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NORTH DAKOTA STATE WATER CONSERVATION COMMISSION

NEWS RELEASE
April 8, 1963

Water Commission Releases Dickinson
and Bottineau Groundwater Study Reports

Groundwater study reports of the Bottineau and Dickinson areas
were released today by the State Water Conservation Commission.

The reports contain geologic maps, logs of test holes drilled,
chemical analyses, test boring location maps, and an analysis of the
geology and hydrology of the areas,

An aquifer with good potential as a source of good quality water
for Dickinson was located, according to the report, An aquifer is defined
as a water-bearing bed of earth, gravel, or porous stone which contains
and transmits ground water. Roger W. Schmid, Commission Geologist, is
author of the Dickinson report. The City of Dickinson has expressed a
desire to proceed with a pump test which would provide them with a safe
water withdrawal record of the field. The test would be conducted under
the direction of the State Water Conservation Commission.

Ground water is available in adequate quantity in the Bottineau
area according to the report entitled "Investigation of Ground Water
Conditions in the Bottineau Area". Larry L. Froelich, Ccmmission Geologist,
is author of the Bottineau report,

Copies of both reports are available from the Commission office

1301 State Capitol, Bismarck, North Dakota,
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GROUND WATER IM THE VICIRITY OF DICKINSON
STARK CCOUNTY, NCRYH DAKCTA

INTRCDULT i ON

Dickinson, population 9,971 (1960 census), is in northcentral Stark
County. The City is served by a main line of the Northern Pacific Railroad,

U. S. Highway 10 and State Highway 22. Dickinson is located near the center
of the 270 square mile study area (figures 1 and 3).

The average annual precipitation recorded by the U, S. Weather Bureau
Station at Dickinson from 1892 to 1960 was 15,50 inches. Most of the precipie=
tation occurs during the growing season. The mean annual temperature for the
same period was 40,7°F.

This study was made by the North Dakota State Water Conservation Commis-
sion during August of 1962 for the purpose of locating additional water supplies
for Dickinson, The City now obtains its municipal water supply from Edward
Arthur Patterson Lake, locally known as the Dickinson Reservoir, and a number
of wells located within the City limits in the northern part of Dickinson.,

The wells and reservoir produce insufficient amounts of water during peak
demands. Water from the reservoir has to be treated extensively because of
algae and colloidal bentonite in the reservoir. The wells, some more than 30
years old, have been pumped much harder than natural recharge replenishes the
supply and are therefore uneconomical due to high pumping costs and low output,

Simpson (1929) briefly discussed the ground water resources of Stark
County in a general study of the whole state. McLaughlin and Greenlee (1946)

reported on the ground water and geology at Dickinson in North Dakota Ground
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Figure 2 —— Sketch illustrating well-numbering system




Water Studies No. 3. The Chamber of Commerce (1947) of Dickinson released a
report on the ''Water Supply Problem' of Dickinson.

The cooperation of City officials, City engineer Mike Cuskelly, local
well drillers and residents of the area was of considerable assistance to this
project. The fieldwork, including the well inventory and supervision of most

of the test drilling, was done by Larry L. Froelich, Geologist, North Dakota

State Water Conservation Commission.

WELL-NUMBERING SYSTEM

The well-numbering system used in this report is illustrated in figure 2
and is based upon the location of the well within the grid established by the
U. §. Bureau of Land Management's survey of the area. The first numeral de-
notes the township north of the base line which extends laterally across the
middle of Arkansas; the second numeral denotes the range west of the fifth
principal meridian, and the third numeral denotes the section in which the well
is located., The letters a, b, c, and d, designate, respectively, the northeast,
northwest, southwest, and southeast quarter sections, quarter-quarter sections,
and quarter-quarter-quarter sections (10-acre tracts). Thus, well 140-60=15aca
is in the NE4SWINEL of Sec. 15, T. 140 North, R. 60 W. Similarly, well

139-96-6aaa is the well located in the NEZNEZNEZ of Sec. 6, T. 139 North, R.96 W.
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PHYS IOGRAPHY AND GEOLOGY

Dickinson is located in the unglaciated Missouri Plateau Section of the
Great Plains Province (Fenneman,1931). The rolling prairie and abrupt buttes
in the area are the result of erosion by the Heart River and its tributaries.

Elevations in the area range from less than 2300 feet above sea level in
the Heart River Valley on the east side of the area to more than 2800 feet in
the southwest corner of the area. The areal relief is therefore over 500 feet.
Local relief ranges from less than 20 feet per mile up to as much as 290 in less
than a mile at Davis Butte northeast of Dickinson.

The Tongue River Formation of Paleocene age is the oldest formation ex=
posed in the area. This formation, of the Fort Union Group, consists of clay,
shale, silt, sand, sandstone, and lignite. The Tongue River Formation, pene=~
trated in all test holes, underlies the entire area and maskes up the greatest
percentage of the surface area (figure 4). The sand and lignite of this forma-
tion are important aquifers in the area.

The Golden Valley Formation of Eocene age consists of sand, silt,shale,
and clay that is generally lighter in color than the underlying Tongue River
sediments. Davis Butte northeast of Dickinson is an example of the sediments
of this formation. Sand strata of the Golden Valley Formation, particularly
near the base of the formation, are important aquifers in the area southwest of
Dickinson (test holes 21 and 22-748).

In the southwest corner of the study area the White River Formation of
Oligocene age overlies the erosional surface of the Golden Valley Formation.
This formation (test hole 21=748) consists of sand, clay, siltstone, and sand-

stone. The "haystack' buttes in the Little Badlands are capped by erosion re-

-3-



FIGURE 4, GEOLOGIC MAP OF THE DICKINSON ARFEA
(from Hensen, 1956)
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sistant bentonitic clays (Holland, 1957). The basal sand of this formation could
be an important aquifer to the farms and ranches in the area.

Erosion taking place since the deposition of the formations outlined above
has formed the present topography. In some areas there are small amounts of
alluvial material. Alluvium on hills and slopes, such as the gravel on the
north side of the Green River, is probably of Pleistocene age and is usually
above the water table. Alluvium in valleys, such as the flood plain of the Heart
Rivet, is probably Pleistocene and/or Recent. Valley alluvium is generally too

thin to provide any substantial amounts of water.

Hydrotogy -

Water bearing strata were encountered in nearly all test holes (table 3).
The most promising ground water aquifer encountered during the study lies north-
west of Dickinson between Highways 10 and 22 (figure 5). This area extends
north to approximately the Heart-Green River drainage divide which is also the
probable location of the ground water divide between the two rivers. The en-
tire recharge area of this aquifer has not been delineated.

The area around test holes 11-748 and 1-748 (Figure 6) has the best
quality water (analyses 140-96-31bd and ca). The sand in these locations ex-
tends from the surface or near surface to a depth of 70 to 85 feet; the lower
50 to 55 feet of which is saturated, This sand is fine to medium and contains
very little clay. The permeability should be considerably better than at the
present city wells,

Test holes 20A-748 and 24-748 (figure 7) were predominantly sand to depths

of 210 and 135 feet respectively; the former contains about 200 feet of

sl
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saturated sand, The sand in this part of the aquifer is quite clayey, there=~
fore, the aquifer is less permeable in this area. Water quality in the vicinity
of 20A-748 is fair (analysis 140=96-2lcc). |

Test hole 17-748 (figure 7) contained many separate sand lenses which are
probably a southern extension of the aquifer. A nearby water analysis (139~
97-1dd) showed excellent quality; however, it is not known if all the lenses
contain the same type of water. On the northern edge of the aquifer only 55
feet of sand was encountered in test hole 13-748 (figure 6) but the water from
a nearby farm (140-97-24dd) was of excellent quality.

The eastern portion of the area shown on figure 5 has very poor quality
water (analyses 140-96-22cc through 140-96-29dd), The better quality water
farther west is probably a result of the more direct recharge of that area.
Since ground water collects mineral constituents while moving from area of re-
charge to area of discharge the water in the eastern part of the area is more
mineralized than that in the west. The sand strata in this eastern area (test
holes 2, 12, 15A, and 25-748) is of rather low permeability because of the high
clay content of the sand strata. The present city wells are also in this same

area of low permeability and poor water quality (analysis 139~96=kac).

Water Quality

Most of the 42 samples analyzed (table 1) were taken from farm wells as a
part of the field work for this study; 13 of the analyses were taken from pre=-
vious publications and North Dakota State Department of Health records. The
data indicates that water quality in the Dickinson area is variable and the

water quality standards (table 2) indicate that many of the samples are beyond
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the permissible concentrations. These concentrations are only recommended
limits, however, and in actual practice less than = of the analyses could be
classified as unusable. The best samples are the two analyses from 140-96-~31,
on the other hand 140-96-26ca was the worst sample taken. This latter quality
of water is permissible for cattle, sheep and horses, but exceeds the recom=
mended level for humans, poultry and swine. The best two analyses (140-96~31)
were said to be "unusually good quality water' by the State Laboratories Depart-

ment.
Recommendations

If the individual test holes and water analyses discussed in the two pre=
vious sections are viewed as a group there is one locality where further in-
vestigations should begin; this is Section 3} of Township 140 North, Range 96
West. The sand aquifer, while not thick, is quite permeable and the water
analyses are excellent, Since there is only about 50 feet of saturated sand,
under water table conditions, this location should be tested to determine the
quantity of water that may be obtained from wells in the immediate area.

A pumping test in the area would provide an estimate of permissible pump=
ing rates. ldeally a new well should be drilled and completed to city specifi=
cations for this purpose since most domestic and stock wells aren't constructed
for the high capacities necessary in a city well, A pumping test could be per-
formed by using an existing well; this however would probably give incomplete
data.

It is possible that a pumping test in the 140-96~-31 area would indicate
that this area is incapable of producing sufficient water for Dickinson. In

such a case the area toward test holes 24=748 and 20A-748 should be further

ol



investigated. Although the sand is less permeable in this area there is
a much greater thickness of saturated aquifer. Additional wells could
also be drilled between test hole 11-748 and Dickinson if a further need
became apparent.

Although the recharge area of this aquifer is not completely defined
it is quite possible that improved practices of land use and road design
to reduce surface runoff and increase recharge to the aquifer could make
a noticeable improvement in the long range production of the aquifer.
Increased recharge would also keep the poorer quality water from the east

from moving into the heavily pumped area.



TABLE 1,==een=

Analyses in parts per million except pH
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139-95=kcb Anton Wanner 121 State 8-17-62 1.2

139-25-18ba  Angilo Messina 105 . State 8-17~-62 0.9

139-96-kac City of Dickinson 154 USGS 7=16-47 0.05 9.0 7.0

139-96~8dd T.H., 8-748, flow 357 State 9- L2 3.9

139-96-10dd  Brown 120 USGS 7-18-47 0.05 107 59

139-96-12ab  Dickinson Riding Stables25 USGS 7-18=47 0.05 215 120

139-96-12bb S. L. Carroll 60 UsGS 10- 6-46 0.3 82 L9

139-96-27bd L. J. Krank 130 State 8=17-62 1.2

139-96-34da W. P. Schmidt 65 State 8-17-62 1.7

139-97~1dd 50 USGS 7-18-47 0.05 64 L6

139-97=-10ba M. R, Hellman 52 State 9~ L4-62 0.9

139-97-10dd Lo USGS 7-18=-47 0.05 325 113

139-97-13bb 3k USGS 7-18-47 0.25 57 24

139-97-14da Lo USGS 7-18-47 6.05 313 97

139~97-22ca G. F, Weiler 12-15 State 8-17-62 0.2

139-97~24dc  George Roller L3 State 8-17-62 1.7

139-97-3kac  J, P. Clarys 18 State 8-17-62 0.2

140-35-5bd Ludwig Barta 25 State 8=17-62 1

140-95-18cd  Roland Svihtl 90 State 8-17-62 0.3

140-96-2da Joe Vrona Z5 State 8~17-62 0.2

140-96=3ad J. A. Hondhl Lo State 8-17-62 0.2

140-96-8ca Jacob Kaintz 150 State 9- L-62 2.8

140-96-9aa Ester Fisher 35 State 8-17-62 3.0

140-96~13ca  Vince Ridl 150 Health 5= 4-59 22.6 13,0

140-96~13ca  Vince Ridl 37 Health 5= 4-59 75.0 51.6

140-96=20bc  Jack Ehrmantraut 135 State 8-31-62 2.2

140-96=21cc  Frank Wock 75 State 12- 5-62 1.1

140-96=22cc State 12- 5-62 3.6

140~96=23dc  U.S. Air Force #l 176 Health  2-28-61 1.6 196

140-96-26ab  U.S, Air Force #2 178 Health 2-28-61 5.2 80

140-96-26cc  Wilbert Hewson Lo State 8-31-62 2.2

140-96-28ad  Louie Priby! 165 State 8- L-62 1.0

140-96~28dd A. J. Schwindt 100 State 12- 5-62 1.0

140-96-29dd Ludwig Filipi 859 State 9= L=62 7.9

140-96-31bd Paul Frenzel Lo State 12- 5-62 0.1

140-96-31ca J. J. Kadrmas 65 State 8~31-62 0.3

140-96-32dd  Experiment Station &5 State 12- 5-62 0.2
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Chemical

Analyses of Water From the Dickinson Area

1:'13 }] 'c\ul
s [ H] ()] (] (7] Q
e .g o g :E -9 3 g}m Z 7]
3 - O £ 1. . [is] _— 0 e QD
To 0%R o st e 5 e S PR O -
[e -4 - D 3w Eagl & ver LU — 2 o WO Q- O be =
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Ikl 297 2 Trace 110 92 7.9 @ 3L°C
504 155 22 Trace 110 800 8.0 @ 30°y
574 729 528 7 0.2 .5 51 1600 8.4
520 266 8 Absent 20 1206 8.6 @ 259¢
508 574 1020 12 0.2 1.2 510 2070 7.1
245 Lok 1160 10 0.5 1.5 1030 1980 7.3
703 1660 9.6 0.8 0.8 Lo6 3200 7.8
588 333 8 Absent LO 1142 8.0 @ 30°¢C
130 86 L Absent 190 326 7.6 @ 309
66 332 133 4 0.7 12 349 566 7.1
516 699 16 12 720 1660 7.3 @ 259¢C
178 43 1140 12 0.1 18 1276 2030 7.1
89 314 109 6 0.4 .3 241 431 7.4
134 331 970 95 0.4 1.2 1180 1850 7.3
?60 183 4 12 350 626 7.9 @ 30°C
263 219 8 Absent 170 - 629 7.6 @ 30°C
s 2 241 26 24 350 E2k 7.6 @ 30°C
616 317 12 Trace 550 1156 7.2 @ 30°¢
2l 171 83 305 620 1240 7.5 @ 30°C
148 137 73 Absent 320 562 7.6 @ 30°¢C
320 3Ly 68 183 670 1506 7.6 @ 30°C
816 23k 6 race 20 1264 7.8 @ 25°¢
268 315 6 Trace 300 760 7.0 @ 30°C
1017 557 1665 12,6 1.2 Trace 119 3427 7.7
1325 68 570 17.5 Trace Loo 932 5.7
3hy 58 L Trace 290 L35 6.9 @ 25°C
436 258 Absent Absent 564 855 7.1 @ 23%C
368 1273 (2 3 1120 2480 7.2 @ 23°C
180 376 550 3 L. 4 570 k24
178 142 650 3 4.4 430 1154
34l 3201 42 122 1170 4990 6.7 @ 25°C
784 Loy 4 Absent 24 1502 7.8 @ 250C
608 828 32 92 610 2070 7.5 @23 C
380 726 6 Absent 810 1510 7.1 @ 25§c
80 91 Absent 18 120 195 7.1 @ 23°¢C
192 80 6 Trace 170 299 7.1 @ 25°%¢C
120 275 Absent Trace 360 858 7.3 @ 23°C
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Analyses in parts per million except pH

TABLE 1. continued

S~
u—cl E
c ow 3
(o] ey =3 -
g L3 £3 32 S @
T Q. = w Q e = Q =4 2 g‘tU’i
53 88 3z i Be s ge
140~97 =2aa E. L. Rambousek 25 State 8=31~62 0.3
140-97-24cc  Louis Zahradnik 58 State 8-31-62 0.3
140-97 -24dd J. V. Ridl & Sons Lo State 12=- 5-62 0.1
140-97-34bb  Norman Zander 36 State 9~ L<62 0.5

a2/ Analyses done by the State Laboratories Department (State), U. S. Geological
Survey (USGS), or the North Dakota State Department of Health (Health)

b/ USGS and Health analyses converted from HCO

¢/ Health TDS are obtained by summation of ions while State TDS are obtained by
evaporation, the latter method is more reliable.
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Chemical Analyses of Water From the Dickinson Area

~9b~

]
‘5'\ T\
c al ) O [ " o ol
(o] ot © © Q 0 >

£ L i) v b o Q N

b= ] | - o o b L [+ — 0O - 0 O

o | QO o <f (o] o] [ SO Y 0 T C 0 -

32 23 38  E5 2. £S 8558 527 =

1% ] [2a] (7, ] [ &) . b4 - x =] Q.
Lio 622 20 73 460 1460 7.2 @ 25°¢C
348 388 16 610 1020 7.2 @ 2530
220 152 8 264 382 7.4 @ 23°C
504 Ls8 8 470 1176 7.2@25¢C



Chemical Analyses of Water From the Dickinson Area
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Lo 622 200 73 73 L60 1460 7.2 @ 25°C
348 388 16 12 610 1020 7.2 @ 2580
220 152 8 24 264 382 7.4 @ 2300
504 Ls8 8 Trace L70 1176 7.2 @25°C



Chemical Analyses of Water From the Dickinson Area
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Characteristic

lron (Fe)

Magnesium (Mg)

Sodium (Na)

Sulphates (SOh)
Chloride (Ct)
Fluoride (F)

Nitrate (N03)

Total Solids

pH

TABLE 2,=-=Water Quality Standards
From North Dakota State Department of Health
Sanitary Engineering Services

Permissible Objections To
Concentrations Excessive Concentrations
(Parts per million
except pH)
0.3 Esthetic Staining of
Laundry
125 Possible Laxative Effect
250 Possible Physiological
Effect
250 Possible Laxative Effect
250 Possible Laxative Effect
1.5 Mottled Teeth
L34 Possible Physiological
Effect (toxic to in-
fants)
1000-1500 Possible Laxative Effect
Less than 10.6 Possible Laxative Effect

a ]



TABLE 3=-Logs of Test Holes

The following test hole logs are a composite of information from the

driller's log, the geologist's sample description, and the resistivity and po-

tential electric logs.

Color nomenclature, from Goddard, et. al. (1951), indicates the color of

wet samples,

The grain size classification is C. K, Wentworth's scale from Truesdell and

Varnes (1950).

Elevations were estimated from 7% minute quadrangle maps with 10 foot con=-

tour intervals. Altimeter readings were used where no maps were available

( Test holes 21, 22 and 23-748).

Formation Material Thickness
(feet)
138-97~7ddd
T.H.21-748

Elevation 2643 feet

White River Formation:
Silt, pinkish gray, highly calcareous,
oxidized......'.I.l.!l!'0...0..'.....'...
Silt, light brown, sandy, calcareous..,.....
Siltstone, pale olive, with granular
size spherical concreticnNS.sesscessscccss
Siltstone, light brown, calcareous.cevessss
Clay, pale blue green, slightly
CalCareoUS.escscsencsescscsssesssssssososes
Clay, grayish orange pink, slightly
calcareous, with sand sized quartz
graiNS.cecesessasenscsccsscsanssssscunsase
Clay, very pale orange, slightly calcareous
WEth sand Sized qual“tz gl"ains............
Clay, light greenish gray, slightly
calcareous, with sand sized quartz grains
Sand, medium to very coarse, clayey (pale
blue green) predominantly quartZ.eceseecses

25
20
10

15

Depth
(feet)

16
20

35
39

65
85
95
110



TABLE 3 =-~Logs of Test Holes == Continued

Formation Material Thickness Depth
(feet) (feet)
138-97-7ddd
T.H.21-748
Elevation 2643 feet
(continued)

Golden Valley Formation:
Clay, light greenish gray, slightly
1ignitSC.-...-............-............o 3 113
Clay, light greenish gray and light olive
brown, partially oxidized, slightly

]ignitiC.....'............I’.l.......... l* ]l7
Silt, grayish blue green..cvessscescecanss 15 132
Clay, variegated (black, brown, purple

green etC.)ueevocecssesvcoansscssasasnns 17 149
Sand, very fine to fine, subangular,

predominantly QUartZ....esseesesscsscnss L6 195

Sand, fine to coarse, subrounded, pre=
dominantly quartz, with some brown

Sha]eOC......'..O.l'l....l'.l‘.ll....... 29 221*
Silt, greenish gray, with some very fine
sand and lignite fleCkSeseesosasoosssses 22 248

Tongue River Formation:
Clay, very light gray with some very fine

to medium qUArtz Sand..ccececcscscesscssse 69 317
Silt, olive gray, with some lignitic
material.............Q.lll'll!..‘l....’. ’+3 360
139-95-20bbb
T.H.5-74E

Elevation 2495 feet

Tongue River Formation:
Sand, fine, silty, subrounded, predom=

inantly quartz, oxidized.iseesesoccocannn b 4
Clay, moderate olive brown, SiltYeseeesses 6 10
Sand, clayey, poorly sorted, oxidized..... 29 39
Sandstone, fine, calcareous cement,

BTSN MY mvennxsusnnnsnnnnsasanwnns 2 L
Sand, silty, subangular, moderate

yellowish brown, oxidized.ceeesavssasses 16 57
Sandstone, fine, calcareous cement,

greenish grayessscvsssvnanssasnsvscensus 9 66
Sand, pale to grayish olive, slightly

calcareous, partially oxidizediseseseone 9 5
Sand, medium bluish gray.ieececessscsseesse 15 90
Clay, dark greenish grayessceoeesasssacsas 10 100
Lignite................................... 5 ‘05

-F3-



TABLE 3 --lLogs of test holes ==Continued

Formation Material Thickness Depth
(feet) (feet)
139-95-20bbb
T.H. 5-748
Elevation 2495 feet
(continuved)
Clay, dark greenish gray, Siltysceccsencss 11 116
Lign;te..Q'.....'O...Q....“.............. 5 ]2]
Clay, dark greenish gray, SiltYeeassocoses 6 127
Clay, light greenish gray.ceeecesssssoscce 39 166
Lignite..................‘..-‘..-......... i0 176
Clay, light greenish gray.cccesssseccccecs 1 187
Clay, 01ive grayssssesssssacsscascccesscss 14 201
Sand, fine, greenish gray, predominantly
quartz, some mica and lignitic material. 57 258
Limestone, well indurated..ceeeescosccancs 2 260
Sand, fine, greenish gray, predominantly
quartz, some mica and lignitic material, 2 262
Sandstone, fine, greenish gray, with
Calcareous COoMENtecsesvssevsessssoscsssnss 3 265
Sand, fine, clayey, greenish gray,
predominantly quUartZ...eeeescsesssecssse 53 318
Clay, olive gray, C21CareouS.cecessacesescs b 322
Limestone, well indurated.sccevcecessceses 3 325
139-96-2daa
T.H.16=748

Elevation 2440 feet

Tongue River Formation:
Topsoil, sandy with fragments of

CONCretioNS.csuscosscvsssssosrssoacesssses 3 3
Clay, light olive gray, silty, oxidized... "9 12
Sand, fine, silty, dusky yellow subrounded,

OXidized.........‘.....l.i.l."......'.I ‘l} 26
Clay, light olive gray toolive gray.cesss. 18 Lk
Ligniteos.-o.oo.onnoo'c.ou-o-oo'-n.oo&o-o- 4 48
Clay, greenish grayeeeescscecsssssssscnces 10 58
Clay, olive gray to dark greenish gray,

si]tytl.l‘..l.'.....lI.Q.I..I.‘..‘l..... L}S lo3

Sandstone, fine, light greenish gray,

calcareous CemeNtecssecasensesssosacscss 2 105
Sand, fine to medium, dark greenish gray.. 3 108
Sandstone, fine, light greenish gray,

calcareous CemeNt.cesecssscsssnsssccssns 2 110
Sand, fine to medium, dark greenish gray.. 18 128
Clay, light olive gray.ecesscsescecvesacas 11 139
Ligniteﬁli...'.I"...".‘0.".“‘.'....... 2 ll*l
Clay, light olive gray, with lignitic

Materialeceecessssosasooncssosssscssssns 14 155

-13=



Formation

Alluvium:

TABLE 3 --Logs of Test Holes =--Continued
Material

139-96~2daa

T.H.16~-748
Elevation 2440 feet

(continued)

Sand, fine to medium, clayey, dark
greenish grayeseeceseccscscsvscesosscsssconns
Limestone, induratedessscecsscsscsesoveses
Lignite...|‘...'I.0.'.'.....0.........00..
CIay, olive aray, S”ty...................
Limestone, indurated.cecescsccsccoccssnces
Sand, fine to medium, clayey, dark
greenish gray, predominantly quartzZ.....
Lignite.....a.......o..........-..........
Clay, light olive gray, lignitic material
in lower 5 feCtieeeessscsscnscessessscnn
Lignite...’....l&‘..l.'l'.'.!.O......O...‘
Clay, light olive gray, lignitic material
in upper 5 feetuiivesessncsescssesscascsne

139-96~3bba
T.H. 2-748
Elevation 2430 feet

Clay, dusky yellow, silty, calcareous,
oxidized...‘.'.......000'......'......'.

Sand, very fine, yellowish olive, slightly
Ca‘careous, oxidizediseosavnnansssnnanne

Tongue River Formation:

Clay, yellowish olive, silty, lignitic
material, oxidizedisceeeessecoescescsses
Silt, yellowish olive gray, partially
OXidized‘.......9'.'..l..‘.'....'...'.!l
Clay, bluish greenish gray with silt,
sand and lignitic materialiceesesssscsss
Clay, variegated (blue, green, brown and
gray) with lignitic materialececescacess
Sand, very fine, clayey, cark greenish
gray..lllitit.....I.I..O..'OO..C'D......
Sandstone, very fine to fine, calcareous
cement, light gray, predominantly
rounded frosted GUArtZ.esessssescsssocecs
Sand, very fine, clayzsy, dark greenish
gray....I.C....O...O.’Q........O....'..I
Clay, dark greenish gray, calcareous......
Limestonc, light olive gray, indurated,...
Sand, fine, clayey, greenish gray,
‘ignitic materia‘.u..l'.......‘.’..‘....

Y

Thickness
(feet)

N

) M-‘M—‘U‘l

o

10

1
11
12
16

Repth
(feet)

180
1803
181
189
190

195
201

219
221

231

10
14

18
29
Lo
52
68

71
113
119
120

160



TABLE 3 =--Logs of Test Holes =-Continued

Formation Material Thickness Depth
(feet) (feet)

139-96-3bba

T.H., 2-748

Elevation 2430 feet
(continued)

Clay, light olive gray, silty, lignitic

MAtErialeeesssceescnsnsscsssnsnscnossvsee 19 179
Sand, fine, very clayey, greenish gray..... 15 194
Ligniteesssesassessosacsascsrsasaasannoance 2 196
Clay, light olive gray to brownish gray,

lignitic materialiceevecreccossassasssnes 4 200
Sand, fine, clayey, greenish gray.ceeoceces 12 212
LigNit@esessessossssessasccsccnassnssssascns 7 219
Siit, light olive gray, lignitic material.. 28 247
Clay, brownish gray, sbundant lignitic

materialeeeeescssecscsscecssssacassasanes 5 252

139-96-5dcb

T.H, 10-748
Elevation 2460 feet

Tongue River Formation:
Sand, fine, light olive gray,

predominantly quUartz..e.eceescecesesssscss 35 35
Sand, fine, light olive gray with limonite
stains, oXidizedeieeecssoseassasssneecnss 5 Lo
Clay, light olive gray.cesescacssccssccsses 18 58
LigNiteeesesssasacssssnscccscassscsancasons L 62
Clay, light olive gray.eecececssasssscsenes 23 85
Clay, light olive gray, with lignite seams. 20 105
Ligniteesassssnerascnanssssasasssssonsvnnes L 109
Clay, light olive gray, silty.eeeeessveeces 30 139
Clay, light olive gray..ececessccscscsoncns 8 147
139-96-baaa
T.H., 1-748

Elevation 2455 feet

Tongue River Formation:

Sand, fine, clayey, yellowish oxidized..... 5 5
Sand, fine, moderate olive brown,

predominantly quartz, oxidized..ccesvsses 9 16
Sand as above plus many calcareous grains.. 8 24
Sand, fine, medium bluish gray to dark

greenish gray, subrounded...eececeasssess 34 58



Formation

Alluvium:

TASLE 3 =-=Logs of Test Holes =--Continued

Material Thickness
(Feet)

139-96-6aaa

T, 1=748
Elevation 2455 feet

(continued)

Clay, light olive gray, silty, calcareous..
Sand, fine, bluish greenish gray.seesceoess
Sand, fine, bluish greenish gray, well
sorted subrounded, predominantly quartz..
Clay, light olive gray, slightly calcareous
Ligniteiviessssseacesssccoscsasnasessacsasns
Clay, Oolive grayeeessscessessscassscasecnce
Sard, fine, clayey, light olive gray,
slightly calcareouS.ieevecessnsacsccscscs
Sandstone, fine, light olive gray, slightly
calcareous, indurated.cceoesconsosossoanse
Clay, olive gray to greenish gray, lignitic
Matetrialiiecoeessssssnssscssssnanssonsses
Sandstone, fine, light olive gray,indurated
Clay, olive gray, with lignite and silt....
Ligniteisesssosesesascensssssscsossssoasnanns
Clay, olive gray, with lignite and silt....
Limestone, olive gray, indurated.cecececces
Clay, light olive gray..eeececesccosassnnse

]39'96;86Cb
T.H.9-748
Elevation 2420 feet

Topsoil, sandysseevecscesccsesacosssssnsone

Sand, poorly sorted, moderate yellowish
brewn, subangular to rounded, composition
varied, calcareous, oxidized.essesesssves

Tongue River Formation:

Sand, fine, well sorted, subrounded clayey,
yellowish brown, oxidized..eseecscescscns
Sand, fine, moderate oifve brown, cal-
careous, OXidizZzed.isseeresssasscnsscscsoss
Sand, fine, clayey, greenish grayesceosceees
Undifferentiated -~ clay, sand, limestone,
sandstone and lignite, greenish to
brownish gray, thin seamS..cccecervecsaas
Clay, Olive grayeseeesossocccescsenrsassssans

Lignitecooto.ono.bto-oclo.c.o'oooloa-o.ccoo

o1 G

N MO ON = w N

(e}

25
13

14
18

60
63

7h
80
82
9L

100
104

115
117
135
133
149
152
163

10

35
48

62
8L



Formation

Alluvium:

TASLE 3 =--Logs of Test Holes =-=Continued

Material Thickress

139-96-8ddc
T.H., 8-748
Elevation 2395 feet

Sand, fine, brownish gray, moderately
sorted, oxidized.cessesvesovescenssosnans
Sand, fine, clayey, brownish gray, oxidized
Sand, fine to medium, well sorted,brownish
gray, slightly calcareous, oxidized......
Gravel, very poorly sorted, brownish gray,
angular to subrounded, oxidized.sseseasss

Tongue River Formation:

Clay, olive gray, Siltyeceseessacecscsossse
Sand, fine, very clayey, greenish gray.....
LA O IR, s s s s S NS E BT e s U FA R ® R
Clay, olive gray, siltY.coiessaceansassssaes
Sand, fine, clayey, grecnish graYiecessoseees
Lignite with interbedded brownish gray clay
Lign?tE...........‘-.........-n...........-
Clay, light olive gray, SiltYesesesossccesn
Sand, fine, very clayey, dark greenish gray
Sand, fine, very clayey, abundant lignitic
material, gresnish blackeiscesossoscassacs
Sand, fine, clayey, brovmish graysessreesse
Sand, fine, subrounded, some clay, greenish
gray...@..lo’...I.".....‘....l.".‘.‘ﬂ..
CIay, O‘ive gray.o.oicc.uooocont..o-ooc--..
Ligniteiseesssessocessssnsssssncscsasensons
Clay, 0live GraYeessssscscsssosssvosnnsscsss
Lignite......-...........-...........;....-
Clay, olive grayeeceescssoesessessssesccsss
Ligniteo-o.o..'-oo-ono-.c..o-.oo..onoo.ooo-
Clay, olive grayseeccecseccccssocacscssssnses
Ligniteo.oso.onooo-o.-o....-.on-uo.noo.o---
Clay, olive gray, some sand.ceseesccesssose
Clay, light greenish gray, shard=-like
quartz particleS.cevesscsesnsessesescscss
Sand, fine, brownish olive gray, highly
calcareous, predominantly quartZ.seeseese
Limestone, brownish gray.cscssssesccesnscas
Silt, olive grayecsssesscsvcsnsssscsccssses
Clay, brownish black to brownish gray,
abundant lignitic materialicsceeseccecens
LigRitEesssensunsssrrasnsssnnonnssnesnsssses
Clay, brownish gray, abundant lignitic

materia]".‘.0...on.ot!.....o...‘o.o.n...
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Formation

Alluvium:

TABLE 3 --Logs of Test Holes ==Continued

Material Thickness
(feat)
139-96~8ddc
T.H. 8-748

Elevation 2395 feet
(continued)

Clay, olive gray, Siltyicesececasncssssconss
Sand, fine, clayey, greenish gray
predominantly quartz, some lignitic areas
Silt, areenish gray.ceceeceecscescssssveoss
Sand, fine, clayey, greenish gray,
abundant lignitic materialiccscssccacacss

139-96-9bbb
T.H., 7-748
Elevation 2428 feet

TOPSOE]..-....--.--.....-.oo-........-.---u

Gravel, fine to very coarse, poorly sorted
calcareous, OXidizedivieesesssancaossonss

Sand, fine, well sorted, moderate olive
brown, some gravel, oxidized.cesssseosscs

Tongue River Formation:

Sand, fine, clayey, greenish gray, some
lignitic material, slightly calcareous...
Clay, light olive gray, Siltyiesssscosceces
Sand, fine, greenish gray, calcareous......
Clay, bluish olive gray.seseeeccsscsvesscas
Ligniteescsenrsenssctnonssvsssnsscnsasssssssnes
Clay, light olive gray, Siltyesecesoscseass
Lignit@esnacnnsanvnrsnsnsovnssssnbnannesesns
Clay, light olive gray.cceceseccssscescsccses
LignitBesasensannssnnseserssssssenanssssnes
Clay, very light olive gray.ccvesescosesens
Clay, olive gray, lignitic materialiieeesss
Silt, light greenish gray.cccecescncecsnses
Ligniteuiceccscsessssnsssrsossscssncnsasseas

c]ay, Olive graYOo0ouo'o‘o.o..-laocnotononc

139-96-2%ddd
T.H. 15-748
Elevation 2560 feet

Golden Valley Formation:

Clay, light olive gray, very silty to

Sandy.lﬁﬁvottcoﬁt0».00.-.0"000-.00.."00

=18~

20

17
12

58

Depth
(feet)

284

328
345

357

58



TABLE 3 =~Logs of Test Holes =--Continued

Formation Material Thickness Depth
(feet) (feet)

139-36-28ddd

T.H.1G-748

Elevation 2560 feet
(continued)

Clay, yellowish brown, very silty to

Sandy, oxidized..‘.l.........'l'.'....’.. ‘3 7]
Clay, light olive gray, very silty to
sandy, partially oxidized..icoeeeseansnnsns 2 8o

Silt, dark greenish gray, lignitic material
grading into
Sand, fine to medium, dark greenish gray,

MICHACEOUS o u e nmnsnnnmanmnssesnesesnnneusvse LA 92
Tongue River Formation:
Clay, dark greenish gray, silty,micaceous.. 10 102
Lignite.........-..................-....... 2 104
Clay, olive gray, lignitic materialeeeseses 6 110
Silt, dark greenish gray, micaceouS..eevses 6 116
Clay, olive gray, lignitic materialeeeeeess 8 124
Lignit8eemnrannnesensnnnnenssousssansunssns 10 134
Sand, fine, dark greenish gray.eeeeeeessees 13 147
Sand, fine to medium, greenish black,
abundant lignitic material.iceccessceesees Ub 193
Clay, light olive gray, siltyeeeeoceseceses L 197
Lignite.......‘-..................‘........ L 201
Silt, dark greenish gray, clayeYeesesocesss 9 210
139-97~1ddd
T.H.17-748

Elevation 2456 feet

Tongue River Formation:
Sand, fine to medium, moderate olive brown,

slightly calcareous, oxidized.eeoesossess 7 7
Sandstone, fine to medium, yellowish gray,

calcareous cement, Oxidize€d.seescesenscess 4 11
Sand, fine to medium, moderate olive brown,

slightly calcareous, partially oxidized,., 23 3k
Sand, fine to medium, dark greenish gray,

AN T g T 9 43
Lignite.'.il........“.'.'...'l'.'.‘......‘ ‘ hh
Clay, medium gray.eeeeeccseescscccsccssanns 7 51
Sand, fine, very clayey, dark greenish gray 22 73
Ligniteeseessescasessssscosrsessasccssscanss 2 75



TABLE 3 =-Logs of Test Holes ==Continued

Formation Material Thickness Repth
(feat) (feet)

139-97-1ddd

T.H.17-748

Elevation 2456 feet
(continued)

Clay, greenish black, abundant lignitic

materfalsssssunsannovannssannnnsosvnsnnns 7 82
Sand, fine, clayey greenish gray,

RS | I BT s s o s e e e R S e s | 108
Lignite-qo-o.onoonoo.-oo--a-o-ooouuooooon.. Ll’ 112
Clay, light greenich gray to greenish gray

lignitic inclusionS.sxsssssncssvessnnsnos 8 120
Sand, fine, clayey, greenish gray,

CalCAreDUS, sysussssrusssansunansonssenwns 17 137
Clay, variegated (green, white, blue and

black), abundant lignitic material.sessss 7 144
Lignltesssis sssnsisspapsssspsnnnnpvusasssns 10 160
Clay, Olive grayeseseccecsscoscscssssscanes 19 179
Clay, areenish gray, $i1ty.eeecaesessccnoss 3 182
Clay, olive green.iveeessessssncscssccsosss 5 187

Sand, fine to medium, dark greenish gray,
predominantly quartz, micaceous,

(197 to 199 indurated, calcareous cement) 29 216
Clay, olive gray, silty, micaceous, some
‘ignitic materia‘..'.'...'.........-..'.. ]5 23]
139~97-21iddd
T.H.23=-748

Elevation 2509 feet

Tongue River Formation:
Sand, very fine, clayey, grayish yellow

to dusky yellow, oxidized.eecssncessnessse 15 15
Clay, dark yellowish orange, oxidized...... 6 21
Concretionary zone, claystonf.seseseccccces 1 22
Sand, fine to medium, dusiy biue green..... 16 38
Si1t, greenish gruysssssscivssvsovsranvenss 8 L6
Rock, NO sampleseuescrcccooasssssnsessasesne 1 L7
Clay, olive gray, lignitic materialicecesss 9 56
Silt, light olive gray, calcareouS...eeeees 3 64
Clay, greenish gray to dark greenish gray,

tandy, lignitic materialicceecoeacanenses 11 75
Clay, greenish gray, sandy, lignitic

material, calcarcoUS.cessscecscesonsvenss 9 84
Clay, light olive gray, calcarecus..ceescee 3 87

«20=



Formation

TABLE 3 --Logs of Test Holes ==Continued

Material Thi
139~97-21ddd
T.H.23~748
Elevation 2509 feet
(continued)

LignitteOQCOODOOcccOQ.OQ.»OOO.'.OOD.Q.....

Clay, olive gray to greenish black, silty,
some lignitic materialecensecscescescsses
Undifferentiated
Shale, dark greenish gray
Shale, olive gray, silty, calcareous
Lignite in 105 to 112 20n€iseesseescoscsns
Sand, very fine to fine, clayey, greenish
gray, calCareouS.ccsssccsocscocerasccsase
Silt, light olive gray, calcareouS.eeeecaecs
Sand, very fine, clayey, greenish gray,
CalCcarsoUS,cversosssscssssasncscssecassns
Sandstone, very fine, calcareous...cceseccas
Clay, dark greenish cray, calcareous..ceeee
Silt, olive gray, calcareous.cessecoccecccas
Sandstone, fine, calcarecouS.icesssssccsccesrs
Clay, olive gray, calcareOuS.cesscessssvsns
Ligniteiuseesonsnsscossscscsscasossenssonne
Sand, very fine, clayey, dark greenish
gray, lignitic material slightly
CalCareOUS ceaescarnnsasssncssonsnssasencse
Silt, olive gray, slichtly calcareous......
Sand, very fine to fine, clayey, greenish
gray, lignitic material, slightly
CalcareouS.esseescessescsssocassssaccases
Sand, very fine to medium, clayey medium
bluish gray, slightly calcareousS.cececees
Clay, olive gray, silty, slightly
calcareous, 1ignitic are@S.oescsssnsecess
Clay, olive black to brownish black,
abundant ligniteeisesecssscassssesesnasas
Undifferentiated,
Sitt, olive gray, sandy, calcareous
Silt, dark greenish gray, clayey
Ligniteaicessecscscosssssesassssccssansasns
Silt, dark greenish gray to olive gray.....
Silt, dark greenish gray, sandy, slightly
CalcareOUS.ecessscanssssscsenosvenacnsavne
Sand, very fine, clayey, abundant lignitic
material, calcareousS.cessesscssscnscscsse
Sandstone and lignit€.sececosscvoossonecnsns

“21=

PN —w NN BN

[op o))

27
17

Depth
(feet)

92
105

148
160
164

170
176
182
192
196

203

230
2k7

252

273
278



TABLE 3 -~Logs of Test Holes =--Continued

Formation Material s Thickness Depth
(feet) (feet)
139-97-21ddd
T.H.23-7L8
Elevation 2509 feet
(continued)
Silt, olive gray, lignitic materialiscecsse 7 285
Clay, brownish blaclk, lignite€eseeseascsncess 9 290
Silt, greenish gray to light olive gray,
lignitic materialeeccscccscesessnscaccees 5 295
Silt, light olive gray to yellowish gray... 3 298
Sand, very fine, clayey, greenish gray,
lignitic material, calcareous.eceeescesees 17 315
139-97-2kLcce
T.H, L~748
Elevation 2475 feet
Tongue River Formation:
Topsoi].o.o.c.o.oo.ooc.ecouooo'oloul.....n. l+ L"
Silt, dusky yellow, calcarcous, oxidized... 8 12
Silt, paie yellowish brown, lignitic
material, oxidizod.eceonssseconcscsssanns L 16
Silt, grayish orange to dusky yellow, some
lignitic material, oxidized.eeessososnaes 12 28
Silt, medium dark gray, some very fine,
dark greenish gray Sandeeecesosesecessess 30 58
Sand, very fine, clayey, dark greenish
gray, predominantly quartz.eessscscsceses L 62
Silt, medium dark grayeecevesscssscsssscsvas 3 65
Sand, very fine to medium, medium bluish
gray, predominantly quartZ..eeessesesssss 21 86
Claystone, light olive gray, slightly
calcareous, well to slightly indurated... 6 92
Sand, very fine to medium, medium bluish
gray, predominantly quartZ..ceeeccccecsscs 8 100
Sandstone, very fine to medium, medium
bluish gray, predominantly quartz, highly
calcarecus cement..evescccssssosossvosnns 2 102
Sand, very fine to medium, medium bluish
gray, calcareouS.esensesscscsoncacscssocs 10 112
Sand, very fine to medium, medium bluish
gray with 1igniteseesesesessssacosssscase 6 118
Clay, olive gray, silty, some lignitic
moterial,sesssnsssssonsssnsnunnonsanunsns 10 128
Sand, very fine to fine, silty, light
bluish gray to light olive grayesesscescss i 135

3D



TABLE 3 -~Logs of Test Holes =-Continued

Material Thickness Cepth
(feet) (feet)
139-97~2kccc

T.H, 4-748
Elevation 2475 feet

Clay, olive gray, silty with lignite..saes 7 142
Sand, very fine, light olive gray, some

lignitic materialecerecessscscessnsacsns 16 158
Silt, brownish gray to brownish black with

lignitic material and lignit€eeeeevessss 4 172
Clay, greenish gray, some lignitic

material, calcarcouS sssssssssssasesovus 23 195
Si‘t, ]Eght olive graYsessssccsssssevrcnnns 5 200
Silt, medium bluish gray, some lignitic

MOterialeceecssscesrvacsascensssossncesse 6 206
Sand, very fine to fine, clayey, greenish

gray.......'...l....'.'...l.‘o'.....l... 8 Zlh
Clay, olive gray, calcareOUS.secessessesse 2 216
Ligniteltbciolbtllicotol...l.l'.‘..""l.. 7 223

Clay, dark greenish gray, silty, some
]ignitic materia]&...II...'IOII.....Q.O. ]I 234
Silt, olive black to brownish black,

clayey, lignitic material.siececceacsnss 3 237
Silt, light greenish gray, clayey, some

lignitic materialiceecencecavsscncessses L 241
Silt, greenish gray, clayeYessecsesesceses 5 246
Claystone, grayish orange, slightly

calcareous, well to slightly indurated.. 2 248

Silt, light agreenish gray to greenish

gray, sandy grsding into

Sand, very fine to fine, siltyeesesocnes 57 305
Lignite and claystone grayish orange,

slightly calcareous, welil to slightly

Indureted, cossaa oo bRss S FERBRFRREAR D b 3 308
Silt, light olive gray, 5andy.seescvesases 3 31l
Clay, greenish gray, silty, slightly

CAlCaAreOUSerssssaossscassanssosssascssos 5 316
Silt, greenish gray to oiive gray, sandy,

lignitic material, calcareous..esevecescs 20 336



Formation

Alluvium:

TABLE 3 ~-Logs of Test Holes =-Continued

Material Thi

129-97-23ddd
T.H.22-7L8
Elevation 2535 feet

Sand, very fine to fine, clayey,
predominantly quartz, slightly
CalCarcOUSsseessesscscsssessesssasasnsacs

Siit, brownish gray, clayey to sandy,
unsorted, calcareous, oxidized.icseeeosose

Gravei, fine, s»ndy, unsorted, with pale
vellowish brown, highly calcareous,
silty, clay, oxidized.soevreesesessosnasa

Sand, very fine to coarse, clayey, unsort-
ed, calcareous, Orxidized..eeesessonocance

Golden Valley Formation:

Silt, greenish gray, sandy with rocky
areas, probably concretionS.eeeessacscces
Silt, olive gre@Yeeesnssscosscsssvasscsnscns
Sand, very fine to medium, clayey, greenish
gray to dark greenish gray..cececessasess
Silt, light olive gray, laminated, slightly
calcareous, some lignitic material.......
Sand, very fine, claysy, predominantly
GUALtZ.seovsssecesasssssassssannanssscsascs
Clay, olive gray, to olive black, silty,
laminated, abundant lignitic material....
Silt, greenish gray, some lignitic
material, calcareouS..eececoonsssssssscsns
Sand, very fine, silty, calcareous...cveeee
Clay, dark grecnish gray, silty, some
Tignitic material.iceeeeiesseesovecsccares
Clay, yellowich gray to clive gray some
arcas CalCareOUS,ciesscsessessasscsacsans
Silt, dark greenish gray, some lignitic
materialiceeassscssssecsessscssnssscenssae
Sand, very fine to fine, dark greenish
gray, lignitic materialeciceceocscecnensns

Tongue River Formation:

Clay, lignitic, dusky yellowish brown.,.....
Sand, very fine to fine, dark greenish
gray, clayey, lignitic materialiccacssens
Clay, greenish gray, abundant lignitic
materialeseeececesssocscorsesssscscnssnnsnse
Clay, dark greenish gray to olive gray,

si‘tYOcoccﬁ...Q.000Q‘Oo.i.'....".'...ovt

24

12

10

L3

12

12

24

16

13

28
39

14

24
32
3
9k
106
113
137

145
161

174
182
210
249
252
260
265
269



TABLE 3 --Logs of Test Holes =-Continued

Formation Material Thickness Depth
(reet) (feet)
139-97-33ddd
T.H.22-748
Elevation 2536 feet
(continued)
Lignitel.tb.'.I...00.0ll..l.‘......‘.'.... 2 227
Clay, dark greenish gray, silty.cececesses 10 281
Sand, very fine, clayey, greenish gray.... 14 285
Lignitel....ﬂ'....'....'.OI...".......G.. l+ 299
Shale, olive gray, calcareouS..cesssscssss 7 306
Rock, NO SaMPleSeeesvessssnssessassssancns ] 307
Silt, grayish blue green to dark greenish
gray, lignitic materialececscesaconceses 12 319
Reck, NO SamMPleSeeeesecvorvasesscssssssssns 2 321
Clay, variegated (brown, green, gray, blue
etc.), silty, some lignitic materialise.. 39 360
140~26-3bcc
T.H. 14-748
Elevation 2470 feet
Tongue River Formation:
Sand, fine, clayey, light olive gray,
cafeareous, oxldizedsssssssasnenasnnnnns 3 3
Clay, light olive brown, calcareouS..ce... 29 32
Clay, dark greenish gray, silty.cecocsaces 1 33
Sand, fine, clayey, dark greenish gray,
CAlCaArEOUS.eesssscsrrossossssacsnsasanns 7 Lo
Sandstonz, fine, greenish gray, calcareous
cementl.l...lii'..'...0'.!.‘..‘..".‘... 3 I+3
Sand, fine to medium, clayey, dark
GreenisSh graYeeesessceccsscsssossssaasss 22 65
LI BRy ao a6 5008 50 6825 ¥ S 5 70
Clay, greenish grayeeesecessscssccscsssccs 6 86
Lignite............'...Q...Q‘...C......... 2“ ]]0
Clay, O0live Grayeeceseacsescecccscsssscoscs 10 120
Clay, greenish gray.casesesessseassssscscns 9 129
Sand, fine to medium, clayey, dark
greenish graysscesecccssescacscessosensss 71 200
Sandstone, fine, greenish gray,calcareous. 1 201
Sand, fine to medium, cliayey, olive gray
to dark greenish gray, calcareous....... 21 222
Silt, light olive gray, clayey,calcareous. 9 231



TABLE 3 =--Logs of Test Holes -=Continued

Formation Material Thickness Depth
(feet) (feet)
140-96~19ccc
T.H.13-748
Elevation 2568 feet
Alluvium (Pleistocene)
TOPSOill“...'....."'.l...'.0‘.....'...... 2 2
Gravel, fine to coarse, sandy, unsorted,
subangular, oxidized.esssecocssesnssnsans L 6
Tongue River Formation: :
Sand, fine to medium, clayey, moderate
olive brown, calcareous, oxidized.csosoe 8 1L
Sand, fine to coarse, partially oxidized.. L7 61
C‘ay, ]ight olive graYesesscscseessccscsssoe 8 69
Ligniteeeessesssasasasscssoassssanssassnns 4 73
Sand, ciayey, olive gray, lignitic
MAterialecesescvesesasssssssovcsnssocsses L 17
Clay, light olive gray, SiltVoeceseeenscass 3 100
Clay, light olive gray, lignite seams..... 11 11
Sand, fine to medium, clayey, dark
areenish gray, predominantly quartz..... 15 126
Lignite................................... 3 ‘29
Clay, light 0live grayeececseoscsscnsosasse 11 140
Limestone, yellowish Qrayeeccesccsssscsass L 1hh
Clay, light olive gray, Silty.ccessescaces 24 168
140-96-20ddd
T.H.20A =748
Elevation 2512 feet
Tongue River Formation::
Clay, dusky yellow, silty, oxidized...ceu. 2 2
Clay, licht olive gray, very silty,
oxadized...i.........'-.'.'......O.’...' ]6 ‘8
Sand, fine yellowish olive gray, silty,
OXidiZedeeesessnosassosscssascsssoosssse 39 57
Sand, fine to medium, clayey, greenish
GFAYssesneseasnsassssssssnosasonsssscses 101 158
Sand, fine to medium, clayey, greenish
gray, with lignite seamS.csessecevencens 54 212
Clay, silty, light olive gray, abundant
lignitic materialiecesessscassnasosscens 9 221
Sand, fine to medium, dark greenish gray,
si‘ty'...'.'l.............'..‘....'.‘l.‘ 24 2“5
Lignite....."...Q.'l'...Q'."...C......‘. 7 252

-28=



TABLE 3 --Logs of Test Holes =-Continued

Formation Material Thickness Depth
(feet) (feet)
140~96-20ddd

T.H.20A =748
Elevation 2512 feet
(continued)

Clay, olive gray to greenish gray,

silty, abundant lignitic material....... 25 277
Clay, olive gray, silty, lignitic material 5 232
Lignite........ﬂ....‘....l.l.."'.......'. 22 301"
Clay, olive gray, Siltyesesaveonescescsens 11 315

140-36-21dda
T.H, 15A-748

Elevation 2525 feet

Tongue River Formation:
Clay, light olive gray, silty, oxidized... L L
Send, fine, clayey, dusky yellow to
moderate olive brown, slightly e,

calecarcous, oxidized.eessssosssssssnvnns & 8
Sandstone, fine, pale olive, calcareous

cement, OXidized.sseosecessssnsssosaseas 1 9
Clay, light olive gray, silty, oxidized... 1 20

Sand, fine, clayey, dusky yellow to light
olive green, slightly calcareous,

partially oxidized,cvssevensnsnnnnnnnnes 4 3h
Clay, silty, greenish gray.seeeesescsscocs 18 52
Silt, light olive gray to olive grayesse.e 7 59
Sand, fine, clayey, dark greenish gray,

predominantly qUArtZ..eesessscesssossess L 63
Sandstone, fine, light greenish gray,

calcareous CemeNt.icsssesescscsosascsessas 2 65

Sand, fine to medium, clayey, dark
greenisnh gray, predominantly quartz,

sandstone from 103" to 107 . .eeesencesse 64 129
Clay, greenish gray, lignite 149' to 152!, 31 160
Sand, fine to medium, clayey, greenish

gray......l.."l.........’.....Q.'O‘.... ‘7 ‘77
Clay, silty, greenish gray to olive gray,

mudstone from 182! t0 183" seeescavesssee 9 186
Sand, fine to medium, clayey, dark

greenish grayeeeeescscescescaseccsnssses 21 207
[ T 6 U S ST 5 212
Clay, light grap,; siliycernsmnnnaxnnnnses 19 231



Formation

TABLE 3 -=Logs of Test Hoies ==Continued
Material
140-96-27ddd

T.H. 6=748
Elevation 2466 feet

Tongue River Formation:

Clay, silty, yellowish gray, oxidized.....
Sand, fine, oXidizediseieeosasssonncsossass
Clay, olive gray, silty, slightly
CHlCAFEOUS v nussarssasuTssprgERs s we s O
Clay, olive gray to greenish gray, very
Sl BV casnsnsvisusssinmsasrunnnavnnssens
Sandstone, fine, light greenish gray..ves.
Sand, fine, greenish gray, slightly
GalCarEOUSscansnnus ssssunsusussvePnas e an
Lignitesyssssmrsnnnsnrannsasnbihndnignassd
Clay, greenich gray, Silty.ceesecesecccnns
Clay, greenish gray, sandy, some lignitic
HEALEr Tl sewmvsuvanasucasnasnunsnwnnonsns
Clay, brownish black, sandy, abundant
lignitiec Potarlals conesss womans nwnrs wnsne
SANGEEON S sy s suspsan e s sssnas ERSFHEEENE IS
C]ay, ‘ight O‘;Ve g3V sseessecssscccensasnvon
Lignite-n.....l.I.Il.".'.'......."..l...
Sand, fine, clayey, dark greenish gray....
Sandstone, light greenish gray, calcareous
CemMeNlaesensesacsnsnssssssssesssssosnsone
Sand, fine, clayey, greenish gray,
sltightly calcareouS.casssvsussannssssns
Clay, olive gray, lignite 162" to 163'....
Ligniteh...QOOOQCQOCI'l..l.-.’..Q.QIQ..O..
Clay, light greenish gray, lignitic
material................................
Clay, greenish gray, SiltY.essoeessasnsoes
Clay, brownish black, silty, abundant
lignitic materialisssssasssasssnsnsavnis
Lignite.l..‘O..I...Q..O.DlOt..l‘..l....'C'
Clay, olive gray, lignitic material.sscese
Silt, dark greenish gray to olive gray,
sandy, lignitic material, slightly
CalcareOuS.....-........................
Sand, very fine to fine, silty, lignitic
material, slightly calcareouS.ceecscsaes
Clay, olive gray, slightly calcareous.....
Limestone, light greenish gray.csssceoenas
Clay, light greenish gray, calcareous.....

CON —\D

12
16

20

33

54
57
62

&8

1213
122
133
135
148

151

157
179
183

201
221

250
263
296

318

357
368
370
378



Formation

TAGLE 3 ==Logs of Test Holes =-=Continued
Material
140-96-29dcd

T.H., 12-7438
Elevation 2500 feet

Tongue River Formation:

TopsoiIOOO......'Q....'l..Q.I....Q.....Q.‘

Clay, moderate olive brown, silty,
oxidized..’...l.’.l.0'...0...0'.(...."'

Clay, moderate olive brown, silty, some
lignitic material, oxidized.seeeeacsnces

Clay, olive gray, lignite 26' to 29',.cc..-

Silt, greenish grayceesssccsosscscssscensne
Clay, olive gray to brownish black,

lignitic materialicesscescessscsavanenee
Lignite, brownish black, lignitic clay

59. to 63'."'li'..'.!l.I........"'....
Clay, brownish black, sandy, abundant

l5gnite.................e...............
Sand, clayey, greenish grayY.esescosncacscse
Clay, light greenish grayseessceconccccsss
Sand, clayey, greenish gray.sssseoceessces
Clay, olive gray, lignitic seamScaceecsssss

Lignite‘....l'.‘.'.......‘l.l.l...i...'...

Clay, light olive to light greenish gray..

140-96-30add
T.H. 2L=748
Elevation 2503 feet

Tongue River Formation:

Clay, yellowish brown, sandy, oxidized....
Clay, light olive gray, sandy, oxidized...
Sand, fine to medium, yellowish gray,
predominantly quartz, oxidizedesisseenne
Sand, fine to medium, moderate olive
brown, predominantly quartz, oxidized...
Sandstone, fine to medium, greenish gray,
calcareous cementscscecsesoseressccassae
Sand, fine to medium, biuish gray,
predominantly quartz, calcareouS..eeeces
Sandstone, fine to medium, greenish gray,
calcareous cemenNtececvssvsssesssesssncns
Sand, fine to medium, dark greenish gray,
predominantly quartz, sandstone 86' to

88!..‘.......“."'I.O......O..".‘.‘.I'

1l
19

12

16
38
19
25
27

10

Ui \n

15
15

27

27

2L
b3
52
56
68
8l
122
141

166

193
200
210

25
Lo
L2
69
71

98



TABLE 3 =-Logs of Test Holes --Continued

Formation Material Thickness Depth
(reet) (feet)
140-96<3Cadd

T. H. 24-748
Elevation 2502 feet

(continued)

Clay, silty, light olive gray.eeeeessvasss 3 101
Sand, fine to medium, dark greenish gray,

predominantly quartZ....eeeeessccscacasns 35 136
LigNiteueesesesssnssosssasnscsassascansonsse 4 140
Clay, light olive gray, Silty.eeceoescoass 8 148
Sand, fine to medium, dark greenish gray.. 5 153
Sand, fine to medium, dark greenish gray

to greenish black, clayey, abundant

lignitic materialiseecscesosscssscssnasse 14 167
Sand, fine to medium, dark greenish gray,

ClayYCYeussaorseasscassssccssossascssanas 10 177
Silt, olive gray, miCaceOUS.cesosesosasscs 16 153
Lignite....l.....hl'.l.O....C..I‘..I...I.. L’ ]97
Clay, light olive grayeeesscescessnacecscs 13 210

140-96-31dbb
T. H.i1=7L6
Elevation 2478 feet
Tongue River Formation:

TOPSOileeesessessesesacscactscosnonescanns 2 2
Clay, yellowish gray, silty, oxidized...s. 9 11
Sand, fine to medium, silty, light olive

gray, predominantly quartz, partially

opfdized.sussusvunssannnnnnusy s B i s g6ey 26 37
Sand, fine to medium, silty, dark greenish

gray, predominantly quartZ..eeeosecssses L8 85
Clay, silty, olive gray to olive black

with some thin lignite seamS.eeecesccsss 7 92
Clay, silty, olive gray to olive black

with some thin lignite seams also

yellowish gray limestone stringers...e.. 2L 116
Clay, light olive gray to greenish gray... L 120
Clay, olive gray, silty.cccsccecccscssness 12 132
Clay, greenish gray, silty to sandy..cesee 15 147
Clay, greenish gray, silty to sandy,

lignitic material.cececeecesceneasasenss 5 © 152
Clay, light olive gray, silty, lignite

154% £0 156" iuuvesereccesconssossassnnes 16 168



TABLE 3 --Logs of Test Holes =~Continued

Format ion Material Thickness Depth
(feet) (feet)

140-96~33aaa

T.H.25-743

Elevation 2510 feet

Tongue River Formation:

Clay, yellowish brown, silty, oxidized.... 3 3
Silt, very clayey, yellowish gray,
ov-’{i.(jizedO’...I...lOCl'.‘!'l..'.....l.'... 'l} ]7

Silt, clayey, yellowish gray, lignitic

material, oxXidized.sessssoeosacensscnees L 21
Silt, clayey, olive gray, calcareous...... 9 30
Sand, fine to medium, dark greenish gray,

predominantly quartz, calcareous,.oeee.. 5 35
L O e s mwn o w e mE 58 a0 88 dmmwmnmm o mwmm 1 36
Silt, olive gray, highly calcareous,...... 17 53
o I 6 59
Clay, greenish gray.cceeececesessssseesene 15 74
Clay, olive gray, SiltYeeeeeoseanssnnsnoess 16 90
Sand, fine to medium, dark greenish gray,

predominantiy quartz, abundant lignitic

MAEET F8lannwnannarnsssusssibansitnnmnnnss 11 101
Sand, fine, greenish gray.e.ceeeevescssees 21 122
Sandstone, fine, greenish gray, calcareous

CAMBMt s sssnnsnsvsvosssssssinraminnennnns 3 125
Sand, fine to medium, dark greenish gray,

slightly calCarétuScasssnsssssnstmspnss 5 130
Clay, siity olive gray, lignite 147! to

B0 v o s A 32 162
Sand, fine, silty to clayey, dark greenish

G aY neueesensansneesosansassssnnsanesssa 12 174
LG BB w v wem st o5 55555 66 55 5w ik & am o nm 2 176
Clay, brownish oiive gray, abundant

lignitic materialiscsicvsssvisssisninnns 6 182
Sand, fine to medium, dark greenish gray.. 22 204
L TERT R o o o s o i o o 9 e e B L 208
Silt, light olive gray, clayeYeuceeseseeess 23 231

140-97-25daa
T. H. 19-748
Elevation 2540 feet
Tongue River Formation:
Sand, fine to medium, dark yellowish
brown, predominantly quartz, oxidized... 5 5



TABLE 3 --lLogs of Test Holes --Continued

Formation Material Thickness Depth
(feet) (feet)
140-97-25daa

T. H.19-748
Elevation 2540 feet
(continued)

Sand, fine to coarse, moderate yellowish
brown to moderate olive brown,
oxfdizedisvssaansnurwnnssaswsnnsrnsnsans 12 17
Clay, moderate olive brown to light clive

gray, oxidized.eeeeceeroscesassasannsase 8 25
Clay, light olive grayissessvssssvsssssass 8 33
Lignite................................... 2 35
Clay, silty, dark greenish gray.eeecescsss 19 54
Sandstone, fine, clayey greenish gray,

calcareous Cement.ccassavesssssanccnsans L 58
Sand, fine, dark greenish gray,

predominantly quartz, calcareous...eeees 7 65
Clay, silty, dark greenish gray, lignitic

L P R —— 4 69
LGN B nnnsnsnssensrussnneibopabsaossonines 1 70
Clay, silty, dark greenish gray, lignitic

At ia) casesnise s ppesan s REE RSy 15 85
Clay, 0liVe Grayececessresssnssenosacssass 6 91
L DN DR 5 s o 5 e BN NS RN . L S5
Clay, silty, greenish gray, slightly

caltaretuScisssnvssonassnusnnvannnensnvnsr 1L 109
Limestone, medium bluish gray.seescassscae 3 1i2
Clay, olive gray to dark greenish gray.... 20 132
Sand, fine, olive gray, predominantly

quartz, micaceous, CalCareOUS.vsassaacse 17 149
Clay, light olive gray to olive gray..c.ss. L 153
B £.75 1 ] < R P S S 18 171
Clay, silty, olive black to olive gray.... 15 186
Sand, fine, greenish gray.ececsecsessssens 7 193
Clay, olive gray to greenish grayeesessess 17 210

140-97 -36¢cdd
T. H, 3-748
Elevation 2510 feet
Tongue River Formation:
Send, very fine to medium, clayey,
moderate yellowish brown, broken
CONCretiONSesssasssssssssscnscssncscansne L b



Formation

TABLE 3 =-Logs of Test Holes ==Continued

Material

140-97 =36cdd
T.H. 3-745
Elevation 2510 feet
(continued)

Sand, very fine to medium, clayey,
dusky yellow, predominzntly quartz,
Oxidized-'oou-oc.o-u-.-o;-.o-o--co..-..u
Sand, very fine to medium, clayey, grayish
olive, predominantly quartz, oxidized,...
Clay, silty, grayish yellow to olive gray,
partiglly el iBede sonmnsanrmnsnnwnmnsan
Clay, dark greenish gray, SiltVYeseeesosess
Sand, very fine to fine, clayey, greenish
gray to dark greenish gray..ccececvecees
Ligniteiissessaranasnnesanssanseasannanins
Clay, silty, dark greenish gray, lignite
SCAMS.esssssessanarscrssssnasosssesostos
Sand, clayey, dark greenish gray,
predominantly quartz, some lignitic
BT R T B Vo oo e e o o arm mmwm m mm mem n
Sand, very fine to fine, clayey,greenish
OraYeeosescasanasesansasscnsssssseasssons
Silt, olive gray, lignitic material.iceeass
Ligh It s s s e n s s o E N F S S RF VTR SR BE T
Clay, light greenish gray, lignitic seams.
Siit, olive gray, lignitic materialeieecse.
Lignite.eeiseeseasseaoscesanasescecnsnsananns
Clay, dark greenish gray, silty, lignitic
Mmaterialeceseesesescsssonerensnssnnssnes
Bilt, greenish graVesesusvsvsssnnnnnnmnnes
Sand, very fine to fine, silty greenish
oL g R S —
Sand, very fine, light.clive gray,. lig=~
nitic.materialieeesincinsosnneasnescsnns
Sand, very fine to medium, greenish gray,
predominantly QUArtZ.veeeseesceassonsons
Sand, fine to medium, greenish gray,
lignitic materialiiieeivsreeorcsessasens
LIt snnnwnsnwannssnnnmsennummessnaawnse
Clay, silty, greenish gray, lignitic

matel’ia‘----....-.......‘.opo.....--..‘.

16

70
10

23
31
53
55
62

73

82
88
92
117
128
145

158
180

195
211
227

297
307

312
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