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RECONNAISSANCE OF THE HYDROLOGY OF SANDSTONE AND LIMESTONE AQUIFERS
ALONG THE NORTHWEST FLANK OF THE LITTLE ROCKY MOUNTAINS,
FORT BELKNAP INDIAN RESERVATION, NORTH-CENTRAL MONTANA

By Steven E. Slagle and Paul K. Christensen

ABSTRACT

The study area comprises about 55 square miles in the southwestern
part of the Fort Belknap Indian Reservation in north-central Montana. The
geologic units of interest are the Lodgepole Limestone, a thin-bedded
limestone containing some shale and chert; the Mission Canyon Limestone, a
massive limestone containing numerous solution cavities; the lower part of
the Kootenai Formation composed of sandstone; a sandstone unit at the base
of the Colorado Group; and the Virgelle Sandstone Member at the base of
the Eagle Sandstone. These units were formed during Early Mississippian
through lLate Cretaceous time and have been subjected to wuplift, folding,
and the intrusion of the igneous core of the Little Rocky Mountains.
Present dips range from nearly vertical to about 10 degrees.

Thirty-one test holes were drilled and 25 of the holes were completed
as monitoring wells. Water-level fluctuations in most aquifers followed a
seasonal pattern with the lowest levels occurring in the fall and winter
and highest levels in the spring and summer. Seasonal fluctuations ranged
from about 0.6 to 21 feet. Specific capacity of wells tested ranged from
0.02 gallon per minute per foot for a well completed in the Eagle Sand-
stone to 4.6 gallons per minute per foot for a well completed in the
Mission Canyon Limestone. Eight aquifer tests indicated transmissivity
values of 15 to 1,100 feet squared per day. Dissolved-solids concentra-
tion in water collected from 22 wells ranged from 263 to 1,930 milligrams
per liter. The least mineralized water was obtained from the Mission
Canyon Limestone and the most mineralized from the Eagle Sandstone.

INTRODUCTION

Sandstone and limestone aquifers contained in Cretaceous through Mississippian
rocks on the northwestern flank of the Little Rocky Mountains can be a potential
source of ground water for domestic and municipal use. Because of a water-supply
need in the Hays area, the U.S. Geological Survey, in cooperation with the Fort
Belknap Community Council and the U.S. Bureau of Indian Affairs, conducted a recon-
naissance appraisal from 1988 to 1991 of the hydrology of the sandstone and lime-
stone aquifers. The results of the study can be used by water-resources managers
for planning and development of water supplies in the area.

Purpose and Scope

This report describes the reconnaissance of the hydrology of selected sandstone
and limestone aquifers in rocks of Late Cretaceous through Late Mississippian age
(table 1) along the northwestern flank of the Little Rocky Mountains (fig. 1).
Specifically, the report describes water levels, hydraulic characteristics, water
quality, and water-supply potential for five aquifers in the study area.

Thirty-one test holes were drilled to determine the subsurface 1lithology
(tables 2 and 3; tables 2 through 11 are at the back of the report). Of these, 25
were completed as monitoring wells with PVC (polyvinyl chloride) or steel casing
and slotted screen or slotted casing. Screened intervals in most wells were sand
or gravel packed, and the annulus above the pack was sealed with bentonite slurry
and cement. Lithologic logs (table 3) and geophysical logs--natural gamma, spon-
taneous potential, and resistivity--were recorded for most wells and test holes.

1
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Water levels in 24 monitoring wells were measured, generally monthly or bi-
monthly (tables 4 and 5). Continuous water-level recorders were installed on three
wells. Water levels in seven monitoring wells, selected for inclusion in a state-
wide water-level monitoring network, have been measured since the conclusion of
this study. Those measurements are included in tables 4 and 5.

Specific-capacity tests were conducted at 16 wells (table 6) and aquifer tests
were conducted at 8 locations (table 7). Tests were analyzed using methods devel-
oped by Cooper and Jacob (1946).

Water samples were collected from 22 monitoring wells for determination of
water quality (table 8). The samples were collected after at least three casing
volumes of water were pumped from each well and temperature, specific conductance,
and pH remained stable. Concentrations of dissolved oxygen, bicarbonate, alka-
linity, sulfide, nitrate (as nitrogen), and ferrous and total iron were determined
onsite. Dissolved oxygen was determined onsite by use of a dissolved-oxygen meter.
A portable colorimeter was used for onsite analyses for sulfide, nitrate, and iron.
Onsite values for bicarbonate and alkalinity were determined by incremental titra-
tion. Major-ion and selected trace—element concentrations were determined by the
Montana Bureau of Mines and Geology laboratory in Butte, Mont.

Location and General Features of the Area

The study area comprises about 55 mi? in the southwestern part of the Fort
Belknap Indian Reservation (fig. 1) in north-central Montana, about 60 mi southeast
of Havre. The topography is characterized by hills and valleys that are bounded on
the south and east by the Little Rocky Mountains and on the north and west by gla-
ciated plains. The upper reaches of Little Peoples and Jim Brown Creeks drain much
of the area.

Climate

The climate in the study area is semiarid, with average annual precipitation
ranging from about 16 in. at Hays to between 20 and 22 in. at the higher altitudes
of the Little Rocky Mountains (U.S. Soil Conservation Service, 1977). The nearest
weather station with complete temperature records is Harlem 4W, located about 40
miles north-northwest of Hays near the northwest corner of the reservation (fig.
1). The mean annual temperature at that location for the base period 1951-80 is
42.0 °F (National Oceanic and Atmospheric Administration, 1982). Minimum mean
monthly temperature (10.2 °F) occurs in January and maximum mean monthly tempera-
ture (69.2 °F) occurs in July.

p . I . .

Previous geologic and hydrologic studies in the Hays-Lodge Pole area either
have focused on the plains area of the reservation north of the mountain flank and
foothills or have been regional in scope. The area was previously studied by
Collier (1918), Alden (1932), Knechtel (1944), Erdmann and Koskinen (1953), Gries
(1953), Nordquist (1953), Knechtel (1959), Alverson (1965), Feltis (1983), and
Briar and others (1993).

S n for Specifyi 5 hic Locati

A site number is used as the primary identification for wells and test holes
referenced in this report. The site number consists of three or four characters.
For wells, the first two or three characters denote the aquifer in which the well
is completed: (E-), Eagle Sandstone; (C-), Colorado Group; (K-), Kootenai Forma-
tion; (MC-), Mission Canyon Limestone; or (L-), Lodgepole Limestone. For test
holes, the designation (T-) is used. The next one or two characters denote a
sequence number assigned to each site within a site type.



A location number 1is used to identify the location of wells and test holes.
The location number is based on the rectangular system for the subdivision of
public lands (fig. 2). The number consists of 14 characters and is assigned
according to the location of the site within a given township, range, and section.
The first three characters specify the township and its position north (N) of the
Montana Base Line. The next three characters specify the range and its position
east (E) of the Montana Principal Meridian. The next two characters indicate the
section. The next four characters indicate the position of the site within the
section. The first letter denotes the quarter section (160-acre tract); the
second, the quarter-quarter section (40-acre tract); the third, the quarter-
quarter—-quarter section (l10-acre tract); and the fourth, the quarter-quarter-
quarter—-quarter section (2.5-acre tract). The subdivisions of the section are
numbered A, B, C, and D in a counterclockwise direction beginning in the northeast
quadrant. The last two characters form a sequence number based on the order of
inventory in that tract. For example, location number 26N23E12DCBB02 (site E-11)
represents the second well inventoried in the NW1/4 NW1/4 SW1/4 SE1/4 sec. 12, T.
26 N., R. 23 E.

Location number 26N23E/20CBBO2
(site £-11)

Figure 2.--System of specifying location of wells and test holes.

Quality Control

To assess the accuracy of the analyses of water samples collected during this
study, an unidentified duplicate sample was collected for each 10 samples collected
or for each sampling trip and sent to the Montana Bureau of Mines and Geology lab-
oratory for analysis. Additionally, for each 20 samples collected, a triplicate
sample was collected and sent to the U.S. Geological Survey National Water Quality
Laboratory in Arvada, Colo. Results of the quality-control analyses are given in
table 11.



GEOLOGIC SETTING

Igneous, metamorphic, and sedimentary rocks, as well as unconsolidated sedi-
ments, ranging in age from Proterozoic to Holocene, are exposed in the Little Rocky
Mountains and surrounding area. Thickness of the entire sedimentary section is as
much as 7,500 ft (Alverson, 1965).

Geologic Hist

The geologic units of interest in this study were deposited from Early Mis-
sissippian through Late Cretaceous time. The Lodgepole and Mission Canyon
Limestones were formed during Early to Late Mississippian time. Deposition was

interrupted by wuplift, folding, and erosion of a large thickness of the Mission
Canyon Limestone. The area probably was not submerged during part or all of the
Pennsylvanian, Permian, and Triassic Periods, as no sedimentary rocks of these ages
occur near the Little Rocky Mountains (Alverson, 1965, p. F43). Resubmergence of
the area during Jurassic time resulted in deposition of the Ellis Group on the
eroded surface of the Mission Canyon Limestone. Considerable quantities of sedi-
ment, probably derived from the ancestral Rocky Mountains being uplifted to the
west, were deposited during Cretaceous time. The sequence represents continental
deposition of sandstone and siltstone of the Kootenai Formation and Eagle Sandstone
and marine deposition of shale forming the intervening Colorado Group. Deposition
continued into early Tertiary time, when the sediments were uplifted by intrusion
of syenite porphyry. Subsequent erosion of the domed sediments has exposed the
igneous core of the Little Rocky Mountains (fig. 3). The Little Rocky Mountains
were not overridden by the continental glaciation that covered most of the 1land
surface in the Fort Belknap Reservation.

Structure

The dominant force controlling the geologic structure of the study area was
intrusion of the igneous mass that forms the core of the Little Rocky Mountains.
This intrusion steeply tilted the previously flat-lying sedimentary rocks (fig. 3).
The dips generally are oriented away from the center of the intrusion at angles
ranging from nearly vertical near the mountain core to about 10 degrees near Hays.

Stratigraphy
The formations considered in this report are part of a sequence of limestone,
shale, and sandstone (table 1). Total thickness of this sequence is about 2,800 ft

(Alverson, 1965, p. Fl14).

The Lodgepole Limestone of Early Mississippian age, the 1lowermost formation
studied, 1is composed of principally dark- to light-gray thin-bedded limestone. In
addition, the formation contains some massive limestone, thin partings of shale,
and many small chert lenses. The base of the Lodgepole is defined by a thin, black
shale (Knechtel, 1959, p. 733). The lower half of the formation is more thinly
bedded than the upper. Two zones in the upper half, one more than 100 ft thick,
are predominantly red. The upper contact is gradational with the overlying Mission
Canyon Limestone.

The Mission Canyon Limestone, of Early and Late Mississippian age, is composed
of 1light-gray to light-brown coarse-grained massive limestone. The lower half of
the formation contains nodules and lenses of cherty material, with a few thin-
bedded zones near the base (Knechtel, 1959, p. 734). The upper part of the forma-
tion contains numerous solution cavities, many of which are filled with clay. Near
the periphery of the Little Rocky Mountains, the Mission Canyon Limestone forms a
prominent wall. The Mission Canyon Limestone is unconformably overlain by rocks of
the Ellis Group.

The Ellis Group, of Middle and Late Jurassic age, is composed of alternating
beds of shale, fine-grained sandstone, mudstone, and impure limestone. In the
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Figure 3.--Diagrammatic geologic section through the Little Rocky Mountains showing
the igneous core and the doming of the sedimentary rocks, Fort Belknap
Indian Reservation, north-central Montana.

study area, the Ellis Group is represented by the Rierdon Limestone and Swift
Formation.

The Morrison Formation, of Late Jurassic age, unconformably overlies the Ellis
Group. The Morrison consists primarily of light-gray mudstone and contains a few
beds of friable sandstone. Black carbonaceous shale or impure coal commonly com-
poses the uppermost bed.

The Kootenai Formation of Early Cretaceous age unconformably overlies the
Morrison Formation and is divided into two distinct informal units. The lower
unit, commonly called the Third Cat Creek sandstone (Reeves, 1927), consists
primarily of light-gray locally friable sandstone. The base of the unit is marked
by a hard, coarse-grained arkosic sandstone; the top of the unit 1locally is dis-
tinguished by a 1light-gray dense limestone. The upper unit, commonly called the
variegated argillaceous member, is composed of mottled maroon and grayish-green
clay and contains a few thin beds of light-gray friable sandstone.



Table 1.--Generalized description and water-ylelding characteristics of geologic units,

northwest

flank of the Little Rocky Mountains, Fort Belknap Indlan Reservation, north-central Montana

Lithologic Water-yielding
Erathem| System Series Stratigraphic unit characteristics characteristics
o
a Holocene Unconsolidated gravel, sand, Can produce usable
o silt, and clay. 1Includes quantities of water
%) M alluvium, colluvium, and suitable for stock and
° © Pleisto- Surficial glacial drift. domestic use where
g 3 cene deposits sorted and saturated.
c
8 b
e Pliocene
o through
o Paleocene?
[
Mostly fine-grained sandstone, |[Claggett Shale not considered
siltstone, and shale. In- an aquifer. Judith River
Post-Eagle cludes Claggett Shale and Formation yields sufficient
Sandstone Judith River Formation in quantities of water for
Rocks the study area. stock and domestic use.
Water quality might be
o, unsuitable for some uses,
o
Upper © Upper Sandstone, sliltstone and shale. |Virgelle Sandstone Member
Cretaceous| 2 Member Upper member mostly shale. vields moderate quantities
@ Eagle Virgelle Sandstone Member of water suitable for
¥ {Sandstone interbedded sandstone and stock and domestic use,
2 Virgelle shale,
w Sandstone
E] Member
]
©
3 Telegraph Creek Mostly sandy shale, Generally not considered an
I Formation aquifer.
° (3]
o
S Mostly dark-gray to bluish-gray|First Cat Creek sandstone
2 Colorado shale, First Cat Creek yields small to moderate
g Group First sandstone consists of quantities of moderately
Cat Creek coarse-grained arkosic mineralized water to wells,
sandstone sandstone,
Lower
Cretaceous
Mostly maroon and grayish-green|Third Cat Creek sandstone
Kootenal clay. Third Cat Creek sand- yields small to moderate
Formation Third stone consists primarily of quantitlies of water
Cat Creek light-gray sandstone. suitable for stock and
sandstone domestic use.
Morrison Formation Primarily light-gray mudstone, |Generally not considered an
o aquifer.
- Upper
a Jurassic | &
o o Swift Formation Alternating layers of shale, Generally not considered an
El 8 sandstone, mudstone, and agquifer although may yield
= « impure limestone. small quantities of water
Middle - Rierdon to wells.,
Jurassic a Limestone
= Q
© o Upper Mis- g Mission Canyon Mission Canyon Limestone Mission Canyon Limestone can
—t Q, sissippian| & Limestone consists of massive cavernous yield large quantities of
2 Ll . ]|v© limestone. Lodgepole water suitable for
g a g Limestone is composed of domestic, stock, or
— - Lower @ thin-bedded limestone with municipal supply.
= o Mississip-| 3 Lodgepole shale partings.
b pian 2 Limestone

Modified from Levings and others (1981).

Conformably overlying the Kootenai Formation is the Colorado Group of Early and

Late Cretaceous age, a thick sequence of mostly dark-gray to

bluish-gray shale.

The Colorado Group also contains numerous bentonite beds, particularly in the lower

part,

fine-grained argillaceous
1927) occurs at the base.

(Reeves,

The Montana
Group.

as well as some lenticular sandstone
sandstone,

and limestone beds.

A thick-bedded

equivalent to the First Cat Creek sandstone

The Telegraph Creek Formation, which is composed mostly of

Group of Late Cretaceous age conformably overlies the Colorado

sandy shale,

represents a transition zone between shale of the underlying Colorado Group and the
sandstone of the overlying Eagle Sandstone.
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The Eagle Sandstone of Late Cretaceous age, the uppermost unit investigated for
this report, is divided into two members. The lower member, the Virgelle Sandstone
Member, contains brown to gray massive sandstone, brownish-gray siltstone, and gray
shale. The sandstone commonly is very fine to fine-grained and commonly is cross-
bedded. The unnamed upper member is composed primarily of gray shale, but contains
many thin beds of siltstone, sandy shale, and friable sandstone.

In addition to the geologic units investigated for this study, several over-
lying wunits were penetrated during test drilling. The Claggett Shale of Late
Cretaceous age conformably overlies the Eagle Sandstone. The Claggett is composed
primarily of dark-gray marine shale and siltstone that weathers to brownish-gray
and is not considered to be an aquifer. Several drill holes penetrated unconsoli-
dated surficial materials consisting of alluvium, colluvium, and glacial drift of
late Tertiary (?) or Quaternary age. These deposits consist of mixtures of gravel,
sand, silt, and clay and can produce usable quantities of water where sorted and
saturated.

HYDROLOGY

The location of wells and test holes drilled as part of this study is shown in
figure 4. Most of these wells and test holes are located in hills and valleys,
north and west of the Little Rocky Mountains. A few are located near the southern
terminus of the glaciated plains.

Eagle Sandstone

Seventeen wells were drilled and completed in the Virgelle Sandstone Member of
the Eagle Sandstone. Three test holes were drilled to the Virgelle.

EXPLANATION FOR FIGURE 4

INTRUSIVE ROCKS (Tertiary) MADISON GROUP ( Mississippian)
POST~EAGLE SANDSTONE SEDIMENTS, UN- : " PRE - MADISON GROUP ROCKS, UNDIFFER -
DIFFERENTIATED (Quaternary through ENTIATED (Mississippian through Pre—
Cretaceous) cambrian )

EAGLE SANDSTONE (Cretaceous) GEOLOGIC CONTACT

COLORADO GROUP (Cretaceous) FAULT
E-24 .
KOOTENAI FORMATION (Cretaceous) e WELL AND NUMBER
-5
E3%] MORRISON FORMATION AND ELLIS © TEST HOLE AND NUMBER

GROUP, UNDIFFERENTIATED (Jurassic)

Topographic contours on figure 4 are given in meters. The
following table can be used to convert index contours from
meters to feet

METERS FEET

1,000 3,281
1,100 3,609
1,200 3,937
1,300 4,265
1,400 4,593
1,500 4922
1,600 5,250















Water Levels

The water level in well C-1 (table 4), completed in the First Cat Creek sand-
stone, declined almost steadily from 23.71 ft below land surface in November 1988
to 24.75 ft below land surface in October 1990 (fig. 7). The water level in well
K-1 completed in the Third Cat Creek sandstone fluctuated seasonally from about 4
ft below land surface to nearly 2 ft above land surface during this study. The
lowest water levels in well K-1 occurred during winter or early spring and the
highest water levels occurred during summer (fig. 8).

Hydraulic Characteristics

Specific capacities of wells C-1 and K-1 were 0.16 and 0.08 (gal/min)/ft (table
6) . Aquifer tests were conducted using wells C-1 and K-1. Transmissivity at well
C-1, completed in the First Cat Creek sandstone, was 21 ft2/d. Transmissivity at
well K-1, completed in the Third Cat Creek sandstone, was 15 ft2/d. Drawdown data
for the aquifer tests are given in table 7.

Water Quality

Water samples for chemical analysis were collected from well C-1 and well K-1.
Water from well C-1 was a sodium bicarbonate type with a dissolved-solids concen-
tration of 1,160 mg/L, whereas water from well K-1 was a calcium magnesium bicar-
bonate type with a dissolved-solids concentration of 428 mg/L (table 8).

Water from well C-1 contained concentrations of sulfate and dissolved solids
that exceeded SMCL’s (table 9). Water from well K-1 contained no analyzed con-
stituent concentrations that exceeded U.S. Environmental Protection Agency MCL’s or
SMCL' s.

Water—-Supply Potential

Hydraulic data from well C-1 indicate that the First Cat Creek sandstone 1is
capable of yielding at least 5 gal/min to wells, which generally is considered an
adequate quantity of water for domestic or stock use. Hydraulic data from well K-1
indicate that the quantity of water available from the Kootenai Formation might not
be sufficient for domestic use. Data from well K-1, the only well completed in the
Kootenai Formation in this study, infer that expected yields would be less than 5
gal/min. However, yields of some wells completed in the Eagle Sandstone also indi-
cated an equally small potential that was found to be a minimum, well below the
average. Additional exploration of the Kootenai might indicate that the wvalues
obtained from well K-1 are minimum values.

Although water from well C-1 contains concentrations of sulfate and dissolved
solids that exceed SMCL’s (table 9), the values are not uncommon for domestic water
supplies in eastern Montana. Water—quality data for well K-1 indicate that the
water probably is suitable for domestic and stock use.

Mission C i Lod le Li

Five wells and one test hole were drilled in the Mission Canyon Limestone. One
well was drilled and completed in the Lodgepole Limestone. Well depths range from
130 to 475 ft below land surface (table 2).

Water Levels

Water levels in wells completed in the Mission Canyon and Lodgepole Limestones
ranged from about 7 to 45 ft below land surface (table 4). Fluctuations follow a
seasonal pattern. Water levels were lowest in the fall and winter and highest in
the spring and summer (fig. 9). On the basis of measurements made during this
study, water levels in individual wells fluctuated from about 3 to 21 ft.
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Figure 7.--Water-level fluctuations for well C-1 completed in the First
Cat Creek sandstone of the Colorado Group, northwest flank of
the Little Rocky Mountains, Fort Belknap Indian Reservation,
north-central Montana, 1988-90.
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Figure 8.--Water-level fluctuations for well K-1 completed in the Third Cat
Creek sandstone of the Kootenai Formation, northwest flank of
the Little Rocky Mountains, Fort Belknap Indian Reservation,
north—central Montana, 1988-90.
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Figure 9.--Water-level fluctuations for well MC-1 completed in the Mission
Canyon Limestone, northwest flank of the Little Rocky Mountains,
Fort Belknap Indian Reservation, north-central Montana, 1989-92.

Hydraulic Characteristics

Specific capacity of four wells completed in the Mission Canyon Limestone
ranged from 0.35 to 4.6 (gal/min)/ft (table 6). Median specific capacity was 2.0
(gal/min) /ft. Aquifer tests were conducted at wells MC-1, MC-3, and MC-6. The
tests indicated transmissivities of about 1,100 and 1,000 ft2/d at MC-1 and MC-3,
respectively; transmissivity at MC-6 was estimated at about 60 £t?/d owing to
numerous boundary effects. Drawdown data are given in table 7. The effect of
nearby Little Peoples Creek contributing water to the aquifer was noted after about
15 minutes of pumping during the test of MC-1.

Water Quality

Water samples for laboratory analysis were collected from four wells completed
in the Mission Canyon Limestone and one well completed in the Lodgepole Limestone.
Water from the wells completed in the Mission Canyon Limestone was a calcium bicar-
bonate type. Dissolved-solids concentrations ranged from 263 mg/L in water from
well MC-1 to 335 mg/L in water from well MC-2 (table 8). Water from well L-1
completed in the Lodgepole Limestone was a calcium-magnesium bicarbonate type with
a dissolved-solids concentration of 392 mg/L (table 8). Concentrations for all
constituents analyzed in this study were considerably less than MCL’s and SMCL’s
(table 9).

Water-Supply Potential

Data collected from wells constructed for this study indicate that the Mission
Canyon Limestone can supply large quantities of water, at least 66 gal/min, to
wells. However, because of the cavernous nature of the upper part of the Mission
Canyon Limestone, the possibility of the caverns being filled with «clay, and the
minimal primary effective porosity of limestone, large quantities of water are
dependent on a well intersecting a fracture system or associated open cavern.
Thus, the potential for water production can change drastically in short distances
and the duration of sustained yield may be limited by the areal extent of the
permeable zone. For example, a large diameter well at the location of well MC-2,
drilled and cased to a depth of 298 ft, probably would be capable of initially
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producing about 100 gal/min of water, whereas well MC-4, located only 75 ft away
and drilled to a depth of 371 ft, virtually produces no water. Production of large
quantities of water from the Lodgepole Limestone also is dependent on a well
intersecting a fracture system. Data indicate the quality of water from the
Lodgepole and Mission Canyon Limestones probably is suitable for domestic,
municipal, or stock supply (table 10).

SUMMARY

The study area comprises about 55 mi?2 near Hays, about 60 mi southeast of
Havre, in the southwestern part of the Fort Belknap Indian Reservation. The
topography is characterized by hills and valleys that are bounded on the south and
east by the Little Rocky Mountains, and on the north and west by glaciated plains.
Annual precipitation in the area ranges from about 16 in. at Hays to between 20 and
22 in. at the higher altitudes of the Little Rocky Mountains.

The geologic units of interest in this report were formed from Early Mississip-
pian through Late Cretaceous time and consist of the Lodgepole and Mission Canyon
Limestones, the Kootenai Formation, the Colorado Group, and the Eagle Sandstone.
These rocks have been uplifted and folded by the intrusion of the igneous core of
the Little Rocky Mountains. Dips of the uplifted and folded sedimentary rocks
generally are oriented away from the center of the intrusion at angles ranging from
nearly vertical near the mountain core to about 10 degrees in the Hays area. The
mountains were not overridden by continental glaciation that covered most of the
Fort Belknap Reservation. The Lodgepole Limestone is principally composed of thin-
bedded limestone containing some massive limestone, thin partings of shale, and
many small chert lenses. The Mission Canyon Limestone is composed of light-gray to
light-brown coarse-grained massive limestone with a few thin-bedded zones near the
base. The upper part of the formation contains numerous solution cavities, many of
which are filled with clay. The Kootenai Formation can be divided into two
distinct informal |units. The lower wunit, commonly called the Third Cat Creek
sandstone, consists primarily of light-gray, locally friable, sandstone. The upper
unit is composed of mottled maroon and gray-green clay and contains a few thin beds
of light-gray friable sandstone. The Colorado Group consists of mostly dark-gray
to bluish-gray shale containing numerous bentonite beds as well as some lenticular
sandstone and limestone beds. A thick-bedded arkosic coarse-grained sandstone,
equivalent to the First Cat Creek sandstone, is present at the base of the Colorado
Group. The Eagle Sandstone is divided into two members. The lower member, the
Virgelle Sandstone Member, contains brown to gray massive sandstone, brownish-gray
siltstone, and gray shale. The informal upper member is composed primarily of gray
shale but contains many thin beds of siltstone, sandy shale, and friable sandstone.

Thirty-one test holes were drilled and 25 of these holes were completed as
monitoring wells in the Lodgepole Limestone, Mission Canyon Limestone, Kootenai
Formation, Colorado Group, or Eagle Sandstone. Water levels were measured monthly
or bimonthly in 24 wells, continuous water-level recorders were operated on three
wells, aquifer tests were conducted using 8 wells, and water samples for onsite and
laboratory analysis were collected from 22 wells.

During this study, seasonal fluctuation of the water level in wells completed
in the Eagle Sandstone ranged from about 0.6 to 9 ft. The highest water level gen-
erally occurred in the spring and summer and the lowest level in the fall and
winter. Median specific capacity of 0.27 (gal/min)/ft and transmissivities of 71,
91, and 56 ft?/d were determined. Water from most wells was a calcium or magnesium
bicarbonate type. Dissolved-solids concentrations ranged from 381 to 1,930 mg/L.
Water from most wells completed in the Eagle Sandstone contains concentrations of
some constituents--typically sulfate, dissolved solids, iron, and manganese--which
exceed established Secondary Maximum Contaminant Levels of the U.S. Environmental
Protection Agency.

The water level in a well completed in the First Cat Creek sandstone at the
base of the Colorado Group showed a near steady decline throughout the study
period. The water level in a well completed in the Third Cat Creek sandstone of
the Kootenai Formation fluctuated about 6 ft with the highest levels occurring
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during summer and the lows during winter or early spring. Analysis of aquifer test
data indicates transmissivity values of 21 ft2/d for the First Cat Creek sandstone
and 15 ft2/d for the Third Cat Creek sandstone. Water from well C-1 completed in
the First Cat Creek was a sodium bicarbonate type with a dissolved-solids concen-
tration of 1,160 mg/L. Water from well K-1 completed in the Third Cat Creek was a
calcium magnesium bicarbonate type with a dissolved-solids concentration of 428
mg/L. Water from the First Cat Creek contained concentrations of sulfate and
dissolved solids which exceeded the U.S. Environmental Protection Agency Secondary
Maximum Contaminant Levels.

Water-level fluctuations in four wells completed in the Lodgepole and Mission
Canyon Limestones followed a seasonal pattern with the lowest levels occurring in
the fall and winter and the highest in the spring and summer. Water-level fluctu-
ations in individual wells ranged from about 3 to 21 ft during the study.

Median specific capacitg of 2.0 (gal/min)/ft and transmissivity values of
1,100, 1,000, and 60 ft‘/d were determined for wells completed in the Mission
Canyon Limestone. Water from the wells completed in the Mission Canyon Limestone
was a calcium bicarbonate type with dissolved-solids concentrations ranging from
263 to 335 mg/L. Water from the well completed in the Lodgepole Limestone was a
calcium-magnesium bicarbonate type with a dissolved-solids concentration of 392
mg/L. Concentrations for all constituents analyzed were less than U.S. Environ-
mental Protection Agency Maximum Contaminant Levels.
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Table 2.--Records of monitoring wells and test holes, northwest flank of the Little Rocky Mountains,
Fort Belknap Indian Reservation, north-central Montana

[Site number and location number--numbering systems described in text. Altitude of land surface--
in feet above sea level; determined by levels from nearest bench mark (reported to tenths) or
determined from USGS 7 1/2-minute topographic map (reported to whole number). Depth drilled--

in feet below land surface. Depth of well--in feet below land surface. Top of open interval--

in feet below land surface. Bottom of open interval--in feet below land surface.
Geologic unit--Kev, Virgelle Sandstone Member of Eagle Sandstone; Kcg, Colorado Group;
Kfc, First Cat Creek sandstone of Colorado Group; Ktc, Third Cat Creek sandstone of Kootenai

Formation; Mmc, Mission Canyon Limestone; M1, Lodgepole Limestone. =--, not applicable]
Altitude Diameter Top of Bottom of
of land Depth Depth of open open
Site Location Date surface drilled of well casing interval interval Geologic
number number drilled (feet) (feet) (feet) (inches) (feet) (feet) unit
c-1 26N24E31BADCO1 09-10-88 3,696.3 175 174 2 99 119 Kfc
139 159

E-2 26N23E23DCBAO1 09-13-88 3,538.7 415 414 2 317 337 Kev
E-3 26N23E23DCBA0Q2 09-14-88 3,540.2 225 224 2 203 213 Kev
E-4 26N23E26ACDCO1 09-14-88 3,634.3 145 144 2 122 132 Kev
E-7 26N23E23ACABO1 09-15-88 3,473.7 304 303 2 282 292 Kev
E-9 26N23E12DCBBO1 09-17-88 3,391.3 95 94 2 13 83 Kev
E-11 26N23E12DCBB02 09-20-88 3,407.5 215 214 2 193 203 Kev
E-12 26N23E23DCADO1 08-01-89 3,574.8 330 300 4 235 285 Kev
E-13 26N23E23DCADO2 08-02-89 3,571.2 300 299 2 229 279 Kev
E-14 26N23E23ACADO1 08-12-89 3,477.1 220 220 2 150 210 Kev
E-15 26N23E23ACADO2 08-14-89 3,477.4 244 244 4 164 224 Kev
E-18 26N23E13CBBCO1 08-24-89 3,418.5 269 269 2 240 260 Kev
E-21 26N24E07BBDB02 09-08-89 3,350.4 280 280 2 240 260 Kev
E-23 26N23E35CBDAO1 09-10-89 3,718.5 120 119 2 79 99 Kev
E-24 26N23E34DABDO1 09-10-89 3,671.9 130 130 2 90 110 Kev
E-25 25N23E10CDDBO1 09-11-89 3,705.2 290 290 2 240 270 Kev
E-26 26N23E13CBDDO1 09-12-89 3,465.7 265 258 2 218 258 Kev
E-27 26N24E07BBDBO1 09-13-89 3,347.5 160 160 2 85 140 Kev
K-1 26N24E31BDDCO1 09-09-88 3,725.7 235 226 2 165 195 Kte
L-1 26N24E20BBBCO1 08-26-91 3,750 475 475 4 355 395 Ml
MC-1 26N24E32BCBAO1 09-20-89 3,713.1 300 140 8;5 120 137 Mmc
MC-2 25N24E04CDDDO1 07-27-89 4,013.6 298 298 2 272 292 Mme
MC-3 26N24E19AACAOlL 09-19-89 3,703.4 130 125 8;5 105 115 Mme
MC-4 25N24E04CDDDO02 09-07-89 4,015.2 371 37N 6 280 371 Mmc
MC-6 26N24E19AACAQ2 08-30-91 3,700 278 278 € 125 278 Mmc
T-1 25N23E03DACCO1 09-09-89 3,800 340 - - - - Keg
T-2 26N24E05ACCCO1 09-19-88 3,392.7 235 - - - - Kev
T-3 26N24E07BCABO1 08-17-89 3,380 165 - - - - Kev
T-4 26N24E19AACBO1 08-28-91 3,710 180 - -- - - Mmc
T-5 26N24E19BDABO1 07-17-89 3,620 490 - - - - Kte
T-6 27N24E33DACDO1 08-27-89 3,280 260 - - - - Kev
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Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana

[Abbreviations: ft, foot; gal/min, gallons per minute; in., inch;
Sch., Schedule; PVC, polyvinyl chloride; NAT. GAMMA, natural gamma;

RES, resistivity; SP, spontaneous potential]

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (fr)
Site number: C-1
Date drilled: 09/10/88
Bottom of well: 174 ft
Casing: 2-in. Sch. 80 PVC pipe
i ¢ 99-119 ft and 139-159 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
i : 94 ft
Geophysical logs available: NAT. GAMMA, RES
Colluvium:
Clay, brown, pebbly, cobbly.......... ceeersaareeenn Creesaaeas Ceeseaeeset et 16 16
Shale, dark-gray, with numerous very thin bentonite partings...... Cetieeseace e 60 76
First Cat Creek sandstone:
Siltstone, dark=gray.......... C et et sactaaan e esnnn Ceeeres ettt nane ceeesaeenan 13 89
Sandstone, gray, very fine grained, frlable, argillaceous (?); water............ e 8 97
Siltstone, dark-gray, Sandy....c.cceceeoncccoeccsans P aesrenaccaucanns . 4 101
Sandstone, gray, very fine grained, arglllaceous in part; water ...................... 21 122
Siltstone, dark-gray, sandy......ceoeeeneeacens s eessesssetase s eoens . ceee 13 135
Sandstone, gray, very fine to fine-qrained argillaceous in part, water....oceeeuan 29 164
Clay, mottled maroon and greenish gray......oeeceeeeeceescanssscsssonananan cereeeeaan 11 175
Site pumber: E-2
Date drilled: 09/13/88
: 414 ft
Casing: 2-in. Sch. 80 PVC pipe
Screeped interval: 317-337 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
: 278 ft
Geophysical logs available: NAT. GAMMA, RES, SP
Shale, brown.......ciiveeeunns Ceeeetei et ea e s e e esers e ccns i aesaans o 12 12
Shale, dark-gray, with few llght-gray bentonlte beds....... ceecereseansans Ce e 132 144
Eagle Sandstope:
Shale, brownish-gray, sandy............. cheeereaens teereer e reescensanaennn feeeeenan 28 172
Siltstone, brownish-gray, sandy.........ceieeeecnonncscannas e ece it ae st 15 187
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, argillaceous at 191-192 and
204-205 ft, friable; water.....eccveeuu.. et raeseee et eer ittt eaeaee e cres e 60 247
Shale and siltstone, brownish-gray, sandy..... e eaetaeeena e tecear e e 19 266
Shale, brownish-gray, sandy........oieuiiieeeneeneeensnecosovensassesnances et . 11 277
Siltstone, brownish-gray, sandy.......cuceeeerereceeecacssoaseasonas Chtese s 25 302
Sandstone, gray, very fine to fine-grained, friable; arglllaceous at 312-314
and at 318-319 ft; indurated at 304, 320-323, and 334-337 ft; water......ceeeeocann 48 350
Sandstone, brownish-gray, argillaceous........ Cheeeeeaaean e Ceeeens e 11 361
Shale and siltstone, brownish-gray, sandy.........ceieuievannensoann ceeeen ceerreeaee 14 375
Shale, brownish-gray.........ceeveevuen. et reseeaae e Ceeeerecreanen e 20 395
Siltstone, brownish-gray, sandy........... sesesesnenan Ceeeeaaan Ceeeeeaan ceesanan . . 20 415
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Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of

ness interval
pene- below land
trated surface
Description (ft) (ft)

Site number: E-3
Date drilled: 09/14/88
Bottom of well: 224 ft
Casing: 2-in. Sch. 80 PVC pipe
Screened interval: 203-213 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
Approximate depth to top of gravel pack: 196 ft
Geophysical logs available: None
Shale, brown......vececesecacscecncas Cesecsessassessenes cecersessanecnncenenn ceeaanen 12 12
Shale, dark-gray, with few light-gray bentonite beds........ccieverenenerancesnosesss 132 144
Eagle Sandstone:
Shale, brownish-gray, sandy.......... ettt s Ceeeeeteaeeanes Cesenseaeann 28 172
Siltstone, brownish-gray, sandy.......... ceeeeesaaen tecsececcssststssnnsesessanns P 15 187
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, argillaceous at 191-192 and

204-205 ft, friable; water................ et e tesncenessessssaacennn ceesaans heseeesan 38 225
Note: Adjacent to site E-2.
Site pumber: E-4
Date drilled: 09/14/88
Bottom of well: 144 ft
Casing: 2-in. Sch. 80 PVC pipe
Screened ipterval: 122-132 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
Approximate depth to top of gravel pack: 111 ft
Geophysical logs available: NAT. GAMMA, RES, SP
Clay, brown, sandy........c... cecneee teeeeeessesenssane cesersesseraseeroanna ceeeeeean 5 5
Sandstone, brown, very fine to fine-grained, friable; no water...........ccveeven.n .. 39 44
Sandy siltstone and argillaceous sandstone, brownish-gray........cvceieeeeeeecenncans 4 48
Shale, brownish-gray, sandy.......coeeiienoecseesoronnsesoanns Checesencaasessseeannan 25 13
Sandstone, brownish-gray, argillaceocus...... feet e Ceesesest et aa et eaeannnn 3 76
Siltstone, brownish-gray, sandy....... Ceeseraec e Cesteessesteanaeann ceeeereseeean 21 97
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, friable; indurated intervals at

97, 116-119 and 130-132 ft......... Cheecerrsitse s Ceeeetecssseea st .. 48 145
Site number: E-7
Date drilled: 09/15/88
Bottom of well: 303 ft
Casing: 2-in. Sch. 80 PVC pipe
Screened interval: 282-292 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
Approximate depth to top of gravel pack: 262 ft
Geophysical logs available: NAT. GAMMA, RES, SP
Claggett Shale:
Shale, dark-gray, with light-gray bentonite beds; brown near land surface............ 211 211
Shale, brownish-gray, sandy........ cecaerecssarensaanan Ceeeeseereenan cereeareaeee .. 26 237
Siltstone, brownish-gray, sandy............ e e essseseeneteatesasssasesnssanan 16 253
Sandstone, brownish-gray, argillaceous..... teers ettt sn s anaenn ceerseeaseeasanns ceeens 3 256
Shale, brownish-gray, sandy............... feteeie s cessessssesesans cesseseseeses 2 258
Siltstone, brownish-gray, sandy.....e..ceeieeenincecsnass Cecasecsesvessecssrsocssssanns 5 263
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Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of

ness interval
pene- below land
trated surface
Description (ft) (ft)
Site npumber: E-7--Continued
Virgelle Sandstone Member:
Sandstone, brownish-gray, argillaceous............ciiiiveennnnn et ieeatsie et 7 2170
Sandstone, gray, very fine to fine-grained, friable; indurated at base of
interval; argillaceous at 297-299 ft; water..... teiecessersennee Cteesencaresreeerenan 34 304
Site number: E-9
Date drilled: 09/17/88
Bottom of well: 94 ft
Casing: 2-in. Sch. 80 PVC pipe
Screeped interval: 73-83 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
: 61 ft
Geophysical logs available: RES, SP
Shale and siltstone, brown, sandy...... et eesceate et aeseneeseasanaeaneesanenens 35 35
Siltstone, brownish-gray, sandy................ cetessesneccnene tee et et ecneessaaecennen 17 52
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, friable; water.........ciiiniiniecannnces 43 95
Site number: E-11
Date drilled: 09/20/88
Bottom of well: 214 ft
Casing: 2-in. Sch. 40 PVC pipe
Screened interval: 193-203 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
Approximate depth to top of gravel pack: 184 ft
Geophysical logs available: NAT. GAMMA, RES
Clay, brown, with some small, black chalcedonic, rounded pebbles...... fee e PR 5 5
Eagle Sandstone:
Shale, brown, gray below 20 ft, sandy......cecvvveecens cereetnaacans ceseseserntanrens 39 44
Siltstone, brown, sandy,.....cc.... tereseseeaeen ceeeeneen teer e ceetrseresannens 24 68
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, friable; water........... ... . 52 120
Sandy siltstone and argillaceous sandstone, brownish-gray........... Ceteeeerteees cees 16 136
Shale, brownish-gray, sandy.............. Ceeretrese s cheenee ceeeerenercanenene 22 158
Siltstone, brownish-gray, sandy........... Ceeecea it ces et ar et anne . 12 170
Sandstone, gray, very fine to fine-grained, friable; indurated at 206
and 210-213 ft...coverenaeenn et et et eerec ettt cecr e esaneanns 45 215
Site pumber: E-12
Date drilled: 08/01/89
Bottom of well: 300 ft
Casing: 4-in. sch. 40 PVC pipe
Screeped interval: 235-285 ft
Screep type: 4-in. Sch. 80 PVC 20 slot
BApproximate depth to top of gravel pack: 225 ft
Geophysical logs available: NAT. GAMMA, RES
Claggett Shale:
Shale, brown, gray below 35 ft, with few light-gray bentonite beds................... 75 75
Shale, brownish-gray, sandy.......ceeeveeieennnocencnens e esee e nean feeeaeenn 28 103
Siltstone, brownish-gray, sandy.....c..oeeeineescsecenns et tesesec st es e arennoean 15 118
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Table 3.--Lithologic logs of monit

oring wells and test holes,

northwest flank of the

Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick~ Bottom of
ness interval
pene- below land

trated surface

Description (ft) (fr)
Site number: E-12--Continued
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, friable; water.............. ceeeeeeeenn .. 44 162
Sandstone, gray, very fine to fine-grained, friable; with brownish gray

argillaceous sandston@.......eeeeeunveeen Ceereteaeens Cerececaann feiereseseteeanaeae 12 174
Argillaceous sandstone and sandy siltstone, brownish-gray..... seeeseens Ce bt e e 9 183
Siltstone, brownish-gray, sandy.......ceeeeeeureonnsevoncoannns [ fe et 16 199
Shale, brownish-gray, sandy............ e et e et eeaenessacete st et aoac st snean 13 212
Siltstone, brownish-gray, sandy.......coceeee.. et eetseeaee ettt 23 235
Sandstone, gray, very fine to fine-grained, friable; indurated at 254-256

and 265-269 ft; Waler.....eieiiieerennensnonnneennnnns ettt eie ettt 47 282
Sandstone, brownish-gray, argillaceous......e.eeeereeretoecsocesssssnosnsanssnsnsnens 11 293
Shale and siltstone, brownish-gray, sandy........... et e Gt seeatec e 37 330
Site pumber: E-13
Date drilled: 08/02/89

299 ft
Casing: 2-in. Sch. 40 PVC pipe

¢ 229-279 ft
Screen type: 2-in. Sch. 80 PVC 20 slot

: less than 230 ft

Geophysical logs available: NAT. GAMMA, RES
Shale, gray, with beds of light-gray bentonite; brown shale near surface........... .. 66 66
Shale, brownish=gray, Sandy.....c.ceeeeeeeoensoeeesesoesnesnenocassassssssnsnssnesnsas 28 94
Siltstone, brownish-gray, sandy...... et et ee et e er e e 16 110
Virgelle Sandstone Member:
Sandstone, brownish-gray, argillaceous............. Ce et ctt it [ 6 116
Shale and siltstone, brownish-gray, sandy........... Ceeeen Ceeeiseeean e [P 4 120
Sandstone, brownish-gray, argillaceousS.......ceecoe.. Cieceest ettt acanean ceeeaae 3 123
Sandstone, gray, very fine to fine-grained, frlable, argillaceous at 152-154,

158-161, and 164-166 ft; Water.....civeteeeetereencnsnanns Ceeieeeeann cee et ceeen 47 170
Siltstone, brownish-gray, sandy.............. C ottt iestan et enn Ceceeer e PP 19 189
Shale, brownish-gray, sandy...... et e et eesee st ce et et ettt e aeaeas e te et taaaaane 13 202
Siltstone, brownish-gray, SaAndy....ceeeeeeeeeeseeonseessososestsossesaosnasosssassansnasns 23 225
Sandstone, gray, very fine to fine-grained, frlable, 1ndurated at 266-270 ft; water.. 47 272
Sandstone, brownish-gray, argillaceousS.......ceeeecesnsnaseeeannns Ceteseee e 12 284
Siltstone, brownish-gray, sandy......... feeeneee. [P Ceeieeeeaan [ .o 16 300
Site number: E-14
Date drilled: 08/12/89
Bottom of well: 220 ft
Casing: 2-in. Sch. 40 PVC pipe

: 150-210 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
i : 143 ft
Geophysical logs available: NAT. GAMMA, RES
Clay, silty, brown..... e eeteites et e teceeetacseaat ettt 21 21
Gravel and sand, brown; no water....... e e [ et teneeree et e 2 23
Claggett Shale:
Shale, dark-gray, with few light-gray bentonite beds............. e eesee e e 84 107
Shale, brownish-gray, sandy......... e T 27 134
sandy.... 16 150

Siltstone, brownish-gray,
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Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of

ness interval
pene- below land
trated surface
Description (ft) (ft)
Site pnumber: E-14--Continued
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, friable; water............ciiieeriennnn 7 157
Argillaceous sandstone, and sandy siltstone, brownish-gray.............cicieeiiiiennn 6 163
Sandstone, gray, very fine to fine-grained, friable, some indurated beds; water...... 44 207
Argillaceous sandstone and sandy siltstone, brownish-gray......... [ e 13 220
Site pumber: E-15
Date drilled: 08/14/89
Bottom of well: 244 ft
Casing: 4-in. Sch. 40 PVC pipe
Screened jnterval: 164-224 ft
Screen type: 4-in. Sch. 80 PVC 20 slot
Approximate depth to top of gravel pack: 149 ft
Geophysical logs available: NAT. GAMMA, RES
Gravel aﬁd sand; NO WALEr. ... .. iuieeinnenerenssoasnsansansannannans Ceeie ettt 10 10
Sand, Si1lty, DrOWN. . ...ttt iiiiiereeiiineeeeseeeoassnsonoseecsnssesesossasanoeannones 4 14
Gravel and sand, NO Waler......cet ittt ieneoeecnsoscacsenocasnsosnsnses Ceeo et e . 5 19
Claggett shale:
Shale, dark-gray, with light-gray bentonite beds.......c.iuiiiitiirnnrernenennnneenns 91 110
Shale, brownish-gray, sandy........... N et eeseese ettt escaaeanas et . 38 148
Siltstone, brownish-gray, sandy........ et e e e ereea et et es ettt asao e aanonans 117 165
Virgelle Sandstone Member:
Sandstone, brownish-gray, argillaceous; brownish-gray sandy siltstone bed at
s e S 8 N 12 177
Sandstone, gray, very fine to fine-grained, friable, some indurated beds; water...... 45 222
Argillaceous sandstone and sandy siltstone, brownish-gray............ciiiiiiiiinnnnnn 11 233
Ielegraph Creek Formation:
Siltstone, brownish-=gray, Sandy.......ceeuiuiiiiriieieeieetintneasesnscsoscnnsnccansansos 9 242
Shale, brownish=gray, Sandy....c.eeeieeeeeeresesoreseseenosnssscososssssonosansssnsssaas 2 244
Site pumber: E-18
Date drilled: 08/24/89
Bottom of well: 269 ft
Casing: 2-in. Sch. 40 PVC pipe
Screened interval: 240-260 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
Approximate depth to top of gravel pack: 232 ft
Geophysical logs available: RES
Gravel aéd sand, NO water......coceeeeeenennn et eeaaan et eeeeeac e e 10 10
Clay, brown, silty, Sandy.....e.ciieiiiieeneneieeeeessoeeneeonnassannsasoenanasnnsens 4 14
Gravel and sand, Water.......oiiitititinnunenoneneasoancnasanneananenanans ettt eceteaen 12 26
Claggett Shale:
Shale, dark-gray, with light-gray bentonite beds; black pebbles near base............ 158 184
Eagle Sandstope:
Shale, brownish-gray, silty, sandy........ e eeeete ettt et . e 21 205
Siltstone, brownish-gray, silty, sandy.......eiieteiirriireieeineeseeneosssnanconnnns 23 228
Virgelle Sandstone Member:
Argillaceous sandstone and sandy siltstone, brownish-=gray............eeieieeenennnnnn 4 232
Siltstone, brownish=gray, Sandy.......c...iiiieieereenerecoaneeoneneansanonanns e 9 241
Sandstone, gray, very fine to fine-grained, friable; indurated at 267-269 ft; water.. 28 269

25



Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the

Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)
Site pumber: E-21
Date drilled: 09/08/89
Bottom of well: 280 ft
Casing: 2-in. Sch. 40 PVC pipe; uppermost 21 ft is 2-in. steel pipe
Screened interval: 240-260 ft
Screen type: 2-in. Sch. 80 and 40 PVC 20 slot

i : 230 ft
Geophysical logs available: NAT. GAMMA, RES
Glacial drift:
Clay, brown, silty, sandy, pebbly; lots of shale chips........... tettesennsessaanan . 23 23
Shale, brownish-gray, sandy.....ciiieeecinennennnens, Ceerereeaaneaen secaecscs e aannas 29 52
Siltstone, brownish-gray, sandy.......cciiievenceenss s e sacsac et e encetse s ac et nn 23 75
Sandstone, gray, very fine to fine-grained, argillaceous........ceciieeeennn heeeeaann 5 80
Sandstone, gray, very fine to fine-grained, friable, indurated at 124-125 ft; water.. 45 125
Sandstone and brownish-gray argillaceous sandstone..........ceceee.. cereasaeaann ceean 21 146
Siltstone, brownish-gray, sandy........cociiireienecnnnnnns cereseeacnennse Setseeeneenn 33 179
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, friable; water.......... Ceeiceear s 45 224
Sandstone, brownish-gray, argillaceous........civeevnsncencan Ceereratrtee e et 9 233
Siltstone, brownish-gray, sandy.......ceeeeevensanaans crecesestsnsesns seseesessnanses 26 259
Shale, brownish-gray, sandy................. Ceteseseretreaaeaan N v 21 280
Site number: E-23
Date drilled: 09/10/89
Bottom of well: 119 ft
Casing: 2-in. Sch. 40 PVC pipe
Screened interval: 79-99 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
Approximate depth to top of gravel pack: 70 ft
Geophysical logs available: None
Colluvium:
Sand, brown, clayey, silty, pebbly............ccou.n. seesesesesnaenns ceeaen seseccases 30 30
Eagle Sandstone:
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, argillaceous in part, friable; water..... 70 100
Siltstone and shale, brownish-gray, sandy........cccvuunen PN Ceeseceetcaee e 20 120
Site pumber: E-24
Date drilled: 09/10/89
Bottom of well: 130 ft
Casing: 2-in. Sch. 40 PVC pipe; uppermost 21 ft is 2-in. steel pipe
Screened interval: 90-110 ft
Screen type: 2-in. Sch. 80 PVC 20 slot
s 50 ft

Geophysical logs available: None
Gravel, sand, silt and clay, brown; water at base of interval........cceviiroennnanns 26 26
Eagle Sandstone:
Virgelle Sandstone Member:
Siltstone and shale, brownish-gray, sandy..... D T ceesenes 24 50
Sandstone, yellow, brown, and gray, very fine to fine-grained, friable; water........ 68 118
Siltstone and shale, brownish-gray, sandy.......c.iiiteiiireiireetinnnncansnnsccnenens 12 130
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Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of

ness interval
pene- below land
trated surface
Description (ft) (ft)
Site number: E-25
Date drilled: 09/11/89
Bottom of well: 290 ft
Casing: 2-in. Sch. 40 PVC pipe
Screened interval: 240-270 ft
Screen type: 2-in. Sch. 40 PVC 20 slot
Approximate depth to top of gravel pack: 223 ft
Geophysical logs available: NAT. GAMMA
Gravel, s;nd, Silt and C€lay, DroOWN.....ceeeeeeeeereeensoosvsescscasonnssosansassnscsoss 1 1
Claggett Shale:
Shale, dark-gray, with few light-gray bentonite beds; brown near land surface........ 169 170
Shale and siltséone, brownish=gray, sandy......ccceveeeeeeeeesesscnssssscanasasencons 52 222
Virgelle Sandstone Member:
Sandstone, gray, very fine grained, friable; water........ceeeecrenvennesanse Ceeeeaes 53 275
Siltstone and shale, brownish-gray, sandy........cccceeeverenns Ceeseceeesetesesananannn 15 290
Site number: E-26
Date drilled: 09/12/89
: 258 ft
Casing: 2-in. Sch. 40 PVC pipe; uppermost 21 ft is 2-in. steel pipe
:  218-258 ft
Screen type: 2-in. Sch. 40 PVC 20 slot
Approximate depth to top of gravel pagk: 190 ft
Geophysical logs available: NAT. GAMMA, RES
Claggett Shale:
Shale, DroWNn......cveeereeeseseeesesecnseascanassccasaanss . P 30 30
Shale, dark=gray...ceeeceeseseosonssens e, C it eetassssesceretatnene ot . 40 70
Shale, brownish-gray, sandy......c.cceeeeeunns Ceeetserearttaeeeraens N 22 92
Siltstone, brownish-gray, sandy...........c... cesrecssenssons G eateeseetaseseneeaennn 19 111
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, friable; water........cceieuiececreonnsnns 2 113
Sandstone, brownish-gray, argillaceous........ S e ceeseseareoate et ascenonaaneasonene 3 116
Sandstone, gray, very fine to fine-grained, friable; wWater.......c.ceeeereccncenccccns 52 168
Argillaceous sandstone and sandy siltstone, brownish-gray............. e casaseenene 20 188
Shale, brownish=gray, Sandy......eieoeeeeoeeesesessoscaoeancsassensossossnsasossaasassnssss 17 205
Siltstone, brownish-gray, sandy.......... et eetesaeasseseatser s s escsassassoses e 19 224
Sandstone, gray, very fine to fine-grained, friable; indurated at 224-226 and at
263-265 ft; Wwater.....civeeeeoncsanens tieesesssnssesnesaannnnn vesesesaann ceeseaesnan 41 265
Site pumber: E-27
Date drilled: 09/13/89
Bottom of well: 160 ft
Casing: 2-in. sch. 40 PVC pipe
Screened interval: 85-140 ft
Screen type: 2-in. Sch. 80 and 40 PVC 20 slot
Approximate depth to top cf gravel pack: above top of screen; exact depth unknown
Geophysical logs available: NAT. GAMMA
Glacial drift:
Clay, brown, silty, sandy, pebbly; abundant shale chips........ tieseccaers s esesnennne 25 25
Shale and siltséone, brownish-gray, sandy......ecoceee.. ceerreaeeeas Cresersseeaenenn 57 82
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Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the

Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of
ness interval
pene- below land

trated surface

Description (ft) (ft)
Site pumber: E-27--Continued
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, friable; water..........ccceaee. ceeseeanns 48 130
Sandstone and brownish-gray argillaceous sandston@.........eeeeeessencassnnn cereeaeas 18 148
Siltstone, brownish-gray, sandy.......c..... ceiaeeaan et sessaesaesaernana Ceeeseeasen 7 155
Shale and siltstone, brownish-gray, Sandy......cceecseeseceserosssnssecsscanssnsnassen 5 160
Site pumber: K-1
Date drilled: 09/09/88

: 226 ft

Casing: 2-in. Sch. 80 PVC pipe

: 165-195 ft
Screen type: 2-in. Sch. 80 PVC 20 slot screen

i 118 ft
Geophysical logs available: RES, SP
Clay, brown, silty, sandy, pebbly, cobbly, poorly sorted......c.eeniiicencnnncannns . 15 15
Clay, mottled maroon and greenish-gray, silty, sandy........... feeeesteates et 5 20
Sandstone, greenish-gray, argillaceous; NO WALEr....oieeeoeroeroensessocnsonnscsanese 13 33
Clay, gray....ceceeceesces e eececcesesesessetsesonrssesaroncansnas teertereee e . 11 44
Clay, mottled gray and maroon..... e ee i eaeseseaasaeeaaaa s sat ettt enaatnnoan 31 75
Clay, gray...ceeeeceeseescnanansannas cereaes e e Cre et 15 90
Clay, gray and MACOON. . eeeeeesoeaoanoenosononnanannsnse Ctetstesseeracasesssasoensennnn 15 105
Clay, black, carbonaCeous......ceveeeesees taesessarescnen teesessesasennan ceeriseacann. 2 107
Clay, gray and LLES of o707 o P et st entatet et e ettt et oo 23 130
Clay, gray; thin sandstone or limestone beds at 151 and 156 ft........ ......... ceaeen 39 169
Third Cat Creek sandstone:
Limestone, light-gray, dense.......i.uiieiinneesccncacoecsnssnseassnssansnnsss [P 2 1M
Sandstone, light-gray, coarse-grained; Waler........cceieeeeceneonsessnsasoonnacssacsas 33 204
Coal, black........ et s esetesetasasaess et es s aesaseeannnes L e esectsetceanettanoen 1 205
Mudstone, light-gray and gray........c.ceeeee. Cebesecessesssaseatsenastaatsansssesenass 30 235
Site pumber: L-1
Date drilled: 08/26/91
: 475 ft

Casing: 4-in. Sch. 40 PVC pipe

: 355-395 ft
Screen type: 4-in. Sch. 40 PVC 30 slot

i : None

Geophysical logs available: NAT. GAMMA
Gravel, sand, and 511t .......... et et eaer et er et ceae e e e annans cesen 24 24
Limestone, dark-gray, fine-textured..................... O 1 N 140
Limestone, light-gray, coarse-textured.............. et ettt c st 20 160
Limestone, dark-gray, fine-textured........eeseeeiieeseeneseeansansnssenssanacanoanns 15 175
Limestone, dark-gray, coarse-textured; contains brachlopods and crinoids.......cocuen. 5 180
Limestone, dark-gray, fine-textured............ et ees ettt sattacsanattsensanasennns 20 200
Limestone, light-tan, coarse-textured................. f et eets ettt 10 210
Limestone, dark-gray, fine-textured........c.oeieeiaceasassnssesaconsonsesonanennnnna 25 235
Limestone, tan, coarse-textured; contains some fine-textured limestone............... 5 240
Limestone, dark-gray, fine-textured..........ceiveeeanenonans Cetes e seenens 20 260
Limestone, light-gray, fine-textured............o00c.. Ceteetsese e aneneonnn 10 270
Limestone, dark-gray, fine-textured..........cieeeeneennennensensansaensans PP eeees 145 415
Shale, tan and grayish-=green.........ciiiitiriinreentncsccasessnonnons fheen et 25 440
Dolomite, tan and grayish-green.......... G tieat it Gt eec ettt 35 475
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Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of

ness interval
pene- below land
trated surface
Description (ft) (ft)
Site pumber: MC-1
Date drilled: 09/20/89
Bottom of well: 140 ft
Casing: 8-in. steel casing from land surface to 48 ft; 5-in. PVC casing from
land surface to 140 ft, with end cap at bottom of casing
Slotted ipterval: 120-137 ft
Slot description: Horizontal 0.12 in. wide, about 4 in. long, and staggered 4 to
5 in. apart on opposite sides of PVC casing
Approximate depth to top of gravel pack: 40 ft
Geophysical logs available: CALIPER, NAT. GAMMA, RES, SP
Gravel, éoarse, angular, broken pieces, sandy; no water....... cerescesnercreaacennn . 32 32
Shale, weathered,.yellowish—brown, and greenish-gray with some thin limestone beds... 7 39
Limestone, white, pink, light-gray, and light-brown, iron-stained in part, hard;
fractured limestone, soft limestone, and cavity fill at 91-97, 124-136, 141-146,
and 236-251 ft; major water—produc1ng zones at 130-135 and 243 250 ft, more than
100 gal/min..oeeiiniiineneennnnnnn. N e eicerraes e veeeese.. 261 300
Site number: MC-2
Date drilled: 07/27/89
Bottom of well: 298 ft
Casing: 2 -in. Sch. 40 PVC pipe
s 272-292 ft
Screen type: 2-in. Sch. 80 PVC 20 slot screen
Approximate depth to top of gravel pack: 247 ft
Geophysical logs available: NAT. GAMMA, RES, SP
Alluyvium:
Gravel, coarse, angular, broken pieces; brown clay beds at 13-15 and 17-18 ft........ 27 27
Swift Formation:
Shale, gray, calcareous, silty in part; with thin layer of light-gray siltstone
(volcanic ash ?) at base........ Cee et Ceeseteaee e . 27 54
Limestone, arqilléceous, gray; and calcareous gray shale; fractured or cavernous at
54-60 ft, WaALEr. ... ioiteireesooreesnannsssasassnosscssanansnss Cereesrecs e 168 222
Shale, gray and greenish-gray, 51lty with several thin beds of gray and brown
limestone€....ceveeenanne Ceetee et ettt atar et Cereer e cheeerean 21 243
Limestone, hard, light-brown and light-gray; fractured limestone or cavity fill at
272-280 ft, WAter. ... iiieeiiienoseneecansasresonnsacncnanssas e iseasette e ceen 55 298
Site number: MC-3
DRate drilled: 09/19/89
Bottom of well: 125 ft
Casing: 8-in. steel casing from land surface to 57 ft; 5-in. PVC casing from
land surface to 125 ft
Slotted interval: 105-115 ft
Screen type: Casing slotted 0.12 in.; slots about 4 to 5 in. long and vertical,
distributed around the casing
i : Above slotted casing; exact depth unknown
Geophysical logs avajlable: None
Gravel, s;nd, silt, and clay, brown............. Ceeeei e ceenaean Ceteceeaar et 30 30
BOULAEr it ittt tieieeeinsotoneeansoessssnnanneacnassanans ceerenenae et ersreaereeaan 1 31
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Table 3.~-Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bo
ness i
pene~ be
trated
Description (fr)

ttom of
nterval
low land
surface
(ft)

Site number: MC-3--Continued

Limy shale and argillaceous limestone, yellowish-brown, yellowish-gray,
greenish-gray, weathered..... Ce st s e sesees et e ta et essetssatesatsnr e aneeaan cees 25
Lost-circulation zone; cavernous or fractured with yellowish-brown partly

cemented £ill; NO WAl .. .ueeeiroeeseesanosesansosssesssssessssscsossssassssnosnnes 3
Limestone(?), hard, NO SAMPleS.......cuteueceeetsseresosossossosssocsscsosssosssscncas 2
Shale, greenish-gray, with some brown limestoOne........ceeiieesenireoneneennencnossnns 4
Limestone, gray....ceeeeereveesonseesonnacss et e iaetts ettt ecsteataa e resanns 5
Shale, gray, silty.............. Ch e et eeseesseseen et scersescar et ar ot ct e oenoan 7
Mission Canyon Limestone:

Limestone, light-brown, light-gray, pink, and white, hard; water at and below 95 ft;
cavity at 110-111 ft which produced about 100 or more gal/min, cavity fill is
reddish~brown............ Gttt teecsas et iesarratrtansconnns ceeeaeeans secscsciosnss 53

Site number: MC-4

Date drilled: 09/07/89

Bottom of well: 371 ft

Casing 6-in. steel to 280 ft

Screened interval: Open hole 4 3/4-in. diameter below 280 ft

Screen type: None

Approximate depth to top of gravel pack: None

Geophysical logs available: NAT. GAMMA, RES

Gravel, coarse, angular, broken pieces; with some brown clay beds...............c0... 23

Shale, gray, calcareous, sSilty in part.......ieiieereereeneensecsssnnscncannons Ceeneae 88

Limestone, argillaceous, gray; and calcareous gray shale...........ccovevernnn. ceese.. 143

Shale, greenish-gray, with several thin beds of gray limestone..........cieevvveveens 17

Mission Canyon Limestone:
Limestone, hard, light-brown and light-gray; gray clay at 331-335 and 337-342 ft;
NO Water..oeeeiunoeennnennnnns c et e et s essserssereseantteserorecs oo e e s e eananns 100

Site pumber: MC-6
Date drilled: 08/30/91
Bottom of well

: 278 ft
6-in. Sch. 40 PVC

Screened interval: 125-185 ft
Screen type: 6-in. Sch. 40 PVC 50 slot

Uncased interval: 185-278 ft
Approximate depth to top of gravel pack:
Geophysical logs available: NAT. GAMMA

Gravel, sand, silt, and clay....c.vveeennnnnn e eeneeenensanenann Ceeeececesateecnaeee 30
Shale, greenish=gray.....ceceeeeeeiieioncocncnnnnns cessessetecssrereseanssscanctavasns 20
Limestone, brown.........cieiieiiniencnnnan C et e eceseate et aaes et asasasses s neeannns 10
Shale, greenish-gray....... e . tieesseerees e et aan . 9
Limestone, tan and black, fine-textured......c..cieeeeierecoeoeososasossaoassnnansnenaa 11
Limestone, tan, fine-textured, some iron-oxide stain........ceceerecocensesnncnsnsnns 40
Limestone, tan, fine-textured, some manganese-oxide stain.........cceieievevecennenns 30
Limestone, light-gray, fine-textured, some manganese-oxide stain; contains some

calcite crystals.....oeeveenenceacns Ceeeteeceresan sttt araaan e cereesiaaeean 40
Limestone, white, coarse-textured; contains brown coarse-textured, shaly limestone... 50
Limestone, white, coarse-textured........... e . 20
Limestone, tan, fine-textured.................. Ceteeceaetese et e ceeaaen 18

30

130

23

254
21N

3n

30

50
60
69

80
120
150

190
240
260
278



Table 3.~--Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of

ness interval
pene-~ below land
trated surface
Description (ft) (ft)
Site pumber: T-1
Date drilled: 09/09/89
Gegphysical logs available: NAT. GAMMA, RES
Gravel and sand; NO WAL . ... it neeeresosososasaosssosassssssasssnassssosanossassssns 1 1
Clay, brown, silty, SAndy...:.eecesisoscessvsescscoeansessssossssassansnsoosas ceteeeen 8 9
Telegraph Creek Formation (2):
Shale, mottled, gray, brown........... ceeeannen ceneeens cesenn teetessecsesreenencesannn 9 18
Shale, gray.....coeeeecensonsancons cereeseereresanaan ceeeen cevaan ceseceanaann ceeseean 11 29
Siltstone and shale, brownish-gray, sandy......... ceeestane cesaeae cetesteseeassenaae . 206 235
Colorado Group (2):
Shale, gray; bentonite bed at about 240 ft and calcareous
concretion at 301 ft.....veeeiuoesreenccrocsasonnssssosnssssssosssasossesnssssssasnss 108 340
Site pumber: T-2
Date drilled: 09/19/88
i ¢ NAT. GAMMA
Shale and siltstone, brown, sandy........eeeeeeneaases teeseasaeans cereeenaeaana ceees 25 25
Virgelle Sandstone Member:
Sandstone, brown, very fine to fine-grained, friable, indurated at 29-30, 42-44,
and 71-72 ft; no water..... teereesreraeeanases ceerseaaan PP feeesesssecenvrsennn . 59 84
Sandstone, brownish-gray, argillaceous........c.ccoeeeeaean Ceeeriseseesecanssasenanan 13 97
Shale and siltstone, brownish-gray, sandy.....c.ccoveeeeean ceeeeaeen cereeaaan S 25 122
Sandstone, brownish-gray, argillaceous......c.ceusvesscssccscssnanns cesreaaan feeseeen 5 127
Shale and siltstone, brownish-gray, sandy......... sttt eeseattecesacetrseeseananana e 2 129
Sandstone, gray, very fine to fine-grained, friable; indurated at 170 173 and at
195 ft; no water......... Creeesaseeeaans [P eereeraean ceseaan ceseeneaaaanens .. 71 200
Sandstone, brownish-gray, argillaceous.........co0veen ceeeeseasesaceanann ceeeeraeas 4 204
Shale and siltstone, brownish-gray, Sandy........iceeeescsncesccssssseassssssnonsnes .. 18 222
Sandstone, gray, argillaceous........cceveneeenn feresesns ceeenns feeasenes fesseseseaas 13 235
Site pumber: T-3
Date drilled: 08/17/89
i i ¢ NAT. GAMMA
2):
Sand, fine, brown.......cecetveencens Cheeecaaeas Ceesaaaaa ceeeeneaen. ceitecsassennanan 10 10
Eagle Sandstone:
Virgelle Sandstone Member:
Sandstone, gray, very fine to fine-grained, indurated........c.cciieiercnnceeconncnan 2 12
Shale and siltstone, brown, Sandy......ceeeeeeeeisersesseaseosacsosssasosssasosansnns 49 61
Sandstone, brown, gray, very fine to fine-grained, friable, indurated at
97-98 ft; WaAler....ieeineeonosrnnsnscsaseasnasossnnenn seesnsseennaan Ceeasaesreann .. 54 115
Sandy shale, sandy siltstone, and arglllaceous sandstone, brownish~gray; indurated
sandstone at 125-128 ft.......c.0vvevenenne Chesesessestaeneanns e ceeeseane 50 165

31



Table 3.--Lithologic logs of monitoring wells and test holes, northwest flank of the
Little Rocky Mountains, Fort Belknap Indian Reservation, north-central Montana--Continued

Thick- Bottom of

ness interval
pene- below land
trated surface
Description (ft) (ft)
Site number: T-4
Date drilled: 08/28/91
i : None
Limestone, light-tan, coarse-textured; contains some crinoid fragments..... P N 10 10
Limestone, light-tan, coarse-textured; contains calcite and red clay
filling solution cavities.............. B et et cees e e sses s st es e e atess et enanann 10 20
Limestone, light-tan, coarse-textured, contains some chert, crinoids, and
brachiopods; red clay filling solution cavities....... et eeeeraaeeeas ettt 10 30
Limestone, tan, fine-textured............ e ee e S eeeses sttt eansanes N 10 40
Limestone, white, coarse-textured; contains scme gray fine- textured llmestone ...... .. 30 70
Limestone, gray, fine-textured........coceveeveerneensoecnncsnnn Ceereenestecetarenanes 70 140
Limestone, gray, fine-textured, red argillaceous llmestone, and red limy shale,
contains some coarse-textured limestone, crinoids, and brachiopods..... ceeteenneans 20 160
Limestone, gray, fine-textured...... e ceseaans et e esessecsenresaeantsae e sennn 20 180
Site pumber: T-5
Date drilled: 07/17/89
i i : None
Alluvium:
Gravel and sand; water at 37 ft......... Cereesaeeean et eees st et eeese e 53 53
Colorado Group:
Shale, gray and dark-gray; light-brown bentonite bed near 65 ft....... eeeee e eaen 78 131
Shale, siltstone, and argillaceous sandstone, gray and light-gray.........cceeeeeenen 75 206
Clay, mottled greenish-gray, gray, and marocon....... et teseetse ettt 38 244
Sandstone, light-gray, very fine to fine-grained, indurated................... e 13 257
Clay, mottled brown and grayish-brown............. ... e cttean ettt 27 284
Clay, mottled maroon, greenish-gray, and gray...... Ceteeaaeeen ceeees Ciit et e 23 307
Clay, GraYeceseeesoesesasnssssonsnsseasanoonssnson teceaseneratacsns seeersesscasasenase 13 320
Clay, mottled maroon and gray......eeeeeeeeeneneens et Ceiser et Ceeeniseces 51 371
Third Cat Creek sandstone:
Sandstone(?), indurated......cciiievneirrecenoenonnonnans ottt teeceeetaas s Ceeeecees 2 373
Clay, gray.ceeeecenceescessnns [ ettt Cetieeenaan Ceraeaeen . 47 420
Clay, black, carbon<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>