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GEOLOGIC AND TOPOGRAPH

The Geological Survey is making a geologic map
of the United States, which is being issued in parts,
called folics. . Each folio includes a topographic
map and geologic maps of a small area of country,
together with explanatory and descriptive texts.

THE TOPOGRAPHIC MAP.

The features represented on the topographic map
are of three distinet kinds: (1) inequalities of sur-
face, called velief, as plains, plateaus, valleys, hills,
and mountains; (2) distribution of water, called
drainage, as streams, lakes, and swamps; (3) the
works of man, called culture, as roads, railroads,
boundaries, villages, and cities.

Relicf—All elevations are measured from mean
sea level. The heights of many points are accu-
rately - determined, and those which are most
important are given on the map in figures. It is
desirable, however, to give the elevation of all parts
of the area mapped, to delineate the outline or form
of all slopes, and to indicate their grade or steep-
ness. This is done by lines each of which is drawn
through points of equal elevation above mean sea
level, the altitudinal® interval represented by the
space between lines being the same throughout
each map. These lines are called contours, and the
uniform altitudinal space between each two con-
tours is called the contour interval. Contours and
elevations are printed in brown.

The manner in which contours express elevation,
form, and grade is shown in the following sketch
and corresponding contour map (fig. 1).

-

}—ro0-

Fra. 1.—Ideal view and corresponding contour map.

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 gradually, while
from that on the left the ground ascends steeply,
forming a precipice. Contrasted with this precipice
is the gentle slope from its top toward the left. In
the map each of these features is indicated, directly
beneath its position in the sketch, by contours.
The following explanation may make clearer the
manner in which contours delineate elevation,
form, and grade:

1. A contour indicates a certain height above sea
level. In this illustration the contour interval is
50 feet; therefore the contours are drawn at 50,
100, 150, and 200 feet, and so on, above mean sea.
level. Along the contour at 250 feet lie all points
of the surface that are 250 feet above sea; along
the contour at 200 feet, all points that are 200 feet
above sea; and so on. In the space between any.
two contours are found elevations above the lower
and below the higher contour. Thus the contour
at 150 feet falls just below the edge of the terrace,
while that at 200 feet lies above the terrace; there-
fore all points on the terrace are shown to be more
than 150 but less than 200 feet above sea. The
summit of the higher hill is stated to be 670 feet
above sea; accordingly the contour at 650 feet sur-
rounds it.
numbered, and those for 250 and 500 feet are
accentuated by being made heavier.  Usually lt
is not desirable to number all the contours, dnd

then the accentuating and numbering of certain c,ent sheets, if published, are printed.

of them—say every fifth one—suflice, for the

In this lllustratlon all the contours are,
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2. Contours define the forms of slopes. Since |
contours are continuous horizontal lines, they wind
smoothly about smooth surfaces, recede into all
reentrant angles of ravines, and project in passing
about prominences. | These relations of contour
curves and angles to forms of the landscape can be
traced in the map and sketch.

3. Contours show the approximate grade of any
slope. The altitudinal space between two contours
is the same, whether they lie along a cliff’ or on a
gentle slope; but to rise a given height on a gentle
slope one must go farther than on a steep slope, and
therefore contours are far apart on gentle slopes
and near together on steep ones.

For a flat or gently undulating country a small
contour interval is used; for a steep or mountain-
ous country a large interval is necessary. The
smallest interval used on the atlas sheets of the
Geological Survey is 5 feet. This is serviceable for
regions like the Mississippi delta and the Dismat
Swamp. In mapping great mountain masses, like
those in Colorado, the interval may be 250 feet.
For intermediate relief contour intervals of 10, 20,
25, 50, and 100 feet are used.

Drainage.—Watercourses are indicated by blue
lines. If a stream flows the entire year the line is
drawn unbroken, but if the channel is dry a part
of the year the line is broken or dotted. Where a
stream sinks and reappears at the surface, the sup-
posed underground course is shown by a broken
blue line. Lakes, marshes, and other bodies of
water are also shown in blue, by appropriate con-
ventional signs.

Culture—The works of man, such as roads, rail-
roads, and towns, together with boundaries of town-
ships, counties, and Smtm, are printed in black.

Seales—The area of the United States (excluding
Alagka and island possessions) is about 3,025,000
square miles. A map representing this area, drawn
to the scale of 1 mile to the inch, would cover
3,025,000 square inches of paper, and to accom-
modate the map the paper would need to measure
about 240 by 180 feet. Each square mile of ground
surface would be represented by a square inch of
map- surface, and one linear mile on the ground
would be represented by a lineat inch on the map.
This relation between distance in nature and cor-
responding distance on the map is called the scale
of the map. In this case it is “1 mile to an inch.”
The scale. may be expressed also by a fmction,:
of which the numerator is a length on the map |
and the denominator the corresponding length in |
nature expressed in the same unit. Thus, as there
are 63,360 inches in a mile, the scale “1 mile to
an inch” is expressed by gim-

Three scales ate used on the atlas sheets of the
Geolowiml Survey; . the sm‘xllest 1S gpim» the inter-
medixlte s> and the largest oty

These corre-
spond approximately to 4 miles, 2 miles, and 1
mile on the ground to an inch on the map. On the
scale gl a square inch of map surface represents
about 1 square mile of earth surface; on the scale
iz, about 4 square miles; and on the scale g5y,
about 16 square miles. At the bottom of each
atlas sheet the scale is expressed in three ways—
by a graduated line representing miles and parts
of miles in English inches, by a similar line indi-
cating distance in the metric system, and by a
fraction.

Atlas sheels and quadrangles—The map is being
published in atlas sheets of convenient size, which
represent areas bounded by parallels and meridians.
These areas are called guadrangles. Each sheet on
the scale of gl contains one square degree—i. e.,
a degree of latitude by a degree’of longitude; each
sheet on the scale of g contains one-fourth of a
square degree; each sheet on the scale of gig con-
tains one-sixteenth of a square degree. The areas
of the corresponding quadrangles are about 4000,
1000, and 250 square miles.

The atlas sheets, being only parts of one map
of the United States, disregard political boundary |
lines, such as those of States, counties, and town-
ships. To each sheet, and to the quadrangle it

represents, is given the name of some well-known |
town or natural feature within its limits, and at the ,
sides and corners of each sheet the names of adja-

Uses of the topographic map.—On the topographlc J
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to the observer every characteristic feature of the
landscape. It should guide the traveler; serve
the investor or owner who desires to ascertain the
position and surroundings of property; save the
engineer preliminary surveys in locating roads,
railways, and irrigation reservoirs and ditches;
provide educational material for schools and homes;
and be useful as a map for local reference.

THE GEOLOGIC MAPS.
The maps representing the geology show, by

colors and conventional signs printed on the topo-
graphic base map, the distribution of rock masses

ton the surfice 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, sedimentary, and
metamorphic.

Igneous rocks.—These are rocks which have
cooled and consolidated from a state of fusion.
Through rocks of all ages molten material has
time to time been forced upward in
fissures or channels of various shapes and sizes,
to or nearly to the surface. Rocks formed by
the consolidation of the molten mass within these
channels—that is, below the surfaice—are called
intrusive.  When the rock occupies a fissure with
approximately -parallel walls the mass is called a
dike; when it fills a large and irregular conduit
the mass is termed a sfock. When the conduits for
molten magmas traverse stratified rocks they often
send off bmn(he’s parallel to the bedding planes;
the rock masses filling such fissures are called
sills ov sheets when comparatively thin, and lacco-
liths when oceupying 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 erys-
talline texture. When the channels reach the sur-
face the molten material poured out through them
is called lava, and lavas often build up volcanic
mountains. Igneous rocks thus formed upon the
surface are called exfrusive. Lavas cool rapidly in
the air, and acquire a glassy or, more often, a par-
tially crystalline condition in their outer parts,
but are more fully crystalline in their inner por-
tions.
more or less porous. -Ixplosive action often accom-
panies voleanic 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—These rocks are 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.

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 consoli-
dated into conglomerat;e, sandstone, and shale. In
smaller portion the materials are carried in solu-
tion, 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
ope of the deposits may be sepai‘ately 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 glaciers.
The most characteristic of the wind-borne or eolian
deposits is loess, a fine-grained earth; the most char-
acteristic of 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 strata. Rocks deposited in layers are
said to be stratified.

The surface of the earth is not fixed, as it seems

heights of others may be ascertained by counting | map are delineated the relief, drainage, and-culture | to be; it very slowly rises or sinks, with reference

up or down from a numbered contour.

of the quadrangle represented. It should portray

to the sea, over wide expanses; :md as it rises or

The outer parts of lava flows are usually.

[

AS OF UNITED STATES.

subsides the shore lines of the ocean are chat.ged.
Asa result of the rising of the surface, marine sedi-
mentary 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
upon 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 mate-
rial 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 it is called alluvium. Alluvial depos-
its, ‘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 not:lble admixture of
organic matter.

Metamorphit 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 pro-
nounced than the old ones such rocks are called
metamorphic.  In the process of metamorphism
the substances of which & rock is composed may
enter* into néw combinations, certain substances
may be lost, or new substances may be added.
There is often a complete gradation from the pri-
mary to the metamorphic form within a single
rock mass. Such changes transform sandstone into
quartzite, limestone 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 the surface. In this
process, through the agencies of pressure, move-
ment, and chemical action, their original structure
may be. entirely lost and new structures appear.
Often there is developed a system of division planes
along which the rocks split easily, and these planes
may cross the strata at any angle. This structure
is called cleavage. Sometimes crystals of mica or
other foliaceous minerals.are developed with their
laminee approximately parallel; in such cases 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 above described are divided into forma-
tions. 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, a rapid alternation of
shale and limestone. ‘When the passage from one
kind of rocks to another is gradual it is sometimes
necessary to separate twq contiguous formations by
an arbitrary line, and in some cases the distinction
depends almost entirely on the contained fossils.
An igneous formation 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 uni-
form character or of several rocks having commion
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 arve called members, or by some otlier
appropriate term, as lentils.

AGES OF ROCKS.

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.
principal divisions of a system are called series.
Any aggregate of formations less than a series is
called a group.

((Continued on third page of cover.)t
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1 As sedimentary deposits or strata accumulate the
younger rest on those that are older, and the rela-
tive 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 jfossils, or the remains
and imprints of plants and animals, indicate which
of two or more formations is the oldest.

Stratified rocks often contain the remains or
imprints of plants and animals which, at the time
the strata were deposited, lived 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 studying 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. From time to time more
complex kinds developed, 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. When
two sedimentary formations are remote from each
other and it is impossible to observe their relative
positions, the characteristic fossil types found in
them' may determine which was deposited 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 relative 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 metariorphic rocks
were formed from the original masses is sometimes
shown by their relations. to adjacent formations

“of known age; but the age recorded on the map is
that of the original masses and not of their meta-
morphism.

Colors and patlerns.—Each formation is shown
on the map by ‘a distinctive combination of color
and pattern, and is labeled by a special letter
symbol.

Symbols, and colors assigned to the rock systems.

System. Series. 2 | Cotor for setimentary
H

o [ Quaternary... | Becent Q| Brownish - yellow.
sl ‘
2 et .
8 | wertiary ... Ol T | Yellow ocher.

{ ‘Eocene .

{Creta,ceous K | Olive-green.
°
%
S 4 Jurassic ..ol J | Blue-green.
g
=

L T | Peacock-blue,

[ C | Blue.

D | Blue-gray.

N
£ 4 Silurian. S | Blue-purple.
K
-9

Ordovielan. ... covervveeeeeniines 0 | Red-purple.

{ Cambrian Brick-red.

Algonkian .|« eoeveerrereeeenst A | Brownish-red.

Archean .. Giray-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 igne-
ous formations. -Metamorphic 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

°| on this map by fainter color patterns. |
geology, thus printed, affords a subdued back-

planes.  Suitable combination ‘patterns. are used
for metamorphic formations known to" be of sedi-
montary or of igneous origin.

The patterns of each class are printed in various
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. If the age of a formation is known the
symbol includes the system symbol, which is a
capital letter or monogram; 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 prodiiced 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. T(’)pogmphie forms thus -constitute part
of the record of the history of the earth.

+ Some forms are produced in the making of depos-

its and are inseparably connected with them. The
hooked spit, shown in fig. 1, is an illustration. To
this class belong beaches, alluvial plains, lava
streams, drumlins (smooth oval hills composed
of till), and moraines (ridges of drift made at the
edges of glaciers). Other forms are prodaced 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 helong abandoned river channels,
glacial furrows, and peneplains. In the making
of a stream terrace an alluvial plain is first built
and afterwards partly eroded away. The shap-
ing 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 dase-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. 1f the tract is

afterwards 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.—This map shows the areas
occupied by the various formations.  On the mar-
gin is « legend, which is the key to the map. To
ascertain the meaning of dny colored pittern 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 for-
mation. If it is desired to find any given forma-
tion, 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.

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

Economic geology map.—This map represents the
distribution of useful minerals and rocks, showing
their relations to the topographic features and to
the geologic formations. The formations which
appear on the areal geology map are usually shown
The areal

ground upon which the areas of productive forma-
tions may be emphasized by strong colors. A mine
symbol is printed at each mine or quarry, accom-
panied by the name of the principal mineral
mined ot stone quarried. * For regions where there
are important mining industries or where artesian
basins exist special maps -are prepared, to show
these additional economic features.

With the patterns of parallel lines, colors i

Structure-section sheet.—This sheet exhibits the
relations of the formations beneath the surface. In
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 'sufl'on, and the same
term is applied to a diagram  representing the rela-
tions. The arrangement of rocks in the earth is

the earth’s structure, and a section exhibiting this |

arrangement is called a structure section.

The geologist is not limited, however, to the

natural and artificial ecuttings. for his information
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 repre-
senting 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 ill
the following figure:

Fig. 2.—Sketch showing a vertical section at the front and a
landscape beyond.

The figure represents a landscape which is cut
off sharply in the foreground on a vertical plane,
s0 as to show the underground relations of the
rocks. The-kinds of rock are indicated by appro-
priate symbols of lines, dots, and dashes. These
symbols admit of much. variation, but the following
are generally used - in “sections to 1epresent the
commoner kinds of rock:

Limestones. Shales.

Sandstones and con-

Shaly sandstones.
glomerates

Caleareous sandstones.

Schists. Massive and bedded igneous rocks.

Fig. 8. —Symbols used in sections to represent different kinds
of roeks.

The plateau in fig. 2 presents toward the lower
land an escarpment, or front, which is made up
of sandstones, forming the cliffs, and shales, consti-
tuting the slopes, as shown at the extreme left of
the section. The broad belt of lower land is trav-
ersed by several ridges, which are seen in the sec-
tion ‘to correspond to the outcrops of a bed of sand-
stone that rises to the surface. The upturned edges
of this bed form the ridges, and the intermediate
valleys follow the outerops of limestone and calea-
reous shale.

Where the edges of the strata appear at the
surface their thickness can be measured ahd the
angles at which they dip below the surface can be
observed. Thus their positions underground can
be inferred. The direction that the intersection 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.

Strata are frequently eurved in troughs and
arches, such as are seen in fig. 2. The arches are
called anticlines and the troughs synclines. But
the_sandstones, shales, and limestones were depos-
ited beneath the sea 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 the sketch, fig. 2, the section is
| composed of schists which are trayersed by masses
of igneous rock. The schists are much contorted

and their arrangement undelgmuud can not be

!
|

a b
Fig. 4.—Ideal sections of strata, showing (a) normal faults

| and (b) a thrust fault.

inferred. = Hence that portion of the section delin-
eates what is probably true but is not known by
observation or well-founded inference.

The section in fig. 2 shows three sets of forma-

tions, distinguished by their underground relations.
{ The uppermost of these, scen 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.
i 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
1 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 younger. ‘When
younger rocks thus rest mpon an eroded surface
of older rocks the relation. between the two is
an uncon formable one, and their surface of contact
is an wuncon formily.

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 is 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 suf-
fered metamorphism; they were the scene of erup-
tive 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 séction 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 tc
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 from
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.

Columnar section sheet—This sheet contains a
concise description of the sedimentary formations
which occur in the quadrangle. It ‘presents a
summary of the facts relating to the character
of the rocks, the thickness of the formations, and
the order of accumulation of successive deposits.

Thie rocks are briefly described, and their char-
acters are indicated in the columnar diagram.
The thicknesses of formations are given in figures
which state the least and greatest measurements,
and the average thickness of each iy shown in the
column, which is drawn to a scale—usually 1000
feet to 1 inch. The order of accumulation of the
sediments is shown in the columnar arrangement—
the oldest formation at the bottom, the youngest at
the top.

The intervals of time which correspond to events
of uplift and degradation and constitute interrup-
tions of deposition are indicated graphically and by
the word “unconformity.”

CHARLES D. WALCOTT,

Director.

Revised January, 1904.



DESCRIPTION OF CASSELTON AND FARGO QUADRANGLES.

GEOGRAPHY.

Position and extent.—The Casselton and Fargo
quadrangles lie between the meridians of 96° 30"
and 97° 30" west longitude and between the par-
allels of 46° 30’ and 47° north latitude, and cover
one-half of a square degree. Each quadrangle is
about 34§ miles long from north to south and a
little less than 24 miles wide from east to west,
and together they have an area of about 1640
square miles. These quadrangles embrace portions
of Cass, Richland, and Ransom counties, N. Dak.,
and Clay and Wilkin counties, Minn. Fargo, a
city of about 10,000 inhabitants, the largest city
of North Dakota, and the center of trade for the
Red River Valley, is located in the eastern part.of
the area, where the main lines of the Northern
Pacific and Great Northern railways cross the Red
River into North Dakota.

The area is of special importance, as it represents
a typical section across- the so-called valley of the
Red River, including a small extent of prairie
upland on the west. It also includes the eastern
margin of the Cretaceous artesian basin, where the
water-bearing formations rise to within 200 to 300
feet of the surface, and are most easily studied
through the numerous deep’ wells. Moreover, it
also exhibits the characteristic features of the Qua-
ternary artesian well areas so. frequently. found
within the Cretaceous basin in the Red River
Valley. Within it are also found the water hori-
zons yielding - only. tubular or dug wells, which
constitute the only source of water supply over
a large part of eastern North Dakota and west-
ern Minnesota. The description of these water
resources applies to a large extent to the entire
area from Bigstone Lake to the international
boundary line.

RELIEF.

Red River Valley.— The Red' River Valley
includes the greater part of the Casselton and Fargo
quadrangles. During the latter part of the Gla-

" cial epoch it was a lake which has been called the
Glacial Lake Agassiz, and which has been described
by Mr. Warren Upham in Mon. U. 8. Geol. Survey,
Vol. XXV. The topography therefore is exceed-
ingly simple, two-thirds of the area being level
plain.  From the middle of the valley, if this
plain may be called a valley, the view is interrupted
‘only by the groves planted by the early settlers
around their farm buildings and by the trees along
the streams. This plain is so level that in many
places the: tops of buildings and- trees are seen on
the horizon, no physiographic feature being. great
enough to be detected by the eye. This flatness is
due to thefact that this region is-one of topographic
youth -and has not been eroded (See Topographic
Atlas U. 8., folio 1, “Physiographic Types”, U.
8. Geol. Survey). .

The general altitude-of ‘the level plain is about
900 feet above tide. On both sides of the Red
River, which flows from south to north across the
plain, the land rises with.a gentle slope of from 1
to 4 feet per mile. Toward the western border of
the old lake bottom the surface rises in a series of
north-south ridges—the beaches of the old .lake at
its different stages. In the northern -part of the
area there is a rise of 200 feet in about 5 miles to
the upper or highest level of the old lake. Beyond
this the rolling prairie merges into the low morainic
hills just west of this district. The highest part of
the area discussed is in the northwest corner of the
Casselton quadrangle, where the elevation is 1200
feet.

In the southern half of the Casselton quadrangle
there is a sudden rise of about 60 to 70 feet within
2-or 3'miles from the lake bottom to a sand plain
almost as level as the old lake bottom itself. This
plain extends from a little north of the Maple River
to beyond the southern boundary of the quadran-
gle. Itis broken by the Maple and Sheyenne val-
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leys. The Sheyenne River has eroded a gorge
from 100 to 140 feet deep across the plain. On
both sides of the Sheyenne Valley is a series of
hills or dunes ranging from mere undulations to
huge mounds 130 feet high.

The great depression or level plain through
which the Red. River flows was the pre-Glacial
valley of a large northward-flowing stream. The
excavation of this great valley began after the
deposition of the Cretaceous sediments, probably
when the great post-Mesozoie uplift of the western
part of the continent rendered the former sea bot-
tom dry land. The pre-Glacial Red River Valley
therefore probably was eroded after the close of
the Cretaceous period and during the Tertiary
uplift. This old valley was deeply mantled with
drift, borne southward by the moving mass of ice,
and the present river flows on the top of this,
many feet above the level of the older river, After
the ice retreated this mantle of drift became the
bottom of the Glacial Lake Agassiz.

The Manitoba escarpment, which limits the Red
River Valley on the west, is composed of Creta-
ceous shales and was formed by the erosion of the
valley to the east. If these strata once continued
over.the whole soythern portion of the Red River
Valley in North Dakota and Minnesota, as seems
probable, they have been largely removed by
erosion. In the axial portion of the Red River
Valley, in the latitude of Fargo, the shales and
sands do not generally have a total thickness of
more than 150 feet, as determined by borings.
However, in. the western portion of the Casselton
quadrangle, their thickness is unknown, as the
deepest borings, which do not exceed 600 feet in
the Casselton quadrangle and 800 feet or less in
the adjoining quadrangle to the west, have not
reached the granite. and reveal successive layers of
shale and sand. .

DRAINAGE.

Red River.—The Casselton and Fargo quadran-
gles are drained by the Red River and its tribu-
taries—the Buffalo on the east and the Wild Rice,
Sheyenne, and Maple on the west. The Red River
is approximately in the center of the Red River
Valley. It enters the Fargo quadrangle from the
south, at an altitude of 900 feet above tide, and
flows in a tortuous course, the general direction of
which is a little west of north., At the northern
boundary of the quadrangle it has an altitude of
860, feet. In its winding course the river has a
length of not less than 80 miles in the quadrangle,
and it has a fall of not over 6 inches to the mile.
The channel is from 200 to 300 feet broad and
from 20 to 60 feet deep, and, like all meandering
streams, usually has one steep bank and one more
gently sloping. In many places the banks have
been built up by silt deposits and there is a gentle
slope for a short distance away from them. The
channel of the main stream is sufficient in ordinary
seasons to carry off the drainage of the land, the
usual capacity at Fargo being not far from 25,000
cubic feet ‘per second. However, when the melt-
ing of deep snows is hastened by rainfall, the pres-
ent channel is entirely inadequate and the river
has been known to overflow its banks and to reach
in places a width of 15 miles. In recent years
floods .have occurred in 1897, 1893, 1882, and
1881. They occur .at the melting of the spring
snows in April, when the water is highest. At
times heayy June or.July rains will cause a rise
in the river, but usually the mid ner floods do

both sides. Asa result there are between the rivers
broad areas which have little or no definite drainage.
The only drainage ways in the areas between the
principal rivers are coulees from 20 to 40 feet
deep near the river and a mile or two in length.
These carry water only after heavy rains or while
the snow is melting, remaining dry at other
times. This arrangement of the streams is due
to the extreme youth of the drainage system.

When the erosion of the lacustrine deposits
begins, it proceeds rapidly. In 1895 a wagon
road was graded east of the Red River between
secs. 30 and 31, Oakport Township (T. 140, R.
48), for a distance of about 6 miles. The farmers
at once began to drain their fields into the road-
side diteh, which was deepened and broadened by
erosion so rapidly that within four years the road
had been destroyed for nearly a mile from the river
and a channel 80 feet wide and 25 feet deep had
been cut.

The three perennial streams, the Buffalo, Wild
Rice, and Sheyenne rivers, rise outside of the Red
River Valley, but within the valley bottom their
channels and meandering courses are not unlike
those of the Red River. They have been low-
ered to their present places by the recession of
the lake.

Bujfalo River—This stream rises in the lake
region in middle Becker County, Minn. It enters
the Red River Valley 14 miles south of Muskoda
station, where it cuts through the sand and gravel
beds of the upper Herman beach and the delta of
its own deposit. It enters the Fargo quadrangle
31 miles east of Glyndon, and about 3 miles north-
west of Glyndon is joined by the North Branch.
It then takes a meandering course nearly parallel
with the Red River, which it enters at Georgetown,
7 miles north of the quadrangle. The stream is
seldom affected by floods, except in the spring,
when all watercourses are congested. It is not
much affected by rains on account of the sandy
soil and the lake region at its source, but it main-
tains a fairly good flow during dry seasons, being
fed by numerous springs along its sides.

Wild Rice River.—This stream has its source
among the morainic hills near the southern bound-
ary of North Dakota. It enters the Red River
Valley in eastern Sargent County, crossing the
Sheyenne delta for a distance of 24 miles in a
direct line. It receives little or no lateral surface
drainage in this region. It enters the Fargo quad-
rangle from the south within 2} miles of the
Red River, and flows north parallel with the main
stream nearly 20 miles before entering it. In the
spring the river is full, but after the June and
July rains it is often completely dry. The fall
rains start the flow again, but in winter the stream
usually freezes to the bottom in many places.

Sheyenne River—The Sheyenne River is the
most interesting stream of the region. It has its
source southwest of Devils Lake and flows 180
miles before entering the valley of the Red River.
It occupies a valley varying from one-fourth of a
mile to one mile in width and from 75 to 150 feet
in depth.

After entering the valley of the Red River the
Sheyenne flows northeast in a serpentine course
for nearly 40 miles before joining the main stream.
Although it has a drainage area of over 4000
square miles above its junction with the Maple, it
is not subject to floods and does not seriously
endanger the lands along its lower course, for its
1 1 within the lowlands of the Red River

no serious damage. The spacing of the tributaries
of the Red River seems to have been determined
by the streams which entered the valley as the
water of the lake receded. All of the perennial
streams tributary to the Red River have their
sources outside the area of ancient Lake Agassiz,
and usually show every evidence of having been
much larger. They have few affluents and usually
receive the. drainage from only a narrow area on

Valley is large enough to hold the water as fast as
it descends from the tortuous channel of the upper
stream.

‘When the Glacial Lake Agassiz had its greatest
extent it obtained its water chiefly from the ice
front directly and through the Sheyenne and
Maple rivers. While the lake was at its higher
stages and had an outlet toward the south into the
Minnesota River, the waters of the Sheyenne were

carried in that direction and sediment was depos-
ited along the margin of the lake. The diversion
of the present Sheyenne River into Bigstone
Lake and the Minnesota River, as a preventive
of floods in the Red River Valley, is entirely
impracticable, as the old channel is 150 feet above
the present stream.

During most of the Glacial epoch Sheyenne
River entered the lake about 12 miles south of the
southern boundary of the Casselton quadrangle.
The amount of sediment brought into the lake was
very great and the deposit thus formed is known
as the Sheyenne delta. According to Upham’s
estimate, this delta has an area of 800 square
miles and the deposit has an average depth of 40
feet and a-volume of 6 cubic miles (Mon. U. S.
Geol. Survey, Vol. XXV).

The portion of the Sheyenne delta included in
these quadrangles is shown on the areal geology
maps. The finer clay sediment was carried far out
into the lake and the coarser sandy material depos-
ited near shore to form the delta. As the lake
receded the vast delta of sand was uncovered and
the river began to excavate a channel across it.
Before the lake had been lowered to the fifth stage—
marked by the formation of the McCauleyville
beach, which is approximately the outer border of
the delta—and before the river had cut a channel
across the delta, the lake was receiving much less
water and sediment than during its highest stages,
because the water from the melting ice was diverted
from the sources of the Sheyenne to other channels.
If this had not been so, the delta would have
extended farther into the Red River Valley in
northeast Barrie Township.

During, and immediately following the MecCau-
leyville stage of the lake, the Sheyenne doubtless
flowed almost directly east, across the Red River
Valley, as is shown by its sharp bend to the east
where it enters the valley in the southeast corner
of sec. 11, Barrie Township. The old channel is
again marked in secs. 8, 9, 10, and 14, Walcott
Township. The volume of water could ndt have
been great, else the stream would have followed the
course first taken. On account of the levelness of
the land, the river was easily diverted to the north,
in which direction it flows more than 30 miles
almost parallel with the Red River before finally
entering it.

The Sheyenne River flows during the summer
months,being supplied with water by springs, but
it has been known to become completely dry. It
has very few tributaries, and in the delta sand
plain rarely receives surface drainage from any
point more than a mile from the stream. It is
believed that were it not for the great channel
eroded by the glacial waters the greater part of
the 4000 square miles of its drainage basin would
be an area of undeveloped drainage, like the Devils
Lake region and a large area between the Sheyenne
and James rivers.

Maple River.—Another stream resembling the
Sheyenne in origin and history is the Maple River,
but its drainage area is much smaller and its valley
not so deep. Like the Sheyenne and the other
tributaries of the Red River already mentioned,
the Maple turns northward after it enters the Red
River Valley. It unites with the Sheyenne 10
miles above the junction of the Sheyenne and the
Red. During dry years the bed is. usually almost
or entirely without water.

Near the Maple River is a peculiar topographic
feature the discussion of which, because of its
apparent connection with this river, has been
deferred to this point. Beginning at the east side
of section 19, Maple River Township, near the
point where Maple River debouches into the level
valley, is a winding ridge from 15 to 25 feet high
that follows in general the course of the Maple
River. It can be plainly traced for a distance of
20 miles. It can hardly be in any way connected
with a beach line of the retreating lake, for it seems



to be independent of the general topography and
its crest is 945 feet above tide at the southern end
and is nowhere less than 910 feet above tide. In
Maple River Township the ridge contains much
sand, and several sand and gravel pits have been
opened. In each case there is less than 5 feet of
sand and gravel. Farther north, in Durbin, Har-
mony, and Raymond townships, this ridge offers
attractive sites for farm buildings, but in most bor-
ings for water quicksand is struck at a depth of 12
to 18 feet below the surface.

While the origin of this ridge is obscure, the
suggestion is perhaps warranted that it was formed
by the Maple River entering comparatively shallow
water and dropping coarser materials first and the
fine quicksand in the more gently moving current
farther out from shore. It resembles in every
respect an esker or osar, but what could confine a
current in a shallow lake in one course long enough
to deposit such a prominent ridge is not clear.

GENERAL GEOLOGY.
Pre-Quaternary Rocks.

ANCI GRANITE.

At no place in the Casselton and Fargo quad-
rangles is there an exposure of the stratified rocks
underlying the drift, and knowledge of these rocks
is therefore derived entirely from borings. Deep
wells have penetrated the hard granite at depths of
252, 255, 256, 266, 286, 295, 298, and 475 feet in
the Fargo quadrangle, and at depths of 411, 450,
470, and 490 feet in the Casselton quadrangle.
The only pre-Quaternary sedimentary formation
found in these wells above the granite is a shale
containing layers of sand of Cretaceous age.

The granite basement is of unknown thickness.
Little is known of its character in this area because
few borings penetrate it. It is deeply buried and
it does not seem likely that it will ever yield either
water or valuable minerals. Its surface is shown
to be somewhat uneven by the difference in depth
at which it is struck in well borings, but no very
accurate description of the uneonformity between
the old granite and the much later shale can be
given.

The occurrence above the hard granite of white
and green vari-colored clays, at a depth of from 5
to 50 feet, and in the deep well at Moorhead at
a depth of 105 feet, shows that the granite has
been decomposed and much altered and was long
exposed to the action of atmospheric agencies
before the submergence of the old land surface.

PALEOZOIC ROCKS.

Paleozoic strata have not been encountered in
borings in the upper portion of the Red River
Valley, which includes the Casselton and Fargo
quadrangles, but have been observed in deep bor-
ings down the valley toward the north. At Graf-
ton, 100 miles north of Fargo, an artesian well
penetrated 317 feet of limestone belonging to the
Ordovician, and 288 feet of Cambrian shales and
clays (Upham). How far these strata extend
southward in the Red River Valley has not been
determined. Between Grafton and Fargo are sev-
eral artesian wells obtaining their water supply
from the Cretaceous sandstone, but none which
Ppenetrate deeper.

CRETACEOUS ROCKS.

The sedimentary rocks of the eastern portion
of North Dakota and northwestern Minnesota,
including the Casselton and Fargo quadrangles,
were deposited in the great inland sea which dur-
ing Cretaceous time occupied a large area in the
interior of the continent. In the Casselton and
Fargo quadrangles all the strata encountered in
borings, except the granite and the surficial depos-
its, are shales and sandstones deposited as sedi-
ments in this great sea. The depth at which these
strata are encountered westward in artesian wells
shows a dip westward toward a syncline which has
its western limits on the flanks of the Rocky Moun-
tains and its southern limits in the Black Hills.

The Cretaceous shales and sandstones rest uncon-
formably upon the granite. The great ice sheet
passed over the surface of the Cretaceous strata,
and the till overlying these was deposited by
water from the melting ice. The upper stratified
layers shown in the section of fig. 1 must not be
confused with the Cretaceous formation, as they
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are of much later date. They were deposited upon
the bottom of the Glacial Lake Agassiz at the time
of the melting away of the great ice sheet, and are
known as lacustrine deposits or lake sediments.

Below the lacustrine deposits water-bearing sands
are encountered at various depths throughout the
Casselton and Fargo quadrangles (see accompany-
ing table of well records). The deeper sands have
been generally referred to the Dakota. It is some-
what problematical whether or not the Benton
underlies the drift in this portion of the Red
River Valley. No fossils have been obtained in
the two quadrangles from borings, and the
stratified rocks do mot outcrop. The exact age
of the strata which form the floor beneath the
drift can therefore be only provisionally stated.

The Pierre shale is excellently exposed in the
Manitoba escarpment, 70 to 100 miles north of
the Casselton quadrangle, where numerous small
streams, descending to the Red River Valley from
the west, have eroded deep canyons into the soft
shale. This escarpment rises more than 400 feet
above the level plain of the ancient lake bottom a
few miles south of the international boundary, and
100 miles north of the latitude of Fargo and
Casselton has an elevation of 1500 feet above sea
level (Upham). This highland descends gradually
southward to approximately 1200 feet above sea
level where it crosses the western portion of the
Casselton quadrangle. ’

About 10 miles south of the Casselton quadran-
gle, near the point where the Sheyenne debouches
into the Red River Valley, shale outcrops in the
sides of the Glacial Sheyenne Valley. Tt has been
provisionally referred by Upham to the Benton.
Shale penetrated in deep borings at several points
in the upper Red River Valley, including a part
of these quadrangles, has been provisionally
referred to the Benton by the same authority
(Mon. U. 8. Geol. Survey, Vol. XXV, p. 92).

The “second clay” of drillers is encountered in
the Fargo quadrangle at depths of less than 300
feet. Clays described by drillers as “light green,”
“decided green,” “white and chalky,” and “putty-
like,” are reported at depths of 208 to 250 feet,
and in the deep well at Moorhead, at 370 feet.
These clays in every case extend to the hard gran-
ite which begins at a depth of 252 to 298 feet, and
in the Moorhead deep well at 475 feet. In the
last-named well granite was found at a depth of
1901 feet.

In the Casselton quadrangle the “second clay”
is struck at depths of 200 to 300 fect, and deeper
clays, “third clay,” with layers of hardpan and
gravel, at depths of 300 to 520 feet. White clay
is reported in the Casselton quadrangle at 292,
300, and 420 feet, with hard granite below; and
hard granite at 411, 450, 470, and 490 feet. In
the Fargo quadrangle flowing wells are not
obtained from a fine white sand rock, the east-
ern limit of the Cretaceous artesian basin crossing
the east half of the Casselton quadrangle. How-
ever, deep wells yielding water from a fine white
sand rock are common in the Fargo quadrangle,
in which the water rises nearly to the surface. If
these sands are provisionally assumed to be Dakota
in age, and hence regarded as the eastern continua-
tion of the Cretaceous artesian water-bearing sands
farther west, here immediately overlying the gran-
ite, it would then be natural to correlate the “sec-
ond clay” of the Fargo and Casselton quadrangles
with the Benton shales farther west. Until fuller
field records have been obtained to the south and
west and correlated with those of these quadrangles
it seems of doubtful utility to attempt to definitely
assert the age of the clays and sands underlying
the drift and overlying the granite in the portion
of the Red River Valley now being considered.
That Cretaceous sediments were laid down in a
shallow sea is shown by thin beds of coal in the
sandstone which overlies the granite and which
has been provisionally referred to the Dakota.

Quaternary Deposits.

Brief history of Lake Agassiz—In the last great
period of the earth’s history preceding the present,
the northern part of North America, including
Minnesota and North Dakota as far west as the
Missouri River, was deeply buried beneath a great
sheet of moving ice. This ice sheet was not unlike
the one covering Greenland to-day, and for centu-
ries was engaged in leveling the rugged surface of a

drainage basin that occupied the position of the
present Red River Valley, and in adding the
débris to the material already gathered farther to
the north and east. This débris was deposited at
the border of the ice sheet, and formed the great
hills of the terminal moraines of the Coteau des
Prairies and the Coteau du Missouri.

The close of this important period was marked
by some change in the elevation of the land, by a
change of climate, and by a gradual melting and
recession of the ice to the north. This last process
was not sudden, or even continuous, but was
marked by a succession of pauses. Each pause was
long enough to allow débris to accumulate along
the margin of the ice sheet, so that, when another
retreat began, a row of hills, called a terminal
moraine, marked the line of the preceding pause.
None of the later pauses allowed the accumulation
of nearly so much material as was deposited at the
southernmost margin.

Seven moraines were left by the retreat of the
ice sheet before the epoch in which the surface
geology of the Red River Valley was determined.
The seventh moraine, known as the Dovre, was
formed when the edge of the ice sheet extended
north and west along the line of hills near White
Rock, S. Dak., to near Lidgerwood, Lisbon, Mil-
nor, and thence in general along the course of the
Sheyenne River to Devils Lake.

As the ice melted the water filled the basin of
the pre-Glacial Red River Valley until it covered
an area nearly as large as all of the Great Lakes
combined. This lake is called Glacial Lake Agas-
siz. The continued melting of the ice caused the
basin to overflow and an outlet naturally was
formed at the lowest point of the rim. The outlet
channel formed was through Lakes Traverse and
Bigstone, the course of the Sheyenne River before
the last recession of the ice sheet preceding the
beginning of Lake Agassiz.

Along the border of the ancient lake the action
of the wind and waves formed beach lines like
those on the shores of large lakes to-day, and sand
and gravel were accumulated in places into great
ridges. The cutting down of the outlet and the
tilting of the land during this period gave rise to
the formation of several well-marked beach lines
running nearly parallel. Those in the upper part
of the lake were five in number, called the Her-
man, Norcross, Tintah, Campbell, and McCauley-
ville, from towns of these names in western Min-
nesota, located on these respective beaches. After
the formation of these beaches the lake found an
outlet to the north as a result of the recession of
the ice sheet, and many other beaches were formed,
until, on the final disappearance of the ice, the Red
River Valley was left approximately as it is to-day.
During its highest stage the water was 250 feet
deep where the city of Fargo now stands. Great
icebergs could thus float down from the north and
would strand where they were driven by the pre-
vailing winds after dropping their burden of bowl-
ders, many of which are observed along the east
side of the valley. The streams flowing into the
lake, vastly larger than those in the region to-day,
brought a great deal of sediment. Where these
streams enter the lake great deltas were often
formed, like the delta of the Sheyenne. Iere the
sandy sediment was dropped near the mouth of
the stream, the finer materials being carried out to
the middle of the lake. In this way the level bot-
tom was built up to a thickness of 60 to 70 feet.

GENERAL CHARACTER OF THE DEPOSITS.

The waters of Lake Agassiz covered the Cassel-
ton and Fargo quadrangles, with the exception of
the northwest corner of the Casselton quadrangle,
which is covered with till or bowlder clay of the
same character as that lying beneath the stratified
lacustrine sediments. The bowlder clay is com-
posed in part of materials transported for greater
or less distances by the ice, but is mainly the
pulverized materials ploughed up along the course
of the moving ice, as is shown by the similarity of
the drift clay to the stratified clay shale below,
revealed in the records of well borings.

The surface deposits, except the small area in
the northwest corner of the Casselton quadrangle,
are drift materials modified by the action of the
waters of Lake Agassiz. Below the modified lake
deposits is the till, similar in character to that of
the rolling prairie beyond the area covered by the

lake. The total depth of the Quaternary deposits,
as determined from well borings, ranges from 150
feet in the western portion of the area to 200 to
250 feet in the axial portion of the valley. The
depth varies considerably owing to the uneven
pre-Glacial surface. Four types of Quaternary
deposits occur. These are (a) the rolling prairie
with low morainic hills; (b) the reworked drift
represented in the beach ridges and other shore
deposits; (c) the fine sediments deposited in the
deep waters of the lake and known as lacustrine
silt; and (d) the delta deposit made by the Shey-
enne River.

GLACIAL TILL.

Unmodified drift.—In the northwest corner of
the Casselton . quadrangle is an area, about 30
square miles in extent, which lies outside the
region covered by the waters of Lake Agassiz, and
beyond the limits of what is known as the Red
River Valley. This is an area of drift, with the
rolling and undulating topography characteristic
of much of the eastern half of North Dakota west
of the ancient lake bottom. The 1100-foot level
is in general the limit of wave action. The
extreme northwest corner of the quadrangle has
an altitude of 1200 feet and is thus 100 feet
higher than the crest of the principal line of the
Jampbell beach 4 miles to the east. There is a
fall of only 100 feet in about 40 miles from the
Campbell shore line eastward to the Red River.

Morainic islands—An embayment of the ancient
lake extended beyond the western boundary of the
Casselton quadrangle.  One mile east of the west-
ern edge of the Casselton quadrangle, and almost
exactly midway between the north and south
boundary lines, is a hill, about 2 miles in length
and averaging about one-third of a mile in width,
which was an island for a short time during the
highest stage of Lake Agassiz. Two miles farther
south a similar hill, having a north-south width of
2 miles, projected as a promontory or headland
into the ancient lake, a neck of land about a mile
in width connecting it with the general highland a
mile to the west. These elevations are typical
morainic hills, being composed of hard bowlder
clay with oceasional sandy or gravelly layers, and
bowlders of granite, quartzite, and limestone.

Extending for a distance of 3 miles in a north-
south direction between the eastern extremities of
these highlands is a conspicuous gravelly beach
ridge. 'This ridge marks the line of the *“breakers”
between these two- highlands at the time of the sec-
ond or lower Herman stage of the lake. Another
segment of the second Herman beach about 2
miles in length lies 3 miles north of the northern
extremity of the island just described and half a
mile east and 20 feet lower than the highest Her-
man shore. Five miles farther north a feebly
developed shore line representing the second Her-
man stage lies about the same distance east of
the upper beach and is separated from it by about
the same vertical interval.

Lagoons back of the beaches.—The island referred
to was an island only during the period in which
the lake stood at the level of the upper Herman
beach. During the second or lower Herman stage
of the lake the embayment west of the island was
a broad and shallow overwash slough or lagoon.

Similar lagoons or sloughs existed back of the
high ridges formed at different stages of the lake.
The breaking of the waves where the lower part of
the rolling mass of water was retarded by the fric-
tion of the bottom caused the coarser gravel and
sand to be thrown down in more or less uniform
layers, forming the beach ridges which have been
described. The finer sand and silt were carried
over the crest of the bar and settled in the still
water of the lagoon. The soil of these lagoon
tracts is thus frequently not only composed largely
of fine sand and silt but is often impregnated with
alkali derived from the continued evaporation
both before and after the disappearance of the lake.

LAKE AGASSIZ SILT.

The lacustrine silt overlying the till is found
over about one-half of the Casselton quadrangle
and over all of the Fargo quadrangle except about
40 square miles. Its thickness is in places 70
feet and is commonly 30 to 50 feet. This lacus-
trine silt consists of the finest particles of rock
brought into the lake by streams, or washed from



the wall of ice which formed the northern shore.
It was laid down in perfectly stratified layers, the
upper portion being blackened and enriched by
accumulations of carbonaceous matter from the
decomposition of plants and animals which found
a habitat in the cold waters of the lake and in the
shallow marshes which existed after the disappear-
ance of the lake. These blackened marshes in
turn became dry meadows.

southward by the river Warren, is very feebly
developed within this area.
two fragments, not exceedinga mile each in length,
in Walburg and Gill townships. It is elsewhere
a conspicuously developed ridge bearing sand and
gravel, and traceable continuously for many miles.
A prominent ridge parallel to Maple River and
containing sand, gravel, and quicksand may pos-
sibly represent a later beach, but its origin seems
to be due to other causes, as is described under the
heading “Drainage.”

The Blanchard beach, representing the next
stage of the lake lower than the McCauleyville,
and the highest level of the lake after its waters
had begun to be discharged through a northern
outlet, is shown in a low sandy swell of an area of
about 16 square miles in Wilkin County, Minn.,

BEACHES OF LAKE AGASSIZ.

In the northwest quarter of the Casselton quad-
rangle is a tract having the characteristic topog-
raphy of a wave-washed shore of a receding sea.
It is about 6 miles in width and extends from the
northern edge of the Sheyenne delta northward
beyond the quadrangle, and has an area of a little
more than 100 square miles. The western limit of
this tract is the highest level reached by the waters
of Lake Agassiz. In the northern two-thirds of the
tract, the 1100- and 1000-foot contours are only
about 3 miles apart, whereas the 900-foot contour
is about 40 miles to the east near the Red River.
"This slope between the 1000- and 1100-foot con- | rounding surface by the sandy character of the soil
tours is the eastern face of the Manitoba escarp- and the frequent occurrence of gravel, as well as
ment. ' by their elevation.

The region was covered by the waters of Lake | The beaches just described are found on the
Agassiz during its highest stages, and was uncov- ' eastern as well as western side of the lake. The
ered as the lake receded. Well-marked gravelly | beaches representing the higher stages of the lake
and sandy ridges formed by the action of the | occur on a gentle slope that faces westward and
waves and currents traverse the area in a general does not reach the eastern boundary of the Fargo
north-south direction. They are composed of | quadrangle. Bowlders occur in great abundance
whitish sand with a little clay, and gravelly places | on this slope, and there are a few bowlder-strewn
are frequent. Sand for building purposes and | areas in the Fargo quadrangle. Some of these
gravel for road construction are obtained from | bowlders are of immense size, and their distribu-
pits. The eastern slope, or front, of the beaches | tion along the higher shore lines of the lake sug-
is usually steeper and higher than the western'
side, and a marshy tract often lies back of a ridge,
drainage to the lower levels to the east being
prevented by the ridges. The area is one of
reworked drift and lacustrine deposits, the latter

Minn., having an area of about 9 square miles.
These areas, represented on the map as modified
lacustrine deposits, are distinguished from the sur-

blocks of ice and stranded on the sand bars.
DELTA SANDS.

Extent and character—The great delta plain of

HeRmAN BEACH

Wheatland

It is represented by ‘

and by another broad sandy swell in Clay County, |
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Springs of the della.—The loose texture of the

The McCauleyville beach, which marks the low- | during the stage when the lake was being drained |
est stage of the lake while its waters were drained | southward by the River Warren.

delta deposit allows the ready absorption of the '

waters of rainfall and melting snows. There is
little erosion because the surface waters are so
eadily taken up by thesoil. The waters percolate
downward until they are checked by more clayey
strata in the delta or by the hard impervious till
beneath the delta deposits. The ready percolation
of the waters and the impervious beds of clay make
springs common along the delta front and in the
deep channels of the rivers. On the lake bottom
beyond the delta the hydrostatic pressure of the

waters derived from higher levels in the delta |

causes the water table to rise to the surface and

considerable areas are rendered boggy marshes.

The northeast front of the delta, about mid

In the western portion of the Casselton quadran-
gle and a large adjacent area the occurrence of
artesian water, supplied from a sandstone forma-
tion, is due to the synclinal basin which extends
westward from the region of the Red River to the
Rocky Mountains and southward to the Black
Hills. Flowing wells from the Cretaceous sand-

!stone horizon are obtained at depths of 200 feet

between the Sheyenne and Maple rivers, near the |

village of Leonard, is intersected by several deep
coulees which have been formed by the action of
springs bursting out from the delta. These may
fittingly be called “traveling springs,” since they
travel backward into the plateau as a result of the
action of their own waters in removing the erod-
ible materials out of which they emerge. The
same phenomenon is observed in the springs which
head the coulees along the valleys of the Sheyenne
and Maple rivers. The spring half a mile west
of Leonard village has eroded a gorge 2 miles in
length with a maximum depth of 70 feet. Other
coulees in the vicinity formed in the same manner
are half a mile to nearly 2 miles in length. Such
springs occur in the banks of the Sheyenne River
outside the Red River Valley for 150 miles, in
Ransom, Barnes, Griggs, Nelson, and Eddy coun-

gests that they may have been carried by floating | ties, where the river has cut deeply into the soft

Cretaceous shales that underlie the drift.
DUNE SANDS.

The surface of the Sheyenne delta is marked by

R

near the eastern limits of the artesian basin in the
Casselton quadrangle, at depths of 400 to 500 feet
in the western portion of the quadrangle, at depths
ranging from 650 to 800 feet 30 miles farther south
and west, and at a depth of 1500 feet still farther
west, in the valley of the James River.

The Cretaceous formation outerops along the
eastern edge of the Rocky Mountains and in the
Black Hills, and the water is supposed to be
derived from these regions. Here the rains pene-
trate the porous sandy formation lying at the sur-
face at altitudes of from 4000 to 6000 feet above
sea level, and traverse the sandstone layers to the
eastern portion of the syncline. At Jamestown
and Devils Lake the water-bearing formation is at
about sea level. The Cretaceous artesian water-
bearing horizon rises to about 700 feet above sea
level on the eastern side of the syncline.

The accompanying cross section (fig. 1) of the
Red River Valley shows the structure along the
line of the Northern Pacific Railw It shows
the black lacustrine deposit of fine sediment to a
maximum depth of 60 to 70 feet in the axial por-
tion of the Red River Valley, and thinning toward
the western portion of the lake bottom. Below
this occurs the bowlder clay or till to a depth
of 150 to 200 feet. Then follow the Cretaceous
shales and sands, which rest unconformably upon
the granite. The top of the shale is very uneven,
as is shown by the inequalities in its depths from
the surface. At the top of the drift a layer of hard
clay is often encountered, and below this water is
generally obtained. This often rises nearly to the

Muskoda

HERMAN BEACH

Sentoval

Fia. 1.—East-west sketch section across Red River Valley along Northern Pacific Railway, showing artesian wells'deriving water from Cretaceous and Quaternary strata.

Qu, lake deposits; Qgt, glacial till; K, Cretaceous shale and sandstone; W, principal water-bearing horizon in the Cretaceous strata; gr, granite (*bed rock” of drillers).

Horizontal scale : 1 inch=4 miles.

being found in places where the configuration of | the Glacial Sheyenne River, composed of the coarser
the shore prevented the accumulation of sand and | sediments deposited by this stream, extends over
gravel in ridges. the southern third of the Casselton quadrangle and

The highest wave-marked ridge represents the the southwest corner of the Fargo quadrangle.
level of the lake at its greatest extent, and is | Upham estimates that the delta has an area of 800
known as the Herman beach. The recession of | square miles and an average depth of 40 feet. The
the lake was not gradual but was by stages of | northern and eastern front of the delta in Cass
intermittent recession and pause. The next lower
beach was the Norcross, which is represented by
a ridge about 4 miles in length along the bound-
ary between Eldred and Walburg townships, and
another fragment about 2 miles in length in
‘Wheatland Township. Fragments of beach ridges
representing the upper and lower Tintah stages
of the lake occur along generally parallel lines
at intervals between the north edge of the Shey- |
enne delta and the northern limits of the Casselton
quadrangle. North of Leonard village the Tintah

" shore is marked by an escarpment eroded by the
waves in the front of the delta. That the Tintah |
beaches represent two stages or levels of the lake is |
shown by the fact that the two nearly parallel lines
connecting fragments of well-defined ridges are sepa-
rated by a vertical interval of about 20 feet.

The most conspicuous beach after the Herman,
which delimits the lake area from the rolling drift
topography to the west, is the Campbell, which
extends in a general northward direction from |
the point where the Maple River debouches upon ‘ these is the Campbell beach, which north, of the
the level plain to beyond the limits of the quad- | delta also marks the most prominent “bench”
rangle. It is in part a well-defined ridge, rising | forming the line of demarcation between the black
with a sharp slope on the east, or lakeward side, ‘ lacustrine sediments and the reworked drift of the
and falling a less amount on the west, or landward | beach deposits. The existence of this beach along
side, and in part an eroded cliff or escarpment | the front of the delta and below its highest level,
formed in the drift clay or till by the cutting  and the occurrence of the highest or Herman
action of the waves of the lake. It is the princi- | beach along the western or shore side of the delta
pal boundary between the level lacustrine sedi- | plain, show that the delta was formed by the
ments and the reworked drift which forms the Glacial Sheyenne River during the highest stages
“bench” land bordering the old lake bottom. | of Lake Agassiz, or between the Herman and the
Gravel and sand pits have been opened in many | Campbell stages. The Sheyenne River therefore
places along it.

Casselton and Fargo.

feet from the almost perfectly level surface of the
lacustrine sediments of the old lake bottom. The
deposit is composed of fine sand and fragments of

texture is in general loose. The surface of the
plain is generally level or gently undulating.
Dunes of wind-blown sand are conspicuous in
places. The plain is intersected by the valley
of the Sheyenne River, by which the delta was
formed, and by the valley of the Maple River.
Both these streams have eroded deep gorges in
the delta deposit. The valley of the Sheyenne is
nearly as deep as the total thickness of the delta
deposit, though at no points has the underlying
till been observed.

Age.—The steep front of the delta on its north-
east side near the village of Leonard is marked by
benches or terraces formed by the action of the
waves after the waters of the lake had fallen below
the level of the delta. The most conspicuous of

and Richland counties rises abruptly 60 to 70

shale with a scant admixture of clay, so that its |

Vertical scale: 1inch=1500 feet.

dunes. The most important dunes on the portion
of the delta included within the quadrangles under
consideration are in a tract from 3 to 10 miles in
width along either side of the Sheyenne River.
The dunes occur on the grandest scale in the neigh-
borhood of the larger lateral coulees. Wherever
the turf becomes broken by erosion so as to expose
the sands, or where the covering of grass is thin,

the lightness of the soil permits the scooping out of |

hollows and piling of sand into hills.
Geologic Structure.

The structure section shown in fig. 1, across the
Red River Valley from western Minnesota to the
western limit of the Casselton quadrangle, shows

the granite immediately underlying the Cretaceous |

shales and sands. The Cretaceous formations have
a westward dip toward the great synclinal basin in
which the latest formations within North Dakota
were deposited as sediments in the great inland sea.

The Cretaceous strata in the Manitoba escarp-

ment indicate the post-Cretaceous erosion by which
the great pre-Glacial Red River Valley was formed

asa trough across the eastern edge of the great syn- |

cline. The glacial deposits, till and lacustrine sedi-
ments, represent the later work of the Glacial epoch.
In all parts of the Casselton and Fargo quadran-
gles borings have reached the Cretaceous shales
and sands, and, except in the western third of the
area, the hard granite. The lowest of these Creta-
ceous strata, and in the eastern portion of the area
perhaps the only one, is probably the Dakota for-
mation. Farther west and beyond the Manitoba
escarpment the Benton, Niobrara, and Pierre for-
mations are encountered in ascending order.
Immediately west of the Casselton quadrangle
the deepest borings do not go below the Cretaceous
sandstone, but it may be supposed that at some
distance farther west successively older formations

surface. The hardpan, as the layer of hard clay
at the bottom of the drift is called by the drillers,
was formed by the concentration of the salts dis-
solved out of the overlying clay and out of the
rocks through which the water has passed.

ECONOMIC GEOLOGY.
Soils.

Lacustrine silt.—Probably there are few regions
in the world in which the soil is more fertile than
in the Red River Valley. The soil consists of
very fine rock flour, ground and pulverized by the
great ice sheet and deposited in Lake Agassiz.
Only the finest assorted sediments were deposited
in the deeper portions of the lake, as the coarser
materials were thrown down when the current of
in-flowing streams was slackened by the still water.
This rock powder is known as lacustrine silt.
‘When wet and compacted it has much the char-
acter of clay, but differs from clay in that it con-
tains fine sand, fine powder of limestone, and car-
bonaceous matter, and is not coherent.

Gumbo areas—Upon the level bottoms are
tracts of very compact and heavy soil, varying in
area from a few square yards to a few square miles
and known as “gumbo spots”. The water perco-
lates very slowly through this soil, which cracks
and forms hard prism-shaped blocks when dried
by the intense heat of summer. This soil is very
sticky when wet and hence not readily worked.
Owing to its tendency to bake into hard blocks
and its impermeability to water, which renders
drainage difficult and frequently causes accumula-
tion of alkaline salts, the gumbo areas are not
desirable for farming purposes.

River alluvium.—Along the rivers, beyond the
area of the Sheyenne delta, is a mantle of river
alluvium over the original fine lake sediments.

would be encountered at still greater depths, and | This has a thickness of several feet at the river

. excavated its present deep valley in its own delta | finally the granite basement at the bottom.

banks and thins to an attenuated sheet at some



distance from the streams. This material is the
fine overflow deposit from the rivers and is slightly
coarser than the lacustrine sediments. It is coarser
near the river banks because the heavier particles
were first deposited. A cross section of the alluvial
deposits therefore would show a wedge in which the
alluvium is coarsest at the base and gradually
becomes finer away from the river as it merges
into the lacustrine silts. The land slopes away
from the rivers and, while dry and suitable for
farming near the stream, is not infrequently too
low and wet for this purpose at a little distance.

These alluvial soils are among the most pro-
ductive of the region. Their looseness renders
them capable of more easily taking up the mois-
ture of the summer rains and the drainage from
the melting snows and spring rains. It also per-
mits greater freedom of natural underdrainage, so
that the soil is less impregnated with alkaline salts
than the lacustrine sediments generally.

Subsoils—The subsoils have the same general
character as the surficial soil from which they have
been derived by the action of the atmospheric
agencies and the addition of organic matter. The
subsoils, however, show distinctly the mode of their
deposition from water, being in definite strata or
layers. Many of these layers are of a fine-grained
clay loam, approaching clay in character, but are
not so heavy that they are not penetrated by water.
They are generally sufficiently porous to permit
surface water to percolate slowly to lower depths
and to allow underground water to rise by capillary
action. This quality is favored by the atmospheric
and organic agencies which produce soil, and is of
great importance in determining the value of the
lands for agricultural purposes, as it renders natu-
ral and underdrainage possible and permits the
slow rising of the waters during dry seasons from
the permanent water table below. These stratified
subsoils differ from the unstratified till in the
region outside the lake bottom, and also from the
till underlying the stratified deposits, chiefly in
the assorted and stratified character of the ma-
terials.

The deeper till consists of pre-Glacial soil and
the broken and pulverized rock shoved along the
bottom and carried in the ice of the moving
glacier. It consists of clay, bowlders, gravel, and
sand. The gravel and sand often occur in locally
stratified layers or beds. The clay in its deeper
portions is a dark blue, becoming brown nearer
the surface, where acted upon by the atmosphere.
At a depth where it is not penetrated by vegetable
roots and burrowing animals, and is beyond the
active changes of heat and frost, this bowlder clay
is a firm and compact substance, offering a high
resistance to the percolation of water.

Water table—The permanent water table is high
in this region, owing principally to two causes—
the almost complete imperviousness of deeper sub-
soil or till to water, thus preventing underdrain-
age, and the levelness of the land, by reason of
which the surface water flows toward the streams
very slowly. The soil and subsoil are sufficiently
porous to allow a very slow percolation, and the
deeper clay acts as a vast dish holding the water.

Alkali in the soil—The study of alkali in the
soil is of great importance in this area, as in all
the adjacent portions of North Dakota and Minne-
sota. In some localities the alkaline salts in the
soil become a hindrance to agriculture. The per-
centage of salts in the soil is found by analysis to
increase with the depth. Not infrequently water
is obtained abundantly from shallow wells, but it is
50 highly impregnated with salts as to be unfit for
drinking or even for the use of stock or for steam
boilers. Therefore water from shallow wells is not
commonly used for any purpose.

As the surface water evaporates and deeper
ground water rises by capillary action alkaline
salts are brought to the surface and carried to the
streams by melting snow and spring rains wherever
there is surface drainage. Through concentra-
tion from continued evaporation, low places toward
which the surface drainage flows and from which
the waters can not escape, become in time what are
known as “alkali spots.”  “Gumbo spots” are often
of this character, the subsoil being so compact that
there is practically no underdrainage. The amount
of alkali gradually increases and, as a result, these
places become unproductive.

Because of the removal of the soil, alkalies, and
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other salts by surface- waters, the waters of all
the streams contain alkaline and other salts, and
because there is alkali in all the soils and subsoils,
also in the deeper till, all the well waters contain
some mineral impurities. While the waters may
be soft and suitable for washing purposes and for
drinking, there are no pure waters. In most of
the deeper wells the amount of alkaline and other
salts does not make the water unsuitable for domes-
tic and general agricultural purposes.

As all the soils and subsoils are of drift origin,
the ultimate origin of the alkaline and other min-
eral substances was in the stratified rocks of the
pre-Glacial land surface. The salts are therefore
those that were carried in the waters of the ancient
seas on the bottom of which these rocks were orig-
inally deposited as sediments.

‘While the alkali in the soils is sometimes a det-
riment because it makes the water unwholesome
and occasionally renders small areas unproductive,
on the whole the alkaline and other mineral salts
in the soil add greatly to the productiveness of the
land, as, when present in not too great amount,
they furnish necessary plant food.

‘Water Supply.
SURFACE WATERS.

Streams.—The area considered in this folio is
traversed by the Red River and several tributaries,
each entrenched in a well-defined channel. The
largest streams are never dry, and the smaller
only during dry seasons, but, owing to the general
levelness of the region, their currents become very
sluggish during the summer, and the water, which
receives organic matter from the banks along their
courses, is therefore not suitable for household pur-
poses without filtering and hoiling. It is, however,
used for stock. The Red Riveér supplies the cities
of Fargo and Moorehead with water for sprinkling
streets and lawns, fire protection, and laundry pur-
poses, but not for culinary or drinking purposes.
Streams supply water to the comparatively few
persons who live near them. Outside the cities of
Fargo and Moorehead probably fully nine-tenths
of the population is dependent upon wells for a
water supply for all purposes, while not more than
one-tenth to one-twentieth could, without great
labor and inconvenience, obtain their farm water
supply from streams. The Red River, with its
principal tributaries, the Sheyenne, the Wild Rice,
and the Buffalo, and the secondary tributaries, the
Maple, North and South branches of the Buffalo,
and. Deer Horn and Whiskey creeks, are the only
perennial streams, and but few coulees intersect
the intervening lands.

Springs.—In the level bottom of the Red River
Valley springs are extremely rare. The water
seeping under the heavy lacustrine clays along the
borders of the valley is effectually held down by
the impervious clay, and furnishes water for the
Quaternary tubular artesian wells when the clay
is penetrated in drilling. As the river valleys
become deeper by erosion, springs break forth from
the banks bounding the valleys, the waters being
conveyed to the surface along the horizontal layers
of porous gravel and sand.  Such springs now exist
in the deep valleys of the Red River, in the deep
valley of the Sheyenne before it debouches upon
the level plain of the bottom of Lake Agassiz
beyond its own delta, and in the valley of the
Buffalo.

Springs occur upon the generally level plain in
two portions of the area. They owe their origin
to hydrostatic pressure from the waters penetrating
higher ground, which causes the water table to rise
to the surface. These two areas are in the eastern
portion of the Fargo quadrangle and central por-
tion of the Casselton quadrangle. In the eastern
area the water falls as rain or snow upon the
sandy slope of the eastern side of the Red River
Valley from 8 to 15 miles east of the Fargo quad-
rangle, and bursts out upon the nearly level surface
of the lower land of the lake bottom. In the south-
western area a springy tract is due to the waters
which soak into the sandy soil of the Sheyenne
delta and rise to the surface a few miles east, upon
the level plain which borders the delta.

WELL WATER.

Sources of supply.—In this area the problem of
an adequate water supply from wells is of the
greatest importance, since, on the great majority

of farms, as well as in the smaller towns, all water,
save only that caught upon the roofs of buildings
and stored in cisterns (an amount barely sufficient
for strictly household purposes), must be obtained
from wells. The supply for drinking and culinary
purposes for the cities of Fargo and Moorehead is
also derived from deep wells.

Over considerable areas flowing wells can be
obtained from shallow depths, and an inexhausti-
ble supply of fairly good water can be obtained
with but little lift in pumping.

The wells of this region may be grouped into
four classes: (a) shallow or seepage wells, (b)
bored or tubular pump wells, in which the water
is raised by pressure, (¢) artesian wells deriving
their supply from sand and gravel beds in the
drift, and (d) artesian wells deriving their supply
from the Cretaceous sandstone.

SHALLOW OR SEEPAGE WELLS.

There are comparatively few wells of this class,
and they are of little interest either from a geologic
or an economic standpoint. They are, however, of
interest as showing the height of the soil water
table, and the fluctunations in its level during sea-
sonal changes. The water in such wells is often
strongly alkaline and unfit for domestic use. The
waters of the shallow wells, however, differ greatly
in quality, even in wells separated by very short
distances and differing but little in depth. This
circumstance shows the variability in the structure
and character of the material deposited on the bot-
tom of the ancient Lake Agassiz. Frequently, dug
wells having a gravelly bottom furnish good water.
‘When, however, the water is derived from a bed
which contains a mixture of clay, it is very likely
to be strongly alkaline and may contain other
unpleasant or injurious impurities. The examina-
tion of waters from wells having clay bottoms indi-
cates that the sediments deposited upon the bottom
of the Glacial Lake Agassiz contained alkaline and
other substances which render the water impure.

Two exceptions to the general conditions regard-
ing shallow wells are worthy of note. These are
in the depth of the wells and character of the
water on the sandy area of the Blanchard beach,
in Wilkin County, Minn., and on the Sheyenne
delta plain in Richland County, N. Dak., along
the course of the Maple ridge before described.
On these sandy tracts the surface wells are from
12 to 20 feet deep and furnish inexhaustible sup-
plies of very excellent water. The water is usually
obtained in sand or fine gravel, is commonly soft,
and is as pure as any water in these quadrangles.
This is due to the fact that the sandy deposits act
both as reservoirs and as filters for the waters which
fall upon the surface as rain and snow. The clay
which underlies the beach sand prevents the water
from .percolating to lower depths, and the surface
slopes so little that the water is held in the sand
reservoir of the beach. On the delta plain clayey
layers in the deposit make the downward percola-
tion of the waters slow. The sands, both of the
beach and of the delta, were effectually washed by
the waters of the lake during the time of their
deposition, and thus were rinsed of the soluble
salts such as impregnate the drift and lacustrine
deposits generally.

DEEPER TUBULAR PUMP WELLS.

Tubular pump wells are obtained in nearly all
parts of the Casselton and Fargo quadrangles, as
shown on the artesian water maps, and furnish
probably three-fourths of all the water used by the
inhabitants. By a tubular pump well is meant
one made by boring with an auger, the tubes lin-
ing such holes ranging in diameter from 2 to 30
inches. Frequently a hole is dug with a spade to
a depth of 12 to 30 feet and then an auger is used
till the water-bearing bed is reached.

Tubular wells range in depth from 20 to 200
feet, and the water often rises to within 2 to 8
feet of the surface, and sometimes stands even with
it. A generalized section of a tubular well would
show black soil from 2 to 8 feet from the surface,
followed by stratified dark silt layers to a depth of
30 to 70 feet, and below bowlder clay or till. The
bottom of the drift is generally reached at depths
not exceeding 200 feet, though the horizon between
the drift and the shale can not always be clearly
distingnished owing to the similarity between the
bowlder clay and clay shale.

The water of tubular wells is derived from layers
of sand in the lacustrine deposits, from gravel and
sand at the horizon between the lacustrine silt and
the till, from gravel and sand strata in the till, from
the bottom of the drift, and not infrequently,
according to the drillers’ reports, from the “soap-
stone”—the drillers’ term for the Cretaceous shale
clay.

From whatever horizon the water is derived the
same general conditions prevail—a compact and
impermeable layer or bed of clay overlies the water-
bearing stratum, and no sign of water appears until
the bottom of this clay is reached. The water
rushes up the tube often with considerable force,
and it is reported on good authority that, in wells
in which a digging had first been made and a hand
auger used for the deeper boring, it is sometimes
with difficulty that the well digger is able to avoid
being drowned before he can be lifted out of the
well. The supply of water is practically inex-
haustible, it often being impossible to lower the
water in the tube or digging to any appreciable
extent even with the use of a windmill or steam
pump. Sometimes the water can be lowered appre-
ciably by persistent pumping, the water resuming
its original height in the well within a short time
after pumping ceases.

QUATERNARY ARTESIAN WELLS.

Definition.—The difference between the so-called
“tubular” wells, in which the water rises nearly or
quite to the surface but does not flow, and a Qua-
ternary artesian well, in which the water flows over
the top of the tubing, is one of lifting pressure or
head merely. The wells in this region show
every gradation in head from those in which the
water rises very little in the tube, but into which it
enters very readily, to those in which there is a
flow sustained by good pressure.

Distribution.—Flowing wells are obtained at
depths ranging from 40 to 200 feet in several ayeas
in Clay and Wilkin counties, Minn., and in the *
northern part of Cass County, N. Dak., and at a
depth of from 80 to 175 feet in Davenport and
Leonard townships, Cass County. (See fig. 2.)
The pressure in these wells is not strong and the
flow is subject to variation. In some cases such
wells have ceased to flow entirely, and have to be
pumped. Tt is likely that in many cases the ces-
sation has been due to faulty construction in the
well tubing or to infiltration of sand, and not to
any real loss of pressure due to the head.

A well in sec. 28, Davenport Township, at a
depth of 80 feet, yielded a strong flow of nearly
1000 barrels when first drilled. In the northern
part of the same section a well 120 feet deep
yields only a weak flow, and one 87 feet deep has
ceased to flow. A well in the southeast corner of
sec. 20 and one 148 fect deep in sec. 34 yield
weak flows. 1In sec. 11, Leonard Township, a weak
flow was obtained from a depth of 104 feet, and in
sec. 3, in a well 175 feet deep, the flow was vigor-
ous at first but soon became very light and fur-
nished barely enough water for household and
farm demands. .

Character of the water—These wells vary not
only in the depth at which water is obtained but
also in the quality of the water. In most cases the
water is fairly good for general purposes, though
often hard. In none of these wells is there the
characteristic saltiness which is uniformly present
in the deeper artesian wells that obtain their sup-
ply from the Cretaceous sandstone. Shallow arte-
sian wells also occur in a few places immediately
west of the Casselton quadrangle, in Buffalo Town-
ship. One of these shallow flowing wells is only
37 feet in depth.

Source of the water—The water in these shallow
flowing wells, like that in a great number of tubular
wells in these quadrangles, is obtained from beds
of glacial gravel and sand. The great variation in
the depth of these wells within short distances
indicates that the water-bearing beds lie not only
at different depths but also in comparatively nar-
row zones or belts, rather than in broad, widely
extended sheets. In the area of flowing wells in
the southwestern portion of the Fargo quadrangle
the wells vary in depth between 40 and 134 feet
within a distance of less than 2 miles, and in one
seetion in Spring Prairie Township, in the north-
east corner of the Fargo quadrangle, three flowing
wells have depths of 100, 125, and 145 feet. This




indicates that a distinct reservoir supplies the |
water to each well. The marked variation in the
depths of the water beds in tubular wells where
the water rises to within a few feet of the surface ‘
but does mot flow is similarly explained. Four |
wells in sec. 34, Elmwood Township, are 90, 110, |
117, and 201 feet in depth, and the water rises
respectively to within 4, 9, 10, and 16 feet of the
ground.  Similar diversities in depth characterize |
the whole area.

It has frequently been observed that in boring a |
well within a few rods, or even a few feet, of a well
which had furnished an abundance of water but |
which had choked with sand or otherwise become |
disused, a thinner gravel or sand bed was encount- [
at about the same depth as the water-bearing bed‘
in the first well, but no water, or but a scanty sup-
ply, was obtained. Sometimes no trace of the bed
that yielded the water in the first well was found
in the second boring. It seems probable, therefore,
that the gravel or sand beds are not continuous
over large areas, but thin out rapidly. It would |
seem, however, from the abundant supply of water |
and the strong head in most of the tubular wells, |
and the Quaternary artesian wells, that the beds
extend for considerable distances in some direction. |

The higher lands outside the Red River Valley,
where frequent sandy and gravelly tracts oceur, |
and where the surface drift is often loose and por-
ous, furnish a suitable gathering ground. Here |
the rain water penetrates the porous soil and is |
conducted through the gravel beds to the lower
levels. The pre-Glacial valley occupied by Lake
Agassiz formed a basin or trough in which the !

5

not found to have any injurious effects upon ani-
mals that drink it, and is agreeable to the taste
after one has become used to it. The water is
generally not so hard as that obtained from the
more shallow Quaternary flowing wells or the tub-
ular pump wells.

The wells vary considerably in depth within
short distances. This seems to be due to the

tional wells. Since the distribution of the water horizons,
particularly in the Quaternary deposits, is very irregular, it
does not seem possible to generalize this material, though the
records have in each case a local value.

In see. 7, T. 137 N, R. 46 W., water was obtained at 216 feet,
and rises to within 6 feet of the surface. An accurate log
of this well could not be obtained, but it was reported that
green clay was strack at 208 feet, and hard granite at 258
feet. No samples of rock were preserved from this well, but
the hard rock at the bottom scemed, from the description, to
be granite, and the green clay is thought to represent an

oceurrence of alternating layers of sandst and
shale. In some cases a sufficient flow is obtained
in the first sand, and in other cases the second sand
layer is penetrated; not infrequently more than one
water-bearing bed is struck in the same boring.

In sec. 10, Walburg Township, two flowing wells
about 40 rods apart are 265 and 440 feet in depth.
Four miles north, in sec. 26, Gill Township, water
was obtained first at 262 feet, but insufficient in
amount, and another flow in the same boring was
struck at 405 feet. In sec. 32, Amenia Township,
two flowing wells one-fourth mile apart are 350
and 430 feet deep.  Five miles southeast, in sec. 21,
Casselton Township, two beds from which water
flowed over the surface of the ground were struck
at depths of 350 and 425 feet. In the southwestern
part of Walburg Township within a radius of one
mile occur 5 flowing wells with depths of 240, 414,
430, 434, and 460 feet.

Granite has been struck in four places near the
eastern edge of the Casselton quadrangle, at depths
of 411, 460, 470, and 475 feet, and very little water,
or none at all, was obtained. The records of these
borings, so far as obtainable, do not show the occur-
rence of the characteristic water-bearing sandstone.

The pressure of the Cretaceous artesian wells
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Fia 2.—Map showing underground water resources of Fargo and vicinity.
Ruled area, Cretaceous artesian basin where strong flows may be obtained at 300 to 600 feet depth; dotted areas, Quaternary artesian basins which yield
light-flowing wells at 100 to 200 feet depth. Eastern and western boundaries of Red River Valley shown by hachured lines.
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glacial materials were deposited, and thus porous |
tracts of gravel and sand may have been so placed
as to afford conduits or underground channels
which convey the water from the higher lands out-
side the valley to the lower levels beneath the lake |
floor. The compact and impenetrable clay above
and below the porous sandy or gravelly lﬂyem‘
effectually prevents the dispersion of the waters,
and thus when a vertical boring from the level‘
lake floor passes through the compact clay into the |
saturated sands and gravels the water in these |
layers immediately rises. |

Some borings are recorded which penetrated tol
the granite and no considerable amount of water
was obtained. This is explained by the narrow |
areal extent of the water-bearing layers, such bor-
ings having penetrated no beds of gravel or sand
of such extent as to contain any large amount of
water, or those penetrated did not extend to the|
surface so as to receive a supply from rainfall.

CRETACEOUS ARTESIAN WELLS.

The western two-thirds of the Casselton quad- |
rangle lies within the Cretaceous artesian basin.
In this part of the quadrangle strong flows are |
obtained at depths ranging from 250 to more than |
500 feet, as shown on the artesian water maps.
The water is obtained in all cases from a fine-
grained, loose sand. It is generally believed that
the formation from which the water is obtained is
the Dakota.

The water in these wells is generally salt and |
not suitable for irrigation purposes, though it is |

Casselton and Fargo.

1inch=8 miles,

increases toward the west. In the zone of the
shallower wells of this class, those having depths
ranging from 200 to 300 feet, the pressure is not
great, and the water in general does not rise more
than 5 or 6 feet above the surface. As the depth
at which the water is obtained becomes greater
toward the west, the pressure increases. In about
the center of the Casselton quadrangle is a zone in
which the calculated height to which the water
might be carried, as determined from the well
pressures, is 1000 feet above sea level, or about
15 to 20 feet above the surface. The 1000-foot
contour traverses nearly centrally the zone of wells
of 300 to 400 feet depth. The 1100-foot contour
traverses nearly midway the zone of wells of 400
to 500 feet depth, and lies about 5 to 6 miles west
of and nearly parallel with the 1000-foot contour.
The height of the land in this zone averages
about 1050 feet above sea level, and the water
rises approximately 50 feet above the surface.
From 3 to 5 miles farther west is the 1200-foot
contour, which, in a general way, runs parallel
with the 1100- and 1000-foot contours and is near
the western limit of the Casselton quadrangle. The
western boundary of this district coincides roughly
with the 1100-foot contour, though its northern
end is 40 to 50 feet higher. Thus, in the western
portion of the Casselton quadrangle the calculated
height to which the well pressure would raise water
is from 50 to nearly 100 feet above the surface.
DESCRIPTION OF WELLS.

The following notes on wells not already described are
given for the sake of the aid they may give in locating addi-

mass of granite. The water, which is
of poor quality, is derived from a layer of coarse gravel and
sand in the upper layers of rotten granite. The water pene-
trates through the porous drift on the highland lying east
of the Red River Valley, and is conveyed in the weathered
granite underneath the heavy drift clay to the lower plain of
the lake bottom. The hydrostatic pressure is sufficient to
lift the water nearly to the surface.

The log of a well in sec. 8, T. 187 N., R. 46 W., about one
mile from the well il in the i is
given below.

Log of well in sec. 8, T. 137 N., R. 48 W.

Feet.
Clay.......... . 060
Blue clay.. 60-128
Gray elay. . . 128-160
Second blue cla 160-215
Green clay (decidedly green 215-266

Granite at 266 feet.

No water was obtained in this well. The occurrence of
bowlders down to 128 feet indicates that the drift extends to
this depth. The first 60 feet of clay represents the lacustrine
sediments. The age of the gray clay that extends from 128
to 215 feet can not be determined with certainty. The
“clay” between 215 and 266 fect is described by the driller
as ““decidedly green,” and is probably decomposed granite.

In sec. 34, T. 140 N., R. 47 W.. a well not completed at date
of visit had been drilled to a depth of 140 feet. Water was
obtained from gravel and rose to within 20 feet of the surface.
The log is as follows:

Zog of well in sec. 31, 1. 140 N., R. j7 W.

Feet.
0-100

100-140

The upper portion of the clay is a lacustrine deposit and
the lower portion is till. The gravel is probably drift, and
not the Cretaceous sand.

The log of a well in sec. 15, T. 138 N., R. 47 W., is shown in
fig 3.

w clay.
w
50’ gravel and clay.
120
o clay.
e 2 gravel and clay.
sy Elay: >
o " kravel and sand.
’ 23 Sy
-r Gravel. Water.

F16. 8.—Section of well in W § sec. 15, T. 188 N, R. 47T W.

The water in this well rises to within one foot of the sur-
face. The first 70 feet of clay is probably formed of lacus-
trine sediments. The gravel and clay from 70 to 120 feet are
drift deposits, and the bottom of the drift may be repre-
sented by the water bed. The similarity between the till and
the shale, when mixed and ground by the drill, is so great
that they can with difficulty be distinguished. The water in
the well rises to within one foot of the surface, also 3 miles
east and 4 miles north of this well are flowing wells of low
pressure and moderate flow.

a clay.
o
100 sand and clay.
=0
w ciay.
jod 2 greenish sand and shale.

Fr1a. 4 —Section of well in N. § sec. 34, T. 138 N, R. 4TW.

From the log shown in fig. 4 it is impossible to distinguish
the clay of the lacustrine silt from the underlying till, and
this from the underlying shale. These altogether have a
thickness of 240 feet. The 25 feet of “greenish sand and
shale” may represent Cretaccous sand and rotten granite
mixed by the drill.

In sec. 31, T. 137 N., R. 47 W., a well 150 feet in depth pene-
trated only clay and quicksand, according to the log reported:

ZLog of well in sec. 31, T. 137 N., R. j7 W.

Feet.
Cla; . 0-100
Qui . 100-150

Water was struck at a depth of 150 feet. The quicksand
probably represents the lower portion of the drift.
Fig. 5 shows a log of a well in sec. 36, T 141 N., R. 48 W.

108" cay.
117 not reported.
4 Stoncs requiring blasting.
{20 sand and gravel with stones.

 decayed granite.

97 hard rock (granite).

Fr. 5.—Section of well in E. § sec. 36, T 141 N, R. 48 W.

The hard layer containing stones (125-130 feet) is probably
at the bottom of the driff, and the underlying sand and
gravel may be consi the C i i
the granite.

"The old city well at Fargo (T. 139 N., R. 48 W.) has a depth
of 2093 feet, water being obtained from 50 feet of sand, which
overlies a white chalky rock at the bottom. The chalky rock
was penetrated to a depth of 3} feet only. The water from
this well is softer than that from many wells of lesser depth,
and is not as hard as that from a bed which was struck in
this boring below hardpan at 96 feet. This sand is inter-

preted to be the same as that from which flowing wells are
obtained farther west, in the district of the shallower Creta-
ceous artesian wells, the white chalky rock perhaps repre-
senting the Benton. The water rises nearly to the surface
and its estimated yield is 1000 barrels per day. This well is
one from which water is supplied to city consumers for
domestic use, the water being pumped and hauled away in
wagons to be delivered about the city. As much as 500 bar-
rels per day are reported to have been hauled away. Below
is the log of this well:

Log of old city well at Fargo, T 139 N., R. j8 W.

Feet.
[Material not reported]. .. 0-96
Hardpan with small bed yielding water
at 96 feet.
[Material not reported]. .. 96-156
Sand... 156-206
White chalky rock 206-2003

The log of the new city well at Fargo (T. 139 N, R. 48 W.)
is as follows:

Log of new city well at Fargo, T. 139 N., R. 48 W.

Feet.
.0
7-22
22-26
[Material not reported. . L2147
Water and gravel at 147 feet
Sand and stones............... eevssseane 147-216

The water is derived from gravel at a depth of 147 feet,
sand and stones oceurring below this to a depth of 216 feet.
No record has been obtained of the rock penetrated from 26
t0 147 feet, but it may be presumed that it was lacustrine silt
and till, and that the horizon of the water supply is at the
Dbottom of the drift or in the upper layers of the Cretaceous
sand.

One of the most remarkable feats of drilling recorded in
this region is the Moorhead, Minn. (T. 139 N., R. 48 W.),
deep well, drilled in 1888 and shown in fig. 6. According to
the log kept by Mr. Andrew Holes, a citizen of Moorhead,
hard granite rock was struck at a depth of 475 feet, and,
despite the opinion of geologists that all the odds were
against the probability of any large water supply being
obtained in the hard granite, the drilling was continued to
the great depth of 1426 feet into the hard granite, or to a
total depth of 1901 feet from the surface.

The section derived from the notes of Mr. Andrew Holes
and from rock samples secured by him is shown in fig. 6.
¥ soil.

w sellow clay.

55 tough brown clay.

2 bard gravel and stones. Flow.
' coarse gravel, sand, and clay.

2 clay and gravel with bowlders.
20 clay with quartz pebbles.

-4
o bue clay.
-
45 quicksand, rounded quartz grains.
s . i
2 sand, mostly rounded quartz grains, som
el anguiar. auarts gins, some
16 lightgreen cla, yrobably. decomposed
Eryaiaiiime fock.
w
100 blne granite,
3 a0 red granite
s Soft waer, rising to 2 of surtace.
w0 Soft water, rising nearly to surtace.
1200

Poor quality water. Flow.

‘Small vein of water, slightly sat.

100

F1@. 6.—Section of deep well at Moorhead, Minn., T. 139 N.,
R. 48

The bottom of the drift is marked by 25 feet of clay (195 to
220 feet) containing bowlders. Below this is 155 feet of clay
and sand, which represents the entire thickness at this point
of the Cretaceous strata. Twenty-five feet of sand at the
bottom of this series is thought to be of sedimentary origin.
The light-green clay, 370 to 475 feet, probably represents the
decomposed upper portion of the granite. Therefore, in’this
axial portion of the Red River Valley the total depth of the



drift is 220 feet and that of the Cretaceous strata is 130 feet. | to 70 feet. No water of any importance was obtained
Including the 105 feet of clay referred to the granite, the | this.
boring penetrated more than 1500 feet of granite. |
The water-bearing gravel struck in the drift, at 110 to 135 |
feet, from which the water rose to the surface, was the most
successful water bed encountered. At a depth of about 800
feet, or more than 400 feet below the top of the granite, a bed
containing soft water was struck, and another at about 930
feet, also furnishing soft water, which would have been a
recompense for the drilling thus far. The bed of salt water |
at about 1700 feet has been noted in the log. \
In see. 29, T. 138 N., R. 48 W., five holes have been |

below | obtained. Stones and hard substances reported from 130 to
| 200 feet. Soft rock, easy drilling, from 200 to 420 feet. At
| 420 feet a white substance was struck that gave a milky
| appearance to the water. At 450 feet hard rock, thought to
be granite, was encountered.

At the Detmer farm, 10 miles southwest of Addison, a well
was drilled to a depth of 491 feet. Two hundred feet of
| sand and gravel with thin layers of hardpan are reported to
i have been penetrated. A small flow was obtained at 332 feet.

Soft rock was passed through from 332 to 490 feet. One foot

of hard rock, thought to be granite, was penetrated at 490

‘| feet. Above the hard granite was a layer, 40 feet, of what

o clay.

107 quicksand and water.

60’ clay and sand.

1 coarse sand.

150 clay.

e 2 coarse sand and water.
drilled, and no water obtained in any. A whitish clay 22 feet W clay. | was thought to be rotten granite, same as that at 420 to 450
in thickness was struck at 162 feet, which is described by the o v e, | feet at Addison, described above.

driller as putty-like in character. Below this is about 100 | | Awellin see. 15, ™. 187 N., R. 51 W., was drilled to a depth
feet of “green chalky shale or clay,” which may represent the | a ciay. | of 465 feet, but did not get flow. Hardpan and a little water |
Benton, and granite at 286 feet. The generalized log of the | P R | wero struck at 82 fect. _Driller reports penetrating 10 fect, of

five wells, as nearly as could be ascertained, is as follows:
@eneralized log of 5 wells in sec. 29, T. 138 N., R. 48 W.

1 solid stuff,” thought to be shale, sand, and gravel.
| lost, and the well abandoned.
| On the Hocking farm, sec. 34, T. 141 N., R. 53 W., a well

Drill was
F1c 9.—Section of well in SW. § sec. 9, T. 140 N., R. 50 W.

Material not reported Tt In sec. 16, T 138 N., R. 50 W., a well drilled to a depth of | s drilled to a depth of 364 feet. When first struck the
[‘v;“i:i:"‘:p"“‘zty’_‘l’-il"i‘:‘m} Lo1st 425 feet shows the following log: | water rose 26 feet above the surface. Enough combustible
- . , - is emi with the water to be burned i o i
Green chalky shale or clay. 184-286 | Tog of well in sec. 16, T. 138 N., R. 50 W. g:: ;z‘r’;’;“;or m“‘mmm‘i‘"; :’ur;«?sle‘s“ef}'ll:.r:eheﬂl;::“v:':r: |
Granite ». 286 “ Feat. | struck in this well—at 150, 250, and 364 feet.
Insec. 3, T. 135 N., R. 48 W., a well drilled to a depth of | 0-64 | On the Trott farm, sec. 10, T. 140 N.. R. 53 W., a well 418
275 feet did not yield water. From the meager record which | lgf):;gg feet in depth is reported to flow 4000 barrels per day. The

was obtained it was impossible to determine the depth of the |
drift. No sand was encountered that suggests the Dakota |
water-bearing sands. The section is shown in fig. 7.

| log is as follow

Water-bearing bed at 836 feet.

| Log of well on Trott farm in sec. 10, T. 140 N., R. 53 W.

i Most of the bowlders are reported as oceurring Feet,

@ aar. between 60 and 100 feet. Water rises to within 20 fect of | Gravel....... o

s 10 sand. the surface. | Material not reported 3-50
w 5 s | Insec. 6, T. 187 N, R. 50 W., a well was drilled to a total ey 055
| depth of 330 feet without encountering any water. | Blue 5180
e | On the Bond farm, in sec. 30, . 140 N., R 5 W., a well | [laterial 1ot reported ). ooominomio. 160960

was drilled to a total depth of 203 feet, but no record of the Weak flow at 260 feet, 80 barrels per day.

’ ¥ sana. | i was _obtai A good pumping Material not reported]. - 20085
b ‘ supply was struck at 180 foet. Below 180 fect stones and | o bl Poredl-: 0
5 blue clay and gravel. sand were encountered. Between 225 and 230 feet a flow was [Material not reported]. 350-396
struck. A flow of 400 barrels per day was obtained at 200 Hardpon S0 007

cet. 202 feet, below the vein of flow, hite el b- | -

FiG. 7.—Section of well in N. § sec. 3, T. 185 X, R 48y, | [ock: AL 202 fect, below the vein of fow, & white clay = Clay 397418

stance was encountered, the depth of which was not deter-
wined, as drilling ceased.

On the Dickinson farm, in see. 12, T. 139 N, R. 51 W., three
holes were drilled, the deepest being 425 feet, but no definite | Fig. 10 is a section of a deep well, known as the Budke well,
logs could be obtained. The driller reports that below 200 | in sec. 24, T. 139 N., R. 54 W., Howes Township, Cass
feet the material penetrated was mostly fine, hard sand. | County. Dak. The log was obtained from the driller, Mr.
| The deepest hole was abandoned at 425 feet, in clay. No | B. Hassig. The lower horizon of the drift is interpreted to
water was obtained. Water from the Maple River is used

Fine white sand, penetrated 8 inches at

No water-bearing sand or gravel was struck in the well 418 feet.

shown in fig. 8 The hard rock is thought from the deserip-
tion of the driller to be granite. Several days were spent in
an attempt to penetrate the hard rock, but it was possible to |
drill only 5 or 6 inches in a day. [

of which the section shown in fig. 9 was furnished by the o
owner, Mr. W. B. Douglas. The driller thinks granite was struck at 470 feet.

This well furnishes an abundant supply, derived, however, | At Addison, T. 138 N., R. 51 W., the city well was drilled
from the 10-foot layer of quicksand that extends from 60 | to a depth of 452 feet and abandoned, no water being | Fia. 10.—Section of well in W. } sec. 24, T. 139 N., R. 54 W.

10 fine sand,
25 hard blue clay.

w0 ciny, be as shown in this record, probably at about 150 feet.
. for the farm supply. - hard yellow
o Tn see. 12, T. 138 N., R. 51 W., three wells were drilled, e
o " hardpan with rocks. | having the following depths: 365 feet, 301 feet, and 470 feet. |
Alling Sieverson, driller, Davenport, N. D., reports the fol- | 100 hard clay with arge stones. ’
70 clay with small stones. lowing log:
o Layer of hardpan.
Log of well in sec. 12, T. 138 N., R. 51 W. 34" not reported.
@ clay. . Feet. .
) 08 [ 7 el hale intersiratied with sand and
=, b 40 s01d rock (granite 1. | Yellow clay. 2-12 | e
| o
F16. 8.—Section of well in E. § sec. 15, T. 141 N., R. 50 W. Blue clay. .. - 1272 ‘ 100 dutk stale.
On the Douglas farm, in see. 9, T. 140 N., R. 50 W., is a well | H:;}s:: and small water-bearing beds at |
72 feet. |
!

{ This well has proved a very unfortunate enterprise to the
| owners of the property. It has ejected quicksand till an area
of 20 to 40 acres has been buried in sand. The farm build-
ings had to be removed. A large reward has been offered

‘ for the effectual stopping of the well, and while repeated

| efforts have been made to “plug” it, by hammering old

| rags. tin rubbish, and clay into the boring, it continues to
deliver water and fine sand.

| In sec. 26, T. 139 N., R. 53 W., a well struck a flow of
dirty water at 262 feet. At 405 feet a flow was struck which

ielded 1000 barrels per day at first. The water from this bed

| was piped inside the larger tubing, and water was used from

| both beds, but separately. The two flows now yield 500

| barrels per day. The wafer is somewhat muddy, soft, and

| contains some salt. The temperature is reported to be con-
stant at 59°.

In sec. 36, T. 139 N., R. 53 W., a well was drilled to a depth
of 330 feet. 1t flowed at the rate of 50 to 60 barrels of oily
water per day. Hardpan and some water are reported to
have been struck at 80 feet. The water from this bed was
softer than surface water, and contained some salt. Water
in small quantity was struck at 260 feet.

In a boring at Chaffee, sec. 15, T. 138 N., R. 53 W,
a well was drilled to a depth of 420 feet, and flows were
| obtained at five different horizons—287, 323, 378, 404, and 420
| feet. Hardpan is reported from 80 to 90 feet, and again from

231 to 250 feet. A large flow was obtained at a depth of 325

feet, from 40 feet of sand. A dark layer with bits of brown

coal is reported below the 325-foot flow, with sand to the
| main flow at 404 feet.

I In sec. 33, T. 138 N., R. 53 W., a flow was struck at
434 feet yielding 1000 barrels per day. The same dark layer
is reported above the water-bearing sand as in the Chaffee

| well, described in the last paragraph. A well in sec. 33, T.
188 N, R. 58 W, is said to yield 500 barrels of elear water per
day. Flows are reported at 300, 404, and 476 feet.

| A well on the Staples farm, sec. 12, T. 140 N., R. 54 W., was
drilled to a total depth of 514 feet, and flows with a pressure
of 20 pounds. The well was drilled in 1888. 1t is 3 inches in

| diameter to 180 feet, 2 inches in diameter from 180 to 350 feet,

and 1} inches in diameter from 350 to 514 feet. Water is
reported at 180 feet and rises to within 1 foot of the surface.

A small flow was struck at 500 feet, and below this thin

layers of ““hardpan” with increasing flow. At 514 feet the drill

dropped suddenly 2 feet, and operations ceased. The driller
reports the material as blue clay all the way below the sur-
face soil.

A well in sec. 2, T. 137 N., R. 54 W., shows the following

i record: First flow at about 360 feet, the water muddy. Seec-

| ond flow at about 499 feet, water also muddy. Third flow at

| 520 feet, from sand, water clear. Hardpan struck at 390 feet.

Soft rock below 390 feet. Total depth of well, 520 feet.

‘ April, 1904.

Nore.—The field work for this folio was done
by Prof. Charles M. Hall, deceased, and a few
pages had been written by him. The field notes
of Professor Hall formed ‘the basis from which the

| report was written.
D.E.W.
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WELL RECORDS OF THE CASSELTON AND FARGO QUADRANGLES.

Heionr Heronr
Locatios. Deerr. | S iren. YisLo. Cmanscter or CHARACTER OF ROCE AND REMARKS. Locatrox. Dee | " Yizp. Cusracron or CIARACTER OF ROCK AND REMARKS.
Risgs. * misEs.
Feol, | Feet. | Bols per day. D 1R Feet, | we | B perday. | T
) Clay, hardpan, water. and san N.3gsec 8. T. 135 N R4S W..... 7 ~15 | Large supply. eet, hard an
oo ar o 18 ey e ey, Sand chokes well, PPV | Slkcaline, ‘at 75 feet
sec, 30, G4 2t Clay 12 feet, sand 13 féet, clay 0 feet. Sand under clay. medium tard, fair
Afes, ; 141 i} E No stones struck. Gravel at 100 feet. Sand interferes | .3 soc. 15, T 11 N, R 50 W.... " | Clay 80 oot basdpun and rock 80 fost; cloy wih small
wWith flow. o b 8. oet, layer hardpan, ol eet,
09 Flow
Nbsrsees: ’}‘“IEN Rod6 W W) Tl Stones, gravel, and clay, 05-75 feet. Hardpan justabove || SE. 3 sec, 8T 1IN K. 40 1. { o | Fiows. Easy drilling 8 feet. Stones below 80 feet.
SE Hsec T LON, R 0N sl o) e Nostones, et teet, arts o @ e || NHECATIONRAW. 5| Flows. szmc:; s;onee at 8 feet, sand and small stones below.
v 0] Ve t Sand 14 feet, clay 81 feet, drift, 1. e., sand, gravel, an Water from sand.
g s 2L s ’ BATSSONEA B Ty
LW ™ 2 | Supply for 2 0 feet, hardpan 15 feet. Seo, 8, T, 1i 197 | Struck stone at 100 feet, and one at 160 feet

NE. 3 sec, 9, T. 140 N, . 46 W - P eattle, v P N.jgdoe. 8, T 10N, R 49 W. 112 ‘| Biones at ' foot. Gravel and sand below. Hardpan

AR e A ? S S i 2 sect. blue clay 0 teo X x| 10 aore’

" - 5w soil ]d foot, chnd 1 feet, ‘?lne clay s feci, s.;‘n;id o s feot, | NJgsee 8,1 10N 8 | Hardpan at bottom. Auger dropped 8 feet, Water fol
§ i W. § and and soil 10 feet. blue cla ef, hardpan above

C.see 17, T, 188 N, R, 40 1 { 3'to 4 feet, blue clay below. o SE. 3 sec. 23, T. 4O N., R. 49 W...| 156 —24 | Large supply. . guicksand @ aeef,, my o fect,

N. 3 sec. 29, T. 183 N, R. 46 W Sandy soil 5 to § feet, clay 35 feet, lake sand 10 to 15 Tt 145 tont sad strongor o ot st

foch, gravel and stones 4 feet, auicksand below 70 feet, SEMsec T ION RO W..| 25| Fows. | Large supply. | # i N"i‘ Hanpan a4 100 Feot Lant 3 foss quichoand.

Sec. 84, T. 138 N, R. 46 W [ 0 . Clay. 45 ooty sand 15 fect, gravel 4 foct, clay 3 feet, RS - R4 - wooeno| Small supply. °°“ }“" Ve, o

¥ NE. 3 sec. 2, T. 189 N., R. 40 W. 148 —68 | Large supply.
BTSN R4V § 1% Fows | Soft. Q"“m‘d Sy aven oter 0 tact” Stvwos Sruek all || 5% €, ® R bt 1 "
NE. 3 see &, o) s ] ) Ot . e eet. Stor N. 7 sec. 14, w =] -| Alkaline... Struck gravelatTafeet. oo
3 54 = : L ‘.
SIW. 34, sec, ST 1B N, R 40 W, % 8| . .. 40 feet, gravel and sand at bottom, e RN 1 = Har ﬁ,‘iﬁ,.n @ g’s“‘“%“m and below.
NE %sggﬁw,}‘ “{g; R 22 o "0",3 Hard. gm‘; clay 56 208 feot down o granite af 257 fest. SHACTE N R . ] =] I Harden a7 et overlain by 2 foot small stones and
. sec. 8, T.187 N, R 75 = 5““;‘3 ‘W‘“fe“ 3’,2"!"‘“‘ clay § feet, blue clay 63 feets || w14 sec. 14, T. 137N R 49 W..| 101 —8 . e ot Eardpan a0 foet, 8 foct sandstone at 10¢ fest. Sand
with mixed clay
W. 34 sec. 6. e =0 i tost i i Taet, sand, pravel, and stones 101 feet- | N 1¢sec. 27, T. 137 N., R. 49 W 15 [ Clay 80 feet. Stones (bowlders) below 80 feet
R 266 = G0 oo P, it o T FLch ray chay o 100 ook
SE g soc oty it 1 fook Rony oy 1o M0 0558 | O sk 0, T 27 . B 40 W01 c‘c“‘i}?" tect, ;?“l’f‘e“m‘,ff Juicksand at 10 foe “ﬁlﬁfgu'jg
2
S 3 sec. 7, T. 136 N., R. 46 W. © —8 | Bigsupply. My 16 o ot HD feet, green clay 10" feet, red
il 51 Hardpan at 45 feet, Bolow &5 foot stonos, gravel, | NV, sec 31 T 137 X, B 40 . Hardpan at 65 feet.
8. ¥ sec. 7. T. 180 N R 40 W.... FT1 P { andpﬁmw-mmewaywmf s 8 secSOTnS'IN T 49 W Hardpan at 70 foet.
Crw welld) 51T 137 N., R. 40 ‘Hardpan at 72 feet.
Ve ST IR 0 0 L) . Water at e ST TNL R
§. % sec. 8, T. 185 N. R 45 W. % +8§ Clay ot avicksand 3 feet, hardpun 5 feet, soud 30 XL TR
. bardpan 7 feet, gravel and wate: S AN

N. 36 sec. 17, T. 135 N, R. 46 W.... 160 -8 BN R AW ‘Hardpan at 65 feet.

NW.3sec. 8 T.1N, R46W..[ 110 .. Clay 40 eet, hard gravel and sand below. No water til T MR B 4

SW. thsee T MINL R AT W 10 —|. Gravel and sand ot S5 .

W 14 sec. 26, T 141 N, R. 47 W, 0 =3 Clay 0 foo feel glnvel s,nd and clay 45 feet, bardpan 5 ) ® 9 ereereeeeveore.| Harapanat 6o feet.
SW. 14 sec. 8, T. 141 N., R. 47 W...| 155 -5 o Ol lleeeL el sand, and clay 3 feet, hardpan 7 8| Flows.
Vet voo, Coaloften lml‘;id & gravel below ciay. 10| Flows. 200 | Alkaline,
180 | <evieerins] Soft, good............| Nost in blue clay. .
NW s 8T ULN R, 47 W [ i# el : {Smallsmnzsgel w 6 100 feot, sand and gravel 105 15
Fhree wells, 6 rods apart) - > TP D ekl a7 res B | Cltg 1 e, natpan it vocks, 5 teet, day 28 teet,
NE. ¥ sec.2, T. 40N, R. 47 W. 163 C‘vy b ‘“f)'m";‘;“’dp:gd% foet with T-foot soft layer init. || . 3¢ gec, az, T. 140 N., RABOW..| 25 e | PSR, sand 15 toet. lay 0 teet, ardpan with
.36 sec. 6, T. HON. R 47 W. 160 kqn!cksan ¢ 28 fest, clay to 160 feet. More jand mf"‘&‘lﬁ‘ SEF G wion Sl peboles 15
q“’” SE. 3 sec. 22, T. 140 N., R. 50 W.... 208 Clay 70 feef m rocks below 70 feet, rocks
E 10T 10N R4 W us . I 1 100 tiseh, SHhAIL elns betwean 100 A 20 fet n sancy
Bt R ¥ 10 Clay 100 foot, gravel 40 feet, varying coarse and fne. || g 1 cor 36,7, 1O, .50 W.... 01Eet iy Tt with oy, bk 8 Lo ands
a sand and wate
Njgsec L TN R AW 167 About I feect clAyLer;‘J'z‘ll wells in neighborhood. Sand || § 1¢iec a2 T, 140X, R. 50W.. cuyca o i oot foet, water 506
1T IRNL R AW 0| Flows. 4100 | Soft...... 160 e
Ne RN RV 160 0 low sand and soll 110 15 geI;u uicksand 10 to 12feet, || S0 S TIE R, 80N it C'“Y S f”“ “"‘g%;“,':? e et o g“wf:;%,
i S iy 3 foat, &
E. 3§ sec. 21, T. 18 N., R 47 W, S07 [vvveree. | Smmall supply. I .| Lightyollow <oil 12 Feet, of Bl ey 95 reet, harapan 2 ‘“: c",y fiL*glrggkf.‘f’s:‘“"v Slay o foet. Stru
n

SW.14sec 2, T ION R 4TW..| 100 —8 | Small supply. <o) Lightyellow sofl 12 feet, soft blue clay 88 feet, hardpan W. % sec. 18, T 139 N., R. 30 W. Ll O o mndiey | Mardpan at 38 feet.  Quicksand below.

NW. 3 sec. 3, T 19N R 4T W.| 125 8 | iy 70 foet, thin bed gravel, then hard clay with small || NE. 54 m%'“ ’ll‘sgﬁ N RV = Soft e e T e s Sott clay above

. ¥ sec. 3, T. 1B N R. 47 W.... 180 210 [ Bl claj 4 to 3 feet, quicksand 75 foet to coarse gravel ™ D 'gm "4 60 feot, some water between 70 and 80 feet.

and water. Hardy
" (70
o 110 —4 100 | Medium soft. s
SE.Ygsoe 4 TIMN R Wrl{ I8 piows * | Small supply. | Soft oo ir........| Littlo sand at 2 feet, clay 100 feet, 8% |- e ot o e Do Sand, about 10
;B Soft ... .| Clay nearly 70 feot, sand and gravel beneath. N. 3 sec. 4, T. 187 N, R. 50 W. 1067 70 Toor; sand at 1 foet Bt o water. More
201 teeereeerie.... Soil 2 feet, sand and clay 14 feet, blue clay 66 feet, NW. 3 sec. 10, T. 187 N., R. 50 W. 86 mreez some stones 2 feet in diameter. Only
gravel, sand, and clay 135 feet. 4 stoncs above Hardpan. slow bard
1 NW. 34 sec. %, T. 187 X, R. 50 W ~r some stones, water below hardpan.
% § Olay 7 foet. sand and dsm;elﬁmﬁiw feat. lny about Hsec. “ o xeel‘m.. mn {ahate) at dod feet. " Stopped in hard
X 5 . . 40 feet, greenish sand and shale below 2i0 . vock at 430 fé
W.igsec. 21 T IMN. R 5 &elxow Clag 10 foct, blue c clay %0 foet. sand at bottom. 118 1 6 | Medium soft.
W. 1§ sec. 15, T 133 N, R. 47 W. o 5730 foct, gravel dnd elay B0 foet, Sy ‘S Joot, Geavel i +iig 18
See g, 5. Ol Sy @ faot. clay o0 Toot, Bravel b sun 245 e Hard, )
fect, clay 23 foot fo &ravel and water.” Small supply 20| (¥ o | Soft ... Total depth drilled, 300 feet. Sand chokes well.
‘of water at 124 feet surface.)

S TN R 181 18 L ly. | Hard. | 16 feet to quicksand and water.

SR RE i EEAR, TASEIEE s = - R o 5 S8 e RV
2 ow clay. ‘Sand down 1 and v
water between 130 ol 190 foct. e eet, P
SW o sec, 14 TIBN s Clay 0 feet 04| Fiows. Light.
PINNR R Struck It o Lt Sand 4 feet, clay 16 to 20 feet, then sand again, and water.
¥ ruck no stones. 4 feet, cl reet, then sand again, an 3
E_ ° 25 Sandy sofl 12 fest, blue clay 92 feet, hard pan 2 feet, grav- ks Water i ks kaand. o
Gl clay, and stones 9 feet, WAter at 02 feet. B0 Water from

NE. % sec. 2 T |3" N.R. 47 W. 142 40 Teet t0 san 290 |. Stones_ a,nd saud o 180 feet. White substance below flow.

N.3g sec; T: N 3)4. L ] Black loam 3 féet, soft clay 60 feot, gravel and sand 10 fect. B harder clay 2 feet, hardpan % feo

et wi <

W3 TSN, R 4 W... 5 Blacks som_;eet, gravel and sand 2 ”‘d“ﬁ;‘ fyellow clay sy | Sec.81,T. 140 N., R 51 W. 0 | Go0d at 100 foct.....| Quicksand From 12 fo 100 foet, sand and stone 20 foct.

. sa d an s dropped 16 feet when 450 feet down. Hardpan
clay'20 Teot duicksand and water and gravel Just above cavity. No water below 200 feet.

Cosec. 82, TSN R 4T W, s Lot Bt Do NE e TN RSz No water.

SE. ¥ sec. 80, T. 18T N., R. 47 W.. 12 E. 4 sec. 14, T. 139 N, R. 51 W.. 8% B I ..| Medium hard, First hardpan at 50 feet, second hardpan at 8 feet. Sand

SV e e NN W o i +| Quicksand below 16 feet. SE. 10, T 188 N, R. 51 W 460 No water e D o St w380 oot Ktruck

)T 187 N KL 47 W . Y sec. 10, . 138 N., R. 51 W.. . o water. |...
NW. % sec 8,T. 157 N.'R. 47 W. 0 a2l Clay 4 feet, sand and gravel with water to 70 feet, 34 sec. ardpan at
BTN R 4 [ 0 o) Wows | smal Soft ... Hardpan at 80 feet.
. 3 sec. (Tirss, wells) 175 +8 0 — . | Hardpan at 60 foct, Hardpan s in blue clay mixed with
NW. 34 sec. 35, T. 187 N., R. 49 W. 9| Flows. 1% | Medium hard, with mo| gravel and stones.
ron. 1 ows.

SE. 3¢ sec. 20, T. 187 N, R. 47 W.. %2 + i . s Black soil 2 feet, zellow clay 10 feet, blue clay 60 feet,
[ 3| mall suppi. Struck rock at 162 hardpan ag 72" feet, and small vein.  Probably gran:
| . | Small supply. | truc rock at te at 470 feet.

NW. %su: r‘l“*n;l'“ggw RaTW.| 102 PPLY. {Clay 80 feet, hard $my chi; with pebbles 15 feet, SE. ¥ sec. 11, T. 138 N., R. 51 W.. 400 b
| 140 || Somewater. rond bhug clay o, e ey By water at 1 SW. 3 sec. 25, T. 188 N, R. 51 W.. 85 15 ‘Hardpan at 75 feet.

NW. % sec. %, T.157 N, K. 51 W.| 1 | Flows, | Sm Hardpan at 8 feet. Very hard just above water.

5. # jee T BN, 27 S Gravel at 52 feet, some water. barsels por an

TN i S L NE e BT WIN. R s - .| “Littie Vater Hardyan at £ feot
1 A T94, T, 187 N R, 1 ardpan at $ fee
R 15 F2 | Large supply. Clay 5 feet, clay and stones 84 feot. Small supply of TNk 30 5 P
water at 32 feet. T. 187 N, R. 148 Small supvl%o
SE. 3 sec. 6, T. 185 N R.4TW...| § No water, X 187 N, R, 8 El
(Two welis. R LA Inexhaustible. ........| Lightloam 12 feot, gravel 3 feet. R.51 203 mall " | Salty to taste.
ygsec 4LTIBN R AW gl Large supply. - "f" than XoR at o tow. .| Harapan at 82 teet.
Sarfacs wiies er; 3
soo 12,1 138 ™ —8 |- Sand and gravel all way. NR 208 LT TERE L Salty to taste,
NOR % = Yellow clay 20 feet, biue clay all below. YR 04
1N 259 =8 NIR 14 Small supply. +iiveeeeee..| Quicksand 14 feet.
P ”TTII?%” i e S, "okt 11107 ST Feal o vool iR &
3, o0d. " S0t [ LR
See b% SN IR 216 Soft ... Glay 12 feot,gravel sand and.clay to hardpan at 318 foet. NORB 0
xC'lay o feet, sand; gravel, and rook 185 feet, solid rock NOR. 3 80 Large supply. | Soft.
") . eet, quicksand in i Bottorn 6 (o 8 inches.” Rod 0N R 20 o Eent down @0 fet. Water o 30 st
e N.R. 52 w0 . | Yent down 600 feot. Water from 0 feet.
Cigy hout 13 feot, somo rocks and gravel helovw 120 N.R 32 W. 20 % Water from 250 fee
Efsec BT MINRASW...[1 216 || . |} feeg, rock 180 to 300 feet, sand and stones below roc CRBW, a5
ficeweitss Svs Re. . NoRBW a3 3
,cuy 108 Tast, stones blasted 125 to 130 feet, sand and N/R'®2 W 353 100 | Soft.
U ome coveeeeen ] fravel Wit stones 1o 350 foct. At 5 feot hard rock: NR, W 208 Hard
- 3 sec. 10. 7. 140 N, R 52 W] 20 .| Hard.
W.igsec. 1T MON. R 48W.... | 166] - Sec. 15, T, DN, 286
e il { 15§ 2 mows i N" rocks struck. e 5 o N i
N.3§ sec. 3, T. HON., R. 48 W, 18 - Very hard. Clay T foet, sand 2 fost, quicksand 1 foet, 1t feet lay || E, £ oo . 1. 110 558 100
i ove waibr vein at 185 feo 14 sec. 31, T. 1 8 Alkalize. 0o alka-
1% TR | B ol cla. izl bt Wi e T £ Yellow clay 3 feet, sand 2 feet.
- : W, i4 sec. 27, T 1 ollow clay 3 feet, 3
& = 0 ... Clay about 100 feet, first water at 113 feet, sandy clay | NW. 14 sox. 30, . 1 38| Flows Hardpan above water.
with pebbles 57 foet. ) 10| Flows.
Moorhead. T. 139 N.. R. 48 V. 159 | . Blue clay 100 feot, miked clay and grave! 52 feet, ec. 1 31| Flows.
Moorheas ! 162 Z7 | Smail supply. y 100 Feet, sand to114 feet, rock at bottom. See fig. 6. 30| Flows.
W. 3% sec. 90, T. 140 N., E. 48 W.. 5 | Good supply. 16 ! .| Hardpan at 50 feet.
Fart (sid wetl): ilg | (Near Water from firstflow | White chalky rack 3 fect at bottom, 50 feetsand (156 to 0
surtace) harder than that | 205 feet), small beds below hardpan at 5
from deep flow a
Fargo (new well)... ...l 26 —1 |- Black sol 7 feot, sellow clay 15 feot alkall water and 251
quicksand 4 fect, Water at 141 foat from gravel. 50 Struck bed rock.
BN  en | 5 foek biue cloy ™ foet, gravel and sand WA s Quicksand at 15 feet
34 sec. 23, T. 199 N.. v san S6c3, 0. 157 N, . .
with hardpan below. °5. % Ty
.36 sec. 11, T. 188 N, R. 45 W... 110 . Cllal’i IOlOdlefE: Hardpan bolow, contafaing lime. (Looks - ¥4 sec. N | 8 feet quicksand at 50 feet, gravel at 65 feet,
ike old pl 84, T. 141
SE. 3 sec. 20, T. 138 X., R. 48 W. P03 O N . ... Struck white sl like puity at 162 feet (20 feet). Be- || SWeissee 14, T I Yellow clay and sand and gravel 10 foot, blue clay and
o e (chalke) ey Chale) to graniio ot 24 ook fine sand 33 feot
SE. 3 sec. 20, T. 13 N, B. 48 W. 20 .. Small supply. | Oily from green clay. | Clay ) feet, hard clay with stones 10 feet. sand and C. sec, 10, T. O N.. R. 305 | Flows. 000
1, Socbnd clay 10 feot, ghoon cluy 14 o5k o granics || OV Tk o, 26K 32| Flows. | Glear excopt just be-
T & storm.
SE Mo B T IBN R 6w, & Hardpan ot foo . 3¢ sec. 36, T. 130 N. 2 e Hard .| Some water at 260 feet.
NE S ser 3 T T NI W 4 oy B e, Hand at bottom 1 so6. 35T, 139 N.. 35
sec ) T. T W B - Chy all way to Rardpan at 62 Sec, 26, T 139 N 405 1000 | Poor quality..........| Small flow at 262 feet.
Stinck hard rock. S fe mmtm (Pronounced by Win- || 8. TN 500 15
(sl No water. 1 chell tn . T. 199 , 363 1
NW. 14 see, 10, T. 137 \(.. RABW.[{ 1203 | No water. struck hard rock (pyr nm) 35X i 20
e I tisig |: No water. Sipuck hard rock (pyrites 138 240
.36 sec. i, T 130 X cot hardy feet. Water trom auicksand. T 18 N 14
Sl 15T 15, R ot ater goo Fm o ashing ng lime; some“su piur; ane 1 & 10
yaed o Farge =per gatlon: Nacl, 17
; gmns Na,S0;, 300
SE. 3 sec. 19, T. 18 N., R. 48 W.. o) o 8 tobe.” Water boib HGencral character ]
surface)

E. 1§ sec. 17, T. 186 N, R 45 W.... % S % Tort a3 40 feot. Small stones in hard- 3% e Hard yellow clay 2 feot, sand with water 2 foet,

pan. Quicksand on clay coniaining big stories 100 feet, (unknown) % dorn

Slsc BTN RBW & 18 e e .| glay down fo gravel, X Shale iptorstratiid with sand and gravel  feety

. % sec. 17, T, 136 N, R. 43 8 = oet, hardpan and quicksand, stones, and ?3{50% oy ot i sand 10 oot hard Blue
E.3gsec. 17, T. 138 N R. 48 W... 52 - | véow clay 40 foot. blue day 10 foot. eravel and water. flan area of % to 40 acres has beca ‘uried 1n sand.
Coblestines 10'1 inches n diamster in botto NE Moo 5T BN RS W.. 12 | Glay and sa
Ejfisee T IBN. R 43 10 -0 Struck sandsto ec. % 1. 137 N., B. 51 W.. w7 | Flows, . QR ad 30 feot. Sott ariting below this
T 135 61 =y | Glay (dry)w!ee hard gravel 4
N H e, .m' 135 NV R 48 W. 2% | s Yoot sond B0 65T <iny' 10 Taet, sand 8 feet, clay
Beo . 7. 137 feet, sand § foot, blue clay and gravel 77 fost,

Casselton and Fargo. * Height above ground indicated by +, below ground by —.




PUBLISHED GEOLOGIC FOLIOS

No.* Name of folio. State. Price.f NoX* Name of folio. State. Price.t
Gents. Gents. |
1 | Livingston Montana .. .......... 25 60 | LaPlata .. .......... Colorado . ... ........ 25 |
2 | Ringgold ... ..... Georgia-Tennessee . 25 61 | Monterey. . ........ | Virginia-West Virginia . . . . 25
3 | Placerville | Galifornia . . .......... 25 62 | Menominee Special . . . . Michigan . . ....... 25 ,l‘
t4 | Kingston . . Tennessee . . ......... 25 63 | Mother Lode District. . . ! Galifornia . . 50 ||
5 | Sacramento Galifornia, 25 64 | Uvalde . .......... 25
16 | Chattanooga . ......... Tennessee . . . ........ 25 65 | Tintic Special . . . .~ . ... 25
17 | PikesPeak .......... Golorado . ........... 25 66 | Colfax. ............. 25
8 | Sewanee .. | Tennessee ..... 25 67 | Danville Tllinois-Indiana . 25
19 | Anthracite-Crested Butte . . | Colorado ... ... 50 68 | Walsenburg Colorado . . PN 25
10 | Harpers Ferry .. | Va-Md-W.Va.. .. . 25 69 | Huntington. N West Virginia-Ohio . . . 25
11 | Jackson............. Galifornia . . . . ........ 25 70 | Washington. . . .. ...... D.G-Va-Md. ......... 50
12 | Estillville. . . ... ...... Ky.-Va.-Tenn.. . ....... 25 71 | Spanish Peaks Colorado . ........... 25
13 | Fredericksburg Virginia-Maryland . . 25 72 | Charleston . West Virginia . 25
14 | Staunton . . .......... Virginia-West Virginia . . .. 25 73 | CoosBay...:........ Oregon . . ........... 25 |
15 | LassenPeak. .. ....... | California . . . ... ...... 25 74 | Coalgate . . .. Indian Territory . . ... ... 25 {
16 | Knoxville. . Tennessee-North Carolina . . 25 75 | Maynardville Tennessee 25 |
17 | Marysviile . | Galifornia 25 76 | Austin Texas . . . . 25
18 | Smartsville . Galifornia A 25 77 | Raleigh. . . West Virginia 25
19 | Stevenson . .......... Ala.-Ga.-Tenn.. . . . ... .. 25 78 Rome.............. Georgia-Alabama . . .. ... 25
20 | Cleveland . .......... Tennessee . . ......... 25 79 | Atoka .. ... Indian Territory . . . ... .. 25
21 | Pikeville Tennessee . . ... 25 80 | Norfolk Virginia-North Carolina 25
22 | McMinnville . . . . . Tennessee . . .. . 25 81 | Chicago. . . Iinois-Indiana . 50
23 | Nomini . ....... Maryland-Virginia . 25 82 | M P y ja. . ... 25
24 | Three Forks . . .. ...... Montana . ........... 50 83 | New York Gity . ....... New York-New Jersey . . 50
25 | Loudon . ............ Tennessee . . ......... 25 84 | Ditney Indiana . ............ 25
26 | Pocahontas ... .. Virginia-West Virginia . . . . 25 85 | Oelrichs South Dakota-Nebraska 25
27 | Morristown. . . . .. Tennessee P 25 86 | Ellensburg . . . ........ Washington. . . ... .. 25
28 | Piedmont. ... ... . .| West Virginia-Maryland . . . 25 87 | Gamp Clark Nebraska . . 25
29 | Nevada City Special . . . . . . Galifornia . . . . ... ... .- 50 88 | Scotts Bluff Nebraska . . 25
30 | Yellowstone National Park. . | Wyoming . . . . .. 75 89 | Port Orford Oregon . . . 25
31 | Pyramid Peak Galifornia . . . . . . .. 25 90 | Cranberry . North Carolina-Tennessee . 25
32 | Franklin ............ West Virginia-Virginia . . . . 25 91 ~Hartville . .. ......... Wyoming_ ............ 25
33 | Briceville. . ... ... .. .. Tennessee 25 92 | Gaines . ............ Pennsylvania-New York . . . 25
34 | Buckhannon West Virginia . . . 25 93 | Elkland-Tioga : . .. ... Pennsylvania 25
35 | Gadsden . Alabama ... ... 25 94 | Brownsville-Connellsville . . | Pennsylvania 25
36 | Pueblo . Golorado . . 50 95 | Columbia . . ........ Tennessee . 25
37 | Downieville Galifornia . . .. ........ 25 96 | Olivet . ............. South Dakota . ........ 25
38 | Butte Special Montana . ........... 50 97 | Parker . ............ South Dakota . ....... 25
39 | Truckee. . . California . . . . . . 25° 98 | Tishomingo. Indian Territory . . . 25
40 | Wartburg Tennessee . .. .. 25 99 | Mitchell . ........... South Dakota 25
41 | Sonora . . California . . Ce 25 - 100 | Alexandria South Dakota 25
42 | Nueces . ............ Texas . .. ........... 25 101 | San Luis . . Galifornia . . 25
43 | Bidwell Bar . ......... California . . ... ........ 25 102 | Indiana . . . Pennsylvania 25
44 | Tazewell . . Virginia-West Virginia . . . . 25 103 | Nampa . . . Idaho-Oregon 25
45 | Boise . .. ... ... Idaho . . ............ 25 104 | Silver Gity o 95
46 | Richmond . .......... Kentucky . . . . ... 25 105 | Patoka ............. Indiana-Illinois . . . . . . . 25
47 | London . ....... .. | Kentucky . 25 106 = Mount Stuart Washington 25
48 | Tenmile District Special . . . | Golorado . 25 107 = Newcastle . ‘Wyoming-South-Dakota 25
49 | Roseburg Oregon - 25 108 | Edgemont . . South Dakota-Nebraska 25
50 | Holyoke . ........... Massachusetts-Connecticu 50 109 | Cottonwood Falls . . . . ... Kansas . ............ 25
51 | BigTrees . .......... Galifornia 25 110 | Latrobe. . . Pennsylvania 25
52 | Absaroka . ...... Wyoming 25 111  Globe . . . . Arizona . . . 25
53 | Standingstone . . . . Tennessee 25 112 | Bisbee | Arizona . . . 25
54 | Tacoma........ ‘Washington 25 113 | Huron. . . . | South Dakota 25
85 | FortBenton . ......... Montana 25 114  DeSmet ............ | South Dakota 25
56 | Little Belt Mountains. . . . . Montana ... ......... 25 115 | Kittanning . . | Pennsylvania 25
57 | Telluride Golorado 25 116 | Asheville . . P North Garolina-Tennessee 25
58 | Elmoro . ............ Colorado 25 117 | Casselton-Fargo. .. ... .. North Dakota-Minnesota . . . 25
59 | Bristol .. ........... " Virginia-Tennessee . . . . . . 25

* Order by number.

+ Payment must be made by money order or in cash.

1 These folios are out of stock.

" Girculars showing the location of the area covered by any of the above folios, as well as information concerning topographic maps and oéher publications of the Geological Survey, may be had

on application to the*Director, United States Geological Survey, Washington, D. C.





