquity of the amphibole eleavage, fructured surfaces of the mineral
appear splintery, which is not in the same measure true of the pyroxenes.
A fibrous variety of amphihole, and oceusionally other varietis of the
muneral, s not uncommon product of weathiering of pyroxenes,  Other
phasical properties of the amphiboles are inthe wain almost identieal with
those of the pyroxenes.

Garnet. — Complex  alumino-silicates ar ferro-silicates of  calciuny,
magnesivin, iron, or manganese, or severul of these combined. Nearty
always in erystals, aond usuadly found in mica sehist (see below).  The
crystals usually have fwelve similar faces, each a lozenge (dodecahedron),
or else twentv-four similar fuces, or the two forms combined (Fig.
487, 100, Brittle.  From any but the gam minerals garnet is easily
distinguished by its hardness, which in differenl varicties ranges from
somewhat below to sumewhat above that of quartz. The luster is vitre-
ous, and the color runs the gamut of reds, browns, and greens, but with
the common hue dark red to black.  Streak white,  Hardness 6.5-7.5.
Specific gravity 3.1-1.3.

Nephelite (nephetene). — .\n alumino-silicate of soditwn and potassium.
In certain special provinces this mineral ix developed in abundance as an
ewsential constituent of igneous rocks, but elsewhere practically unknown.
The rare crystals are hexagonal prisms (Fig. 487, 11), but the mineral is most
easily determined by its general resemblance 1o feldspar, but with the dif-
ferences of cleavage, luster, and reaction with acid.  Whereas the feldspars
have two cleavages, either nearly or quite perpendicular to each other
and of different degrees of perfection, nephelite has three equal cleavages
inclined 60° and 120° to each other and of less perfection than either
feldspar cleavage. The luster of nephelite is perhaps the best elew
to its identity, since this is greasy and simulatcd by but few minerals.
The fine powder of the mineral treated for some tjime with strong hy-
drochloric acid forms s perfeet jellv of silieic acid, whercas the feld-
spars do not. Though itself grey or white and unobtrusive, nephelite
is usually associated with brightly colored minerals, which are often the
first, clew to its presence in a rock. Hardness 5.5-6. Specific gravity
2.5-26.
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Talc (soapstone). — A silicate of maguesium and hydroxyl which is
an important alteration product through weathering of cerlain pyroxeue
rocks especially,  Usually a foliated mass, this product is occasionally
fibrous or even granular. Talc ix ane of the softest of minerals, huving &
greasy fecl and being ca seratched with the thumb nail.  The luster
of the folinted varie 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 stained by iron.  Although the
rocks which are composed mainly of talc (soapstone) are exceedingly
soft, they are very tough and remarkably resistant.  Hardness 1-1.5.
Speeific gravity 2.7-2.8,

Serpentine. — Like fale, scrpentine is a silicate of magnesium and
hydroxyt, and an important product of the breaking down of magnesium
minerals in the process of weathering.  The mineral js usually found as a
fine web of microscopic needlelike fibers, and is best roughly diagnosced
by its color and its associated minerals. Like tale it is usually developed
within those igneous rocks from which feldspar is lacking, but where either
pyroxene or olivine is found in abundance or was previous to olteration.
The characteristic color of serpentine is leek-green.  The rock largely
composed of serpentine is called by the same name, and heing exceedingly
tough and unchanging is, in spite of its softness, a valuable building and
ornamental stone. A red magnesium garnet is apt to be associated with
such serpentine masses. Hardness 2.5, because of impurities. Specific
gravity 2.5-2.6.

Staurolite. — A silicate of aluminium, iron, and hydroxyl. Tound in
metamorphic rocks usually in association with garnet. Alwavs in crys-
tals bounded by simple forms generally crossed, as shown in Fig. 487, 12-14.
The rolar is dark reddish brown, and the streak is colorless to grayish.
"The hardness is exceptional and higher than that of quartz. Hardness
7-7.5. Specific gravity 3.6-3.7.

Tourmaline. — An exceptionally complex silicate of boron and alu-
minium as well as jron, magnesium, and the alkalies.  Found in metamor-
phic rocks and always ervstallized.  The crystals are columns or needles
whose cross section is the best guide to their identity, since this is a modi-
fied triangle wilike that of any other mineral (Fig. 487, 15-16).  Additional
diagnostic properties are the characteristic striations which run lengthiwise
of the crystais upon prism faces, and the lack of any cleavage (difference
from hornblende). The hardness is also a valusble property, since this
is grester thap that of quartz. The mineral is brittle and the fracture
subconchoidal.  The range in color is as great as, or greater than, that. of
garpet, though the common forms arc jet 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 roin-
eral found only in those igneous rocks which have little or no feldspar.
It easily suffers alteration by weathering und passes into serpestine, and
eldom found except. when af lcast partially altered to the fibrous
webs of that mincral. The form of the unaltered crystals within the
rocks ix shown in Fig. 487, 17, and, cut in scctions, the mineral appears
in more or less elongated hexagons. The hardness of the unaltered roin-
eral is about that of quartz. It has rather imperfect cleavages in two
rectangular directions, and is usually translucent, with a vitreous luster
and a color which is olive-green when not stained Lrown by oxide of
iron. Streak uncolored. Hardness 6.5-7.  Specific gravity 3.2-3.3.
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SHORT DESCRIPTIONS OF SOME COMMON ROCKS

In Chapter IV the classification and the structure of rocks have been
briefiy iscussed.  Below are added rief desceriptions of the more im-
portant common rocks. For rocks as for minerals it is, however, esset-
tial that a colleetion of well-chosen speeimens be studied for purposes of
comparison A small pocket Tens is o valuable aid in making out the
component minerals and the texrures of the finer grained rocks.

1. Intrusive Rocks

Granite. — Of granitic texture, though ~ometitaes porphyritic as well.
The mnst alamlant mineral constituent s a pink or white feldapar, usn-
ally witheut visible striations, witly whicl there is usually in subordinate
quantity o white striated Teldspar. Next b imporanee (o the feldspar
is quartz, which because of itz luek of clesvage shows a peculiar gray
surface reseibling wet sugar. I addition to feldspar and guurtz there bs
generally, though pot universally, a dark colored mineral, either miea or
Lorntdende. The micx s usually hiotite, though often sssociated with
IUSCOVite.

Syenite. -—— Like granife, but without quartz, with more striated feld-
spar, and generally also the rock has o darker uverage tint.  While biotite
is the commonest dark colored constituent of granite, hornbiende is more
apt fo tnke its place in syenite.  Less common than granite, to which it is
closely selated i origin and in compoxsition.

Gabbro. — A dark colored rock of granitic texture composed of striated
feldspar with hroad cleavage surfaces and usuadly an ahundance of pyrox-
coe. In contrast to the feldspars of granite, those of gabbroes are often
dull and colored grayish vellow or greenish,  The pyroxene is often in
part changed 1o fibrous amphibole.  Magnetite may be an abundant
aceessary mineral. )

Diabase. — In color durk like gabbrvo, and of similar constitution. In
disbase, however, the feldspar erystuls, instead of being broad and of
imegularly interrupted outline, are relatively long ¢ lath-shaped ”'), and
the pyroxene acts as  filler of the residual space hetween them.

Peridotite. — A heavy and dark colored rock of grapitie texture which
is nearly or auite devoid of feldsnar but contains olivine.  When altered,
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as it generally is, 30 largely a mass of serpenfine, tale, and ehlorite, sur-
rounding cores, H may be, of still maliered pyroxene aud olivine,  Mag-
netite is an gyhundant constituent. and o red gurnet is apt ta be present.

2. Extrusive Rocks

Obsidian. — A rock glaxs rich in silicn. Tt is usnally black and bregks
with a perfeet conchoidal fracture. 1 often pu
sible gradations into pumice, which differs only in its vesicuinr strneture,
As regards chemical composition, obsidian and pumice are not wotably
difforent from rhyolice (elow).

Rhyolite. — A light colored rock of porphyritic texture, often wlso with
fluxion or spherulitic textures, or hoth combined.  The porphyritic ap-
pearance is given the rock by Jurge erystals of a glassy, unstrinted feldspar
and erystals of quartz. Rhyolite is a very siliccous lava containing rather
more silica than granite, to which of the intrusive rocks il is most closely
related, and from which it differs in its texture and in the manner of its
occurrence in nature. Whereas granite is found in great batholites,
laceolites, and bysmalites, and consolidated in most cases hencath the
earth's surface, rhyolite generally occurs in sheets, flows, or dikes, and
consolidated either above or in fissures near to the surface.

Trachyte. — Similar to rhyolite, bat usually with a peculiar gray aspect
from the greater abundance of feldspar crystals.  The rock is less sili-
ceous than rhyolite, contains no quartz erystals, and approaches a feldspar
in its average composition.

Andesite. — Similar to rhyolite in appearance and in origin, but more
basic and correspondingly dark in color.  The porphyritic erystals are of
lath-shaped, striated feldspar, with which are associated crystals of either
biotite or hornblende or both. A Auxion lexture iz particulariy char-
acteristic of this type of extrusive rock.

Basalt. — A dark colored or black basic rock of porphyritic texture
which differs but little from diabase. It may show under the lens fine
lath-shaped cryvstals of striated feldspar ussociated with erystals of augite,
but more frequently the rock is dense and without visible mineral con-
stituents. [t is parficularly fikely fo ocewr divided up into columns six
inches to u foot in diameter and known ax basaltic columns.  Fspecially
fine examples are known from the Giant's Causeway and other localities
in the western British Isles.

< over through insen-

3. Sedimentary Rocks of Mechanical Origin

Conglomerate (‘' pudding stone ™), — A rock made up from pebbles
which are cernented together with sand and finer materials.  The pebhles
are usually worn by work of the waves upon a shore, and may vary in
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size from a pea Lo large bowlder, They may consist of almost any hard
mineral or rock, though the sand about them is largely quartz.

Sandstoe. — A ruck composed of sl cemented together either by
caleareous, siliceous, or ferruginous materia Sundstones are described
as frinble when their surfuce grains are cusily rubhed of, or as compact
when they wre more firmdy remented. Randstones are ofien distinetly
banded and are sometimes variously stained with oxide of tron.  Those
sandstones which have been formed upon o seacoast are known as marine
sandstones, while thase derived from accumulations collected by the wind
in deserts arc distinguished us continental deposits. Sandstones form
much thicker formations than conglomerates, the latter usually consti-
tuting a basal layer only of the sandstone formation (hasal conglomerate).

Shale. — A consolidated mud stone which is probubly the most abun-
dant rock formation.  In large part clay adnixed in varying propartions
with extremely fine sandy grains.

4. Sedimentary Rocks of Chemical Precipitation

Calcareous tufa (travertine). — Nof to he confused with tufl. which
is a fragmental extrusive or voleanic rock, Caleareous tufa is formed
when waters which contain carbonic acid gas and lime carbonate in solu-
tion, give off the gas and with it the power to hold the lime in solution.
Such a liberation of the gns may occur when the stream is dashed into
spray ahove u cascade, and the lire is then deposited about the site of the
falls.  Travertine is generally porous and formed of more or less concen-
trie layers or incrustations, A remarkable illusiration is furnished by the
traverfine deposits of Tivoli and other localities near Rome, sinee hera
the material supplies a valusble building stone.

Oolitic limestone {oolite). — T'his rock s made up of gpherical nodules
and so bas the appearance of fish roc. Broken apart, each grain reveals
in its center a core of siliceous sand about which carbonate of lime has becn
deposited in eoneentric layers. It is thought that waters charged with
carbonate of [ime, in issuing from a river near a sea beach, coat the sand
grains of the latfer with successive thin films of lime carbonate due to the
rhythmic ebb and flow of the tides, evaporation of the adhering water
taking place when the sands are exposed at low tide.

5. Sedimentary Rocks of Organic Origin

Limestone, — A penerally white or gray rock composed of carbonate
of lime with varying proportions of elay, silica, and other impurities. The
lime carbonate is usually derived from the hard parts of marine organismns,
and the argillaceous and siliceous impurities from the finer land-derived
sediments which descend with them to the hottom.
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Dolomite (dolomitic or magnesium limestone), — Difiers [rom lime-
stone i containing varying proportions of the mineral dulomite (wnle,
P- 453), which is made up of equal parts of calcium and magnesinm car-
bonates,  Difficult to distinguish from limestone unless a chemieal fost
is made for magnesium, though it may be said in geweral that dolowite
is less soluble in cold mineral acids.
Peat. — An accwmulation of decompased  vegetalle matter within
small lakes and in lagoons separated from larger oncs (ante, p. 429).
Peat represents the first stage in the formation of coal from vegetable mut-
ter, and differs from the coals by its larger proportion of contained water.
Because of this water its fuel value is correspondingly small. It is usu-
ally dark brown or black and reveals something of the structure of the
plants out of which it was formed.

6. Metamorphic Rocks

Goeiss. -~ A generally more or less banded (gneissicy metamomhic
rack with a mineral constitution similar to granite, and often developed
by metamorphie processes from that rock. It may at other tines, hy pro-
cesses not essentially different, be derived from sedimentary formatious.
It uvsually confains as important constituents unstrinted feldspar and
quartz, but in addition it may include a striated feldspar, biotite, mus-
covite, or hornblende, or several of these combined. In proportion as
mica or hornblende is abundant, it has a marked banded texture, but it
differs fram mica schist (see helow) not only in the presence of its feldspar,
but in the smaller proportion of mica. Biotite gneiss, hornbiende gnetss,
cte., arc terms used to designatc varictios in which one or the other of the
dark colored constituents predominate.

Mica schist. — A metamorphic rock without feldspar and mainly
composed of quartz and light colored mica (muscovite),  The abundant
mica lends to the rock its characteristic schistose texture, which differs
from the usual gneissie testure. In some cases the mica is wrapped about.
the grains of quartz, but at other times it forms a series of almost contin-
uous membranes separating fayers of quartz.

Sericite schist. — A varicty of schist which is characterized by an
abundauce of 2 peculiar silvery mica rich in the element group hydroxyl.
The mica scales are often miscroscopic and wrought into an intricate
web with the quartz constituent.

Talc schist. — A schist made up largely of tale, but with varying
proportions of quartz, magnetite, ete.  From the ubundance of the tale
it is usually pale green or white.

Chlerite schist.— A greenish, fine-grained metamorphic rock in which
chlorite is the prineipal mineral, but in which maypetite is a quite charac-
teristic accessory constituent.

2m
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Staurolitic garpetiferous mica schist. -— A miea sehist in which gar-
net and staurolite are so ahundant w0 he essential constituents.

Clay slate. —— A metamorphosed mud stoue or shale. 1n the process
of metumorphism the rock hus been hardened, given a staty cleavage,
and innumerable minute scales of mica have developed to produce a
sitky luster upan the cleavage faces.  The calor may be gy, green,
purple, or black.

Quartzite. — A metamorphosed sandstone i which the sand grains
have beeome entarged by uceretion of silicn, Whereas @ sundstone frae-
tures about its constituent grains, @ hreuk i quartzite is continued Uwough
the grains and the cement ali In contrast o sandstones, the quartz-
ites derived front themn are usually lighter in colar and often nearly white.

Marble (crystalline limestone).— The result of inetamorphism upon
limestones,  Usuallv white i color hut sometimes gray, blue gray, or
vellow, and sometimes variously broken or breceiated and stained with
iron oside.  Effervesces with cold dilute ueid.

Coals. — Under the head of peat the first stage in the formation of
coals from vegeluble matter has been briefly described.  Liguite, or
brown ¢oal, represents a further stage and one in which the vegetable
structure i~ =il recogdzable. It is usually brownish black or hlack
n color and contuins a considerable proportion of water.  With inereased
pressure or dynamic mctamorphism, further percentages of the wola-
tile constituents are eliminated, and when from seventy-five to niuety
per cent of carbon remains, the waterial buros with a yellow flarc and
is known as bitumipous coal. This is the great fuel for the production
of steam. A continuation of the metamorphic processes carries off a
further propoertion of the volatile matter and leaves a dense, hard, black
substance with sometimes as mucl as nigety-five per cent of carbon.
This is the so-called * hard coal "' or anthracite generally used for fuel
in our houses, for which purpose it is so well adapted because it burus
with 4 production of much heat and almost without smoke.
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THE PREPARATION OF TOPOGRAPHICAL MAPS

Topographical maps a lihrary of physiography. — For the satisfactory
working out in detail of the geology of any region of complex structure,
an accurate topographical map is prerequisite.  This is so much the wore
true because nearly all complexly fulded or faulted rock muasses are to be
found in mountainous, or at least in hilly regions. The making of the
topographical map must, therefore, preeede that of the geological map,
and i modern usyze the latter is w0 topographical and a geological map
comhined in one.

Withiy coertsin nurraw limits, predictions concerning the eeolozical
history of a provinee niy often be made by an expert geologist from
exatuination of an ucen map, Justous in forecasting
the weather upon the basis of the usual weather mups. suel predictions
can soraetimes be nade with entire confidence in their aceuracy, while
at other times o guess only may be lwzarded, The great value of the
wodern topographical map is becoming, however, universally acknowl-
cdged, and evers highly civilized nution has cither completed or has in
preparation seetional topographical maps of its domain on such a scale
as ix warranted by its financial coudition and its state of development.
Thus there is now heing accuryuiated a vast lilrary of geographieal and
fo some extent geological information, of which the student of geology
must be prepared to make use.

The pature of a contour map. — More und mnore the contour map ix
replacing the earlier and less scientific methods of represeniing topog-
raphy on the lurge seule sectional maps, aud hence this type ouly need
Lere be considered.  In the contour map, the relief of the land is repre-
senited by a serios of curving lines, caeh the intersection of a particular
horizontal plane with the land surface, und the seversl planes separated
by uniform differences of clevation.  Tlix altitude interval ix known as
the contour intervei. Tts choice is a mutier of considerable importance,
for though regions of relatively simple topography may be adequately
represented upon & map of large contour interval, say onc hundred feet,
another district may require an interval ax short as five feet. A contour
map with this interval may be conceived to have been made by flooding
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the region which H represents and preparing maps of the shore lines for
each rise of five feet of the water surface, and superimposing the several
maps thus derived witly aceurate registration one above the otlier.  Wher-
ever the land slope steep, the shore lines of the several maps will be
crowded closely together and give the effect of a refatively dark local
slizde s where, upon the other hand, the surface is relatively flat, the
several shores will he widely spaced and the effect will be to produce a
whife ares upon the map.  Thus in contour maps dark tones indieate
steep gradients and pale {ones a flatness of surface.

The selection of scale and contour interval. — With the use of the
amal) seale in the contour niap, the tones of the map will be correspond-
ingly dark, though the relative differences in tone will remain the same.
With the use of u closer eontour inferval the tones will deepen throughout.
The adjustment of seale and contour interval Lo any given region is a
matter requiring experience iy topographical mapping, and in addition
g knowledge of the geological signifieance of 1opographie jeatures. Un-
fortunately, the element of expense and the special commereial objects
held in view, couspire ta seleet seales and contour intervals which are
often litde adapted 1o the distriets surveved.

The method of preparing a topographical map. — Having fixed upor
the seale and the contour iuterval which is {o be employed, the task of
the topographical surveyor is uext {o fix aceurately the positions and the
elevations of a sufficient number of points to contral the map, and then
to bang, as it were, upou these poiuts as attachmeuts the design repre-
sented by the relief. Were the surface of the ground to be represented
Ly a flexible fabric, the map maker might raise from u flat base a series of
stout posts of the heights and in the positions which he has determined,
and upon these supports arrange the slopes of the fabric much as drapery
is adjusted. The determination of the exact positions and the elevations
of his control stations is, therefore, a process coldly precise and formal:
whereas in the shaping of fthe surfaces his attention should be fixed
more upon correctly reproducing the shapes than upon fixing aceurately
the position of every point. As a matter of fact, the position of the
average point will he most accurately fixed when the shapes of the fea-
tures are mwoit clearly comprebiended. To some extent, therefore, the
topographer should he faumiliar with the geological sipnificance of the
earth features which he s representing.

Laboratory exercises in the preparation of topographical maps. — The
principles which underlic the surveyor’s method for preparing a topo-
graphical map mayv be learned in the laboratory by the use of models and
the simple device sbown in plate 24 A and B. To represent the section
of country to be mapped a model in plaster of Paris is substituted, and this




A. Apparatus for exercise in the preparation of topographic maps.
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is placed within a rectangular tunk to which locating carriages and alti-
tude gauges are attached that allow the student to fix the position and the
elevation of any point upon the surface of the model,

Upon cach model the student “ locates,” or fixes, the position of a
sufficient nuraber of points for the control of his map, entering upon an
appropriate map base for each position the altitude which was read from
the gauges. Now with the map always before him he ** sketches in’' the
forms of the surface by means of contour lines. For this purpose it
is often desirable to fix roughly the direction of the steepest slope at a
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Prc. 485. — A student’s map prepared from a mogdel by the use of the contour
apparatus represented in plate 24 AL

number of places, and noting the differences in elevation between control
stations, divide up the distance in accordance with the curves of slope
and starl 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 topographer who has
to do with the actual surface of the ground. The locating carriages
and altitude gauges are removed from the tank, which is next filled with
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water and Teveled by means of guide marks upon the interior. A few
dropx of milk ot of ardinary dothes blucing are added to the water to
render 1t opaque, gnd it is then drawn off at the faucet in sueeessive in-
stallments, so that the surface drops by lavers corresponding in thick-
ness to the contour interval of the map, plate 24 B, As cach layer is with-
drawt, that cantour of the mup {o which the shore line should correspond
is carefully examined and correcfed. By such corrections the nature of
the first errors made is soon appreciated, and the method of procedure
is thus more easily acquired. At the same time the significance of the
design of the map is more quickly learned than hy a mere examination
uf the standard government maps,

Phe work uhove outlined valls for waterproofed models of suitahle
Torm and size, and 1 series, each of which sets forth some typical feature
or series of features, hus been designed by Mr. Imving 1. Scott)

The preparation of physiographic models, — The apparatus used fo
prepare the topographic muap is adapted also Tor preparing s physio-
graphic madel fram o standard topographical map.  For this purpose
the moethod is essentially reversed, though the tank ix replaced to advan-
tage by a light, metal frame elevated upon one side so as to permit a free
use of the hands in modeling the clay,

The material used in preparing the model is artists’ modeling clay ?
which has a hase of beel suet, and hence does not dry out and crack as
does ardinary elay.  [ts form is, thercfore, refained indefinitely, and if-
may be used again and again. Mot maps must e enfarged in model-
ing, and the simplest wuy i~ oftew to photographically or by panto-
praph enlarge the map to the scale of the model.  The map prepared,
it is covered by a thin celluloid plute which bas cut upon it a series of
crossed lines spaced in inches and larger subdivisions to correspond ta
those of the locating carriages (plate 24 (),

The enlargerent of the map s not essential to experienced workers,
and the standard map way be covered in similar manoer by a transpar-
ent plate with “ checkerbourd * design, the squares of which bear some
simple relation in size to the larger divisions of the locating carringes
(Plate 24 C, rear).

The method of preparing the model is comparstively simple. Be-
gioning at 2oy point upon the map, the intersection of a heavy contour
line with one of the guide lines of the celluloid “ position plate ™' is care-
fully noted.  Both the position and the elevation of this point are fixed by
the point of the altitude gouge of the modeling frame, and the clay built

! These models and the contouring apparatus are now manufactured for the use
of vehools and colleges by Eberbach and Son, Ann Arbor, Mich.

*This clay is manufactured by the A. H. Abbott Compapy, art dealers, Wabnsh
Avenue. Chicago.
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up bencath it to that height. With the fingers the clay is now roughly
shaped in various directions from this poiut, the altitude gauge is ad-
vanced by the locating carriage =0 as to correspond in position to the
intersection of the next heavy eontour line with the sarne guide line of
the position plate, and the elevation for this point similarly adjusted
upon the model.  As before, the surface of the clay is roughly shaped in
advance and upouw the sides s0 as to conform to the indications of the
map; and this process is repeated until the work is finished. Corree-
fions for intermediate positions may be carried to any desired degree of
refinemnent which the scale and the aceuracy of the map permit.  Models
which arc larger than the urea of the modeling frame are prepared by
making a square foot uf a time by the above deseribed pracess, and then
moving the frame forward and adjusting in a new pesition by means
oi the sharp pins in the legs of the apparatus.

ReapiNg REFEREVCESR

Wirriam H. Hosps, New Laborutory Methods for Instruction in Geog-
ruphy, Journal of Geography, vol. 7. 1009, pp. 97-104.  Also Scot.
Geogr, Mayg., vol. 24, 1908, pp. 643-632.  'Phe Modeling of Physi.

ographie Forms in tbe Lahorators, id,, vol. 8, 1910, pp. 2
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LABORATORY MODELS FOR STUDY IN THE INTERPRETATION
OF GEOLOGICAL MAPS

The laboratory models which have been described on page 63, and are
used to represent outerops in the study of geological maps, are shown
in Iig 489. The drum-shaped blocks serve to represent massive rocks
which oceur in irregularly
shaped masses such as batho-
lites and flows.  The long,
narrow strips are for intru-
sive rocks in the form of
dikes, while the larger bloeks
provided with a swivel joint
are used for outerops of sedimentary rocks, and after adjustment they
wve the dip and strike of the exposure.  The wing bolts used in their
construction should be of bronze, beeause of the effect of iron upon the
compass.  For the same reason tables should not be placed near iron

Fia. 489, — Maodels to represent outerops of rock.

Fic. 490, — Special Inboratory table set with a prablem in geological mappiog
which is solved in Figs. 47 nnd 438,

beams or columns.  All these blocks can be made Ly an ordipary car-
penter, and should be available in sufficient nwnbers to arrange problems
like those of Figs. 47, 4%, and 490.  Withe view to supplying suggestions
for other problems of the same gencral nafure, the three additioual feld
roaps of Uig, 491-have been introduced.
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The list of questions given below is intended to indieate the natore of
sotne of the problems which the student should be asked to solve in the
preparation of cach map. The numbers in parentheses refer to pages in
this book where farther indormation i< given: —

STRATIGHAPTIICAL

1. Of the formations represented what ones are sedimentary and what
igneous (Chap. 1V, App. B)?

2. Which formations. if any, are separated by ancoufortitios (51—

3. What is the onder of age of the sedimentary formations (65)?

4. What are the crpasal thicknesses of cach of these formations (48~
49)?

Do any of these values represent full thickness of the formation,

and il so, which ones?
6. What is the age in tenns of the sedimentary formations of cach of

s (63?7

the igueous rock mas
7. Which igneous racks, if any, occur in batholites (143, 441)7  Which,
il auy, in dikes (14007

STRUCTURAL

8 What formations, if any, have monoclinal dip (42)7

9. Indicate upon the map by dashed lines the erests of all anticiines
and the trough lines of synelines,

10 Indicate by arrows the direetion of piteh of all plunging anticlines
and synelines wherever disclosed v changes of dip and strike (43).

11, Indieate the approximate position of all faults whose position is
disclosed (3811, and, i possible te which limb is the one downthrown.

12, Prepare suitable geolopical seetions,

Rreaping REFERENCE
Wirtiaxw H. Hoens.  Apparatus for Instruction in Geography and Struce-
tural Geology. T The Interpretation of Geologic Maps.  School
Science and Mathematies, vol. 9, 1900, pp. 614-6G53.
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SUGGESTED ITINERARIES FOR PILGRIMAGES TO STUDY
EARTH FEATURES

The chief value of the laboratory studies discussed in the preeeding
appendices is us a preparation for observations made in the  field — the
laboratory par cxeellence of the geologist,  The pilgrimages whose itiner-
here suggested have been planmed espeeiadly for impressing by
ation the lessons of this book.  Ruch journeys are best interrupted
at a relatively 1l nuber of localities which, b studied
in some detail, are specially adapted to serve ‘ursions,
These loealities will in most cases be the great scevie pluces to which
tourists resort, or the seats of universities near which specially detailed
explorations have been often made.

Within the United States a few Jocal geological guides have been pub-
lished, and the Geologic Folios published by the United States Geological
Survey are already available for a mumber of such centers.  For one long
weological pilgrimage we are fortynate in having a ecarefully prepared
giide, namely, from New York to the Yellowstone National Park and
buek, with a side trip to the Grand Cafon of the Colorado.  Exeept for
the side trip this route, in large measure, corresponds with one here chosen,
and for the return journey espeeially the student is referred 1o it for in-
formation (Gealogical Guide Book of the Rocky Mountain Excursion,
edited by Samuel Franklin Emmons. Comte Rendu de la Congrés
Géologique Internationale, 5me Session, Washington, 1891, 1893, pp. 253~
487, map and plates 13, figs. 32). .

Qur journey is begun at New York City, which is built about the deeply
submerged channels of an estuary choked with glacial deposits, though
the channel may be followed as a deep eafion s the contivental shelf
to its margin (252, pl. 17 B). New York City is also upon the margin
of the glaciated area, the outer terminal moraine of which is well repre-
sented on Long Island (298). Across the Hudson in New Jersey is the
great Coastal Plain which meets the oldland in a well-defined margin (159,
246, 247). A local geological guide of the vicinity of the metropolis has
been written by Gratacap (Geology of the City of New York, Greater New
York. Brentanos, New York, 1904, pp. 119, pls. and map)

centel

as

1+ Nurabery in parenthesis refer to pages in this book, where further information is
to be found.
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Traveling by the New York Central Railway, we follow up the Mohawk
outlet of the glacial lakes [roquais and Algonguin (334), first skirting upon
the cast the mreat sills of intrusive basalt known as the Palisades, with
their markedly columuur jointing and intersections by numerous fanlts.
Above Peckskill we enter the picturesque narrows of the river (1743, cut
in the hard ervstalline rocks of the Highlunds.  Entering the Mobhawk
Valley, we pass Syracnse with limestone caverns and well-oriented joints
widencd by solution through the ageney of the descending ground water
(181, pl. 6 1. A branch line 1o the southwest reaches the vieiuity of
Cavugu Lake and Ithaca, where are well-oriented joints which have con-
trolled the drainage directions, and there ix also a typical strath (55, 87,
4283

To Xiagara Falls at Jeast a day should be allotted for the * gorge ride ”
by trotley car, thus muhing the comiplete circuit of the brink of the gorge
with interruptions and locsl studies at all important points (352-366, pl.
23 3. From Niagara Falls over the Michigan Central Railway we reach
Detroit on the present outlet of the upper Great Lakes as well as of the
ater Lake Algonquin (334}, From this city as a center a trip is made by
eleetric railwoy to Ypsilanti and Ann Arbor, across the bottoms of the
early glacial likes from ihe first Maumce to Warren (330-333). The
strong Whittlesey beach is encountered at the Bittle station of Ridge
Road, and one of the Maumee beaches off Sumuer Street in Ypsilinti.
The ¢ity of Ypsilanti ix built upon a terruee (165 of tbe Huron River,
and another terrace in the same series is erossed byt eleetviv line. Tn
an excursion of a few milex down the river, passing mconders (164165
and ox-bow lakes (165 1)5), i found an interesting cuse of <fream capture
near the little village of Rawsouville {175, See Tsuiuh Bowman, Tour.
Geol,, Vol 12, 1904, pp. 326-334).

Continuing our journey from Ypsilanti over a bigh moraine (312). Ann
Arbor is reached, built upon the level plain of outwash with fosses some-
arating it from the woraine (281, 314). Upon the campus of
the university are great bowlders of jasper conglomerate and jaspilite,
which were transported from the north hv the continental glacier (305).
Across the river from the Michigan Central station and behind the little
chureh is o delta farmed i one of the glacial lakes Maumee and here
opened in section (16%Y.  West of the city is a great valley which was the
former course of the Huron River when thus diverted hy the confinental
glacier Iving to the eq:twnrd of Ann Arbor — border drainage (see Ann
Arbor folio by the U, 8. (3. 8., and, further, R. C. Allen and 1. D. Scoty,
An Aid to Geological I‘)dd \Ludm in the met\ of Ann Arbor, George
Wahr, publisher, Ann Arbor).

Returnmg to Detroit (M. C. Ry.), the great Sibley quarries in lunestone




APPENDIX E 477

Trenton may be visited.  They display perfect jointing, numerous
and especially well-glaciated surfaces interrupted by deep troughs
and showing strize of several glaciations (304).  From Detroit the journex
is continued by steamer to Mackinae Island in the strait conneeting Lakes
Michigan and Hurow, passing on the way through the peculiar delta of
the St Clair River (4313, and coming in view of the notehed headlands,
which are a monument to the post-glueixl uplift of the glaciated area (250,
341). A day s spent at Mackinae Island and St Ignace in order 1o study
with some care these uplifted strands of the late glacial lnkes (341-344)
Chicago may now be reached either by stenmer or by rail, and in its vicinity
we may see the clevated beaches aud the ancient outlet of Lake Chicago
(331-332, 347, pl. 22 A See Chicago Folio, U R . 8). By the
Chicago and Northwestern Railway the arca of recessional moraines and
intermediate outwush plains, and later that of the drumlins, are crossed in
Journeving to Madison, Wisconsin. By examination of the maps on
pages 308 and 317 in connection with the larger scale atlas sheets of the
United States Geological Survey (Janesville, Evansville, and Madison
sheets), this car journey can be made most instruetive in gaining familiar-
ity with the characteristic glacial features, and this study is continued to
special advantage in exeursions about Madison as a conter (316-317, 407).
This is the more true sinee at numerous loealities in the vieimty of Madi-
son the well-striated glacier pavement is exposed for comparison of the
strim as regards direction with the axes of the several types of glacinl

features.

An espeeially instructive exeursion may be made hy carriage in 1 single
day to the * driftless arca " some twelve miles west of the city.  Before
reaching it we ercss in alternation a serics of recessional terminal moraines
(pl. 17 ©) and outwash plains, and near Cross Plains encounter the par-
tially dissected upland with its arborescent drainage aml even sky Hoe (295,
300-301, 3)2-313, pl. 16 A and B). Typical shore formations (233, 241,
242) are studicd to advantage ahout Lake Mendota in a walking trip to
and bevond Pienic Point, where arce fonnd the best ice ramparts (431-434.
See Buckley, Trans. Wis. Aead. Sei., Val. 13, pp. 141-162, pls. 18).

Our journey is now continued over the Chicago and Northwestern
Railway to Devils Lake near Baraboo, where we cross a salient of the
driftless area, within which lics Devils Lake, imprisoned in a former valley
of the Wisconsin River, since diverted to another course as a result of the
glacial invasion (312-313). The valley here is a former narrows in bard
quartzite (466). which towers ahove the lake in unstable chimneys (300),
such as the Devils Tower, but such remnants are not found on the other
sidde of the maraine, 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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characteristic asto merit speeial stady (pl 17 C). Only a few miles north-
ward along the railway from De Loke is Ableman, where, exposed in
a high eliff, the hard purple quartzite with heautiful ripple marks to reveal
its plane of sedimentatiom (plo 11 A dips vertically, and is overluin by
horizontally hedded yellow sandstone. “The marked anguliar unconformity

roof con-

which is thus displuyed is further made evident by a basal fa
glomerate (463) in the sdstone (31331, Tlere also are deposits of loess
along the river, which display their vertieal joint surfaces (207). An
exeellent geologieal guide to this interesting district and that of the neigh-
boring ** Dalles ™ of the Wisconsin River has heen written by Salisbury
and Atwood (The Geography of the Region about Devils Lake and the
Dalles of the Wisconsin. ete., Bull. 3, Wis. Geol. and Nat. Hist. Surv., 1800,
pp. 151, pls. 380 figs. 47).

If we have taken a convevance at Devils Lake for Ableman, we may
coptinue in the same manner to Kilbourn, where begin the picturesque
Dalles of the Wisconsin River — here a young gorge cut in sandstone,
because the Wisconsin was diverted from its old valley to border drainage
at the edge of the driftless arca (300, 321).  The side catons of the river,
through theirabrupt zigzags, reveal the control of their courses by the joint
stemy (2240, I the journey up the rapids by steamer to inspeet the
1):1Urw we ohserve many beautiful examples of eross bedding in the sand-

stone (37).

Lo Kilbourn we continue our journey to Minneapolis over the Chic
Milwaukee, and St. Paul Railway. and near Camp Douglas are over a pene-
plain, out of which rise prominent monadnocks (171). At La Crosse the
Mississippi River is reached, flowing heneath bluffs of sandstone which are
capped Ir\ loess (207). The meanderings and the numerous eut-offs of
the Mi ippi may be observed to the left (415).  Lake Pepin is a side-
delta luke blocked by the deposits of the Chippewa River (419).

From AMinneapolis an exeursion is made to Fort Snelling to view the
young gorge of the Mississippi, cut by the Falls of St. Anthony for a distance
of about eight miles in manner similer to that of the seven miles of Niagara
gorge (3534). and to compare this narrow gorge with the broad valley of the
Warren River which drained Lake Agassiz (327). Somewhat farther up
the Warren River are examples of saucer lakes (416).

From Minneapolis the journey may be continued by the Great Northern
Railway to Livingston, Montana, thus crossing hetween the stations of
Muscada and Buffalo the bed of Lake Agassiz and its marginal beaches
(325-328.  For local geology of Minnesota consult C. W. Hall, Geology
of Minuesota, Vol. 1, Mianeapolis, 1903).

The Yellowstone Park is entered from Livingston (Livingston Geologi-
cal Folio. U. S. GG, 8)) and departure {rom it made at the relatively new

.8
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Union Pacific terminal at the southwest margin, The regular trip
through the Park includes visits to the several govser hasing (101-194),
Obsidian CIHT (33, 463), the Cadion of the Yellowstone, ete. Good elimbers
can ke o side trin from near the Mammaoth Hot Springs to the top of
Quadrant Mountain, the remnant of a * biseoit cut  upland (372), and
there study the nivation process (368, Yellowstone National Park Folio,
U. 8. G. 8.).

The trip from the Park to Salt Lake City, over the Union Pacific Rail-
way, passes through the Red Rock Pass, the former outlet of Lake Bonne-
ville (423), into the desert of the Great Fasin (Chaps. XV and XVT).
Great Salt Lake is a saline lake or sink with an interesting record of eli-
matic changes (198, 401).  The front of the Wasateh Range, in view and
casily reached from Salt Lake City, is deeply seared by the horizontal
shore terraces of Lake Bonneville (108, 109), and these terraces are ex-
tended at every reéutrant by barrier beaches of great perfection.  In the
Pleistocene period mountain glaciers in part occupied the val of this
range, though they did not alw xtend as far as the mountain front.
Big Cottonwood Cafion, which realizes this condition, and the neighhor-
ing Little Cottonwood Canon, from whose front its glicior spread into an
expanded foot (264), thug show for conparison iu a single view the V
and the low U seetions respectively (172, 376).  Here are also alluvial
fans ( and recent faults which interseet them.

From Salt Lake City the return to New York may be made by the
Denver and Rio Grande Railway across deserts and through the Royal
Gorge, the cafion of the Arkansas River. A full itinerary of the points
of geological interest along this route, and continued to Chicago, Washing-
ton, and New York, is supplied in much detail in the guide of the geological
excursion to the Rocky Mountains above eited.  This the traveling geol-
ogist should not fail to study. Some references to points along this
journey will be found on preceding pages of this book (219-220, High
Plains; 170, Allegheny Plateau in West Virginia: 176, water gap of
Harper's Ferry; 176-177, 184-186, side trip up the Shenandoah Valley
to Luray Caverns and Snickers Gap; 251, Chesapeake Bay).

Instead of returning directly from Salt Lake City, the traveler, if he
has sufficient time at his disposal, may extend his journey southwestward
across the Great Basin to Los Angeles. A branch line from this route
leaves the Vegas Valley and passes within reach of the famous Death
Valley (201) to Tonopah (79) and the Owens Valley (77-78, 92), where are
many surface faults dating from the earthquake of 1872 and other less
recent disturbances. Returning to the junetion point, the route continues
across the Colorado and Mohave deserts to Los Angeles. From Los Angeles
as a center the exceptionally interesting terraces, caves, and stacks of an
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uplifed coust wre 1o be seen to bext advirtage near Pt Harford (Cliap.
NINY.  The islands of Sun (lonmnh and Santa ina may also he
reached from Los Angeles 30, 248, 210, 250, 256. 257, pls. 5 B, 7 4,
12 A). The return to the East, f made by the Santa Fe Railway. per-
mits of a visit to the Graed 1 (174, 4430 fraw the station of Williams.
From that point eastward the geology of the route is fully covered in Em-
wons' Guide to the Roeky Mountain Fxcursion already eited.

TFor the benefit of those who are povileged 1o travel iy Lurope, and the
ses vearlv, apilgrimage is suggested which may easily be
made to correspumd with plans Inid out on the basis of historical, artistic,
and seenie points of interest. The only popular guide of & general nature
written for geologists travelwg abroad appears 1o he o brief but valuable
little paper by Professor Lane (The Geological Tourist in Europe, Popular
Secience Montldy, Vol 33, 1888, pp. 216-229). The publishing house of
Gebriider Borotrager in Berlin is now publishing a guite valuable series
of peolopical guides dealing with special districts and written by well-
known authorities (Nwumiuug Geologiseher Thilrer'. Of this series some
thirteen numbers have already heen issaed  Many other valuable loesl
guides of a geologrieal nature are the Livrets Guides of the Internationad
Geological and CGeographics] Congresses, and the <imilar pamphlets sup-
plied in connection with annual rneetings of national or provincial geo-
logical societics.

Passengers on steamships sailing from the harbor of New York pass out
over a deeply subnierged cafion 2) largely filled with glacial deposits,
through the Narrows (174), and in sight of Sandy Hook, a modified spit
(238, 2407, To the left are seen the great morainic aceumulstions at the
border of the glaciated area an Long Island (298). In the course of the
trans-Atlantic vovage 8 much-rounded jeehberg may be encountered (291),
thourh this is much more apt o ceeur upon the northern routes from
Quebiee, and late in the season.  Upon entering the English Channel the
land on both coasts rises in steep cliffs, where are found all the coruman shore
features well developed (Chap. NXVIID.  The German steamnships pass
in sight of Heligoland, that last remmnant of wave crosion (236).

While traveling in Kurope, the student shonld consult a map of the
glaciated area (299), und so learn to recognize its peeudiarities, and care-
fully ruark its marginal moraine (311} and other stronglv marked features.

If the British Isles are visited and the more rugeed arcas are selected,
one may study the cirques and other characteristic features due fo the
presence of mountain glaciers about Snowdon (Chap XXVI).  More
mature stages of the same processes are to be found in the Scottish High-

number iner
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tands and the Inner Hebrides, but especially upon the Island of Skye (Fig.
492). A very valuable add to exearsions i this diste
Scotland (part 1, Dulan, Lowlon) and Nir Arehiluld €

Baddeley's
teikic’s Expluna-

Frg. 492.— Sketch map of Wesfern Scotland and the Inner Hebrides to show
locution of sowe poruts of special geological interest.

tory Notes to accompany Bartholomew's Geological Map of Scotfand
(map and notes in cover, Edinburgh. 1892, pp. 23).

1t is from Ohan, the “* Charing Cross of the Highlands," that ene should
starl out upon the summer steamers in order to reach both Skyve sud
Staffa, the latter with fine hasaltic colwons (463), and Fingal's Cave.  In
sailing to Skye¢ one passes upon either shore of the narrow fjords many
relies leff in the disseetion of voleanoes (139~143 and Sir A. Geikie, Ancicol
Voleanoes of Great Brtain, Vol. 10} also rocky islands and skerries
marking submergence (252}, and the coast terraces which register a later
uplift (250, Skvr s a complex of many intrpsive and voleanie rocks nf

21
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surl markedly different colors as to appearastints in thelandseape.  In
the Cuchillin ills of dark green vises the massive gubbro (i52) cur by
cirques o the jazged pinnacles of horns and eamly rvidges (373) ; while
lower down and to the exst ave rounded domes of vhyolite (463) abraded
Deneath the gleters and of o delicate salmon tint, Sl lower il 1o the
‘K hasalt

ross the

Tt mesas composed of horizontad luyers of W

westward are
under a rich carpeting of the Drightest verdure,  Fastward
chanuel are seen the purplish walls of an ancient sandstone. The jagged
zubbro core of the island thus represents a frotted npland (372) and is
now the training gronnd of the Alpinist (Abrabam, Rock Climbing in
Skyve, Longmans, London, 198), while nestled in one of the hottoms of a
U-valley is Loeh Coruisk, a typical rock-hasin like (412), its shaores of hard
rock planed and scored.

From Skye we may go to sty the rejnarkable thrusts (45) on the north
share of Locle Maree o murked lincament, and one directed at right angles
to that on the course of the Caledoninn Canal conneeting Loeh Linne with
Loch Ness. This northeast wall of Loch Maree is a strikingly rectilinear
fault represented by an esearpment, up which we climb to find at the top
the erushed and fluted thrust planes of movement dipping southeastward
at o flat angle,  Flere also are beautitul roek-busin fakes, [ving in hollows
rolded beneath the continental glacier.  On our wav from Skve we have
2y, and along the strath at its

passed up Loch Carron, asea loch or Tord
head known as Strathearron (428).

Returning now to Oban, it is but a short trip by steamer up Loch Linne
to Fort William along the striking liueanent £226) which continues to
Loch Ness and hevond (Fig. 492), and thenee by rail to Glen Roy and the
—-325).

B2

neighboring glens of Lochaber

From Paris as a starting point, we may visit in 2 most pieturesque region
the beautifully preserved eraters of extinet voleanoes in the Auvergne of
Central France (105, 124, 145), which district & entered from Clermont-
Ferrand.  Here arve found the characteristic puys, steep lava domes of
viscous lava (105), which figured largely in the early controversies of geol-
ogists concerning the origin of rocks.

The rest of our pilgrimage will be so planned as to enter the noble river
Rhine at its mouth (Fig. 493), ascend its course to its birthplace in the
snows of Switzerland, and after further exploration of the features of this
fretted upland, traverse northern and central Ttaly so as to make our
departure for America by the southern route. Entering then upon this
course in the Low Countries, we have first the opportunity of observ-
ing the characteristics of a great delta with vatural levees artificially
strengthened as dikes (165-168). Here also are found dunes nf beach
material which has been raised by the wind into a great rampart near the
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shore (200-211).  Such a wall of dune sand is well displayed at the bathing
resort at Seheveningen near the Hague (421). The flood plain of the
Rhine (J62-1631 may be studied in a journey up the river to the uni-

/ 4 —fE -‘# g:m

ps
v L~ N\"ZF .

Fit. 493. — Oudline map of a geologica) pilgrimage acress the coptinent of Furope

versity town of Bonu, from whence a day's excursion should be devoted
ta the relies of voleanoes known as the Seven Mountains (H. von Dechen,
Geognostischer Fithrer in das Siebengebirge, Bonn, 1861).  As & prepara-
tion for this trip and others in the volcanic Eifel higher up the river, a visit
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showld be made 1o the mineral and rovk collections of the Poppelsdorier
Sehioss at the University. In the voleanie Fifel are found some of the
most interesting ol erater lakes (403), the largest being Lake Taach with
it somewhat peeuliar voleanie ejectamernta and it~ picturesque abbey (sec
von Dechen, Geognostischer Fihrer zi der Vulkunreihe der Vorder-Lifel.
ete., Bomn, 1886, Consalt also Lane, A Geologieal Tourist in Burope, Le. ).

Coutinning owr course up the wiver from Bonn, we soon enter the gorge
of the Rhine eut inan uplifted peneplain (169, 171, 174). Trom Coblenz,
where the Moxelle enters the Rhine, o side teip may be made up this trib-
uluvy piver past Zell with its entrenched meanders (173) 1o the ancient
Ronwan ity of Treves.  Above Bingen on the Jthine we leave behind us
1he narrow gorge and rapid current of the river and continue over the hroad
floor at the bhottom of u rift valley (403), lIying between the forest of Odin
and the Black Forest on the cast and the = Bloe ian Mountains "'
far away (o the wes At the margins of this plain are beds of loess with
their characteristic joint structures and uelusions (207), and in the higher
hills on either hand a wealth of Intrusive igneons rocks.

At the entranee of the Neekar River o this broad plain i nestled the
pieturesque castle and university town of Heidether convenient center
for excursions CJulius Ruska, Geologische Streifziige in Heidelbergs
Uingebuny, ete., Nigele, Leipzig. (905, pp. 2080 map). At Strasshurg
(Nchwarzwaldstirasse 12) i Jorated the German Chief Station for Earth-
quake Study, with a purticularly large set of modern seismographs.  In
the university eahinet is also one of the largest and most representative
mineral collections in Farope.  or excursions in the neighborhowd con-
sull Benecke, Sununlung Geognostische Fubrer, Vol 5, Blsass, 1900,

From Strasshurg we may go by the Black Forest Railway to the Hemiu
with its voleanic plugs (140, cach surmounted by a picturesque castle,
We enter next the broudly extended piedmont apron site, aliove which
Lauke Coustance still remains as a bovder lake (399).  Outwash aprons
(314). moraines (311), and drumbins (317} are each in turn encountered
Still continuing our course up the Rhine from Bregenz, we eater the fretted
upland (372) of the Alps, mountaius composed of great folds and throsts
about a core of intrusive rock (Rothpletz, Summlung Geologische Fihrer,
Vol 10, 1902, Theusts in the Alps hetween Lake Constanee and the
Fngadine). Some Tourteen miles above Chur we pass the terrace pro-
duced by suceessive lndslides (414), kuown {ar and wide as the Flimser
Bergstiirz,  The further assent of the caseade sinirway of this glacier-
carved valley brings us to the Furka Pass, fro;r which point magnificent
views of the fretted upland are obtaiged. At the Kinzli. 2 mile from
the hotel, one may view the névé of the Rhone Glacier, which may also
he easily visited.
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We have now followed a great river from its mouth in thie <usds of
Holland to its souree u the snows of the higher Alps.  Passing over the
divide and descending to Gletseh, we may observe the lower end, or foot,
of the Rhone glacier and the crevasses and séracs (391) on the steop descent.
aof this radiating glacier (383, 386). The response which glaciers make to
climatic changes is here well illustrared hy the recession of the glacier
front from near the hotel fits position in the "30s of the nineteenth century)
to its present position ahout a mile farther np the vailey.

Plie characteristios of « glaciaied moantain cdles way be further
llustrated by elimbing to the Grimse) Pass, whieh is seratched and steinted
(377, and then descending the valley of the Aar wo Mevringen (377).
Near the Grimsel Hospice are the charaeteristic rock basin lakes (412),
and upon the Aur Glacier to our left were earried out the epoch-mokiug
researches of Louis Agussiz, the founder of the placial theory for explain-
ing the drift.  We encounfer some thirteen rock hars (377).  Just hefore
reaching Mevringen we pass the bust of these, the Gorge of the Aar, cut
by the stream through limestone.

Interlaken (4193 may be made the center Jor additional excursions up
the Lanterbrunmen Valley, with ity prominent albs (376} and its ribhon
fall of the Staubbueh (3785 By the Jungfrau Mountain railway we may
now aseend partly in tunnels of the rock to the Bwigeismeer, and ook
down upon the névé aud bergselnds of the Grent Aletsefu Glacier (370,
see Baltzer, Rammluug Geologisele Fithrer, Vol 10, Bernese Oberland,
1906).  Returning to Tuterlaken by way of Grindelwald, one may stuay
1he foot of a radiating glacier, the Untergrindelwald glacier. with its tunnel
agd its guilky and hraided steam.

Crossing now the Alpine foreland to Villeneuve at the upper end of Lake
Gengva and upon a well-developed strath (426, 428), we may look out
upon the turbid waters extending far from the shore of the luke.  Journey-
ing to Geneva by steamer we nuie the gradual clearing of the water until
at the outlet of the lake it is us clear as erystal. A walking trip from
ieneva takes us to the Bois de Ja J3itie, where the Arve with turbid waters
meets this clear stresm (4270

The railrond to Chamonix aseends avother seade stairway  (376),
affords views of complexly folded sedimentary rocks (43), sud at Chamonix
itsell the mer de glace supplies opportunities for the study of woraines
(386, 393) and glacial movement (390-392). To expericuced Alpinisis
the summit of Mount Blane offers a remiarkahly extended outlook over the
fretted upland of the Alps (pl. 18 4).  From the station of LeFayet below
Chamonix, one may ascend to the Désest de la Plalé, where are Schratten
in limestone due to solution (188).

Crossing iy one of the passes to the valley of the Rbone at Martigny
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we may reach Zermatt, to-day the climbing center of the Alps.  From the
subordinate cirgues surrounding this village descend the Gorner, Findelen,
St. Theodul, and other ecomponents of this radiating glacier. A hlack
tooth of rock. the Matterhorn, towers above the other peaks and shows to
greatest advantage this feature of glacial sculpture (374), while the Gorge
of the Gorner is a severed rock bar like that of the Aar (377).  Either on
foot or over the mountain railway we may ascend to the Gorner Grat,
a subordinate comb ridge (373 which affords one of the most magnificent
and instructive views of radiating glaciers,

From Brig, farther up the Rhone Valley, an excursion is made o the
Eegishorn Hotel, a center for study on and about the Great Aletsch
Glacier (320, 371, 385, 358, 395, 410).  The easy ascent of the Eggishorn
is rewarded by a view almost dircetly downward upon the jec-dammed
Aldrjelen Lake (329, 411},

From DBrig one may make his entry into Ttaly, cither over the pictur-
esque Stmplon route afoot or by diligence, or else heneath it through the
railway tunnel. By an alternation of short steamboat and rail trips the
journey is continued in a direction transverse to the longer axes of the
harder lakes Maggiore, Lugano, and Como, and later southward to Milan.
In Jeaving the village of Como we s aver heavy morainie deposits on
the apron borders of the expunded-foot glacier ( which onece
occupied the valley above. Ou the journey from Milan to Veniee, over
the fertile plains of Lombardy. the similar accumulations about Lake
CGrarda (414) are first encountered at the little station of Lonato and left
behind at Sonnma Campagna (Tornquist, Sumlung Geologische Fithrer,
Vol. 9, Northern Ttaly, 1002).

The city of Venice is built upon pile foundations in the lagoon behind
the barrier beach known as the Lido (242, 428-120).  Trom here we may
reach the Karst country by way of Trieste, some of the more interesting
and typical features being found near Divata (187-189, 422, pl. 6 A). In
a different direction from Venice by way of Belluno we enter the Dolo-
mites with their patterned relicf and battlemented towers (228, 445).

Additional centers for geological exeursions on the youte to our point of
departure from Italy are Rome and Naples. At the Italian capitol and
in its neighborhood we may study the voleanic Campagna with its beds
of tufl (105) and its erater lakes (405, See Sir A, Geikie, The Roman Cam-
pagna, Landseape in History and other Essays, Macmillan, 1905, pp. 308~
352; also Deecke, Sammhung Geologische Fiihrer, Vol. 8, Campagna, 1901).
From Rome it is an easy journey to the cataract of Tivoli with its deposits
of travertine (184). In the opposite direction from Rome across the
Campagna rise the Alban Hills, ruins of a composite cone with several
crater lakes on the sites of former vents. On the summit of the encircling
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srater rim, like the Monte Somma of the Vesuvian Mountain now & cres-
cent, only, is Jocated the chief Italian station for carthquake study.

From Naples we niay reach in short exeursions and study with some care
still ar’tno \nl(.um' mountains.  To the cast is Mount Vesuvius (44, 97,
151) \vlmh was in m.uul (ru]w\mn in \]‘n\ l‘)(l(; \\'eesh\‘ur(l

In the same vieinity are Monte Nuovo (96) and the Solfatara (97), the
latier a type of voleano which no Jonger erupts Java, bt s s place emits
earbon dioxide and other gascous emanations (Grotio del Cane). The
starting point for excursions in the Phlegraan fields is Pozzuoli with its

Temple of Jupiter Serapis (254 , reached from Nuples by an electric
line which picrees the wall of crater (Posilippo) composed of
fine yellow voleanie ash known as Pozzuolun,

Irom Naples steamers make short exeursions to Sorrento with its deep
ash deposits, and to Capri with its blue grotto (257-258). Terculaneum

(139) and Pomnpeii (122), buried during the eraption of 79 a.p., are on the
liur~ of the Cireumn-Vesuvian Railway.

Steamships to New York from Naples call at Gibraltar, the land-tied
island par eveellence (241). Most steamsiips of the southern route pass
through or near the voleanie islands of the Azores, and certain boats touch
at Algiers, from which a line of railway mives access to Biskra on the
borders of the Desert of Sahara.

Throughout these pilgrimages the traveler should be on the alert co
note not only the agent responsible far the features whick come under his
observation, but, especially where this is the common seulpturing agent
af running water, he should net fail to notice the stage of the erosion
cvele which is represented (Chapter X111).

) inme







IN

Abrasion, beneath glaciers, 275,
Ahyssinia, fissure eruptions in, 161,
Accordance, of tributary valleys, 182,
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266.
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Alden, W. C., cited, 316, 318, 310,
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Atlantis, North, 16.
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|-in-|1 54,

results of, 1,’.(1.
Déhris cones,
Deep sea deposits, 36, 35.

Deflation, 204.

Deforestation, in relution to agriculture,
156; of Karst region, 188 relation to
erosion, 157.

Degeneration, 149.

De Geer, G, cite

Degradation, 161,

Dekkan, fissure eraptions of, 101,

Delehecque, A., eited, 424

De Lorenzo, cited,

Delta, *Bird-foot,”
boeds, 167 dry, 213 of Mis
River, rate of zrowth of, 165,

Delta deposits, manuer of growth of, 167,

Delta lakes, 419, 420

Delta region, of « -

Deltas, abnormal, below nurluh of lakes,
431; in relation to agriculture, 16
in relation to population, 166: lake,
428; of rivers, 165, 166, 179 sections
of, 168.

Dendritic glaciers, 383, 385, 386.

Deniston, cited, 121.

Deposition; in zones about desert, 216,

217.

51, 366, 410.

S

hottom-set
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| Deposits, aktian, 36: chemical, 34;
continental, 37; deep sea, 36, 38;
delta, manner of growth of, 167;

fluviatile, 3.
in valley

ﬂuwu—glur‘ml 81, 310;
el

glacial, 31;
littoral, 36 nu-x-hamml
34:  organi iosalt, 2 shoal
water, 26; sinter, 184; terrigenous,
Derangement  of water flow, during
carthquakes, 83, 84,
Derwies, V. de, cited, 447

Deseent of ground water, 18

Desert, due to deforestation, 136; ero-
sion in, 214, 222; law of, 197.

Desert lukes, 424,

Desert landscapes, features in, 209,

Desert rains, 212

Desurt rocks, red uulnr of, 222,

Desert varnish, 201, 222,

Deserts, former shore lines in, 198;
sell-registering gauge of past climates,
198,

Destructional topography, 309,

Deteetion of plunging folds, 49, 50.

Detonations, during Vuleanian
tions, 131,

Device, to simulate building of cinder
cones, 12

Dinbase,

Diagram, ta |]l||~§h‘.lh‘ formation of lava
reservoirs, 143.

Diagrams for comparison of fold types,

show Hw effect of spheroidal
weathering

Diamonds, in thr drxft 307.

Diffission, 204,

Dikes, hollow, 140: in China, 167; iz
Holland, 166; from voleanic dissce-
tion, 140,

Diller, 1. §

* Diluyium

Dimples,
glaciers,

Diy, 46.

Dirt cones, 396.

Disintegration, 156 of rocks in degerts.
202; through root expansion, 154:
through tree growth, 154, 15

Dnlumt.mns, marginal, about deserts.
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": <!

ted, 39, 425,
05,
Tnargin

of  continental
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Dmpe'rswn of the drift, 304-309, 319.
Displacement, total, on faults, 59.
Disséction of voleanoes, 139. )
Distributaries, on alluvial fans, 213, 220
Divides, 170 ; migration of. 175.
Dolines, of Karst region, 187, 422.
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Dolomite, 465.

Dolomites, 203, 228, 445.

Domed mountains of uplift, 441,

Dome structure, of granite masses, 1

57,

Daomes, lava, 105.

Dovetailing, of sea and land, 11, 1

Drainage, changes of, due to glaciation,
336-338: haphazard, of glaciated
area, 301; interference of glaciers
with, 320; of glaciers, reversul,
of, due to glaciation, 33
175.

Drainage fines, control of, by fractures,
D04,

$ e

I)r:mmgo networks, controlled by frae-

224, 226; repeating pattern in,

, Sir Franeis, circumnavigation of
the globe, 10.

Dreikanten, 205.

Drililet cones, 104, 125; of Kilauea, 107.

 Drrift," 305.

Drift, ﬁurn-d 5309 ; dispersion of, 304-
309; englacial, 277, 278; ubassorted,
300,

“ Driftless area,” 300, 313, 318,

Driftless area, map of, 205,

Drift sites, 368, 369.

Drowned rivers, 251.

Drumlins, 311, 316, 317,

Dry deltas, 213.

Drygalski, E. von, cited,

380.

273, 2T

9, 295,

Dry weathering, in deserts, 201

Dune, war with oasis, 216.

Dune lakes, 421.

Dunes, 222 ; forms of, 210, 211; in rela-
tion to obstructions, 10 stopped
hv vegetation, 211; wandering, 209,

2

Duwn “carried out of desert, 206,
voleanie,

Dust wells, 395.

Dutton, C. E., cited, 85, 92, 178, 200,
299, 447,

Barlier figures of the earth, 14

Earth, a magnet, 23: composition
20; oblateness of, 10; rigidity of,
20, 21, 20; scale of its elevations, 10,
11; theories of origin of, 20, 29;
surface shell, chemieal constitution of,
23 ; surface shell, response to load, 340.

Earth features, shaped by running water,
169.

Farth figure, evolution of ideas concern~
ing, 9.

of,

; trellis, |
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J Earthquake cracks, 74.
Earthquake fountains, 190.
\ Earthquake lukes, 404,
\Fur(hquukv of Alaska, 1809, 72, 77, 79,
80, 81; of Assam, 1897, 72, 77; of
€ nhl’urnm. 1906 :ll 3,74, 90, 01;
| o samiceiols, 3. 87 of Costa
Rien, 1910, 68; m' Tudia, 1818, 84;
of Jamaica, 1692, 80; of Jamaica,
1907, 80; of Japan, 1801, 72, 75;
of lower Mississippi Valley, 1811, 83
of Messina, 16908, 68; of Owens
Valley, California, 18 73, 7T, T8,
79; of Servin, 1904, 84; of South
Caroling, 1886,
Earthquake shoe
foundations, 88.
urthquakes, aftershocks of, 83
iated with growing nmummn«
changes in eurth's surface during, 7
conmected with lines of fracture,
deseriptive reports upon, 92; due
to ud,uy.un«m- between  blocks  of
shell, 78, 79 fuults and fissures, 71;
forcused fault intersection Y
fountains during, 83, 86; localized ut
corners of carth blocks, 87 ; manifes-
tations of changes in level, 68 ; nature
of shocks, 67: of Ischia, localizati
of, 87; shown by cc
special Tines of he
unstable arens of o
wave motions of, fif;
bution of, 86.
Farth relief, repeating patterns in, 223.
Fekert, cited, 188,
Effect of contraction upon a spherical
~ body, 13.
‘[‘ug-spmnlml demonstration
di 20.

heavy over loose

1880~

P3

«
rth's crust, 863
zones in distri-

of earth

\ ‘Elevation-crater” theory of voleanoes,
95, 139,
Tmlumkmmlt\, sh(xr(. 240.
Embayed coasts, 251,
Emerson, B. K., cited, 19.
| End moraines, 304.
Engell, M. (., cited, 2
Englacial débris, 3!3.’1
Englacial drift, 277, 278,
Entonnoirs, 182.
IEntn»nchmenl of meanders, 172, 173,
9

Eolian sand, 2

Eolian sed:mem& 30.

Erosional unconformity, 53.

Erosion cyele, 159.

Erosion, effect of, in adding curves to
landscape, 63; glacial, in contrast
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377 in
stream, s
L 1T

with \rc.uhprm;..

normal
214 sl

" Erratie Hocks,
117 Vulesnian,

Eruptions, \lrmnluulmn
1

117,

na, eruption of 1664, 1
Evolugion, doctrine of, in
th fossils, 38.

Evolution of ideas concerning the carth's
figure, 9.
olistion, 151,

counvetion

383, B85,

perin; ta rate  relutian of

earthquake shocks to foundations, Ns.

Txperiments. on fracture snd flow, 40,
1; for demonstration of earthguakes,
S1, 82,

posures, rock, 46.

srusive rocks, 403,

155, 170, 17
G250, 264,

1. W, cited,

E 5,

Fairchild. H. L.

Falls, * Bridal vel

Falls, ribbon, 37s.

FYan, alluvial, 213,

Tarrington, O. €., eited, 29,

Tault, drag upon, H0.

Fault breccia, 60.

Fanlt topography, 65.

Faults, 35, 440; duriug earthquakes, 71 ;
earthquuke, chauge in throw upon, 76,
77, T8 earthquake, disuppear in loose
materinls, 73; parthquake, of small
displacements, 74: carthquake, plan
of, 76, 78: illusory nature of,
methods of detecting, 591 post- ;ﬂum.\l
74: relation of escarpments to, 60:
shown by changes in strike and dip, 61 ;
shown by ts, G1.

Feldspars

. imJ 4:-)

Field map, ;‘c(\\omal 62, 63.

Figure of the earth, the, 5.

Figures, earlier, of the enrlh 14 earth,
evolution of, 15,

Figure toward which the curth is teud-
ing, 12.

“ Fire girdle” of the Pacific, 98.

Firn, 369, -
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Fracture control, of drainage lines, 224,
ure eruptions, of volcanoes, 101,

ures, during earthquake: carth-
nuuke, T4. in roppection with voi-
toes, 99101

L1040, 195,

]hmxlwl ]mr(mlh of continents, 18,
lloo«l plain, 175; muanuer of grading of,

]]nnn of hydrosphere and atmosphere,

experiments on, 41 :
ure, of extrusive
nl: dl‘pn\nm K

zone nf 40,

. of extrusive rocks,

‘Ul’\'\\'s of, 54: comparisou o[
mutilated, restoration
secondary, 44;

otds,
shapes of, 44:
pxt(hmg 43

Fotd wpqgnph\ 65,
Forbes, 1. D., cited,
Fore-set \nd\ 167.
Forest, destruction
agriculture, 156.
Tormation of lava reservoirs, 143
Formavions, messurement of thickness
of, 4x, 49.
Fort Saelling, on Warren River, 527, 331,
Fosses, glacial, 281, 314; in connection

294.

of, in relation to

with peat bogs, 430.
Fracture,

t‘xpﬂ‘lmvm.» uu 41 of min~

inear
ou map, 65
it

Froe way
Frerted up]’\url, 372, 373,
Frost, prying work of, 152,
Frost action, 223.

Trost snow, 285
Fuoller, M. L
Fumerok

Gubbro, 462,
Gabled fagade, in devert Jandsrapes, 221,
443.

Galenite, 45
Guopett, Henry, cited. 178, 35G.
Gaps, water, 170; wind, 176.
Garnet, 459.
Gautier, E. F., cited. 221
Geikie, 4., cited, 6, 7, 146, 175,
Geilde, James, cited. 6. 3)s.
Geoid. departure from spherical surfaee
of,

244, FIR,
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Geological map, 46 areal, 62, 63:

base of, 61 field,

iz

(‘;m.lngﬁ al section, 46, 4
Geolugy, defined, 1
G crite, 144,
11194 effect of plugging
hosod, 1931 in relation to drainage

soaping of. 194,

1780

acial depasits, 30,
Glacial fringe, of G
Clacial La

B2
nf St. Lawrence Yol
reginns,

r:u-wn.\ti«-u of.

of. A
contrasted

with nonglaciated. 208, 309,
Glaciation,

canditions essetitia ta, 2461 ;
: Permo-Cyrhoniferous,

. following changes in uu-(h 3
figure, provious  to ugec,
liternture of, 318,

Glacier hroom, over continental ice, 283,

Glacier cornices, 397.

Glacier deposits, upon its bed, 390,

Glavier draipage, 897.

Glarier flow, 380, 400
dents 10 Alpinists, 3

Glacier gm\nlg‘!,
recordy,

Glacier lobe lak(‘ﬂ 411

Glacier milk, 398,

Glacter mills, 275,

Glacier pavement, =

data from acei-

¥,
301, 319; multiple

Glaciers, hirth of, . crevasses on,
391: dendritic, 3K3, 355, 386: grind-
ing tools of, 276 953, 386
387; inherited )msm, i
tintion of, 262: in relation to wind

direction, main types of, 266:
mountain, cross sections of, 394
mauntain, exzmndrd font

mountain, land sculpture
mountain,  successive  stage:
nivation, 357 nnurmhnu nt of.

270 piedmon 3, B4
383, 386; sensi
changes, 263: séracs, 391: surface

features of, 390; tide water, 200, 386.
Glacier stars. 303.
Glacier tables, 395.
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rlaciation, (

Glacier wells, 2
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Glen Re

Glint, 409,

Glint m‘

nf extrusive rock
0

+ 130,
20, 341,

Gondwann Land. 16.
Gorges, through rock
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Grading of flood pluin, 1t

Grand (.lnnu af the ulnrmln 145, 160,
bt 43

tructure in, 152, 157.

Cirunit dnnwk. 22).
Girunitie texture, of igneous rocks, 33,
Grals, 37

Gravel, kame. 310.

*Gravel piedmont,” 214.

Greas Basin, 190, 195, 439.

Great Lakes, protable future of 347,
348 submergencee of certain shores of,
349, 350,

Great Ross Rarrier, 282

Great Salt Lake, 199;
fevel of, 198,

Green, \\'. Ixm'lhi‘lu. cited, 14,

Gregory. J. W, 1, L1 19, 430, 44

Graoved u[:]aml 73.

Gross, eited, 204,

nan. cited, 265,

Grottoes, colors of,

Ground water, 150;
relation to joints. 181.

Ground water lakes. 424,

Grund, A., cited. 195

Gullies, early stages of, 160.

Gulliver, B, P, cited, 244, 319,

Gullying process, started by deforcstsr
tion, 156,

Gypsum, 453.

fluctuntions of

0.

descent of, W

67 | Hade, on faults, 59.
| Hague.
- \ Halemaumau,
rudn!mg, | Hamilton, Sir William, cited, 128
encas to temperature | Hanging valleys, 878,

Arnold. cited, 196,

Kilauea, 107, 108,

Hardoess, ni minerals, 451.
Harwood, W. A., cited, 204.
Haug, E.. z-m:d. 7. 133, 211.
Haughton, Samuel, cited, 56,
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Hawaii, lava domes of. 105: lava sur- | Iec floes,
faves of, 113: map of, 106: section hnlnlul Hasure prup!mn.! of. 102,
through. 16,

Hayes, . W, cited, 156,

Headlands, notehed, 341,

Heave, of faults, 59. . 30: toxtures of,

Hebrews, conception of the universe, 9. | Inilay outlet, 332,

Hedin, Sven, cited, 221 Inbreak. of lava surface, 107,

Heilprin, A., cited. 145 | Incised topography, 301.

Heim, AL, cited, 54, Inherited basin glacier, 387-384.
Heligoland, 236. Ierlobute morain 4.

Helland, od, 99. | Tnter-pluvial periods, 195,

Hematite, - Lutricate pattern of rver ctehings, 13
Hemmi of gluciation, 263, 264 | Tutrusive racks, 3

steep Torky

Herculaneom,  buried  beneath  nmd | Islans and-tied,
flows, 139, .Inu t -«ulmn TEene
Hess, ., v . ROZ. K,
High plait 9.
Hilgard. E.. cited.

Hinge lines, of uptilt 347,
Hitcheock, C. H., cited, 106, 147, 454, Jageer, T.
Hobson, B., eited, 120, Jamieson,

Hogarth, William, cited, 170 Jeanpette exploring expedition,
Hogarthian liue of beauty, in landseapes, [ Jonsen, H. L., cited, 110, 113, 147
T | Johnson, D W, eited, 7. 14,
l(vhnmn W. D, eited,
3R1.

14, 219, 220

avis, H. J., cited, 87, 131
4. 13N, 147, 14
in Ningara hnu-mnu

Horns, 874,
Horseshoe glariers, &
Hot springs.19
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posite natur
of. 57 rhmn]:rl\
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57 cllsplm emen
i space interval:
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Hudson River. uurmw« of, .”m“ 5K
Hudsoniun channel of.

on pack ie 5.
. R. L., oited, 90, 94, \ 2
cited, 404. oo vieah of,
Humus. in relation to weatbering, Judd, John W,
Huntipgton, Ellsworth, cited, 216, 217, | Julicn. A. A..

5.
ted, 116, 118, 139, 148
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221, 222 [ ura AI:IHHU‘HM. 46
Hus, H. T4, de L., cited, 183, {
Hydration, 151, | Kame gravel, 310.
Hydrosphere, 8. | Kames, 311, A!'L

. the value of, 6; Laplacian, | K.numvrhiil\l

Karrenfelder, ]M(

Karst, characters of, 186-157; onec
P forested, 1

bue,  Karst canditions, 195.

Hypothoes
of the universe, 20,

Teebergs, 11 Antaretic,

Antwetie, formation of,
292 manner of formation of. 291, Karst lakes,
202 northern, 201, | Katavothren, l%
Tee caps, profiles of, 267, 268: sculp- | Katzer, F., cited. 195.
ture, 380, Imfu'uo\ Th. H., cited, 222,

Iee-dammed Jakes, 321, 823, 410, 411; | Kelvin, Lord, cued, 20, 29.
in St. Lawrtence Valley, 339; of Scot- Kettle moraines,” 311-314.
tish glens, 322, i““Kettles” on moraines, 312.
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Kikuchi, Y., cited, 145,

Kilauea, 101, 106; draining of lava in
crater of, 108 eruption of 1840, 1009,
111, 1123 lava movements in, 106,
107 ; moving platform in crater, 107 ;
rapge in height of lava in, 107,

King, F. H., cited, 157, 1

km-hrl W. von, cited,

5, 105, 2468,

I\nuh and basin" topography, 314,
Knott, C. G, cited, 92.
Kopisch, 3 ri(ncl. 258,

Kotd, B,
Kr

seet v-d by eruption, 142

Krukaton, eraption of 1883, 141, 142,

Kuppen, 105,

Kurische Nehrung, wandering dunes of,
210.

Laboratory appuratus, for simulation of
cinder eruptions,
Laboratory model:
logical maps, 63.
Laccolites, 144, 441, 442, 447,
Lacroix, A, etted, 1.1\.
Lacustrine deposits, 35.
. dlaciual, .i_.) 328,

Lake Algonguin, 342,
Luke Arkons, 332,
Lake basins,
Lake Bonney! ille,

for study of geo-

Lake Chicugo, 330

Lake Eulalie, dr‘umng of, during earth-
aquake, 83

Lake Traquois, 834, 3

Lake Maumee, 330, 33

Lake Ojibway, glacial, 335,

Lake stages, in St. Lawrence Valley,
336,

Lake Warren, 33

Lake Whittlesey,

Lakes, alluvial dam, 423; as regulators
of air temperature, 431; as regulators
of river flow, 431; as settling basing,

hasin range,

426 barrier, 420;
402, l)rmmo extinet  through
wave Border, 399, 414 ;

elassification 0[. 24 colk, 408, 409 ;
continental glaciation, 424  eoulte,
406; crater, 05, 6  ecrescentic,
329, 330; crescentie levee, 416, 417
currents in, 431; delta, 419, 420;
desert, 424 ; drained by cutting down
of outlet, 428; dune, 42 drained

| Lateral movermnent;
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desert regions, 430; fresh water, 401

lacier lobe, 41 glint, 408, 400;
ground water, o dum, 410, 411,
unmmm--mml uhuu( mtinental gla-
i 280 karst, 422 landslide,
inal, 315, 406, 407 ; moun-
glaciation, newland, 401,
ox-how, 165, 415; pit, 315, 407,
playa, i raft, 417, 418; rift-
valley, 403, river,

s
b

404 ;
basin, 376, 377, 400, 412; roe
about continental glaciers, 279
f nature, 4

1 saline,
415, 416,
o deltu, 326,
i ostrand, 424
I mornine, 400,

“wall, " 482,

of, in veonpmy
4011

1« toni

[mk . eruption in 1783,

Laminated stracture, of rocks, 31,

Lamplugh, G. 'W., cited, 225,

Land, growth of, from voleanie outflow,

114: sliced during earthquake,
801 uptilt of, at close of ice age, 340,

Land arcas, cancentratiou of, in northern
hemisphere, 11.

Land seulpture, by mountzin glaciers,
4 in relation to climatie conditions,

443

referabife 1o {ec caps, 380,
Land shiclds, 15,
Lundslide likes, 414,
Land-ticd islands, 241
Lane, A. €', cited, 148
Lankester, [, Ray, cited, 260.
La Noe, Gi. 41:- cited, 7.

Lapilli, 119, 122,
Laplacian hypothesis of the universe, 20.
Lateral moraines,

deep seated, during
carthquakes, 81,
Lava, 32; block, 113: composition and
propertics of, 103 discharging from
tunnel, 1115 fluidity of basie, 103.
movements, in ealdron of Kilauea,
07 proababde origin from shale, 144 ;
§ of siliceous, 103,
Lava domes, probable structure of walls
es of, 103, 104, 105.
e-shaped type, 121,
Luva reservoirs, formation of, 143.
Lava stresins, appearance of, 133, 134.
Lava surface, 113, 124,
Law of the desert, 197.
Lawson, A. C., vited, 92, 260, 351.

during eerthquakes, explanution of, | Leads, in pack ies, 286,

83; earthquake, 404;

growth, 429-430;
2x

ephemeral | Le Conte, Joseph, cited, 6.
existence of, 426; extinction by peat | Leffingwell crater, California, 104.
extinction of, in | Levees, 1
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0.

of glaciated aren,
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n( Lal
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Life historie:
Light figure
Lightning, in ronnection with vol
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i b4 origin of
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i tain ares of Eastern
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Lithodomus, borings of. in records of N of voleano Iultw wioof Warren
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envelopes, N, 468 topograph verification  of,
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Ln)m plmn a compl

Lnlnm\ |]n|m~|l

Luess, 35, 207 erosion of, 2058, ‘ m Lake region. 308; 1o show disper-
Locssmunuchen, 205, vof peculinr rocks, 3( to whm\
Lubhoc r John, rited, 7. distribution of existing glaciers,

1%t m «Im\\ formation of shore fé mm»\
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reeiproeal relation of Ianrl und sea, 11.

Marble, 466.

Maare, 405. Margerie, Emm. de, cited '
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Armorican mountains, 435 of barrjer | 147.
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of howlder train | Mat of vegetation, sbield to litheaphere,
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46, 63; of ‘ouun(n(sl divide in
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vunataks, ‘277; of expanded foot |  mining by, 104.

F. E.. cited, 7, 371, 381,
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Muuna Loa, 106 cruptions of, 109.
Meander scars. 165.
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: origin of . 11
rocks, 30, 31, 405.
compared  with eurth,
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Water, derangement of flow during earth-
aquakes, 837 ground, 180; percolat-
ing, role of, 149 running, earth fea-
tures shaped by, 169; shot up in
sheets during earthquake, 83; thaw,

soil flow in prwonm of, 1
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