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PREFACE.

For nearly twenty-five years the United States Geological Survey has been preparing a topo-
graphic map of the Umted States. This map is issued in sheets of convenient size, each repre-
senting a rectangular area called a quadrangle. The areas already mapped are widely scattered,
nearly every State being represented, as shown on PL I, which exhibits the progress of the work
up to the present time. The sheets already published number about 1,800.

In making these maps three scales are used, the largest scale being 1:62,500, or very nearly
1 mile to 1 inch; that is, 1 linear mile on the ground is represented by 1 linear inch on the map.
This scale is used for maps of those partsof the country that are thickly settled or industrially
important. For maps of the greater part of the country a scale of 1:125,000, or about 2 miles
to 1 inch, is employed. A third and still smaller scale, 1:250,000, or about 4 miles to 1 inch,
has been used in maps of the desert regions of the Far West. The sheets on the largest of the
three scales defined above cover 15 minutes of latitude by 15 minutes of longitude, those on the
intermediate scale 30 minutes of latitude by 30 minutes of longitude, and those on the smallest
scale 1 degree of latitude by 1 degree of longitude. A few special maps of small areas in mining
districts are made on larger scales.

The United States Geological Survey is also preparing a geologic map of the United States.
The topographic map is the base on which the geology and the mineral resources are repre-
sented. The topographic and geologic maps of a quadrangle are finally bound together, with a
description of the district, to form a folio of the Geologic Atlas of the United States. The prepa-
ration of the geologic map 1is less advanced than that of the topographic map. The number
of folios published to date (1908) is about 160. Although the areas described in these folios
comprise but a small fraction of the total area of the country, they are so widely distributed
that nearly every type of surface and most of the important types of geologlc structure find
representation among them.

The value of the maps has become fully appreciated in many quarters, but they are less
widely used for educational purposes than they should be. They form the best basis, and
for many regions the only basis, for careful geographic and geologic study. It is with the
purpose of bringing these maps before teachers of geography and geology, as well as before
laymen, that the present paper has been prepared. The plates that make up the bulk of this
volume have been selected chiefly from the various maps and folios of the United States Geo-
logical Survey. Some of them are accompanied by reproductions of photographs and sketches
of the same features, or the samé sort of features, that the maps show by contours. Each map
has been selected to illustrate some special feature, and the maps as a whole have been selected
with a view to illustrating all the more important and more common phases of topography.
They have been so arranged as to exhibit, group by group, certain classes of features; and
within each group the maps have been arranged with the idea of showing, so far as practicable,
the history of the types of surface represented.

Group 1, Pls. I to XV is designed to illustrate primarily the various types of surface rep-
resented on a topographic map and the ways in which the various features are shown.

Group 2, Pls. XVI to XXITI, is intended to illustrate primarily the work of wind.

Group 3, Pls. XXIII to XLIV, illustrates especially the commoner phases of river erosion.
(See p. 34 for explanation of Pl. XLV.)
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Group 4, Pls. XLLVI to LXIV, represents especially alluviation, or the types of topography
brought about through the deposition of sediment by running water.

Group 5, Pls. LXYV to LXXI, illustrates the effects of inequality of hardness on the topog-
raphy developed by river erosion.

Group 6, Pls. LXXITI to LXXXII, illustrates erosion cycles.

Group 7, Pls. LXXXIII to LXXXIX, exhibits certain phases of piracy and adjustment.

Group 8, Pls. XC to XCIV, represents the topographic effects produced by ground water.

Group 9, Pls. XCV to CXXIX, shows various topographic effects brought about by
glaciation.

Group 10, Pls. CXXX to CLIV, exhibits various phases of coast lines.

Group 11, Pls. CLV to CLXIV, represents various topographic effects of volcanism.

Group 12 Pls. CL}&V to LLXVII represents certain topographic effects produced by
faulting.

Group 13, Pls. (/LXVIII to CLXX, embraces a few maps showing lakes in relations and
positions that have not been distinctly brought out in the preceding groups.

The range of the area from which maps have been selected is very great, nearly every
State and Territory being represented.

The brief notes accompanying each map are meant to supplement the maps and to increase
their effectiveness in illustrating the history of the several phases of topography represented.
These notes are simple, and to the geographer and geologist skilled in the interpretation of
topographic and geologic maps they would be unnecessary; they have been prepared for the
use of persons who are not thoroughly familiar with such maps, but who understand the mean-
ing of the technical terms found in modern text-books on geology and physiography. It is
believed that the notes are sufficiently full to enable anyone with such a knowledge to under-
stand the maps, and it is believed further that a study of the whole series will enable the student
to understand and interpret other maps. The paper may be looked on as a sort of laboratory
map manual for the use of students. College students taking thorough courses in geology
may wish to use all the maps and illustrations. The skillful teacher of briefer courses will
know how to select helpful material.

The explanations of the maps are very unequal in respect to fullness of statement. In
general, the early maps of a group are more fully explained than the later ones, especially if
several maps within one group illustrate the same phenomena. It follows that the maps will
be most clearly understood if they and the accompanying explanations are studied seriatim.

When interpretations have been suggested which are not known, from information now in
hand, to be the true ones, the attempt has been made to designate them as possible explana~
tions, and to indicate that the interpretation is not based on a knowledge of the field itself,
but only on the features of the map. Such interpretations are to be regarded as tentative only.

Many references are made to other maps which illustrate points under discussion equally
well; and in some connections, especially in the earlier parts of the volume, suggestions are
made for students.

It will of course be possible for the intelligent teacher, or for the advanced student who is
not a teacher, to use the maps in ways other than those indicated by the general plan of this
volume.



THE INTERPRETATION OF TOPOGRAPHIC MAPS.

By RoLrin D. SarisBury and Warrace W. ATwoob.

INTRODUCTION.

FEATURES OF TOPOGRAPHIC MATPS,a

The features shown on topographic maps may, for convenience, be classed in three groups:
(1) Water, including seas, lakes, ponds, rivers and other streams, canals, swamps, etc.; (2)
relief, including mountains, hills, valleys, cliffs, etc.; (3) culture, 1. e., works of man, such as
towns, cities, roads, railroads, boundaries, etc. The conventional signs used for these features
are grouped on P1. II. Variations appear in some maps of early dates.

All water features are shown in blue, the smaller streams and canals in full blue lines, and
the larger streams, lakes, and the sea by blue water lining. Certain streams, however, which
flow during only a part of the year, their beds being dry at other times, are shown, not by full
lines, but by lines of dots and dashes. Ponds which are dry during a part of the year are shown
by oblique parallel lines. Salt-water marshes are shown by horizontal ruling interspersed with
tufts of blue, and fresh-water marshes and swamps by blue tufts with broken horizontal lines.

Relief is shown by contour lines in brown. Each contour passes through points which
have the same altitude. One who follows a contour on the ground will go neither uphill nor
downhill, but on a level. By the use of contours not only are the shapes of the plains, hills, and
mountains shown, but also their elevations.  The line of the seacoast itself is a contour line, the
datum or zero of elevation being mean sea level. The contour line at, say, 20 feet above sea
level is the line that would be the seacoast if the sea were to rise or the land to sink 20 feet.
Such a line runs back up the valleys and forward around the points of hills and spurs. On a
gentle slope this contour line is far from the present coast line; on a steep slope it is near the coast.
Thus a succession of these contour lines far apart on the map indicates a gentle slope; if close
together, a steep slope; and if the contours run together in one line, as if each were vertically
under the one above it, they indicate a cliff. In many parts of the country are depressions or
hollows with no outlets. The contours, of course, surround these, just as they surround hills.
The small hollows known as sinks are usually indicated by hachures, or short dashes, on the
inside of the curve. .

The manner in which contours express elevation, form, and grade is shown in the accom-
panying sketch and corresponding contour map (fig. 1). The sketch represents a river valley
between two hills. In the foreground is the sea, with a bay which is partly closed by a hooked
sand bar. On each side of the valley is a terrace. From the terrace on the right a hill rises

@ This description of the topographic maps is taken partly from the text which accompanies the published map sheets of the United States
Geological Survey and partly from the folios.

11
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gradually; from that on the left the ground ascends steeply in a precipice. Contrasted with
this precipice is the gentle descent of the slope at the left. In the map each of these features is
indicated, directly beneath its position in the sketch, by contours.

The contour interval, or the vertical distance in feet between one contour and the next, is
stated at the bottom of each map. This interval varies according to the character of the area
mapped; in a flat country it may be as small as 10 feet; in a mountainous region it may be 200
feet. Certain contours, usually every fifth one, are commonly accentuated and accompanied by
figures stating elevation above sea level.
Theheights of many definite points,such
as road corners, railroad crossings, rail-
road stations, summits, water surfaces,
triangulation stations, and bench marks,
are also given. The figures in each case
are placed close to the point to which
they apply, and express the elevation to
the nearest whole number of feet only.
The exact elevations of bench marks and
their descriptions, as well as the deserip-
tions and geodetic coordinates of trian-
gulationstations, are published in the an-
nual reports and bulletins of the Survey.

The works of man are shown in
black, in which color all lettering also
is printed. Boundaries, such as State,
county, city, land-grant, reservation,
etc., are shown by broken lines of dif-
ferent kinds and weights. Cities are in-
dicated by black blocks, representing
the built-up portions, and country houses
by small black squares. Roads are
shown by fine double lines (full for the
better roads, dotted for the inferior ones), trails by single dotted lines, and railroads by full
black lines with cross lines. Other cultural features are represented by conventions which are
easily understood.

Each sheet of the topographic atlas is designated by the name of a principal town or of
some prominent natural feature within the district, and the names of adjoining published sheets
are printed on the margins.

Fi1G.1.—Ideal sketch and corresponding contour manp.

FEATURES OF GEOLOGIC MAPS,.«

The maps representing the geology show, by colors and conventional signs printed on the
topographic base map, the distribution of rock masses on the surface of the land; and the
structure sections show their underground relations, as far as known and in such detail as the
scale permits.

KINDS OF ROCKS.

Rocks are of many kinds. On the geologic map they are distinguished as igneous, sedi-
mentary, and metamorphie.

Igneous rocks.—Rocks that have cooled and consolidated from a liquid state are called
igneous. Throughrocks of all ages molten material has from time to time been forced upward in
fissures or channels of various shapes and sizes to or nearly to the surface. Rocks formed by

« This description of the geologic maps is taken from the text of the folios of the Geologic Atlas of the United States published by the
United States (Geological Survey.
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the consolidation of the molten mass within these channels-——that is, below the surface—are
called intrusive. When the rock occupies a fissure with approximately parallel walls the mass 1s
called a dike; when it fills a large and irregular conduit the mass is termed a stock. When the
conduits for molten magmas traverse stratified rocks they often send off branches parallel to the
‘bedding planes; the rock masses {illing such fissures are called sills or sheets if comparatively
thin, and laccoliths if occupying larger chambers produced by the force propelling the magmas
upward. Within rock inclosures molten material cools slowly, with the result that intrusive
rocks are generally of crystalline texture. When the channels reach the surface the liquid
material poured out through them is called lava, and lavas often build up voleanic mountains.
Tgneous rocks thus formed upon the surface are called extrusive. Lavas cool rapidly in the air,
and acquire a glassy or, more commonly, a partially crystalline condition in their outer parts, but
are more fully crystalline in their inner portions. The outer parts of lava flows are usually more
or less porous. Explosive action often accompanies volcanic eruptions, causing ejections of
dust, ash, and larger fragments. These materials, when consolidated, constitute breccias,
agglomerates, and tuffs. Voleanic ejecta may fall in bodies of water or may be carried into
lakes or seas and form sedimentary rocks.

Sedimentary rocks.—Rocks composed of the materials of older rocks which have been broken
up and the fragments of which have been carried to a different place and deposited are called
sedimentary.

The chief agent of transportation of rock débris is water in motion, including rain, streams,
and the water of lakes and of the sea. The materials are in large part carried as solid particles,
and the deposits are then said to be mechanical. Such are gravel, sand, and clay, which are
later consolidated into tonglomerate, sandstone, and shale. In smaller portion the materials
are carried in solution, and the deposits are then called organic if formed with the aid of life,
or chemical if formed without the aid of life. The more important rocks of chemical and
organic origin are limestone, chert, gypsum, salt, iron ore, peat, lignite, and coal. Any one of
the deposits may be separately formed, or the different materials may be intermingled in many
ways, producing a great variety of rocks.

Another transporting agent is air in motion, or wind; and a third is ice in motion, or gla-
ciers. The most characteristic of the wind-borne or eolian deposits are sand and loess, a
fine-grained earth; the most characteristic of the glacial deposits is till, a heterogeneous mixture
of bowlders and pebbles with clay or sand.

Sedimentary rocks are usually made up of layers or beds which can be easily separated.
These layers are called sirata. Rocks deposited in layers are said to be stratified.

The surface of the earth is not fixed, as it seems to be; it very slowly rises or sinks, Wlth
reference to the sea, over wide expanses; and as it rises or sub81des the shore lines of the ocean
are changed. As a result of the rising of the surface, marine sédimentary rocks may become
part of the land, and extensive land areas are in fact occupied by such rocks.

Rocks exposed at the surface of the land are acted on by air, water, ice, animals, and
plants. They are gradually broken into fragments, and the more soluble parts are leached
out, leaving the less soluble as a residual layer. Water washes residual material down the
slopes, and it is eventually carried by rivers to the ocean or other bodies of standing water.
Usually its journey is not continuous, but it is temporarily built into river bars and flood plains,
where 1t 1s called alluvium. Alluvial deposits, glacial deposits (collectively known as driff),
and eolian deposits belong to the surficial class, and the residual layer is commonly included
with them, Their upper parts, occupied by the roots of plants, constitute soils and subsoils,
the soils being usually distinguished by a notable admixture of organic matter.

Metamorphic rocks.—In the course of time, and by a variety of processes, rocks may become
greatly changed in composition and in texture. When the newly acquired characteristics are
more pronounced than the old ones the rocks are called metamorphic. In the process of meta-
morphism the substances of which a rock is composed Jnay enter into new combinations, cer-
tain substances may be lost or new substances may e added. There is often a complete



14 THE INTERPRETATION OF TOPOGRAPHIC MAPS.

gradation from the primary to the metamorphic form within a single rock mass. Such changes
transform sandstone into quartzite and Iunestone into marble and modify other rocks in
various ways.’

From time to time in geologic history igneous and sedimentary rocks have been deeply
buried and later have been raised to such elevations that erosion has removed their covering
and left them again at the surface. During this process, through the agencies of pressure,
movement, and chemical action, their original structure may be entirely lost and new struc-
tures appear. Often a system of division planes along which the rocks split easily is devel-
oped, and these planes may cross the strata at any angle. This structure is called cleavage.
Sometimes crystals of mica or other fohaceous minerals are developed with their laming approxi-
mately parallel; in such rocks the structure is said to be schistose or characterized by schistosity.

As a rule the oldest rocks are most altered and the younger formations have escaped meta-
morphism, but to this rule there are important exceptions.

FORMATIONS.

For purposes of geologic mapping rocks of all the kinds described above are divided into
Sformations. A sedimentary formation contains between its upper and lower limits either rocks
of uniform character or rocks more or less uniformly varied in character, as, for example, an
alternation of shale and limestone. Where the passage from one kind of rocks to another is
gradual it may be necessary to separate two contiguous formations by an arbitrary plane, and in
some cases the distinction depends almost entirely on the contained fossils. An igneous forma-
tion is constituted of one or more bodies either containing the same kind of igneous rock or
having the same mode of occurrence. A metamorphic formation may consist of rock of uniform
character or of several rocks having common characteristics.

When for scientific or economic reasons it is desirable to recognize and map one or more
specially developed parts of a varied formation, such parts are called members, or by some other
appropriate term, as lentils.

AGES OF ROOCKS,

Geologic time.—The time during which the rocks were made is divided into several periods.
Smaller time divisions are called epochs, and still smaller ones stages. The age of a rock is
expressed by naming the time interval in which it was formed, when known.

The sedimentary formations deposited during a period are grouped together into a system.
The principal divisions of a system are called sertes. Any aggregate of formations less than a
series is called a group.

As sedimentary deposits or strata accumulate, the younger rest upon those that are older,
and the relative ages of the deposits may be determined by observing their positions. This
relationship holds except in regions of intense disturbance; in such regions sometimes the beds
have been reversed, and it is often difficult to determine their relative ages from their positions;
then fossils, or the remains and imprints of plants and animals, indicate which of two or more
formations is the oldest.

Many stratified rocks contain the remains or imprints of plants and animals which, at the
time the strata were deposited, ived in the sea or were washed from the land into lakes or seas,
or were buried in surficial deposits on the land. Such rocks are called fossiliferous. By study-
ing fossils it has been found that the life of each period of the earth’s history was to a great
extent different from that of other periods. Only the simpler kinds of marine life existed when
the oldest fossiliferous rocks were deposited. In course of time more complex kinds devel-
oped, and as the simpler ones lived on in modified forms life became more varied. But during
each period there lived peculiar forms, which did not exist in earlier times and have not existed
since; these are characteristic types, and they define the age of any bed of rock in which they
are found. Other types passed on from period to period, and thus linked the systems together,
forming a chain of life from the time of the oldest fossiliferous rocks to the present. Where
two sedimentary formations are remote from each other and it is 1mpossible to observe their
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relative positions, the characteristic fossil types found in them may determine which was depos-
ited first. Fossil remains found in the strata of different areas, provinces, and continents afford
the most important means for combining local histories into a general earth history.

It is often difficult or impossible to determine the age of an igneous formation, but the rela-
tive age of such a formation can sometimes be ascertained by observing whether an associated
sedimentary formation of known age is cut by the igneous mass or is deposited upon it.

Similarly, the time at which metamorphic rocks were formed from the original masses may
be shown by their relations to adjacent formations of known age; but the age recorded on the
map 1s that of the original masses and not that of their metamorphism.

Symbols, colors, and patterns used on maps.—Each formation is shown on the map by a dis-
tinctive combination of color and pattern and is labeled by a special letter symbol.

Symbols and colors assigned to the rock systems.

Era. ’ System. Series. ! Symbol. | Color for sedimentary rocks.
T —— —
Recent.. .. oo oo .. - ! .
J {Qua.ternary ............................. { gleistmene ___________________________________ } Q | Brownish yellow.
. liocene. . ....... ... .. ... e e
Cenozoic .. .| ! SRR e |
Tertiary. ....ooovmoieni <l‘c‘h‘{,’;‘ifé23,%;;:_‘_'.'.:::::::::::::::::::::::::::::::'1 T ‘Yellowochen
Eocene. . ... i !l
Creaceous. ..o {Lower I K J Olive-green.
Upper.. . ..coovviaeniann.. b |
Mesozoic [ JUrassic.. .eevn e, eeereeaeaneean {Mli)ddle ........ s B e aans ,} J ! Blue-green.
680201C - ... %}ower ______________ e !
3 1<) S P
TriASSIC. vt {Middle ....................................... } % | Peacock-blue,
LOWEE oo oo e et | |
Permian.. ... ...
( Carboniferous. .............oiiiaiannnns Pennsylvanian...................... e ' Cc Blue.
%ississippian ............................. el
0} €13 (S
Devonian...... ... ol Mi(fdle ....................................... } o J Blue-gray.
T e [ !
Paleozoic ... J SHTIAT . e e e e | S , Blue-purple.
Cineinnatian ......................... S
Ordovician.........oo..o..oooiivaiii Mohawkian ......c.oooiiiiiiiiiaiaaaa ! c Red-purple.
775 i
. Saratogan............. e e I . ; )
Cambrian.............. ... ...l écadlgm .......... e < / Brick-red.
1100 ¢4 T:1 ¢ W :
o YAlgonkian. ................... U AU S e i A | Brownish red.
Proterozoic. [ TATEheAN ., .. . i e s e - R Gray-brown.

Patterns composed of parallel straight lines are used to represent sedimentary formations
deposited in the sea or in lakes. Patterns of dots and circles represent alluvial, glacial, and
eolian formations. Patterns of triangles and rhombs are used for igneous formations. Meta-
morphic rocks of unknown origin are represented by short dashes irregularly placed; if the
rock is schist the dashes may be arranged in wavy lines parallel to the structure planes. Suitable
combination patterns are used for metamorphic formations known to be of sedimentary or of
igneous origin.

The patterns of each class are printed in various colors. With the patterns of parallel
lines, colors are used to indicate age, a particular color being assigned to each system. The
symbols by which formations are labeled consist each of two or more letters. 1If the age of a
formation is known the symbol includes the system symbol, which is a capital letter or mono-
gram; otherwise the symbols are composed of small letters. The names of the systems and
recognized series, in proper order (from new to old), with the color and symbol assigned to each
system, are given in the preceding table.

SURFACE FORMS.

Hills and valleys and all other surface forms have been produced by geologic processes.
For example, most valleys are the result of erosion by the streams that flow through them (see
fig. 1), and the alluvial plains bordering many streams were built up by the streams; sea cliffs
are made by the eroding action of waves, and sand spits are built up by waves. Topographic
forms thus constitute part of the record of the history of the earth.
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- Some forms are produced in the making of deposits and are inseparably connected with
them. The hooked spit shown in fig. 1 1s an illustration. To this class belong beaches, alluvial
plains, lava streams, drumlins (smooth oval hills of till), and moraines (uneven ridges of drift
made at the edges of glaciers). Other forms are produced by erosion, and these are, in origin,
independent of the associated material. The sea cliff is an illustration; it may be carved from
any rock. To this class belong abandoned river channels, glacial furrows, and peneplains. In
the making of a stream terrace an alluvial plain is first built and afterward partly eroded away.
The shaping of a marine or lacustrine plain is usually a double process, hills being worn away
(degraded) and valleys being filled up (aggraded).

All parts of the land surface are subject to the action of air, water, and ice, which slowly
wear them down, and streams carry the waste material to.the sea. As the process depends on
the flow of water to the sea, it can not be carried below sea level, and the sea is therefore called
the base-level of erosion. When a large tract is for a long time undisturbed by uplift or subsidence
it is degraded nearly to. base-level, and the even surface thus produced is called a peneplain.
If the tract is afterward uplifted the peneplain at the top is a record of the former relation of
the tract to sea level.

THE VARIOUS GEOLOGIC SHEETS.

Areal geology map.—The map showing the areas occupied by the various formations is
called an areal geology map. On the margin is a legend, which is the key to the map. To ascer-
tain the meaning of any colored pattern and its letter symbol the reader should look for that
color, pattern, and symbol in the legend, where he will find the name and description of the
formation. If it is desired to find any given formation, its name should be sought in the legend
and its color and pattern noted, when the areas on the map corresponding in color and pattern
may be traced out. As a rule each formation has a distinct color or pattern, its boundaries
being also indicated by fine black lines. In some of the plates in this volume, where it is not
important to discriminate closely between several formations belonging to the same system,
only one color 1s used for a group of such formations; but their limits can usually be traced
by means of the fine boundary lines and the letter symbols.

The legend is also a partial statement of the geologic history. In it the formations are
arranged in columnar form, grouped primarily according to origin—sedimentary, igneous,
and crystalline of unknown origin—and within each group they are placed in the order of age,
so far as known, the youngest at the top. ‘

Economaic geology map.—The map representing the distribution of useful minerals and rocks,
showing their relations to the topographic features and to the geologic formations, 1s called an
economic geology map. The formations that appear on the areal geology map are usually
shown on the economic geology map by fainter color patterns, which afford a subdued back-
ground upon which the areas of productive formations may be emphasized by strong colors.
A mine symbol is printed at each mine or quarry, accompanied by the name of the principal
mineral mined or stone quarried. TFor regions where there are important mining industries or
where artesian basins exist special maps are prepared to show these additional economic features.

Structure-section sheet.—The sheet that exhibits the relations of the formations beneath the
surface is called a structure-section sheet. 1In cliffs, canyons, shafts, and other natural and artifi-
cial cuttings, the relations of different beds to one another may be seen. Any cutting which
exhibits those relations is called a section, and the same term is applied to a diagram representing
the relations. The arrangement of rocks in the earth is the earth’s structure, and a section
exhibiting this arrangement is called a structure sectron.

The geologist is not limited, however, to the natural and artificial cuttings for his informa-
tion concerning the earth’s structure. Knowing the manner of formation of rocks, and having
traced out the relations among the beds on the surface, he can infer their relative positions after
they pass beneath the surface, and can draw sections representing the structure of the earth to
a considerable depth. Such a section exhibits what would be seen in the side of a cutting many
miles long and several thousand feet deep. This is illustrated in fig. 2.
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The figure represents a landscape which is cut off sharply in the foreground on a vertical
plane, so as to show the underground relations of the rocks. The kinds of rock are indicated by
appropriate symbols of lines, dots, and dashes. These symbols admit of much variation, but
those shown in fig. 3 are generally used
in sections to represent the commoner
kinds of rock.

The plateau shown in fig. 2 pre-
sents toward the lower land an escarp-
ment, or front, which is made up of sand-
stones, forming the cliffs, and shales,
constituting the slopes, as shown at the
‘extreme left of the section. The broad
belt of lower land is traversed by sev-
“eral ridges, which are seenin the section
to correspond to the outerops of a bed of
sandstone that rises to the surface. The upturned edges of this bed form the ridges, and
the intermediate valleys follow the outcrops of limestone and calcareous shale.

Where the edges of the strata appear at the surface their thickness can be measured

and the angles at which they dip below

1Y the surface can be observed. Thus
e e their positions underground can be
== inferred. The direction that the inter-

section of a bed with a horizontal
plane will take is called the strike.
The inclination of the bed to the hori-
zontal plane, measured at right angles
to the strike, is called the dip.
Sandgsltgr?lg:;;&%vcon- Shaly sandstones. Caleareous sandstones, Il’l many places strata are curved

in troughs and arches, such as are seen
in fig. 2. The arches are called anfi-
clines and the troughs synclines. But
) = the sandstones, shales, and limestones
Schists. Massive and bedded igneous rocks. were dGPOSited beneath the seq in
nearly flat sheets; that they are now
bent and folded is proof that forces
have from time to time caused the earth’s surface to wrinkle along certain zones. In places
the strata are broken across and the parts have slipped past each other. Such breaks are
termed faults. Two kinds of faults are shown in fig. 4.

On the right of fig. 2 the section is composed of schists which are traversed by masses of
igneous rock. The schists are much
contorted, and their arrangement
underground can not be inferred.
Hence that portion of the section
delineates what is probably true but is
not known by observation or well-
founded inference.

The section in fig. 2 shows three
sets of formations, distinguished by their underground relations. The uppermost of these,
seen at the left of the section, is a set of sandstones and shales, which lie in a horizontal
position. These sedimentary strata are now high above the sea, forming a plateau, and their
change of elevation shows that a portion of the earth’s mass has been raised from a lower to a
higher level. The strata of this set are parallel, a relation which is called conformable.

1710—08—2

Limestones, Shaly limestones.

Fi1G. 3.—Symbols used in sections to represent different kinds of rocks.

Fic. 4.—Ideal sections of strata, showing (a) normal faults and (b) a thrust fault.
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The second set of formations consists of strata which form arches and troughs. These strata
were once continuous, but the crests of the arches have been removed by degradation. The
beds, like those of the first set, are conformable.

The horizontal strata of the plateau rest upon the upturned, eroded edges of the beds of the
second set at the left of the section. The overlying deposits are, from their positions, evidently
younger than the underlying formations, and the bending and degradation of the older strata
‘must have occurred between the deposition of the older beds and the accumulation of the
yvounger. When younger rocks thus rest upon an eroded surface of older rocks the relation
between the two 1s an unconformable one, and their surface of contact is an unconformity.

The third set of formations consists of crystalline schists and igneous rocks. At some period
of their history the schists were plicated by pressure and traversed by eruptions of molten rock.
But the pressure and intrusion of igneous rocks have not affected the overlying strata of the
second set. Thus it 1s evident that a considerable interval elapsed between the formation of the
schists and the beginning of deposition of the strata of the second set. During this interval the
schists suffered metamorphism, they were the scene of eruptive activity, and they were deeply
eroded. The contact between the second and third sets is another unconformity; it marks a
time interval between two periods of rock formation.

The section and landscape in fig. 2 are ideal, but they illustrate relations which actually
occur. The sections on the structure-section sheet are related to the maps as the section in the
figure is related to the landscape. The profile of the surface in the section corresponds to the
actual slopes of the ground along the section line, and the depth below the surface of any mineral-
producing or water-bearing stratum which appears in the section may be measured by using the
scale of the map. :

The geologic map may be accompanied by a columnar section, drawn to scale, showing the
succession and thicknesses of the formations and the character of the rocks composing them.
In this section the intervals of time which correspond to events of uplift and degradation and
constitute interruptions of deposition are indicated graphically and by the word ‘‘unconformity.”

THE ILLUSTRATIVE MAPS.
GROUP 1.—PRELIMINARY SERIES.

This preliminary group of maps (Pls. 1I-XV) is designed to familiarize the reader with
topographic maps and to bring into contrast vartous common types of topography. The first
maps are analyzed for the double purpose of showing (1) how topographic maps are made and (2)
the relations between drainage and relief on the one hand and relief and culture on the other.
1t is assumed throughout that the reader understands the principles of the topographic map.
(See pp. 11-12)

In the study of contour maps the scale of the map and the contour interval should be
noted at the outset. It is also well to note the location of the area which the map represents.
These data are given on each map.

PLATES I AND 1iI.
The titles of Pls. T and TI sufficiently indicate their character and purpose.
PLATES III AND 1Iv.

Pl. I11, A, includes contour lines only. The highest points shown on the map are but
little more than 180 feet above sea level, which is represented by the blank area at the north.
The crowding of the contours along the north edge indicates a steep slope, or cliff, on that side.
Steep slopes are also indicated at various other points, especially at the east side. South of
the cliff at the north there is no considerable area free from contour lines. This means that
no large tracts are level. The slopes over much of the area are such that rain water would
run off readily, and the territory is therefore well drained. Pl III, B, shows the drainage of
the area represented by A.

Pl IV, A, combines A and B of Pl III, and brings out the intimate relations between
topography and drainage. Every stream occupies a depression, one end of which is lower



PRELIMINARY ILLUSTRATIVE MAPS, 19

than the other, and the inference may readily be drawn that the streams have been concerned
in the development of the depressions.

PL 1V, B, adds the culture conventions (see Pl. II) to the data represented on Pl. 111
and shows that the position of certain cultural features, such as roads, is influenced by topog-
raphy. Most of the roads occupy the divides between the valleys, though some of them cross
the valleys. The points where there are steep grades along the roads may be readily seen.
Thus the road between Stratford and Shaws Mount and the road north from Shaws Mount
have little grade, but that between Stratford and Chilton crosses a considerable valley. In
general, the steepness of slope at any point may be determined by means of the contour interval
and the horizontal scale of the map. Thus, along the north edge of the land area eight con-
tours are crowded into one-sixteenth of an inch. As one-sixteenth of an inch represents
approximately the same fraction of a mile, and as the contour interval is 20 feet, it follows that
the surface declines about 160 feet in 110 yards (20 rods) 1if the map accurately represents the
slope.

The region covered by Pls. IIT and 1V is sparsely settled, hardly more than a dozen houses
being shown on the map. The slopes of some parts of the surface are so steep that the land
could not well be cultivated, but the topography of the area as a whole is not such as to account
for the apparent meagerness of the population.

Whoever wishes to familiarize himself thoroughly with topographic maps will do well to
draw sections showing the profile of the surface along selected lines. For this purpose profile
or cross-section paper should be

used. TItisusuallyconvenientto Aee—e o e~ B

make the horizontal scale of th
e the ontal scale ,0 the F1a. 5.—Profile along line A-B, P1, IV, B. The base line represents sea level. Vertical
profile the same as the horizontal scale & little more than five times the horizontal.

scale of the map. The vertical

scale 1s often exaggerated. One space on the profile paper should be taken to represent a definite
number of contour intervals. The amount of vertical exaggeration in the profile should always
be noted. Fig. 5 is a profile along the line A-B of Pl. IV, B. The vertical scale is about five
times the horizontal.

PLATE V,

Pl. V represents an area of much greater relief than that shown on the preceding plate,
the elevations constituting low mountains. The country is notably rough, as is indicated
by the crowding of the contour lines (considered in relation to the scale and contour interval)
at many points and along many belts. The disposition of these lines shows that the elevations
are in the form of interrupted ridges (Piney Mountain, Wills Mountain, Shriver Ridge, etc.)
having a general northeast-southwest trend. The high points along the several ridges approach
a common level. Along Piney Mountain the elevation 1s 2,400 to 2,600 feet; along Wills
Mountain, 1,600 to 1,800 feet; along the ridge farther east it is somewhat less, except at the
highest peak, which reaches an elevation of 1,940 feet.

The more conspicuous valleys are rudely parallel to the ridges, but the streams cut through
the ridges at some points, as northwest of Cumberland. It is to be noted that the valleys are
much narrower and their slopes much steeper at such gaps in the ridges than elsewhere.

The only flat surfaces shown on the map are in the valley bottoms. Nearly everywhere
else slopes prevail.

The figure at the bottom of the plate represents the profile of the surface along the line
A-B of the map above. The vertical scale is the same as the horizontal.

The culture lines, taken by themselves, would appear most anomalous. Their control by
the relief i1s very pronounced. The railways follow the valleys, here and there making a tunnel
through a projecting point of rock, as west of Winchester. The wagon roads, less dependent
on grade, at some places cross considerable elevations. Most of the settlements are on the
valley flats. Numerous little-used roads lead up mountain valleys to lone settlements, without
crossing the crests of the ranges.
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As a whole, the region has only a sparse population, but the railways indicate that it lies
between more populous regions. The railways have taken advantage of the passes made by
the streams through the mountains. The pass at Cumberland was an important thoroughfare
during the early settlement of the region west of the Appalachians.

It is instructive to draw a profile along the crest of Wills Mountain, say from the 1,877-foot
point on the northeast to the 1,420-foot point on the southwest, crossing the pass.

PLATES VI AND VII,

Pls. VI and VII show two distinetly contrasted areas. The area represented in Pl. VI, 4,
has little relief, the altitude ranging only from a little above 860 feet to a little below 780 feet
above sea level. Though the surface is not flat, its slopes are everywhere gentle, as shown by
the wide separation of the contours. The wagon roads and railroads are nearly straight. This
map does not show the country houses, but the abundance of roads indicates that the region
is well settled. The proximity of two rather large villages likewise indicates a considerable
surrounding population. The configuration of the surface and the indications of adequate
moisture suggest that the region may be well adapted to agriculture.

1800’ A ’ B
1200 1]

F16. 6.~Profile along line A-B, Pl. VII, A. Vertical scale about two and one-half times the horizontal.

The area shown in Pl. VII, A, is much rougher, with more valleys and depressions. The
fact, however, that the horizontal scale of this map is only one-half that of Pl. VI, 4, while
the corttour interval is the same, causes the contours to be more crowded, and so gives an
undue impression of the comparative roughness. This impression should be corrected by
reference to Pl. VI, B, which shows the same area as Pl. VI, 4, and the same scale and con-
tour interval as Pl. VII, A. Pls. VI, B, and VII, A, are thus fairly comparable. The straight
courses of many of the roads shown in Pl. VII, 4, show that the relief is not excessive. The
region clearly belongs to the plain, not to the mountain or plateau type. It is to be noted,
however, that there is relief enough to influence the course of the railways and, to some extent,
that of the wagon roads. The rectangular system of roads shows that the area is in the region
where the section system of land division prevails.

The effect of difference in horizontal seale is shown by a comparison of 4 and B of P1. VL.
The contour interval of both is the same, but the horizontal scale of B is one-half that of A.
The effect of difference in contour interval is shown by a comparison of 4 and B of Pl. VII.
In A the contour interval is 20 feet; in B, representing the same area, the contour interval is
100 feet. The horizontal scale of both is the same.

An east~west profile along the line A-B of Pl. VII, A, is shown in fig. 6.

PLATE VIII.

Pl. VIII shows a portion of a plateau, trenched by valleys. The valleys are deep and
steep sided—of a type common in high, arid regions, and generally called canyons. The
aridity of the region is shown by the intermittency of the streams (see Pl IT) in most of the
valleys. The scarcity of culture marks (see PL. II) indicates the absence of settlement, a con-
dition consistent with aridity. A plateau traversed by valleys, like that shown in the map
is said to be dissected (cut up by erosion). A profile along the line A-B of the map is shown
in fig. 7. A profile along the bed of a canyon, such as Water Canyon, will be instructive

A : B 5500
[ W A] 5000’

F1¢. 7.—Profile along line 4-B, P1. V111, 4. Vertical scale about six times the horizontal

The contour interval is said to be 25, 50, and 100 feet. Ior the plare areas the smaller
contour interval is used; but for the steep slopes, where, on the map, the lines are much
crowded, it would be difficult to insert so many lines; hence some are omitted. Points may
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be found on the slopes of the canyons where a contour line ends abruptly. Beyond the end
the contour interval becomes 50 feet if a 25-foot line drops out, and 100 feet if a 50-foot contour
drops out. TFig. 8 illustrates the method adopted in the dropping of contours.

Pl. VIII, B, is a sketch of a dissected plateau in a region of the same sort as that repre-
sented by the map above, but not in the same locality. At the left are shown some mountain
elevations that have no counterpart in the contour map.

PLATE IX.

PL IX, A, represents a high mountain with subordinate peaks on its slopes and about its
base. Pl IX, B, is reproduced from a photograph of the main mountain. Practice in the
- interpretation of a topographic map will help the student to visualize some such form as that

shown in B from such a map as
P /) | (% \\\ f

that shown in 4.
F1a.8.—Contour map to illustrate the method adopted in the dropping of contours.

The name of at least one
of the subordinate peaks (Black
Crater) suggests that these lower
cones are volcanic. This is also
the character of the main peak,
though it is not shown by the
map. The slopes of the main
mountain have been to some
extent modeled by stream ero-
sion, showing that the cone has
been in existence for a consid-
erable time.

The crowded contours indi-
cate that the slopes of the moun-
tain are steep, and as the contour
interval is large their crowding
is more significant of steep slopes than if the interval were smaller. Fig. 9 represents a
profile along the line A-B of Pl. IX, A. The map shows that the main peak rises more
than 11,000 feet above the lowest parts of the surrounding area; and that its top is in the
region of perpetual snow is indicated by the fact that several small glaciers (see Pl. II) occupy
some of the upper slopes.

12000

3000’

F16.9—Profile along line 4-B, P1. IX, A. Vertical scale nearly the same as the horizontal.

The highest contour of the map is 14,200 feet. This means that the summit lies above
this elevation, but that it does not reach 14,400 feet. The highest elevation is indicated
(though not by a contour) as 14,380 feet. ”

The roads on this map are represented by single (not double) lines.

PLATE X,

Pl. X shows two contrasted types of topography, namely, (1) rough, mountainous topogra-
phy on the left and (2) nearly plane topography on the right. The roughness of the one region
is shown by the many contours, and the planeness of the other by the few. The crests of the high
peaks approach 9,000 feet; the plain has an elevation of 3,000 to 4,000 feet. All the settlements
are on the plain, where roads and houses abound. As in areas of which maps have already been
given, the culture is controlled largely by the topography.
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The section at the foot of the plate shows a profile of the surface along the line A-B of the
map. The vertical scale 1s the same as the horizontal.

A special feature of this area is the network of watercourses in the flat valley. Many of
these watercourses are irrigation ditches, and the abundance of the ditches indicates the occupa-
tion or employment of the people.

PLATE XI.

PL X1, like Pl. X, shows a mountain region, but the mountains are of a different type, being
well-defined, elongate ridges. This is the Appalachian type of mountain. (Compare Pl XII.)
The slopes of both the mountain ridges shown on this map are steep, but they are not equally
steep on both sides of the ridges. The east slope of the west (Dunning) mountain and the west
slope of the east (Tussey) mountain are interrupted; that is, they do not descend with even
grade. This is illustrated in cross section by fig. 10, which represents a profile along the
line C-D.

2500”

2000’ &

1500”

1900”

F1G. 10,—Profile along line C-D, P1, XI. Vertical scale nearly the same as the horizontal.

The course of one mountain ridge 1s relatively straight; that of the otheris crooked. There
is a gap (water gap) in the eastern mountain, through which Yellow Creek flows. The only road
connecting the east side of the mountain with the west side also passes through this gap. Two
roads cross the western ridge by diagonal courses. The crests of the two mountain ridges
approach a common level, though they are not even. The significance of these subeven crests
is referred to on page 43.

Between the mountain ridges there is a tract of lesser elevation and relief, where the slopes
are relatively gentle. Determination of the angle of slope by the means already suggested will
show that the slopes are not too great to prevent the cultivation of the land, and the distribution
of the houses, roads, etc., indicates that agriculture is the industry of the region.

PLATE XII.

Pl. X1IT represents, in a different way, a large area in which the topography is similar to that
shown for a small area on a much larger scale in P1. XI.

PLATE XIIIL

Pl. XIII shows two contrasting types of coastal lands. In A the coast represented is low
and marshy, the highest point of the land rising less than 30 feet above sea level. B, on the
other hand, shows a bold coast, with a steep cliff facing the sea and rocky points projecting
into it.

It is shown elsewhere (p. 69) that such a coast as that mapped in A suggests that deposits of
sand and gravel are being made along the shore, building the land out into the sea; while a coast
like that mapped in B suggests wave erosion, or the advance of the sea on the land.

PLATE XIV.

Pl. XTIV, A, represents, in another way, the type of coast shown in Pl. XIII, A. Similarly
P1. X1V, B, represents the type of coast shown in Pl. XIIT, B. Pl XIV therefore helps in the
interpretation of Pl. XTII.
PLATE XYV.

Pl. XV, A, shows an area of rough topography where the relief is not great—that is, a region
where elevations and depressions lie close together, though the hills are not very high nor the
depressions very deep. Topography of this sort is depicted in P1. XV, B.
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Many of the depressions shown on Pl. XV have no outlets (see Pl. IT) and contain lakes and
ponds. There are also great areas of marsh. Many of the wagon roads are erooked, but the
railways are straight. Although the railways do not traverse the roughest parts of the area, the
courses of the roads of these two classes suggest that the hills are composed of material which the
railways find it easy to remove, whereas the wagon roads, which are built with less regard to
grade, go around or over the hills by the easiest routes.

In contrast with the areas shown on most of the preceding plates, the area represented by
this map is ill drained. Though water is abundant, most of the streams have shallow and some
of them ill-defined valleys. The principal features of the relief do not stand in very clear and
systematic relations to the stream valleys. In this respect also the map is in contrast with
most of those preceding.

Topography of the type shown on this map is characteristic of regions that have been
recently glaciated.

GROUP 2.—THE WORK OF WIND.

Pls. XVI-XXII are designed primarily to illustrate the geologic effects of the wind. The
maps show other features as well, but these features receive no more than incidental mentionin
this connection, though some of them are referred to further on, in connection with other topics.

PLATE XVI.,

Pl. XVI shows a series of mounds, hills, and ridges of wind-blown sand along the coast of
Chesapeake Bay. Elevations of this sort are called dunes. The surface of the area represented
by the map is generally low (note the 5-foot contour interval), and the highest lands are along
the coast. The dunes are indicated by the gray dots; but inasmuch as low coasts are favorite
places for dunes, it might be inferred with some confidence that the coast ridges and hills were
dunes, even without the legend. At Cape Henry the dunes reach a height of more than 80
(but not 85) feet.

It will be observed that the belt of dunes shuts in water bodies, converting into lakes what
would otherwise be bays. Thus Broad Bay, though a bay in name, is really a lake; so is the body
of water at Little Creek and other bodies farther east. The openings of these former bays were
probably not closed by wind-blown sand, but by bars deposited by waves and currents. After
the bars were made the wind piled up the sand, converting the low beach into a belt of relatively
high dunes.

The geology and the topography, taken together, indicate that the dune sand was blown up
from the shore onto a tract of low land covered by the Columbia formation. The geologic
section below the map shows the structure from the surface down to sea level along the line A-B.

PLATE XVII.

Pl. XVII, A4, shows an area at the head of Lake Michigan where dunes abound. They
are here represented by contours only, without dots. The dunes are in the form of irregular
hillocks and ridges, and the ridges are roughly parallel to the shore. They are conspicuous on
both sides of Grand Calumet River, as well as at some points farther from the lake. Some
of the dunes near the northeast corner of the area mapped are more than 100 feet high. The
dune ridge at this point prevents Grand Calumet River from entering Iake Michigan, and its
waters finally reach the lake many miles farther west. It is probable that the river formerly
joined Lake Michigan at the point where it now approaches the lake most closely. The stream
was probably obstructed in the same way as were the bays shown on the preceding map
(Pl. XVI),and its obstruction indicates that its flow was sluggish. Long Lake occupies a
depression among the dunes. Except for the dunes the surface of this area is for the most
part nearly flat. The principal features of the relief are therefore due to the wind.

PL XVII, B, shows low moundlike dunes on the coast of Maryland. The dunes here are
on a beach or bar that lies at some distance from the mainland, a position in which dunes
abound between New York and the Carolinas. This beach is mostly uninhabited except by
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Government employees at the life-saving stations along it. Beaches of this sort, especially
farther north, are extensively utilized for summer resorts. Between the beach and the low
mainland lies a bay, the borders of which are marshy.

PLATE XVIII.

Pl. XVIII represents dunes in two widely separated areas, one on the east shore of Lake
Michigan and one on the coast of New Jersey. The topography shown by this plate is not
unlike the topography north of Grand Calumet River in Pl. XVII, A, and that along the beach
in Pl. XVTII, B. _ : -

PLATE XIX.

The topography on the south side of Arkansas River, in the region shown in Pl. XIX, is
in sharp contrast with that on the north. The character of the topography on the north side
indicates that it was determined by the erosion of surface waters. On the south there are
numerous small hills, most of them defined by a single contour, but some by two, which stand
in no systematic relation to drainage lines or to one another. These hillocks are dunes. Among
them there are many depressions without outlet. (See PL. I1.) The suggestion of the map is that
these depressions were scooped out by the wind or inclosed by the building up of the surround-
ing dunes. Dune hillocks stand within a few of the depressions. Basins of this sort are com-
mon in dune regions, and where the climate is sufficiently moist they may contain ponds or
marshes. The absence of ponds and marshes, as well as of tributary streams, from this area
points to aridity of climate, which is indicated also by the dunes, for only dry sand is blown
about by the wind. The slight settlement and the few roads of the region are consistent with
the aridity inferred from the topography. The principal settlements are along irrigation
ditches in the valley of the main stream. :

Most of the dunes stand 40 feet or more above the river, the flood plain being free from
them. The source of the sand in this region is not evident from the map, but the sand of dunes
along streams is often blown up from the river banks to the tops of adjacent bluffs, even where
the bluffs are much higher than those on the south side of this valley.

Hillocks of the sort shown on this plate, especially along streams or coasts, may as a rule
be confidently interpreted as dunes, but it should be noted that the topography of this map has
something in common with that shown on Pl. XV, where comparable features are not the work
of wind.

A comparison of this map with Pl. XVI and Pl. XVII, A/ will show that dunes may have
the form of either ridges or hills, but the latter form is more common.

The section below the map on this plate gives some idea of the topography as seen in
profile; but Pl. XVIII affords, perhaps, a greater aid in the interpretation of the topography
shown on Pl. XIX.

PLATE XX.

Pl. XX represents two phases of wind work. A shows an incipient dune gathering about
tufts of herbaceous vegetation. B shows a region where the dune sand which once buried a
forest has been moved on by the wind, exposing trunks and stumps of trees that had been
buried by sand and killed. Timber so exposed has been called a ‘“‘resurrected forest.” This
view shows also the first stage of a repetition of the process of destruction, the sand having
begun to attack the younger growth on the hill at the right. Both figures are reproduced from
photographs of dunes about the head of Lake Michigan.

PLATES XXI AND XXII.

PL XXI, A, represents an area of dunes not in close proximity to a river or a coast. Among
the dunes there are depressions apparently scooped out by the wind. The map shows the
topography and geology of the region. Most of the dunes are indicated by only a single con-
tour, but some are represented by two, and a few by three. Some of the associated basins
are so deep as to require two depression contours. (See Pl II.) Two contours show that
the depressions are more than 40 feet deep, and less than 60, but they do not give the depth
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more accurately. Thus, the depression east of Hay Valley is surrounded by the 4,220-foot
and the 4,200-foot contour lines. The 4,200-foot line, being a depression contour, merely
shows that the bottom of the basin is lower than 4,200 feet, but not as low as 4,180 feet.  So
far as the map shows, it may have an elevation of 4,199 feet, or 4,181 feet, or anything between.

The 4,220-foot, depression contour shows that the immediate border of the depression has an
elevation of 4,220 feet or more, but is not as high as 4,240 feet. It may have any elevation
between these imits, so far as the map shows. If the bottom of the depression has an altitude
of 4,199 feet and the rim (as at the southeast end) an elevation of 4,221 feet, the depression is
only 22 feet deep. If, on the other hand, the bottom of the depression has an elevation of 4,181
feet and its border has an elevation of 4,239 feet, both of which are possible so far as the map
shows, the depth of the depression is 58 feet. This indicates that the details of the surface
are not always accurately represented by contours. The uncertainty may be relatively greater
where but two contours are involved, as in the present case, than where the number is greater,
for it applies only to the portions below the lowest and above the highest contours. In the
case cited, the maximum possible error 1s a little less than twice the contour interval. In
the determination of the altitude of the bottom of the depression or the altijude of its rim,
the maximum possible error is less than one contour interval. In a map comprising many
contours the possible error is relatively small.

From the colors in patterns on the map, representing the geology of the region, it is seen
that dune sand (bluish dots) lies upon the Arikaree formation (shown in buff) and conceals it
in some places. The suggestion of the map is that this formation, which is made up of soft
sandstone, furnished the material for the dunes.

The paucity of streams indicates at least a moderate degree of aridity, but the small ponds
and intermittent lakes (see Pl. II) indicate that the aridity is not extreme. Streams appear
in those parts of the area where dunes are absent, as in the southwest corner, suggesting that
in most of this area the texture of the surface is such as to allow the rain water to sink in, rather
than to cause it to flow off. Inferences concerning the settlement and development ofthe region
are readily drawn. _

Pl. XX, B, shows a few small dunes and wind-formed sinks, but is introduced primarily
to illustrate the topographic effects of wind erosion other than by scooping out depressions.
The dunes, so far as the inap suggests, are the small hillocks especially numerous on the west
side of the ridge near the southeast corner of the area mapped. Most of them are represented’
by but one contour and they are associated with sinks. The high, steep-sided hills are not
dunes; they are too high, too steep, and too isolated. Furthermore, their names indicate that
they are not composed of loose sand, as dunes are. Pl. XXII will help to an understanding of
the topography of this area.

The paucity of streams and the presence of irrigation ditches point to aridity. The dunes
show that sand is accessible to the wind. Under these conditions the isolated hills, such as -
Castle Rock, Table Rock, and Chimney Rock, must have been carved more or less by wind-
driven sand. The fact that many of these isolated hills have individual names is sufficient
evidence that they are striking topographic features. |

Fig. 11 is a geologic structure section along the line A-B of Pl. XXT, B. The letters
Eb, Ng, and Nar in the section stand for certain sandstones and conglomerate formations cap-
ping the hills. These formations are shown in the
views on Pl. XXTT, which depicts two of the “rocks”
of PL. XXI, B. The forms of these hills are due <]
partly to the wind and are characteristic of some o
parts of the semiarid western interior. 1611 Structuse. section alone line 4_B. P1 R

In addition to the foregoing maps, the following " See plate andi;;";;feiﬁiggfwnﬁ3ettgr§"1’ )
topographic sheets of the United States Geological
Survey afford good illustrations of dunes: Springfield, Colo.; Dodge, Great Bend, Hutchinson,
Kingman, Kinsley, Larned, and Pratt, Kans.; Green Run, Md.-Va.; Browns Creek and St.
Paul, Nebr.; Barnegat and Long Beach, N. J.; and Sandy Hook, N. J-N. Y. (See also Pls.
CXXXITV-CXXXVIII.) ’

3700’
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GROUP 3. STREAM EROSION.

The primary purpose of Pls. XXIII-XLIV is to illustrate various phases of stream erosion.
In the following descriptions other significant features of some of these plates are not noticed,
but some of these features are referred to further on i other connections, where the topics
under consideration are illustrated by these plates.

Pls. XXIIT-XXXVI illustrate, especially, youthful topography and youthful wvalleys.
Some of them show such features in plains; others represent them in plateaus and mountains.
Pls. XXXVII-XLIV represent more advanced phases of erosion topography. Pl XLV is
inserted in this group to illustrate, for the sake of contrast, a type of surface not due to stream
cutting.

YOUTH (PLATES XXIII-XXXVI),

PLATE XXIII.

Pl. XXIIT shows a surface of relatively slight relief, traversed from northwest to southeast
by three rather broad depressions nearly parallel to the lake. Their positions are marked by
the intermittent streams shown on the map. Between the depressions and east of the eastern-
most there are broad, low ridges, the one nearest the lake being highest, rising to a maximum
height of about 100 feet above the lake. The lake is bordered by an interrupted cliff which
suggests that the waves are cutting into the shore and the lake advancing upon the land.

The numerous ravines that lead down to the lake form the special feature which this map
is intended to illustrate. These ravines are incipient valleys—gullies grown big. They have
steep slopes, as shown by the crowded contours that border them on both sides. Some of them
are no more than a quarter of a mile long; others are fully a mile. There are numerous short
gullies on the sides of the larger ones. Such a ravine as that north of Ravinia illustrates the
general plan of a river-valley system, and many a valley system is but a further development of
the sort of ravine shown here. The ravines are lengthened at their heads by successive rains,
just as the common gully or “wash’ is lengthened by head erosion with every passing shower.
The fact that the ravines of the map are short shows that they are young. No one of them
has a permanent stream. :

The youth of these valleys along the lake, the absence of similar drainage lines in most
other parts of the area represented by the map, and the marshiness of various tracts well above
the level of the lake all indicate that the topography of the area as a whole was not shaped
primarily by the erosion of running water.

The position of one of the railways was determined in part by the position of the heads
of the ravines. It is located just far enough from the lake to avoid the depressions and thereby
to obviate the necessity of building bridges.

The profile beneath the map represents the surface along the line A-B on the map. The

‘ vertical scale is exaggerated about seven times. Fig. 12

o0& shows the profile of the ravine north of Ravinia, from its

530'M lower end at the lake to its head, the vertical scale being

Fi6. 12—Profile of ravine north of Ravinia, 1n. &bout seven times the horizontal. The figure brings out

t(iCl;é; 2;181”}11-0 ﬁ;f)lnlggl Vertical seale about seven  the form of the decrease of gradient from the head of the

' ravine toits mouth, which the contour lines exhibit equally

well to one familiar with their interpretation. The reader will find it instruective to draw to
scale a profile of another ravine shown on the map.

Pl. XXVII, A, shows a ravine, of the type represented in contours on Pl. XXIII, in an
incipient stage of development. '

PLATE XXIV.

Pl. XXIV affords further illustrations of young valleys developed through erosion by
running water. A shows a series of young valleys leading to Lake Ontario. With one excep-
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tion, they are short, narrow, and steep sided. The valley of tne main stream, though not
short, 1s likewise narrow and steep sided. Vallexs having such features are young.

The terms young, mature, old, as applied to rivers and valleys, have reference not so much
to the length of their history in years as to the amount of work which the streams have accom-
plished, in comparison with that which they have before them. In time a valley becomes
wide. Wider valleys are shown in B of this plate, and on Pls. XLII, XLIIT, and XLIV.
The valleys shown on these plates are much older than the valley of the ‘main stream shown
in Pl. XXIV, A. The exact meaning of the adjectives young, youthful, mature, old, ete., as
applied to streams, will become familiar in the reading of the following pages.

Except for the depressions along the drainage lines the surface shown in Pl. XXIV, 4 is
nearly flat. A considerable part of it has little drainage. It is clear that the heads of the
present valleys will be extended back into the land, for the surface water running into their
heads will wear them back. The lengthening of the valleys at their heads will cause the rela-
tively flat areas in the southern and southwestern parts of the area mapped to become uneven,
like the area at the northeast. As the valleys are all young, and as most of the area contains no
valleys, though it stands well above the lake, the area is said to be young in its erosion history.

Pl. XXIV, B, represents a series of young valleys leading to the large and older valley
of the Illinois. The crowded contours about the tributary valleys indicate that their slopes are
steep, and the positions of the contours show that the valleys are narrow. Being narrow
and steep sided, they are young,

Fi¢. 13.—Profile along line A-B-C, Pl. XX1IV, B. Vertical scale about five times the horizontal.

It will be readily seen that the gradient of the valleys leading to the east is much greater
than that of the valleys leading to the west. This is shown by fig. 13, which represents a
profile from a point on the railway about a inile northwest of Alta to the river bank near
Mossville, by way of the drainage lines (A-B-(, Pl. XXIV, B). Such a divide as that shown
in the figure is evidently unstable, for the water flowing eastward will flow faster and wear
faster than that flowing westward. The result will be that the divide between the two valleys
will be shifted (or will migrate) toward the west, and the valley leading eastward will presently
receive drainage from the area which now sends its waters to the west. Should the divide be
shifted westward as far as 4 (Pl. XXIV, B), as scems possible, the stream above (south of) A
will be diverted to €. This sort of change in drainage has often been accomplished. The
valley that appropriates the waters of another valley is called the pirate valley or simply the
pirate. In the case supposed, the stream below A, after it has lost its headwaters, is said to be
beheaded, and the stream that is shifted to the new course to be diverted. The whole process
1s called stream piracy.

There is also a contest among the tributaries to the Illinois. Thus some of the small
valleys, like that at D, have little chance for much further development, inasmuch as the
territory into which they might grow is already preempted by larger valleys.

Pl. XX1V, B, represents an area where the erosion history is somewhat more advanced
than in Pl. XX1IV, A. The area as a whole may be said to be in its late youth, or early matur-
ity. Both the maps of this plate, as well as that of Pl. XXIII, represent areas of plains.
Pl. XXIV, B, may be called a dissected plain.

Inferences concerning the climate and the settlement of both regions represented on
Pl. XXIV are readily drawn.

PLATE XXV,

PlL. XXV represents a plateau region. The surface 1s nowhere flat, though over much of
it the slopes are not very steep. One notable elevation, Basalt Butte, rises with steep slopes
above the general surface. t
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The most conspicuous feature of the map is the deep, narrow, steep-sided valley or canyon
of Snake River. This valley 1s 700 or 800 feet deep in its deeper parts, and less than half a
mile wide from rim to rim where narrowest. Deep as the valley is, it is youthful, for it is
narrow and steep sided, and such valleys are youthful, whether deep or shallow. The very
considerable depth of thLis valley, as compared with the young valleys shown on preceding
maps, is due to the height of the land in which it is cut. Comparison of this map with
Pl. XXI1V, 4, shows that the Snake River valley is cut to a depth of 700 or 800 feet in a plateau
about 3,000 feet high, and that the valley of the Genesee is cut to a depth of about 140 feet in
a plain that stands 400 feet above sea level. It should be borne in mind that distance from
the sea, by the course which the drainage follows, is likewise an important factor in deter-
“mining the depth of a valley. Several other elements besides altitude also affect the depth.

The fact that most of the streams shown in Pl. XXV are intermittent suggests aridity.
The scarcity of roads and settlements is in harmony with this suggestion. So also is the
narrowness of the main valley. The presence of this large stream, with few tributaries, in the
midst of an arid region leads to the inference that the stream must have its source in some
less arid tract. As a matter of fact, Snake River heads in mountains where it is continually
fed by meltifng snows, and therefore has a permanent source of supply which enables it to
maintain its course through the and lands.

The meaning of the sort of topography shown on this map will be brought out by a cross
section of the canyon, drawn to scale at right angles to the canyon, extending 4 miles on either
side. If the vertical scale is exaggerated, the amount of the exaggeration should be noted.

PLATE XXVI.

Pl. XXVI represents a canyon in a plateau notably higher than that illustrated on
Pl. XXV, and the canyon is correspondingly deeper. The valley here is about 1,200 feet deep
in a plateau that stands about 8,000 feet above the sea, which is much farther from this area,
by the course of the drainage, than from that shownin Pl. XXV. A cross section of the canyon
along the line A-B of the map is shown on the plate. The vertical scale is not exaggerated.
The tributary streams in the northern part of the area shown on the map flow in canyons,
but those which join the main stream south of its canyon, above the falls, flow in shallow
valleys. Such a relation is well-nigh universal. In other words, where a main stream has
a canyon its tributaries also have canyons. Thisis not accidental. Falls and rapids in streams
generally recede upstream, and as they recede they leave canyons or gorges below. As the
falls or rapids of main streams pass the mouths of tributaries, the tributaries fall or develop
rapids, and the recession of the falls and rapids of the tributaries likewise leaves canyons
below. Falls breed falls, and canyons breed canyons.

It will be seen that three contours cross the stream at the lower falls and two at the upper.
Fven if the height of the falls were not given, some inference could be made concerning it from
these contours. The two contours at the upper falls (7,500 and 7,600) show that the descent of
the water is more than 100 feet and less than 300 feet. The first inference needs no explana-
tion. The second is, at first thought, less evident. The map shows (1) that the base of the
falls is Jower than 7,500 feet, but not so low as 7,400 feet; and (2) that the top is above 7,600
feet, but not so high as 7,700 feet. If the base were down nearly to 7,400 feet and the top
up nearly to 7,700 feet, the height of the falls would be nearly 300 feet. The figures given for
the fall, viz, 109 feet, show that the base is but little below 7,500 and the top but little above
7,600 feet. It will be seen, therefore, that with a 100-foot contour interval, the error in the
estimate of vertical distances may be considerable. The three contours of the lower falls
(7,400, 7,300, and 7,200) show that the fall exceeds 200 feet in height, but does not reach 400
feet. The maximum uncertainty, as in the other case,is less than 200 feet—that is, less than
twice the contour interval. Where there are several contours, the possible error, as already
noted, is therefore relatively less than where a few only are involved.



STREAM EROSION—YOUTH. 29

The student will find it profitable to draw to scale a profile of the streain from some such
place as Inspiration Point to a point a mile above the upper falls.

The northwestern part of the area mapped includes mountains.

Like the areas shown in the preceding plates (XXIII, XXIV, and XXYV), this is a region
of youthful drainage and the topography as a whole is also youthful.

PLATE XXVII.

Pl. XXVII, A, shows the beginning of a valley; Pl. XXVII, B, shows the canyon and
lower falls of the Yellowstone. Some such view as that shown in Pl. XXVII, B, might be
inferred from Pl. XXVI, for the latter gives an idea of the height of the falls and shows that
the stream is a large one. The map, however, gives no indication of the details of the steep
slopes of the canyon.

PLATE XXVIIIL

Pl. XXVIII represents the largest canyon in the United States, if not in the world—the
Grand Canyon of the Colorado. On the east its width at the top is more than 10 miles.
Measured from the plateau on the south, the canyon is somewhat less than a mile deep, and
from the plateau on the north, somewhat more than a mile. The south wall is the steeper,
but even here at the point where the distance is shortest 1t 1s 2 miles from the edge of the canyon
to the river.

The north slope is characterized by numerous ‘“temples.” These are parts of the plateau
in which the canyon is cut that have been isolated by erosion. Some of them are of mountain-
ous proportions. There is a deep, narrow gorge at the bottom of the canyon, excavated in
crystalline rock. This inner gorge is comparable in size to the canyon of the Yellowstone.
The slopes above 1t are very uneven, being steep in some places and gentle in others. This
‘unevenness gives the sides of the canyon a terraced appearance, the steep slopes, or cliffs,
being composed of the more resistant rock outcrops.

The Grand Canyon appears to be due wholly to the erosion of running water.

PLATE XXIX.

Pl. XXIX shows two views of the Grand Canyon of the Colorado. A shows the canyon
as a whole, and B the inner gorge.

PLATE XXX.

Tuolumne Canyon (Pl. XXX) is very different fromn the Grand Canyon of the Colorado,
and the difference is not simply one of size. So far as the map of the canyon itself is concerned,
there is little to indicate that it is not entirely the work of the stream, but the lakes that appear
at various points above the canyon and in one or two places on its slopes suggest glaciation,
and the photograph that accompanies the map likewise suggests that ice has been a factor in
shaping the valley. The glacial influence has, however, been much less pronounced than in
the valley represented on Pl. XXXI.

PLATE XXXI.

Next to the Grand Canyon of the Colorade, Yosemite Canyon (Pl. XXXI) is, perhaps,
the most wonderful valley in the United States. Tt is remarkable for its steep slopes, its wide
bottom, and its great depth. The history of this canyon differs from that of the Colorado, for
whereas the latter is the work of running water, the Yosemite is partly the work of glacial ice.

During the later glacial epoch the ice of the Sierra moved down the valleys in the form
of glaciers. The valley that occupied the site of the Yosemite was probably large, as a result
of river erosion before the glaciers developed, and it therefore held a large glacier. The move-
ment of the ice enlarged the valley greatly, deepening it, broadening its bottom, and making
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its slopes, particularly its lower slopes, steeper. The canyon is therefore not the work of
water alone, but of water and ice. "Perhaps no other river valley in the country was more
profoundly modified by the work of glaciers than this. Both the steep gradient of the valley
and the structure of the rock facilitated the erosive work of the ice. :

PLATE XXXII.

Pls. XXXTI-XXXVI represent areas of youthful topography. These areas include
vouthful valleys, but attention is directed to the topography of the areas, taken as wholes,
rather than to the valleys alone.

Pl. XXXII is a good illustration of youthful topography, the area represented being a
low plain in which the drainage is very young. The valleys are shallow, narrow, and steep
sided In their lower courses, but the youthfulness of this plain is indicated primarily by the
fact that large areas are not yet invaded by valleys or ravines. The type of youth shown
here is different from that shown on Pl. XXIII. In that area the topography is youthful
because the ravines have not yet extended their heads far back into the land. Here streams
cross the whole area, but their valleys are very young and considerable parts of the area are
wholly destitute of drainage lines.

The configuration of the surface in the area shown on PL. XXXIT indicates that streams
have been operative on it for only a short period of time; but it dlso indicates that the valleys
are not simply gullies grown big. As a matter of fact it is not long since the waters of Lake
Ontario stood over the area. When the lake level was lowered, the streams that joined the
lake at the old shore line found their way across the fiat, which became land by the withdrawal
of the lake waters. These streams have cut their narrow, gorgelike valleys near the lake since
the lake receded, and these gorges are being extended landward. This area is therefore young,
because the streams flowing across it have not yet had time to make wide valleys or to develop
many tributaries. The area shown in Pl. XXIIT is young, because valleys developing by
erosion at the heads of ravines and gullies have not yet extended themselves far back from
the lake. Still other types of youthful drainage will be shown on later plates.

In spite of the extreme shallowness of many of the valleys in the area mapped in Pl. XX XTI
the streams are permanent, indicating abundant rainfall.

The low ridge along the southern part of the area mapped, as at East Gaines, represents
an old beach line.

PLATE XXXIII.

Pl. XXXITII represents another area of youthful drainage and topography. That the
region is young in its erosion history is shown by the existence of considerable areas which
the valleys have not invaded. The heads of the tributary valleys are working back into the
low, interstream areas, but large tracts still remain undissected by them. The area is so low
that the development of the drainage will be slower than in areas lying at the same distance
from the sea, but at higher altitudes, where the cutting power of the streams is greater. The
valleys are not of the ordinary youthful type. On account of the low elevation they are and
must always remain shallow, and they have sufficient width to indicate that they are not ex-
trtemely young. (Compare Pl. XXXTI.) However, as explained on page 27, youth is a com-
parative term when applied to topography, and measured by the amount of work yet before
these streams the valleys are still in the earlier stage of their history.

The explanation of this sort of surface 1s not altogether clear from the topographic map.
The marshiness might be due to a slight subsidence subsequent to the development of shallow
valleys. Tt might also be explained by the presence of a relatively impervious bed, as of clay,
at the level of the stream flat, or by the lowness of the land. The shortness of the tributary
streams is also anomalous, and the map does not make the reason clear. This plate represents
poor drainage, as well as youthful topography.
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PLATE XXXIV.

Pl. XXXTV represents the sort of surface shown in some parts of Pl. XXXIII in the
conditions which would prevail during a wet season.

PLATE XXXY.

Pl. XXXV, 4, presents another illustration of youthful topography and imperfectly devel-
oped drainage. The heads of the valleys are working back into the area from the north and
the northeast, but the larger part of the surface represented is as yet unaftected by them. In
most of this area, therefore, the valleys are unborn, and stream-erosion history has not begun.
Along the northern edge of the area the topography is youthful. Its type of youth corresponds
in some measure with that of the east border of the land area shown in Pl. XXTTI.

Pl. XXXV, B, represents another type of youth. Here considerable streams flow through
an area which is otherwise largely unaffected by valleys. From neither of the main streams
have tributary valleys worked back any considerable distance into the surrounding flats. This
type of youthful surface indicates that the valleys did not develop simply by the headward
lengthening of gullies and ravines. It looks rather as if streams from some permanent source
of water had recently begun to flow across the flat, taking a winding course because the gradient
was low and the surface slichtly uneven, and had had time to cut only narrow and shallow
valleys. Quite independently of this map it is known that this area was at a time geologically
recent a lake bottom. Tt is within the valley of Red River, and the flat was formerly covered by
the waters of Lake Agassiz,? which is now extinct. The type of youth shown by PL. XXXV B,
corresponds in some measure with that shown on Pl. XXXII.

PLATE XXXVI.

Pl. XXXVT furnishes another illustration of the type of youth shown in Pl. XXXV, B,
A well-developed young valley, occupied by a considerable stream, crosses the area shown on
the map. The tributary valleys have reached a stage of development harmonious with that
of the main valley. Valleys of this type are common along the south shores of Lakes Erie
and Ontario. The map also shows old shore lines—one at North Ridgeville and one along
North Ridge, southwest of Avon. Similar lines appear in the western part of the area. The
recent retreat of the lake from this area, exposing a surface which was essentially without
valleys, affords the explanation of youthful valleys of this type.

Youthful topography is also well shown on the following topographic sheets of the United
States Geological Survey: Calumet, TlL.; Ayden, Kenly, and Newbern, N. C.; Casselton,
N. Dak.; Hamlin and Raquette Lake, N. Y.; Maumee Bay and Toledo, Ohio-Mich.; Bowling
Green, Elmore, Findlay, Fostoria, and Vermilion, Ohio; Abajo, Utah—Colo.; and in this volume
on Pls. VI, VITT, LXXXTII, LXXXIV, XCV, XCVI, 4, XCVII, XCIX, C, CII, CIV, CXII,
CXXVII, CXXX, CXXXIX, CXLVI, and CLXVIL.

MATURITY (PLATES XXXVII-XLII).

PLATE XXXVII.

P1. XXXVII shows a region in advanced youth or early maturity, so far asits erosion history
is concerned. .The valleys, by head erosion, have pretty thoroughly dissected the plateau,
though there still remain somewhat broad divides between them. A large part of the surface
is made up of slopes which have been developed by the erosion of running water. Not only is
a larger proportion of the surface in slope than in most of the areas shown on the preceding
maps, but the valleys are wider, indicating a more advanced stage of development.

« Upham, Warren, The glacial Lake Agassiz: Mon. U. 8. Geol, Survey, vol. 25, 1895.
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The broad divides at an elevation of 1,600 to 1,700 feet appear to represent a former nearly
level surface, which has been made rough by the excavation of the valleys:

The reader will find it instructive to draw a profile to scale across this map in a direction
approximately at right angles to the courses of the main valleys.

Early maturity is also shown on PL IV of this volume.

PLATE XXXVIII.

Pl. XXXVIII shows an area whose topography is mature—that is, the valleys are devel-
oped to such an extent that nearly all the surface has been reduced to slope. Little is to be
seen of the original plateau inwhich
the valleys have been cut, though
diminutive remnants of it appear at
various points at elevations of 1,100
to 1,200 feet. There is no consider-
able area where the contour lines are.
not moderately crowded. A narrow
flat, half a mile to a mile in width,
stretches along the valley of the
main stream, but everywhere else
the surface 1s sharply undulatory.
The type of surface represented by
the map is shown in fig. 14.

The main stream is developing
a flat at a very considerable elevation above sea level. The river is, however, many hundred
miles from the sea by the route which the drainage follows. The valley, therefore, can not be
cut so low as if it were nearer the sea. :

Pl. XXXVIII represents a further development of the features shown in Pl. XXXVIL
When the valleys of the area shown on Pl. XXXVII have become a little deeper and when
the heads of the tributaries have worked back a little farther, destroying the broad divides, the
surface will be somewhat similar to that shown on Pl. XXXVIII.

The relief here is sufficient to exert an important influence over the location of roads,
settlements, etc. (CompaTe Pl. XXXVII.) The section at the bottom of the plate shows the
profile of the surface along the line A-B of the map, the vertical scale being exaggerated about
two and a half times. '

area of mature topography.

PLATE XXXIX.

Pl. XXXIX presents other types of mature topography developed by drainage. In A
the surface is mainly in slope, and the stopes all have definite relations to the drainage lines.
There is a small flat developed along the main stream, to which all the tributary valleys lead.
The relief of the region is somewhat less than that of the area shown in Pl. XXXVIII, and the
topographic control of the culture is less pronounced. The intermittency of many of the
tributary streams indicates that the region is not one of great precipitation.

Pl. XXXIX, B, shows a mature type of topography in a region of much greater relief.
The highest point, Mount Mitchell, is more than 6,700 feet above sea level. The lowest points
shown on the map are about 2,200 feet above sea level, so that the area has a relief of about
4,500 feet. Except for some narrow flats along the main streams, the whole area is in slope,
and all depressions are occupied by streams. The topography has clearly been shaped by
drainage, and the drainage has advanced so far as to cause the development of slopes in every
part of this area.

In neither of the maps forming Pl. XXXIX have the ridges any persistent or even preva-
lent direction. The absence of any well-defined trend to ridges and valleys may mean either
that the underlving formations are essentially horizontal or that they are not stratified.



STREAM EROSION—OLD AGE. 33
PLATES XL AND XLI.

Pl. XL represents another area where the drainage and the erosion topography are mature,
but the topography is of a type that i3 radically different from that shown in Pls. XXXVIII
and XXXIX. TIn this area the principal topographic features have a prominent northeast-
southwest trend. Where the main streams cut through the conspicuous ridges their courses
are generally at right angles to the ridges.

This peculiar topography is explained by Pl. XLI, which shows the geology of the same
region. (See pp. 12-18 for discussion of geologic maps.) From this map it is evident that the
courses of the valleys and ridges stand in intimate relation to the geologic structure of the
region. The explanation of the topography is found in the fact that the various sorts of rock
shown in Pl. X1 are of unequal hardness. The vallevs have been developed on the softer and
more easily eroded beds, and the harder rocks stand out as ridges, because the less resistant
beds adjacent to them have been cut away to lower levels. The ridges have not been ‘“‘thrown
up,” but the beds surrounding or bordering the ridges have been cut down. The streams that
cross the outeropping belts of the hard rock cross them at right angles, or nearly so, flowing
through these belts for as short distances as possible. The most conspicuous topographic
features of the region are thus seen to be intimately related to the structure of the rock forma-
tions. Such a relation will be more fully illustrated in succeeding maps. Meantime, Pls. X1,
and XLI are to be taken as representing a type of mature drainage in which the topography
has been determined by the unequal resistance of tilted beds of rock.

PLATE XLII.

Pl. XLII represents another aspect of mature drainage. The area mapped is a tract along
a great river. The stream is bordered by a wide flat, and the uplands on each side are thor-
oughly dissected. The tributary valleys, especially the small ones, are much less advanced in
development than the main valley. This is the usual relationship between main streams
and their tributaries. The main stream (Kanawha River), to which the minor streams shown
in Pl. XXXVIII lead, may in time have a valley comparable to that of the Ohio, shown in
PL. XLII. Indeed, the Kanawha is a tributary of the Ohio, and a comparison of the two
valleys shows to some extent the relations that exist between a main stream and one of its large
tributaries in respect to age (stage of development).

The section at the left of Pl. XLII shows the profile along the line A-B of the map, the
vertical scale being about five times the horizontal.

Mature topography is illustrated in numerous topographic sheets of the Survey. Among
them the following are good: Wedowee, Ala.—Ga.; Mount Pinos, Cal.; Huerfano Park, Colo.;
Hazard and Salyersvilie, Ky.; Cranberry and Nantahala, N. C.-Tenn.; Tarboro, N. C.; Iron-
ton, Ohio-Ky.; Siloam Springs, Okla.-Ark.; Waynesburg, Pa.; Abbeville and Pickens (early
maturity), S. C.; Grundy, Va.-Ky.; Kanawha Falls and Raleigh, W. Va. Mature topography
is also shown on the following plates in other parts of this volume: V, VII, A, XIII, B, LII,
and CXVIIL

OLD AGE (PLATES XLIII AND XLIV).
PLATE XLIII.

Pl. XLIIT affords a good illustration of topography in old age. The broad plains of
Wabash, White, and Patoka rivers have become one by lateral growth. The flat is
characterized by cut-off lakes (ponds) and meandering streams, and ditches have been cut in
it to drain the lowlands. One of the railways is shown with a contour line adjoining the
track on each side, but it should not therefore be inferred that its embankment stands above
the adjacent land at a height equal to the contour interval.

Within the great flat shown on the map there are two conspicuous erosion remnants, the
Gordon and the Claypole hills. The height of these hills is nearly that of the uplands shown

1710—08——3
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to the east and south, and the inference seems warranted that the valley plain has been degraded
from the level represented by the hills and upland borders. -

PLATE XLIV.

Pl. XLIV represents two areas which serve to illustrate drainage in old age, and at the
same time old topography. In both of these areas the valleys have become very wide and the
surrounding lands have been brought to low levels, considering their distance from the sea.
The streams have low gradients, and wander about over broad flats which they have developed.
In the course of time streams tend to bring the whole basins which they drain to the level of
their own flats. When this has been accomplished, the ‘““cycle of erosion” is complete. Both
areas of old topography shown in this plate are in the vicinity of considerable streams—a
situation where the topography first reaches old age.

Old streams frequently abandon parts of their channels. This is illustrated in the area
represented in Pl. XLIV, A, where elongate curved lakes, such as Horse Shoe Lake, lie near
the streams. Such lakes show former courses of the rivers. Portions of channels which are
abandoned by streams in shifting their courses, if not filled with sediment, become lakes. The
process of lake development is suggested along Osage River just south of Rockville, mapped
on Pl. XLIV, A. Here the stream is about to abandon its long northward detour. The
several stages leading up to the development of the circular water course here shown are
illustrated by the curves of the river farther west. South of Papinsville the stream is likely
to bring the points of the lesser, horseshoe-shaped northward curve closer and closer together.
When they touch the situatien shown south of Rockville will have been reached and the cur-
rent will then take the shorter course. As the former curve is abandoned by the stream, its
ends are likely to be silted up and closed, while the main part of the curved depression will
remain unfilled by sediment. The resuit is an oxbow lake of the type so familiar along the
flats of most meandering streams.

Pl. XLIV, B, illustrates the same general points as Pl. XILIV, A.

Topographic old age is also shown in the Little Rock, Ark., and the New Harmony and
Patoka, Ind.-Ill., sheets of the Survey.

PLATE XLV.

Pl. XLV does not, strictly, belong in this group, but is introduced here mainly for the
sake of bringing into contrast with the preceding maps a type of topography not produced by
rivers and surface drainage. The surface is rough, but the hills and depressions stand in no
particular relation to drainage lines. The main stream has a relatively young valley, as is
shown by its steep slopes and its slight width. The region is clearly in its topographic youth,
inasmuch as it is il drained, undissected, and stands well above the adjacent stream valley.

The principal topographic features of this map are not the result of river work. At first
glance many of them seem to resemble the features shown on the dune maps—for example,
Pl. XIX., Here, as there, many little elevations and depressions are shown; but the apparent
likeness is deceptive, for the topography here is not primarily a dune topography. From this
map, however, it could hardly be affirmed that it was not. Similar topography is shown on
Pl. CII (see p. 58); in both areas it marks the location of a terminal moraine.

GROUY 4.—ALLUVIATION.

Pls. XLVI-LXIV are designed especially to illustrate the topographic effects of deposition
by running water. Some of the maps represent topographic features of other sorts, which may
be mentioned incidentally in the accompanying notes, but emphasis will be placed only on
those features that have resulted from alluviation.
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OUTSIDE OF WELL-DEFINED VALLEYS (PLATES XLVI-XLVIII).
PLATE XLVI,

Pl. XLVI represents a mountainous region on the north and a bordering plain on the
south. The topography of the highland is in its early maturity and has been developed by
stream erosion, whereas the plain has a slope due primarily to alluviation. The crenulate
courses of the contours on the plain and the relation of the curves to the valleys leading out
from the mountains tell the history of the topography of the plain. Each stream descending
from the highland builds an alluvial fan (or cone) (see Pl. XLVII) where it issues from its
mountain valley, for at that point its diminished gradient does not allow the current to carry all
of its mountain load. Over any such fan the contours should curve outward from the moun-
tain. By growth, these alluvial fans have merged into one another laterally, and the result is
a compound allunal fan, or pipdmont allunal pl(mln Piedmont alluvial plains of the type
shown on this map are found in similar situations in all parts of the world.

The section at the right of the plate shows the profile of the surface along the line A—B
the vertical scale being the same as the horizontal.

This map shows that all the streams descending from the mountain disappear on the
piedmont plain, primarily because (1) the material of the plain is loose and porous, allowing
the water to sink into it, and (2) the region is relatively arid. The belts shaded with brown
dots show the courses of the waters when the streams are flooded and do not at once disappear
from the surface on reaching the plain.

Though the plain region is relatively arid, as is shown by the absence of permanent streams,
the numerous roads and houses clearly indicate abundant settlement, and the arrangement and
location of the cultural features show that the inhabitants follow some occupation that distrib-
utes the population outside the villages subequally over the country. These various data
seem to warrant the inference that the land is tilled and that the water supply is derived from
wells sunk into the alluvial deposits down to the water that sank below the surface just outside
the mountains. It is to be expressly noted that these points are not represented on the map,
but they are rational inferences from it. It should be understood, also, that inferences may
sometimes be rational without being, of necessity, true, so that in most cases of this kind noth-
ing short of investigation on the ground can be considered an adequate basis for final conclusions.

PLATE XLVII.

Pl. XLVII represents an alluvial cone or fan of simple type. The front of the main fan
bas been cut off, and a secondary fan has been built out in front of the original one. The
merging of many such deposits would give rise to the sort of plain shown on PL. XLVT,

Alluvial fans and slopes are also well shown on the following topographic sheets of the
Survey: Elcajon, Pasadena, Pomona, San Antonio, San Bernardino, and San Jose, Cal.; Silver
Peak, Nev.-Cal.

PLATE XLVIII.

Pl. XLVIIT shows a great depression nearly surrounded by highlands, from which débris
is being brought down. The basin is partly waste filled, and represents a type characteristic of
the arid plateau region of the West. The numerous streams near the mountain edge disappear
in the alluvial plain, and the rivers and creeks at the northwest show a distinctive feature of
actively depositing streams, namely, a complex network of channels.

IN WELL-DEFINED VALLEYS (PLATES XLIX-LV).
PLATE XLIX.

Pl. XLIX, A, shows a river valley which, throughout the larger part of its course, is being
built up (aggraded) by deposits washed down from the uplands on either side and by the deposits
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of the main stream itself. The anastomosing watercourses just below (north of) Ennis, espe-
cially, indicate active deposition. The map suggests that an alluvial piedmont plain is well
developed on the east side of the river. The wide, open valley above Meadow Creek is in
striking contrast with the canyon near the northern border of the area.

Pl. XLIX, B, shows the geology of the region represented in A. The special feature to be
noted here is the wide belt of alluvium along the stream. Alluvial material is not represented
on the slopes above the valley flat. This may indicate its absence, or it may mean that the
cover of alluvium is so thin that the underlying rock is known. Thin bodies of alluvial material
are omitted from some geologic maps.

PLATE 1.

The maps of Pl. L are designed to show both the widening of valley flats and the deposition
of alluvium. A shows the winding Meramec swinging here against the bluff on one side of its
valley, and there against that on the other. The bluffs are thus driven back by undercutting,
and the valley is being widened by planation. In the process alluvium is being deposited
on the flat. Nothing in this map shows explicitly which way the stream flows, but this can
be inferred from its course relative to the bluffs, and particularly from the courses of the
tributaries,

Pl. L, B, shows two nearly parallel valleys, the streams in both of which show evidences
of deposition. This is indicated in the larger stream by the islands, and in the smaller by its
anastomosing or ‘‘braided’ channel. The several subordinate channels of the South Platte
are continually being choked by sediment which the currents can not carry, and the water then
breaks out into new courses. The numerous channels are thus constantly shifting. It is
evident from this map that with continued widening the two valleys will become one by the
elimination of the narrow ridge between.

It may be conjectured that some of the small elevations of the uplands shown in B are
dunes, and that the depressions without outlets have been scooped out by the wind. The bed
of the South Platte suggests a sandy alluvium, and so a source of dune sand. The map, however,
does not make this inference necessary, for depressions of this general type are found 1n regions
where the topographic effects of wind work are slight or are absent. (Compare Pls. XXI, B,
and XLV.)

PLATE LI.

Pl. LI represents later stages of some of the changes suggested by the preceding plate. In
A a curve of the stream has become so pronounced that a cut-off 1s imminent. The current
cuts in on both sides of the narrow neck of land, and when the neck is cut through the river
will abandon the loop for the more direct course.

B shows a cut-off recently completed. Other lakes indicate earlier cut-offs, as does also
the lake in A.

In both maps it is evident that the streams have meandered more or less widely over
their flats. The bars in the channel of the stream in A and the islands in the channels of the
streams in both maps indicate that deposition is now in progress.

PLATE LII.

Pl. LII shows a characteristic flood plain of a large stream, at a point where its valley is
not very wide. The topography of the adjacent uplands is still in early maturity. The anas-
tomosing channels and the ponds are characteristic of the flood plains of streams, though these
features are unusually striking in the area shown on this map.

It may be noted also that valley widening is in progress, or would be but for the protection
afforded by the structures of man. At the north end of the area mapped the river is working
acainst its left bluff. It would doubtless be undercutting if the base of the bluff were not
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protected by a securely built railway embankment. At the south end of the area the river is
flowing against its right bluff, and is probably prevented from undercutting in the same way.

This map illustrates well the effect of topography on cultural features, shown by the
courses of the roads and railways and by the location of the villages and cities. Thus MeGregor,
Waukon Junction, and Lynxville are situated in the lower ends of tributary valleys, perhaps
to escape floods. Harpers Ferry and Prairie du Chien are built on terraces in the main valley,
and so are above the reach of disastrous floods.

PLATE I1II.

Pl. LIIT represents a portion of the valley of the Mississippi near St. Louis. The valley
flat is here several miles wide, and much wider at the north than at the south side of the area.
The flat stands but a few feet above the river, and the numerous elongate and curved lakes,
characteristic of the plains of meandering streams, indicate some of the changes which the
channel has undergone. The river now flows at the western edge of its valley, but the steep
bluff bordering the plain on the opposite side, as well as the flood-plain lakes, indicates that
the river not long ago flowed against its eastern bluff: The migration of a stream from bluff to
bluff is one of the means of widening a valley. In the process the valley flat is always covered
with more or less alluvium.

In spite of the evidence of considerable age which the main valley affords, the upland
southeast of the valley has reached only the stage of advanced youth or early maturity. This
shows that the terms youth, maturity, old age, etc., have a somewhat different significance when
applied (1) to valleys and (2) to areas which include more than a single valley.

The diagram below the map represents a profile along the line A-B. The vertical scale is
about four times the horizontal. *

PLATE LIV.

Pl. LIV represents a river plain of a sort somewhat different from those shown in preceding
plates. Here the whole flat is marshy. The exact cause of this marshiness can not be deter-
mined from the map. If the region has been recently depressed, so as to make drainage more
sluggish, the marshiness may have been the result of the depression. The same result may
have been brought about, so far as the map shows, by a dam or other obstruction across the
stream at some point below the area shown on this map. Or, again, the explanation of the
marshiness may be that the valley flat has been cut down to an impervious bed of rock, the
strata above which are charged with water; or it may be due to the lowness of the valleys and
the slightness of their slopes.

The upland at the north is in its youth; that at the south has reached a slightly more
advanced stage of its history.

PLATE LV.

Pl. LV illustrates another phase of river work. In this part of its course the Mississippi is
doing little in the way of erosion and much in the way of deposition. As it overflows its banks 1t
spreads sediment over the flooded area. The velocity of the overflowing water is checked most,
abruptly at the point where it first escapes its channel, and therefore the immediate banks of the
channel are the site of the principal deposition. It follows that a stream with a flood plain
tends to build up the flood plain along its banks more than elsewhere. This map shows that the
immediate banks of the river are distinctly higher than the country back from the channel.
These low ridges along the banks, built- up by the aggradation of the flooded stream, are
natural levees. In many places the height of these natural levees has been increased and their
gaps have been filled by human agency, to protect the surrounding country against flooding.
(For the convention which represents the artificial levee, see P1. I1.)
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The section (fig. 15) gives soine idea of the relation of the levees as seen in profile. The
vertical scale is exaggerated about twenty-five times, and the levees are much less conspicuous
than the diagram indicates.

4 <l B
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F1g. 156.—Profile along line 4-B, P’I, LV. Vertical scale about twenty-five times the horizontal.

The following Survey topographic sheets afford good illustrations of flood plains: Little
Rock, Ark.; Patoka, Ind.-Ill.; Owensboro, Ind.-Ky.; Clinton and Savanna, Iowa-Ill.; Atchi-
son, Kans.-Mo.; Donaldsonville, New Orleans, and Quarantine, La.; Independence, Lexington,
Marshall, Glasgow, Boonville, Jefferson City, Fulton, Hermann, O'Fallon, and Joplin, Mo.;¢ and
Gainesville, Tex.-Okla. Flood plains are also shown on several maps of this volume; for

mstance, Pls. XXI, CXVII, and CXVIII.

DELTAS (PLATES LVI-LXI).

PLATES LVI AND LVII.

Pl. LVI shows a number of striking features. At the head of Seneca Lake there is a flat
corresponding in width to the lake. This flat is really a delta, being an area which was formerly
a part of the lake, but which has been converted into land by the deposition of sediment brought
down by the streams. In many parts of the world deltas are thus encroaching upon lakes.

The map represents an area of considerable relief, as is shown by the numerous contours.
The slopes on both sides of the lake are steep. Another interesting feature shown by the map
consists of the narrow gorges Excelsior Glen, Ilavana Glen, and Watkins Glen. These glens are
types of extremely youthful valleys. It is evident at a glance that they are out of harmony
with the main valley to which they lead, for they are in a different stage of erosion. The glens
have been developed since the last glacial epoch, but the main valley is preglacial.

Pl. LVII presents views in Watkins Glen.

PLATE LVIII.

Pl. LVIII represents a delta being built into the head of a bay. The peculiar behavior of
the streams as they flow across the delta is characteristic. Above the delta proper wide alluvial
plains appear along the streams. It might safely be inferred from the topography that these
plains were somewhat deeply covered with alluvium, and this conclusion is borne out by the
geologic map, on which the distribution of alluvial deposits is shown. This map, however,
gives no indication of the depth of the alluvial material. The letter symbols within the drift-
covered area refer to subdivisions of that deposit as follows: Qsd, Stratified drift; Qvm, Vashon
drift modified; Qv, Vashon drift; Qs, Steilacoom gravels; Qm, Midland sands; Pa, Admiralty
till. A description of these formations may be found in the Tacoma folio (Geologic Atlas U. S.,
folio 54, U. S. Geol. Survey). '

PLATE LIX. =«

Pl. LIX presents another illustration of a depositing stream. The numerous lakes, channels,
and sloughs in the flood plain and the bars and islands in the channels are readily understood in
the light of preceding maps. This flood plain may be considered estuarine, as its surface lies
but little above sea level.

No contour lines on this map cross the stream, and the direction of its flow must therefore
be inferred. The shapes of the bars in the stream afford a firm basis for inference, but the
courses and relations of the sloughs and lakes and the relative positions of low and high lands
along the north side of the river also give some suggestion as to the direction of its current.

a The Missouri maps (except Joplin), arranged in the order in which they are here named, show a considerable length of Missouri River
without interruption.
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PLATES LX AND LXI.

PL. LX represents the delta of the Mississippi as far up as Lake Pontchartrain. The figures
in the water area represent the depth of the water in fathoms. Pl LXI represents, on a much
larger scale, a portion of the terminus of the delta. The main streams shown on this map give
off branches, or distributaries, repeatedly. The anastomosing tendency is evident, and the
development of the land (marsh) surfaces along the immediate channels of the streams is like
that of natural levees.

The following topographic sheets of the Survey afford other illustrations of deltas: San Luis,
Cal.; Pointe a la Hache, Dime, La Fortuna, Fort Livingston, Quarantine, Forts, West Delta,
and East Delta, La.; and Naples, N. Y. The Louisiana sheets, grouped in the order named,
show the Mississippi delta in detail.

RIVER TERRACES (PLATES LXII-LXIV).

PLATE LXII.

Pl. LXII, 4, is introduced especially to illustrate stream terraces, which appear on both
sides of the main stream. Fig. 16 represents a profile across the valley of the Illinois along the
line A-B. Thesurfaces of the
terracesare notaltogether flat, 4 B
and the terraces on the oppo- =
site sides of the stream are not
of exactly the same elevation.
Themapand profile show anar- <o
Tow, steep—sided, and not VeI‘y F1G. 16, —Profile along line A-B, Pl L;(II', A .t Yertical scale about thirteen times the
deep valley below theterraces. oo

Pl. LXII, B, likewise shows terraces, but in this area there are at some points two terraces,
instead of one, on each side of the river. These terraces are brought out by fig. 17, which repre-

' » _ sentsa profile along the

‘,—o/Ff,ﬂ,’. line A-B. Both these

: ® terraces are remnants

of former flood plains,

the higher terrace representing the older plain. A topographic map showing terraces does not
always make it clear whether they were developed from flood plains or in other ways.

The higher parts of the area shown in A are cut by young valleys. Young valleys have also
developed in the terraces of the area represented in B.

500"

A —

F16. 17 —Profile along line A-B, P1. LXII, B. Vertical scale about eight times the horizontal.

¢ PLATE LXIII.

Pl. LXIIT represents an area in which terraces have pronounced development. They are
readily located from the contour map, and are brought out in profile by the section at the bottom
of the plate, which represents the topography along the line A-B, the vertical scale being exag-
gerated about two and a half times. The map shows that there are two terraces at some
points, and but one at others.

Various causes may develop terraces from flood plains. Uplift of the region, quickening of
the stream, increase of volume of water, decrease of load (if the stream is a depositing stream),
removal of obstructions below—any or all of these may be effective in producing terraces.
Without discussing these possible causes, it may be said that terraces can be formed by anything
that makes a stream with a flat deepen its channel notably. :

PLATE LXIV.

PlL. LXIV affords an illustration of terraces in a region of a very different sort from that
shown in PL LXIII. The terraces appear at various points and are best brought out by
sections across the valley of the principal stream. A north-south section through Little Camas
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Prairie, from the uplands on the north to the higher points on the south, will show clearly the
terraces In this longitude. A section at right angles to Boise River anywhere in the lower 2
miles of the part of its course represented on this map will disclose the existence of two terraces.
The lower of these terraces disappears when traced upstream, and the map indicates that
it disappears because its surface rises until it joins the higher terrace. The upper terrace is
probably not alluvial.

River terraces are well shown on the following additional topographic sheets: Fonda and
many of the maps along Hudson River, N. Y.; Tarboro, N. C.; Cleveland, Ohio; Beaver
and Latrobe, Pa.; Elk Point, S. Dak.—Nebr.-ITowa; and Guyandot, W. Va.-Ohio; also on
Pl. LXXVIII of this volume.

GROUP 5.—TOPOGRAPHIC EFFECTS RBESULTING FROM UNEQUAL HARDNESS OF
ROCKS.

The set of maps included in Pls. LXV-I.XXI is designed especially to illustrate the modifi-
cations in the effects of erosion induced by inequalities of hardness of the rocks.

PLATE LXYV.

Pl. LXV, A, represents a low plain above which conspicuous ridges and hills with steep
slopes rise several hundred feet. These ridges and hills are due to the hardness of the rock of
which they are composed. The less resistant rock which once surrounded the elevations has
been removed by erosion, while the harder parts remain unreduced. More than this the map
does not clearly show. Such isolated elevations are termed monadnocks. The structure of the
rocks along the line A-B is shown in fig. 18.

F1G. 18.—Structure section along line A-B, P1. LXV, A, 1, Sandstone; 2, Holyoke diabase; 3, Hampden digbase; 4, gneiss.

The valley of Connecticut River is wide both above and below the Holyoke Range, but is
greatly constricted where the river passes through the range. Furthermore, there is a fine
example of an oxbow lake (a sign of age) above the range, whercas a cross scction of the valley
between Mounts Holyoke and Nonotuck would indicate early maturity only. These phenomena
illustrate the fact that a valley may be “old” in those parts of its course where the formations
are relatively soft and ‘““young” in those parts where the rock is relatively hard and therefore
less easily eroded.

Characteristies similar to those of the Connecticut are exhibited by valleys generally where
they cut through ridges of hard rock. They are especially conspicuous if the cycle of erosion
is well advanced, though not to old age. Such constrictions in valleys occupied by streams
are often called narrows or water gaps.

Pl. LXYV, B, shows a curved monadnock ridge. The hard rock of which it is formed is of
igneous origin, although this could not be knov/n from the map.

PLATE LXVI.

Pl. LXVI affords three distinet illustrations of the effects of unequal hardness. The
most conspicuous is, perhaps, the line of narrow ridges extending from north-northwest to south-
southeast; the second is the mountain region along the western edge of the area mapped, and
the third the table mountains near Golden.

The structure that causes the long, narrow ridges or ‘“hogbacks” and the mountains at
the west is shown in fig. 19, which represents a section along the line A-B; but even without



TOPOGRAPHY PRODUCED BY UNEQUAL HARDNESS OF ROCKS. 41

knowledge of the structure or of the geology as shown on this map, an inference as to the
structure could be made with much confidence from the topography. The long, narrow ridges
can hardly mean anything other than the outerop of a hard layer of rock which has been partly
isolated by the degradation of its surroundings. Valleys at right angles to the strike have cut
the outcropping bed into several short ridges. The trend of the ridges indicates the strike of
the hard formation. The lack of a very definite trend in the highlands at the west indicates
that these mountains are not composed of tilted beds of stratified rock—at least not of tilted
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F1G. 19.— Structure section along line A-B, P1. LXV1. Vertical scale about two and a half times the horizontal.

beds of unequal hardness. So far as the topography shows, they may be either of massive
rock or of rock that is horizontally stratified. As the beds to the east are tilted at a high angle,
the inference that the mountains to the west are of massive rock is the more reasonable.

The table mountains east of Golden owe their flat tops and their ¢liff slopes to the presence
of a sheet of lava, which has helped to preserve the rock beneath. The hard capping of the
mountain causes the cliffs for the same reason that hard rock along the sides of a valley causes
steep slopes.

The map is an extract from the geologic map in““Geology of the Denver Basin,inColorado,”*
and the letter symbols used on the map are explained in the following table:

Formations shown on Pl. LX V.

I

Symbol. Name, \ Character. System.
I \ . |
Qal. ... i iade e e e erererareneiimen e Alaviam (bettom lands) L.l Quaternary.
Kdv., .....o..... Denver formation.. ...................... Upper half: Conglomerates, with minor sands and clays; | Cretaceous.

material from older sediments and Archean, but mixed

with andesitic débris. Lower half: Conglomerate, grit,

sandstone, clay; all the débris of andesitic lava flows,

Ka.. ... ...c.... Arapaboe formation..... . ..... vien-ew-. Upper two-thirds: Clay with local lenticular sandstones. Do.
i Lower third: Conglomerate; pebbles from older sediments,

i including Carboniferous,

Kl et Laramie formation.. . .. . _....._ ... ... Upper three-fourths: Clays, with ironstones and local coal Do.
i1 beds. Lower fonrth: Sandstones, with coal beds.

€m.. ..........| Montanagronp.... ... .. .._............., Sandstone cap, 50 feet; remainder clays. Upper 1,000 feet, Do.

Fox 1iills; batance (7,700 feet), Pierre.
Colorado group: )

Kn. oo oaiaa.o. Niobrara formation . .............. Two-fifths: Calcareo-arenaceous shales, bright buff. Two- Do.
fifths; Gray clays. One-fifth (at base): Light drab to
white limestone.

Kb..... ........ Benton formation..... .............. Black shales, with thin limestones at top; ironstones.._.__.. Do.

Kd. o.oooaa . Dakota formation..................... Sanddstones, characteristic conglomerate at base, fire clay Do.
midway.

Jm_. ... .. ._..| Morrison formation. ... ._. ... _._...._... Flit)ashawater clays, with a few limestone and sandstone | ‘‘Juratrias

andas.

Jwu..,. _......| Wyoming formation (upper division).._.| Brick-red sandy shales, with local prominent sandstones of Do.
same c¢olor. Heavy sandstone at top, limestones at base.

Jwlo. .. ..., Wyoming formation (Jower division)....| "*Red Beds’” of Rocky Mountains. Conglomerates and Do.
sandstones. Thickness variable.

€1 T R Granites, gneisses, and metamorphic rocks.. .. ....... ... .. Pre-Cambrian,

PLATE LXVII,

Pl. LXVII affords a good illustration of one of the features shown on Pl. LXVI, namely, the
conspicuous north-south ridges, which appear to be formed by the outeropping edges of tilted
layers of hard rock.

PLATE LXVIIL

The explanation of the topography of the area shown on Pl. LXVIII is found, in large part,
in the distribution of the rock formations. Blue Mountain, Black Mountain, Sulphur Moun-
tain, Inge Mountain, Chatfield Hill, Obi Hill, Lewis Hill, and Nueces Hill, as well as numerous

e Mon. U. 8. Geol. Survey, vol. 27, 1896.
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others that are not named on the map, are composed of igneous rock. The topographic forms
of these igneous masses indicate clearly that they are harder than the surrounding rocks. So
far as the topography shows, these hills might be voleanic cones; but their forms and relations
suggest rather that they are monadnocks. At least it is evident from the geologic map that
the surface of the stratified rocks of the region once stood at a much higherlevel thannow. This
is indicated, for instance, by Big Mountain, in the central portion of the area. This mountain,
which is composed of horizontal beds, shows that the surface has been reduced from a higher
level. It is quite possible that during this reduction the hard igneous rock has been exposed
here and there and left as monadnocks,

At the bottom of the plate is a cross section along the line A-5.

In general, the eastern part of the area shown on the map seems to have been cut down to an
elevation of 900 or 1,000 feet from some such level as that now prevailing in much of the north-
western part of the area, namely, 1,600 to 1,700 feet. :

Inferences as to the climate, settlement, and some other features of the region may be readily
drawn from the map. The geology shows numerous other points of interest, which will be
referred to in the discussion of other plates.

PLATE LXIX,

The conspicuous feature of PI. LXIX is the curved mountain ridge that rises about a thou-
sand feet above the surrounding land. The form of this ridge is hardly that which would have
been developed by erosion had there not been a hard layer or body of rock whose outcrop deter-
mined the location of the ridge. This conclusion is strengthened by the presence of subordinate
ridges parallel to the main ridge. The water gap (McKee Gap) and ‘the wind gap (Dry Gap)
are consistent with this interpretation.

PLATES LXX AND LXXI,

It may be inferred that the mountains of Pl. LXX owe their origin to the hardness of their
rocks, the surrounding less resistant rocks having been removed by erosion. It is also a fair
inference from the map that this is a region of folded or at least tilted formations, and that the
ridges represent the outcrops of the hard layers. Certain other inferences may be readily drawn
after the structural features are considered.

PI. LXXTIshows the structure of the region represented by Pl. LXX along certain lines. The
vertical scale of the sections is not exaggerated. They show that the ridges are composed of hard
rock (sandstones, indicated by dotted pattern). The following table explains the significance of
the letter symbols used on this plate:

Formations shoun on Pl LXXT.

Symbol. Name. ; Character. ‘ | System.

L 1 - O .

Clovoes Lookout sandstone. ................... .. Conglomerate, sandstone, and sandy shale, with thin coal ‘ Carboniferous.
R beds.
[ < J Bangor limestone . ... ... .. .. ...... 1 Blue limestone withchert nodules. . ... ... ... ... ... ‘ Do.
(o P Oxmoor sandstone. ............... e White and brown sandstone and conglomerate. ._..... . ! Do.
[of 2NN Floyd shale . . ___ .. ... ... ... .... ... | Carbonaceous shale and thin beds of limestone. ... _......._ ... Do.
(64 3 TN Fort Paynechert... ... ... _........._.. Cherty limestone and bedded chert... ... .. .. . .. ..._.. ... | Do.
Deoooooion . Chattanooga shale...._........... ... ... 1 Blackearbonaceous shale. ... ... ... ... } Devonian.
Da.e.veeeen... Armuchee chert... . ........... ... ... Rusty sandy chert ... .. ... . . ... : Do.
Y Rockwood formation.. ....__..... ... .. White, brown, and purple sandstone and shale, with beds of ! Silarian.
red hematlte iron ore.
SCoiiii Chickamauga limestone. . ... ... ... .. | Blue flaggy limestone, with somechert conglomerate.. .... ... Do.
€Sk o Knox dolomijte..... ................. Massive gray limestone containing chert nodules_........._. ‘ Silarian and Cam-
brian.

€ese i Siliceous layersin Conasaug& formation . \ Greenish siliceous shale and micaceous sandstone. . ... e i Cambrian,
€coliii . Conasauga formation..............-..... i Oliveeclay shale. .. ... el Do.

The following topographic sheets may be profitably studied in connection with the subject
of unequal hardness of rocks: Plainfield, N. J.; Delaware Water Gap, Pa.-N. J. (Pl. LXXX);
Everett (Pl. XI), Harrisburg (Pl. LXXVI), Hummelstown, and Lykens, Pa.; and the following
plates in other parts of this volume: X, XL, LXXII, LXXVII, LXXXVI, LXXXVIII, and
XCIII. To these maps may be added most of those covering areas in the Appalachian
Mountain region and many of those representing the western mountains.
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GROUP G.—EROSION CYCLES.

The set of maps included in Pls, LXXIT-LXXXIT is designed primarily to illustrate cycles
of erosion. An understanding of the meaning of this term is presumed, inasmuch as it is ex-
plained in most of the recent text-books on geology and physical geography and is also discussed in
the publications of the Surveyv.

PLATE LXXII.

Pl. LXXIT represents a great plain, bordered on the northiwest and on the east by low
mountain ridges. The plain between the mountains resembles somewhat a great valley, yet is
without the features of a river flat. (Compare Pls. LI and LIII.) It appears to have been
developed by several streams rather than by one. |

The mountain ridges are nearly straight and nearly parallel. The crests of all of them are
interrupted, the eastern ranges by the notable water gap of the Potomae, and the western by
shallower passes. The crests of the easternmost ridge have elevations ranging from 1,100 to
1,300 feet. The crests of Elk Ridge and its southerly continuation have elevations of 1,300 to
1,600 feet, and the crest of Little North Mountain, in the northwest corner of the area, ranges
from 1,500 to 1,700 feet in height. The crests therefore increase in altitude toward the west, or
that part of the area which is most remote from the sea. The crests of the eastern ridges are
higher at a distance from the main river than nearit. The conditions thus described are illustra-
tions of general principles.

The greatest interruptions of the mountain ridges are those east of Harpers Ferry, where
the gaps are clearly the work of the river. The origin of the lesser gaps is suggested at various
points, as at the south end of Little North Mountain, where valleys from opposite sides head
near the crest of the ridge. These gaps point to erosion by streams as the cause of the uneven
crests of the mountains. TFurthermore, the valley of the Potomac, where it crosses the moun-
tain ridges, has the appearance of youth. At this point the valley is narrow and steep sided,
and apparently out of harmony with the broad flats farther upstream. (Compare Pl. LXV, A.)

If the gaps and passes in the mountain crests excavated by erosion were filled, the crests
would be nearly even, as they probably once were.

By comparison of Pl. LXXII with Pl. LXXT it will be readily inferred that the mountain
ridges represent the outcrops of layers of hard rock. Even crests in such layers are developed
only at low levels, for where erosion is active it tends to make the outcrop of hard strata uneven.
These old mountain crests therefore represent an old base-level plain. When they were devel-
oped they were a part of a general plain that stood at their level. This plain was probably
slightly higher to the west, away from the sea, and lower to the east, nearer the sea, for the same
reason that a valley flat is higher at a distance from the sea than near it. The crests of the
ridges are therefore remnants of a surface that existed at the close of one cycle of erosion—the
oldest cycle which the map records.

Later the region was uplifted, relatively to sea level, and the streams were thus rejuvenated.
They cut most effectively in the weaker formations which lay between the present mountain
ridges and reduced this broad area to a peneplain (that .is, nearly to base-level), which is now
represented by the surface that stands’at an elevation of 500 to 600 feet. The degradation of
the softer rocks left the edges of the hard layers standing out as ridges. The general surface at
500 to 600 feet therefore seems to record a second incomplete cycle of erosion. In this flat the
streams have excavated shallow valleys, which are still rather young. The youth of these
valleys, shown by their steep slopes (note the large contour interval) at various points, as along
the Potomac just above Harpers Ferry, indicates a renewal of activity of the streams, causing
them to cut new valleys in the plain that marks the peneplain of the second cycle. These young
valleys point to a third eycle of erosion, which has only well begun.

A profile across the area along the line A-B is shown in the section below the map. The
vertical scale of the section is exaggerated about twice. This profile shows the three cycles—
the first represented by the mountain crests, the second by the great plain between, and the
third by the new vallevs in the plam.
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Some of the features shown on this map might be accounted for in ways other than those
here recited, but the attempt is not made in these notes to take account of all the possibilities.
A profile along the crest of Elk Ridge and its continuation to the southwest, drawn to scale,
will be instructive.
PLATE LXXIII,

The maps forming Pl. LXXIII present further illustrations of topography suggesting
successive cycles of erosion. The essential features of A are readily seen. The summit eleva-
tions at the southwest are about 1,050 feet above sea level, though the areas at this altitude are
small. Below these summits there is an extensive plain (peneplain) at an elevation of about
400 feet, and still lower is the flood plain of the river valley, a little below 250 feet. The flats
of the tributary streams are not so well developed and their channels are slightly higher. Above
the 400-foot plain there are numerous elevations which are probably unreduced remnants of the
old 1,050-foot plain. Deane Mountain is the most conspicuous example. The essential features
of the topography of the region are brought out by fig. 20, a profile drawn along the line A-B
on Pl. LXXIII, A. '
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Fia. 20.—Profile along line 4-B, Pl. LXXIII, A, Vertical scale exaggerated about {ive times.

Pl. LXXIII, B, represents the same phenomena and the same sequence of events, but the
intermediate plain is a little higher and not so well developed. Fig. 21 brings out the general

features as seen in profile.
B
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Fic. 21 —Profile along line A-B, Pl. LXXIII, B. Vertical scale exaggerated about five times.

The absence of definite trends in the prominent topographic features of the regions shown
on this plate points to the absence of rock formations of unequal hardness at the surface. There
is nothing in the maps to suggest that the beds of rock which underlie the region are not hori-
zontal. The steep slopes between the hilltops and the intermediate levels indicate that the
upper plain is capped with moderately resistant rock.

PLATE LXXIV.

Pl. LXXIV, like the preceding plate, suggests several cycles of erosion, which are brought
out by the profile at the left. The suggestion of the map is that the highest part of the surface,
shown at A on the map, represents the level (1,500 feet) from which the remainder has been
degraded; that thelevel of 1,250 4 feet, which is of great extent, represents a plain developed by
the degradation of the higher plain; and that a still later cycle is represented by the valleys at
lower levels.

The excavation of the valleys in the 1,250-foot level might have resulted from the uplift of
the land. On this interpretation at least two cycles are represented—one, which was nearly
completed, so far as this region was concerned, by the 1,250-foot plain, and the second, which is
only well begun, by the valleys below it. There is some indication that the second cycle was
interrupted by an uplift, for there are wide terraces at an elevation of about 1,000 feet, as if
flats were developed along the streams at what is now the 1,000-foot level, before a relative
uplift of the region caused the streams to cut narrow and deep valleys below. So far as the
map shows, these 1,000-foot terraces may, however, be occasioned by a horizontal layer of hard
rock at about this level.
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There is nothing on the map to show whether the 1,500-foot level represents the original
surface from which the rest has been reduced or whether it is itself a remnant of an earlier
base-level plain.

The flat top and the steep slopes of Wolf Mountain suggest that the rocks lie in horizontal
beds and that the uppermost layer of the rock is hard rather than soft, for beds of hard rock
in such a position are more likely to develop clifls.

The diagram at the left of the map represents the profile along the line A-B. The vertical
scale is exaggerated about twice.

PLATE LXXV.

Pl. LXXYV furnishes a possible illustration, differing from those already given, of a second
cycle of erosion, though the topography here shown is open to a second interpretation. If all
parts of a drainage basin 'E
wereelevated cqually,the  **° '
debouchure of the streain =" \ )
being unchanged in posi- s’ ==
tion. there would be g fall Fis.22.—Profile of a valiey shown in Pl. LXXYV along line I-F. Vertical scale about five times the

! horizontal.
at the lower end of the
stream. The fall would advance upstream, and below the fall at each stage there would be a
gorge or canyon—a new valley—in the bottom of the old one. 1If the elevation were such as to
quicken the stream at its lower end, but not at its upper, the result would be much the same,
even 1f no falls were developed. The rejuvenated lower portion would develop a new gorge
in the bottom of its former valley. The gorge would advance upstream, on the general principle
of head erosion.

This plate shows a deep canyon along the lower course of the stream FE-7" and a wide,
open valley above. This might mean that the lower course of the stream has been quickened
and that the new canyon is advancing upstream, but that it has not yet reached the upper
part of the valley. Fig. 22 is a profile of this valley along the line E-F. Tt shows the low
- ” gradient near the mouth and at the head of the
ood stream, and the steep gradient between, corre-

sponding to the upper end of the canyon.
ssod’ Valleys of this sort may be developed in
o0l other ways, as by the recession of falls not due
F16. 23 —Profile along line C-D, Pl LXXV, Vertical scale about  t0 & change of level; but such a valley always
five times the horizontal. suggests rejuvenation. To verify the sugges-
tion in any particular case the valleys of the surrounding region should be studied. If they
show the same phenomena, in harmonious relations, the inference of rejuvenation is supported.

The map also shows pronounced terraces along some of the valleys, further illustrated by
fig. 23, which is a profile along the line C-D, and fig. 24, which is a profile along the
line A-B. In fig. 24 one set of terraces is high and the other low. Such terraces might
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F1G, 24,—Profile along line A-B, P1. LXXYV, Vertical scale about five times the horizontal.

result either from rejuvenation or from notable inequalities of hardness in horizontal strata.
Tt will be noted that the deepest valley (toward the left) seems to have acquired a broad flat,
while the lesser valleys (toward the right) were still being deepened and bad not reached the
stage of development in which flats were formed. If at this time uplift, or something which
had a similar effect on erosion, had permitted the excavation of narrow gorges in the bottom
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of the broad valley, converting the remnants of the old flat into terraces, while erosion in the
lesser valleys continued much as before, some features of the relief here represented would have
been produced. On this interpretation the largest valley would give a suggestion of two cycles,
whereas the lesser valleys would show no ev1dence of the second cycle, because in them the first
was so slightly advanced when the second began.

It should be noted, on the other hand, that the ‘‘rincones’” in the southeastern part of the
area point rather strongly to the control of the topography by strong horizontal or nearly hori-
zontal beds. All the features of the relief shown on the map might be due to the influence of
such beds, lying at the tops of the cliffs and forming the floors of the wide flats, so that reju-
venation is not a necessary inference.

The mnap is somewhat anomalous in that the stream shown in the deepest valley is repre-
sented as intermittent, though one of the shallower valleys has a permanent stream.

This map gives many indications of aridity. There are numerous intermittent ponds,
the origin of which is not evident from the map. They may occupy basins scooped out by the
wind. Lakes of this class are not rare on arid and semiarid plains.

PLATE LXXVI.

Pl. LXXVTI furnishes another illustration of cycles of erosion. Three sets of levels are
clearly seen—(1) the mountain crests about 1,300 feet high in the northern range and 1,100
to 1,200 feet high in the southern; (2) the plain about the mountains at an elevation of 500
to 600 feet, and (3) the valley flat at an elevation of a little more than 300 feet along the
main stream and the valleys without flats at harmonious levels. As in the area covered by
Pl. LXXII, the ridges here shown rise to greater heights as they recede from the stream,
and the northern ridge—that is, the ridge farther from the sea by the course of the stream—is
higher than the other.

The crests of the mountain ridges represent an old base-level. The evenness of the crests
has been somewhat marred during subsequent cycles of erosion. The position of the moun-
tains and their straight courses indicate that they are formed by the outcropping edges of hard
layers of rock tilted at high angles.

The dissected plain at 500 to 600 feet represents the plain of a second cycle of erosion.
It was developed after the earlier plain, represented by the mountain crests, was uplifted rela-
tively to sea level. The softer rocks of the plain were degraded, while the harder rocks of
the ridges suffered relatively little erosion, though the crests of the ridges were made somewhat
uneven. Further uplift (also relative) has allowed the streams to cut new valleys about 200
feet deep in the plain that stands at 500 to 600 feet.

In addition to the other evidences of erosion cycles, the course of Conodoguinet Creek
mnay be mentioned. Its valley is narrow and gorgehke, yet its irregular, singularly winding
channel resembles the courses of streams that meander on flood plains. The phenomenon
may be interpreted thus: The stream was meandering much as now, in a flood plain corre-
sponding approximately in level with the 500- to 600-foot plain. It was then rejuvenated,
by regional uplift or otherwise, deepening its channel along its meandering course. The
meanders were thus intrenched, and intrenched meanders are an evidence of uplift—that is,
of the inauguration of a new cycle. The third cycle of erosion shown on the map is still young
and has inherited these meanders from the preceding cycle.

It should also be noted that the map illustrates the fact that when a mnain valley is deep-
ened, as here, all tributaries are affected, and affected first at their lower ends. As the main
streain develops a gorge, all the tributaries develop gorges, which at the outset are more con-
spicuous near the main stream than farther up.

Though the valleys of the last cycle are young, the surface that represents the plain of the
second cycle shows a relatively mature topography. This is, in itself, evidence of a new cycle.
Were the 500-foot plain the surface in which these new valleys first developed, and were the
valleys no older than those shown on this map, the surface of the plain as a whole would have
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been young, not mature. The explanation of the apparent anomaly is to be found in the fact
that the 500-foot plain is not an original surface, but a plain of erosion. When it'was uplifted
and its streams rejuvenated, enabling them to start their new valleys (those .of the third
cycle), streams and valleys were already abundant over the plain, though the valleys were all
shallow. Drainage lines were thus already established when the last cycle began. The devel-
opment of the new valleys has therefore proceeded much more rapidly than in the first cycle,
though they have not yet reached maturity.

The section at the left of the plate shows a profile of the surface along the line A-B of the
map, the vertical scale being two and one-half times the horizontal.

PLATE LXXVII.

Pl. LXXVIIL furnishes a good example of intrenched meanders, which appear to have
been inherited from a previous cycle of erosion. The surface on which the meanders appear
to have developed seems to have been well below the level of Terrace Mountain, and the crest
of this mountain suggests an old plain of erosion—a peneplain or base-level. The map there-
fore indicates at least three cycles of erosion—the oldest, which appears to have been nearly
complete, represented by the crest of Terrace Mountain and the somewhat higher crest at the
northwest; the second, less nearly complete, though well advanced, represented by various
areas a little above and below 1,200 feet; and the third, which has not yet advanced far enough
in its history to develop pronounced flats.

The courses of the minor streams are not meandering. This may be because they were
less advanced than the main stream when the meanders of the latter were developed.
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FiG, 25.—Profile along line A-B, P1. XI. Vertical scale aboutl two and one-half times the horizontal.

Fig. 25 1s a profile along the line A-B on Pl XI and presents a further illustration of the
topic under discussion. Three cycles are evident (the last only begun), and a fourth is sug-
gested by the terraces on the slopes of the mountains (T, T on the profile). These terraces
may, on the other hand, be simply the result of the superior hardness of the rock at this level,
as compared with that above and below.

PLATE LXXVIII.

Pl. LXXVIII shows three sets of levels, one represented by Rib Hill, 1,940 feet; a second,
at 1,400 to 1,500 feet, including much of the area shown on the map; and a third, represented
by the valley flats, somewhat below 1,200 feet. The Mosinee Hills lie between the first and
second of these levels, but the surroundings of these hills have been largely degraded to the
third level, so that they are conspicuous.

The map suggests that the hills consist of very resistant rock. The inference may be
drawn that when the general surface was reduced to, say, 1,400 or 1,500 feet, Rib Hill and the
Mosinee Hills stood up as unreduced remnants—that is, as monadnocks. The Mosinee Hills
have since been reduced somewhat more than the larger hill to the northwest.

Later rejuvenation of the streams has allowed them to develop new valleys in the 1,400-
to 1,500-foot plain. These valleys still have the appearance of youth, but the general surface
above has the appearance of maturity. The explanation of this apparent anomaly is probably
the same as that given in connection with Pl. LXXVT.

Certain alternative explanations of such features as Rib and Mosinee hills may appro-
priately be suggested. So far as this map shows, these hills might be volcanic cones; or, again,
they might represent hills or mountains about which the surface was leveled up by deposition,
but not so much as to bury them. Both these interpretations are consistent with the map,
though the shape of Rib Hill would be rather against the suggestion of a voleanic cone.
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A topographic map, therefore, does not always give a sure indication of the history of the
surface which it represents.
Some pronounced terraces appear at various points along Wisconsin River.
The section at the left of the map gives the profile along the line A-B, the vertical scale
being about twice the horizontal.
PLATE LXXIX,

Pl. LXXIX, A, furnishes another illustration of cyele development. The 600-foot eleva-
tions appear to represent an old surface below which, at 400 to 500 feet, a plain was developed,
and later the streams formed still lower flats. The interruption between the development of
the plain at 400 to 500 feet and that of the valley flats does not appear to have been very
pronounced.

So far as the map shows, the Ditney Hills might be either eroded volcanic cones or monad-
nocks of hard rock. As a matter of fact, they are neither, but merely unreduced hills of
horizontal beds of rock. They are composed of material similar to that which was removed
in the development of the plain represented by the 400- to 500-foot levels. This map is to be
contrasted with the preceding (PlL. LXXVIII), which shows monadnocks due to the hardness
of the rock.

Pl. LXXIX, B, shows the geology of the same region. The letter symbols are explained

in the following table:
Formations shown on Pl. LXXIX, B.

Symbol. Narmue, Character. System.
Qal v ... Surficial deposits. ... ... ol Loess, sand, silt, gravel, and alluvium . . ... ... ..... ......| Quatemary.
Cdeoo oo Ditney formation. ... ... ... .. ... ... Sandy SHALE. .. oo T Carboniferous.
Csovenniina, Somerville formation........ et eemaaan Limestone with interbedded shale., ...:... . ... ... ....... Do.
Cm . el Millershurg formation. .. _................ Sandstone. shale, angd coal beds (Mlllersburg coal at base).. Do.
Cpowenie Petersburg formation. ... ... ... ... ... Sandgtone, shale. limestone, and coal beds (Petershurg coal Do.
at base)

PLATES LXXX AND. LXXXIJ,

Pl. LXXX pgives an illustration of cyecles in a well-known and picturesque region—the
Delaware Water Gap. After the preceding explanations, this map requires little additional
comment. The first cycle is represented by the mountain crests (1,600 feet in elevation in
the main range), now somewhat interrupted; a second (incomplete) cycle is represented by the
800-foot summits on the plains to the south, and by the 900- to 1,000-foot crests north of the main
range on both sides of the Delaware. Below this level one and perhaps two cycles are shown,
though they are not very clearly separated. At various points there are considerable flats at
an elevation of about 500 feet, and some of the streams, including the Delaware itself, have
narrow valleys, the bottoms of which have an elevation of about 300 feet. The general topog-
raphy as seen from the south is depicted in P1. LXXXT, where three levels are distinctly shown.

In PL LXXX, and in most other maps showing even-crested mountain ridges, the highest
elevation represents an old base-level, not the original surface, for the. outerop of such rocks as
appear in these ridges probably becomes level only at or near the base-level stage.

The map also presents an evidence of rejuvenation similar to those already cited, in that
some of the tributary valleys show sharp gorges below and open valleys above.

PLATE LXXXITI.

Pl. LXXXITI shows a simple and somewhat unusual type of topography resulting from
erosion. The larger part of the surface has an elevation of about 6,000 feet. Above the general
level large and small areas (mesas and buttes) rise 200 to 600 feet or more. The suggestion of
the map is that the lower portion of the area, standing at 6,000 feet, was developed by the reduc-
tion of a plateau whose surface corresponded with the elevations represented by the tops of the
buttes and mesas, or by the reduction of a surface still higher. No streams are shown on the
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map, and if the 6,000-foot plateau 1s the work of streams, the map would suggest that the
surface which now stands at this altitude is much higher than when it was developed. The
absence of streams, on the other hand, raises the question whether wind may not have been
an important factor in the degradation of the surface from the higher to the lower level.

The clifls of the elevations, the absence of streams, and the disappearance of the water of
the springs somewhat promptly after issuing all point to aridity. The springs are mostly near
the bases of the elevations and show that the region is not without some rainfall.

Some elevations, such as volcanic peaks, may be built up above their surroundings, but
the elevations of this map bear none of the marks of volcanic peaks. They are too flat-topped
and their slopes are too steep. They are plainly remnants of an earlier surface.

The following Survey topographic sheets afford further illustrations of erosion eycles:
Yellville, Ark.—Mo.; Mesa de Maya and Walsenburg, Colo.; Pawpaw, Md.-W. Va.-Pa.; Tus-
cumbia and Versailles, Mo.; Bernal, Corazon, and Lamy, N. Mex.; Hummelstown, Latrobe,
and Lykens, Pa.; Nashville, Tenn.; and Austin, Tex.; also Pl. LXIX and some others of this
volume.

GROUP 7.— STREAM PIRACY AND ADJUSTMENT.

Pls. LXXXTIT-LXXXIX are designed especially to illustrate the effects of structure and
inequalities of hardness on the relations of streams to one another.

»

PLATE LXXXIII.

Pi. LXXXIII affords two illustrations of stream piracy. One is seen in Kaaterskill Creek,
the other in Plattekill Creek. As to the first the [ollowing points may be noted: (1) The steep
gradient of Kaaterskill Creek and the youthful character of its valley; (2) the slicht gradient
of the headwaters of the north branch of Schoharie Creek (B-4); (3) the low divide (shown
at B) between the Kaaterskill and the north branch of the Schoharie; (4) the course of the
drainage from North and South lakes and the character of the valley through which it flows,
this drainage starting westward in an open valley and then turning southward to the Kaaterskill
and descending by falls into a deep, narrow, steep-sided gorge; (5) the fact that, if the narrow
valley of the upper Kaaterskill and its tributaries were filled up, there would be a declining
surface of gentle gradient westward from North and South lakes to the wvalley of the north
branch of Schoharie Creek, and the gradient between the lakes and the head of that stream (B)
would be altogether harmonious with the grade of the Schoharie Valley below (B-A).

A profile of the valley which drains the lakes, down to its junction with the Kaaterskill
(E-D), is shown in fig. 26. Taken by itself, this profile suggests rejuvenation. (Compare
fig. 22.) A profile of Kaaterskill Creek, of the E

divide between it and the north branch of Scho- " — 2000"
harie Creek, and of the upper part of the latter .
stream (A~B-(C of the map), is presented in the sos

section at .th.e bottom of the pla’te’ Wthh S.hOWS Fia. 26.—~Profile from the east end of North Lake to Kaaterskill
that the divide between the two streams 1s in an  Creek, by way of the present drainage (E-D, Pl. LXXXIIT),
unstable pOSiﬁOIl and must be in process of shifi- Vertical scale about two and one-half times the horizontal.
ing to the west, unless notable irregularities in the hardness of the rock prevent. The
Kaaterskill Valley is clearly a young valley, but that of the north branch of Schoharie Creek
has the appearance of much greater age. The vertical scale of the profile is not exaggerated.
The above-noted features suggest the following sequence of events:¢ (1) The drainage from
the lakes once went westward to the north branch of Schoharie Creek in a valley of gentle grade.
At that time the drainage from High Peak and Roundtop Mountain was probably also tributary
to the same stream. (2) A valley was then developed in the face of the steep slope of the
Catskills, and by head erosion worked its way back into the high land, shifting westward the

aDarton, N. H., Bull. Geol. Soc. America, vol. 7, 1896, p. 505.
1710—08——-—-4
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divide between its head and the head of the north branch of Schoharie Creek. (3) Presently
one of the tributaries of this new stream, working its head northward, tapped the stream that
carried off the lake waters, This tributary thus became a pirate, diverting the discharge
creek of the lakes to the Kaaterskill. As the pirate stream had a deep valley, the water from
the lakes descended to 1t at a high gradient, forming rapids or falls and cutting a deep gorge.
The falls are still in existence and the gorge is still being lengthened headward. Tt is clear
that when the head of the gorge reaches the lakes, they are likely to be drained, unless their
basins are very deep. Other westward-flowing tributaries of the Kaaterskill have developed
in a similar manner.
Plattekill Creek, farther south, shows somewhat the same history. The low divide (shown
at ) between this creek and Schoharie Creek is unstable, as indicated by fig. 27, which rep-
resents a profile along

2000’ G Plattekill Creek and
o the headwaters of
Schoharie Creek ( F-G—

1000’ H of the plate). The
c00’ | Z  headwaters of one of

F16. 27 —Profile along line ¥-G-H, P1. LXXXII1. Vertical scale about two and one-half times the the tributaries of the

horizontal,

Plattekill on its north
side have a course which suggests that this stream once joined the Schoharie. The map
indicates that Plattekill Creek has already encroached upon the former drainage basin of
Schoharie Creek, and that the campaign of conquest is still in progress.

PLATE LXXXIV.

Pl. LXXXIV presents further illustrations of changes in drainage. In A it is to be noted
that Outlet Creek has a deep and narrow valley near its head, and that this valley, not far
from its head, is notably lower than Yellowstone Lake, an arm of which is shown on the map.
The profile along Outlet Creek and over the divide to Yellowstone Lake by way of Grouse
Creek is shown in fig. 28.

This profile shows that the divide is unstable and must shift toward the lake. It would
be quite possible for the valley of Outlet Creek to work its head back to the lake, if no condi-
tions other than those shown on this , B
map affected the problem. The map 8°°°]Z//_’,v/\ -
suggests, indeed, that the lake may 744 R
once have dis(;ha,rged by way of Outlet  Fic.28—rrofile along line 4-B-C, P1. LXXXIV. Vertical scale cxaggerated
Creek, and that the lowering of the ADOUT fIve times.
lake level, perhaps by the deepening of some other outlet, stopped the outflow in this direction.
The name Outlet Creek is probably due to this supposition.

Pl. LXXXIV, B, shows two other remarkable divides—(1) that between the heads of
Mink and Falcon creeks and (2) that between Atlantic and Pacific creeks. Both the divides are
low. The steeper slope of the first is to the northeast; of the second, to the southwest. The
map suggests that Falcon Creek is driving the divide between it and Mink Creek to the west,
and that Pacific Creek is lengthening at the expense of Atlantic Creek. The headwaters of
Mink Creek appear to be in danger of capture by Falcon Creek. The low gradient at the head
of Pacific Creek is consistent with the low gradient of Atlantic Creek, and it is possible that the
uppermost tributaries of Pacific Creek on the south have been stolen from Atlantic Creek. The
headwaters of Atlantic Creek, on the northwest, seem liable to fall a prey to Pacific Creek, through
the lowering of the divide at Two Ocean Pass.

In many mountainous regions and in the northern part of the United States east of the
Cordilleran Mountains drainage changes have been much complicated by glaciation.
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PLATE LXXXYV.

The preceding illustrations of drainage changes have had to do with waters of different
systems. Pl LXXXYV shows drainage changes within a single system. Little Maquoketa
River probably once flowed southward through the narrow valley between Sageville and
Dubuque. The outline of the Mississippi flood plain shows that the main stream probably
once swung westward against the bluffs west of Peru Bottoms. When it was in this position,
a tributary probably worked back and tapped the Little Maquoketa, carrying it directly to
the Mississippl. When the Mississippi swung back to the east side of its flat, the Little
Maquoketa held its course across the flood plain of the main stream.®

PLATE LXXXVI.

Pl. LXXXVI illustrates a change in drainage whose history has been worked out? and is
indicated by figs. 29 and 30. The plate shows the present topography of the area.

F1a. 29, F1c. 30.
Sketch maps to illustrate the capture of the head of Beaverdam Creck by the Shenandoah, Virginia-West Virginia. (After Willis.)

As shown in fig. 29, Beaverdam Creek once flowed across the Blue Ridge, which, at
Snickers Gap, 1s composed of hard rock. The stream was unable to deepen its bed across
the hard rock of this ridge as rapidly as the larger Potomac lowered its channel across similar
rock. The result was that the head of a tributary of the Potomac worked back and tapped
Beaverdam Creek, establishing the relations shown in fig. 30 and on Pl. LXXXVI. By this
process the water gap (at Smckers Gap) became a wind gap.°

The manner in which the present divide was established may be worked out by the
application of familiar principles. Any divide between headwaters shifts as long as there
is unequal erosion on opposite sides.

Plate LXXXVI shows three cycles of erosion. (Compare Pls. LXX and LXXYVL)

PLATE LXXXVII.

Pl. LXXXVII shows an interesting relation of drainage to structure. A main stream,
the Sequatchie, flows through a deep and wide valley. The valley bluffs are high and steep,

a Calvin, Samuel, Geol. Survey Towa, vol. 10, 1900, pp. 391 et seq.,
b Willis, Bailey, Physiography of the United States, p, 191,
¢ Another wind gap is shown on P1. V.
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and the tops of the bluffs are distinctly higher than the surface back of them. The general
relations are shown by the section across the valley.

A subordinate line of elevations is seen in the valley itself near the stream, especially in
the northeastern part of the area mapped. These subordinate elevations are here on one side
of the stream and there on the other, but their crests lie in a nearly straight line, and this line
is essentially parallel with the line of bluffs on either side of the valley. Though the stream’s
course is in a large way parallel to the bluffs, it makes a series of sharp turns which are not at
all like the curves of a meandering stream. (Compare Pl. LI.) Where the stream departs
from its general northeast-southwest course it does so for a short distance only, and its turns
are generally right-angled.

All these features are consistent with the structure of the rocks of the region, and the
structure may be inferred with a good deal of confidence from the topography. The main
valley is located on the axis of ‘an anticline, the stream flows nearly along the strike of the
beds, and in the short stretches where it departs from this direction its course is along the dip
of the beds. The position of the valley on the anticline shows that the Cambrian, Ordovician,
and Silurian rocks of the area are, on the whole, more easily eroded than the Carboniferous.
The subordinate ridge of the valley is formed of the upper beds of the Knox dolomite, which
appear to be harder than the lower beds of the same formation, or than the lower beds of the
Chickamauga limestone.

The main stream is in a general way adjusted to the structure, but not wholly so. Perfect
adjustment would require it to cross the subordinate valley ridge fewer times, or not at all.

As the main stream flows parallel to the strike, the tributaries must of necessity have a
tendency to flow athwart the strike, and many of them enter the main stream at right angles.
But the tributaries are affected by the structure in the same way as the main stream, and
depart more or less from a direct course, especially in their upper portions. The control,
however, is less complete. The main stream is affected primarily by the structure; the tribu-
taries are affected both by the structure and by the main stream.

The effect of structure on the courses of tributaries is shown, for example, by Hixon Creek.
The lower course of this stream is at right angles to that of the Sequatchie, but its middle
portion runs parallel to the river. The position of this portion doubtless represents the out-
crop of a layer of rock less resistant than the swrrounding beds. Near its upper end Hixon
Creck again flows at right angles to the Sequatchie and to the strike of the rock, but two of
its tributaries show a tendency to assume courses parallel to the strike. The same tendency
is shown by other tributaries of the minor streams in similar positions.

These phenomena illustrate the facts (1) that streams have a pronounced tendency to follow
the strike when they flow through a region of tilted strata of unequal hardness and (2) that
when streams can not follow the strike they are likely to flow at right angles to it. Wh'n in
such regions streams flow as much as possible parallel to the strike, and as little as they must
in other courses, the drainage is said to be adjusted. Northeast of that part of Hixon Creek
which is parallel to the Sequatchie there is a stream that flows northeastward and joins the
Sequatchie. It is separated from a tributary of Hixon Creek by a low divide only. If the
head of this last-named tributary were to work back far enough, it might capture this little
creek, foot by foot, pushing the divide to the northeast. If this divide were driven to the
Sequatchie, the main stream would be diverted to the present course of Hixon Creek and
would thus avoid one crossing of the hard rock represented by the ridge east of Mount Airy.
A little shifting of the lower end of Hixon Creek would eliminate another crossing of the hard
layer. It is by such changes in streams—that is, by piracy—that stream adjustment is
effected. .

The map also shows instability of drainage in other places. The grade of the stream
which heads above Henson Gap is steep, while Gray Creek, the stream just to the northeast,
flowing southeastward from the divide, has a lower gradient. The former creek descends
about 3 miles before it reaches an altitude of 700 feet; the latter flows fully 15 miles to reach
the same level. This is a condition of stability, and the creek flowing westward from Henson
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Gap is likely to work its head back so as to capture and decapitate Gray Creek. Conditions
of the same sort may be found in other parts of the area.

In the shifting of divides inequality of hardness often modifies the results which inequalities
of slope would produce. A divide shifts as long as erosion is greater on one side than on the
other, and it is not necessary that the slopes of the two sides should be unequal. On the other
hand, a divide may remain constant in position even when these slopes are very unequal, if
there is notable inequality of resistance between the two sides.

PLATE LXXXVIII.

Pl. LXXXVIII illustrates the same general principles as Pl. LXXXVII in somewhat
different relations. The main drainage lines stand in somewhat definite relations to an anti-
cline; but, instead of being located near the axis of the fold, as in the area represented by
Pl. LXXXVII, the streams are well over on its flanks.

The significant streams of the map, in connection with piracy and adjustment, are North
and South forks of Lunice Creek, flowing out through Cosner and Kline gaps, respectively, and
New Creek, which joins North Fork of the Potomac near Hopeville. Both forks of Lunice
Creek have narrow valleys where they cross the hard layers of rock, but farther up both valleys
are broader where they are parallel to the strike of the less resistant Devonian beds. The
valley of New Creek is parallel to those of the headwaters of the creeks just named. It is to be
noted that the divide between the headwaters of New Creek and South Fork of Lunice Creek,
that between the latter and North Fork, and that between North Fork and the stream flowing
to the northeast and passing through Greenland Gap are all low.

The map shows that all these creeks are located on the basal beds of the Devonian, which
are therefore inferred to be less resistant than the beds above and below. The several valleys
really constitute one, though occupied by the waters of streams which finally flow eastward
across the hard beds of Walker Ridge, New Creek Mountain, and Little Mountain in four sepa-
rate places. ’

Kline and Cosner gaps are about equally deep. The headwaters of the streams which flow
through them therefore have a measurably balanced contest both west of Little Mountain and
west of Walker Ridge. If either gap were deeper than the other, the stream flowing out by the
deeper gap would drive its divide back at the expense of the tributaries of the stream discharging
by the other.

New Creek, it will be noticed, joins a larger stream, which crosses the range at a much lower
level than that of North and South forks of Lunice Creek. It follows that New Creek has a
great advantage over the others. Its head 1s now pressing hard against the headwaters of a
tributary to South Fork. Should the divide be driven back another quarter of a mile, one
tributary of South Fork would be diverted. New Creek, reinforced by the waters thus cap-
tured, would deepen its valley faster than now, while the tmpoverished South Fork would
deepen its valley more slowly. New Creek might then shift its headwaters still farther north-
eastward, along the valley west of Walker Ridge, until it had captured all the headwaters of
South Fork, and it might go even farther until it had captured the headwaters of North Fork.
Were this accomplished, the waters of the valley west of Walker Ridge would cross the outerop
of the hard ridge-forming rocks along one line, instead of along several, as now. It seems quite
possible, from the map, that the head of New Creek has already begun its piratical work and
that its uppermost tributaries have already been taken from South Fork, though the inference
can not be established from the map. A study of the area north of that here mapped will show

sthat piracy by the stream flowing north-northeastward beyond the head of North Fork and
crossing the range through Greenland Gap might bring about a different result.

It is clear that other contests also are in progress at the heads of valleys, as (1) between
the two streams west of Little Mountain, one tributary to North Fork and the other tributary to
South Fork; (2) between the headwaters of the streams just southwest of Robinson Gap;
and (3) between the streams north of Cosner Gap.

The tributaries flowing eastward from the Allegcheny Front have high gradients, and their
heads are working back. The tributaries northwest of Cosner Gap, for example, stand a good
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chance of working back so as to capture the headwaters of Stony River on the plateau above.
The profile from this stream through Cosner Gap by way of the tributaries is shown in fig. 31.
The topography suggests, however, that the formation marked Cbw is a resistant one, and the
great advantage of the southeastward-flowing stream, as indicated by the profile, is therefore
partly or perhaps wholly offset by inequality in the resistance of the rocks traversed.
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F1a.31.—Profile between Stony River and Cosner Gap, West Virginia, by way of the drainage lines,
Vertical scale two and one-half times the horizontal.

PLATE LXXXIX,

The conspicuous features of Pl. LXXXIX are (1) the pronounced cliffs with a general
northeast-southwest course, but with striking irregularities; (2) the valleys parallel with the
cliffs; and (3) uplands of plateau type between the ridges. The map indicates that the
region is one where the rocks are folded, and that the folds run from northeast to southwest.
The broad plateaus are located where the folding is not close. It will be seen that this map
shows the disappearing ends of three folds. The anticline shown at the left of the upper
section does not appear in the section farther south; the anticline at the left of the lower
section has greatly diminished in sharpness (is plunging) where the northern section crosses
it, and disappears altogether a little farther north; and the end of the anticline at the right
.of the lower section is plunging southward.

The main streams are moderately well adjusted to the structure of the beds where the dip
is considerable. The streams that appear not to be in adjustment to a folded structure flow in
regions where the strata are not folded. Nearly every topographic feature shown finds its
explanation in the geologic structure of the region. '

Pls. LXVII and LXIX of this volume also illustrate the effects of structure and inequality
of hardness on streams.

GROUP 8.—-TOPOGRAPHIC EFFECTS OF GROUND WATER.

The set of maps comprising Pls. XC-XCIV is designed to illustrate the topographic
influence of the solution effected by ground water.

PLATES XC-XCII.

Pl. XC shows mature drainage in a plateau where the climate is moist and the strata are
apparently nearly horizontal. The depressions (sinks without surface outlets) form the special
feature of the map. Round Cove, Icy Cove, Big Sink, and Morrison Cove are examples. Some
of the coves have three depression contours and are therefore more than 200 feet deep, but not
so much as 400 feet. The map shows that short creeks flow into many of these coves and
disappear, indicating that their waters find an outlet downward, through underground courses,
perhaps to issue at the surface elsewhere in the form of springs. Such features are most com-
mon in regions where the underlying rock is limestone, a relatively soluble rock. Many sinks
are produced by the collapse of underground caves. Pl. XCII shows a small sink of this sort.

The map also shows many coves with outlets—such as Dyer and Whitaker coves and Cowan
and Madewell hollows. Some of these may have been developed from depressions without
surface outlets. If, for example, the head of the valley just south of Beaver Hill (near the
northeast corner of the area mapped) worked back to the basin of Sinking Cove, the depression
might acquire a surface outlet; or if for any reason the downward outlet in the cove became
clogged, as it might be by caving, water might collect in the basin and finally overflow. Under
such conditions Sinking Cove might be drained to the north and would become somewhat like
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the coves with surface outlets. The subterranean watercourses in this region were probably
developed in large part before the topography had reached its present maturity, at a time when
the rainfall was less perfectly carried away from the surface.

The geologic map of the region (Pl. XCI) shows the distribution of the rock formations,
and the section at the bottom of the piates shows the structure.

PLATE XCIII,

Pl. XCIII, A, shows a series of sinks arranged in two parallel belts running northeast
and southwest, one on either side of the main stream. The position or arrangement of these
sinks suggests that limestone formations outcrop in these two parallel belts, a fact that isshown
in Pl. XCIII, B. €0k, Oc, and Cn, the formations in which the sinks occur, are limestone. It
should be noted, however, that some limestone belts are without sinks. T.imestones are not
all equally soluble nor equally well situated for the development of sinks,

Clinch River shows entrenched meanders. The outcropping hard layers, as €1, etc.,
form belts of hills, and the general linear arrangement of the elevations is determined by out-
crops of rock of different degrees of resistance, their strikes being northeast and southwest.
This arrangement 1s well marked throughout the central part of the area mapped but not in
the northwest or southeast portions.

Pl. XCITI, A, also shows three cycles of erosion, the successive levels being 2,500+, 2,000
to 2,200, and 1,500+ feet. The last of these cycles is but well begun and the second was
very incomplete when the third was initiated.

The profile and structure of the region along the line A-B of Pl. XCIII, B, are shown
in the section at the bottom of the plate.

PLATE XCIV,

PL. XCIV shows the geology of an area in Tennessee that includes Grassy Cove, a remark-
able sink with underground drainage. The cove is at the northern end of a plunging anticline
and its history appears to be somewhat as follows: At the outset the drainage must have
flowed to the northwest and southeast from the axis of this anticline. Favored by slope,
the streams presently cut through the hard sandstone capping the anticline, a result not yet
accomplished to the east and west, on the synclines. When the sandstones, Cw and C!, had been
cut through, the limestone, Cb, was exposed, and solution began to play an important part.
A subterranean drainage system was developed. Sinks were then formed, and the surface
drainage was diverted downward. The inward-flowing streams had the advantage over
those that flowed down the sides of the anticline, both in slope and in erodibility or solubility
of rock bed. Piracy followed, the outgoing streams being everywhere the losers, their former
channels being now represented by wind gaps on the outcropping edges of the hard sandstone
which forms the divide between the interior and exterior systems of drainage. Further en-
croachment by the inflowing streams is likely to occur, inasmuch as their gradient is higher
than that of the outflowing streams.

Good illustrations of the topographic effects of ground water are also furnished by the
following topographic sheets: TLondon, Ky.; Jonesville, Ky.—Va.-Tenn.; Greeneville and
Knoxville, Tenn.-N. C.; and Maynardville, Morristown, and Pikeville, Tenn.

GROUP 9..-GLACIATION.

The group of maps forming Pls. XCV-CXXIX is designed especially to illustrate the
various phases of topography developed by glaciation. They have been selected both from
areas affected by ice sheets and from areas affected by local glaciers. Phases of topography
originating through the deposition of drift by water that arises from the melting of the ice
are also included. The group comprises (1) maps showing primarily the topography resulting
from glacial and fluvioglacial deposition by the North American ice sheets (Pls. XCV-CVII);
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(2) maps showing changes of drainage brought about by glaciation (Pls. CVIII-CXX); (3) maps
showing mountain glaciers and the effects of mountain glaciation (Pls. CXXI-CXXVII);
and (4) maps showing glaciated coasts (Pls. CXXVIII-CXXIX).

GLACIAL AND FLUVIOGLACIAL DEPOSITS (PLATES XCV-CVII).
GROUND MORAINES (PLATES XCV-XCIX).
PLATE XCV,

Pl. XCV illustrates the topography developed by glaciation in a region of rather slight
relief. The characteristic features are the numerous undrained arcas represented by marshes
and lakes; the river valleys, which have not the normal characteristics of valleys shaped by
surface drainage; and the lack of systematic relations between the higher lands and the courses
of the streams. In some parts of the area the elevations show a distinct northeast-southwest
trend, which suggests the direction of ice movement. A few of the hills, such as that about a
mile south of New Berlin, have the form of drumlins.

The map does not show whether the hills are made up of rock or of drift, but it suggests
that they consist of drift, for there is n6 systematic relation between ridges and hills on the
one hand and stream valleys on the other. It is not improbable that the underlying rock
affects the configuration of the surface to the extent of determining the position of the higher
and the lower lands, though this can not be affirmed from the map. The topography is that of
ground moraine rather than of any other phase of glacial drift.

The topographic effects of glaciation may be sharply brought out by comparing this map
with Pl. LXXXYV,

This map, as well as most of the other maps in group 9, shows both youthful drainage and
youthful topography. The type of youth illustrated, however, is different from that pre-
sented in Pls, XXIIT-XXXVI. Those maps show normal youth; these show a youth which
was superimposed upon surfaces that were in various stages of their erosion history before the

ice affected them.
PLATE XCVI.

The maps forming Pl. XCVI show other phases of ground-moraine topography. A illus-
trates a surface more nearly plane than is common to ground morame. Ponds and lakes are .
lacking, and the low mounds stand in no definite relation to drainage lines. Stream erosion
since the deposition of the drift has developed some shallow valleys, but, as measured by such
erosion, the topography is distinctly young.

Pl. XCVI, B, shows a glaciated surface where the topographic features due to glaciation
have been so obscured by subsequent stream erosion as to be indistinet. Glaciation of the
region could not be affirmed from this map. (Compare PL. XCV.) As a matter of fact, the
area shown in Pl. XCVI, B, was glaciated much earlier than those shown in Pl. XCVI, 4, and
Pl. XCV. The drift of the area shown in Pl. XCVI, B, has therefore been subject to subaerial
erosion much longer than that of the areas shown in Pl. XCVI, A4, and PIL. XCV,

Both these maps illustrate the general fact that a glaciated surface does not necessarily
contain ponds and lakes, though ponds and lakes are characteristic of regions recently glaciated.
In the area represented by Pl. XCVI, A, lakes appear never to have been present; if the area
represented by Pl. XCVI, B, ever contained any lakes, they have been destroyed by erosion.

PLATE XCVII.

Pl. XCVII represents an area of drift, presumably ground moraine, where the surface has
little relief except for one deep gorge, and where marshes and ponds are absent. A few low hills
stand in no definite relations to the stream valleys. The extreme youth of the region, in terms of
erosion, is shown by the narrowness of the gorge of the main stream, the absence of considerable
tributary valleys, and the shortness of the gorges of the tributaries that join the main valley
below the falls. The quickening of the tributaries due to the recession of the falls past their
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debouchures was brought about so recently that the gorges developed since have worked back
but a little way from the main gorge. (Compare Pl. XXVIL.)

Topography due partly or wholly to ground moraines is shown on many topographic
sheets covering areas within the glaciated region of the continent. The Morrs and Wilmington,
I1l.; Marion and Tipton, Iowa; Canton, Findlay, Fostoria, and Wooster, Chio; and Milwaukee,
Shopiere, and West Bend, Wis., maps, also Pl. XV of this volume, represent various phases
of such topography.

PLATE XCVIIL

Pl. XCVIII represents a special phase of ground-moraine topography. The important
features shown are two— (1) the poor drainage, indicated by the marshes, the lakes, and the
streams practically without valleys, and (2) the elliptical hills of drift known as drumlins. The
drumlins are elongated in the direction of ice movement and occur either singly, in pairs, or in
groups. The steep ends of most of them are to the northeast, the direction whence the ice
came. This map affords a good illustration of the Wisconsin type of drumlins,

PLATE XCiX.

Pl. XCIX iHustrates drumlins of another type, a type common in western New York.
They are much more crowded, have steeper slopes, and are higher and narrower than most of
those in Wisconsin. The youthful drainage will also be noted.

Drumlins are also well shown on the following topographic sheets: Brockport, Clyde,
Fulton, Oswego special, Palmyra, and Sodus Bay, N. Y., and Madison, Sun Prairie, and
Watertown, Wis.

TERMINAL MORAINES AND OUTWASH PLAINS (PLATES C-CV).

The maps showing terminal moraines have been selected with reference to the illustration
of (1) their different types of topography and (2) their different topographic relations. Many
of the same maps show stratified drift in valleys (valley trains) or on plains (outwash plains)
outside the terminal moraines, but closely associated with them. Most of them show youthful

drainage.
PLATE C.

Pl. C shows several phases of drift in characteristic relations. These are (1) the ground-
moraine topography at the east, occupying about half the area shown on the map; (2) the
terminal-moraine topography, represented by the rough belt running from north to east of
south, and marked by numerous ponds (indicated by horizontal ruling), marshes, and hillocks;
and (3) the outwash plain topography, represented by the sloping plain at the western border
of the terminal morame.

The notable feature here is the termunal-moraine topography, which is much more
uneven (hummocky) than that of the ground moraine on the one hand or that of the outwash
plain on the other.

PLATE CI.

Pl. CI shows a .strongly developed terminal moraine on Long Island, extending from
Greenwood Cemetery in Brooklyn to the eastern border of the area mapped. North of it lies
the less rough ground moraine, and south of it the outwash plain, somewhat modified by post-
glacial erosion. . .

The relation of the culture to the topography, which is here due almost wholly to the
disposition of the drift, is well shown. One belt of principal settlement east of Brooklyn lies
along the base of the steep terminal front and was clearly determined by it.

The section at the left of the plate shows the profile along the line A-B, the vertical scale
being exaggerated about twelve and a half times.
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PLATE CII.

Pl. CII represents terminal moraines in two different regions in Wisconsin. In A the
terminal moraine is represented by the north-south belt of rough topography shown near the
center of the map. Unlike the terminal moraines of preceding maps, this belt is without many
depressions and marshes, though hillocks are numerous. As a whole it is higher than the less
rough ground moraine to the east. At its western base is the outwash plain. The relations
shown in Pl. CII, 4, and in PIL. CT are much the same, though the topography of the terminal
moraine is somewhat different,

wooo'~‘ D
€

800

F1G. 32.— Profile along line C-D, P1, CII, B. Vertical scale about six and onec-half times the horizontal,

P1. CII, B, shows another terminal moraine, the position of which is marked by the
belt of rough topography extending from northeast to southwest across the area mapped. To
the northwest is the ground moraine, with its poor drainage, and to the south and southeast is
a plain of stratified drift deposited by the water which flowed out from the moraine. Its
surface is marked by many depressions, making it a pitted plain. (See fig. 32.) The fact that
this plain is composed of stratified drift is of course not shown on the topographic map, though
the inference, that such is its composition is suggested both by its position with reference to
the terminal moraine and by its topography.

PLATE CIII.

Pl. CIII @ furnishes an illustration of a terminal moraine in a region where the relief of
the surface is much greater than in the areas mapped on Pls. CI and CII. The course of the
terminal moraine is shown on the map by the belt of irregular topography marked Qtm. Tt is
not bordered by an outwash plain. The contrast of the topography of the terminal moraine
with that to the north and south is pronounced. The topography to the south is determined
primarily by the underlying rock; that to the north is due largely to the rock, but is somewhat
modified by the ground moraine.

The irregular faint black lines on this map and on Pl. CVII indicate forest boundaries.

PLATE CIV.

PIL. CIV shows a wide terminal-moraine belt running from northeast to southwest across
the area mapped. The more pronounced moraine features lie southeast of White River, in the
eastern part of the area. This belt is locally known as ““the knobs.” Many lakes and ponds
are associated with this terminal moraine. Lake Geneva, one of the most beautiful glacial
lakes in this part of the world, occupies a portion of a preglacial valley, parts of which were
filled by the drift deposited by the ice. The maximum depth of the lake is 142 feet.® The
northwestern part of the area shows ground-moraine topography.

PLATE CV.

Pl. CV shows a terminal moraine of not very pronounced topography. The moraine has a
north-south course and is best shown east of the flat about Pains Corners, in the northern
part of the area. The flat about Pains Corners and Kings Corners stretches off down the Wis-
consin Valley and becomes a broad, flat valley train. To the north, however, before it enters
the valley proper, it may be looked upon rather as an outwash plain.

¢ Geol. Survey New Jersey, vol. 5, 1902, PI. XLV.
b Fenneman, N.M., Bull Wisconsin Geol. Survey No.8,1902. This bulletin gives an interesting and readable account of many of the glacial
Iakes of southeastern Wisconsin.
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The principal hills in the eastern and western parts of the area shown on the map are due
to the underlying rock.

The narrow and shallow gorge of the Wisconsin above Prairie du Sac 1s of postglacial
origin.

Terminal-moraine topography is also well shown on the following topographic sheets:
Plainfield, N. J.; Staten Island, N. Y.; and Eagle, Hartford, Silver Lake, and Wausau, Wis.

KAMES (PLATES (VI AND CVII).

PLATE CVI.

The principal hills just south of Rochester, N. Y. (Pl. CVI, A4), are kames. The topography
of the rest of the area shown on this map appears to be that of a ground moraine with little
relief.

Pl. CVI, B, furnishes another illustration of kames, the most notable of which are the
hills near the southeast corner of the area. The height of the highest of these kames is nearly
50 feet, but several of them are sufficiently high to stand conspicuously above the surrounding
plain. There are numerous smaller kames just north of Springfield, each represented on the
map by a single contour.

The steep slopes shown on the map are clifls of rock. The rough, hummocky area between
Milburn and Summit is a portion of a terminal moraine.

PLATE CVII.

Pl. CVII“® shows a number of prominent kames in a region of strong relief. The greater
elevations are due to the underlying rock, but the kames among these rock hills are large enough
to form pronounced features. The position of the kames is indicated on the plate by the device
marked Qk in the legend.

This plate also shows other interesting features, especially the delta plain of stratified
drift (Qdg). The delta features brought out by the map are (1) the gently sloping plane sur-
face above and (2) the steep, lobate slope at the southern edge of the delta. The delta is made
up of stratified drift, deposited in a temporary lake which existed when the edge of the ice
sheet lay a short distance north of this locality.

DERANGEMENT OF DRAINAGE EFFECTED BY GLACIATION (PLATES CVIII-CXX).

Pls. CVIII-CXX are introduced principally to illustrate changes of drainage occasioned
by glacial ice and by the drift which it left. Most of the maps of this subgroup show super-
imposed youthful drainage. (See p. 56, P1. XCV.)

PLATE CVIII.

P1. CVIII illustrates drainage changes effected by glaciation in a region of notable relief.
Greenwood Lake occupies part of a deep preglacial mountain valley. The direction in which
the drainage flowed through this valley in preglacial time is not evident from the map. TImpor-
tant drainage lines appear to have extended both southwestward and northeastward from the
ends of the lake. The map does not indicate how much the valley was deepened by ice erosion.
It seems clear, however, that the valley was partly filled with drift at the ends of the lake, and
that this filling converted a part of the river valley into a basin. The origin of Sterling Lake
was probably similar to that of Greenwood Lake. So far as the map suggests, such ponds as
Little Cedar Pond may occupy depressions in the surface of the drift.

The more pronounced topographic features shown on the map are due to the underlying
rock, not to the drift; but the poor drainage, of which there are several indications, is the result
of glaciation.

@ Geol. Survey New Jersey, vol. §, 1902, P1. XX XI.
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PLATE CIX.

Pl. CIX illustrates changes in drainage effected by mountain glaciers. Well-defined pre-
glacial valleys, cut out by river erosion, appear to have been dammed by deposits of drift, or
gouged out locally by the ice erosion, so as to give rise to basins. Three valleys have been
thus affected. The flats below the lakes suggest that plains of stratified drift occupy the val-
leys below the basins. If so, these plains must have been aggraded to their present level while
the ice still occupied the sites of the lakes. The amount of postglacial erosion seems to be
slight, so far as can be Judcred from the map.

It is probable that the minor lakes above the main Valleys either are held back by morainal
dams or occupy basins hollowed out of the rock by glacial erosion. Some of those lying in the
heads of cirques are very likely of the latter class.

The ice not only developed basins, and so interfered with drainage, but perhaps changed
the courses of streams. At some time a stream probably flowed through Snoqualmie Pass,
north-northwest of Keechelus Lake, but it can not be determined from the map whether thls
stream was diverted from its course by the ice.

It is possible to tell, approximately, from the map, the altitude (about 7,000 feet) which
18 now necessary for perennial snow and glaciers in this region, and also the altitude which was
necessary at the time of the glacial epoch (5,000 feet or a little less).

PLATES CX AND OCXI.

Lake Chelan, a part of which is shown on Pl. CX, occupies a portion of a preglacial valley.
The lake is surrounded by a mountainous area and is remarkably deep, its bottom being well
below the level of the sea, a fact not shown on the map. It is not in the region affected by
the continental ice sheet, but its valley contained a huge mountain-valley glacier. So far as
the map shows, the basin might be due to the filling of the valley below the lake by drift; but
as a matter of fact this is not the case to any notable extent, and there appears to be no alter-
native but to believe that the lake basin was gouged out by glacial erosion, or that it was deep-
ened through the depression (by faulting or warping) of its bottom.

The general topography of the region is that of early maturity. The small lakes suggest
glaciation, which may have been either local or general, though the fewness of these lakes
shows that glaciation was not both general and recent. If it was general, it took place so
long ago that erosion has destroyed the more distinctive glacial features. The absence of a
pronounced trend to the leading topographic features indicates that the mountains are not
composed of folded stratified rocks.

Pl. CXI, which represents a slope north of the south end of Lake Chelan, is here introduced
to show a topogmph@c unconformaty such as is likely to be developed in a region situated as
this is. As this illustration shows, the upper slopes of the bluffs bordering the lake have wide,
open drainage depressions, such as are common in mountain regions; but, instead of con-
tinuing down to the lake with increasing width, these erosion depressions seem to end far above
the lake, and narrow gorges lead down to the water. In other terms, an older topography,
at higher elevations, is succeeded by a younger topography at lower elevations. The line of
junction of these two types of topography represents approximately the upper limit of the
olacier that occupied the valley. The eflect of the ice was to obliterate or to obscure the pre-~
glacial erosion features of the surface on which it worked. The lake level was formerly much
higher than now, and its waters helped to efface the preglacial topography of the lower slope
shown in PL. CXI. Since the ice melted the lake level has been lowered and postglacial erosion
has developed the narrow gorges that lead down from the older valleys above to the lake.

PLATE CXII.

Pl. CX1I illustrates primarily one way in which glaciation interferes with drainage. It
shows one lake occupying parts of two valleys, and two other lakes occupying different parts
of one valley. These lake basins were formed chiefly through the obstruction of the valleys
by drift, and perhaps partly through the local deepening of the valleys by glacial erosion.
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The map also shows other significant points. The principal features of the relief are due
to the underlying rock and are of preglacial origin. So far as can be judged from the map
the drainage may have been mature in preglacial time. It is probable that glaciation effaced
many of the minor topographic features, perhaps filling and obliterating many small valleys
and smoothing down many hills. In these ways, and by blocking the valleys so as to make
lake basins, topographic forms typical of youth were superimposed upon the region.

“After the ice departed subaerial erosion began anew. In many places it. followed lines
already marked out, for the greater preglacial valleys were not obliterated. New gullies were
formed in abundance on the slopes leading down to the greater valleys, and some of them have
developed into “glens,” of which Wagener Glen is an example. These glens are good illustra-
tions of one type of postglacial valleys.

Glaciation interrupted the cycle of erosion that was in progress before the ice epoch, and
since the glaciers withdrew eroston has been renewed. It can hardly be said that the resumption
marks a new cycle of erosion, for the previous cycle was interrupted, rather than ended.

PLATE CXIII.

The area represented on’ Pl. CXIIT has little relief, but comprises the irregularly distrib-
uted hills, the narrow valleys, and the generally youthful aspect of regions that have been
recently glaciated.

The points to be noted are—(1) the extreme youth of the larger part of James River Valley
and its tributaries; (2) the interruptions in the eastern bluff of the valley, as between Jim
Lake and Arrowwood Lake; (3) the notable lakes in the valley of James River; (4) well-
marked valley depressions which are streamless; and (5) the notable chain of lakes extending
from Spiritwood L.ake on the southeast to Medicine Lake on the northwest, all lying in local
depressions in a common valley.

The narrowness of the valley of James River points to its youth. It is doubtless largely
of postglacial origin. The comparative lowness and the more interrupted continuity of the
bluffs on the east in the vicinity of Jim Lake are probably due to the fact that the drift deposits
did not build up the surface here to the same level as farther south. The streamless valleys
might represent (1) preglacial valleys that were not filled by the drift, (2) valleys that were cut
in the surface of the drift by waters which arose from the melting of the ice, (3) valleys of sub-
glacial streams, or (4) valleys of streams marginal to the ice. The elongate marshy depression
near the center of the mapped area might represent a line of temporary drainage when the ice
was melting, the water discharging southeastward to Spiritwood Lake, and thence southward
or eastward. The decline in elevation of the depression in this direction is consistent with this
interpretation, but does not establish it.

The depression containing Medicine, Alkali, Spiritwood, and other lakes may be due partly
to one of the causes mentioned above and partly to another. That it is not primarily a post-
glacial stream channel from which the drainage has been diverted is indicated by the lakes them-
selves, for the normal valley of a small river would hardly contain such basins. The probability
1s that this belt of lakes represents the course of a preglacial valley, partly filled at intervals
by drift. The sections of the valley between the localities of greater filling constitute basins.
If the drainage went southeastward through this valley for a time, as seems probable from
the gorgelike depression south of Spiritwood Lake, the channel was not lowered sufficiently to
remove the drift divides between the basins of the lakes.

If James River were diverted from its present valley, Jim Lake, Mud Lake, and Arrow-
wood Lake would remain. This valley therefore seems to be very much like the one in which
the string of lakes lies, except that it contains a river. Its history is probably much the same
as that outlined above.

On the whole, the drainage problems of this area are complicated, and data other than
those furnished by the contour map would be needed as a basis for confident conclusions.

By means of strings of lakes and streamless valleys, the courses of some preglacial valleys
may be conjectured or even determined. The courses of such valleys are also determinable
by borings or excavations.
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Inferences as to the culture, climate, and other features of the region can be readily drawn.
If the region were very humid, the lakes would have outlets, and the chain in the southeastern
part of the area would be connected, as the lakes in James River valley are.

This map affords an illustration of a surface controlled primarily by the topography of
the drift. None of the topographic features, except possibly the valleys referred to, can be
recognized as having been determined by the character of the underlying rock. The glacial
topography has been modified to some extent by postglacial erosion. This map is in contrast
with Pls. CVITI-CXTI, which show topography controlled primarily by the underlying rock
and only modified by drift.

PLATE CXIV.

Pl. CXTV shows certain features that exhibit anomalous relations between topography and
drainage. These are (1) the wide valley south of Syracuse, with steep bluffs on either side,
occupied by an inharmoniously small creek; (2) the pronmounced channel which looks as if
freshly eroded, connecting the valley of Onondaga Creek with that of Butternut Creek to the
east, but not occupied by a continuous stream; (3) the channel that connects the valley of
Butternut Creek with that of Limestone Creek at High Bridge, and the low divide—so low as
to be marshy nearly to its crest—that turns the waters in one part of this valley eastward and
those in the other part westward; (4) the pronounced valley followed by the Erie Canal, running
eastward from Syracuse, with no stream, and (5) another anomalous valley followed by the
creek west of De Witt. The valleys south and east of Syracuse have about the same elevation,
but those east of Onondaga Creek are more than 100 feet higher.

Most of these channels were outlets of glacial lakes. The history of the channels can not
be read with certainty from the map, but the history of the region makes the channels intelli-
gible.2 This history can not be appropriately presented in detail in connection with this map.
Suffice 1t to say that during the retreat of the continental ice from this region lakes of various
sizes, and at various levels, came into existence. The waters of these lakes escaped by the
lowest outlets open to them at the various stages of ice retreat. Thus the present valley of
Onondaga Creek was the outlet of a lake which occupied the valley to the north—the valley in
which Onondaga Lake (not shown on this map) now lies. Later the waters from Lake Warren
(the most expanded stage of Lake Ontario) entered this valley, and its waters found egress to
the east by several outlets. One of these outlets was the channel connecting Onondaga Creek
with Butternut Creek, and the outflowing water formed a cataract where it entered the valley
of Butternut Creek. The channel between Butternut Creek and Limestone Creek, by way of
White Lake, was likewise utilized by the outflow of glacial lake waters.

The region south and east of that represented on this map furnishes many illustrations of
the same sort, and their history is outlined in the paper cited.

PLATE CXYV.

Pl. CXV affords another illustration of drainage modification caused by the drift. The
significant points® are (1) the wide valley between Big Flats and Horseheads, not occupied
continuously by a stream; (2) the large valley between Horseheads and Elmira, occupied by
a relatively small stream, and (3) the much narrower valley of Chemung River, occupied
by a large stream. These features indicate that the drainage of the region has been deranged.
The history of this region has been interpreted as follows: ¢ The area about Horseheads was
notably aggraded by the deposition of drift, a valley train from the north, the surface being
built up so that the drainage from the west found an outlet along the course of a tributary
valley between Big Flats and Elmira, lower than by the former route through the main valley
by way of Horseheads and Elmira Ileights. The filling by drift near Tlorseheads therefore
diverted the main stream from its large valley, but Singsing Creek coming out from the moun-
tains, found its way across the old valley flat to the Chemung below.

a Fairchild, I1. L., Glacial waters in the Finger Lakes region of New York: Bull. Geol. Soc. America, vol. 10, 1899, pp. 27-68.
bTarr, R. 8., Physical geography of New York, p. 168.
c¢Idem.
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The more important topographic features of the area are due to the underlying rock. This
is indicated both by the great relief and by the paucity of distinctive glacial features. The
elevations throughout the higher portions of the area stand in somewhat definite relations to
drainage lines.

PLATE CXVL

Pl. CXVI is introduced to illustrate a peculiarity of drainage not rare in glaciated regions,
and not unknown elsewhere., Mohawk River has a relatlvely wide valley at the east and Webt
in this area, while at a pomt between, about Little Falls, it 1s much narrower.

Narrow portions of river valleys may originate in various ways, and the map does not
show the history of this particular narrow stretch. The abrupt widening of the valley below
Little Falls suggests that the rock is harder where the valley is narrow than at other points.
Another inference that might be drawn is that two valleys, formerly separate, one leading
eastward from the vicinity of Little Falls and the other westward, have been connected at their
heads. In this case the narrow part of the valley would represent the position of the former
divide.

The history, as worked out in the field, has been interpreted as follows: The rock where
the valley is narrow is harder than that above or below. In preglacial time this hard belt of
rock had become a divide, and from it valleys descended in opposite directions. After the ice
melted from the region the valley of the Mohawk was for a time the outlet for the waters of the
Great Lakes, and the former divide, which was probably low, was cut down by the river. Both
inequality of hardness and drainage changes brought about by glaciation were therefore con-
cerned in shaping this valley.

PLATE CXVII.

Pl. CXVII is introduced especially to exhibit the valley of Esopus Creek. Throughout
half its course as here shown the creek flows in a narrow valley, much of which might be post-
glacial, so far as may be judged from the map. About midway in its course it enters a wide
valley, which appears to be much older, and which 1t follows to the edge of the area. The
meanders and cut-offs of the lower part of the valley are altogether out of keeping with the
narrow gorge in the vicinity of Stone Church.

Southwest of Marbletown a broad valley leads southwestward, in the line of the wide
part of the valley followed by Esopus Creek. This valley, a small part of which is shown on
this map, was probably the site of the main stream of the region in preglacial time. Just south
of the border of this area (see the map of the entire quadrangle—the Rosendale sheet) this
valley seems to have been filled with drift to such an extent as to cause postglacial dramage
to follow other lines.

PLATE CXVIIL.

The striking features of the map forming Pl. CXVIII are (1) the relatively old valleys
of the Little Miami and the Licking and (2) the relatively young valley of the Ohio, especially
at the west. These peculiarities clearly signify drainage changes, inasmuch as the rock of the
several valleys 1s of about the same degree of hardness throughout.

The history of the drainage of the region has been worked out, at least in part, though
it could not be read from this map. It is believed that the master stream of the region once
flowed along the line indicated on the map as the ‘“old Ohio channel,” making a northward
detour of about 20 miles from the present course of the Ohio, to which it returned near the
mouth of the Great Miami. The changes from this course may have been brought about in
either of two ways: (1) Glacial filling may have obstructed the valley at the north, or (2) a
“tributary from a lower portion of the valley may have become a pirate, working back and tap-
ping, first, Mill Creek, then the Licking, and finally the main stream itself, near the mouth of the
Little Miami, carrying its waters off westward. This may have happened in preglacial time, or
glacial ﬁlhng at the north may have made the p1racy possible.2

aIeverett Erank Mon, 17, C‘eol Surwy \01 41, 1902, pp. 11()-118
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PLATE CXIX.

PL. CXIX shows several remnants of an old river course, now occupied by minor streams
flowing in various directions, while the valley of the main stream is narrow in some places and
wide In others—that is, the main stream appears to flow here in a preglacial valley and there
in a postglacial valley. The course of the former stream is shown on the map by the deposits
of Carmichael clay. More than this the map does not indicate. The history of the changes
has been studied, however, and suggestions as to the method in which they were accomplished
have been made.®

It is thought that in preglacial time the water followed the valley whose course is repre-
sented by the clay deposits. Tributary streams are supposed to have occupied the present
position of the river where it departs from its former course. It has been suggested that in
glacial time ice jams, which became ice dams, were formed at certain points in the old valley,
and that the dams ponded the water above them so that it rose high enough to find a new
outlet along the line now followed by the river. As the old channel, now ponded, was being
silted up, the new one was being cut down; and when the conditions which gave rise to the
ponded waters passed away the new channel was deeper than the old one and continued to
claim the river. It should be added that other explanations of the abandoned channels are
possible.

PLATE CXX.

Pl. (XX shows various phases of drift and complex relations of drift and rock topography
in a region of notable relief (about 800 feet). The region lies at the border of the drift sheet
in south-central Wisconsin. The position of the terminal moraine is indicated on the map by
the crooked shadad belt.

In the eastern part of the area glacial features are evident; in the western part they are
lacking; yet even in thée eastern part there are pronounced features due to the underlying
rock, and the western part contains features that are not the result of river erosion alone.

- The higher elevations are due to hard rock. The gap at Baraboo Narrows is cut in a
ridge of quartzite running east and west, and there is a similar but wider gap in another ridge
of hard rock at Devils Lake. Pronounced drift topography is present in a belt running from
the north edge of the area, near its center, to Dewvils Lake. Notable flats appear to the
northwest.

The map indicates that various changes in drainage  have occurred. The narrows at
the lake are very similar to the narrows of the river, both gaps being so like the gorges cut
by streams where they cross ridges of hard rock as to leave no doubt that such was their origin.
Though the lake gap is wider than that of the river, the lake stands nearly 200 feet higher
than the river at Baraboo Narrows.

Southeast of the lake there is a deep valley, which is really a continuation of the lake
basin. The bottom of this valley is nearly as low as the river at its narrows, and a little south
of the area mapped the valley deepens notably. It extends to Wisconsin River, which it joins
about 4 miles south of the border of the area here shown. Baraboo River also flows into
the Wisconsin, but by a route so long that its waters flow in that stream for more than 30 miles
before they are joined by the waters of the creek that occupies the valley southeast of Devils
Lake. The course of the Baraboo is therefore extraordinary. The drift north of Devils Lake
and also east of its south end is of great depth, its base being far below the level of the lake
and even well below its bottom. Were this drift filling removed, Baraboo River would probably
flow southward from some point west of Baraboo, via Devils Lake, to the valley on the east.
This is believed to have been the former course of some large river.

The diversion of the drainage is readily understood. The terminal moraine blocked up
the old river valley at the north end of the old narrows (that is, at the north end of the lake)
- and also at the south end. The ice falled to reach and fill that part of the Valley which is now

aCampbell M. R., Description of the Masontown and Umontown quadra,ngles Geologlc Atlas U.S., f0110 82, U.8S. Geol Survey, 1902, p. 4.
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occupied by the lake. The lake is therefore held in by two great morainal dams, and these
dams have become drainage divides.

The exact course of the preglacial Baraboo between the mouth of Skillet Creek and Devils
Lake is unknown. The river now has a wide valley except at the narrows, and in the bottom
of this wide valley, near the center of the area mapped, there is a shallow, steep-sided gorge
where the river crosses the moraine. This gorge, which is about 40 feet deep, 1s clearly post-
glacial. There is another rather deep gorge just above the narrows of the Baraboo. Were
the upper of these gorges filled, so that the surface would be restored to its condition as the ice
left it, there would be a lake over the river flat west of Baraboo. Were the lower gorge filled
there would be a lake over the flat between it and Baraboo. So much may be readily inferred,
tentatively, from the map; but the conclusion could hardly be accepted as final unless confirmed
by more positive evidence. If, for example, lakes once existed on these flats, the character
of the material now covering them should give indications of the fact. On the ground, too,
one might judge much more safely than from the map whether the gorges are certainly post-
glacial. As a matter of fact, both flats are underlain by lacustrine clays, and the inference
which the map suggests relative to the postglacial origin of the shallow gorges is confirmed on
the ground.e

Various other drainage features of interest are shown on this map. Erosion at the head
of the valley east of the south end of Devils Lake might cut back the head of the valley to
the lake, when it would be drained (the lake is not very deep). The same process might
lead the little creek near the north end of the lake to tap it there, causing it to discharge to
the Baraboo. Piracy is, therefore, a future possibility.

The upper part of the valley of Skillet Creek is preglacial, but the lower part is postglacial.
The lower portion of its preglacial valley was filled by the moraine or by outwash from it.

The relations of outwash and moraine are well shown north of Baraboo, where the flat
is outwash and the ridge to the east of the flat is the terminal moraine. The position of the
moraine over the high rock ridges at the south is significant of the influence of topography on
the course of ice movement.

Drainage changes occasioned by glaciation are well shown on numerous topographic
sheets, among them Clinton and Le Claire, Iowa~Ill.; Baldwinsville, Binghamton, Canandaigua,
Morrisville, Naples, Oriskany, Skaneateles, Tully, and Wayland, N. Y.; and Brandon, Vt.

MOUNTAIN GLACIATION (PLATES CXXI-CXXVII).

Some of the maps presented in Pls. CXXT-CXXVII show existing mountain glaciers in
the United States, and others the topographic effects of mountain glaciation in recent time.

PLATE CXXI1.

Pl. CXXIT represents certain existing mountain glaciers in Washington. In the area shown
in B they radiate from a mountain, occupying the valleys; in that shown in A some of them
have a similar position, but many of them lie at the bases of steep slopes just below elongate
mountain crests. Glaciers ot the type shown in B are generally much longer than wide, whereas
many of those shown in A arc wider than long. The convention which represents the ice
suggests also the direction of the ice movement. Several of the glaciers shown in A head in
pronounced cirques. (Compare Pls. CXXTV-CXXVI.)

Bench Lake suggests that glaciation was at one time more extensive than now. In a
region of so great relief and of so high altitude small lakes due to glaciation would not be likely
to endure long, and only one or two others are shown on this map. One other evidence of the
more extensive glaciation in former times is seen in the cirques at the heads of some of the
valleys that do not now contain glaciers, but as this point is more clearly illustrated by several
other maps it will be brought out more fully in connection with them.

aSalisbury, R. D., and Atwood, W. W, Bull. Wisconsin Geol. Survey No. §, 1900.
1710—08——>5
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PLATE CXXII.

Pl. CXXTI, A4, is a view of Avalanche Basin, Montana, a notable cirque near the southwest
corner of the area mapped in Pl. CXXTIV. Pls. CXXTV-CXXVI show other notable cirques
in contour. Pl. CXXII, B, represents glaciers of the general type shown in Pl. CXXT, B, and Pl.
CXXIV.

PLATE CXXIII.

Pl. CXXIII, A4, shows a series of glaciers radiating from a lofty mountain. The general
relations are similar to those about Glacier Peak (Pl. CXX1,B). The fact that the development
of glaciers is greater on the north side of the mountain than on the south side is to be noted.
The lakes on Shastina suggest more extensive glaciation at some earlier time.

Pl. CXXITII, B, illustrates the effect of glaciation in & mountain region, the special mark
of glaciation shown being the lakes. The glaciation here was local, not continental.

PLATE CXXIV.

The mountains of western Montana contain several glaciers of the type represented in
Pl. CXXIV (compare Pl. CXXII, B), which is introduced primarily to show the effects of
mountain glaciation on topography.

The glaciers are all small and as a rule their width exceeds their length. The conspicuous
effects of the former glaciation of the region, so far as shown on the map, are two, namely, (1)
the series of lakes along the courses of the valleys and (2) the peculiar upper ends (cirques)
of several of the valleys that contain lakes.

The map does not show the extent to which the lake basins were gouged out of the solid
rock by the ice, or the extent to which they were formed by the obstruction of the valleys by
drift dams. The peculiar heads of the glaciated valleys should be especially noted, such as
the valley that heads between Mount Brown and Edwards Mountain, near the southwest corner
of the area mapped. The upper mile or more of this valley is deep and steep sided, and its
bottom is not narrow. The steep slopes on the sides are continued around the head, so that
the wide, open upper end of the valley has a depth of many hundred feet. The peculiar head
of this valley is a cirgue, and cirques are a characteristic mark of mountain glaciation. They
were formed by the action of glacier ice in preglacial valleys developed by drainage.

It should be noted that there is an abrupt descent of about 500 feet between the two prin-
cipal lakes in the cirque just referred to. Below this cliff hies another cirque, succeeded by a
stretch of open valley which is not cirquelike. The features noted are characteristic of glaciated
mountain valleys.

Avalanche Basin, northwest of Mount Brown, is another pronounced glacial cirque of
slightly different type, and Iceberg Lake, near the northern border of the area, lies in a third.
Many of the lakes in cirques occupy rock basins. Some of the cirques are now occupied by
glaciers, of which Grinnell and Sperry glaciers are examples. The cirques and lakes of this map
clearly indicate former severe glaciation of the region.

The drainage of this area has pronounced features of youth, hut the youth was super-
imposed by glaciation upon topography of somewhat greater age.

PLATE CXXYV.

PL. CXXYV, like the preceding map, shows several small glaciers near the crest of the moun-
tains and also the effects of glaciation developed when the ice was much more extensive than

D

Fic. 33.—DProfile along line C-D-E, P1.CXXV. Vertical scale about two and one-half times the horizontal. Black shading represents lakes.

now. Conspicuous cirques abound. The head of the valley of South Fork of Clear Creek is a
oood example. The valley just across the divide to the west has the same sort of head. Fig. 33
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represents a profile from C, northwest of West Tensleep Lake, to Z, in the valley of South
Fork of Clear Creek. The profile follows the two wvalleys just mentioned. The features
characteristic of these valleys are repeated at many places within the area of the map.

This map, like the last, furnishes an illustration of glacially superimposed youth.

PLATE CXXVI.

Pl. CXXVT 1s introduced primarily to show the large cirques, many of them separated
by very narrow divides, which occur in some parts of the Uinta Mountains. The glaciers of
this region must have been large and the glaciation severe. It is probable that the extreme
narrowness of many of the divides between the cirques is due largely to erosion at their sides
by the glaciers. Tt is easy to see from this map that the destruction of a narrow divide
between cirques would cause them to unite. It is possible that wide cirques have sometimes
been developed in this way.

The numerous lakes furnish another evidence of former glaciation. As the lakes have
not been destroyed by subsequent drainage, the glaciation must have been relatively recent.
Here again the youthful drainage is superimposed upon an older surface. (See p. 56.)

PLATE CXXVII.

Pl. CXXVII shows the effects of glactation by the continental ice sheet In a mountain
region. The principal features of the relief are clearly due to the underlying rock. Glaciation
interfered with the drainage and developed numerous lakes. The map does not indicate how
far the lake basins are due to the blocking by drift of preglacial valleys and how far they
have been gouged out in the rock itself. Presumably the former is the more immportant factor.
This map should be compared and contrasted with Pls. CXXI-CXXVI, which represent
mountain areas in which glaciers started and in which the glaciers were confined to valleys.
One of the especial points of difference is the absence of cirques in the area shown on this plate.

This map affords a good illustration of youthful drainage superimposed upon a mature
topography by glaciation.

The following topographic sheets of the Geological Survey aflord further ilustrations of
the effects of mountain glaciation: Dardanelles and Mount Lyell, Cal.; Needle Mountains,
Silverton, and Teliuride, Colo.; Browning, Mont.; Salt Lake, Utah; Mount Stuart, Wash.;
and Crandall - Dayton, and Grand Teton, Wyo. See also Pl. CLLX of this volume. X

The following maps, among others, show the effects of glaciation in mountainous regions,
ol in regions of strong relief, affected by the ice sheet: Orland, Me.; Monadnock, N. H.; Canada
Lake, Indian I.ake, Lake Placid, Raquette I.ake, and Santanoni, N. Y.; and Pawlet, Vt.-N. Y_;
also Pl. CVIII of this volume.

EFFECTS OF GLACIATION ON COASTS (PLATES CXXVIII AND .CXXIX).

PLATE CXXVIII.

The topography of the area represented by PL CXXVIII is due partly to variations in the
character of the rocks and to inequalities of erosion before the ¢lacial epoch, but its details
were shaped by the ice of the continental glaciers. It is probable that glaciation was one of
the factors in isolating many of the islands from the mainland, but changes of level were
involved also. It will be readily seen that if the present surface were depressed 60 to 80 feet,
nunmerous islands would be formed out of what are now the higher parts of the mainland. So
far as the map shows, some of the existing islands may have been separated by just such a
process.

PLATE CXXI1X.

Pl. CXXIX shows another glaciated coastal region. The land shown is not the mainland,
but consists of numerous small islands and portions of two large ones. The nature of the
1slands is shown by the fact that there are quarries on many of them, as, for example, on Russ,
Green, Crotch, and Moose islands. The islands were doubtless formerly a part of the mainland,
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having been cut off by the erosion of glacier ice, or probably to a greater extent by the sinking of
the region. The small islands appear to represent the tops of hills which were not reduced to
sea level by glacial planation and which have not been submerged by subsidence. The type of
surface here shown is not uncommon in coastal regions composed of hard rock, where glacia-
tion was pronounced.

Other good illustrations of coasts notably affected by glaciation are afforded by the fol-
lowing topographic sheets: Freeport and Petit Manan, Me.; Barnstable, Gloucester, Salem, and
Yarmouth, Mass,

GROUP 10.-COAST LINES.

The set of maps comprising Pls. CXXX-CLIV is designed to illustrate various types of
coast lines,
PLATE COXXX.

Pl. CXXX, A, represents a simple coast line developed primarily by wave erosion, as is
indicated by the steep though low cliffs along the shove. The straightness of the coast indicates
that the material of the coastal land is of nearly uniform resistance. Were some parts more
resistant than others, wave erosion would have developed irregularities of horizontal con-
figuration.

The topography of the region is young in terms of erosion. The tendency of the topo-
graphic features to trend parallel to the shore is connected with the history of the lake, which
once submerged the lower lands adjacent to it. The steep slope just south of the railroad
between Wallace Junction and Avonia has the appearance of an old shore cliff. The low
ridge farther north, extending eastward from Fairplain, suggests an old beach ridge.

Pl. CXXX, B, represents the sort of shore shown in A.

PLATES CXXXI AND CXXXII.

Pl. CXXXT represents a somewhat less simple coast line than that shown in Pl. CXXX.
Near the southern border of the area there is a steep though low cliff, denoting wave erosion.
Along the greater part of the coast, however, there has been recent deposition by waves and
shore currents, and the wind has piled up the beach sand into dunes. The great bar which
shuts in Morro Bay appears to have been deposited by currents drifting northward. The bar
has been built in a line which is a more or less direct continuation of the shore line to the
south. North of Morro Bay also deposition is going on, and the land is apparently advancing
on the sea. At the head of Morro Bay a delta is in process of building.

Morro Rock is an island presumably isolated from the mainland by subsidence, by wave
erosion, or by both subsidence and wave erosion. Black Hill is a similar elevation not isolated.
So far as this map shows, both these hills might be volcanic cones. If the region were sub-
merged a little more than 100 feet, Black Hill would become an island comparable to Morro
Rock.

This map illustrates a feature that is common along coasts, viz, a tendency to simpli-
fication. Ocean deposition is straightening the coast line, and deposits made by streams
entering the bay are filling this partly isolated water body. In the process of simplification
of a coast line by deposition notable irregularities are developed. If the coast line shown on
this map is followed through all of its devious course, it will be seen that the incomplete bar,
which nearly shuts in Morro Bay, greatly increases the irregularity and the length of the line
of contact between land and sea. The drainage entering the bay tends to prevent the com-
pletion of the bar; but if it were completed the irregularity of the coast line would be greatly
reduced and Morro Bay would become a lake. The lake a mile northeast of Morro Rock is a
water body that was probably once a bay, but has now been completely shut off from the sea.
How long it will be before Morro Bay is completely filled and so converted into land depends
on the depth of the water and the amount of sediment which the inflowing streams bring.
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Pl. CXXXII, A, shows the bar west of Morro Bay. Morro Rock appears beyond the
north end of the barrier. Pl. CXXXII, B, shows Morro Rock as seen from the east. The
steep slopes are due to the resistant nature of the rock of which the butte is composed.®

PLATE CXXXIII.

Pl. CXXXIIT, like Pl. CXXXI, illustrates the simplification of a coast line by deposition
(and subordinately by erosion), but here the process has gone much further. The most strik-
ing example of simplification appears along the southern shore of Marthas Vineyard west of
Katama Bay. Here the coastal bars deposited by waves and shore currents have closed in a
sertes of bays, converting them into ponds. Little drainage enters these ponds, though the
basin of each one extends northward in a valley developed by surface erosion. It 1s prob-
able that in general the water coming into the ponds finds its way to the sea by seeping through
the sand and gravel of which the beach is doubtless composed. The only permanent stream
1s that entering Tisbury Great Pond, and the inflowing water seems to be sufficient here to
keep an outlet open across the beach. Other large ponds, such as Sengekontacket and Poucha
ponds and Cape Poge Bay, have been nearly shut off from the ocean. Bars or beaches appear
to be in process of development south of Katama Bay, and may in time connect with each
other unless the tidal flow between Edgartown Ilarbor and Katama Bay 1s sufliciently strong
to keep the passage open.

All in all; this map illustrates clearly the effect of coastal deposition in simplifying a shore
line. 1In the eastern part of the area there are also examples of the marked irregularities of
the coast line before the simplification is complete. The material for the building of the bars
was probably cut from the points of land which formerly projected into the water. The map,
therefore, illustrates coastal cut and fill. The narrowness of the bars suggests sea encroach-
ment, by wave cutting, and the absence of deltas at the heads of the drowned valleys suggests
that subsidence may be now in progress.

PLATES CXXXIV AND CXXXV.

Pls. CXXXIV and CXXXYV illustrate land extension rather than coast-line simplification.
In each of the areas mapped a beach has been developed some miles out from the mainland.
The sand of these beaches has been piled up into dunes by the wind, and a tract of shallow
water has been shut off from the ocean by each beach. The areas between the mainland and
the beaches are being filled up by the growth of vegetation, the sand blown in from the beach,
and the material washed and blown out from the mainland. The two plates represent stages
of advancement after the building of the beach. In the area shown on Pl. CXXXTV, filling
behind the beach has only begun; in the area shown on Pl. CXXXV the larger part of the
former lagoon has become marsh land.

The mlets through the beaches shown on Pl. CXXZXYV are kept open by the flow and ebb
of the tides and by the water descending from the land. The tides “scour’ out the inlets,
channels, and ‘“thorofares,”” which are, in some places, deep.

When the area between the beach and the mainland has become land, the coast line will
be relatively simple. At the present stage of development it is somewhat difficult to say just
where the coast line is.

PLATE CXXXVI.

Pl. CXXXVI illustrates the development of pronounced coastal irregularities through
processes which will ultimately result in coastal simplification. At the extreme south the sea
cliff indicates wave erosion. From this point débris has been shifted northward, building the
beach which terminates at the north in Sandy Hook. The tendency of the Hook to turn west-
ward is the result of its position. The waters from the open ocean to the east have a strong
westward sweep when winds and tides favor.

a Fairbanks. I1. W., 8an Luis folic, No. 101, Geologic Atlas U, S.
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The surface of the deposits made by the waves and shore currents has been notably modi-
fied by the wind, which has developed long ridgelike or mound-shaped dunes.

At the northwest, beach deposition is also in progress, straightening the coast line north-
west of Port Monmouth. Just east of that place filling by sedimentation and by the growth
of vegetation is building out the coast line. This region is now protected from strong waves
by Sandy Hook. The north border of the Highlands of Navesink is marked by cliffs, but to
the east lowlands have been developed by deposition at the base of the cliffs. These cliffs
were doubtless cut by wave erosion before Sandy Hook had its present position. The Hook
now protects the Highlands against the waves.

The bays marked as Navesink River and Shrewsbury River form one of the most con-
spicuous features of the map. These bays or estuaries are probably the result of recent sub-
sidence of the area. (Compare Pl. CLIIL.) The subsidence has drowned the lower ends of
the rivers, converting them into bays. The building of the bar across their mouths is there-
fore another illustration of the process of coastal simplification shown on preceding plates.

The topography of the mainland indicates at least three cycles of erosion.

PLATE CXXXVII.

The coast line of Pl. CXXXVTI shows two distinet features— (1) a cliff produced by wave
erosion and (2) a great hook developed by wave and current deposition. The cliff is shown
not only along the lake, but also fronting Presque Isle Bay. The chff facing the bay was prob-
ably cut by wave erosion before the outlying hook was made. The development of the hook
was probably the result of the configuration of the bottom of the lake in the vicinity, a con-
figuration which influenced the course and velocity of waves and shore currents.

The topography of the hook is diversified. The suggestion of the map is that the low
ridges on its surface, shown by contours, are dunes. The ponds have been developed some-
what as those shown on Pl. CXXXTII and those at the northwest end of the area mapped on
- Pl. CXXXVIII. '

The topography of the mainland is in its youth, so far as its erosion history is concerned.
Beautiful examples of very young valleys leading down to the shore are seen at several points.

PLATE CXXXVIII.

Pl. CXXXVIIT affords an excellent illustration of the simplification of coast lines both by
erosion and by deposition, and at the same time shows some of the irregularities developed in
the process of simplification. :

Wave erosion is indicated by the cliffs along the east side of the cape as far north as the
Highland life-saving station and at some points on the west side. On both sides the coast line
is regular where the cliffs occur. Between the Highland station and Race Point also the coast is
regular, but here the map suggests that the regularity has resulted from deposition, the material
derived by erosion from the southeastern part of the coast having been deposited farther north-
west. Erosion and deposition have therefore conspired to develop regularity.

At the point of the peninsula water bodies have been or are being shut in between new
deposits and older land. In the process notable irregularities of the coast line are being
developed.

A marked instance of the simplification of outline which has resulted from deposition is
afforded by the area about Moon Pond Meadow. Tlere a considerable lake has been shut in by
the building of a beach. From the map it may be conjectured that the Provincetown region was
once an island and that it has been joined to the Truro area by the development of the two
beaches, one on each side of the peninsula. This conjecture finds some support in the fact that
above Moon Pond and Salt meadows there are cliffs which have the appearance of sea cliffs. If
the island-tying theory is correct, these cliffs were cut by waves before the development of the
beaches which join Provincetown to Truro. Similarly, that part of Truro which lies north of
Pamet River has probably been joined to the part farther south by shore deposits. (Compare
Pl. CXXXIX.)
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The topography of most of the peninsula appears to be due largely to glaciation, the surface
having somewhat the appearance of a terminal moraine. (Compare Pls. C-CIV.) It is not
possible to say from the map how far the topography at the end of the peninsula is the result of
glaciation and how far it is the work of wind. The long ridges at the north, however, appear to
be dunes, and the more irregular surface in the vicinity of the ponds among the hills appears to
be the result of glaciation.

The northeast coast is mature in its outlines, and southeast of Provincetown Harbor the
west coast is also mature, but Long Point is a feature of immaturity. The time necessary to
bring a coast to maturity is dependent chiefly on two factors, namely, the strength of the waves
and the character of the rock formations. The contrast between the east coast shown on
Pl. CXXXVIIT and the coasts shown on Pls. CXXVIIT and CXXIX is in part the result of
difference in resistance of the rock. The rock along the Maine coast is resistant, whereas that
along the coast of Cape Cod is weak. (Compare also Pl. CXLV.)

PLATE CXXXIX.

Pl. CXXXIX affords further illustrations of features already mentioned. The series of
ponds along the south shore indicate the building of a beach by wave deposition. (Compare
Pl CXXXIII) A larger pond has been shut in.on the east, and the process of shutting in
water bodies and preparing for a future regular coast is shown in the northern part of the island.
Meantime the preparation for regularity has resulted in great irregularity. The notable cusps
on the southeast side of Coatue Beach have been ascribed to the action of the tidal currents.
““The tidal waters are thrown into a series of whirlpools, which excavate the shore between
these salients and accumulate the sand on the spits’ (points).®

The topography of the belt running through the Shawkemo, Altar Rock, and Folger hills
suggests a terminal moraine, and the area south of this belt resembles an outwash plain. Dunes
are not readily identified on this map. '

In terms of erosion the topography of the region is extremely young.

PLATE CXL.

Pl. CXL illustrates the tying of islands to the mainland by wave deposition. The two
higher areas of the main part of Nahant have probably been joined by beaches and tied to Little
Nahant, and Little Nahant has been tied to the mainland. The topography of the higher lands
at the north appears to be the result of glaciation.

Pl. CXL, B, represents island tying as shown by a photograph. The Biddeford (Me.) map
also shows a good example of island tying.

PLATE CXL1.

Pl. CXLI shows a rather simple shore line and low coastal lands. This lowland is the result
of one or both of two processes—(1) alluviation, that is, the building of alluvial fans out into the
water, causing the land to encroach on the sea; or (2) uplift of the land (or sinking of the sea
level), causing the former sea bottom lying beneath shallow water to emerge. If the lowland is
primarily the result of alluviation which has built up the bottom where shallow water stood, the
process would have been favored by the position of the area, which fronts a bay, not the open
ocean. The line separating the plain at the west from the hlghlands to the east has the appear-
ance of a line of old sea cliffs. If this is the case, the sinking of the sea level, or the rise of
the land, seems to be indicated. Whatever the origin of the plains, the map affords good illus-
trations of alluvial fans and of numerous drainage features peculiar to lowlands. :

The Coyote Ilills at the south appear to represent isolated remnants of a highland. They
may once have been connected with the highlands in the northeastern part of the area. Their
isolation appears to have antedated the development of the flat lands.

a Shaler, N. S., Bull. U. S. Geol. Survey No. 53, 1889, p. 13.
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PLATE CXLII.

Pl. CXLII shows both coastai erosion and coastal deposition. By far the larger part of the
coast is suffering erosion, but deposition is going on in front of Bolinas Lagoon. The effects of
wave erosion are indicated by the steep cliffs along a part of the coast, and from the jagged out-
line of this part inequality of resistance of the rocks may be inferred. Deposition, as always, is
tending to develop regularity of coast line. Bolinas Lagoon lacks but little of being shut off and
is in process of being filled by sediment brought down from the land. When the lagoon is filled
the coast line will have been somewhat simplified.

The map shows well-defined coastal terraces west of Bolinas Bay. There seems to be a
broad terrace at an elevation of slightly less than 200 feet, and a sloping terrace running up to 300
feet, where a higher cliff appears. Suggestions of a terrace at similar levels are found elsewhere,
though in no other place are they so pronounced.

PLATE CXLIIIL

Pl. CXLIII, A, shows overhanging cliffs on the coast of California. The locality is con-
siderably south of the area covered by Pl. CXLIT, but the general type of coast shown in the
view is similar to that along much of the coast of that area. The overhanging of the cliffs 1s
due to the attitude of the beds.“

Pl. CXLIII, B, represents wave-cut terraces at Mallagh Landing, a few miles northwest of
the cliffs shown in A. This view represents in principle, if not on the same scale, such terraces
as might be seen northwest of Bolinas Bay (Pl. CXLII).

PLATE CXLIV.

Pl. CXLIV presents illustrations both of wave erosion and wave deposition. Erosion has
cut off the ends of numerous drumlins (compare Pl. XCVIIT); deposition has built bars across
the bays. The two processes are therefore conspiring in this region to produce regularity of
coast line.

PLATE CXLV.

The area shown on Pl. CXLYV presents striking contrasts. The coast facing the ocean is
mature. It is relatively straight, and the straightness is clearly the result partly of erosion
and partly of deposition. Erosion has cut back the projections, and deposition has filled out
or shut ofl reentrants. Resistant portions of rock, as at San Pedro Point (in the extreme
southwest corner of the area), Mussel Rock, and Point Lobos, have formed projecting points
and isolated islands. Bodies of water, such as Lake Mathilde, Laguna Salada, and Merced
Lake, have been shut off from the ocean, and now discharge their waters by seepage through
the beach and dune deposits.

On the east side of the area, facing San Francisco Bay, where wave action is slight, the
coast is more 1rregular and furnishes a good illustration of immaturity. Beach deposits have
not filled up the reentrants between the projecting points of rock, but land is being made in
these reentrants by material washed down from the higher land and vegetation growing in
shallow water. This process is deposition out from shore, in contrast with the deposition
along shore which is taking place on the west coast. The difference between the two coasts
seems to be the result chiefly of difference of exposure. The points of high land projecting
into the bay may be accounted for either by vigorous wave action at some former time or by
relatively recent subsidence.

The topography of the land suggests notable irregularities of resistance in the rocks which
compose 1t.

o Fairbanks, H. W ., San Luis folio, No. 101, Geologic Atlas U. 8.
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PLATE CXLVI.

PL. CXLVT is introduced especially to show the elevated shore cliff that stands about 2
miles back from the present border of the lake. The map gives a good illustration of a simple
coast line, the form of which was determined primarily by erosion.

The valley of Euclid Creek is worthy of study and interpretation.

PLATE CXLVII.

Pl. CXLVII represents a coast which is being straightened by deposition. The northern
part of the coast line is very straight. The irregularities of the middle part are apparently
connected with small rock islands which have affected the course of the shore currents and
determined the site of shore deposition. South of Cape Blanco the coast is again relatively
smooth.

Another feature of the map is the low land bordering high land. As shown by the con-
tours, the surface, except so far as modified by erosion, has a gentle slope from the coast up
to an elevation of about 200 feet, above which it rises somewhat abruptly to considerable
heights. The junction of plain and upland may represent an old sea cliff. The topography
of the low land 1s young, and that of the high land mature. These contrasted types of surface
appear to be the result of recent change of relative levels of land and sea. This is shown by
the distribution of the formations, for young marine sands overspread the surface of the
low land. The map also shows that there are some higher, though young, marine sands well
above the 200-foot level. They appear, however, in isolated remnants only, at an elevation
of 500 or 600 feet. These remnants point to a relative rise of the coastal lands earlier than
that which brought the low coastal plain out of the water.

Lagoons and lakes are associated with the coast, indicating recent shore deposition.

The letter symbols on the map, which correspond to the formations as indicated in the
legend, are a guide to the distribution of the different rock formations in the region.

PLATES CXLVIII-CL.

Pls. CXLVIII-CL represent in contour, and two of them in perspective also, shore ter-
races. All the areas represented are on the shores of the ancient Lake Bonneville.

Pl. CL shows a shore terrace of a phase somewhat different from that represented on
Pls. CXLVIIT and CXLIX. The special feature of Pl. CL is a great delta which has been
bisected, since its development, by Logan River. A profile along the hne indicated is shown at
the foot of the plate.

These maps do not show how far the terraces are wave cut and how far they are wave

built.
PLATE CLI.

PL. CLI shows a simple coast line, developed chiefly by deposition. In its development
marshes and lagoons have been shut in and one considerable river seems to have been com-
pletely stopped. The water from this river must find 1ts way to the ocean through the sand.

The coastal terraces constitute the special feature for which the map is introduced. There
1s a pronounced terrace at an elevation of 80 to 100 feet, and others are present at higher levels.
Through these terraces the older streams have cut narrow valleys. This is especially well
lustrated along the San Luis Rey Valley, shown at the top of the map, where the wide, marshy,
baylike old valley above is continued by a narrow, steep-sided valley of youthful aspect below.
The old valley above was probably cut at a time when the land stood higher than now, rela-
tive to sea level. Later the land sank, and the lower ends of the valleys were drowned and
converted into bays. While they were in this condition, the mouths of the bays were obstructed
by bars deposited by shore currents. The lagoons behind the bars were then partly silted up.
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When the land was again uplifted, the drainage discharged across the bars and the deposits
behind them, cutting the narrow valleys across the lowland. Subsequently the land may
have sunk a little, drowning the valleys, which are now nearly silted up.

This map furnishes a good illustration of topographic unconformity.® The unconformity
here 1s between the youthful topography of the recently emerged coastal land and the mature
topography of the higher land farther from the shore. The diagram at the bottom of the
plate gives a profile along the line A-B.

PLATE CLII.

Pl CLII, 4, shows an elevated wave-cut terrace north of Port Harford, on the southern
California coast. B represents a tidal lagoon comparable to those shown on Pl. CLI. This
view, however, represents an area at the mouth of San Luis Obispo Creek, farther south on
the California coast.

PLATE CLIIL

Pl. CLIII is introduced primarily to illustrate the effect of subsidence on the coast line.
Chesapeake Bay itself is a river valley that has been drowned, and in this process the lower
- end of every tributary was drowned also. This is the fundamental element in the explanation
of the coast line shown on this map. Similar phenomena are present along much of the coast
between New York and Florida.

This map represents an immature coast. As it is poorly exposed to wave action its
immaturity will be of long duration, so far as the development of maturity depends on waves,
The numerous minor bays may be silted up by the growth of deltas starting at their heads, thus
reducing the irregularities of outline.

PLATE: CLIV.
]

Pl. CLIV represents a coast of a complex type, the special features of which are due to several
processes. The topographic features of the land are primarily of glacial origin. Subsidence
has apparently helped to develop irregularities by submerging the former lowlands. Minor
irregularities have been produced by the deposition of bars and beaches at various points.
The coast line is immature and, like many such coasts, faces a bay instead of the open ocean.

Further studies of coast lines may be carried on with the help of the following topographic
sheets: Low, reqular coasts: Calumet, Tll.-Ind.; Hamlin, Niagara, Ridgeway, and Wilson,
N. Y.; Maumee Bay and Toledo, Ohio-Mich. Coasts made reqular by erosion: KEvanston and
Highwood (Pl. XXIII), TIll.; Bayview, Milwaukee, and Port Washington, Wis. Deposition
along shore: Green Run, Md.—Va.; Muskeget and Plymouth, Mass.; Newburyport, Mass.-N. H.;
Asbury Park, Barnegat, Cape May, and Long Beach, N. J.; Hempstead, Ontario Beach, and
Rochester, N. Y.; Oyster Bay, N. Y.-Conn.; Block Island, R. I.; also Pl. XVII, B, of this
volume. Former shore lines (their present position being due to elevation of the land or the with-
drawal of sea or lake waters): Goleta, Hueneme, La Jolla, Santa Ana, and Santa Barbara,
Cal.; Calumet, Ill.; Niagara, Oak Orchard, and Ridgeway, N.Y.; Euclid (Pl. CXLVI) and
Oberlin (PI. XXXVTI), Ohio. Recently sunk coasts: Boothbay, Bucksport, and Castine, Me.;
Betterton, Choptank, and Gunpowder, Md.; Piney Point, St. Mary, and Wicomico, Md.-Va.;
also Pls. XVI and CXXVIII of this VO]UHIP ,

aSallsbun R D., Jour. Geology, vol. 12, 1904, p. 708,
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GROUP 11.--VOLLCANISM.

The set of maps forming Pls. CLV-CLXIV is designed primarily to illustrate the effect of
volcanism on’ the topography, other effects of volecanism not being considered at this point.

PLATE CLYV.

Pl. CLV represents a mountain or a group of mountains built up by voleanic extrusions in
a low country. The surrounding plain has, however, been aggraded to some extent since the
mountains (““buttes’”) were built up.

From the evidence of the topographic map alone it would not be possible to affirm that
the mountains were due to volcanism, though such an inference might be drawn. It is known
that the rocks are volcanic, but the map does not show whether the several peaks are separate
volcanic cones or whether they are remnants isolated by erosion. The topography, however,
suggests that erosion has had much to do with the present form of the buttes.

From the geology of the region it appears that the present topography is the result of the
partial degradation of the former volcanic cone.

PLATES CLVI AND CLVII.

Pl. CLLVI represents a remarkable lake occupying a deep depression. The height of the
rim of the lake is shown by the contours, and the depth of the water in the lake, in feet, is
shown by the numbers at various points within its area. The high island in the lake is also a
significant feature.

This lake occupies what is popularly known as the crater of an old volcano. The island
within the lake is a volcanic cone subordinate to the great cone represented by the mountain,
in the heart of which the lake lies. These inferences, which might be made tentatively from
the topography, find some corroboration in the geology. The map shows that all the solid
rock of the region is igneous and that there are other volcanic peaks besides Mount Mazama
in the vicinity.

Pl. CLVII represents a view along the western border of the lake, from Victor Rock to
Llao Rock.

The structure and topography of the region are thought to indicate that the present Mount
Mazama 1s but the stub of a volcanic cone which was once much higher. It has even been
conjectured that the height of the cone may have been comparable to that of Mount Shasta—
14,380 feet. It has been concluded that the original Mount Mazama collapsed and that its
summit portion has sunk out of sight, leaving the basin in which the lake lies. The way in
which some of the valleys, notably that of Sand Creek, terminate at the rim of the crater is
evidence that the mountain has lost its top, but this line of evidence would not show whether
the cone collapsed or whether its top was blown off by a volecanic explosion. The present’
depression 1s what 1s technicallv known as a caldera.®

PLATES CLVIII AND CLIX.

P1. CLVIITI shows a region of strong relief. The origin of the topography in most parts
of the area could not be readily determined from this map, but the names Crater Peak and
Cinder Cone suggest volcanic cones, and the form of the elevation at the eastern border of the
area, with its summit lake, is so characteristic of a volcanic cone that there is little doubt of its
voleanic origin. The topography of this elevation is such as to indicate that erosion has modi-
fied its slopes notably since it was formed.

PL CLIX, B, shows Cinder Cone, and Pl. CLLIX, A4, is a sketch of its crater. The form of
the cone and the crater indicate extreme youth, for there is no evidence of more than trivial
modification of form by drainage erosion. The last eruption at Cinder Cone is said to have

— - - - - S, R — -— f —

a Diller, T. 8., Prof. Paper U. 8. Geol. Survey No. 3, 1902.
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occurred about two hundred years ago, and is believed to be one of the latest if not the latest
eruption south of Alaska within the limits of the United States. Field study of the region
has led to the conclusion that the lava issuing from Cinder Cone obstructed drainage and caused
the development of Snag Lake, which lies at its border.® Some of the other lake basins had a
similar origin.

PLATE OLX.

Pl. CLX is introduced primarily to show the craters along the eastern borders of the area.
These craters, indicated by minute hachures, were formed by recent volcanic action, the recency
being indicated by the fact that erosion has produced little modification of their outlines. Some
of the craters have two depression contours, and are therefore more than 100 feet but not 300
feet deep. ]

The topography of the western part of the area shows that this is a region of recent glacia-
tion. This is indicated both by the numerous lakes and by the pronounced cirques. (Com-
pare Pls. CXXIV and CXXV.) The map also represents three small existing glaciers.

It has been thought that the site of June Lake was occupied by a detached mass of ice
after the glacier of Rush Creek valley ceased moving, and that owing to the dam formed by this
ice mass the drainage was reversed, flowing around to the west of Reversed Peak instead of to
the east, as it may have done in former times.® By the time the ice dam melted, the new course
of the drainage was so well established that it has continued to the present time. These con-
clusions relative to the origin of June Lake and the change in drainage are based on field work.
They could not be reached from a study of the topographic map.

PLATE CLXI.

Pl. CLXI shows a pronounced peak, Mount Taylor, and a great mesa, Sierra Chivato.
There is also a smaller mesa, Prieta, farther cast. The history of this topography could not
be certainly inferred from the map, beyond the fact that the cliffs about the mesas indicate
clearly that the mesas are capped with somewhat resistant rock.

The lava capping the larger mesa was probably once continuous with that of the smaller.
Subsequent erosion has cut through the resistant igneous rock between the mesas and a con-
siderable thickness of the softer Cretaceous beds beneath has been removed. Mount Taylor
has been much affected by erosion, but the topography of the mesa is young. The lake basins
on the mesa are probably due to irregularities in the surface of the lava flows.

So far as this map shows, the several isolated areas of igneous rock might represent
voleanic plugs, such cones as existed above them having been worn away by erosion; or they
might represent isolated remmants of the lava sheet.

PLATE CLXII.

Pl. CLXII represents a notable mountain group, surrounded by many minor elevations
which are much more considerable than would be inferred from the map unless the large con-
tour interval (250 feet) were kept in mind. The origin of the topography is not certainly
shown by the map. As a matter of fact, the main mountains consist of volcanic rock.

The San Francisco Peak group has suffered notable erosion, indicating that it has been
long in existence. The curved crest line of the main mountain suggests a part of a crater
rim, the east wall of which has been breached.

Many of the minor elevations about the major group of mountains are of relatively recent
origin. The group of peaks in the eastern part of the area, especially Sunset Peak and the
minor elevations around it, are mostly yvoung volcanic cinder cones. In some of them the
craters are still pronounced, though these are not shown on the map. West of San Francisco
Peak also there are many recent volcanic cones.

a Diller, J. 8., Lassen Peak folio, No. 15, Geologic Atlas U, S.
b Russell, I, (., Quaternary history of Mono Valley, California: Eighith Ann. Rept. U. 8. Geol. Survey, pt. 1. 1889, ». 368.
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PLATES CLXIII AND CLXIV.

Pl. CLXIII shows the topography of the Henry Mountains region and includes four
somewhat conspicuous peaks partly separated from one another. A view of a relief model
covering a part of this area is
shown on Pl. CLXIV.

The origin of these moun-
tains would not be known
from the topographic map or
from the relief model. As a
matter of fact, they are lac-
colithic—that is, great bodies
of igneous rock were intruded ]

from the magma below into

the surface formatlons, which  F'¢.34—Cross section of Mopnt Hillers, Uta_h, with idea} representation of th? underground
. . structure. (After G. K. Gilbert.) Scale, 1inch =4,000 feet. The full black lines represent
were thus raised in the form trachyte sheets and the broad black area the Hillers laccolith.

of arches (fig. 34). Erosion
has since affected the surface with the result indicated on Pls. CLXIII and CLXIV and fig. 34.
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One phase or another of volcanism or of the effect of volcanic rocks on topography is
also illustrated on Pls. IX, LXYV, and CLXVTI.

GROUP 12.—FAULTS.

Pls. CLXV-CLXVII are designed primarily to illustrate the effects of faults on topography.
PLATE CLXYV.

The cliff extending from north to south through the central part of the area shown on
Pl. CLXYV is a fault scarp, somewhat softened by erosion. As the map shows, it is for the most
part more than 750 feet high and in some places more than 1,250 feet.

The fact that this is a fault scarp could not be determined from the map, as similar cliffs
might arise in other ways.e

PLATE CLXYVI.

Pl. CLXVTI shows another great fault scarp, which lies just east of the Grand Wash. The
fault crosses Colorado River and is followed for some distance by the valley which joins the
river at Pierce Ferry.b

Cliffs similar to the Grand Wash Cliffs, but not the result of faulting, are seen in other
parts of the area. The cliffs east of the Grand Wash Cliffs are examples. These and some
of the other cliffs shown on the map are due to the erosion of nearly horizontal formations of
unequal hardness.

PLATE CLXVIIL

The cliff running in a northwest-southeast direction southwest of Honey Lake and consti-
tuting the east face of the Sierra Nevada in this region is a fault scarp, though, as in the
preceding examples, its origin could not be inferred from the map.© This map also presents
a good illustration of a volecanic cone—Shaffer Peak, north of Honey Lake—as well as other
interesting features, among them the peculiar ending of Susan River.

a For an account of this region, see Dutton, C. E., Tertiary history of the Grand Canyon district: Mon. U. S. Geol. Survey, vol. 2, 1882, with
accompanying atlas.

b A general account of this region is given by C. E. Dutton in Mon. U. 8. Geol. Survey, vol. 2, 1882,

¢8ee Russell, I, C., Mon. U. 8. Geol. Survey, vol. 11, 1885, especially Pl, 111,
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GROUYP 13.—LAKES OF SPECIAL TYPES.

Three maps illustrating special phases of lakes not already included are introduced at
this point. - '

PLATES CLXVIII AND CLXIX.

Pl. CLXVIII represents an area of curiously undulatory topography, hills and depressions
being about equally conspicuous. Many of the depressions contain lakes, some of which are
intermittent and some permanent. Except for the excess of depressions at the west, the
topography of this map has some resemblance to glacial topography. (Compare Pls. XV, C,
and CII, B.) 1In its depressions, to which streams run and in which they disappear, it bears
some resemblance to regions of limestone sinks.

Pl. CLXIX represents an area of similar but larger lakes in Florida. No other portion
of the eastern Coastal Plain has lakes of this type.

PLATE CLXX.

The maps constituting Pl. CLXX show types of lakes, intermittent and permanent, which
occur at many points on the Great Plains. Marks of aridity are distinct in 4, and the course
of Little Laramie River in B indicates that the stream is sluggish and its waters overloaded.

The origin of lakes in such situations is not invariably the same, and the topographic

map does not usually give any distinct clew to their history. Some of them occupy basins
eroded ‘by the wind.

Lakes of the type illustrated in Pl. CLXX are also shown on the Arroyo, Big Springs.
Catlin, Greeley, Kit Carson, Lamar, Las Animas, and Springfield, Colo., topographic sheets,

Other exceptional types of lakes are shown on various maps in this volume—for example
Pl. CLVI, etc.
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