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GEOLOGY AND GROUND-WATER RESOURCES OF
THE FORT BERTHOLD INDIAN RESERVATION
NORTH DAKOTA

By R. J. Dineman and E. D. Gorpon

ABSTRACT

The Fort Berthold Indian Reservation occupies about 1,000 square miles in west-
central North Dakota. The Missouri and Little Missouri Rivers flow through the area and
form part of its boundaries, Garrison Dam, which is under construction on the Missouri
River 30 'miles downstream from the east boundary of the reservation, will impound water
in Garrison Reservoir and flood the valleys of both rivers throughout the area. The reser-
voir will divide the reservation into five parts, herein referred to as the eastern, north-
eastern, northern, western, and southern segments,

Rock formations ranging in age from Paleocene to Recent are exposed. The Fort Union
formation of Paleocene age undetlies the entire reservation, and it crops out along the
Missouri and Little Missouri Rivers. Relatively thin glacial till and outwash deposits of
late Pleistocene age mantle much of the upland in all of the segments. The glacial de-
posits commonly are less than 10 feet thick; in many places they consist only of scat-
tered boulders on the bedrock surface. The major valleys have terrace deposits of Pleis-
tocene and Recent age and alluvium of Recent age,

The principal mineral resources of the reservation are lignite, sand, and gravel, The
lignite beds range in thickness from a few inches to about 30 feet, At least four separate
beds, which range in thickness from 4 feet to more than 7 feet, are mined locally. Al-
though many mines will be flooded after Garrison Dam is completed, many suitable mine
sites will remain above the proposed reservoir level, Sand and gravel deposits are found
in glacial outwash and in stream-terrace deposits,

On upland areas of the reservation ground water is available principally from the lignite
and the associated fine- to medium-grained sandstone beds of the Fort Union formation.
Few wells on the reservation are known to produce water from glacial material, although
the recessional moraines are possible sources of shallow-water supplies, Small quantities
of ground water are available from thin alluvial deposits in some places on the upland.

Most wells in the valleys produce water from the alluvium or the terrace deposits, How-
ever, several wells penetrate the underlying Fort Union formation. A few flowing wells in
the Missouri River valley near Elbowoods produce water from either the lower part of the
Fort Union formation or from the Cannonball formation, also of Paleocene age.

The chemical character of water from the Fort Union formation and the outwash and
river gravels was determined from analyses of 39 samples from wells and springs. Water
from bedrock may be either hard or soft, and it is moderately to highly mineralized. Water
from the sutficial deposits is uniformly hard, but it is less mineralized. Shallow wells in
the eastern and northeastermn segments produce water of good quality. Wells in these seg-
ments, and several springs in the western segment, could be used satisfactorily as do-
mestic supplies. Spring water from lignite deposits on the reservation generally is colored
and contains objectionable amounts of iron, Treatment of the water would improve its
quality for domestic use.

The filling of Garrison Reservoir will cause a rise of the water levels in wells that tap
aquifers now discharging below the operating level of the reservoir, All the permeable
strata below this level will become saturated, and ground-water bodies that are now sep-
arated will become hydraulically united.
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In addition to providing subsurface information, the drilling program of the U, S, Bureau
of Indian Affairs provided wells for domestic and stock-water supplies. All test holes that
tapped an adequate supply of potable water were reamed to a larger diameter, equipped
with casing and well screen, and gravel-packed., The test-drilling program was completed
in 1951; however, the drilling of domestic wells was continued under the supervision of
the U. S. Geological Survey.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

This investigation is one of several being made by the U. S,
Geological Survey as a part of the program of the Department of
the Interior for development of the natural resources of the Mis-
souri River basin, (See fig. 1.) It was made at the request of the
U. S. Bureau of Indian Affairs and was financed largely by that
agency. Its purpose was primarily to locate adequate water sup-
plies and secondarily to locate sources of sand and gravel and of
lignite on the uplands of the Fort Berthold Indian Reservation.

The present economy of the reservation is dependent largely
upon the productionof beef cattle, which graze on the bottom lands
and on the adjacent uplands. Cottonwood forests in the valleys
are heavily cut by the Indians for building homes, barns, and
corrals, and foruse as fuel. Lignite beds, exposedin many places
along the sides of the valleys, are also a source of fuel; a family
can obtain its annual supply by only a few days' work in one of the
many small mines.

Garrison Dam is now under construction about 30 miles down
the Missouri River from the east boundary of the reservation. When
it is completed and Garrison Reservoir is filled, about 173, 000
acres of bottom lands within the reservation will be flooded, causing
the loss of grazing lands,- stock and domestic water supplies,
timber, sand and gravel, and lignite. Seventeen hundred Indians
of the total Indian population of about 2, 000 (1949) now reside on
the bottom lands and must be moved to other parts of the reser-
vation, Relocated families must have adequate water for domestic
use, and if their range area is to be efficiently utilized, wells and
ponds for the watering of stock must be properly located. Adequate
water supplies must also be provided for the Indian Agency head-
quarters, hospital, boarding school, and for the several day schools
that are to be constructed.

The investigation onwhich this reportis based was made during
1949-51 and included the mapping of areal geology, inventory of
all wells and springs, preparation of a contour map of the water
table in the eastern segment, supervision of the drilling of test
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holes and production wells by the Bureau of Indian Affairs, and
ascertaining the chemical quality of the ground water.

PERSONNEL

The investigation as a whole was under the general supervision
of A. N. Sayre, chief of the Ground Water Branch, Water Resources
Division, U. S. Geological Survey, and of G. H. Taylor, regional
engineer in charge of ground-water investigations under the Mis-
souri River basin development program. The quality-of-water
studies were made under the general supervision of S. K. Love,
chief of the Quality of Water Branch, and under the immediate
supervision of P, C. Benedict, regional engineer in charge of
quality-of -water studies in the Missouri River basin, The field
and office work was under the direct supervision of G. A.
LaRocque, Jr,, districtengineer incharge of ground-water studies
in North and South Dakota.

D. A, Jobin assisted in the geologic mapping and inventory of
springs during June, July, and August, 1950, H. C, Frick assisted
in the field work from September 1950 to its completion, and he
also assistedin the compilation of datafor this report. E. A. Busch
assisted in the geologic mapping and inventory of springs during
May, June, and July, 1951, F, E. Busch and L. R. Reed deter-
mined the altitude of the land surface at the test holes,

PREVIOUS STUDIES

The lignite fields of the Fort Berthold Indian Reservationhave
been the subject of several investigations during the past half cen-
tury. Reconnaissance studies were made by Wilder and Wood (1902)
and by Smith (1910). A comprehensive study of lignite on the part
of the reservation that lies east of the Missouri River was made
by Pishel (1912), and a similar study of lignite on the part of the
reservationthatlies west of the Missouri River was made by Bauer
and Herald (1921). In addition to information on the occurrence of
lignite, these reports contain a few geologic sections and some in-
formation on the geologic structure of the reservation. Lignite
beds in the area adjacent to the eastern segment were mapped by
Andrews (1939).

The physiography and glacial geology of the area were studied in
a very general way by Alden (1932). During the past few years,
Benson and Lindvall! have mapped the geology of several quad-
ranglesin the area adjoining the south boundary of the reservation.
Two of these quadrangles (Beulah and Golden Valley) include small

1 < . - .
Benson, W. E., dnd Lindvall, R. M., Preliminary geologic maps of the Beulah and Golden Valley
quadrangles: U. S. Geol. Survey unpublished (1954) manuscripts.
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areas of the southern segment of the reservation and were usedin
preparing the geologic mapincluded in this report (pl. 1).

The ground-water resources of the area are described briefly
by Simpson (1929) ina reporton the geology and ground-water re-
sources of North Dakota.

The Missouri Basin Investigation Staff of the Bureau of Indian
Affairs published (1948) a report on the problems that will be caused
by the flooding of valley lands on the Fort Berthold Indian Reser-
vation.

METHODS USED IN THE INVESTIGATION

Geologic mapping was begun in July 1949 and was completed in
1951. (See pl. 1.) The geology was mapped on aerial photographs
and transferred to a base map by means of a sketchmaster, The
base map was adapted from county highway maps of Dunn, Mercer,
McLean, and Mountrail Counties. Drainage lines visible on the
aerial photographs were reproduced on the base map.

A drilling program that combined test drilling with the construc-
tion of production wells was carried on by the Indian Agency during
the 1950 field season and was continued in 1951, The purposes of
this program were to provide rangeland water supplies to meet
minimum requirements, to obtain basic hydrologic and stratigraphic
information for use in the location of well sites for additional range-
land and domestic water supplies, and to obtain more information
on the locationand extent of sand and gravel deposits and of lignite
beds.

The test holes were drilled at locations that would be suitable
for rangeland wells. Those penetrating water-bearing zones cap-
able of yielding. adequate supplies of potable water were reamed to
an 8-inch diameter before they were completed as production wells.
Most of the wells were gravel-packed by the following method: The
water-bearing section of the test hole was underreamed to a max-
imum diameter of 18 inches; a 4-inch casing with a continuous-slot
well screen attached to it was installed in the hole; and the under-
reamed part of the well was back-filled with carefully sized and
screened sand and gravel. The wells were then developed by ap-
proved methods, such as bailing and surging, to insure maximum
production.

Of the 113 test holes that were drilled, 68 penetrated water-
bearing materials and were completed as wells, (See fig. 2 and
table 3.) The maximum depth of test holes was 510 feet, the min-
imum was 122 feet, and the average was about 350 feet. Except in
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Figure 2. — Graphical summary of drilling program.

seven test holes drilled mainly for stratigraphic information,
drilling was stopped at the depth at which an adequate water supply
was obtained. Sample logs were made for all test holes from which
samples were recovered (table 4).

The location of testholes was determined by the Bureau of Indian
Affairs, Most of the holes were drilled on the uplands—some of
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them on ridges and hilltops—where they would be most beneficial
as stock-water supplies. A few were drilled in the valleys,

All wells that were drilled as part of the program of the Bureau
of Indian Affairs were inventoried. The altitude of the land surface
at eachtest hole and of the measuring point of each well was deter-
mined by personnel of the Geological Survey; temporary benchmarks
also were established. (See table 5.)

All other wells and all accessible springs onthe reservation were
inventoried. (Seetables6 and 7 and pl. 1.) In all but a few wells
the total depth and the depth to water were measured. The total
depth was measured to aid in ascertainingthe aquifer from which
water is produced. Altitudes above sea level of the measuring
points of most wells in the eastern segment were established by an
altimeter, Altitudes of a few wells in the Missouri River valley
were determined from topographic maps (contour interval of 10 feet)
prepared by the Corps of Engineers, Department of the Army,

WELL -NUMBERING SYSTEM

Wells, springs, and testholes on the Fort Berthold Indian Reser-
vationare numbered according to their location within the land sub-
divisions of the Bureau of Land Management's survey from the fifth
principal meridian and baseline. (See fig. 3.) The first numeral
of a well number indicates the township, the second indicates the
range, and the third indicates the section in which the well is lo-
cated, The lowercased letters that follow the section number indi-
cate the location of the well within the section, The first letter in-
dicates the quarter section, the secondindicates the quarter-quarter
section, and the third indicates the quarter-quarter-quarter section,
or 10-acre tract. The letters are assigned in acounterclockwise
direction, beginning in the northeast quarter of the section or
smaller subdivision thereof. If more than one well is within a 10-
acre tract, the well'number for each is assigned an additional arabic
numeral indicating the order in which the well was inventoried,

GEOGRAPHY
LOCATION AND EXTENT OF THE AREA

The Fort Berthold Indian Reservation comprises about 1, 000
square miles along both sides of the Missouri and Little Missouri
Riversin west-central North Dakota. (Seefigs. 4and5.) When con-
struction of Garrison Dam is completed, the impounded water will
reduce the land area of the reservationby about one-fifth and divide
it into the eastern, northeastern, northern, western, and southern
segments, (See fig, 5.)
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LAND USE

Much of the uplands and valley flats of the three segments east
and north of the Missouri River is cultivated, small grains being
the principal crops. The western and southernsegments, although
they have inadequate stock-water supplies, are used primarily as
cattle range. Many Indian families living in the river valleys will
have tobe relocated on the uplands of the western segment. These
and other upland areas on the reservation are now leased to non-
Indianfarmers and ranchers, Onthe western segment these leases
will be terminated and the land subdivided into smaller ranches
for the Indian families. If these are to be profitable, stock-water
supplies must be provided.

CLIMATE

Although the climate of North Dakota is semiarid, plant growth
is favored by the concentration of precipitation during the spring
and summer months, On the reservation an average of 81 percent
of the total annual precipitation falls during the 6 months from
April to September. (See fig, 6.) During the 58-year period from
1892 to 1950, the average annual precipitation at Elbowoods was
15. 45inches. Thundershowers account for most of the precipitation
during the summer; therefore, the amount measured during any
1 year at weather stations near the reservationvaries considerably,
(See fig. 7.) The maximum recorded annual precipitation at Elbo-
woods is 27.86 inches (1899), and the minimum is 4.94 inches
(1934),

A graph showing the cumulative departure from average pre-
cipitation for stations on or near the reservation shows the recur-
rence of wet and dry periods. (See fig. 8,) From 1890 to 1916 the
precipitation was generally above average. The period from 1916
to 1936 was generally dry, and precipitation was scant during the
last 8 of these years. From 1940 to 1950 the precipitation was
generally above average.

Periods of above-average precipitation provide more water for
recharge of ground-water bodies. The water table rises, causing
higher water levels in wells and increased flow from springs.
During periods of average precipitation, ground-water levels and
spring flows remain relatively constant. Long periods of below-
average precipitation, such as during the drought years of the
1930's, lower the water levels and reduce the flow of springs.

Fall, winter, and early spring precipitation supplies most of the
recharge to aquifers of the Fort Union formation—the heavy rains
of late spring and early summer are usually thundershowers and
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Figure 6.—— Average monthly precipitation at Elbowoods, N. Dak., for period 1892—1950.
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are lost through runoff and evapotranspiration. This conclugion is
substantiated by the fact that water levels in observation wells are
high in the early spring and steadily decline during the period of
high precipitation,

The average length of the growing season is 117 days. The aver-
age date of the last killing frost in the spring is May 21, and the
average date of the first killing frost in the fall is September 15.
Killing frosts have been reported in all months of the year.

GEOMORPHOLOGY

The Fort Berthold Indian Reservation is inthe Missouri plateau
section of the Great Plains physiographic province on a rolling
plainthat has been deeply dissected by the Missouri and Little Mis~
souri Rivers and their tributaries. Valleys are deeply intrenched
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Reservation, 1868—1949,

and bordered by bluffs, The flood plain of the Missouri River is
300 to 500 feet below the general level of the uplands, and at the
“Big Bend, ” south of Sanish, the tops of the buttes are 600 to 800
feet above the river. Near the westernboundary of the reservation
the Little Missouri has cut to a depth of 600 feet or more below the
uplands, In some places typical badland topography has developed.

315937 O - 54 -2
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The entire reservation has been glaciated at least once, and the
part east of the Missouri River has been glaciated several times,
Alden (1932) considered the drift on the west side of the river to
be of early Wisconsin (lowan) or Illinoian age. Apparently it is
older than that on the east side, which has not been appreciably
altered by postglacial erosion. Undrained depressions are common
and the topography of at leastone area, inT. 148N., R. 88—-83 W,,
is typically morainic. That area, representing a recessional mo-
raine, isa partof a lobe extending southward from a large moraine
to the north.

The valley floor of the Missouri River is from 2 to 5 miles wide,
and that of the Little Missouri River is from } to 1 mile wide, ex-
cept in some stretches where it is narrower and little or no flood
plain has developed. The present flood plains of the major valleys
are fairly narrow in comparison to the total width of the valley
floors. In many places flood plains and low terraces are covered
with a dense growth of brush or cottonwoods, or both. A low ter-
race, which in this report is considered tobe a part of the present
flood plain, is from 8 to 10 feet above the average level of the river
and is occasionally flooded. Most of the cottonwood forests grow
on this terrace.
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In general, the type of material and sequence of deposition are
more reliable criteria for correlation of the terraces of this area
thanare the relative heights of the terraces above the river., These
heights may vary considerably with the location of terraces in the
valley. For example, in the Nishu area a terrace near the side of
the valley is from 50 to 70 feet above river level, but at Independ-
ence the same terrace is near the center of the valley and only
about 40 feet above the river, The similarity of these deposits in-
dicates that they are contemporaneous.

The larger tributary creeks of the reservation have cut deep
valleys into the relatively unconsolidated Fort Union formation,
These valleys are graded to the alluvial terrace that is 35 to 40
feet above the Missouri River. The bottoms of the creek valleys
are as much as 1 mile wide. Recenterosionhas cut narrow trenches,
10 to 20 feet deep, into the valley floors. An exception to the gen-
eralrule of broad, flat valleys, however, is thelower 5- or 6-mile
reach of the valley of Bear Den Creek, which is steep sided and of
fairly recent origin, Atthe Big Bend, where Bear Den Creek enters
the Missouri River, the valley of the Missouri is relatively narrow
and steep walled and contrasts markedly with the broad valleys
both northwest and southeast of the Big Bend, Apparently the Big
Bend stretch of the Missouri River valley is younger than the up-
stream and downstream stretches in this area; before the cutting
of the present channel, the river followed a shorter route that cut
off the Big Bend. The courses of two abandoned channels are shown
in figure 9.

A broad flat-bottomed valley parallels the western boundary of
the reservation from sec. 18, T. 150 N., R. 94 W, to sec. 12, T,
149 N., R. 95 W. From this point the valley extends southeast to
join the valley of the Little Missouri River at sec, 34, T. 148 N,,
R. 92 W, (See pl. 1.) Although this valley probably was cut by a
preglacial stream, the sediments underlying the valley floor def-
initely are of more recent age than the youngest glacial deposits
in this part of the reservation and may have been deposited when
drainage to the Missouri River was blocked by ice during one of
the later glacial stages. The valley now is drained by two creeks
that flow in opposite directions from a low divide in secs. 16 and
17, T. 149N., R. 94 W. Bear Den Creek, a tributary of the Mis-
souri River, drains the valley north of the divide. Squaw Creek
drains the valley southeast of the divide and flows into the Little
Missouri River,

At some time in the past the Missouri River cut its channel to a
depth of 100 feet or more below the present river., The only avail-
able information concerning the depth to the bedrock channel on the
reservationis for the area just south of Sanishin the extreme north
part of the reservation. (See fig. 10,) As this area is downstream
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from the point where an old channel branches to the east from the
present channel (fig. 9), it is possible that a deeper channel may
exist upstream from this junction.

GEOL.OGY

CENOZOIC GEOLOGIC HISTORY

TERTIARY PERIOD

At the beginning of the Cenozoic era a great shallow sea covered
much of North Dakota. The western shoreline probably shifted
east and west across the reservation several times. In the shallow
water of this sea, thicklayers of predominantly dark shale but with
some sandstone were laid down early in the Paleocene epoch. These
beds compose the Cannonball formation. (See table 1.)

A broad coastal swamp bordered the northwest shoreline of the
sea, and large streams flowed sluggishly across it. From time to
time the vegetation of the swamp accumulated into thick mats, which
later were buried by dark-colored beds of sand or clay. These mats

of organic material have been compressed and altered to lignite.

The older continental beds make up the Ludlow member of the
Fort Union formation. Later, somewhat lighter colored beds were
deposited in the same general area, and these beds compose the
lower part of the Tongue River member of the Fort Union for-
mation, Because the shoreline shifted, both the Ludlow member
and the lower part of the Tongue River member interfinger with
the Cannonball formation.

The sea retreated from this area during the later part of the
Paleocene epoch. However, continental deposition of sand, silt,
and clay and the accumulation of organic material continued through-
out the epoch. All of the Paleocene continental deposits in west-
central North Dakota are grouped together as the Fort Union for-
mation, which is composed of the Ludlow, Tongue River, and
Sentinel Butte shale members. Only the Tongue River member
could be identified as being exposed on the reservation. In this
area the upper partof the Tongue River member must contain beds
that are equivalentin age to the Sentinel Butte shale member; how-
ever, the typical dark-gray shales and sands of the Sentinel Butte
shale member are intercalated with so many light-colored beds
that it cannot be identified as a separate unit from the Tongue River
member, The relation of the members of the Fort Union formation
to one another and to the Cannonball formationis shown in figure 11,

A much more detailed description of the environment and deposi-
tional conditions in North Dakota duringthe Paleocene epoch, with
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West East
Sentinel Butte shale member ——

Cannonball
formation

Fort Union
formation

Ludlow member

Hell Creek formation

Figure 11, — Relation of members of the Fort Union formstion to one another snd to the Cannonball
formation.

particular reference to the lignite beds, has been written by Roe
(1950).

The maximum thickness of the Fort Unionformation in this area
is about 1,000 feet. It is wholly of continental origin, and appar-
entlyall of the beds were depositedin a swampy environment, The
settling of the Williston basin, which was in progress at this time,
permitted continued deposition near sea level.

The close of the Paleocene epoch was marked either by a change
in the source of sediments or by a change in weathering conditions
in the source area. No erosional break between formations of
Paleocene and Eocene age is apparent; yet the type of material
that was deposited changed considerably. The clay of the Golden
Valley formation of Eocene age is very kaolinitic, and the sand
and silt are more micaceous than most of the sand and silt of the
FortUnion formation. Depositionof silt and clay by slowly moving
streams continued in the lowlands during the early part of the Eocene
epoch. The upper part of the Golden Valley formation consists
mostly of fine to medium sand and contains some lenses of coarse
sand. Apparently this area was uplifted slightly toward the close
of the Eocene epoch, and as a result the gradient of the streams
was increased slightly, A period of erosion followed the deposition
of the Golden Valley formation and a surface of considerable relief
apparently was developed. In some places the Golden Valley for-
mation, which is about 200 feet thick, was entirely removed by
erosion, and inthese places the White River formation of Oligocene
age was deposited directly on the Fort Union formation (Leonard,
1922). The thick beds of limestone and marl of the White River
formation were probably deposited in fresh-water lakes; some of
the sandy members are river deposits.

A long period of erosion followed the deposition of the White
River formation, developing a smoothly rolling plain with broad,
flat valleys and a few high buttes. This surface is preserved over
much of North Dakota and has beenaltered only by the trenching of
rivers and by the action of glaciers during the Quaternary period.
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QUATERNARY PERIOD

The reservation area was glaciated a number of times during
the Quaternary period. The record of possible invasions by Illinoian,
Kansan, and Nebraskanice sheets was almost completely destroyed
by the advance and retreat of Wisconsin ice sheets of the oldest
(Iowan) substage, an intermediate (Cary or Tazewell) substage,
and the youngest (Mankato) substage. Each affected the topography
and geology and caused changes in the drainage, Some of these
changes were minor, whereas others affected the major streams,

Before the advance of the earliest ice sheet into North Dakota,
the Missouri River drained northeastward from northeastern Mon-
tana across Canada into Hudson Bay. When blockedby the advancing
ice, the river probably flowed eastward and southward along the
margin of the ice until it reached the valley of a south-flowing
stream or until ponding raised the water surface to alevelat which
the river could establish a course across the uplands. The course
of the Missouri River in the vicinity of the reservation during or
after the first three ice advances is not known.

Apparently, the present course of the Missouri through North
Dakota is the result of diversion by the ice sheet of early Wiscon-
sin (Iowan) age. The presentvalley does not represent the farthest
advance of this ice sheetinto North Dakota; however, the retreating
ice front remained relatively stationary along the present course
of the river for a sufficient time to allow the river to begin to cut
its valley into the soft bedrock. Probably the river never returned
to its original northeastward course after it was first diverted
early in Pleistocene time.

Abandoned channels of the river indicate that minor changes in
course have occurred since the Iowan substage. Near Sanish are
two well-defined abandoned channels (fig. 9), and a third channel,
less easily distinguished, which may have been used for only a
short while, Although these channels have not been correlated def-
initely with Wisconsin substages, the writers believe that before
the advance of the glacier of Mankato time the Missouri followed
the broad valley that lies north of Sanish and turns south near Van
Hook. This valleyis between 1,850 and 1,900 feet above mean sea
leveland 250 to 400 feetbelow the general upland surface. Drilling
by the Corps of Engineers at the site of New Town, in sec. 17, T.
152 N., R. 92 W,, penetrated at least 185 feet of unconsolidated
fill in this valley, The other old valley, which lies between Sanish -
and the present Missouri channel, is between 1,900 and 1, 950 feet
above mean sea level, but the thickness of its alluvial fill is not
known. It may have been the channel of the Missouri River in pre-
Cary or pre-Tazewell time. The present valley of the Missouri
River from Sanish to Shell Creek is very young, by comparison,
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and was formed after the blocking of the river by the ice sheet of
the Mankato substage.

The valley of Shell Creek from the Missouri River to Van Hook
is much broader than the abandoned river channels described in
the preceding paragraphs. Either a tremendous volume of melt
water flowed through it when the glacier lay justnorth of Van Hook,
or several smaller channels coalesced to form a large valley. Just
east of Van Hook a broad valley extends northeast through the
Shell Lake Wildlife Refuge toward the Des Lacs River, It is pos-
sible that the Des Lacs and Souris Rivers were blocked by ice that
advanced from the northeast, causing them to overflow the divide
and join the Missouri River,

STRATIGRAPHY

TERTIARY SYSTEM

PALEOCENE SERIES

CANNONBALL FORMATION

The Cannonball formation consists of marine beds that are equiva-
lent in age to, and which interfinger with, the nonmarine Ludlow
member of the Fort Union formation. Insome localities the Can-
nenball interfingers also with the lower beds of the Tongue River
member of the Fort Union formation. The Cannonball typically
consists of dark-gray sand and clay and a few beds of thin nodular
fossiliferous limestone. Fossils in the formation are principally
those of small marine invertebrates; shark teeth have been reported
from some localities.

Although not exposed on the reservation, the Cannonball forma-
tion is of economic importance because it is a possible source of
artesian water in the river valleys. The Corps of Engineers re-
ported that the top of this formation is at an altitude of 1, 425 feet
in a deep well drilled at the Garrison Dam site, On the reservation
it probably lies at an altitude of 1, 200 feet— that is, about 550 feet
below the Missouri River and 900 to 1, 100 feet below the general
upland level. Logs of wells that penetrate the Cannonball formation
on the reservation are not available.

FORT UNION FORMATION
LUDLOW MEMBER

The Ludlow member is the basal member of the Fort Union for-
mation. It consists of beds of silty sand and clay that are some-
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what darker in color than the sediments of the overlying Tongue
River member. The Ludlow member contains lignite beds, but they
are fewer than in the Tongue River member. The Ludlow member
and the Cannonball formation are equivalent in age and interfinger
in westernand southern North Dakota; therefore, beds of either or
both may underlie the reservation. The Corps of Engineers re-
ported that the combined thickness of the two is more than 500 feet
at the Garrison Dam site. Neither is present in the California
Kamp well, which is 12 miles north of the northwest corner of the
reservation and 80 miles northwest of the Garrison Dam site (Laird,
1946). If these data are correct, both the Cannonball formation and
the Ludlow member thin to a featheredge between the dam site and
the California Kamp well,

TONGUE RIVER MEMBER

The Tongue River member of the Fort Unionformation underlies
the entire reservation. The lower part of this member is equiva-
lent in age to, and interfingers with, the Cannonball formation.
‘West of the Missouri River the Tongue River member is overlain
in a few areas by the Golden Valley formation. On most of the up-
lands the Tongue River member is mantled bya thin blanket of till,
and in the valleys it commonly is covered by alluvium and terrace
deposits. Excellent exposures of the member are found along the
bluffs that border the valleys; a thickness of at least 500 feet is
exposed in the badlands along the Little Missouri River near the
western boundary of the reservation.,

The Tongue River member consists of continental deposits of
clay, fine- to medium-grained sandstone, and numerous lignite
beds. Where freshly exposed, the clay and sandstone commonly
are medium gray. Where weathered, the clay is greenish gray to
yellowish buff and the sand is buff to light tan. Individual beds
range in thickness from a few feet to slightly more than 50 feet;
because they are lenticular, most of them cannot be traced from
one exposure to another, A fairly persistentsandstone zone, which
ranges in thickness from a few feet to 80 feet or slightly more,
forms the uppermostpart of the member on the reservation. Most
of the beds are soft and relatively unconsolidated, but a few beds
are a hard calcareous sandstone. Limestone lenses, ranging in
thickness from a few inches to about 2 feet, were penetrated in a
few of the test holes that were drilled in the Tongue River member,
Zones containing reddish-brown clay-ironstone concretions in a
clayey matrix are found at some horizons in the member. These
concretions range from 1 inchin diameter to massive loglike bodies
that are 30 feet or slightly more in length.
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Typical stratigraphic section of middle part of Tongue River member in NWY¥ sec,

9, T. 147 N., R. 89 W., near Nishu

[See page 29 for explanation of numbered beds]

Shale, silty, gray, weathers yellowish
Lignite, woody, putple and DIOWNI Sh..........c.ceviriereeieecrireeeisesesessesorssessssnessssssorssssasseses
Lignite, earthy, brown..........c.ocevereresrmrrrerrsrensssesesenas

Lignite, good quality
Clay, gray, with chalky nodules,
Covered slope.
Shale, silty, gray, with limonite,
Clay, medium light-gray...........ocovunrrverecmreressrosesssrnssorsonns
Lignite,
Clay, silty, gray.
Lignite, woody, brown, reereressesarestaesaiebareas e aesseresnesatentrares
Lignite (bed 2),
Clay, silty, gray. cretrtereteserasasresbsan e senas
ngmte, woody, brown

Clay, medium light-gray, bentonitic, zone of clay ironstone concretions about 1
foot below top of bed,
Lignite,
Clay, Medilme-gIAY.........ccoovrrrmrrreererrerererescrensassesssssraresssssssssssssnsenes
Shale, carbonaceous,
Lignite,
Clay, sandy, Medium=gray...........cceeeereresrsreeesireraeeerossorsestanescaeeossnssrasossesssosseesesenseseesorens
LAGNIEE....cuuiicrinrenrnnerareressseresese e seesnessassscesesens sesessassesssacseasassenessacsens
Clay, sandy, gray........owenomsossnnein
Clay, sandy, yellow-drab, with lenses of silty sandstone
Lignite, SOMeWhat Earthy.........ccevveiviieiecseresernienessneaesieessesacssaerssssessessnssssn osvessen
Clay, silty, carbonaceous, ZIAY.........crverreerereisrissseiessesenmanssssasessssssscasssssanssasssnsns
Clay, iron-stained,
Clay, catbonaceous, gray fo black
Clay, silty, medium light-gray with thin limonitic zones, grading downward to
fine sandy siltstone; concretionary clay-ironstone zone as much as 4 feet
thick in upper part of bed,
Clay, carbonaceous
Clay, medium-gray,
Sandstone, fine, drab-gray, with thin lignite partings......
Shale, silty, soft, gray............
Clay, chocolate-gray, somewhat lignitic at top,
Clay, silty, gray; weathers yellow; clay-ironstone zone at base 1% to 2 feet
BRACK ... eieeeeeetercecesnesissees s seensssessesaesnsasssessessasssatesesssbssessesseraas s sseaesasesasaeseassanersnarerans
Siltstone, sandy, gray to buff, with thick gray crossbedded sandstone lenses
Lignite (bed 1-A)
Clay, medium-gray.
Shale, silty, gray; weathers buff; thin ironstone partings 1to 2 feet apart in
lower part of bed..........cveceeeeieccrieneciiraesrere et rsesesaessecees
Lignite (bed 1),
Clay (bed 1),
Lignite (bed 1)........
Clay (bed 1)
LAZNILE (DA 1).uneirveerirsirrereinssiessssssssessessssssessesssessnssssssessstessessasssensssssssssstensissssssossassissen
Clay, gray, with thin lignite partings (bed 1),
Lignite, brown (bed 1)
Lignite (bed 1)...
Clay, silty, gray, with a few concretions,

Feet
4.1

—
w

10.0
23L6
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Composite stratigraphic section of Tongue River member along the Big Bend on the
Missouri River, 10 miles west of the mouth of Shell Creek

{Measured by Pishel (1912). See page 29 for explanation of numbered beds. Strata above lignite bed
2 were measured in sec. 20, T. 150 N., R. 92 W.; strata between lignite beds 1 and 2 were meas-
ured in the SE% sec. 6, T. 150 N,, R. 93 W.; strata below lignite'bed 1 were measured in the NWY,
SW% sec. 31, T. 151 N., R. 93 W.]

Feet Inches
Shale, SOMbEL.........occcorerernertee et 30
Lignite (bed 3)
Shale, gray, sandy
Clay, ironstone concretions, YEIIOWiSh.........coooiiceiveereeeenrtiseresvereresenssessens
Shale, gray.........
Shale, sandy, yellowish-gray
Sandstone, soft, gray, shaly.
Shale, yellowish, well stratified......
Shale, carbonaceous with lignite lenses....
Shale, gray, SOMDET..........oeeverveeeecrreeeeesseeeeeereeeassenens resrnne et e e e rene
Shale, yellowish-drab, sandy.
Lignite (bed 2)
Shale, yellowish, sandy.........ccccceueuieiiieieiiireeecr e etecaesesesnessssasens
Lignite, . tretereeratrenas e s rarassear e aa s seneaaesne e sntean s sen
Shale, sandy, gray.......cccoeceervvercrennnn.
Shale, carbonaceous....
Sandstone, soft, gray, shaly.............
Shale, carbonaceous,................. .
SHALE, BIAY.....cecirrreereriircenerinirreeeesesssesessssesesssesssessseassesssssasassssesssssssssnsesanssessanes
Shale, carbonaceous,
Sandstone, gray, shaly.
Shale, carbonaceous, with lignite streaks........ccooveeerevecceecevenerninns
Lignite....
Shale, sandy, grayish-yellow
Sandstone, gray, soft,
Lignite,
Sandstone, brown, Shaly.........cueeeeevveneiicnrennereeisssseinssensessscsssesessesenes
Lignite,
Shale, gray, sandy.
Sandstone, grayish-tan,
Sandstone, yellowish-gray.
Shale,
Lignite,
Shale, sandy,
Shale..........
Lignite, .
Shale, carbonaceous....., .
Lignite (bed 1)........ 3
Clay and sand (to river level) 75
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The lignite was formed in swampy areas as the result of the
accumulation of plant materials, The swamps probably were inter-
connected during periods of deposition, but the amount of plant
material that accumulated varied widely in different localities and
resulted in a considerable range in thickness of individual beds.
A few lignite beds inthe Tongue River member are persistent over
a large area and can be used to determine structure. For example,
lignite bed 2 in Pishel's section is persistent throughout an area
of many square miles, Other lignite beds are lenticular and are
of small extent. On the reservation the beds range in thickness
fromless than1 footto at least 29 feet, Silicified tree stumps have
been found in the upper part of lignite beds in many localities, and
comparatively dense clay underlies the beds in many areas. The
beds overlying the lignite range in composition from silty clay to
fine- to medium-grained sandstone,
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SENTINEL BUTTE SHALE MEMBER

The Sentinel Butte shale member of the Fort Union Formation
was described originally by Leonard (1908, p. 51), as follows:

The middle portion (Tongue River) is composed of light ash-gray and buff shales and
and sandstones while the upper (Sentinel Butte) is formed of beds much darker in color,
mostly a datk and somber gray with many brown, ferruginous, sandy nodules and concretions,

Apparently the two members were differentiated principally on the
basis of the change from light- to dark-colored beds.

The part of the Fort Union formation that is exposed on the res-
ervation (a thickness of 900 to 1, 100 feet) probably consists mostly
of the middle and upper parts of the Tongue River member., As the
Golden Valley formation conformably overlies the Fort Union for-
mation, the Sentinel Butte member, if present, should directly
underlie the Golden Valley formation. Thus far, differentiation
between the Tongue River and Sentinel Butte members has not been
possible on the reservation. The upper beds of the Tongue River
member on the reservation may grade laterally into beds of the
typical Sentinel Butte shale member in other areas.

EOCENE SERIES

GOL DEN VALLEY FORMATION

The Golden Valley formation, as described by Benson (1949) from
an exposure near Golden Valley, N, Dak., consists of a lower
member of purplish-gray carbonaceous clay and white sandy kao-
linitic clay, and anupper member of fine to coarse micaceous sand
and silt and small clay lenses. Its maximum thicknesson the res-
ervation is 150 to 200 feet.

On the reservation the basal beds of the lower member consist
of medium- to dark-gray, somewhat kaolinitic clay, with zones
of nodular limonitic concretions, These lower clay beds are very
similar to the clay beds of the underlying Fort Union formation.
The upper part of the lower member is a widespread bed of white
sandy kaolinitic clay, which in some areas is stained yellow or
orange where exposed toweathering, Itisthe most easilyidentified
bed of the Golden Valley formation, In the southeastern part of
T. 147 N., R. 92 W., the upper part of the lower member consists
of white medium sand, which probably is a local facies of the white
clay bed.
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The upper member of the formation is a thick series of fine- to
coarse-grained, buff to tan sandstone strata, The sandstone is
generally soft and unconsolidated, but in some localities it is
cemented and forms a resistant rock. The upper member makes
up more than half of the total thickness of the Golden Valley for-
mation on the reservation.

The Golden Valley formation caps some of the higher hills and
ridges in the southern and western segments of the reservation,
(See pl. 1.) It is particularly well exposed in the southwestern
part of the western segment. Inthe eastern segment the only ex-
posure is in the SE% sec, 10, T. 148 N., R. 90 W., where two
small hills are capped by a part of the lower member of the for-
mation. The white clay bed, which caps one of the hills, is used
by the Indians as plaster in the construction of their homes; in a
few years it probably will be completely removed.

Section of Golden Valley formation measured at the Blue Buttes in SW¥% sec. 29, T, 151 N.,
R. 94 W., on the southwest and south-southwest slopes of adjoining buttes

Feet

Sand, medium, light-brown to tan on fresh exposures and dark gray where weathered;
cross<laminated; conspicuous vertical joints; some bands and lenses of coarse,
highly micaceous sand; consolidated to sandstone in some areas.........covrrcecrnenn, 54.3
Covered slope, probably underlain by lower part of bed described above.................. 27.1
Sandstone, medium-grained, tan, micaceous, conspicuously cross-laminated with
fine streaks of iron oxide parallel to bedding; few scattered small lenses of
unconsolidated fine white sand; lower 4 to 6 feet are reddish- to yellowish-

brown because of concentration of iron oxide; base of bed is undulatory.............. 27.2
Clay, light-yellowish on exposed surface; purplish band 1 to 2 feet thick near

top of bed; lower part of bed is silty clay 26.3
Concretionary zone {three(?) concretionary zones in silt matrix), dark purple;

high manganese content indicated by color. e 37
Silt, clayey, yellowish-gray. 17.1

Silt, fine, sandy, very light-yellow on weathered surface and very dark-gray on

fresh exposure; contains limonitic lenses; somewhat consolidated and platy

near top of bed, 4,0
Sand, medium-fine, light brownish-gray to yellowish-gray, micaceous, cross-

laminated, irregularly consolidated, and cliff-forming; lower 2 feet are iron-

stained . 12.3
Clay, sandy, dark purplish- gray. 1.0
Clay, very light purplish-gray both where fresh or weathered 6.1
Clay, white with irregular orange splotches and bands 4,2
Covered slope to base of Blue Buttes (thickness estimated ) 75

258.3

The Blue Buttes (secs. 28, 29, 32, and 33, T, 151 N., R. 94 W.)
were reported by Leonard (1922) to be capped by 200 feet of the
White River formation, At that time, however, the Golden Valley
formation had not been described. The upper 100 feet of the Blue
Buttes is predominantly a massive light-gray highly micaceous
medium-grained sandstone which weathers brown to dark gray.
Lenses of white highly micaceous coarse-grained sandstone and
thin beds of green clay are included in the strata. According to
Benson (personal communication, 1950) the upper beds at Blue
Buttes are very similar to strata of the Golden Valley formation
at Medicine Buttes in the Medicine Buttes quadrangle of North
Dakota. In the Killdeer Mountains, which are 25to 30 miles to the
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southwest, the White River formation contains a conspicuous basal
conglomerate and several thick limestone beds higher in the
formation,

In view of the dissimilaritybetween the stratain the Blue Buttes
and those of the White River formationin the Killdeer Mountains,
the strata in the Blue Buttes are considered in this report to be
a part of the Golden Valley formation.

QUATERNARY SYSTEM

PLEISTOCENE SERIES

GL ACIAL DRIFT

Much of the upland area of the reservationis mantled by glacial
drift. It isless than10 feet thick in most places but is as much as
340 feet thick where it fills lowareas and preglacial valleys in the
bedrock surface. The fill in these preglacial valleys probably in-
cludes some alluvial materials interbedded with the drift. Several
recessional moraines lie in the eastern and southern segments of
the reservation, The youngest of these moraines coversabout 10
square miles of T, 148 N., R. 89 W,, and extends northeast be-~
yond the reservation boundary. This moraine has been modified
only slightly by erosion; therefore, depositional features such as
kettles and kames may be easily recognized. Drillers report a
thickness of more than 100 feet of glacial drift in the moraines.

TILL

Glacial till on the reservation is composed of a heterogeneous
mixture of sand, gravel, and boulders in a clayey matrix. Gen-
erally, these materials are of local origin. For example, the
till is very sandy in the southern part of the western segment where
the upper sand bed of the Fort Union formationis exposed over an
area of many square miles. Also, the clay in the till closely re-
sembles the clay in the Fort Union formation from which it was
derived. In some localities the till can be differentiated from clay
of the bedrock cnly by the presence of a few pebbles in the till,
On some slopes much of the matrix of the till has been eroded away,
and the boulders that had been incorporated in it are now perched
on pinnacles of till or occur as erratics on the bedrock surface.

OUTWASH DEPOSITS

Extensive deposits of outwash sand and gravel, which were
deposited by melt water that issued from the ice, occur in several
areas of the reservation. (See pl. 1.) Many of these deposits are
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well sorted, and the material is ideally suited for use in road
construction. Some of the outwash deposits show the collapsed
bedding that is characteristic of kames and kame terraces. One
of the largest and best developed of these deposits is in secs. 15,
16, 21, and 22, T. 152 N., R, 93 W,

FLUVIOGL ACIAL DEPOSITS

Many of the Pleistocene deposits on the reservation were laid
down in the valleys by either glacial or nonglacial streams. They
grade from alluvial silt to coarse outwash-type gravel that may
include boulders several feet in diameter, In this report they are
designated fluvioglacial deposits.

Benson did considerable detailed geologic work along the Knife
and Missouri Rivers south of the reservation during the period
1946-50. He found that parts of the sequence of fluvioglacial and
glacial fills in both valleys could be mapped as separate units on
the basis of certain distinguishing characteristics. Correlation of
the deposits in the Knife River valley with valley deposits of the
Fort Berthold area was established in the field by Benson and the
authors., As a result, the authors were able to extend the units
mappedin the Knife River areainto the reservation, and they were
able to adopt most of Benson's nomenclature. Pleistocene units
that were- extended from the Knife River valleyinto the reservation
are fill-terrace deposits and outwash gravel.

FILL TERRACE DEPOSITS

Three fills associated with glacial advances were identified by
Benson in the Knife River area. The oldest consists of cross-
bedded sand and gravel which is fairly well sorted. Pebble counts
show that a large part of this material was derived from Canadian
sources and a small partfrom the local bedrock or from the moun-
tains far to the west. An intermediate deposit, either Cary or
Tazewell in age, filled the valleys to a level 100 feetor more above
their present floors. Remnants commonly occur at fairly high
levels along the sides of the valleys. This deposit consists of clay,
silt, very fine sand, and occasional lenses of gravel. More than
half the pebbles in the gravel are of local or western origin. The
youngest fill, probably of Mankato age, is present in the valleys
and consists predominantly of coarse material that was derived
from northernsources. Bensondesignated the fill-terrace deposits
Qsd1, Qsd, and Qsds, from oldest to youngest, and this system
of designation was used in mapping the reservation. The oldest
fill (Qsd;) was not identified on the reservation, and only a few ex-
posures near the mouth of Squaw Creek were identified as the in-
termediate fill (Qsd,). Most of the fill in the tributary valleys on
the reservation is either of Mankato age (Qsd,) or of Recent age.
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OUTWASH GRAVEL IN THE MISSOURI RIVER VALLEY

A thick deposit of fluvioglacial gravel underlies most of the ter-
race that is 35 to 40 feet above the present flood plain of the Mis~
souri River, It is mostly of glacial origin but also contains 35 to
50 percent of well-rounded chert and quartzite pebbles of western
origin. This deposit was mapped where it is exposed or where auger
holes showed less than 3 feet of alluvium (older, as mentioned be-
low) of the Missouri River overlying the gravel.

PLEISTOCENE AND RECENT SERIES, UNDIFFERENTIATED

OLDER ALLUVIUM OF THE MISSOURI RIVER VALLEY

Fine-grained deposits of postglacial alluvium and slope wash
lie in the major valleys. They consist of clay, silt, and fine sand
that contains local lenses of coarse sand and gravel. On the basis
of the level of deposition, the alluvium is separatedinto two parts,
The older alluvium filled the valleys to a level 35 to 40 feet above
the present flood plains of the rivers and creeks of the reservation.
The high terrace deposits of Recent alluvium in the creek valleys
grade smoothly to the top of the older alluvial terrace of the Mis-
souri River,

YOUNGER ALLUVIUM, SLOPE WASH, AND EOLIAN DEPOSITS

Flood plains of the rivers and creeks are underlain by alluvium
that is lithologically similar to the older alluvium, However, this
younger alluvium is separated from the older by a sharp erosional
break. At some time within very recent geologic time the streams
have beenrejuvenated and have started to dissect the older alluvial
deposits.

In many areas, small valleys on the uplands are partly filled by
a combination of slope wash and alluvium. Generally, this fill is
of insufficient areal extent to be shown on the geologic map (pl. 1).
However, in a few localities it does supply water to shallow wells.

Loesslike eolian deposits of small areal extent are present in
scattered localities in the eastern and northeastern segments of
the reservation. Theyform a discontinuous mantle that is typically
only a few inches thick. In a few localities, however, this material
has filled shallow depressions and may be several feet thick. Be-
cause of the small areal extent of these deposits, and because they
are considered unimportant to the occurrence of ground water,
they are not shown on the geologic map.

315937 O -54 - 3
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STRUCTURE

The bedrock of the reservationis nearlyhorizontal; however, two
significant structural features have been recognized. The north~
trending Nesson anticline is a few miles west of, and parallel to,
the western boundary of the reservation. From its axis the beds
dip east and southeast to a broad north trending syncline whose
axis is near Elbowoods. Determinations of the altitude of the base
of the GoldenValley formationat several places on the reservation
confirm the general regional structure andindicate a difference in
the altitude of this horizon of approximately 500 feet between the
Blue Buttes and the axis of the syncline at Elbowoods.

Several minor flexures are imposed on the major structure. One
is arelatively sharp, narrow syncline superimposed on the major
syncline near Elbowoods. Another is an anticline that lies east of
Elbowoods and north of the Missouri River; its axis trends north-
east. Several of the major creeks flow along the axes of small
synclines.

The average dip of the beds is onlya few feetto the mile and the
maximum dip is probably 100 to 150 feet per mile.

Lignite beds are not satisfactory units to use for control in map-
ping the geologic structure, This is particularly true if correlations
across several miles of covered slopes are attempted. Information
from test drilling indicates that the lignite beds thicken, thin, de-
velop partings, and otherwise change character greatly within short
distances, and that the lignite beds are more numerous and thicker
in the subsurface than they are observed to be on the outcrop.
Apparently, slumping of the unconsolidated sand and clay of the Fort
Union formation over the slaked and weathered lignite near the
outcrop completely conceals some of the lignite beds. Under some
conditions, however, a lignite bed‘may- be used successfully for
structural mapping, especially if it is associated with some other
geologic feature., For example, near Sanish a yellowish-white bed
near the top of the bluffs along the river is underlain by a lignite
bed; this combination probably is a good horizon for mapping pur-
poses. The yellowish-white bed extends south into the valleys of
Lucky Mound and Skunk Creeks. A similar sequence (possibly the
same two beds) is present in the bluffs along Squaw Creek. Other
recognizable combinations of clay or sand with a lignite bed may
exist and may be usable as mapping horizons.

Structure appears to have considerable effect on the hydrology
of the area, Springs are more numerous in the synclines, andthe
areas in which test drilling found no water may have been on
anticlines.
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MINERAL RESOURCES

PETROL EUM

As of February 1952, oil test wells had not been drilled on the
reservation, At the time this report was compiled two wells were
being drilled within 5 miles of the western boundary of the reser-
vation. One had reached a depth of more than 13, 000 feet without
showing oil; the other,which was drilled onKeene dome near Keene,
N. Dak,, found good oil shows in formations of Mississippian age
at a depth of 8,000 to 9, 000 feet. Near Tioga, N. Dak., roughly
30 miles northwest of the northwestern corner of the reservation,
oil is being produced from formations of Ordowvician and Missis-
sippian age, These formations undoubtedly extend beneath the res-
ervation; however, it is not known whether theyhave structural or
stratigraphic traps capable of holding oil.

LIGNITE

Pishel (1912) and Bauer and Herald (1921) mapped,by planetable
traverse, the outcrops of lignite on the reservation. During the
present investigation their maps were checked and found to be ac-
curate; therefore, the outcrops were not remapped. Pishel assigned
numbers to the beds that are fairly persistent throughout the east-
ernsegment of the reservationand that are economically important,
In T. 147 N., R. 89 W,, the lignite beds are well exposed in the
bluffs that border the river valley. A bed65 feet above river level
was designated bed 1-A, and the next important bed, which is 135
feet above bed 1-A, was designated bed 2; these beds are 5 to 7
feet thick, InT. 147N., R, 87W., a 3- to 4-foot lignite bed, which
lies 60 to 80 feet above bed 2, was designated bed 3.

Andrews (1939) mapped the lignite in the area adjacent to the
eastern segment of the reservation, A lignite bed in sec. 3, T.
147 N., R. 87 W,, that was mapped by him as the Minter bed is
correlated by the writers with bed 3, and a bed in sec. 12 of the
same township that was mapped as the Minter bed is correlated by
the writers with bed 2, Andrews correlated the Garrison Creek
bed with Pishel's bed 2, and the Minter bed with bed 3. The writers'
field work indicates that the Garrison Creek bed correlates with
bed 1—A, and the Minter bed with bed 2.

Unweathered lignite is hard and massive and ranges in color from
dull to glossy black. Weathered lignite is usually soft, somewhat
woody or earthy in texture, and very dull brownish blafzk. On ex-
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posure, fresh lignite rapidly weathers and slakes, often causing
slumping of the beds that overlie the exposed face of the lignite;
consequently, the thickness of the exposed lignite may be much less
than the thickness of the unweathered bed. Almost everywhere the
lignite beds are underlain by gray clay that varies considerably in
both texture and permeability.

The lignite beds have burned in many places along the bluffs.
While the beds were burning, the material overlying the lignite
slumped and broke away in blocks, creating chimneylike openings.
Air flowing through the openings allowed the lignite to continue
burning, even under anoverburden of as much as 30 to 40 feet. The
overlying clay and sand were baked to a red toreddish-orange hard
bricklike material, and where the heat was sufficiently intense,
part of the overburden was fused into clinkerlike masses, The
amount and intensity of the alteration seem to have been directly
proportional to the thickness or quality, or both, of the burned
lignite., In many places the bricklike beds and clinker beds have
resisted erosion and now form the caps of many ridges and small
cone-shaped remnants of the softer strata. Although lignite beds
weather rapidly when exposed to air, they apparently resisted
erosion by glaciers., In several localities, flat areas were formed
when a glacier removed the unconsolidated material above alignite
bed and then slid over its surface. In at least one locality the lig-
nite under the till has burned and produced a clinkerlike material
that contains glacial pebbles.

Lignite beds in the eastern segment of the reservation range in
thickness from a few inches to slightly more than 8 feet. A thick-
ness of 9 feet of lignite is reported to have been penetrated at a
depth of 40 feet in a well drilled north of the reservation inthe
SWusec, 35, T. 148 N., R. 87 W. A thickness of 29 feet of lignite,
including a 3-foot clay parting, was penetrated during the drilling
of test hole 152~93-20bac,

Several beds of lignite 3 feet or more thick are exposed along the
lower road between Elbowoods and Nishu. In that locality the lig-
nite is mined by cutting short drifts into the beds. A minimum
amount of timbering is used. The mining is done during the fall
and winter, and the drifts are usually allowed to collapse during
the summer. In secs. 4, 5, and 6, T. 147 N., R. 87 W,, there are
about half a dozen open-pit mines along the slopes of the hills, Mines
in this locality are worked by stripping the overburden from the lig-
nite until further mining becomes difficult or unprofitable. Along
the outcrops are many favorable locations for mines; when it be-
comes necessary to close a mine, the operator may simply move
to some location nearby and open a new one,
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During the fall and early winter months of 1949 a lignite mine
was operated in the SWwusec, 11, T. 148 N., R. 87 W,, a bull-
dozer being used to remove the overburden., In sec. 23, T. 147
N., R. 87 W,, a bed of very good lignite is exposed 8 feet above
river level at a place where the river has removed the lower ter-
race deposits. This bed is about 6 feet thickand is covered by 20
feet of overburden, Lignite mines in the northern half of T. 147
N., R. 87 W,, and the mine in sec. 11, T. 147 N., R. 88 W,,
are above the proposed water level of Garrison Reservoir. Mines
along the bottom-land road between Elbowoods and Nishu will be
submerged.

SAND AND GRAVEL

Sand and gravel deposits are sufficient to supply the needs of the
reservation. Their source is either the glacial outwash deposits
or the higher terrace deposits along the Missouri River or its
tributaries.

Outwash deposits of sand and gravel are found in several places,
In the glacial moraine in T. 148 N., R. 89 W., numerous sand
and gravel deposits could be developed. Two small gravel pits
are in secs. 1 and 4 of this morainic area, and one moderately
large pit is on the reservation boundary on the north line of sec,
3. Gravel in the large pitis of rather poor quality because it con-
tains a large percent of clay and many large boulders. Gravelin
the small pits is of much better quality, Small hills composed of
outwash sand and gravel are in the western half of secs. 24 and
25, T. 148 N., R. 91 W. In an outwash deposit in sec. 12, T. 147
N., R, 88 W., the Fort Berthold Indian Agency operates a gravel
pit.

Some extensive gravel deposits are present beneath the higher
stream terraces along the valleys, In the valley of Lucky Mound
Creekone of the high terraces is underlain by gravel. This deposit
is one of the largest potential sources of gravel in the eastern seg-
ment, One gravel pit is now being operated in these terrace de-
posits near the place where State Highway 8 crosses Lucky Mound
Creek.

Most of the terrace gravel deposits in the eastern and southern
segments will be flooded by the water of Garrison Reservoir, but
many of the outwash deposits are onthe highlands and will be above
the level of the reservoir,
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HYDROLOGY

Ground water is derived principally from precipitation within
the reservation. A small part of the annual precipitation escapes
direct evaporation and surface runoff and seeps through the soil
and underlying strata. Precipitation that penetrates beyond the
plant roots eventually reaches the zone of saturation, where it
moves slowly to the streams and discharges by surface outflow or
evapotranspiration.

In the uplands most of the ground-water supplies come from the
Fort Union formation. Small amounts of water may be available
from thin alluvial deposits in small valleys on the uplands or from
glacial deposits,

In the lowlands most of the wells produce water from terrace
deposits or from the alluvium of river valleys. Several wells
in the river valleys obtain water from beds of the Fort Union that
underlie the terrace and alluvial deposits. A few flowing wells in
the valleys obtain water from either the lower part of the Fort
Union formation or the upper part of the Cannonball formation;
these wells range in depth from about 350 feetto 620 feet. Artesian
pressures in the intermediate water-bearing strata of the Fort
Union are not sufficient to cause the wells to flow,

WATER-BEARING PROPERTIES OF GEOLOGIC FORMATIONS

CANNONBALL FORMATION

A few wells on the reservation probably produce water from the
Cannonball formation, The deepest of four flowing wells in the
Missouri River valley near Elbowoods almost certainly obtains
water from the Cannonball, and it is possible that the other three
may also tap aquifers in the uppermost part of this formation.

The altitude of the contactbetween the Cannonball and Fort Union
formations ranges from about 1, 600 feet near the western boundary
of the reservation to about 1, 200 feet in the syncline near Elbo-
woods., Near the eastern edge of the reservation the contact is at
an altitude of 1, 400 to 1,450 feet. Test holes drilled in the north-
east part of T, 147TN., R. 88 W., show a slight change in lithology
below 1,450 feet. The writers interpreted this to be the contact
between the two formations. Unfortunately, a few fragments of
fossil shells that were obtained below 1,450 feet were too small to
be identified.

The flowing wells near Elbowoods produce water from aquifers
that are 350 to 620 feet below the surface. The owners reported
that the aquifers are fine sand, that the initial flows were 5 to 10
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gpm, and that the present flows are 0,5 to 3 gpm. A flow of 100
gpm was reported by the Corps of Engineers from the well that
was drilled into the Cannonball formationat the Garrison Dam site,

Moderate supplies of water can be developed in the Cannonball
formation from properly constructed wells, In the uplands, how-
ever, the cost of drilling wells 800 to 1,100 feet deep, as is re-=
quired, would be prohibitive in many cases.

FORT UNION FORMATION

Lignite beds and fine-grained sandstone in the Fort Union for-
mation are the source of water for nearlyall wells and springs on
the reservation, In general, the sequence of deposition of the units
of the formation was clay, lignite, and then a bed of fine sand or
silt, The clay beneath the lignite is not true underclay like that
associated with higher rank coal deposits, but it is sufficiently
tight and dense to restrict greatly the downward movement of ground
water (Roe, 1950), Consequently, water accumulates in the lig-
nite and in the overlying strata, which are much more permeable
than the ¢lay. The fine-grained sandstone probably releases water
slowly to the lignite, where it accumulates in open joints, The lig-
nite, in turn, transmits much of the water laterally to the outcrop
area. In some places where tight clay directly underlies a bed of
sand or silt, ground water accumulates in the sand or silt. The
lignite beds and associated underclay are apparently the controlling
factors in the lateral movement of ground water. Most of the
springs in the Fort Union formation issue at the contact of a bed
of lignite with the underlying clay. The lenticular nature of the
lignite and clay beds and the variation in texture and permeability
of the clay from one locality to another permit some downward
movement of ground water through those beds.

The general movement of ground water in aquifers that lie above
river level is toward the Missouri River. In the eastern segment
this movement is indicated by the configuration of the perched

- water table above lignite bed 2, (See pl. 2.) As only a small part
of the recharge tothis aquifer moves into the eastern segment from
the north, it is apparent that most of the recharge to this and
shallower aquifers is local. Ground water in the aquifers that lie
between lignite bed 2 and river level in the eastern segment pos-
sibly is derived in part by lateral percolation from the adjacent
region to the north,

Cable-tool drilling rigs obtaina higher percent of producing wells
in lignite than the hydraulic-rotary type of drill. The reason for
this may be that the repeated jarring of the drill bit fractures the
lignite, and that the fractures thus produced may connect with the
water-filled fractures, Conversely, the rotary drill cuts through
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the lignite quite smoothly and probably produces few fractures;
also, the drilling mud may seal off some of the aquifers, Blasting
the lignite that is penetrated in rotary drilling might permit water
to enter otherwise dry holes.

Little detailed information on the main zone of saturation is
available, Almost all wells that penetrate bedrock strata produce
water from a zone of permeable materials associated with one of
the thicker lignite beds. In the eastern segment the main sources
of water are associated with lignite beds 1-A and 2. (See fig. 12.)
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Figure 12. — Generalized cross section showing the probsble ground-water zones of the eastern
segment of Fort Berthold Indian Reservation.

Ground water associated with bed 1-A may possibly be in the main
zone of saturation of the Fort Union formation. Water levels in
wells drilled into the bedrock that underlies the alluvium or terrace
deposits are higher than the surface of the adjacent river, This
indicates that ground water from the Fort Union probably moves
into the unconsolidated materials of the valley fill, and also that
the recharge to the Fort Unionformation is not dependent on water
from the river,

The amount of water obtained from wells and springs penetrating
the Fort Union formation is rather small. As indicated by the re-
sults of the test-drilling program, productionfrom completed wells
ranged from less than 1 to 50 gpm, Well 149-94—25abc produced
about 100 gpm before it was cased and screened, but only 45 gpm
after it was completed. The reduced output was probably the re-
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sult of using only 4 feet of fine-slot well screen. The amount of
water yielded by springs that were inventoried during this investi-
gation ranged from less than 1 to 180 gpm,

Organic compounds dissolved from the lignite of the Fort Union
formation impart a brownish color to the water from some of the
wells and springs. An inverse relation apparently exists between
the flow of a spring and the discoloration of the water; water from
a spring of small flow is more discolored than that from a spring
of large flow.

GLACIAL DEPOSITS

Glacial depqsits on the reservation are relatively unimportant
as a source of ground-water supplies. Except in the recessional
moraines and buried valleys, they are generally less than 10 feet
thick, Only a few wells on the reservation are known to produce
water from glacial materials; in the southern part of T. 149 N,,
R. 88 W., about 1 mile north of the reservation, a few shallow
wells produce water from glacial outwash sand and gravel, It may
be possible to develop shallow water supplies on the reservation
near this locality, However, most of the wells in the area of the
moraine have been drilled through the glacial materials to lignite
or sandstone aquifers in the underlying Fort Union formation.

TERRACE AND ALLUVIAL DEPOSITS

Ground~-water supplies in the bottom lands are obtained either
from terrace and alluvial deposits or from the underlyingbedrock
formations, Most of the wells along major streams obtain their
water supplies from alluvial and terrace deposits of late Pleistocene
and Recent age; the ground water in these deposits is under water-
table conditions, The altitude of the water table in the terrace de-
posits is controlled by the water level in the major streams, Gen-
erally, the highest terrace deposits lie above the water table and
contain little or no available ground water.

OCCURRENCE OF GROUND WATER
EASTERN SEGMENT

The numerous farm wells of the eastern segmentand the 31 test
holes that were drilled there provide much information on the oc-
currence of the ground water, The main sources are associated
with lignite beds 1—A and 2 in the Fort Union formation. (See fig.
12,) Most of the wells and springs obtain water from a zone of
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saturation that is supported by the clay bed underlying lignite bed
2. A map showing the contours of this water table (pl. 2) was
constructed from water-level information collected as a part of
the inventory of wells and springs. Small water supplies possibly
can be developed at comparatively shallow depths from parts of
the recessional moraine in the north-central part of the segment.
However, test hole 148-89—11aa, which was drilled through 100
feet of glacial outwash in this moraine and 300 feet into the Fort
Union formation, did not produce sufficient water to justify its
completion as a well. Most of the farm wells in the moraine ob-
tain water from the Fort Union formation.

Of the 31 test holes drilled in the eastern segment, 18 were
completed as wells. The development of the wells was difficult
where silt and very fine sand were present in the aquifers. Well
148—-90—22bcc produced 20 to 25 gpm, but the water contained a
considerable quantity of sand and silt, and after several days of
pumping and development work the well was abandoned. Further
test drilling in this segment shouldachieve results comparabie to
those of the 31 holes already drilled.

NORTHEASTERN SEGMENT

Twenty-five farm wells were inventoried on the uplands of this
segment and the adjacent uplands outside of the reservation. The
deepest well inventoried, which was reported to be 340 feet deep,
is 2 miles north of Lucky Mound Creek. Many of the other farm
wells in this segment are relatively shallow, large-diameter,
bored wells having wooden casings. Almostall of the wells produce
water from the zones of saturation associated with one or more of
the lignite beds of the Fort Union formation. The authors know of
only two wells {(150—90—22ccc-and 150-90—25daa) thatproduce from
glacial materials. They were part of the test-driling program,
and they penetrated sediments in a buried preglacial valley. The
depth to the valley bottom was not determined, because the wells
reached only to 330 and 254 feet, respectively. Well 150-980—22ccc
could notbe drilled deeper than 330 feetbecause coarse graveland
cobbles caved into the holes.

NORTHERN SEGMENT

Less is known about ground-water conditions in the northern
segment than in any other. In this segment there are very few
springs and only one well. The paucity of springs probably indi-
cates either that relatively little water is present above the main
zone of saturation, or that the permeability is such that lateral
movement of water is restricted. Either condition would reduce
the probability that successful wells could be constructed in this
segment. Only 3 of the 6 test holes in this segment penetrated
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water-bearing beds. One of the dry test holes (150—-93—2cbb) was
drilled at least 50 feet below the level of the Missouri River,
which is less than 2 miles away. Either the main zone of satu-
ration is below the river level, or the clay and lignite penetrated
in the lower part of this test hole have very low permeability.

In view of the ground-water conditions and the poor results of
the test-drilling program in this segment, it is estimated that less
than half of any additional test holes could be completed as pro-
ducing wells.

WESTERN SEGMENT

There were no wells on the uplands of the western segment be-
fore the test-drilling program was started; however, the inventory
of several hundred springs indicated that considerable ground wa-
ter is available. Thirty-two of the fifty test holes were completed
as wells. This overall figure is somewhat misleading because
ground-water conditions vary greatly from one natural drainage
area to another. The natural drainage areas of the western seg-
ment are discussed below.

SQUAW AND MOCCASIN CREEK DRAINAGE AREAS

Only 6 of the 14 test holes that were drilled in Tps. 147 and
148 N., which include nearly all the drainage areas of Squaw and
Moccasin Creeks, yielded sufficient water to be completed as
wells. Much of this area is deeply dissected, and the area bor-
dering the Little Missouri River has typical badland topography.
The topographic relief between the level of the Little Missouri
River and the uplands of this area is more than 600 feet. The top
of the main zone of saturation probably is notmuch above the level
of the river, and it is 500 to 600 feet below the general upland
surface. The six completed wells produced water from semi-
perched water bodies 150 to 300 feet below the land surface. Ap-
parently, water is difficult to obtain in this part of the western
segment, and the proportion of completed wells probably would
not be increased greatly by drilling additional test holes.

SKUNK CREEK DRAINAGE AREA

The many large springs in this drainage area indicate that the
opportunity for local recharge is good. This is because of the
sandy nature of the thin cover of till and because of the thick sand
beds that here form the upper part of the Fort Union formation.
One of the largest springs on the reservation, near the southern

end of the Skunk Creek drainage area, yields 110 gpm from open-
ings at the contactof the sandstone with the thick lignite bed under-
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Iying it. This water-bearing zone is about 150 feet below the up-
land surface, but apparently it is absent in part of the area. five
of the eight test holes that were drilled produced water.

UPLANDS WEST OF SKUNK CREEK AND SOUTH OF BEAR DEN CREEK

The drilling program was very successful ih the upland areas
that lie west of Skunk Creek and south of Bear Den Creek. Nine
of the twelve test holes drilled in this area were completed as
wells. The water-levels in most were 250 to 350 feet below the
upland surface. Further test drilling probably will result in a high
proportion of completed wells.

BEAR DEN CREEK NORTH TO THE RESERVATION BOUNDARY

The best results of the entire drilling program were obtained in
the area from Bear Den Creek north to the reservation boundary.
Twelve of the fifteen test holes produced water. Several large
springs are the result of the concentration of ground water in
minor troughs on the flank of Keene dome. In all wells the water
level is less than 200 feet below the land surface, and in eight of
the wells it is less than 150 feet below the land surface. If test
holes are not drilled too near the badland areas of Bear Den,
Clark, and Blue Creeks, a high proportion of completed wells may
be expected from future drilling operations.

SOUTHERN SEGMENT .

Water-bearing material was penetrated in only 10 of the 20 test
holes drilled in the southern segment. Because the aquifers are
drained by many deep valleys, the main zone of saturation is far
below the upland level, The 10 wells that were completed probably
produced water from semiperched water bodies.

Small supplies of water might be developed at shallow depth by
drilling into the alluvial and glacial deposits of some of the valleys.
For example, well 147-91-27bdb, which penetrates a gravel bed
5 to 10 feet below the land surface, produced 0.5 gpm. If a well
were drilled 24 inches or more in diameter and 25 to 30 feetdeep,
it might produce sufficient water for stock and domestic use.

A more careful selection of the location of test holes with re-
spect to geology and hydrology probably would increase the pro-
portion of test holes that could be completed as wells.
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FLUCTUATIONS OF WATER LEVELS
Little is known concerning the fluctuations of ground-water

levels on the reservation. Periodic measurement of water levels
was started during the summer of 1949 and was continued through
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Figure 13.~—Hydrographs of typical observation wells in the Fort Bertlold area.
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the 1951 field season. In general, water-level measurements
show that in wells less than 50 feet deep the fluctuation is much
greater than it is in deeper wells. (See fig. 13.) In the shallow
wells the water level rose in response ta the spring recharge in
1950 and 1951 and gradually declined throughout the rest of those
years. In wells more than 50 feet deep the water level rose only
slightly during the period 1949-51; in several of the observation
wells that have water levels about 200 feet below the land surface,
the fluctuation was only a few tenths of a foot. Some of the fluc-
tuations in the observation wells are probably causedby variations
in air pressure.

PROBABLY EFFECT OF GARRISON RESERVOIR ON GROUND-WATER
CONDITIONS

The filling of Garrison Reservoir will cause a general rise of
the water level in wells that tap aquifers now discharging at or
below the operating level of the proposed reservoir. For a time,
the back pressure of the reservoir water will decrease or prevent
the discharge of ground water through springs below the reservoir
level; this damming action will cause a rise in ground-water
levels. Eventually, all of the permeable strata below reservoir
level on the reservation undoubtedly will become saturated and
hydraulically united. The rise in ground-water levels will con-
tinue until a new hydraulic gradient, based on the water level in
the reservoir, is established. The water levels in wells near the
reservoir should be the first to respond to the filling of the res-
ervoir. However, several years may pass before ground-water
and reservoir levels are in equilibrium throughout the reservation,

Within a few years the exposed faces of aquifers probably will
become partially plugged by suspended matter in the reservoir
water; much less water will then pass into the surrounding aquifers.

CHEMICAL QUALITY OF THE GROUND WATER
By H. A. SWENSON

The chemical quality of ground water on the Fort Berthold
Indian Reservation was determined from analyses of 39 samples
collected during the period August 8 to November 9, 1950, from
21 wells and 18 springs. The locations of these wells and springs,
most of which are on the uplands,are shown on plate 1.

The analytical data are helpful in identifying the aquifers from
which the water is derived. Of more practical significance, the
analyses indicate the suitability of ground water in the uplands for
domestic and stock uses. Adequate supplies of acceptable quality
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will be needed for relocated Indian families and for the facilities
of the Indian Agency.

Of 39 samples, 30 are believed to represent water from the
Tongue River member of the Fort Union formation and 2 from the
Cannonball formation. Seven samples represent water from the
Quaternary deposits, mostly outwash and alluvium. The distri-
bution of the 39 samples with reference to the area that will be
occupied by the reservoir and to the segments of the reservation
(see map, fig. 5) is as follows:

Distribution of sampling points

Sampling pointa
G phical area

Wells | Springs

[
-

Taking area for reservoir....,.
Eaatern segment,...........coceveee
Northeaatern t,
Northern segment..........c.....
Western segment,
Southemn segment,............cueme. ‘

Total

'NAONN
BluRommo

N
[

Seven of the eleven wells from which water samples were col-
lected in the reservoir area provide water for schools on the res-
ervation; 1 furnishes water to the Catholic mission; 1 supplies
water tothe town of Elbowoods, the Agency's headquarters (1951);
and 2 supply water to farms. Samples from 4 wells and 3 springs
in the eastern and northeastern segments were taken to evaluate
the quality of the water. The chemical character of ground water
in the western segment is described on the basis of 4 samples
from test wells drilled in 1950 and from 12 samples of spring
water. Samples from 2 test wells that were drilled in 1950 and
from 3 springs were analyzed to determine the quality of ground
water in the southern segment.

COMPOSITION OF THE MINERAL SUBSTANCE

The bulk of the residual salts from evaporated ground water is
composed of the carbonates (mainlybicarbonates when in solution),
sulfates, and chlorides of the alkalies and of the alkaline earths.
Silica, iron, manganese, fluoride, nitrate, boron, and other con-
stituents in water are normally in small but not necessarily in-
significant amounts. The composition of this mineral substance
is often anindication of the character of the bedrock strata or un-
consolidated deposits that yield the water, The approximate
amounts, in percent, of mineral solids of sodium, carbonate, and
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sulfate in water from the Tertiary rocks and Quaternary deposits

are as follows;

Average composition of water from Tertiary rocks and Quaternary deposits

[Percent of mineral solids]

Tertiary rocks
Quaternary
Soft water Hard water
Constituent (hardness 100 (hardness more (7"3;“‘;5)
ppm or less— than 100 ppm— P
) 10 samples) 22 samples)
Sodium (Na) 36 21 15
bonate 29 36
C (Coy. 31

Sulfate (SO‘)........................... 217 33 21

QUALITY OF WATER AND GEOLOGIC ORIGIN

Water from bedrock, as represented by water from the Tongue
River member of the Fort Union formation, can be classified
on the basis of hardness, which ranges from 20 to 905 ppm as
calcium carbonate. Soft water (hardness of 100 ppm or less)
usually comes from the wells or springs that derive water from
the older, deeper lying beds. It is likely that the softening of
the water is the result of a base-exchange process in which
calcium and magnesium in the water are exchanged for sodium
in the rock material. Hard water usually comes from wells that
are less than 200 feet deep, or from springs that issue from
shallow beds. The relationship of hardness to well depth for
water from the Tertiary rocks is shown in figure 14.

The concentration of dissolved solids in water from the Fort
Union formation ranges from 300 to 3,220 ppm; the average
concentration for the 32 samples from wells and springs is
1,490 ppm,

The hardness of water yielded by Quaternary deposits_is shown
in figure 14. In seven samples the hardness ranged from 271 to
509 ppm, and the concentration of dissolved solids ranged from
456 to 1, 510 ppm. The heterogeneous nature of the Quaternary
deposits is illustrated by the varied composition of mineral sol-
ids in the water.
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Mineral solids in water from Quaternary deposits

Dissolved Totsl Percent of mineral solids
Well number | Depth solids hardness Calcium
(feet) (ppm) (ppm) Sodium Carbonate Sulfate and
150-90--14cdd.... 9 456 379 3.1 42,5 17.5 28,1
149-90--24cda.... 21 520 427 1.4 36.3 9.2 27.9
147-90—4dbb. ... 31 982 429 17.7 33.3 24,4 14.1
149-90—17cbd.... 60 516 297 11.6 43.8 10.3 18.8
147-88-—29aaa,... 64 1,450 298 21.6 29.5 29,7 6.9
150-91-8dda......| 118 1,510 271 28.5 28.3 33,1 6.0
150-91-35cca.... 126 986 509 15.6 37.5 24,6 17.6
30 - -
20
10 % %
X . X o%s
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Figure 15.~— Graphical anslyses of ground wster.
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The chemical character of the water from wells and springs in
Tertiary rocks and from wells in Quaternary deposits is shown
graphically in figure 15, where concentrations of the principal
constituents are plotted as equivalents per million.

QUALITY OF WATER AND DISTRIBUTION OF WELLS AND SPRINGS

Water samples were collectedfor chemical analysis from wells
drilled by the Indian Agency in 1950 and 1951, from farm wells,
andfrom springs inthe uplands to obtain information on the quality
of available ground water. Water for drinking and general domes-
tic use- can be evaluated according to standards of the U. S. Public
Health Service (1946). These standards are for water that is to be
used for drinking and culinary purposes on railroad cars, air-
craft, and vessels engaged in interstate traffic. Although many of
the potential supplies on the Fort Berthold Indian Reservation do
not meet these rigid requirements, the water may yet be palatable
and cause no adverse physiological effects. The standards,
abridged, are as follows:

Maximum limits for certain constituents and for color in drinking water

[Public Health Service atandards, abridged. Expresaed in parts per milllon]

Iron and manganese.... o 0.3 Fluoridecciosenicanens
Magnesium,.eeeaens .. 125,0 Dissolved solids......
SULAtEuutrtettetreiserssesarersrresrnnrenentansannnes 250.0  COlOTuuuuurueurvnssssornsasssssesesanssssssrnsannnns 20.02
Chloride.iiaieiiietaisntciierenirarrorsesecncasasese 250.0

11,000 permitted.
2Filtered aupplies.

The Public Health Service standards place limits on the chem-
ical, bacteriological, and sanitary properties of a water supply,
but only the chemical requirements are consideredin this investi-
gation. Chemical analyses of all samples from wells and springs
are listed in table 2.
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Table 2, —Analyses

[Analytical results in parts per

“‘ ~~
> ° ~ ~
gl <] &l 2|2
~— o a ~
Source E § 3 B < e g .g g
23| 8 §_ 3 8 - ¢ Bl
g 0 - & = = & 8 o
v |a|Eld| " |8 %
b & 2
Wells
146-88-5¢ab Aug. 9| 65 28 0.26| 84 40 340
147-87-1Tbca Aug. 91130 [....415 |61 14 7.5 288
147-88-2%aaa Aug. 9| 64 31 {29 70 30 400
147-89-18cdc Aug, 9105 {.....[18 8.1} 17 53 260
147-90-4dbb, Aug. 9] 31| 49|28 .25) 86 52 174
147-90~5a2aa Aug, 10620 | 49]12 .16 6,0 1.2 914
147-90-22ccc Nov, 3150 | 47|17 1.7 | 80 54 332
147-90-25abc Nov., 3155 |.....|13 1.5 | 26 18 928
147-93-3dbb. Oct, 19 [223 26 16| 9.0f11 1,060
148-88-9add Aug. 9| 58 |eeee]10 .87 28 12 680
148-90-33dcc, Aug, 10 }1450-| 49| 8,9] .14| 6.0] 2.0 996
500
148-91-33daa Aug, 9136 |.....[26 |44 144 81 820
148-94-20ddd Oct, 12134 |....]23 .44] 14 28 250
149-90-17cbd Nov., 8| 60| 45/30 3.4 | 63 34 60
149-90-24cda Nov. 9| 21 ] 44}27 041105 40 7.1
149-94-25abc Oct, 7109 | 47|16 .42] 13 5.2 874
150-90-12adc. Nov. 9| 88| 43|18 JA2] 4 20 40
150-90-14cdd Nov. 9 9 | 43]22 .62f 91 37 14
150~91-8dda Nov, 3]118 | 46|33 .83] 64 27 430
150-~91-35cca Nov, 8]126 | 50{27 3.8 [128 46 154
150-94~28ada Aug. 18 |414 ] 52|21 1.1 |10 4,111,090
ings
146-91-5¢cbal Aug. 9 leeses] 48[15 0.20] 11 8.3 144
146-91-5cba2 Aug, 9 |leeesne foneed7 .25} 37 |28 169
147-91-23bdb, Aug. 9 feeeccefoeee |14 7.3 1 22 11 304
147-94-4dda Aug. 8 leese| 25]28 J21 206 95 244
148-88-36cddl Aug, 9 leeee.| 52|29 |25 56 39 317
148-90-21aab Aug, 9 |lee...| 46]16 1.1 j110 56 73
148-92~4cbd Aug) 8 leeess| 46]19 271 42 23 18
148-92-11aca Aug. 8 leeees| 4919 1.0 | 50 29 28
148-93-1Tbdd Aug. 8 1.2 | 68 44 496
148-93-31dbd Aug. 8 .83(121 68 162
149-92-30cab Aug. 8 .19] 38 22 359
149-92-35bda Nov. 8 .o .18] 72 39 58
149-94-3aba Aug, 8 leeese| 48|13 121 5,01 3.7 792
149-94-15ccd Aug. 8 Leeeso| 49|14 22| 34 23 477
149-94-36dad Aug. 8 heeeee] 44115 .54! 1.0] 5.2 500
149-94-36dbb Aug. 8 Lesees | o0ee |35 .18] 90 47 120
150-90-4bca NoV., 8 hesese| 45{17 .07] 65 31 56
151-94~6bbd Nov. 8 heeses 45{20 .041 25 10 542
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of ground water

million except as indicated]

o | Hardness
0 = —~ 3
HIERE Sle|g | e, ol d] [Bgn
AR I RN A R - - A AP ¢ £
£9 g 53 1 B8 | 8| 83| 3 (ae g% |HEER
Selel % | A 2B | & |A7| & |gg 8| ©|2%8s
[ m Q [™%) -4 Z 8 &) 12
Wellis
7.6 0.4| 3.20.20(1,340 | 374] of 66| 7.5 1,900
4.6 .2l 0] .20| 818| 66/ o] 90| 7.9 1,200
o .41 3.8] .20|1,450 | 298| o 74| 7.4| 2,030
7.8 .41 1| .10|1,160 | 410 of 57| 7.5 1,650
9.0 .4]16 .20 | 982 429| of 46| 7.6| 1,420
3.3 .61 .8 .20]2,210] 20| 0] 99] 8.1 3,460
8.5 heessee| 1.5 | .30 |1,440 | 422] 18] 63] 7.9 2,010
5.6 .61 2.2 .00|2,770 | 139 o 93| 8.2| 3,900
4.4 1.0 2.5| .00 2,880 | e8| of 97] 8.7| 4,060
8.9 .41 4.2} .20]1,860 | 107 of 93] 7.3 2,650
4,0 1.4| 1,1 .20 (2,360 | 23 of 99 8.1 3,540
8,411,090 ...} 1,590 | 11 .2} 7.1 .10 |3,220 | 693 o| 72| 7.3} 4,100
4,6 581 |....] 378 2.0 .6| 1.5 .10 [1,050 | 300] o] 64} 8.0] 1,490
4.4| 452 [..... 53 5.0 fieeees | 1.0 516 | 297] o] 30| 7.6/ 748
1.8| 378 |... 48 |23 22057 leesssss| 520 | 427|127| 3] 7.6 811
4.8| 964 ] 18] 1,110 40| 1.0 2.8 .30 )2,520 | 54| o] 97| 8.3] 3,440
2.8 196 |iee| 111 5,00 10| .9 .00| 344 192]| 31| 31} 7.5/ 530
2.5 388 |eee. 80 |10 .2| 3.1 .00 456 | 379( 61| 7| 7.9 708
11 854 lu...| 500 |16 3.1 1,510 | 271} o] 77| 7.8] 2,160
7.2| 1740 243 9.0] .4] 5.9] .00 | 986 | 509| o} 39] 7.3} 1,440
3,7{1,440 | 47] 1,140 | 4.5] .8} 2.7 .20 {3,020 | 42| o] 98| 8.5| 4,140
Springs

4.8] 780 18| 955 5.0 0.8 1.7]0.20 2,130 62| ol 96| 8.2] 3,070
54| 430 |....| 218 1.0 .4 1.2] .2 706 | 208| o] 63| 7.4| 1,050
4.6| 602 2170 2.0 .2| 1.2 .20{ 974| 100f of 86| 7.5| 1,410
7.6| 1756 760 2.0 .2| .9 .10 |1,720 | 905|288 37| 7.2| 2,250
8.0| 688 [see| 415 5.0 .2| 1.9 ] .20 1,230 200] o] 69| 7.3| 1,750
3.8| 484 278 2.0 .2| 1.4 .20 | 804 | 505|108 | 24| 7.2| 1,140
4,41 236 |... 50 10| .2 .6 |eueweees] 300 200 6] 16| 7.1| 447
3.4| 284 [ 75 1.0 .2| .9 .20| 368 244| 11 20| 7.1| 550
4.4| 862 |eewaf 700 2.0 .6f 1.7 .20 |1,760 | 346] @] 75| 7.7] 2,500
5.2| 590 |ieee| 435 3.0 .4 1.2 .20 |1,100 | 582| 98] 37| 7.5] 1,560
3.4 636 |u..| 420 2.0 .4 1.8 .20 1,180 | 186 0] 80| 7.7] 1,740
3.4 398 |... 142 5.0 leceeea | .6 518 | 340| 14| 27| 7.2{ 825
3.6 972 | 59| 79 3.0 1.4 5.2 | .20 {2,150 | 28| o 98| 8.3] 3,100
3.8| 870 l...| 500 2.0 .8l 3.8 .30 |1,490 | 180 o 85] 7.5] 2,140
3,4 1720 L...| 505 6.5] 1.0] 8.5 {eeeeeneef1,420 | 39| o] 98| 7.7] 2,090
3.2| 608 190 1.0 .6] 1.0 .10| 84| 418] o] 38| 8.0] 1,160
2.6| 366 [eeeee 98 |13 6] .5 beesewns| 470 ] 200] o] 29| 7.6] 715
2.2]1,010 [....| 450 8.0] .6] LT lveee}2,560 | 104] 0] 92| 8.0{ 2,310
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TAKING AREA FOR GARRISON RESERVOIR

Eleven wells were sampled in the area that will be inundated
upon completion of Garrison Dam. The suitability of these sup-
plies for drinking and domestic purposes is as follows:

Chemical analysis, in parts per million, of domestic water supplies in taking area for

GarrisonReservoir
Dis-
Well Owner Iron | Mag-{ Sul- Chlo- | Fluo- | Hard- | ;51yg
nesium] fate ride ride ness
solids
146-88-5cab...|Beaver Creek School.} 0,26] 40 435 3.0] 0.4 374 | 1,340
147-87-1Tbca. Wilde...ooneeee. 61 1.5 85 3.0 .2 66 818
147-88-292aa.{Nishu School........... 30 430 20 .4 298 | 1,450
147-89-18cdc. |Red Butte School.....| 8.1 | 53 440 4.0 .4 410 | 1,160
147-90-4dbb...|Town of Elbowoods...| .25| 52 240 21 .4 429 982
-5aaa,, Jfacob A. Rapp........| .16] 1.2 2.5] 3814 .6 20 | 2,210
148-90-33dce, {Catholic mission......| .14] 2,0 2.5] 149 1.4 23 | 2,360
148-91-33daa, {Charging Eagle Day..iM 81 1, 590. 11 .2 693 | 3,220
School.
149-90-17cbd, fLucky Mound School.] 3.4 | 34 53 291 516
150-91-8dda...|Shell Creek School...] .83] 27 500 271 | 1,510
-35cca.jIndependence School | 3.8 | 46 243 509 986

EASTERN SEGMENT

Water from well 148-88—9add, bored 58 feet deep and tapping
the Fort Union formation, is moderately hard (hardness 107 ppm)
and contains mostly sodium bicarbonate and sodium sulfate. This
water is undesirable for drinking because of the high mineral con-
tent of 1,860 ppm, the iron content, and the characteristic
“soda” taste. Nevertheless, itis usedfor both domestic and stock
purposes.

A bored well (149-90—24cda), 21 feet deep, produces water from
the Quaternary gravel deposits. The water is of the calcium bi-
carponate type and, except for its nitrate content, is chemically
acceptable for general domestic use. The nitrate (NOs) concen-
tration of 57 ppm may be indicative of some pollutionfrom surface
inflow. A nitrate content higher than 45 ppm is considered by
some authorities to make water unsuitable for use by infants, be-
cause it may cause infant cyanosis (“blue babies®™).

Two springs, 148-88-36cddl and 148-90-2laab, issuing from
lignite seams, furnish water that is used domestically, Except
for excessive amounts of iron, these supplies are of good chemi-
cal quality.

NORTHEASTERN SEGMENT

In the northeastern segment samples were collected from two
wells, 150—90-12adc and 150—-90—14cdd, which are the least min-
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eralized of samples collected from 21 wells on the reservation.
However, water in well 150-90-14cdd contains 0. 62 ppm of iron,
which exceeds the recommended limit.

A sample was collected from spring 150—-90—4bca that issues
from lignite at a rate of about 3 gpm. This water is relatively low
in mineral content (470 ppm of dissolved solids) and is used for
the watering of stock.

WESTERN SEGMENT

Considerable attention was given to obtaining adequate water of
good quality on the uplands in the western segment of the reser-
vation. Samples were collected from four of the test wells that
were drilled during 1950, The depths of these wells range from
109 to 414 feet. These wells tap the Fort Union formation and
produce water of the following chemical characteristics:

Chemical characteristics of water from wells in western segment

Depth Dissolved | Hardness
Well number | (feet) solids (ppm) Remarks
(ppm)
147~93—~3dbb 223 2,880 68 | Soft; contains sodium bicarbonate and sulfate.
148-94-20ddd 134 1,050 300 Hard; contains cslcium bicarbonate.
149-94—-25abc 109 2,520 54 Soft; contains sodium bicarbonate and sulfate.
150~94—28ada 414 3,040 42 | Soft: contains sodium bicarbonate and sulfata;
excessive iron,

Wells 147-83-3dbb, 149-94-25abc, and 150-94—28ada produce
water that is objectionable for drinking purposes or general do-
mestic use because of the high concentration of dissolved solids.
Water from well 148—94—20ddd is hard but of much better quality.

In samples collected from 12 springs in the western segment,
the concentration of dissolved solids ranged from 300 to 2,150
ppm, and the hardness ranged from 28 to 905 ppm. Average
values for dissolved solids and hardness are 1, 200 and 298 ppm,
respectively. Several of these springs yield water of good quality
exceptfor color, which may be as high as 400 ppm on the standard
platinum-cobalt scale. Color (straw to dark brown) in spring wa-
ter is common in an area of lignite deposits.

SOUTHERN SEGMENT

Two wells were drilled in the southern segment in November 1950
to obtain data onthe quantity and quality of the ground water. Well
147-90-22ccc, 150 feet deep, produces hard water (hardness 422
ppm) from the Fort Union formation. The mineral content of
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1, 440 ppm is higher than desirable, and the iron contentof 1. 7 ppm
is excessive. Well 147-90-25abc, 155 feet deep, produces moder-
ately hard water (hardness 139 ppm) from the Fort Union forma-
tion. It is almost twice as mineralized as the water from well
147-90-22ccc, and it contains about the same concentration of iron.

A soft water, essentially of the sodium bicarbonate, sodium
sulfate type, is obtained from spring 146—91-5cbal which issues
from a bed of lignite. This water is of poor quality because of the
high concentration of dissolved solids (2,130 ppm). In the same
10-acre tract a hard water of better quality flows from spring
146—-91—5cba2. Spring 147-91-23bdb yields a soft water that con-
tains 974 ppm of dissolved solids. This water is of good quality
except for the high concentration of iron (7.3 ppm).

SUMMARY ~

Domestic and stock-water supplies on the Fort Berthold Indian
Reservationare obtained principally from the lignite and sandstone
beds of the Fort Union formation in the uplands and from alluvial
deposits in the valleys. A few wells on the reservation are known
to produce water from glacial deposits, although morainal and
outwash deposits in part of the area are potential sources of
shallow ground water.

The ground-water conditions of the uplands were of primary
concern during this investigation because the valleys will be in-
undated by the water of GarrisonReservoir. At least 90 percent
of the wells on the uplands produce water from the Fort Union
formation. In most areas there are one or more zones of satura-
tion supported by relatively impervious clay beds. At or below
river level is a main zone of saturation that is seldom reached by
wells on the uplands because of its great depth. Production from
wells that penetrate the Fort Union formation ranges from less
than 1 to 100 gpm,

The many springs along the sides of the valleys have served for
years as the only source of stock and domestic water for some of
the Indian families. The largest spring flowed at the rate of 180
gpm when measured during the fall of 1950, Many springs yield
from 10 to 50 gpm. According to the Indians, the flow of the
springs was not appreciably reduced during the drought years of
the 1930's.

The test-drilling program conducted as a part of this investiga-
tion provided hydrologic and subsurface geologic information for
the entire reservation. During 1950 and 1951 a total of 113 test
holes was drilled, 68 of which produced sufficient water to justify
their completion as wells. Relocation of the Indian families to the
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uplands will require many more wells than have been completed
in the present drilling program.

Water from bedrock, represented by the Tongue River member
of the Fort Union formation, may be hard or soft, depending to a
considerable extent on the depth of the well or the origin of the
spring. This water is used extensively for domestic and stock
purposes. Water from the Quaternary deposits is hard, but gen-
erally it is lower in mineral content than water from the Tongue
River member of the Fort Union formation. The quality of water
in wells that will be inundated upon‘completion of Garrison Dam
was determined for future reference.

On the basis of four analyses of the ground water, it is apparent
that shallow wells in the eastern and northeastern segments yield
water of the best quality. A well 150 feet deep in the southern
segment produced water of fair quality. Of 4 wells drilled in the
western segment 3 produced water that contained more than 2, 500
ppm of dissolved solids.

Several springs, particularly in the western segment, could be
used satisfactorily as supplies. However, some of the water is
objectionable because it contains iron and is straw to dark brown
in color.
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TABLE 3

Table 3.—Test holes drilled and wells completed in 1950—51
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[Use of well: D, domestic; S, stock; T, test well drilled primarily for stratigraphic information,
Altitudes of land surfaces given in hundredths were determined witha spirit level; in tenths,
with an alidade; in feet, with an altimeter]

Well number
. : Use | Total Depth of | Depth to | Altitude of s
G§$v°§;f“ SI:::;:!; depth | completed | water land sure- Yield
well | (feet) well(feet) (feet) face (feet) (gpm)
146-88-10cha.....] 2] b 310 298 152 |icrecseecsessessesess] 15
146-89-5ad........} 521 8§ 400 erceecorssenrsce] soncarcronnes ,149.6 Dry
146-89-8aab......J 10] D 400 ceoverssens Dry
146-89-9ccb......J 141 D 290 7 3
146-90-5daa......J 18| D 255 229 139 licesecsercecoenacaens] 3
146-91-8caa......d 8|l D 190 170 86 |eeecseccnsrorencanaes| 12
146-92-14bb......J 49| s 390 . 2,258, 5 Dry
147 -87-3cdb...... 3| D 500 2,014 Dry
147-87~12baa. 33| D 145 Dry
147-87-12bab. 4| D 480 465 206 1,959 30
147-87-13bcb. 31} D 275 261 204 lucecsaescasesncsnane .2
147-87-13bcCuveee 30| D 205 Dry
147-88-1abd......J 35| D 500 Dry
147-88-lach....... 371 D 500 Dry
147-88-3aba...s..4 26| D 405 2,052 Dry
147-88-3abCescessd 321 D 500 439 287 2,038 .2
147-88~11baa..... 60| S 400 1,996.2 Dry
147-88-11bab..... 271 D 500 1,961 Dry
147-88-11bdcl... 28| D 195 Dry
147-88-11bdc2... 29| D 500 © 461 167 1,879 25
147-88-12bad..... 61L]|T,S 500 489 229 1,961,7 25
147-88-12cab..... 25| D 500 483 219 1,950 15
147-88-12cbb..,.. 23| D 122 |..... Dry
147-89-31ad......J 53] s 270 2,162.3 Dry
147-90-19cdc.....] 51] s 405 2,151.4 Dry
147-90-20ddb..... 11 D 400 84 42 |ieseessecsnssesonsens 3
147-90-22ccConeee 50] s 150 150 14 2,028.8 8
147-90-25abc....e 54] s 163 155 98 1,869.3 2
147-91-17aad..... 48] s 400 2,169.2 Dry
147-91-22aad.....{ 431 s 400 88 50 2,256.5 2
147-91-25daa.....| g1 D 186 126 9 liveserssncssnorocanes] 1
147-91-2Tbdb...... 4“4 s 400 24 3 2,208.7 0.5
147-91-30aaa.....] 46| S 400 |. 2,260.7 Dry
147-91-33add.....} 471 S 405 2,307.6 Dry
147-92-21da......J 42| s 405 2,287.6 Dry
147-92-36bc... 0.4 451 S 405 2,312.1 Dry
147-93-3dbb......d 38| s 250 223 2,000, 55 12
147-93-15bcd..... 37] s 405 Dry
14T-94-2ad........ 321 s 315 2,244.19 Dry
148-88-8ddC.ee.eed 201 D 195 183 118 Jeeceesecscorcrncsesed 1
148-88-13bcb..... 22| D 170 146 97 15
148-88-16daa..... 18| D 160 148 106 6
148-88-26bad..... 24| D 435 382 266 |eececoresessoncanae .2
148-88-35aCa0ee0s 211 D 505 476 305 . 1.2
148-89-7ddd.,..... 591 S 259 256 180 2,108.3 20
62] s 400 2,127.3 Dry
cenee 191 D 295 290 222 |.. cesescese 1.5
148-89-28ach,.... | D 405 358 199 |icveesrcenseeneecess] 30
148-90-8bb....... 641 s 405 2, 107 6 Dry
148-90-10cda..... 63 S 153 151 95 2,075.7 12
148-90~22bcC.seee 65| s 270 235 135 1, 926, 8 25
148-90-23abc,.... 17| D 175 167 121 | eseccorconcscncess 2
148-90-23dde..... 16| D 292 Dry
148-90-24dcc..... 15| D 391 359 315 | cecescecscccccoccnes .5
148-92-3dba...... 3|T,S 510 2,217, 45 Dry
148~92=5.,..000res0s . 56 400 2,3217.3 Dry
148-93-9bbc...... 41T,S 510 40 19 1,955, 26 12
148-93-20bca..... 29] S 450 2,211, 40 Dry
148-93-32¢db..... 31| s 400 2,131,25 Dry
39| s 450 2,366, 20 Dry
30| s 450 2,236, 7 Dry
148-94-20ddd..... 351 S 135 134 44 2,307.52 21

1Small yield at shallow depth; well was cased at request of owner,
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Table 3.—Test holes drilled and wells completed in 1950—-51—Continued

Well number
Use Total | Depth of Depth to Altitude of
Geg:sie;al slndianeﬂme of th | completed water land sur~ (‘g;:s

well (feet) | well (feet) (feet) face (feet)
148-94~26dca....... 33 S 290 290 223 2,262, 63 8
148~94-33acd.......| 34 S 200 147 78 2,279,39 17
148-95-1dbb........ 22 S 240 224 176 2,506, 62 8
148-95-13adc....... 36 S 400 2,444, 2 Dry
149-90-11ada....... 38 D 245 210 1589 leeconcccecsrnnses | 10
149-91-1Tbab...... 57 S 400 2,176.6 Dry
149-91-30ccd.erees ‘55 S 375 2,195, 2 Dry
149-91-33bce 58 S 400 347 217 2,009.5 4
149-92-29dcc 41 S 404 404 297 2,183.9 12
149-93-10a32.c00e00 27 S 450 2,296,91 Dry
149-93-14ccCananes) 28 S 450 432 316 2,248. 67 12
149-93-18ddb.......| 25 S 465 456 362 2,335.26 6
149-93-25ddd. ... 2 |T,S 510 147 100 2,064, 55 4
149-93-34aca....... 40 S 372 357 288 2,121,2 2
149-94-Tcad........ 19 S 450 423 243 2,267,117 12
149-94-9aba........ 15 S 420 2,389, 02 Dry
149-94-14aaa...... 26 S 450 420 316 2,305.79 15
149-94-25abe...... 1 S 285 109 32 2,128,91 45
149-94-27daa....... 20 S 450 2,361.23 Dry
149-94-29abb,......, 21 H 240 224 75 2,396. 76 7.5
149-95-25aa........ 24 S 450 2,385, 26 Dry
149-95-36dbd....... 23 S 225 223 156 2,503.81 10
150-90-13aca 40 D 305 298 PAT: I (R .
150-90-16cbb 5 D 405 2,042.5 Dry
150-90-22¢ccc. 6 D 330 297 216 2,045, 1 20
150-90-25daa....... 7 D 260 258 173 2,005, 2 15
150-90-28ddc....... 2 D 265 255 174 2,004.8 25
150-92-2aba........ 67 S 405 383 151 1,930.8 25
150-92-14abd....... 68 | T,S 500 362 153 1,947.6 15
150-93-1dda........ 69 S 330 296 224 2,177.6 1
150-93-2adc........ 3 D 405 2,141, 17 Dry
150-93-2cbb.... 4 D 495 2,166.8 Dry
150-93-11baa....... 1 D 405 2,224.2 Dry
150-94-28ada....... 17 S 420 414 287 2,266.0 15
150-94-32ccb..e.ee. 16 S 420 391 359 2,372,08 3
150-94-35ach, 18 s 420 368 250 2,244.1 20
150-95-13dcc 100 | T,S 510 222 150 2,169, 58 6-10
151-94-9add.. 14 | T,S 510 2,124, 54 Dry
151-94-28daa. 12 S 240 233 172 2,348.49 1.5
151-95-24acd... 13 s 390 2,357.68 Dry
151-95-36ach... 11 S 225 196 165 2,297.94 9
152-93-18dcb... 41 D 225 209 111 feeceereseessecsees | 50
152-93-20baa... 42 D 255 253 162 1,975 4
152-93-20bac... 5 | T,S 510 205 129 1,932.46 8-10
152-94-11dac... 44 D 190 89 23 Jeceriacnseatocenne §(7)
152-94-16cca... 8 S 180 178 88 , 145, 8
152-94-25¢cc... 43 D 230 229 107 2,075 1
152-94-25daa... 7 S 255 240 106 2,014, 02 3
152-94-32bbb... 9 S 225 203 105 2,185.90 4
152-94-33bbb2.. 45 D 275 2,188 s tususnss
152-94-35dca. 6 S 210 204 160 2,116, 02

% ast well drilled in 1951; not completed at time of report.
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Table 4.—Logs of test holes and wells drilled in 1950—51

[Wells drilled in 1950 are marked by an asterisk; the drillers® logs for these wells were modified
after examination of drill cuttings with a binocular microscope. Other wells were drilled in
1951; the drillers’ logs for these wells were not modified by microscopic examination of drill

cuttings]

146-88-10cba

Thick-| Depth] Thick-| Depth
ness | (feet) ness | (feet)
(feet) (feet)
Topsoil 5 5 Clay, gray, with thin lignite
Clay, yelloW.iieieeesooroossossee| 13 18 bed. 38 {226
Sand and claY..ccesececseosescess | 20 38 Sand 2 [228
Sand, 18 56 Clay, gra¥.cesscsssesecsecsceses | 14 | 242
Lignite 7 | 63 Lignite 3 |245
Sand, 33 96 Clay, gray, with lignite
Lignite, erovers 6 | 102 10 | 255
Clay, gray and green.ceceeeses 52 154 20 275
Sand, 34 188 33 308
2 310
*146-89-5ad
Sand, clay, and scoria.ceveeenes 5 5 Clay, silty, graViicessssceceees| 13.5] 225
Sand and clay..ccceececacecsenese | 10 15 Lignite, T 1232
Sand 15 30 Clay, silty, dense, gray.....| 35 |[267
Sand and gray clay..ceeseceeses 5 35 Clay, carbonaceous, brown,. 3.5]270.5
Sand and chert fragments..... 10 45 Clay, graY.cecsesesscossoseecsess | 34,5 305
Sand, 27 72 Clay, gray, and lignite...... 5 310
Sand with gray clay and Y, X8V eeressscrscseescencense | 13 | 323
lignite fragments..eessssacess| 6 | 78 Lignite. 7 |330
Sand, 45 123 Clay, Sra¥eceseescsssasessssesces 5 335
Chy' ErAY cossvessosnsoncrsversese 40 163 Sand 10 345
Clay, cnsceous, gray Clay, silty and sandy, gray..| 22 | 387
and 5.51168,5|| Clay, gray, with small
Lignite, 2.5{1mMm amount of lignite.ecessesese 4 3
Clay, silty and sandy, dense, Clay, graY.ssesesssesesessscsese 4 |375
29 200 Clay, gray, with small
Sand, 5 205 amount of lignite.eeeesseene 5 |388
Clay, sandy, graY.weceescoress 4.5} 208,5|| Clay, silty, graY.ccecrceseeses | 20 | 400
Clay, silty, , with small
amount of m-nnm“. 2 (8115
Topsoil $ 12 175
Sand and clay,..cicessssessssecss 3 10 |185
Gravel 5 13 Clay, sandy.ceeseesssesosesecsce 12 197
Cl.y s BFRY ccsonvvesesssvssnsavene 3 16 M"‘ 7 204
u“i"“ y 5 21 Clay, undy. BraY sevevsssnscos 6 210
Clay, gra¥eiceesserssessoscscesnss | 65 86 Sand, 2 |212
Lignite 2 88 Clay, 8ra¥.ceecesnseecsesesscesss | 17 | 289
Clay, graV.cecsssesssroecscscess 24 |112 Lignite 6 1295
Sand, 1 113 Clay, EI%Yesecsssscsecssoseessees | 21 316
Clay, 8ra¥mescsessssssevssssscsss| 37 | 150 Sand 15 |33
Sand and ChY””uonnmonou 13 163 Chy, BYaAY cesssssesnnessccnsecses 1 338
Sand 64 402
*146-89-9cch
Topsoil 5 5 Clay, gray and broWna.eeeeesedpe 14 209
Gravel 9 14 Sand, 2 211
Lignite 2 16 Clay, 8ra¥ecescssesesssssssecsees | 15 | 226
Clay, 8raVececcescccscoscacessees 39 55 Clay, gray, with thin lignite
Clay, gray, with thin lignite beds 16 242
beds 28 | 83 || Lignite 5 [247
Clay, gray, and sand.scecesees] 44 | 127 Sand. 2 249
Clay, EraV.cscescsascceseascasese 1 134 Lignite, 3 |252
Sand, 16 150 Clay, gray, with layers of
Lignite 5 155 sand 17 269
Sand 24 179 Sand 21 290
Clay, gray, and a small
amount of 8andeceessserceasess| 16 | 195
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Table 4,—Logs of test holes and wells drilled in 1950~51— Continued

Thick~ | Depth Thick~| Depth
ness (feet) ness | (feet)
(feet) (feet)
146-90-5daa
Topsoil 4 4 || Clay, 2ray.cececccssecossocsceses | 4 54
Clay, grayeccecssesscscscscscnccene| 14 18 || Lignite 6 - 60
Lignite 7 25 1]Clay, 2ray.cccecssoscosssscscesces | 112 172
Clay, 5andY.ceeessecseaccscosscrese 5 30 ||Sand 44 216
Sand, 20 50 Lignite, 2 218
Clay, S12¥.cccerseccecseesesansees | 37 255
146-91-8caa
Clay, YelloW.iseerseesesssrecsoase 5 5 |!Lignite 6 68
Clay, yellow, and gravel......y 3 8 || Clay, SraYeeccssseoessnseccncsess | 12 80
Clay, yellow, 6 14 || Lignite 5 85
Clay, carbonaceous, and . Clay, 2raY.ceesescsnsescescessecss | 33 118
lignite 6 20 Lignite 6 124
Clay, @ray.ceeccsssescssen 15 35 || Clay, 2raY.ecsscseseccesecocsases | 28 152
Clay, brown, and gravel... T 42 |{ Sand 11 163
Clay, 8raYeececsserceccsssasesseass| 20 62 || Lignite, 5 168
Clay, 5andyeeeeseccsssescoseceesee| 22 190
*146-92-14bb
Silt, ¢ 3 3 | Clay, 2ray.cceccescsecscncocecssse | 7T 172
Clay, silty, ssesessasesrasnces 3 6 || Lignite 4 176
Silt, sandy, tan, with pebbles] 2 8 || Clay, silty, graY.ceesesesseseses | 31 207
Clay, silty, brownecesssessesses 7 15 || Sand 28 235
Sand, 2 17 (| Clay, sandy, 8raYeesessssesesss 5 240
Clay, sandy, taNcceecsssceceeces 1 24 || Sand 14 254
Sand 16 40 || Lignite 6 260
Sand, with pebbles and frag- Lignite and carbonaceous
ments of CONCretionS,eeeeceses| 5 45 clay, 2 262
Sand, and a small amount Clay, silty, 8raV..cccescovecsecess] 3 265
of clay, 5 50 || Lignite 3 268
Sand 5 56 Clay, silty, gray, and
Sand, pebbles, and silty clay.] 4 59 lignite, 6 274
ClaY, EraYeescececsssescssocssscsee| 35 94 }|Sand 21 295
Lignite, 6 100 Clay, gray-green.cecescsecseesss| 5 300
Clay, gray.......................... 16 116 || Sand "5 305
Clay and lignite.cseeees. oo 1 117 |] Lignite and small amount
Clay, sandy, graYeccesesecersoses 3 120 of sand 6 311
Clay, gray-green, with small Lignite 3.5| 314.5
amount of lignite, 5 125 Clay, graY.ceesscecseccscscoseescss] 8 322.5
Clay, gray.eeeccscsses. o4 11 136 Lignite 1.5| 324
ite 4.5 | 140.5| Clay, gra¥.ecsssssessassascrassanes| 21 345
Clay, graYeeesesssssecscsercecescsd 4.5 | 145 || Lignite 15 360
Sand 10 155 || Clay, gray, and lignite.ceesess| 5 365
Cth BT2Y ceseossassrcscesesssacsend 5 160 Sand and lignite.esseescecsssssace 5 370
Clay, silty, gray, with small Lignite and small amounts of
amount of lignite..eeessssseces 5 165 clay and sandeeesessseseessees| 5 375
(NO s2mple).creecesseccocoscosseee| 15 390
147-87-3cdd
Topsoil 2 2 Sandstone, 2 280
Clay, yellow, 25 27 || Sand, gray.ccesscescsescascssences | 22 302
Lignite (no sample)eccecssaceeeas 1 28 || Lignite 6 308
Clay, blue... 22 50 || Clay, sandy, grayeeceseccescessee] 44 352
Lignite, 2 52 Samktone. hard (no sample),.| 4 356
Clay, gray (no sample)ecesessss | 86 138 || Sand 47 403
Sandstone, hard (no sample)... 4 142 || Clay, gray 19 422
Silt, 44 186 || Sandstone (no sample)iccerceese| 2 424
Lignite T 193 || Clay, BraYeeccesscenseseccsssassces] 13 4317
Clay, 5andYeucsesere-srsesassassss| 14 [ 207 | Ligni 9 | 446
§ 6 213 || Clay, gra¥.ceesecscacsascsccaseaes] 21 467
3 216 |IS , medium-grained
Sand, medium, gray............ 22 238 (10 Sample)escecsccsascssascace 1 468
l.:gn!tﬂ 7 245 || Clay, raV.eeccscscessoscassrsaseas] 32 500
Clay, sandy, gray, with thin
layers of lignite..cecesscsescese] 33 278
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Table 4.—Logs of test holes and wells drilled in 19505 I—Continued

57

Thick- | Depth Thick-] Depth
ness | (feet) ness | (feet)
(feet) (feet)
147-87-12baa
Topsoil 2 2 || (No sample)eccecesscssecsseseesaese | 130 | 145
Chy and gravel, yellow..eeeo 13 15
147-87-12badb
Sand, 23 23 ||Sand, grayecseseessssesssscssesecse 89 249
Clay, sandy, brown,..eeecesceed 7 30 || Sandstone (no sample).. 4 253
Clay, blue 51 81 ||Sand, medium, gray, 3 256
Clay, Zr2Y¥ececcssccssssessssasesas) 34 115 || (No sample)........ - o 176 | 432
Lignite 5 120 || Sandstone, hard (no sample)..J 2 434
Clay, 2raYeeessecsascssessessesoe 6 126 || Sand, medium, gray.eeeesesese 36| 470
Clay, sandy, graV.ccccesrscoreed 34 160 || Clay, gray (no'sample)ucureees 10| 480
147-87-13bed
Till 30 30 || Lignite 6 148
Clay, graY.cessscccsressroscesecss] 30 60 || Clay, graY.cececsseseasercssesasene 281 176
Gravel 44 104 ite 9 185
Lignite, 3 107 {| Silt 11] 196
(No sample), 7 114 {|Sand, fine 12 208
Clay, gray. 26 140 || Sandstone, medium-grained
Clay, gray.. . 2 142 (no sample), . 4 212
(No sample)...eees. . 63 215
14'7-87-13beb
Clay. 3 3 || Clay, yelloWeeeeeessesessssascscns 28 40
Clay, yellow, and gravel..... 9 12 [ | (NO s2MmPle)eresseesseccessrncosces 1651 205
147-88-1abd
Topsoil 5 5 || Sandstone.ceeeeeseessseessocosasens 1] 258
Clay. 19 24 || Clay 3| 261
Clay, 5andy.ceesecescsssescscsased 8 32 || Lignite 4| 265
Lignite 6 ag ||Clay 25| 290
Clay, 3 41 | |Clay, 5andY.eesccserseseosssscses 81 298
Sand. 25 66 || Lignite 17 305
Clay, sandy.cecessesenssscsscscess 6 72 {| Clay, 20} 325
Sand, 5 77 || Sand 21 346
Clay, sandy...cccceconsescrsossee 13 90 || Lignite 9] 355
Lignite. 11 101 || Clay. 29| 384
Clay, sandy...eeceessrescosssesce 11 112 || Lignite 4| 388
Clay 56 168 || Clay. 6] 394
Lignite,; 19 187 |[Sand 9| 403
Clay 18 205 || Clay, 21 424
Sandstone, 7 212 | |Lignite 17 431
Clay, 32 244 | | Clay, 26 457
Lignite 5 249 ||Sand 23 480
Clay, 8 257 || Clay. 20 500
147-88-1acb
Topsoil 2 2 ]1Clay 25 191
Clay 13 15 || Lignite . 4 195
Clay, sandy..cecscesscscesscceces 21 36 [|Clay “ 9 204
Clay, 5 41 ||Sandstone 1 205
Lignite 6 417 |]Clay. " 5 210
Sandstone 2 49 Clzy. 5aDAYeeereessasocesescassces 20 230
Clay, 9 58 lay 34 264
S. e, 2 60 Clay. 52NdY.erececsecseerosscseiass 6 270
Clay, sandy.eeeecsessssscssssece 5 65 | |6and 201 290
Clay, 53 118 | |Lignite, 6| - 296
Lignite with thin layers of Clay 11 307
(53 23 R —— 22 140 | |Lignite 4] 311
Clay, 15 155 | [Clay. 66 317
Clay, sandy..cesssesessssescsses 6 161 | | Cignite 9| 386
Clay. 4 165 || Clay. 17 403
Sandstone, 1 166 || Clay, sandy..ccesscossacesseecsnne 9| 412
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Table 4,—Logs of test holes and wells drilled in 1950—~51—Continued

Thick- | Depth Thick-|Depth
ness |(feet) ness |(feet)
(feet) (feet)
147-88-1acb—Continued
Clay 36 448] | Sandstone - 1] 484
Sandstone o 4 452] | Clay . 18] 500
Clay 31 483
147-88-3aba
Topsoil - 4 4|1 Clay, silty and sandy, dense,, 31 241
Clay, sandy, dense....oeessoeces 8 12 { | Lignite 4] 245
Sand 3 15} | Clay, sandy.eeeeccsscessasessseeses 101 255
Clay, carbonaceous, yellow, Sand 4 259
2raY, Ere€Deuseccccsccrcsssesene 46 611 Clay, with thin layers of
Sand 1 62 sand 42 301
Clay, sandy.,cececeseesscsscessoscs 6 68 | { Lignite 5 306
Clay, green 13 81{{ Clay. 11 317
Lignite 4 85 | | Lignite 3 320
Clay, sandy, dense.cecssessesess 12 971|Clay 16 336
ite 5 102 || Clay, s5andy.eeeecssesseassosersase 11 47
Clay, sandy, demse..cccoseossees 29 131} | Lignite 71 354
Sand 1 132] ] Clay 11 365
Clay, 5andy.ieecsecssesesesssccenss] 15 147 | | Lignite 217 392
Lignite 9 156 | | Clay, 13| 405
Clay, sandy, dense..ceceessesees. 44 200
Clay, brown, with thin layers
of lignite 10 210
147-88-3abe
Topsoil 3 3| Lignite 4 237
Clay, $530dY.eeessececcesssssencoss 9 12]]Clay, 5| 242
Gravel and sand..eceecesecesscosses 6 18 [ | Sandstone 2| 244
Gravel, containing pebbles of Clay, 22 266
lignite, sandstone, etC.eeseee 1 25 | | Lignite 3 269
- Gravel and sand,..ceeeessecccssens 8 33[] Clay. 20| 289
Sand 19 52| | Lignite 71 296
Sandstone. 5 5711 Clay. 40| 336
Clay. 8 65 | | Lignite 6 342
Lignite 6 71} | Clay. 12 354
Clay 29 100 | | Lignite 5 359
Clay, sandy..cceeseescrcccossosesce 28 128 | Clay, 20| 379
Sandst: 11 139 | | Lignit 4 383
Clay, 28 167 || Clay 11 394
Lignite 11 178 | { Lignite 71 401
Clay 6 184 | | Clay. 7 408
Lignite 4 188 | | Clay, $andy.eeseeseecosscesssscssed 8 416
Clay, 20 | 208 |(Lignite 4 420
Lignite, 4 212 || Clay 20f 440
Clay 21 233 || Sand 10 450
Clay. 50 500
147-88-11baa
Clay, silty, gr3Yecessecssercsored 15 15[ Clay, Srayeecccsosacesesssessancsed 2 225
Sand, 20 35 [1Sand and ClaYeeceeessossecssesases 71 232
Lignite 2 37| | Lignite 5 237
Clay, ra¥.scecsscsessescesecsossond 8 45| | Clay, silty, brown,.eecesssesvecsl 3] 240
Lignite 6 511 |Sand and clay, gray..ecesseeseced 15 255
Clay, SraV.ececessessossncsscasenass 29 80| | Sand 5 260
Lignite 10 90 | | Lignite 5 265
Clay, grayecececccsessesecsseosaned 56 146 | | Sand and clay, $r2YV.eecsccscces) 5 270
Lignite 26 172 |] Sand 43 gig
Clay, sesesensessrsevasesesssscs 18 190 | | Lignite 6
I igh_yitemy 5 195 <n§:i 16 335
Clay, graY.ceecessossesscssescessassl 3 198 | [ Lignite 5| 840
Limestone, g 207 || Clay, graY.ceeerecseesssorssossecee] 35 3175
Clay, ZraVeeessescscossessoscoscones 11 218 }| Sand and clay, £raY.ceseecseeess| 15§ 390
Lignite, 5 223 || Sand 10 400
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Thick-| Depth Thick-{Depth
ness | (feet) ness |(feet)
(feet) (feet)
147-88-11bab
Topsoil 3 Clay, gray, with thin layers
Clay, gray and yelloW..eeeeeeee 14 1 of lignite 68 211
Lignite 3 201|Clay, sandy, graYV.ccecescesasesesse| 18 235
Clay, EraV.ceceeesceceensesassonees 5 25| [Lignite 3 238
Lignite 7 32A|Clay, SraY.ceccescaescrscssarascaces 7 245
Clay, SraV.eeccesssscesssesscsreoes 15 47{{Sand 14 259
Lignite 8 55{Clay, sandy, grayeesecescsseccsses 25 284
Clay, sandy, gray..eseessscosss 35 901 |Lignite 6 290
Sand 2 92 [Clay, gray.ccccesssesccossaseeeases 19 309
ClaY, raV.ecesscsseseeconscncasese 21 113 {Lignite 5 314
Lignite 15 128|Clay, graYeecssssscescssecsesceases 31 345
Clay, gray, with thin layers Sand 25 370
of lignite 19 147} |Lignite 10 380
Sand 2 149{iClay, silty and sandy, dense,.. 82 462
Sand. 3 465
Clay, 5ilty.iecscscssscsssscesrcnseee 35 500
147-88-11bdcl
Scoria 21 21l{Sand 11 126
Clay 43 64]|Clay, Zray..eceesessescssosareesses 6 132
Lignite 6 T0]|Lignite 3 135
Sand 8 7 Clay, sandy....................-.-. 15 150
Clay, 8r23Yeeescseeseccesroessoensest 37 115{{Sand 10 160
Clay, Sr2¥.ececsscscsescorsassccnsee 35 195
147-88-11bdc2
Soil 18 Lignite 3 160
Lignite Clay 15 175
Clay. 11 Sand 32 207
Lignite Lignite T 214
Clay. Clay, 5andY.ceeccsecessosnceressecsee] 21 235
Lignite Lignite 3 238 .
Clay, sandy...cececesscessecseessase Clay. 15 253
Limestone Clay, 5andY.ceessssessesssscocsserce 5 258
Clay, Sandy...eeeeessesssssncsaesed Lignite 4 262
Lignite Clay, 17 279
Clay, graY.ieeeeessescecssssncccces 1 Lignite 3 282
Clay, white Clay. 10 292
Clay, silty, 8raY.eeccsesesescesee Lignite 5 297
Lignite Clay 35 332
Clay, sandy..cceecessessosesssessesl 1 Clay, sandy.eeceeescessscssesceseces 11 349
Lignite Sandstone 2 351
Clay, greeNicccerssesessessssosee 1 Clay, SiltY.ceeceecssossescecsceeracses 64 415
Sandstone, $0ft.ceececssecacesssse Silt and sand 49 464
Clay. Lignite 6 470
Clay, sandy..cesessessscessscsensed Clay 30 500
147-88-12bad
Clay, silty, browh.eeesseseccsss 15 15|Clay, green.ec.cccsceesececccsacees 5 190
Sand 10 25{|Sand 15 205
Clay, gray and brown...eeeeeeee 7 3%|Clay, carbonaceous, sandy, ,
Lignite 10 4 gray, browliscecesccscsescessace 20 225
Clay, Sr2V.cecscossresescssssescene 3 45{|Sand, 45 270
Sand and clay, gray and ignite 10 280
brown, 50 95| Clay, silty, brown................. 7 287
Lignite 8 103||Lignite..iceccecccsccnses 1 288
Clay, silty, Sray..eesssecsssssece 2 105/[Sand and clay, silty. 12 300
Lignite 10 115{|Lignite. 5 305
Sand 5 12001Clay, Sray.cccisecccsrscessenssonces 13 318
Clay, silty, graVeccccssscescenses 10 130|[Lignite 1 319
Sand 5 135/{Sand and clay, Silty..cc.cessescsced 16 335
Clay, brown and gray.cecessesee 29 164]|Lignite.ceessesececeese cordd 5 340
Lignite. 5 169]|Clay, @ray.cicceccesseccnsessecsosces 5 345
Clay, graY.cescsscecsescscsecsseone 11 180||Lignite 10 355
Lignite 5 185||Clay, silty, Vesesesecnsacnesnne 20 375

315937 O -54 -5
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Table 4.—Logs of test holes and wells drilled in 1950~51——Continued

Thick-] De [ThickdDepth
ness | (feet) ness | (feet)
(feet) (feet)
147-88-12bad——Continued
4 | 379 [IClay, graV..ceeesessecsssscccssesseed 25 420
1 380 {}Limestone 3 423
Sand and clay, gray................ 10 390 |[Clay, €ray.scessesccesesesccscssseced 47 470
Sand 5 | 395 |[Sand...... 30 500
147-88-12cab
Topsoil 3 3 ||sand 37 253
Clay, YelloWiiieeeesosseessveseneess | 21 24 |[|Lignite 8 261
Gravel 8 32 [|Clay, graY.cescceecocscsscsccesccssed 3 264
Lignite 1 33 ||Sand 6 270
Clay, gray. 22 55 ||Clay, 2ray.cceecssccscesscescesseseed 3 273
Sand, 8 63 Lignite 9 282
Clay, gray. 15 T8 ||Clay, gray.cceccsscccssseessseccecsed 18 300
Lignite, 8 86 ||Lignite 8 308
Clay, gray, 3 89 ||Clay, 2ray.ccosessesssssessossesseced 30 338
Lignite 6 95 ||Lignite 13 351
Clay, gray. 64 1159 ||Clay, graYeeescsscsecessecscascocessd 34 385
Lignite 1 {160 ||Clay, sandy, gray.. { 20 405
Clay, gray. 8 |168 ||Clay, graY.cesessecsscoresceresesseed 23 428
Lignite 3 171 ||Sand 10 438
Clay, sandy, greeNiceccssecscccesrd 21 (192 [[Clay, Siltyeeecescosessssseccsecssesed 52 490
Sand, 1 193 ||Lignite 4 494
Clay, gray 10 1203 |[|Clay. 6 500
Lignite and carbonaceous clay,...| 13 |216
147-88-12cbb
Topsoil 2 2 |[Clay, gray.ccescecessssceccsassescesd 20 49
Clay, yellow, and gravel...ccecee 3 5 ||Sand 23 12
Lignite 3 8 ||Lignite 16 88
Clay, gray 12 20 [|Clay, 2raY.eeseceossececsscecsecencsd 3 91
Lignite 9 29 ||Lignite 14 105
Clay, gray.ceseccsssscssecescscoscaed 17 122
*147-89-31ad
Clay, sandy, brown; pebbles,....| 10 10 ||Clay, silty,brown, sandy;
pohl\lpg 13 23
(NO sample)eaceccessescessecessesses] 247 270
*147-90-19cdc
Silt, brown, 5 5 ||Lignite 6 138
Clay, silty, brown; pebbles.e.suee| 5 10 |[[Clay, silty, gray.ceeessccscoseeceed 7 145
Clay, silty, tan.cccececsccsesscascees] 17 27 ||Clay, gray, with smallamount
silt, gray. 6 | 33 of lignite 5 150
Sand, EraY.ceecesceccscecscesncsseness| 4 37 |[Clay, silty and sandy, dense,
Clay, silty, gray.cceeccsscessecsense| 9 42 gray. 118 268
Lignite 2 44 ||Clay, gray, and carbonaceous
Clay, silty, gray-brown.ceeeeeeeee| 8 52 clay . 2 270
Clay, graY.cecoseesscessesses 20 72 }|ISand and silty claY.ececeescossesese 6 276
Clay, sandy, gra¥eeecessssseescess | 2.5| 74, 5||Lignite 3 219
Lignite 5.5| 80 [[Clay, silty, dense, gray......... 26 305
silt, gray. 7.5 87.5}|Lignitesrccssrencs . 305.5
Clay, silty, gray. 12,5100 |(|Clay, gray.... wees | 26,5 | 332
Clay, sandy, gray.. 5 105 ||Lignite 3 335
Sand, silty, gray..eeceeececeecsesess| 15 |120 ||Clay, silty, dense, 2raV.cceeseees| 40 375
Sand and sandy claY.eeeeseeseeceees] 12 |132 te 4 379
Clay, silty, dense, gray.eeeeeses| 26 405
147-90-20ddb
Clay, yellow, 16 16 |iLignite. 3 93
Sand 30 46 |]|Clay, gray and green....ccceeeed 40 133
Lignite 4 50 }|Lignite 3 136
Clay, raY.cceeccscecossensessacssasee] 40 20 12y, $5aNAYeiersrecreossecscssnsanne] 43 179
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Thick+ Depth Thick-)Depth
ness | (feet) ness |(feet)
(feet) (feet)
147-90-20ddb—Continued
Lignite, 3 |182 |}|Sand 41 356
Clay, sandy, demse, gray..aee.. | 110 |292 ||Lignite, 2 358
Lignite 5 1297 [|ciay, sandy. 12 ) 370
Clay, sandy. 18 315 [[Clay, 8raYeceessssscssessesenseccssss] 30 | 400
*147-90-22ccc
Soil, silty and clayey, brown.... 5 5 |[Sand 37 52
Clay, silty, brown.i.ceeeseeseesees| 10 15 [|Clay, gray(?), (no sample)...... 98 150
*147-90-25abc
Silt, tan; pebbl 10 [ 10 [|Clay, 878Yucceresssssorssesasssnsness] 5 | 100
Silt, brown 10 20 i 5 105
Clay. silty, brown.................. 4 124 10 115
Lignite 6 30 5 120
Clay 5 35 ||Clay, sand, and lignite.iseeseses | 2.5| 122.5
Sand, 5 | 40 |[Lignite 1 123.5
Clay, gray.cccccsccsecsseecsesssccans| 11 | 51 [ISand and small amount of
Lignite 7.5| 58.5|| lignite 6.5 130
Clay, silty, carbonaceous, Clay, silty, gray, and small
brown 1.5] 60 amount of lignite.cescessesssased 5 135
Clay, sandy, gray. 5 65 ||Sand 10 145
Sand, clay, and lignite 5 | 70 ||Sand and lignite.ccescesscssnsensesa) S 150
Sand, 15 85 ||Sand, ligmite, and silty
Sand, and small amount of clay, 10 160
lignite 9 94 ||Lignite, 3 163
Silt, sand, clay, and lignite,... 1 95
*147-91-17aad
Silt, sandy, brown; pebbles.icce] 5 5 [[Clay, silty, gray.ccecseeeccesceces] 9 240
Soil, silty, and sandy, brown...d 5 10 ||Clay, gray, and small amount
Clay, silty and sandy, brown....| 10 20 of lignite 5 245
Clay, silty, tan 5 | 25 ||Clay, 2raY.eeccessseescscsssscesassess| 22 267
Clay, silty, gray 19 44 ||Clay, gray and brown, and
Clay, silty, gray, and small amount of lignite, { 2 269
limestone 3 47 |{Clay, graY.cecescscesccscsscsessccses| 11 280
Clay, silty, gray 3 50 |[|Lignite and small amount of
Lignite 3 53 cla; 7 2817
Clay, silty, gray and tan.ceeceess] 27 80 ||Clay, gray...........................‘ 15 302
Clay, carbonaceous, gray and Lignite 8 310
brown, 5 85 |lClay, gray, and small amount
Clay, carbonaceous, gray and of lignite 5 315
brown, and lignite, 5 90 Ligﬁte and small amount of
Clay, sandy, gray. 5 95 clay. 15 330
Sand and lignite.... 5 100 ||sand, clay, and lignite.ceceseees| 5 335
Clay, silty, dense, gray..eecseess] 45 [145 Clay, silty and sandy, dense,
Clay, sandy, gray, and lignite.] 5 [150 gray, 13 348
Clay, silty, dense, gray..cesseesss] 20 |170 |[Lignite and clay.eceeessessscsccnsese] 12 360
Lignite and small amount of Clay, £r2Yescecscsssscessoscscosssees] 5 365
clay, 5 175 Clay, carbonaceous, gray.eesess 5 370
Clay, Sray.eescsscescoscssosececsnese| 20 (195 [|Clay, silty and sandy, gray.ee..d 10 380
Clay, gray, and lignite 5 200 |[|Sand and sandy clay.eeeecccesecsess] 10 390
Clay, gray. 11 |211 ||Clay, carbonaceous, gray, and
Clay, gray and lignite.ceceesseesed 8 219 lignite 10 400
Clay, gray, and small amount
of lignite 12 231
*147-91-22aad
85 85 Clay, gray, and small amount
25 |110 of lignite [] 250
40 |150 Clay, gray.ceeees 24 274
30 |180 |[|Clay, sandy, gra sosesed 6 280
15 195 |[|Clay, silty, gray.. 10 290
5 (200 ]|Clay, gray....ceee.. 10 300
5andy, Sr2V.eesseesescsorses | 44 [244 [|Clay, silty, gray 15 315
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Table 4,~Logs of test holes and wells drilled in 1950—51—Continued

Thick-|Depth Thick-} Depth
ness |(feet) ness | (feet)
(feet) (feet)
*147-91-22aad-—Continued
Clay, 2ra¥.cececsscecsecsvcsossoanees| 18 330 Clay, graV.ciccecesescscscescscrenes 3 368
Lignite... 3 333 Lignite 8 376
Lignite and small amount of Clay, gray, and small amount
ClaYececerevenseraasanasesensecaseses) 7 340 of lignite 4 380
Clay, 82¥.cvessrscssssassncscsnnsens| 23.5 | 363,50 |Clay, @ray.cessssssscocorscsssscsanel 15 395
Clay and small amount of Clay, gray, and small amount
lignite we| 1.5 )365 of lignite 5 400
147-91-25daa
Topsoil 3 3 |}Sand and clay, gray..ceceecsssceess] 9 65
Clay, yelloW.eiesersecserescseseeses| 9 12 |lLignite 5 70
Clay, gray, with thin lignite Sand and clay, gray.cceeeesecesssf 6 76
beds 31 43 |IClay, gray.ceceessessscscesscssvorss| 6 82
Clay, gtay, and sand....ceeeeesees] 7 50 |[Sand and clay, gray...... 51 133
Sand 1 51 ||Clay, gray and green., 42 175
Clay, graY.ceeessssscccssacsscscesses| I 60 ||Sand and clay, gray..ececsecesess] 9 184
Sand 2 186
*147-91-27bdb
Clay, silty and sandy, brown....|] § 5 ||Sand and small amount of
Clay, silty and sandy, brown; lignite 5 180
pebbles 5 10 ||Clay, silty and sandy, dense,
Clay, sandy, gray...ccesecesscseess] 25 35 gray. 5 185
Clay, gray 5 40 [|Clay, @raYecesssssessesscsossssasses| 50 235
Sand 10 50 ||Clay, gray, and lignite,. 8 243
Lignite 4 54 |[|Clay, graY..eeecceesseseccessasseses| 13 256
Clay, gray 6 60 |[|Clay, silty, gray, and lignite,J 4 260
Clay, gray, and lignite.... 6 66 ||Clay, silty, 8ray..cceceesesvesceses| 10 270
Clay, Eray.ceesessssececcssseos 11 77 |]Lignite 15 285
Lignite 2 79 ||Lignite and gray silty clay......| 10 295
Clay, silty, graVecesseessceessese | S 84 ||Clay, sand, and lignite..,eeeeee| 5 300
Sand 16 100 Sand, 5 305
Lignite, sand, and clay..ceceeeese| 10 110 }|Clay and sand 15 320
Clay, silty, gray.cceecssccesseccess | 30 140 ||Clay, sandy, gray.cecssscesncencs| S 325
Sand 5.5 |145,5}|Clay, silty, gray.eeeeees 25 350
Sand and small amount of Lignite 8 358
lignite 2.5 |148 ||Lignite and gray claV.ieececseess | 12 370
Clay, silty and sandy, dense, Lignite 10 380
gray 22 170 [|Lignite and gray clayieeesessses | 10 390
Sand 5 175 {|Clay, silty, grayeceesscesesscesees| 6 396
Clay, gray, and small amount
of 1igniteseseessecsosesacascsssssesl 1.5 | 397.5
Clay, grayeevececcsesssocesseencesse] 2.5 | 400
*147-91-30aaa
Clay, silty and sandy, brown, Clay, silty and sandy, dense,
gray, and taN.ceeecesscccaseonses) 50 50 gray. 45 260
San 34 84 ||Sand 37 2917
Lignite 6 90 ||[Lignite 3 300
Clay, silty, dense, gray.c.eseees | 36 126 ||Clay, gray-greencessccesscsssses | 5 305
Lignite 3 129 Sand 4 309
Clay, silty and sandy, gray.e.j 11 140 ||Clay, silty, gray-green.eeeseess | 11 320
Clay, gray-green, and small Clay, 8raV.ecececsesccscssecssesseaas| B 325
amount of lignite.cceeesecssecsse| S 145 ||Clay, gray, and small amount
Clay, gray-green., B 150 of lignite 6 331
Clay, grayececcssessecsecsceesassanes | 10 160 ||Lignite 4 335
Clay, gray, and small amount Clay, gray.eecsscescecsssesseescanss] 5.5 | 340.5
of lignite 4 |164 ||Lignite 3.5 | 344
Clay, silty and sandy, dense, Clay, graVeeeeessesesssecsesessesces| 16 360
16 180 ||Clay, gray, and small amount
15 195 of lignite 5 365
5 200 |[Clay, silty, gray-green.eeeesss. | 13 378
4 204 ||Clay, gray-greeNuceeesessccssseed 2 380
Vesescossssee 6 210 Lignite 7 387
Lignite and sand.seecseccsscsseases | S 215 ‘Lxlgamte and clay..eeeessessesancese] 3 390
gray, and small amount
Of hmﬂp 10 400
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Thick=| Depth Thick-{Depth
ness | (feet) ness |(feet)
(feet) (feet)
*147~91-33add
Clay, silty, yellow and tan,eeeeeed 13 13 Lignite 2 143
Clay, gray and broWneeeececscssenss| 8 21 Clay, silty and sandy, dense
Sand 4 25 gray, 57 200
Clay, gray, and small amount of Clay, gray, and sand..ccecceses 4 1204
lignite 5 30 [[Clay, gray, siltV.ecessesssssseees 1.9 205.5
Clay, gray 6 36 Sand 9.5 215
Lignite, 4 40 Clay, silty, carbonaceous,
Clay, gray, and lignite..csessssses| O 45 brown, 5 | 220
Clay, gray, 7.5 | 52,5]|Clay, silty and sandy, dense,
Sand, 5.5| 58 gray, 35 | 255
Clay, gray, and sand.ceesecescsecss| 9 67 Sand 5 | 260
Lignite 8 75 Sand and clay.seesecesesesscccsces 5 | 265
Clay, gray. 15 90 Sand 20 | 285
Lignite and small amount of Lignite 1 | 286
sand 2.51 92,5 Clay, €raVeeeesseeee . 4 290
Sand 3.5| 96 Clay, silty, gree 25 | 315
Clay, gray 5 |101 Clay, silty, grayecees 45 | 360
Clay, gray, silty, carbonaceous, 5 | 365
gray and broWneeeeecssescocssesssd 4 |105 Clay, silty, brown, andsand.. 6 | 371
Clay, gray, 13 {118 |[|Sand 4 | 375
Lignite 3 121 Sand andsandy clay, grayeeeess 5 | 380
Clay, gray 17,5 |138. 5| |Sand 4 | 384
Sand and lignite, 1.5 {140 Clay, sxlty, gray-green and
Clay, silty, gray, and lignites...q 1 [141 gray -broWnuseeeesessssssensasees] 21 | 405
®147-92-21da
Sand and sandy clay.eeeesesesseseees| 10 10 | [Lignite 1.5 219
Clay, sandy, brown....ccceesseeceee | 5 15 ||Clay, sandy, graVeesesessccceses 6 ] 225
Sand 68 83 |[|Clay, Sray.eescesssscecscosessesere 7 232
Clay, sandy, ray.ceescccsscessecees | 7 90 |{Lignite 1,5 233.5
Clay, gray 6 96 |IClay, grayeeeesscesecesssseesseseee| 29.5[ 263
Limestone 1 97 Lignite and small amount of
Clay, gray 8 105 brown clay,eeesseccoce 4 | 267
Lignite 10 |115 Clay, silty, dense, gray. J 40 | 307
Clay, gray 40 155 ||Lignite 3 | 310
Clay, silty, gray, and small Clay, SraYeesesesssescessssscsseses 5 | 315
amount of lignite,ssesecsssconcees | O 160 Lignite and clay... 5 | 320
Clay, gray 7.5 |167.5 | [Clay, silty, gray.. 10 | 330
Sand 8.5 |176 |[Lignite and clay... 3 | 333
Clay, gray 15 191 Clay, silty, 8raVeeeecsssesceeseee| 14.5| 347.5
Lignitescseessscssesssessanses 6 (197 Sand 7.5{ 355
Clay, silty, dense, 16 |213 Clay, sandy, graY.essecsscsessess 5 | 360
Clay, sandy, gray.ecsceees | 4.5 |217.5||Sand 45 | 405
*147-92-36be
Soil, silty and sandy, brown.e....| 5 5 |[Clay, silty, dense, gray......... 20 | 200
Clay, silty, tale..ceecesssceose | 26 31 ||Clay, gray-green....... 10 210
Sand, silty, BrOWDwsesecssssessessss| 5.5 | 36.5|1C10Y, BraYerreersneommmmememmonnd 5 | 215
Gravel 2 38.5]Clay, gray, and small amountj
Gravel and silty and sandy clay.. 2.5 41 of lignite.eeeseseecsassssesseesced 5 }220
Clay, pebbles, and lignite Clay, silty and sandy, dense,
fragments 1.5 | 42.5|| gray 28 | 248
Clay, gray 27.51 70 ignite 2 1250
Clay, Silty, 2r3Y.ceescscsescesseasecs| 15 85 Clay, EraV.cecsccescecasssccncenansd 20 | 270
Clay, gray 5 90 Clay, silty, gray... .| 10 | 280
Clay, carbonaceous, graVeweeeesses] 2 92 Clay, sandy, gray. ' 5 | 285
Clay, gray 11 (103 Sand and sandy clay. { 20 | 305
Lignite 3 |106 Clay, sandy, gray... . 5 | 310
Clay, gray, and small amount Sand 5 | 315
of lignite 1.5 {107.5{|Clay, silty and sandy, gray....] 10 | 325
Sand 2.5|110 |[Lignite and gray clay..cc.eeecees 5 1330
Clay, sandy, gray.ccecscscscrseseses 4 114 Clay gray, and small amount
Clay, gray 46 1160 Of 1ignite.ceusercsrressecaeserareg 5 |335
Clay, silty and sandy, graVeeeeses] 10 |170 [[Clay, silty and sandy, dense,
Clay, gray, and lignite,, o 4 {174 gray, 25 | 360
Clay, sandy, gray.. ] 6 [180 |[Sand . 5 {365
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Thick-[Dep ick={Depth
ness [(feet) ness |(feet)
(feet) (feet)
147-92~36bc—Continued
Clay, sandy, 8raV...eeesessvessenss| 5 | 370 |} Clay, gray, and sandeeeeseesensss| 5 | 400
Sand 18 388 || Sand and small amount of
Clay, silty, grayiecieccesoessconsens] T 395 brown carbonaceous claye...] 5 | 405
_ *147-93-3dbb
Clay, silty, gray 5 5 || Clay, silty, dense, gray 15 | 100
Clay, silty bBroWh..eececes 20 25 || Lignite, 4 | 104
Clay, gray 5 30 |} Clay, silty, gray., 36 | 140
Lignite and gray clay.ceeeesseesenes| 5 35 || Clay, sandy, gray.. .| 10 | 150
Clay, gray. 5 40 (! Clay, silty, @raVeccessesccasecsees| 25 [ 175
Lignite and €lay.ceceeseeoosesseeosons] 5 45 || Sand 5 | 180
Clay, silty, dense, gra¥.ceeeceesss| 15 60 || Clay, silty, gray.c.cessesasesesess| 5 | 185
Sand, 5 65 Sand 15 200
Clay, sandy..ecescsssscscessessesssces| 5 70 Clay, sandy, gray. 1.5| 207,56
Clay, gray 6 6 Sand 22, 5] 230
Lignite and clay.iecesecoscsecsesoses] 9 85 || Clay, sandy, gray.. sees 4 234
Clay, silty, gray.. ssesseees | 6 | 240
Clay, sandy, graV..cceeesccescsesss] & | 245
Sand 5 250
*147-93-15bed
Clay, silty and sandy, brown....| 5 5 Lignite and gray clay.eceeeesseesssf 5 | 115
Clay, silty, brown, with a few Clay, silty, @rayeceecsssssscceess] 46 | 161
pebbles, 8.5} 18. Lignite, 5 166
Clay, silty, gray to brown,, 6,5) 20 Clay, silty, gray.csceceessssssesss| 44 | 210
Lignite and tan clay... 6.5] 28, Lignite, 5 | 215
Lignite and red shale..cccercesrsesss] 3.5] 30 Clay, graYeecescsccressesscncanesess| & | 220
Clay, silty and sandy, gray and Lignite &5 | 225
tan 7 37 Clay, SHItY, Zra¥eeeccrecorerssssce 5 |230
Clay, silty and sandy, carbona- Lignite and gray clay.eeee. 5 |23
CEOUS, ET2¥reseeeerecsrcsecesseesess| 13 50 Clay, grayescessssssssossoere 16 | 251
Sand 5 55 4 255
Clay, silty and sandy, dense, 10 | 265
gray, 20 75 5 | 270
(No sample) 15 | 90 35 | 305
Clay and lignite 5 95 5 |]310
Lignite 10 (105 5 315
Clay, gray. 5 110 10 | 325
Clay, 8r2Y.cseeesessasssseseesencces]| 35 | 360
Lignitero 15 | 315
Clay, ZraV.ceesessssescesessccsenses| 80 | 405
*147-94-2ad
Sand 30 30 Sand, 22 140
(No sample).eeaesecssscscesssceressecs| 16 45 ]| Lignite and gray clayeecseesseess] 9 | 149
Lignite, 12 57 Clay, silty, grayeeesesescsceecsess| 31 | 180
Lignite and sand 6 63 Lignite 4 | 184
Lignite 7 70 || Clay, silty and sandy, gray.....] 26 | 210
Sand 20 90 Sand 13 223
Clay, sandy, gray.c.cceeeccsssssecaed 24 |114 |I Clay and sand 3 226
Lignite, 4 118 (No sample 89 315
148-88-8dde
Topsoil 3 3 || Clay, grayecescescccsessccseesseses| 36 | 104
Clay, yelloW.ieeeessasessascsessesenss] 20 23 Lignite 3 {107
Lignite and gray clay...cccsceeecessd 5 28 |1 Clay, Sray..cescessrsessssssscssesse| 11 | 118
Clay, sandy, dense, gray.e.ceseess] 10 38 || Lignite 12 | 130
Sand, 12 50 || Clay, grayeeeessessesssssscesassanee] 25 | 155
Clay, gray. 8 58 Sand 35 | 190
Lignite 10 68 Lignite 4 194
Clay, grayecescesessscccsssscassenee| 1 | 195
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Thick-}Depti ‘Thick-|Depth
ness |(feet) ness |(feet)
(feet) (feet)
148-88-13bcb
Topsoil 3 3 || Clay, grayeceesecessceseesesseoscese 13 5
Clay, yellow, and graveli.cececeee 11 14 | | Sand, 73 | 148
Lignite 3 17 | | Lignite 2 150
Clay, YellOWaececresasoseososvescosees 13| 30} |Clay, 2rayeccececesssssesesessecccss 71 157
Clay, gray 24| 54 [|Lignite 3! 180
Lignite 8] 62 ||Clay, BraYVeesessescsesssscesessences| 10 | 170
148-88-16daa
Topsoil 1 1 | | Lignite, 9 58
Clay, yellow..iceseesesecssasssse 18| 14 [[Clay, graVesccceccssasccsesoossesess| 20 78
Clay, yellow, with pebbles... 6| 20 |[Lignite 10 88
Clay, sandy, graV.ececsssesccoscoseesd) 5| 25 ||Lignite and claY.eeeseccsessscasees 4 92
Lignite, 1] 26 ||Lignite 3 95
Clay, gray, 23| 49 [[Clay, 5andY.ceeeccsessseessscsssees 8 103
Sand 57 160
148-88-26bad
Soil 2 2 1] Sand 1] 207
Clay, yellow and browneseeeseseee 16| 18 |IClay, gray and greeNiucciasesses | 16 | 228
Sand with thin lignite bed.cecseess 12 30 || Sand 1 2924
Clay, gray. 5| 85 |[Clay, Zray..ccsceenseresccssecsenses| 26 | 250
Sand, 20| 55 ||Lignite with thin layers of
Clay, sandy, £raY.cceeesccssssssances 5] 60 clay, 13 | 288
Lignite 6] 66 )1Clay, grayeeeesseesceesssssescecones| 15 | 278
Clay, brown, gray and green...e..| 14| 80 [{Lignite 2| 280
Sand, 51| 131 I Clay, gray.seesesssncsasssscecssceee 5] 28
Lignite 41 135 || Lignite 9| 294
Clay, gra 221 157 || Clay, sandy, @raV.eceescceseecesess] 53 | 347
<nnz gey 81 165 [[Li y’fn dy, gray 31| 350
Clay, gray 25| 190 {| Clay, silty and sandy, gray...., 34 [ 384
Lignite, 7] 197 ]| Lignite 2| 886
Clay, gray. 9| 206 || Clay, graVeeeccsesesesssennacocannes| 44 | 430
Lignite 5 435
148-88-35aca
Topsail 5 5 || Lignite 8 244
Gravel 3 8 | | Sand 6 250
Clay, brown and yelloW.ecessseeses 10| 18 |{Lignite 1| 251
Lipifp 3 21 Sand 2 253
Clay, sandy, dense, graV.ceessoess 521 13 |[Clay, SraY¥eeeeccescssnsesensesarcses] 42 [ 295
Lignite 3 76 | | Lignite 2 297
Clay, gray. 11§ 87 || Clay, 8ray.ceccecssesscscsseseassace 10 | 307
Sand 2 89 Sand. 1 308
Clay, gray. 14| 103 [ [Clay, 8raYeceecssessescssesessescase| 22 | 330
Lignite 7| 110 || san 1| 381
Clay, gray. 18| 128 |[Clay, 2raV.ceesecscsssssecsscssecnss| 29 | 360
Lignite 9| 137 || sand 1| 361
Clay, gray 31| 168 || Clay, 8raYeeseesssseessoseseeseseses 19 | 380
Sand, 1| 169 || Lignite 51 385
Clay, gray 44| 213 || Clay, graVecsseeessnsesssserosassass] 65 | 450
Lignite 8| 221 || Clay, gray, with thin lignite
Clay, gray. 15} 236 beds 30 | 480
Clay, graY.ceecescoscssasescssasseesl 25 | 505
148-89-7ddd
Topsail 3 3 || Lignite (no sample)... 5 95
Clay, brown, and graveliccsssssse 12| 15 || (No sample)eeeeasees 34| 129
(No eamp'lp) 45 60 4 133
Sand and ClaY..ecesesscsscsescssences 10| 70 o 67 200
(No snrnplp) 20 90 25 225
Sand (10 5ample)ssececsessencesass] 34 | 259




66

FORT BERTHOLD INDIAN RESERVATION, NORTH DAKOTA
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Thick{Depth| [Thick-| Depth
ness |(feet) ness |(feet)
(feet) (feet)
148-89-11aa
Silteceeses 5 5[{Clay, sandy, 8ray..cecesesscecsssess 15 225
Sand and gravel..cucecssececerensnssl 10 15{|Sand 5 230
Clay, sandy, and gravel. . 15 30]lLignite and clay.ceceereccssseaeseess 10 240
Sand and gravel......... . 5 35||Clay, sandy... 5 245
Clay, graV.cecsscececsncssssessncecnced 15 50|ILignite.ececescssssescscssescenscosasess 15 260
Lignite 5 55||Lignite with thin layers of clay..) 15 275
Sand., ) 10 65[|Clay, gray.cececscsccesescsococncacnes 10 285
Lignite,.ceeeeees cesesesesenes cersrsene o 5 70||Lignite..... 5 290
Sand 10 80||clay, gray 5 295
Lignite,cesesessrsssercasesencesesesaseas 5 85]|Lignite.icecercness ceenenees ceesenes 5 300
Sand and graveli..eceeeeeeereeceneens 15| 100||Sand...... 50 350
Lignite 5| 105[[Lignite..... 5| 355
Clay, sandy..c.eeeecssescesesessncnces. 15 120||Clay, gray. 10 365
Clay, gray, with thin layers of Clay and san 10 375
lignite.iesececasossnsesescrsnnasansas 15 135 Lxgmte.................... 5 380
Clay, silty, gray, ) 20 | * 155|[Lignite with green clay.cccssersess 10 390
Lignite.eesnseases weesed] 10| 165|{Clay, gray-green, with thin
Sandecieceeererneresensesseenssensessones 45| 210§ layers of lignite..ceceesseencensss 10 400
148-89-22dab
TOpsOilieeceecssnsesersnsescrsasesensans 2 2liSand with streaks of lignite......d| 14 87
Clay, yellow and brown. o 10 12[[Sandeseseececrecscsesscrsesessasacaanss] 10 157
Sand.....ceeeecensiensennees o 3 15||Clay, gray, with thin layers of
Clay, sandy, brown.. 11 26l  sand..ieeecesceessccesersscsccrosenes 3 160
Sand....eeeenens asanas . 8 34{|Clay, gray and green, with thin
Clay, Sray.eiececscecsesncocncsonnseans 11 45|l lignite beds 8 168
Lignite 4 49|[Lignite with thin beds of clay... 37 205
Clay, BPAY.eenscrsrsccersrsscnsersranes 9 58||C1lay, 8raV.ieceesssrsssvecosscsceseess] 38 243
Lignite,.. ki 65[[Sand 52 295
Clay, sandy, graV.eccceeeeeseeseecens 8 73
148-89-28acb
Topsoil e 8 8|lIClay, silty. 6 130
Lignite... 1 9(|Clay, sandy.......................... 25 155
Clay, baked..icscscesesesasocesracens 1 1 156
Clay..... 3 16 172
Sand...ceceseneness cosessescsaccnccrersed 27 34 206
Clay, 17 7 213
Sand. 5 19 232
Sandstone tevesesrace 1 1 233
ClaY..eeese 3 20 253
Sand..ceeeecrecansecncnesensesassnoneens] 16 2 255
Lignite.. 4 3 49| 304
Sand.,, 10 3 307
Lignite with thin layers of clay... 10 11 318
Sandstone...veeeceessnceesserosancacces 1 19 3317
13 9 346
2 2 348
14 40 388
3 391
1aY.iieecesenscrscnsersssossonsensanss 14 405
148-30-8bb
Silt, SaANAY.cieeecerercasscrcensencesens 9 FISand.eeiceecererssoccsscrcsresnnserances 5 195
Clay, sandy, brown; contains lay, gray. 1 202
gravelicecceneene cevessessesesevarsan 16 25|[Lignite.ceveceecnses .- 3 205
Sand 55 80{{Clay, gray to brown W~ 10 215
Clay, gray 7 87|[Clay, gray. 25 240
Lignite,cierieasensesccsanescscasncenenes 1 88|ISand...cciuieccesncarescararescssocasess 15 255
Clay, gray. . 18 | 106{Clay, gray 15 270
Lignite 5| 111|[Clay, sandy, gray..cceeesscecceeres 15 285
Clay and sand 24 | 135|ISand and clay, gray..c.ececeeseeeees] 65 350
Sand 20 155}iSand 36 386
Clay, gray. 71 162|[Lignite 4] 390
Lignite..euss 5 167}|Clay, gray and brown, with
Clay, 2ra¥.csececscsesesesacssecnsnance 23 190]} thin lignite bedS.cscssecescaseccsd 15 405
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ickq Depth| Thick-{Depth
ness | (feet) ness |(feet)
(feet) (feet)
148-90-10cda
Sand and graveli..cceeiecnecsccssend 11 13[Sand...ivececrecrnsscnnrsecsnsnnsensone 15 45
Clay, graV.ceeeces 9 20|{Sand (no sample). . 15 60
Clay, sandy, gray.... 5 25(18and...ccececcenes . 86 146
Sandy clay (no sample)..eceeesnee. 5 30||Lignite,.... sones 1 147
Clay, graV.ecececeesesnsecsscoccsene 6 153
148-90-22bcc
TOPSOilitaserecescencesarsavasvacsacsans 3 3|{Sand 5 125
Sand..... 7 10{|Lignite 7 132
Sand with graveli.iciieicessscocnnes 25 35/|Clay, gray and brown, . 3 135
Clay, gray and brown, with Sand and clay, gray... . 121 147
lignite bedisieeecssesnsesecssnssesd 5 40} |Lignite 5 152
Clay, brown 5 45{[Sand and clay, gray............... 11 163
Clay, gray, and sand.iecssescecees 25 70f|Lignite v 2 165
SaN0aeereerencrroecressosassacsosnnsans . 5 75§ Clay, gray and green.............. 13 178
L1gmte 5 80| {Lignite 2 180
Clay, gray.. . 36 116/|Sand and clay, gray....... 15 195
Lignite.... . 4 120{{Sand 15 270
148-90-23abc
TOPSOili.uuseiencresseracssasessanaasess 3 3||Sand.. 2 89
Sand.,... 4 TClay, graV.iicecscassecssrecssnsasanse 45 134
Sand and grav 11 18l[Lignite . 31 137
Sand . 217 45]|Clay, EraV.ceecsseocsrsrcssoscssense 9 146
Clay, €ray.icceceescecseennsensansnnne 42 87[|5aNduecsessseseresssacnssnresasesasanee 26 172
Lignite. 3| 175
148-90-23ddc
TOPSOiliseieeersrseresonerssesasarancens 2 2l|Sand.ccececercrecernarereserainsncanss 43 181
Sand..... 47| 49|[Lignite 34 215
Lignite...ciesesanesenens 1 50]|Sand.esceccrscscenees 40 255
Clay, gray and greef....ceeeeeeesss 28 78[[Clay, 8T2¥.iecsesecsessessscrsarsoses 10 265
Sand.. [ 2 80]|Sand 12 271
Clay, silty, graViicecessesesessessns 45 125{|Clay.... . 5 282
Lignite.... 3| 128|[Lignite. 9 291
Clay, Zra¥.ceeiccscsceccssosencacsense 10 138{|Sand 1 292
148-90-24dcc
Sand.,...... cevsssresnen 13 13j|Clay, gray... 7 170
Clay, gray, . 17 301[Clay, sandy...ceerececseoreocececsenns 13 183
Sand....... . 3 33||Sand 2 185
Lignite.... . 1 34[IClay, sandy to dense....ceeceeeres 17 202
Clay, gray...... cecssevesensases 6 40|{Lignite 2 204
Lignite... 2 42[IC1ay, graV.cesesecsseroeserscocsssens 21 225
Clay, gray. . 5 47|[Lignite, 3 228
Lignite.... 1 48||Clay, sandy to dense, gray,
Clay, gray. 25 73|| green, and brown...ccceececesss 93 321
Lignite,.... 2] 75||[Lignitesssesesenesernes 3| 324
Clay, gray. 17 92[|Clay, gray. 26 350
Sandeceesseceeosssnseanes 3 95]|Sand.eccersenss 151 365
Clay, sandy, dense 63| 158 |Lignite...eeees 21 3867
Lignite.iuicarasaconsonns R 5] 163[[Clay, gray..eceees o 22 389
Sand. cecesdl 2 391
*148-92-3dba
Clay, silty, brown,.eceescesesenesns 4 41iClay, silty and sandy, dense, ,
Clay, gray and tan...eccecesseenss 18 22l|  Eray.cecereecercreneieniansoceensesed] 215 93.5
Sand, 18 40[|Lignite 3.5 97
Clay, gray. i3 53JIClay, EraV.ciecesescscasesescecscenes 12.5) 109.5
Lignite 3 56[|Limestone ] 110
Clay, gray. 14 T0lIClay, Eray..cceeessererencnossaseses| 10 120
Lignite, limestone, sandstone, Sand oo 5 125
and clay, . 2 T2{|IClay, silty, gray..csecessvsreneees| 12 137
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Thickd Depth Thick-| Depth
ness | (feet) ness | (feet)
(feet) (feet)
*148-92-3dba~—Continued
Lignite . 1 138 Lignite 2.5 ] 344.5
Clay, silty, gray..................... 4 | 142 ||Clay, sandy, 8ray.cecessessesess| 8 352.5
Lignite 5 | 147 }|Lignite and clayiceeecreecseassess| 2.5 | 355
Clay, Silty, SraVeesecsesesssscensessd 34 | 181 Sand . J4 5 360
Clay, gray; sand and lignite.a...| 4 | 185 |[|Clay, gray..cccicececcanersceccceed] 30 390
Clay, silty, carbonaceous, Lignite 2 392
brown, 10 | 195 Sand . 6.5 398.5
Sand and claYeecessnssesrcssssesaaces 8 | 203 ||Lignite.ccceccercrecresersececcarnens] 3.5 | 402
€12y, Zraycecscscassssssccens 10 | 213 ||Clay, sandy, dense, gray 20 422
an 77 | 2900 |{Lignite.cccerceccrcsvesesensens 10 432
Sand and lignite.cieeescseses 5 | 295 Clay, Silty, graY.cececssescecacesf 13 445
Lignite.cecssncsoscsstecesscsvossconces 5 | 300 23.5 | 468.5
Sand 25 | 325 ngmte.............................. 1 469.5
Clay, silty, graYeeecseee 10 ]335 ||Sand 20.5 | 490
Sand, lignite, and cla 7 342 Sand and lignite..cececescscanene 5 495
Sand 15 510
148-92-5
Sand 5 5 Clay, gray......................... 5 230
Sand and gravel.cciciececscsencnncees| 20 25 Lignite 5 235
Clay, brown..cceececssecessecscencans { 10 35 Clay, ErAYeeesssacscnssrsesssacrese| O 240
Sand 25 60 Lignite 5 245
Clay, brown, and sand...ceeeseese | 10 70 Clay, 8raV.ecesescesscescsesesccses| 45 290
an | 30 100 Lignite 8 298
Clay and sand..eeessecssecscscassnees | 35 135 Sand and clay, gray............. 17 315
Sand... wee| 50 185 Lignite.seesesesescassscse 5 320
Lignite.ceeesrsrsscerssocssscseeesennses | 10 | 195 ||Sand and clay, gray.. 5 325
Clay, Sra¥..esesscseacessssnsesseneses| 10 | 205 [|Clay, gray.ecieccecees 55 380
Clay, gray, and sandecececesesesss| 20 225 Lignite.ceeeceseseses 5 385
Clay, gray- green................ 15 400
#148-93-9bbc
Clay, gray to brown..ecceseesseeeee | 20 20 | |Lignite 1.5 | 224.5
Clay, gray to brown, with Clay, silty, £raYee.cccoracseces | 27.5 | 252
pebbles,.iucesrerecesscrcscsisances] 5 25 Lignite 5 257
Gravel 1 25 50 Clay, silty, gra¥.cececececscsses| 13 270
Sand veses 5 55 Sand 5 275
Clay, ZraY.cescscesscsscsscssccsansase 1 62 Clay, silty, gray to tan .......| 35 310
Lignite 4 66 Sand 50 360
Clay, raV.ceescescceccscarssccscecass 9 75 Lignite and tan clay..... wel S 365
Lignite 5 80 Clay, gray.ceeeeses .4 20 385
Clay, silty, gray.................... 10 90 Clay, gray, and lign 5 390
Sand 111 | 201 Clay, silty, dense, gray..ese..| 40 430
ngmte............................. weee 3 204 Sandieeeecsesesscocresescsssacecnces | 20 450
Clay, silty, carbonaceous, Clay, sandy, Sray.eccescsscecces 5 455
gray, 19 | 223 Sand 50 505
Lignite and'sand...eeeesescceeses | 5 510
+148-93-20bca
Clay, silty, broWn..cceereeeeereaness 30 30 |[|Lignite and clay.. veesee] 12 235
Clay, silty and sandy, brown and] Clay, gray.cceccsccess waeses] B 240
gray with pebbles....cceeeseseenes| 15 45 ||Lignite and silty clay. .| 10 250
Clay, silty and sandy, gray, Clay, lignite, and sand 10 260
with pebbl 15 60 Clay, silty, 8ray..ecessecsscsees | 20 280
Clay, sandy, gray, and lignite...] 5 65 Clay, gray, and lignite..c.eees 5 285
Clay, sand, lignite, and Clay, sandy, dense, gray......| 15 300
pebbles 8 73 Lignite 5 305
Sandieceecesesescscosascscssescscacaness | 12 85 Clay, silty and sandy, gray...) 20 325
Lignite Y 90 Sand, clay, and lignite.,ccesse| 20 845
Clay and lignite...vcvssreresrsvresed 5 | 95 ||Sand. 23 368
Sand, clay, and lignite...coeeeueee| 10 | 105 |[Clay, lignite, and limestonen| 5 373
Sand 50 155 Sand, 52 425
Clay, silty and sandy, gray.......{ 60 215 Lignite .- 5 430
Sand, clay, and lignite....cosneeee] 8 | 223 ||Lignite and gray clay..ceeeneesd 20 450
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Thick-| Depth} Thick-| Depth
ness | (feet) ness | (feet)
(feet) (feet)
*148-93-32cdb
Silt, tan 10 10 {|Clay, 8ray.cececsscsccsscencocancsas| 32.51272,5
Clay, silty, tan, with pebbles..| 22 32 ||Sand 7.5] 280
Sand, clay, and pebbles...cieesse| 14 46 |[[Clay, silty, dense, gray........| 12.5[292.5
Lignite, sand, and brown clay.. 4 50 ||Lignite 7.5]300
Clay, silty, gray, and sand......| 10 60 [[|Lignite and clay...eceeeeecseneeses| 10 | 310
Lignite and gray clay.cicceeeseesed & 65 ||Clay, silty, dense, carbona~
Clay, gray. 40 105 CEOUS, ZraYreecsssesecesansnscaes| 40 |350
Lignite and gray claY.cccceeesseeess| 7T 112 [lLignite and ClaY..ecvssceeeseencses| 10 360
Clay, gray 50 162 |[Lignite 5 ]365
Lignite and gray clay.ceceseecseces| 3 165 |[[|Clay, silty, gray.. 10 [375
Clay, gray 65 230 |[Clay and lignite... 5 |380
Clay and lignite..ceseeecsscossensess| 4 234 |[Clay, silty, gray...ceceeeesscesees] 5 1385
Lignite 6 240 |[[Lignite 5 1390
Clay, 8raVeceesccececsesnsesscscsces] 10 {400

*148-94-3abb

[Descriptions of materials drilled below depth of 192, 5 feet are questionable because of partial
loss of circulation]

Clay, silty, tan and brown.......| 46 46 ||Lignite(?)eersesasrasecescscrenereeces] 4 1214
Chert, silty clay, and rock Lignite and clay(?)eieceesceeeesss] 6 1220
fragmentS.ecciecececscsnsecncesesee| 9 55 |[|Lignite with small amount of
Chert, sandstone, and clay.......] 5 60 Clay(?)eeesecenssessscassesncsennes| 60 |280
Clay, silty, gray..e.ceeeees J 14 74 10 {290
Lignite.... 6 80 3 293
Clay, gray. 20 100 2 |295
Sandstone(?), y(? 25 320
pebbles(?).crccennsees 15 115 40 360
Clay, silty, gray..cccecesecescesessd| 10 125 |[Lignite and clay(9)................ 65 425
Lignite 5 130 |{Sand(?). eee 5 1430
Clay, lignite, and chert Lignite(?) sesues 17 | 447
fragments(?)eeeceesessncsscscsseses| 16 146 ||Lignite(?) 3 1450
Clay, gray(?)eccscccsscesscscessecseed 64 210
*148-94-13aad
Clay, silty, brown...ccecceresecaess| 10 10 ({Clay, silty and sandy, dense,
Sand and brown clay...ccceceeerseee] 5 15 gray. 21 |246
Clay, silty, dense, brown and Lignite and gray clay.....ccceeeee 8 254
gray. 13 28 |[|Clay, silty, dense, gray..e.e. 53 307
L lqvnto 5 33 Lignite 3 310
Clay, Silty, graYeeeivesesvseesesns| 4 37 ||Clay, silty, dense, gray........| 20 |330
Lignite 7 44 ||Clay, carbonaceous, gray. 9 339
Clay, gray to brown... 4 48 |[Clay, silty, gray.. 6 |345
Clay, gray, and ligni 4 2 50 [IClay, 8raY.cecssesscsssescnncscsases 7 352
Clay, silty, dense, gray.......... 80 130 |[[Lignite 4 1356
Clay, silty, brown, and small Clay, Silty, ZraVeecescsscssosssses| 79 435
amount of lignite..esesreseeresa] 5 135 ||Clay, gray, and small amount
Clay, silty and sandy, gray......4 20 155 of lignite 5 |440
Sand 70 295 lSnnrl 10 450
©148-94-20ddd
Clay, silty, brown....ceceesecaceend 11 11 (|clay, silty, gray, with
Clay, Slty, GaYeerrssoommeeren] 6 | 1T || pebblesmmerereresrsens| 2 | 45
Gravel 6 23 ||Clay, silty and sandy, gray...| 74 |119
Sand and clay, silty, brown......] 6 29 Clay, silty, gray, with
Clay, silty, tan, and red chert..( 3 32 pebbles.ccciiicsercsrssnsanesse [ 3 1122
Clay, silty and sandy, brown, Clay, silty, gray... 13 135
With Pebbles.eesuersesnesserssnees| 6 38
Silt, sand, clay, and pebbles....| 5 43
*148-94-26dca
Clay, silty, and sandy, brown...| 15 15 |[Lignite 8 56
Sand....ceeeenes 20 {|Clay, silty and sandy, dense,,
Clay, silty, gr 48 gray. 87 |1438
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Table 4,—Logs of test holes and wells drilled in 1950—51—Continued

Thick-| Depth Thick-| Depth
ness | (feet) ness | (feet)
(feet) (feet)
148-94-26dca—Continued
Lignite 1 150 Sand 79.5 | 267.5
Clay, silty, graveeeeceesses .| 26 |176 Clay, silty and sandy, gray... 12,5 | 280
Lignite and clay.cceeeccocecesee 9 |185 Sand 10 290
Clay, silty, browhu.eceeesssssseess | 3 | 188
*148-94-33acd
Clay, silty, brown....ccoceeveneeceesd] 5 5 Sand..ccieecressecnsansans .| 12.5 | 130
Clay, silty, gray..eeeerersess .| 10 | 15 ||Clay, sandy, gray. 5 135
Clay, sandy, gray and brown.....| 5 20 Sand...ceeeeeeenecnsnes .| 18 148
Sand,eieesnsesreressersrercanenenseasesee| 10 30 | |Lignite... 2 150
Clay, silty, gray, brown and Clay, gray.ccceeseses 5 155
AN, eeeeererersacssnsesaconncocansenss| 22 52 Clay, carbonaceous...... 5 160
. J 23 75 Clay, silty, gray...ce.. 4 164
Clay, silty and sandy, .4 42,5]1117, 5| |Lignite... 4 168
Clay, gray.cicee.s 32 200
¥148-95~1dbb
Clay, silty and sandy, brown..... 6 6 Lignite, clay, and sand....c....] 5 235
Sand and several sandstone Lignite and sandy clay.....cees 5 240
1enseS.ceeecasenrornsesennsocnacesenns | 224 | 230
*148-95-13adc
Clay, broWn...cecscreessrcscnsacascses| 9 5- |{Clay, gray.ceesecsseressesecncsnses| 37 237
Clay, silty, taDiccecincessnseceseess | 20 25 Lignite,.veueercense weenses| 3 240
Clay, silty and sandy, dense, Lignite and clay. 6 246
gray. 20 45 | |Clay, gray.ciceecassces 39 285
Sand vese 5 50 Lignite and gray clay.... 4 289
Clay, silty, dense, gray...c...cese.| 32 82 Clay, silty, gray..... 21 310
Lignite and gray clay..cceeseeeenees| 8 90 0.1 RN . 8 315
Clay, silty and sandy, dense, Clay, silty, gray... 0 8 320
-3 &V R .| 40 130 Clay, sandy, gray.... 10 330
Lignite and gray clay, vens 5 |135 Clay, gray...... .1 9 339
Clay, silty and sandy, gray.......| 15 150 Lignite and clay, .| 16 355
SANAsseserecrsnsecressenossanaesssnnes | 12 |162 | [Clay, gray..cecesseen. 10 365
Lignite 8 [170 Lignite and gray clay.... 5 370
Clay, silty, gray.... cesesees| 285|195 Clay, carbonaceous, gray.....| 10 380
Lignite and clay.iceceeesncssscneanss) 5 | 200 Clay, graVeieessceceseescssscncenss| 20 400
149-90-11ada
Topsoil,... 2 2 Clay, sandy, SraV.ceeeesscscseses| 5 95
Clay, yellow, with small rocks,. 8 10 Clay, very sandy, gray.. .| 10 105
Clay, sandy, yelloW.iceceeerraseees | 33 43 Clay, graV.iccesccssscossasecesess| 31 136
Sandstone...ieceseness 2 45 Sand, medium, gray..... .| 59 195
Clay, sandy, gray.. 28 73 Sand, coarse, graV..ececesscsess | 20 215
Lignite.cececenceceee o 2 75 Lignite and gray, sandy clay..| & 220
Clay, gray.cscecsscasees vessercnsnenses] 15 90 Lignite.sesessces sesssssncaseesnsnces] 10 230
Clay, ZraViccccscesssessasasescesss] 15 245
149-91-17bab
Topsoil..ecasees seesesseansasarsasenases 3 3 Lignite.ceccesvarersersesrocscrsssea| 4 257
Clay, silty, brown....e.... 22 25 Clay, silty, gray-brown. 11 268
Clay, sandy, dense, gray.. 40 65 ||Lignite.eeeeiseennaes veornsescnenene | 2 270
Sand..cecesesccasescsnennncnns | 15 80 Clay, €r2V.sceeeercscesssssoscanans| 35 305
Clay, gray.. .| 33 113 Clay, gray-brown. w1th thm
Sand... 76 189 layers of lignite, 28 333
Lignite,ceueae 1 190 ||Sand....... 2 335
Clay, gray 34 |224 Clay, gray-brown...ecesecscsecese| 30 365
Lignite, 2 |226 Lignite 10 375
Clay, silty, dense, gray to Clay, 812Y.ciecesrsevecsnsencsones | 2 377
BrOWN..eceuesnerecrssncscrorsnssnnnns| 27 253 Sand vee 8 385
Clay, gray, sandy...cecececsoness | 15 400
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Thick-| Depth Thick-{Depth
ness | (feet) ness |(feet)
(feet) (feet)
149-91-30ced
Clay 5 5[ |Clay, gray 13 | 215
Sand and clay with pebbles,.......] 5 10 | |Lignite.seacsaees, 5 220
Sand 37 471 |Clay, gray... . 65 285
Clay, gray, and lignite....eeevees 2 49 | {Clay, brown. . 15 | 300
Clay, carbonaceous, brown, . 11 60 | |Clay, gray... 17 | 317
(No sample)..ceercscecrncenene . 20 80 | [Sand and clay, gray....ese. 3 | 320
Lignite 10 90 | |Clay, grayeececsecescscsscsnsansenses| 15 | 335
Clay, gray 35 | 125]|Clay, sandy.cceeceesascseeecenceensas] 10 | 345
Lignite,.... N 5 130 | |Lignite 5 | 350
Clay, gray . 65 195 | |Clay, sandy, gray..cccecccesccseses 10 360
Lignite.iivecreeenecens 17 202 ] |Lignite.civecesences 10 370
Lignite and gray sandy c 5 315
149-91-33bec
Clay, brown and gray.....eeeeeeees 16 16| | Sand.. 2] 267
Lignite 10 26| |Clay, silty, 8ray..cceceeescsseseens 31 270
Clay, dense, sandy, gray..ccee.e.o] 39 65| |Sand 5 | o975
Lignite,ccceeesncencecsanenceeraonaonssns 5 T0 | {Lignite.isscecssesescsssscssosesorassone 12 2817
Sand 50 120 | |Clay, gray. 13 | 300
Clay, silty, graVicccceeeeseeresesees 5| 125| [Lignite... 3 | 303
Sand. 10 1351 [Clay, gray. 5 | 308
Clay, gray. 8 | 143 |Limestone..ieesesseccsassceranareces 4 | 312
Lignite v 1] 144][Sand W) 3] 315
Clay, graY.cccececscsesesesanes . 11 | 155} }Clay, gray, and sand....ccesesesessf 15 | 330
Sand..eceereiecscecnes ol 51 160 | [Sand..ccececcroscscacesse 24 | 354
Clay, silty, gray. . 5] 165 3 | 357
Lignite.eceeceesene J 3 168 3 | 360
Clay, Silty, SraV.ecececscececsecenens] 27 195 ] |Clay, graV..ccesccesses .| 158} 8175
veoee . 48 | 243]|Clay, sandy, gray..ccesecsesccesese 10 | 385
ngnlte......................... sosansnes 10 253 | [Clay with thin layers of
Clay, Zray.ceccccceerecrerssanenneneens] 12 | 265 Lignite.eueeseenssssceseseasesaneesss] 15 | 400
*149-92-29dcc
Clay, sandy, silty, brown, with Clay, silty, gray.ceceecoseccscsasse 35 220
pebbles... 10 10 | {Lignite and gray clay. 10 | 230
Clay, tan... . 5 15 | |Clay, silty, gray.. 5 235
Clay, gray, and a small amount Clay, graV.iecessessssses 15 250
of lignite.ciesesscsesenssosvonnanaene 5 20 | |Lignite and gray clay.. 5 255
Clay, silty, Sra¥.cececescscccecensece 30 50 | |Clay, gray.cecececcsseses 35 290
Clay, gray, and a small amount Lignite and gray clay.. 10 300
of lignite 1 51| |Clay, gray..cceesees 1 307
Lignite.ioveeeres P 9 60 | |Clay, silty, gray.. 23 | 330
Clay, silty, gray. ceeresesesees] 10 70 | |Clay, gray, and a small
Lignite, sesesvese 10 80 amount of lignite.sseesesenseess] 10 | 340
Clay, silty, graV.c.ceescsrvercencesndl 15 95 | [Clay, silty, gray..... .l 15 | 355
Clay, gray.ceeceses 10 105 | [Clay, sandy, graV..... 5 360
Clay, silty, gray. . 5 110 | |Lignite and sandy clay. . 10 370
Clay, gray..... . 5 115 | [Lignite.ssecesecscesssacsssercscsnneen 3 373
Clay, silty, gray... . 19 134 | IClay, silty, brown, and
Lignite and gray silty clay......... 6] 140 1igNiteerseecaccnsesesscncsansrsances 2 | 375
Clay, gray 10 150 | [Lignite 5 | 380
Clay, silty, €raV.cceccccscseseesesss] 10 ] 160 | [Clay, gray..eceeceseccsecessecsnseses 6 | 386
Lignite, 9 | 169 | |Lignite..... . 4 | 390
Clay, gray.ccecscccsesececesssncancned 16 185 | |Clay, gray... . 14 | 404
*149-93-10aaa
Clay, silty and sandy, tan........ 4 4 }1Silt . 4,5 39.5
Sand, clay, and lignite Clay, silty, brown..scecscscsesces 11.5] 51
fragments..ceeesasssecesesaecsasense 4 8| | Sand 4 55
Clay, silty and sandy, tan... 2 10 | { Sand and clayeeceesesscascsesssaes of 10 65
Clay, silty, gray and brown..... 25 35] | Sand W 21 86
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Table 4,—Logs of test holes and wells drilled in 1950—51—Continued

Thickq Depth Thick-| Depth
ness | (feet) ness | (feet)
(feet) (feet)
#149-93-10aaa—Continued
Lignite and claY.ceeesssseecccscses ot 1 81 Lignite, 3 218
Lignite 9 | 96 Lignite and gray clay............. 7 | 285
Clay, silty, gray.iceecesscssccsncesss] 4 |100 Clay, 8raYecescssscessersocsscenesse 1,5 286.5
Clay, gray, and ligniteecsesesesces] 9 109 Lignite J 2.5 289
Lignite < 2 111 Clay, 8ray.ccecscsecasecncscscsnead 11 300
Lignite and gray claeeeecessoseeeee| 4 [115 Clay, carbonaceous, gray, and
Lignite, o 9.5[124.5 lignite..cisscssresessessessnssanase) 5 | 305
Clay, Erayeeesssscsssescssscessesecccss| 6,5 131 Clay, silty, dense, carbona-
Lignite 3 {134 CeoUS, ZraY.eesescess 10 315
Clay, silty, gray.esseecosseecsesseed 25 |[159 Lignite and gray clay. 7 | 322
Lignite 2 [161 ||Lignites.cceeesseeeessnneees 3 | 325
Clay, silty and sandy, dense,,.... Clay, silty, dense, gray.. 11 402
gray, 38 | 199 Lignite and clay.eececsecsess 3 | 405
Lignite 1 | 200 7 {412
Clay, gray 20 |220 2 | 414
Lignite and gray clay.eecesesseseeed] 5 | 225 Clay, silty, gray.ceeceees 26 | 440
Clay, gray.cessseccsssersesessesas 20 | 245 Clay, gray, and hgmte.......... 4 | 444
Lignite cene 5 | 250 Lignite and small amount of
Clay, silty, dense, gray...... 25 | 275 ZrAY ClaYureerreeeeesrensoneennensd 6 | 450
#149-93-14ccc
Sand and gravelis.iceesecesscncscscas| 30 30 Clay, silty, brown, and small
Silt, sand, and clay. 10 40 amount of lignite..eceeesecescae 2 230.5
Clay, carbonaceous.... . 5 45 Clay, silty, dense, gray. 63. 5| 294
Lignite and gray clay.. . 5 50 Lignite and clay..... 3 12917
Lignite.cciceceerencarancncese 5.5 55.5 {|Clay, silty, gray..... 17 314
Lignite, clay, and chert Clay, gray, and small amou.nt
fragmentS.eiceeesecncasscscscssonces .5 56 of lignitesciscseesescscssossaasans 6 | 320
Clay, carbonaceous, brown.. 4 | 60 Clay, ZraY.ceceecesecescesaosccccse 9 329
Sand..ecesercecranscscocessrceses | 8 |68 Clay, silty, gray, and small
Lignite, sand, and clay.ceceerseaes] 2 | 70 amount of lignite,ceeesesecscees) 8 | 337
Lignite 9 |79 Clay, silty, 8r2Y.cececceesccsecees | 23 [ 360
Clay. silty, dense, gray........... 85 |164 Lignite 6.5( 366.5
Lignite and gray clay..... .| 2 |166 Lignite and clay..cecseesscscssance 1.5| 368
Clay, gray 28 194 Clay, silty, gray 15 | 383
Lignite... T |201 Lignite.ceceeecnees . T | 390
Clay, silty, gray 27.5[228,5 [|Clay, grayecessseecsecsnccoconcesaes| 25 | 415
Sand 35 450
*149-93-18ddb
Sand 45 45 Sand. 4 3 240
Lignite and gray clay....ceeeeeees o 1 |46 Clay, silty, dense, gray......... 60 | 300
Clay, silty, carbonaceous, gray...] 14 60 Clay, gray, and lignite, 5 305
Lignite 1 61 Clay, graY.eceeeececesecccceses 4 | 309
Clay, silty, gray. | 29 90 Sand 3 | 312
Clay, gray... weeee | 24 114 Lignite 1.5 313.5
Limestone.... socesee 1 |115 Clay, silty, gray.cccesecceceseecsed 16,5} 330
Clay, silty, gray weee | 10 125 Sand 5 335
Clay, BraY.icececcecsscocscsnsesceee | 21 [146 Clay, ZraY.ccececceseseseccesensaesad 40 | 375
Lignite 4 |150 Lignite, 4 379
Clay, graY.iccssssececsensecaconennse | 21 171 Clay, 2V eesrsecnssscsecsnseesasaed 26 | 405
Lignite.. 1 172 . 3 408
Clay, silty, graV.cccesceseccsceseces 8 [180 7 415
Lignite and carbonaceous clay....}. 4 |184 y 4 5 |420
Clay, silty, graV.ciccccceseesconseees | 37 221 Clay, 8ra¥eecececesscseccssossenscsed 6 | 426
Clay, silty, carbonaceous, gray Clay, silty and sandy, dense,
and brown 16 237 B2V .veenrarersrsesecnceonsonsennnes| 24 | 450
Sand, 15 465
#149-93-25ddd
Clay, silty, brown... ceesesess | 55 55 Clay, silty, dense, graVeeeesesse 25 125
Sand 10 65 Sand. 5 130
Clay, sandy, graV..cceessecsncseenes| 15 | 80 Clay, silty, dense, graVeeesesses] 15 | 145
Clay, silty, dense, gray 10.5) 90.5 ||Lignite, 5 150
Lignite.cieceececeracersescncsensescses 3.5 94 Clay, ZraVecesscssesscseseccscescoced O 155
Lignite and brown clay..ecceessere.l 6 {100 Lignite and clay.eeeseccaseescseecsd 3 | 158
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Thick-{Depth] [Thickd Depth
ness | (feet)| ness | (feet)
(feet) (feet)

*149-93 -25ddd—Continued

Clay, gray. 5,5 |163,5| | Clay, silty, gray.c.cecssecscenness | 10 | 355
Lignite 2.5 {166 |{Lignite and sand....... .| 5 |360
Clay. “silty and sandy, graye.eee.| 4 [170 Lignite.iecesecscsncsreses 6 | 366
Sand 10 |180 Clay, sandy, dense, gray....... | 14 | 380
Clay, sandy, dense, grayeeesesseee| 11 [191 [!Sand .| 10 | 390
Lignite 2 |193 | |Lignite,.cccessersnseranccsssessneness | 12 | 402
Clay, silty and sandy, grayeseess..| 17 |210 |{Clay, silty, dense, gray. 36 | 438
Lignite 4,5 1214,5| | Lignite 1 445
Clay, silty, dense, £raV..esesecess.| 18.5 {233 ||Clay, silty and sandy, dense,
Lignite and sand.ecesseseesssccsesases| 12 [245 AV eeesessssrcscsersrsesansasenase | 20 | 465
Sand. 26 271 Lignite b 470
Lignite and sandy clay.ceeeessesesse| 4 |275 | 1Clay, silty, gray.eececececsecness | 14.5| 484, 5
Sand 10 1285 ||Lignite,.coecrsrneens 3.5| 488
Lignite and sand..eecssescossseccnsses| 4 [ 289 Clay, silty, gray..cccesssecee T | 495
San 49 338 | |Lignite and gray to tan clay.....] 15 | 510
Lignite, 7 1345
*149-93-34aca
Clay, silty, browhiiceceececesesenced 17 17 Sand 4 | 205
Clay, gray, 5 22 Clay, silty, graY.ciecescocseseeness| 22 | 227
Lignite, 4 26 Sand 28 255
Clay, silty, @ray.ceceesscsccsesecesd 8 34 Lignite and €lay..ceesecscsescsceess| 10 265
Clay, carbonaceous.. e 6 40 Clay, silty and sandy, dense,
Clay, 5iltY.ecensennes 4 65 1105 gray. 43 1| 308
Silt. g 5 110 Lignite..isecseseesesseessescarcasenass|] 7 | 315
Clay, silty, brown...cccceseseses 10 120 Clay, silty, dense, gray..ceeesesd 10 | 325
Limestone . . 1 121 Sand 10 335
Clay, silty, broWn..ccecescseseseesead 10 [131 Sand and hgmte.................... 5 | 340
Clay, gray, and limestone. J 4 135 Sand 5 345
Clay, silty, grayeccececscrsoceeseesd 27 [162 Sand and clay....................... 5 | 350
Clay and lignite..ceeeeeneee 1 |163 Clay, Zr9V.eeresceceseerssonccosecnes] O | 355
Clay, silty, dense, gray...cceceeses| 25 188 Sand 5 | 360
Lignite 2 190 Clay, silty, carbonaceous,
Clay, silty and sandy, gray........] 5 [195 brown and gray...ceeeeeesesneceed 5 | 365
Clay and lignite 6 ]201 Sand 5 |370
Clay, silty, and sandy, gray....] 2 | 372
*149-94-Tcad
Clay, taNiieececesesnsonsnsesnsescesese] 30 30 Lignite.ssessscesecessarescsesnsnceenee) 15 | 191
Clay, gray. 3 33 Sand...... 4 | 195
Clay, gray, with lignite Clay, sandy, gray. 5 | 200
fragments 8 41 Sand 5 205
Lignite 5 46 Lignite q 212
Clay, gray. 14 60 Clay, Y eveseesnesersorssnossacnses 3 | 215
Clay, silty, gray..cccieessseesescseead 9 69 ||Sand 5 [ 220
Lignite 2.5 ] 71.5||Clay, sandy, gray..ceceeecscesceecad 5 | 225
Clay, Silty, 2raYeieeesesssessssnneeed 18.5 ] 90 ||Clay, silty, grayeeeeeseecssseeess] 5 | 230
Clay, graY.iciissssescssenssssesnaaneesd 10 |100 | |Lignite 3 233
Clay, gray, carbonaceous, and Clay, sandy, gray to brown.....ﬂ 7 240
lignite, 2 102 Sand, 37 277
Clay, gray. 4 10 112 Clay, gray and yellow; lignite
Lignitesuseeeseeeercssesssarsncerseearased 1 [113 and pebbles 3 | 280
Clay, silty, dense, carbona- Sand..ececcesesnsocacesosescssesasenes| 67 | 347
CeOUS, ErdV.esresscrsrsasssensensseed 19 |132 ||Lignite, sand, and clay.iieeeened 1 | 348
Lignite. 3 |135 ||sand 2 | 350
Clay, BraVeiciccecssscnceensessescssnced O 140 Lignite 10 360
Lignite « 6 146 |iLignite and clay..cccccrereccseenees! 25 | 385
Clay, sandy, gray..cccecesessesesesse) 16 162 Clay, silty and sandy, dense,
Sand 14 |176 gray ceee 50 435
(No sample).ceceisesesacocscscsenesd 15 | 450
#149-94-9aba
Clay, sand, silt, and pebbles.....J 10 10 | [Clay, silty, grayViccesesscssessesessy 5 25
Sand and pebbleS.icescsesacecsessonsed S 15 Clay and lignite..eseeeee. { 5 30
ANd.eeiiuirerensarseoseassrssacascrsssad O 20 {|Clay, silty, dense, 8ray.ececessesd 72 | 102
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Thick- Thickj Depth
ness |Depth| ness | (feet)
(feet) | (feet) (feet)
+ 149-94-9aba—Continued
Sand 8 110 [|Lignite.cececsees .| 10 285
Clay, 5andY.eesssssesecosescssansensee] 5 | 115 |[Clay, silty, gra . 9 294
Sand 4 119 {|{Clay and lignite... cooveens| 2 206
Lignite 1 120 [|Clay, silty, SraV.ceescecscecscsesess| 4 300
Sand 5 125 Sand 15 315
Clay and sand 3 130 [[Clay, silty, Sra¥.cecesscesesreceeese| 7.5 | 322,56
Lignite 5 135 Sand 13,5 336
Clay, gray 15 150 ||Lignite 10 346
Lignite 5 155 |{Sand, silty, clay, and lignite... 4 350
Clay, silty, 8r2¥ecesssccsssosesessd 14 | 169 [IClay, 8ray.cecceeseecsssosneens 5 355
Lignite 1.5 | 170,5(|Clay and lignite. .| 10 365
Clay, gray. 14.5 | 185 ||Lignite.ceacesscsossnsasees 2 3617
Sand and claY.eeeessoseccscossecscessd 10 | 195 }iSand, clay, and llgmte........... 3 370
Lignite 5 200 Sand.... B 30 400
Clay, silty, dense, graY.ceeecccesn] 20 | 220 [{Ligniteiverecrecarercesenceserarsasennss| B 405
Lignite 7 |227 |{[Lignite and clay. seersesancens| B 410
Clay, gray. 13 240 |[|Lignite. aee 4 414
Sand 5 245 ||Clay, @ray.cecereescssesccsccscsessecs| 6 420
Clay, silty, dense, Yeseoseeeeee 30 275
*149-94-14aaa
Clay, tan, and a few pebbles....4 15 15 |[|Lignite 2 276
Sand and gravelicccciisesescenns 4.5 1 19.51{Clay, gra¥.ciciesesessrcacecssecssenes| 46 322
Graveliiiciseersesessnsececsssnnesenss] 9.5 | 29 }|Lignite. 3 325
Clay, tan; silt and a few Clay, silty, dense, gray...cc.....| 30 355
.5 ] 40, 5||Clay, gray, and small amount
97.5[| of lignite.ceseseescsassossscssccoses| & 360
101 |[Clay, silty, graVec.eeesssseses veeene| B 365
Clay, Er3Y.eciersnversncreaseeanceseed 126.5||Clay, gray, and small amount
Clay, carbonaceous, gray, and of lignite..icessecesescrsesessecsses] O 370
lignite,..ouusesesrencessenssascanasns] 1.5 [128 [|Clay, silty and sandy, dense,
Clay, silty, gray.... 1 22 150 T8V eeureenseosrnesronseassassnessened 27.5 [ 397.5
Clay, silty, carbonaceous, Sand 22,5 | 420
brown ceenne] T 157 [|Clay, gray, and small amount
Lignite 3 |160 of lignite...uceeenscrcassnancnsencss| & 425
Clay, silty, dense, EraYerecessss | 50 210 Sand 5 430
Clay, gray, and small amount Clay, gray, and small amount
of lignite.ieseseescsossesesecssacad 10 220 of sand 5 435
Clay, silty, gray. 20 [240 ||Sand 15 | 450
San 34 274
*149-94-25abc
Clay, silty, brown, and Lignite and clay..csececeseescnosess| 2 150
pebbles......e. .| 25 25 Clay, raV.cesesscesanson .1 10 160
Clay, silty, ta .1 20 45 jiLignite and sandy clay.. . 5 165
Sand.ieceesesees . S ) 52 ||Lignite... 15 180
Lignite..cisiecerencscacrencnsanieeses | 4 56 Clay and lignite.ceeesssescensssacesel O 185
Clay, silty and sandy, dense, Clay, silty, gray.eeeeesceess 15 200
gray 54 110 ||Lignite 10 210
Lignite and sandy Clay..ceciveesesed S 115 Lignite and clay.iciceecesessess 5 215
Clay, graV.ciccesessonccrasscersscennnd 33 |148 1[Silt, sand, clay, and lignite.....| 10 225
] (NO SAMPIE).vreressereseseerercrnsend 60 | 285
*149-94-27daa
Clay, silty, tall..cceseveene veereenes] B 5 ]|Clay, graVeesessocsecessescosescosese] 7 169
Sand.eeeereceese 10 15 ||Lignite 3 172
Clay, silty, ta 19 34 Clay veee| O 177
Sand censvees 4 38 Lignite e 3 180
Clay, silty, dense, gray........... 47 85 ||Clay, @raY.cecsssescscsecscsecssansees| 13 193
AN, 0ereenrareaseonrosssceoseasoncansed O 90 [|Lignite el T 200
Clay, silty, dense, gray...........| 13 {103 [[Clay, silty, dense, graV...eces...| 43 243
Lignite,, 2 J105 ||Lignite ] 3 246
Clay, silty, graV.ecceceecsrseeareased 50 [155  [IClay, silty, gra¥.ssecsssscescecesss | 4 250
Lignite 7 1162 llsand 12 | 262
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Thick-]Depth Thick-|{Depth
ness |(feet) ness |(feet)
(feet) (feet)
149-94-27daa-—Continued
Clay, silty, dense, gray..eseseeeee| 31 293 Lignite 4 1349
Lignite 2 1295 Clay, gray. .| 26 |375
Clay, silty, dense, gray. 20 |315 |[[Lignite.... . 2 (377
Clay, gray, and lignite.cieseemeeee| 4 | 319 Sand....ceeen .| 13 390
Clay, silty, dense, graV.eessemsese|{ 15 334 Lignite........ ves . 9 399
Lignite eee| 2 {336 Clay and lignite..... 8 407
Clay, gray. 9 345 Sand and lignite..c.iceeeeecncennee 7 1414
Sand 36 450
*149-94-29abb
Clay, tan, and sandy. silt...cceses..f 11 11 Sand 21 96
Clay, silty and sandy, gray to Clay, silty, dense, gray....ceeee| 39 135
tan . 14 25 Sand 5 140
Sand........ 5 30 Clay, silty, dense, gray. 15 155
Clay, silty, brown...c.cceeeeeceeceseed 6 36 Ligniteeceesesncensscncssascoce 2 157
Clay, carbonaceous, brown.. 4 40 Clay, silty, dense, gray. 34 191
Clay, silty, dense, brown.. .| 10 50 Lignite.ceeeasecscscscennas 7 198
Sand.ciceceecerecsccccccananses 5 55 Clay, gray........................... 27.5]225.5
Clay, silty, brown......... 7 62 Lignite 7.5] 233
Clay, carbonaceous, brown 13 75 Clay. EBTaVieseseesnrascncoscnnsasces] T 240
*149-95-25aa
Clay, silty, taDicecececcresecseseses) 3 3 Lignite.iceeesecrssccssesecesssrenssesel 3 | 198
Sand,,, 3 6 Clay, gray, and thin lignite
Clay, silty and sandy, dense, beds. 6 204
gray... 24 30 Clay, silty, dense, gray.........| 53 |263
Lignite.ieccscecesssessearecesssecananed 5| 30.5]|Sand..cveescernscccarescecns wees]  7.5]1270.5
Clay, silty and sandy, gray and Lignite and clay..cueceenee . 2.5]2713
LaNi.eeieererennsncnesansaseecsennsaesed 19.51 50 Clay, silty, dense, gray.........| 37 }310
Sand. 5 55 Sand weesesf B 315
Clay, gray..icicceescicsccecnsssacocsssd O 60 Lignite .| 5 [320
Clay, carbonaceous, black, 4 2 62 Clay, silty, gray.. 10 | 330
10.5] 72.5([Sand.ceeescseccsneocss 15 1345
3 75. 5] |Lignite and gray clay... 6 |351
4.5| 80 Clay, silty, gray..... 9 |360
6 86 Lignite and clay.... 2.5{362.5
1 87 Clay, Silty, graViieesecsecssenseesd 9 |371.5
8 95 12,5 384
5 |100 ngmte.. 2 |386
Clay, silty, dense, gray....ceeceeed| 35 135 Clay, g1a¥.ceciecrcssscassoconanesnes] 4 | 390
Sand veseses 20 |155 Sand and sandy clay. 9 |399
Clay, sﬂty, STV eerasssssssrssssosessd O 161 Lxgmte................................ 1 400
Lignite' interbedded with clay.....{ 20 |181 Sand.... 5 | 405
Clay, silty, Yesseosessrsrveasseceed 14 | 195 Lignite and clay.ccceceeesecnceeeses 4, 1409
Clay, gray. 6 | 415
Silt... eor 5 |420
Sand..iecsecsrsssessnencnaccessesess | 30 | 450
*149-95-36dbd
Silt, brown S 7 (NO sample)cscecaccsrascsccsccesses| 26 | 105
Clay, sand, and silt..... 3 10 Clay, silty, dense, gray. 40 145
Clay, silty, gray to tal..cceeecacens) 5 15 Silt, gray.ccecessesercnens 6 151
Sand.., 30 45 Lignite and sand...ceccesss 4 ]155
Clay, silty, gray and tan...........] 10 55 ||Clay, catbonaceous, gray... 5 1160
Clay, silty and sandy, carbona- shg' silty and sandy, gray..... gg gég
CEOUS, ZMAY.ceereeensacsoscncnneassed 20 75 an
Clay, sandy, gray and tal.e.cecesed 8 80
150-90-13aca
Gravel and boulders....cceeeeensecass] 6 6 Sand 14 82
Clay, yellow...... 18 ||Sandstone. 3 85
Clay, blue...ccocecee. 23 Clay, blue, with sand.ceseeecsesef 25 110
Clay, sandy, yellow.. 55 Lignite 3 113
Clay, very sandy, gray 13 68 Sand, fine, ZraVeeesesessssescesen| 15 | 128

315937 O -54 - 6
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Table 4,—Logs of test holes and wells drilled in 1950—51—-Continued

‘Thick- Depth] Thick-{Depth
ness | (feet) ness |(feet)
(feet) (feet)
150-90-13aca—Continued
Lignite, 4 132] [Clay, sandy, graV..e.eescescencses| 13 243
Clay, 8raVecesssscssessssersescacsass o 23 | 155} [Lignite 3| 246
10 165 Clay, sandy, gray 21 273
Sand, fine, gray.cceseesscescsccscse:| 60 225} [Clay, 2raY.cecessseee 7 280
Lignite 75 | 230 |Clay, sandy, gravieeeee| 12 | 292
Sand, fine, gray... . 13 305
150-90-16cbb
Topsoil 3 3| |Lignite J 20 120
Clay, silty, yellow, with . Sand 65 185
pebbles.. 54 ST | |Lignite..ccierrseerccerencascsceseensed 2 | 187
Gravel.... 4 61| |Sand.ccceecriecccseeessencenerosnneesed T3 | 260
Clay, sandy, yelloW..i.eeeeenseeoced 4 65 | |Lignite 7 267
Clay, sandy, brown, with Sand 60 327
lignite 6 71| |Lignite 2| 329
Clay, sandy, gray..ccsesseseseceeseed 12 83| [Sand 14 | 343
Clay, gray. 17 100 | |Lignite 3 346
Clay, 2r2V.ccreessescesoscoccsonsased 09 405
150-90-22ccc
Topsoile.... 4 4| |Sand.... 105 | 200
Clay, BIOWN..isseeersssneeccsesceseres| 38 42| |Lignite 4| 204
Sand and lignite 15 57| |Sand...... 66 270
Clay, silty, brown..seccecececesenses 4 61 ] {Gravel 15 285
Clay, gray. 34 95 | |Sand, . 15| 300
Gravel 30 330
150-90-25daa
Soil 3 3| [Clay, brown and gray, with
Gravel . . 9 12 pebbles, 23 45
Sand and small amount of Sand, 29 14
lignite 10 22 | [Clay, brown and gray, and
sand 30 104
Sand. 156 260
150-90-28ddc
Topsoil and gravel....eeeee 10 10 25 120
Clay, brown, gray and tan, 20 30 3 123
Sand....... 15 45 12 135
Clay and sand 15 60 | [Clay, gray and brown...c.eeeeeeed 13 148
Sand 28 88 | [Lignite 2 150
Clay, brownl..cieceseceeceecesessanssse 7 95 { |Sand 115 265
150-92-2aba
Topsoil 2 2 ‘Sand and clay, gray..c.ecceeccecesd 10 200
Sand and gravel... . 3 5| |Clay, 2ray.ccccessessesces e 33 233
Clay, with pebbbl ] 25 30 | |Lignite 2 235
Clﬁy, TV eeeeerenoseessrsescenecsncese| 40 70 | |Clay, sandy, gray.ee.eccscecseesss| 20 | 255
34 104 ] [Clay, 2ray.cccceceessessesccsacrescesd 60 315
Clay, (gray and brown...ceeecescnses 6 110 | {Clay, sandy, gray..ccceeesecscscees 13 328
Lignite.cveeeeesaseees 5 115 | [Lignite 17 345
Sand and clay......................... 5 120 | [Clay; gray-green..ccceceeencesessed 22 367
Sand....... 5 125 | |Lignite 3 370
Lignite, 5 130 | |Clay, sandy, gray-green........d ki 3117
Sand,...... 3 133 | |Lignite 3 380
Clay, gray.. 4 137 [Clay, gray-greeN..ceccsecoseeseessfes 8 { 388
Lignite . 3 140 | |Lignite 2 390
Clay, gray, 9 149 | [Clay, gray-green....cccseesseecens 3] 393
Sand 36 185 | JLignite.cececensesoncnns 2 395
Lignite 5 190 | |Clay, gray to brown.............. 10 405
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Thick-|Depth Thick-~| Depth
ness [(feet) ness |(feet)
(feet) (feet)
150-92-14abd
Gravel 5 5 [Lignite... 3] 270
Gravel and clay...................... 10 15 |[Clay, gray 551 325
Clay, graY.eccseeccecesnsssossnsseeces| 40 55 ||Lignite. 15| 340
Lignite 2 57 |IClay, gray-greeniuieceecesecessecs 5| 345
Clay, gray.ccececeessessscconcencnness] 18 15 Isnnd 35| 380
Clay, silty, brownu.ceessssessenses] 25 100 [[Lignite 5 385
Silt, brown 15 | 115 ||ciay, gray. 10| 395
Clay, gray.cccececscscsssssecsesssaces| 30 145 |lSand eed 10| 405
Lignite, 5 150 ||Lignite 5| 410
Clay, ray.ceesceccssccssorsecsesneees| 30 180 ||Clay, gray 5| 415
Sand 20 200 [|Sand and tan sandy clay.....e.ee.d ] 420
Lignite 5 205 |[Clay, gray and tan...cceceeeeeecees 15| 435
Clay, silty and sandy, gray...... 28 | 233 ([Lignite 15| 450
Lignite..cieaueees 2 235 |[Sand...... 26| 476
Clay, gray. 10 245 [[Clay, gray............................ 41 480
Sand....... 10 255 ||Lignite.c.ceeesecees o 51 485
Lignite. 8 263 [|Clay, sandy, gray........‘......... T 492
Clay, 8ra¥.ceeeseeceressernssacessrees) 4 | 267 {[Lignite 8| 500
150-93-1dda
TopsOilieecseseeseecceseransacsoasecease 3 3 |[Clay, silty, 2raV.cccceesenccoscences) 5| 220
Clay, silty and sandy, wi ignite 5 225
gravelicceecsccsannnes 7 10 ]|Sand 51 230
Clay, silty, gray-bro 5 15 |[Clay, gray. 10| 240
Sand..cecesessesseessecssroveennssesess| 60 75 ||Clay, gray, with lignite
Lignite ] 80 streaks 15| 255
Clay, silty, dense, gray..ccceeeeed 55 135 ||Sand with lignite streaks....cceees 15 270
(No sample).eeeeceecesersaccncsseness | 15 150 {[|Sand 40 310
Sand 62 | 212 |[Lignite. 5| 315
Lignite 3 215 ||Clay, sandy, gray ereeseseesacenne 15} 330
150-93-2adc
Topsoil 5 5 J|Clay, gray. 26 146
Clay, brown with gravel...seeeeeed 25 30 |[[Lignite 8 154
Sand..iiceeecssescnncsensaessncsansennss| 10 40 [IClay, @raV.cceesessnssecsossennnseesss] 1291 283
Lignite 1 41 {|Lignite 1 290
Sand... ] 18 59 1IClay, gray.ccessesscesscrcrensesenons 25| 315
Lignite 4 63 ||Clay, gray and brown, with
Clay, gray.icieesccscceessersneceennes| 53 116 thin lignite beds, 15 330
Lignite 4 | 120 |[Clay, silty, gray..... 60| 390
and....., 15] 405
150-93-2cbb
Topsoil wereses{ 3 3 ([Clay, sandy, dense, gray.........] 26| 230
Clay, yellow, with pebbles......| 42 45 |{Sand 1| 231
Clay, gray.ceecceeceessaseseassossens 5 50 |iClay, gray. 89| 320
Clay, sandy, yellow, 16 66 |[Lignite 3| 323
Clay, carbonaceous, lay, gray. 1| 400
lignite,, 2 68 |{Sand 10| 410
Clay, gray..cccessesesssessascacssesaee 9 1 lay, gray. 16| 426
Lignite 3 80 |{Limestone 4| 430
Clay, silty, gray and brown......| 90 170 |iSand 8| 438
Lignite 3 173 |fLimestone 1 439
Clay, gray and brown.....cceeeeees| 26 199 |[Lignite 11} 450
Clay, brown, with small amount imestone 3] 453
of lignite...cessseeceesacccnscnons 5 204 |[Lignite, 9 462
C1ay, 8rayeeceecesesenceassorsessncess 33| 495
150-93-11baa
Topsoil 3 3 |lSand with thin lignite bed..ceseee 35 135
ClaY, brown and gray...eceeeeseans| 17 20 |IClay, Silty, SraV.cceeceseceseseronse 10 145
Clay, gray and greenu.eessessses [ 13 33 |[Lignite 10! 155
Lignite 6 39 [iIClay, brown and grayeceeessseeesss] 40| 195
Clay, gray and green..eseeseeese | 61 | 100 |lSand 10| 205
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Thick-| Depth Thick-|Depth
ness | (feet) ness |(feet)
(feet) (feet)
150-93~11baa —Continued
Clay, gray and brown...eeceesecenr|{ 8 213 || Clay, silty, graV.cceceesseseecanss] 31 | 269
Ligniteseescescssesscscascnene 2 215 Lignite...eceeesnce veesos e 1 270
Clay, EraV.ceccseseccrsecssssssscesees| 15 230 Clay, gray and brown, .| 69 339
Lignite 2 | 232 || Lignite..iieeerresverrecerserseserssss| 1 [ 340
Clay, gray 3 235 Clay, gray and brownu..e.eeeesss] 30 | 370
Lignite 3 238 Lignite 5 315
Clay, 8r2V.eccecessresoscessssscsnssl 30 405
*150-94-28ada
Sand and pebbleS..ceiaceasess 12 12 Clay, silty, brown.esececscesces 4 174
Clay, silty, brown.... o 3 15 Lignite, . 3 177
Clay, gray and brown o 8 23 Sand.ceecesresvess 4 15 192
Clay, gray.cesececsesese 4 27 Lignite 3 1195
Lignite,..eses 3 30 Clay, sandy, gfaVeececeecrenseeesd 9 200
Clay, gray.cessesesacssccssscscscssens| 30 60 Lignite.iccsecrsensesens 3 1203
Lignite, 2 62 Clay, gray.cececececessesesesscnsses 6 ]209
Clay, silty, dense, gray.... 8 70 Sand . 46 | 255
Clay, carbonaceous, brown., 3 73 Lignite, 7 262
Clay, silty, gray.cceecccssecceeeees | 11 84 || Sand 23 {285
Clay, carbonaceous, dark.eeeeses| 1 85 Clay, sandy, graV.ceeceseeescseced T 292
Clay, gray.cisessessecsescres o] 5 90 || Lignite 5 297
Clay, silty, brown.... | 4 94 Lignite and clay.ceececcesconsesses 3 1300
Lignite and clay..cccsincrnsncenenes | 4 98 Clay, gray.ceceees ] 15 315
Clay, silty and sandy, dense, SaNd.cerecerararerrorcrseresncosaases) 10 325
BTV eerernrersrsnressesasassossevens] 43 141 Clay, gray..ececesseesees 4 22 1347
Lignite and clay.. 3 144 || Lignite and silty clay.. we 3 |350
Clay, gray..cocecees 21 165 Clay, silty, gr2Vecsececess .| 10 360
Lignite.ciccessseesssncsrasescsnasnocene] O 170 || Sand . veeeess| 60 [ 420
*150-94-32ccb
Clay, tan 20 20 Sand 2 165
Clay, carbonaceous, tan.....ceee 10 30 Clay, silty, dense, gray........ 15 180
Clay, tan to gray..eeeeesssssesssces| 15 45 Lignite and gray clay.... 5 185
Clay, sandy, gray and brown.... 15 60 Clay, gray..eoeeeeennes 5 190
Clay, silty, gray........ 5 65 Clay, sandy, gray, and
9 74 lignite.suaseesssseens 5 |195
6 80 || Lignite..cussrsesenacscsrererennnaness| 5 | 200
1o 90 || Clay, silty, gray, and lignite..] 10 |}210
10 100 Clay, sandy, gray to tan........ 5 215
5 105 || sand, clay, and lignite. 5 |220
Clay, carbonaceous, gray........| 10 115 || Lignite....correvenmevevenee . 5 225
Clay, gray, and small amount Clay, silty and sandy, dense,
of lignite, - 129 BT8Yuuuereersressrsunesessssenarsnns 40 {265
Lignite....... 138 ] cClay, gray, sandy, and lignite.. 5 |270
Limestone... 3 141 Clay, gray .ceeeercens crenneane 10 |280
Lignite....... 4 145 || Lignite,..... 5 |285
Clay, gray.. 5 150 Sand.ciecesiennsacessssressesannansens 5 290
Clay, sandy, gray.. .| 8 158 Clay, silty and sandy, dense,
Lignite and €lay.ceceerecereeersoares] 5 163 carbonaceous, gray...... ] 40 330
Lignite...... seessascessansnssae 5 335
Clay, silty and sandy, gray..... 45 380
Sandiecscecsseiserncasssnssiacesneneas 40 420
#150-94-35acb
Silt, sand, and rock fragments..| 5 5 Sand 5 200
Clay, silty, broWn..eeeesssnrernces| 25 30 Lignite 2 202
4 34 Sand 4 206
g1 35 || Clay, sandy, dense, gray.e.....| 8 |214
Clay, s11tyandsandy,dem ayJ 95 90 Lignite and clay.... 6 220
SN, 11eeererrreesensseesaes | 52 142 || Clay, gray... | 6 |226
Clay, silty, dense AV enerenenss | 19 161 Lignite and cla¥.cecencee N 1 {227
Lignite 1 162 || Clay, ray.ccescsseseesesccessrens. 11 238
Clay, silty, gray...ciceenssnsoesees | 18 180 |{ Clay, and small amount of
Lxgmte................. 190 lignite 2.5 | 240.5
Clay, sandy, gray....cceeeeeuseecee| B 195 Clay, silty, dense, graVeeecessed 11.5 [ 252
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[Thick- | Depth Thick-| Depth
ness [(feet) ness |(feet)
(feet) (feet)
150-94-35acb-——Continued
Clay, silty, gray, and small Sand and lignite......... 2 280
amount of lignite,.. 1 [ 253 ||Clay, silty, dense, gray. 45 325
Clay, graYeeeeseesccercsssessosessssse) 6 | 259 [lLignite,siceerusereresesneanes 3 328
Lignite J 9 |268 |[Clay, gray. 17 |345
Clay, 5andY.ceeesecseessssseosonesenres] 2 | 270 |[Sand..eceeeerereceerensesosassances 70 |415
an 8 278 ||€lay, silt, sand, and hgmte.... 5 1420
150-95-13dce
Sand, with pebbles..cccverererenenes| 20 20 Lignite,iivesesscrescscorsscssasscncassd 4 |234
Silt, brown...... cesessesersncssesssnes 5 25 Clay, silty and sandy, dense,
Clay, sandy, gray, and gravel.., 1 32 carbonaceous, gray andbrown| 51 [285
Clay, gray.. veerererrecerione] 2 34 Lignite... . 289
9 43 Clay, gray.cececerrecossoenaans 330
1 44 Clay, silty, gray and brown. 350
6.5{ 50.5||Clay, silty, dense, gray..... 30 |380
Clay, silty, dense, gray ceeees 29.5] 80 Clay, gray, and lignite..... weeens| & |385
Sand.eceeresnsesssseseresenene J 0T 87 Clay, silty, dense, gray and
Clay, silty, dense, gray.. . 9 96 |23 PO vosoeressrsesersesasesns] 20 |414
Clay, brown, and lignite 6 {102 Lignite,... 6 1420
Clay, silty, gray....c.eeeee 20 122 Clay, silty, gray to brown 14 [434
Sand..ceeveerenecns | 63 185 Lignite.iscersecenerescesasescses 3 |437
Sand and gray clay...cceeeees 20 205 Clay, gray. 26 463
Clay, silt, lignite, and sand, 15 220 Lignite..c.esceeeses 6 469
Lignite.icesereaeeessanssessesese J 6.5]226.5||Clay, gray to tan, 28 1497
Clay, gray.. voven .| 3.5|230 Lignite.... J 4 501
Clay, gray. 9 510
*151-94-9add
Clay, sandy, brown, with
pebbles.ciiiecencnrevesnsrrenconsenes | 10 10 Clay, silty, graY.ccceecesesssecsesed 20 [225
Clay, silty, brown and gray.. 15 25 ||Lignite...cceeeene 17 242
Sand...ceereeeneeee 1.5| 26.5]|Clay, silty, gray. 5 |247
Clay, silty, gray.... 7.5| 34 Lignite.iucisecaressesesassase 2 |249
Clay, sandy..... 2 36 Clay, silty, dense, gray... 48 297
Lignite..iceeesenes . eees| 4 40 Lignite,cecieceesensssccancncsnnssoened 6 303
Clay, silty, gray....oceecee J 5 45 Lignite and gray dense sﬂty
Lignite and silty clay. 5 50 Clay.iiiieesresenssnsseceesens 32 335
Sand..cececencnen . 5 55 Clay, silty, gray and brown. 25 |360
Clay, silty, gray, 21 76 Lignite..... [ . 15 |375
Lignite....ceeruenres 7 83 Lignite and clay.... 10 385
Clay, silty, giay...... 17 (100 ||Lignite.iesesecsees 10 1395
Lignite.......... 5 105 Lignite and clay, 30 425
Sand........ 30 |135 Clay, gray, silty J 60 |485
Lignite..ceeceeeencnnces 6 141 Lignite..... sesssensne 4 489
Lignite and gray clay...... 12 153 Lignite and gray clay . 6 495
Clay, silty, gray...... o 47 200 Clay, gray..cccesesvsecees 4 5 500
Sand.uieeecesesrcancisnescnsssassnceansy 8 | 205 Lignite,.veesecseescrnsnsas . 85 505
Lignite and brown clay...ccceeeeee| & 1510
151-94-28daa
Clay, silty and sandy, tan.........] 10 10 Clay, silty, dense, graV....ee.oof 57 173
Clay, silty, gray....eeeeeee | 23 33 ||Lignite.eeseesann vesssssesesnsens 176
Lignite and gray clay s 1 34 Clay, silty, dense, gray....c..... 208
Clay, silty, dense, gray.. 19 113 Clay, carbonaceous, brown......[ § 213
Lignite..iciceeenesnsessrcasascncecencns 3 116 Clay, silty, dense, gray...cceees| 27 240
*151-95-24acd
Clay, brown...cc.eee. 5 5 Clay, carbonaceous, gray to
Clay, silty, gray. 4 16.5} 21.5 brown 4 54
Lignite,ciseseeccnsnssnsansons . .5] 22 Lignite 1 | 55
Clay, gray, and tan shale,, 9 31 Clay, gray. 5 60
Lignite and clay.. . 2 33 Lignite 4 64
Clay, silty, gray..ccceceees 14 47 Clay, silty, raY...esecscsscecsesse] © 70
Clay, carbonaceous, gray...ceeees 3 50 Silt, 4 T4
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n::- Depth Tl::sk Depth
feet) (feet)
(feet) |C (feet)
*151-95-24acd—~Continued
Lignite, sand, clay, and lime- lay, silty, gray..................... 8 |198
stone, 5 79 JLignite and clay. 2 ]200
Sand 6 85 [Clay, silty, gxay..................... 7 {207
Clay, gray and brown.eeeessssssees | 8 90 fLignite 3 |210
Lignite 5 95 fClay, silty, graV.scecscsscoscccasaces ‘ﬂ 333
Clay, silty, eosscsesessssessssse | 11 106 JLignite.cicecscecssesnsoesesasecrcncasae 5
Hg!i» . gy 3 109 §Clay, gray, 25 12715
Sand 9 118 JLignite 19 | 294
Lignite 2 120 fClay, silt, and sand..ccceeeeenneenss | 16 | 310
Lignite and gray clay.eceessescsses| 9 125 [Clay, gray. 3 |313
Clay, gray. 5 180 f[Lignite 11 | 324
Sand 35 165 fClay, silty, dense, carbonaceous)
Lignite 1 166§ gray, seses] 34 | 358
Sand 14 180fClay, gray. 32 390
Clay, brown, lignite, and sand.... 2 182
Silt é 8 190
*151-95-~36ach
Clay, silty, brown, with pebbles] 15 15 (NO sample)cceesicecsssnecssoasesanenss| 87 | 150
Sand and gravel.....ceeesesecenseeesed 10 25[IClay, silty, dense, gray and
Clay, silty, brown, with pebbles] 15 40 brown 15 | 165
(No sample) 41 87 (No sample), 45 (210
Lignite(?) (no sample)....ceesveenad 6 93 fLignite(?) (no sample)eeesercceaneses| 15 | 225
152-93-18dcb
Clay and gravelicieeeeesecresaenseeeed 11 11 fSand, medium to coarse, gray....| 56 |221
Sand, medium to coarse, brown.] 154 165 [Clay and sand 4 1225
152-93-20baa
Topsoil 18 18 fNo sample), 13 |118
Sand..... ceressersesnsnasecsenensl 7 25 [Sandeesareercrasescrnessansrncncsnnnenee | 5 [123
Clay. ™ . & 30 ISandstone . 4 127
(No sample)seciceesecacsrecseransancad 15 45 §Sand..ceeeccesssessasensnessansssennnnes | 13 | 140
Sand, coarse verveesan 12 57 fLignite, . | 5 145
Clay, .| 43 100 (NO Sample).ceecsacssasesossssrsosescss| 110 | 255
Lignite...oeeaens cessseseerenisnesenninn 5 105
*152-93-20bac
Sand, gravel, and clay....c.cceenses| 10 10 [Clay, gray, and limestone.........} 7 |282
Clay, silty and sandy, brown, Clay, silty, gray,.and lignite.... 1 283
with pebbles....c.ccitnnecnceececess] 18 28 IClay, Zra¥.eeeeeesecsecsesrenacennnnaea| 13 |296
(NO SAMPle).trriaeereessrcrrensacasess | 34 62 |Lignite..ccecssresns 2 1298
Clay, silty and sandy, cartbon- Lignite and clay.icscsesccsccnsescases 7 {305
aceous, brownhu.cccieerecenssecanead 1 63 [Clay, gray. 25 |[330
(No sample)... 12 75 [Clay, silty, gxay, 28 |358
Ndeeesennes 60 | 135 {Lignite and clay...... 7 1365
(No sample)..icaaaas weee| 40 |175 |Lignite..cercrenes 7 1372
Sand(?) and gray clay(?) (no Clay, gra .| 8 (380
sample), 15 | 190 [Clay, silty, dense, gray. ] 10 |390
Sand 20 (210 [ignite and clayuememrvussensereneens| 7| 397
Lignite and clay..eeessesconsssscosess] 19 | 225 [Sand and clay.ieceeesreescssncaneanae] 138 1410
Clay, silty, gray..cescsecess .| 3.5]228,5fClay, silty and sandy, dense,
Lignite and clay..iceeccsecacesseonees] 2 | 230.5] 2rayiicecesrsrcscsiinsncecsronsecannes| 568 466
Clay, gray. 22 | 252,5fLignite.ccrcenees .| 16 {482
Lignite 2.5 255 Lignite and clay, .| 3 |485
Lignite and gray clay..... 11 | 266 it€ersesesennnan .| 10 }495
Clay, silty, dense, gray, 9 275 [Lignite and clay.. .] 15 |510
152-94-11dac
TopsOiliceeceesesrecacsessnrasnssncenne 2 2 fSilt, gray, with pebbles.c.ceuisneee| 44 86
Silt, 8 10 [Lignite, 1 87
Gravel 2 12 [iSand, silty, 18 |]105
Clay, sandy and silty, brown and IZNItE, vereceereccsresansassescennsnse| 2 [ 107
gray, with pebbles....cceuuureeces| 30 42 [|Sand, brown and gray.. 11 118
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e Ipeptn e peptn
(feer)| (Fee®) (feet) (feet)
152-94-11dac—Continued.
Sand, fine, gray.....ccesseeseeneeeneedf 17 1135  |[Clay, sandy, gray.e.eecccecseeeeess] 16 170
Lignite 13 148 Clay, sandy, ray...cecesessescees| 20 190
Clay, gray 6 |154
*152-94-16¢cca
Clay, brown; sand and pebbles,....] 5 5 Clay, silty, gray..cccecccscscesesad 25 125
Clay, silty, brown, and pebbles,. | 10 15  [IClay, raY.ccccesssecoscrcesseonenned 2.5 | 127.5
Clay, gray to broWn....cceeeececaceess| 5 20 Lignite 2.5 | 130
Clay, carbonaceous, gray. 4 24 {IClay, gray.cecesceeecroceessorescarad O 135
Clay, gray to brown... 3 217 Sand.... 10 145
Clay, silty, tan.... 5 32 Clay, gray, and sand...eceesesees] 5 150
Clay, carbonaceous, gray..c.eeeee.| 13 45 Sand 5 155
Clay, silty, gray.cccccseccscesecessesed 35 80 Silt 3 158
Clay, silty, carbonaceous, gray..| 10 90 ignite 11 169
Clay, graV.iicceeesssases 5 95 Clay, gray and taf...ceecececeaed] 11 180
Sand..ciceienrernensecsrssaeencacenceneeesd 8 100
152-94-25¢cce
Topsoilicieeesseses 7 7 lay, sandy, 12 162
Sand and gravel. 8 15 ignite....... 8 170
Sand....ceeecennse 22 37 andstone. 1 171
Lignite.., vessess] 8 42 1aY.eenieenee {29 200
Sand... ceevene) 20 62 lay, silty.... 415 215
Clay.csireesesecarsrcosasassscscesssences| 88 150 0 SAMPle)icrseserasescocesansasnse] 18 230
«152-94-25daa
Clay, silty, gray.. -5 5 nd 7 217
Gravel and clay......... 15 20 lay, gray, and silt....cieeeeeened 1 218
Clay, silty, brown........ e | 14 34 Sand.. o7 225
Sand and gravel......ccceeecoeressecsed 16 50 Sand and gray clay................ 3.5 | 228.5
Sand..... 60 IZNIte. ceeuirnseccasensncsasansensessd 7.5 | 236
Clay, silty, brown....euceeescnnecnns 132 |lsand 4 | 240
Clay, silty, gray.. 190 [IClay, sandy, gray, and sand...] 5 245
Lignite...ceserssnsecenssesssscssnonencess| 2.5 [192,5 |[Lignite and gray clay.ceeessesses| 10 255
Clay, silty and sandy, dense, gray] 17.5 |210
* 152-92-32bbb
Clay, silty, brown, with pebbles..| 10 10 Lignite..ccierececsssnsnsercascsaseses{ 5 143
Clay, silty, gray and brown........| 33 43 Lignite and clay.. 2 145
Lignite 17 50 IClay, gray..eccecceccececncss 5 150
Clay, silty, dense, gray......eeeered 35 85 [|Clay, slightly silty, gray. 10 160
aNdeeersesrcrensssoreassosassnssncnnceese| 18 [103 IClay, silty, graV.cccecsccccsecees) 5 165
Lignite 7 110 Sand, 51 216
Clay, gray, and lignite,. < &5 |115 ignite 8 224
Clay, silty, dense, gray.cciseeceesed 23 [138  [[Clay, gray..cveeseceocecesseccsnsened 1 225
152-94-33bbb
Topsoil and gravel.....ceeecseeeneeese| 10 10 IClay, $aNdY.iccerescsscsssarcscseseed 23 128
Clay and gravel.... venssesasanes | 18 28 (NO sample)aieccecacecassencssensesdld? 275
(No sample)..iesessacsseses
Clay, silty, gray..... 127.5
Clay, gray..ccecscsesssesces 128
Clay, silty, tan, and lignite....... 140
Clay, carbonaceous, gray and 12y, Br2Yieecsciersessossacancrsens 145
TOWIl,eesessensonsnssessnsanssassanses lay, sandy, dense, brown..... 150
Clay, silty, gray... e 163
Clay, gray and tan, weee | 21 66 and and carbonaceous clay....| 12 175
Clay and lignite. .| 2.5] 68.5[[Clay, silty and sandy, gray....| 5 180
Clay, silty, gray. .| 6.5| 175 6 186
Clay, silty, gray .| 23 98 4 190
Lignite and brown silty clay....... .5 98.5 5 195
Clay, silty and sandy. gray, tan, lay, silty, gray.................. 15 210
and br .- 16.5 1115
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Table 5,— Temporary benchmarks established in 1950—51

[Bureau of Land Management survey markers are marked “General Land Office”

on the stakes in the field]

No. | Altitude Location Description

T1 | 2,212,98]152-94-19bdda Top of Indian allotment marker, center of section.

T2 | 2,264,87|152-94-19cddd Top of Indian allotment marker, center of south line of
section,

T3 | 2,195.38{152-94-30dddd Top of General Land Office marker at section corner.

T4 | 1,904, 27{152-93~18dddd Top of Indian allotment marker at section corner.

TS5 1,936, 79 |152-93-19addd Top of General Land Office marker, center of east line
of section,

T6 | 2,005,61|152-94~25addd Copper nail and washer in corner fence post; fence runs
east and south from corner,

T7 | 2,081,96 |152-94-25cdec Copper nail and washer in east gatepost of east-west
fence,

T8 | 2,059,61)151-94-2dabe Red X on a boulder, east side of trail at top of hill north
of Clark Creek.

T9 | 2,335,36|151-94-28daad Red X on top of large boulder, east side of trail near top
of slope.

T10 | 2,321,75 | 151-94-28addd Top of General Land Office marker, center of east line of
section.

T11| 2,105,13 | 151-94-9addd Top of General Land Office marker, center of east line of
section.

T12 | 2,200, 64 1151-94-7dddd Top of General Land Office marker, southeast corner of
section,

T13 | 2,373.83 |151-95-24acad Red X on a rock on hill about 100 ft east of well,

T14 | 2,281,19 ]150-95-1cddd Top of Indian allotment marker, center of south line of
section,

T15 | 2,303.74 |150-94-33addd Copper nail and washer in fence post by a bent General
Land Office marker,

T16 | 2,283,17 | 150-94-27dddd Top of Indian allotment marker, southeast corner of
section,

T17 | 2,272, 89 |150-94-26cddd Top of General Land Office marker, center of south line
of section,

T18 | 2,255, 15 |150-94-26dddd Top of General Land Office marker, southeast corner of
section.

T19 | 2,351, 88 | 149-944bdcd Red X on rock, 4 ft northwest of west gatepost in east-
west fence; rock marked “BM no, 13,7

T20 | 2,365,29 |149-94-4cddd Top of General Land Office marker, center of southline of
section,

T21 | 2,270, 77 §149-94-Tcadd Red X on top of rock about 50 ft northwest of a well site,
east of crest of ridge.

T22 | 2,389,02 §149-94-9abab Red X on top of rock at a well site, northwest of crest
of ridge.

T23 | 2,239, 84 {149-94-3cddd Top of General Land Office marker, center of south line
of section,

T24 | 2,295, 80 | 149-94~11dddd Top of General Land Office marker, southeast corner of
section,

T25 | 2,307, 62 | 149-94-12cddd Top of General Land Office marker, center of south line
of section,

T26 | 2,358,25 |149-93-18acdc Red X on top of rock, 50 ft west of gate in north-south
fence, on south side of trail,

T27 | 2,278, 09 [149-93~-18dddd Top of General Land Office marker, southeast corner of
section.

T28 | 2,105, 39 {149-94-25abdd Top of Indian allotment marker, center of NE% sec. 25,

T29 | 2,491, 82 | 148-95-1bddd Top of Indian allotment marker, center of section,

T30 | 2,471, 34 |149-94-32dddd Top of General Land Office marker, southeast corner of
section,

T31 | 2,398, 16 | 149-94-29abbb Red X on rock about 100 ft north of a well and about
150 feet west of trail.

T32 ] 2,506, 81 }149-95-36dbd Red X on rock 25 ft east of a well about 150 ft north
of east-west road, and about one-~quarter mile east of
west boundary of reservation,

T33 | 2,336, 23 |149-94-27addd Top of General Land Office marker, center of east line of
section,

T34 | 2,216, 01 |149-93-15dddd Top of General Land Office marker, southeast corner of
section,

T35 | 2,185,48 |149-93-22dddd Copper nail and washer in comer fence post southeast
corner of section,

T36 | 2,057.12 |149-92-31bbbb U. S. Coast and Geodetic Survey reference point—bronze

disk marked “Loney Azimuth,” set in concrete post on
south side of east-west road and on east side of branch
trail going south,
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Table 5.-—— Temporary benchmarks established in 1950—5]—Continued

No, | Altitude Location Description

T37 | 2,026,43 |149-93-35dddd | Top of General Land Office marker, southeast corner of
section,

T38| 2,251,08|150-94-28aadd | Top of Indian allotment marker about 300 ft northeast of a
well,

T39 | 2,345.94 |150-94-32cddd | Top of Indian allotment marker, center of south line of
section.

T40 | 2,080.97}149-92-31aadd | Copper nail and washer in a 4- by 6-in. timber at south-
east corner of cattle guard.

T41 | 2,339,179 | 148-92-4¢cbbb White X on a rock about 30 ft south of east-west road and
at junction with main trail to Independence,

T42 | 2,284.08|148-91-30addd | Top of Indian allotment marker, cenrter of east line of
section,

T43 | 2,215.98 | 149-91-19bddd | Top of Indian allotment marker, center of section.

T44 | 2,202,59 [149-91-18cddd | Copper nail and washer in corner fence post at northwest
corner of field.

T43 | 2,200,179 | 148-92-2ccc U. 8. Coast and Geodetic Survey reference mark—bronze
disk marked “Saddle Butte Azimuth® set in concrete post
about 80 ft north of road at point where road bends
sharply to south.

T46 | 2,017,81]149-91-31dddd | Top of Indian allotment marker, southeast corner of section,-

T47 | 2,177.11]149-92-25dddd | Top of Indian allotment marker, southeastcorner of section,

T48 | 2,366. 20| 148-94-3abceca White X on large boulder near testhole location on east-
facing slope about 300 ft southwest of the head of wooded
ravine,

T49 | 2,278.31|149-93-31cddd | Top of General Land Office marker, center of south line of
section.

T50 | 2,290.93 [ 148-94-2bcca Copper nail and washer in south gatepost of north-south
fence.

T51 | 2,268,20 | 148-94~15cddd | Top of General Land Office marker, center of south line of
section,

T52 | 2,298,177 148-94-20dddd | Top of General Land Office marker, southeast corner of
section,

T53 | 2,298, 74 | 148-94-29dddd | Top of Indian allotment marker, southeast corner of
section,

T64 | 2 271,18 |148-94-33bddd | Top of Indian allotment marker, center of section,

TS55 | 2,357.45|147-94-3aada Bronze disk marked “Brock and Weymouth, Inc,, Phila.,
Pa,, 1943 A-Sc McCartin” in concrete post at high
point on east side and near the head of deep ravine,

T56 | 2,248, 04 | 147-94-2addd Top of General Land Office marker, center of east line of
section,

T57 | 2,209.94|148-94-26dddd | Top of General Land Office marker, southeast corner of
section,

T58 | 2,146, 24 | 148-93-31cadb | White X on a rock by west gatepost in east-west fence on
hill north of McGregor Camp.

TS59 | 2,243,33 | 148-93-18dddd | Top of General Land Office marker, southeast corner of
section,

T60 | 2,241,05|148-93-19addd | Top of General Land Office marker, center of east line of
section.

T61 | 2,100.96 | 148-92-11bddd | Top of Indian allotment marker, center of section}

T62 | 2,017,35|148-92-14cddd | Top of General Land Office marker, center of south line of
section,

T63 | 1,778.48|148-92-27cddd | Top of General Land Office marker, center of south line of
section,

T64 | 1,973,01]148-92-20dddd | Top of General Land Office marker, southeast corner of
section,

T65 | 1,999, 67| 147-93-5abdd Top of Indian allotment marker, center of NEy sec. 5 on
valley flat north of trail.

T66 | 1,947, 64| 147-93-4addd Top of General Land Office marker, center of east line of
section,

T67 | 2,002, 35| 147-93-3bddd Top of Indian allotment marker, center of section, 300 ft
northwest of a well,

T68 | 2,154,1 |148-90-9bddd Top of General Land Office marker, center of section,

T69 { 1,791,6 |147-90-24bddd | Top of section marker, center of section,

T7012,005.0 |150-90-25cddd | Top of section marker, center of south line of section,

T7112,019.1 |150-90-27dddd | Top of section corner marker, southeast comer of section,

T72 | 2,024.8 |150-90-28dddd | Top of section corner marker, southeast comer of section,

T8 | 2,086.4 |150-90-21dddd | Top of section corner marker, southeast comer of section.

T74 | 2,033.5 |150-90-29dddd | Top of section corner marker, southeast comer of section,

TT75 | 2,034.1 |150-90-3laaaa | Top of 4- by 4-in. timber at northwest corner of cattle-
guard, northeast corner of section.

T76 | 1,957.8 |160-92-11cddd | Top of section marker, center of south line of section.

T77 ( 2,137.5 |150-93-1dddd Top .of section corner marker, southeastcorner of section,
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Table 5.—Temporary benchmarks established in 1950—51—Continued

Altitude Location

Description

T78
T79
T80
T81
T82
T83

T85

2,304,9 | 147-92-26dddd
2,125,3 |,146-90-7cddd
2,179.6 | 146-90-1dddd
2,114,1 | 147-90-19cddd

1,997.7 | 150-90-36aaa

2,043, 6 | 150-90-17cddd
2,033,5 | 150-90-20dddd
2,452,9 | 148-95-12cddd

Top of section corner marker, southeast corner of section,
Top of section marker, center of south line of section.
Top.of section corner marker, southeast corner of section.
Top of section marker, center of south line of section,
Bolt on portheast corner of cattle guard.
Top of section marker, center of south line of section,
Top of section corner marker, southeast corner of section.
Top of General Land Office marker, center of south line
of section,
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