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Water Resources of the Cut Bank Areq,
Glacier and Toole

Counties, Montana

by

Everett A. Zimmerman

ABSTRACT

The Cut Bank area includes about 750 square miles in
Glacier and Toole Counties in northwest Montana. Ground
water from the Virgelle Sandstone and Two Medicine Formation
is the principal source of fresh water for domestic, stock, and
industrial use. Normal annual precipitation at Cut Bank is
11.53 inches. The climate is semiarid and surface drainage is
poorly developed in parts of the area. Cut Bank Creek is the
only stream having a sustained flow, and it seldom has a dis-
charge of less than 10 cubic feet per second. It is the source of
municipal water for Cut Bank.

Production and refining of oil are the principal industries.
Pumping of water from the Virgelle Sandstone for secondary
recovery of oil and for refinery operations, in conjunction with
drought conditicns, has caused concern over possible depletion
of the water supply.

The Cut Bank area is underlain by sedimentary rocks that
range in age from Precambrian to Recent. The Madison Group
of Mississippian age and the Virgelle Sandstone and Two Medi-
cine Formation of Cretaceous age are significant to the ground-
water supply of the area. The Madison Group is deeply buried
and ccntains saline water. It supplies most of the water used
for secondary recovery of oil within the study area. Wells
yielding 500 gallons per minute with pumping lifts exceeding
1,000 feet probably can be obtained.

The Virgelle Sandstone and Two Medicine Formation crop
out in the area. The Virgelle is capable of yields of 250 gallons
per minute, but the Two Medicine will yield 10 gallons per

minute or less. In places, both formations are hydraulically con-
nected: the higher yields from the Virgelle may be attributed to
secondary fracturing.

Infiltration of precipitation along the outcrop and inter-
formational leakage are the major means of ground-water re-
charge. From a topographically high, poorly drained area west
of Sunburst, water in the Virgelle Sandstone moves principally
northward to discharge areas in Canada and southeastward to
discharge areas along Cut Bank Creek.

Surface water in the Cut Bank area is generally of good
quality for most uses. It generally contains less than 500 parts
per million of total dissolved solids and is hard to very hard. The
chemical quality of the water varies with the stream discharge;
the water of best quality is associated with high streamflow.

The ground water is commonly mineralized, hence its use-
fulness for many purposes is impaired. Water from the Madison
Group is too mineralized for most uses, the dissolved solids con-
centration exceeding 7,000 parts per million. The water from
the Virgelle Sandstone is similar to that from the Two Medicine
Formation. Total dissolved solids concentration ranges from
about 500 parts per million to about 5,000 parts per million.
The quality is poorer at increasing distance from the outcrop
as the formations become more deeply buried.

Rising water levels in the area during 1964 and 1965 sug-
gest that, at present rates of use, depletion of ground-water sup-
plies is not imminent.

INTRODUCTION

PURPOSE AND SCOPE OF THE
INVESTIGATION

Ground water is the principal source of fresh
water for domestic, stock, and industrial supplies in
the Cut Bank area. The production and refining of
oil are the principal industries. Declines in the water
levels and yields from wells in part of the area along
with proposed increases in use of fresh water for
secondary recovery of oil by waterflooding had caused
concern over possible depletion of the fresh water

supply.

A cooperative investigation of the water resources
of the area was begun in July 1964 by the U. S.
Geological Survey and the Montana Bureau of Mines
and Geology to provide information useful in planning
the utilization of the available fresh water.

Information was to be obtained on (1) the quan-

tity of water available from surface- and ground-
water sources; (2) the character, thickness, and areal
extent of the principal water-bearing formations,
especially the Virgelle Sandstone; (3) the source,
occurrence, and direction of movement of ground
water; (4) the present and potential development of
the water resources; and (5) the chemical quality of
the water.

LOCATION OF THE STUDY AREA

The Cut Bank area includes parts of Glacier and
Toole Counties in northwest Montana. The area is
delineated on the east by the east edge of R. 4 W. in
T. 32-34 N. and the east side of R. 3 W. in T. 35-37 N.,
on the north by the Canadian boundary, on the west
by the west edge of R. 6 W., and on the south by
the south edge of T. 32 N. Figure 1 shows the loca-
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Figure 1.—Location of cooperative ground-water investigations in Montana, 1955-66.

tion of this study area and other areas studied as part
of a program of cooperative investigations.

The towns or villages of Cut Bank, Santa Rita,
Sweetgrass, Kevin, and Ethridge are in the study area;
Sunburst and Shelby are short distances east of the
area. The Cut Bank area includes about 750 square
miles.

PHYSIOGRAPHY

The Cut Bank area is in the glaciated Missouri
Plateau of the Great Plains physiographic province
(Fenneman, 1931). The total relief is about 1,000 feet.
Rolling plains with many small undrained depressions
occupy much of the area. A fairly smooth plain north
of Cut Bank, formerly the bottom of glacial Lake
Cut Bank, occupies about 100 square miles.

An escarpment about 200 feet high marks the
outcrop of the Virgelle Sandstone along an irregular
line extending from a point about 5 miles east of
Cut Bank to a point near Sweetgrass. Cut Bank Creek
and Two Medicine Creek have incised steep-walled
gorges about 200 feet deep south of Cut Bank. Melt
water from glaciers cut steep ravines back into the
Virgelle escarpment near Sweetgrass and Sunburst.
Step-like terraces in the southwest part of the area
are dissected by a few small streams.

DRAINAGE

Most of the study area is in the Marias River
drainage. Cut Bank Creek is the principal stream.
It joins with Two Medicine Creek to form the Marias
River 12 miles south of Cut Bank. The main tribu-
taries to Cut Bank Creek are Spring Creek, Snake
Coulee, Rocky Coulee, and Little Rocky Coulee. The
Red River drains some of the north part of the area.
It flows north into Alberta, Canada, where it joins
the Milk River.

Drainage is poorly developed in much of the
study area. Small undrained depressions are numer-
ous, especially in the northern part. Most of these are
small intermittent potholes, but a few are small lakes
filled with water in most years. The part of the area
east of the Virgelle Sandstone escarpment is drained
by small ephemeral streams that flow into inter-
mittent lakes.

PREVIOUS INVESTIGATIONS
Erdmann, Beer, and Nordquist (1946) prepared a
geologic and structural map of the area, a strati-
graphic column, and cross section. Their mapping
of the bedrock is used for this report (Pl. 2). Cobban
(1955) discussed the stratigraphy of the Cretaceous
rocks. Paulson and Zimmerman (1965) discussed the



DESCRIPTION OF THE HYDROLOGIC SYSTEM 3

geology and ground-water resources of the Two Medi-
cine Irrigation Unit on the Blackfeet Indian Reserva-
tion, which is west of the study area. Meyboom (1960)
studied the geology and ground-water resources of the
Milk River Sandstone (correlative with the Virgelle
Sandstone) of southern Alberta. Many of his observa-
tions are applicable to ground water in the Virgelle
Sandstone in northwest Montana.

Alden (1932) described the area in his report on
the physiography and glacial geology of Montana east
of the Continental Divide. The area is also included
on the glacial map of Montana east of the Rocky
Mountains by Colton, Lemke, and Lindvall (1961). A
part of their map is used in this report to show the
surficial geology (fig. 7). Stebinger (1917) mapped
the bedrock geology of the study area as part of his
study of anticlines on the Blackfeet Indian Reserva-
tion.

The Cut Bank area has been intensively studied
by many petroleum geologists. Much of their work
is unpublished but many articles have appeared in
professional journals and guidebooks. Most of these
articles are devoted to specific oil fields or strati-
graphy of oil-bearing zones. The geology and pro-
duction data of the oil fields are summarized in the
Montana Oil and Gas Fields Symposium edited by
the symposium committee of the Billings Geological
Society (1958; supp. in 1961). The Billings Geological
Society’s guidebook for their sixth annual field con-
ference (1955) contains several articles pertinent to
the geology of the area.

SITE-NUMBERING SYSTEM

The wells and other sites listed in this report are
numbered according to their location within the U. S.
Bureau of Land Management’s survey of the area (fig.
9). The first numeral of the well or site number
denotes the township, the second the range, and the
third the section in which the well or other site is
located. Lowercase letters following the section num-
ber show the location of the well or site within the
section. The first letter indicates the quarter section,

Figure 2.—Site-numbering system.

and the second the quarter-quarter section. These
subdivisions of the section are lettered a, b, ¢, and d
in a counterclockwise direction, beginning with the
northeast quarter. If two or more wells or sites are
located within the same quarter-quarter section (40-
acre tract) they are distinguished by numerals follow-
ing the lowercase letters.
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DESCRIPTION OF THE HYDROLOGIC SYSTEM

Large quantities of water are stored in oceans,
in continental surface and subsurface reservoirs, and
in the atmosphere. Such storage is temporary insofar

as there is a constant interchange of water from one
environment to another. The endless interchange of
water is known as the hydrologic cycle. Ground water
represents one important phase of the hydrologic
cycle.

In a local area the occurrence, storage, and move-
ment of water is known as the hydrologic system. An
investigation of the ground and surface water of the
hydrologic system also involves a study of the climate,
because precipitation is the principal source of all
ground and surface water. The geology must also be
considered, because the geologic formations form the
framework for the storage and movement of ground
and surface water.



HYDROLOGIC DEFINITIONS AND
ABBREVIATIONS

The following definitions of terms used in this
report are based on those given by Meinzer (1923).
A few terms not included in the following list are
defined where they are introduced in the text.

Agquifer, a formation, group of formations, or part
of a formation that is water bearing.

Aguiclude, a formation that will not transmit
water in appreciable quantities.

Artesian water, ground water that rises in a well
above the point at which it is found in an aquifer;
water confined under artesian pressure.

Discharge, ground-water, water moving out of
the zone of saturation.

Drawdown, the lowering of the water level in a
well as a result of withdrawal of water from it or from
another well in the vicinity.

Effluent stream, a stream or reach of stream that
receives water from the zone of saturation.

Evapotranspiration, the combined discharge of
water to the air by direct evaporation and plant
transpiration.

Flowing well, an artesian well through which
water is forced above the land surface by hydrostatic
pressure in the aquifer.

Hydrostatic pressure, the pressure exerted by the
water at any given point in a body of water at rest.

Permeability, capacity of a rock (or other ma-
terial) to transmit fluid.

Permeability, field coefficient of, the rate of flow
of water in gallons per day under prevailing condi-
tions, through a cross section of aquifer 1 foot high
and 1 mile wide, under a hydraulic gradient of 1 foot
per mile.

Piezometric surface, an imaginary surface to
which the water in an aquifer would rise under its
full head.

Porosity, the ratio of the volume of openings in
a-rock or soil to its total volume, usually expressed
as a percentage.

Porous, containing voids, pores, interstices, or
other openings, which may or may not interconnect.

Recharge, ground-water, water moving into the
zone of saturation.

Runoff, the discharge of water through surface
streams.

Specific capacity, a measure of the productivity
of a well; the rate of yield, in gallons per minute, per
foot of drawdown in a well.

Storage, coefficient of, a measure of an aquifer’s
capacity to store and release water; the volume of
water released from or taken into storage per unit

surface area of the aquifer per unit change in the
component of head normal to that surface.

Transmissibility, coefficient of, the product of the
coefficient of permeability and the thickness of the
saturated portion of the aquifer; it describes the ability
of the aquifer to transmit water. The number of gal-
lons of water per day, under prevailing conditions,
flowing across each mile strip of the saturated thick-
ness of the aquifer, under a hydraulic gradient of 1
foot per mile.

Water table, the upper surface of the zone of
saturation except where that surface is formed by an
impermeable layer; the water at the water table is
under atmospheric pressure.

Zone of aeration, the zone in which the voids in
the rocks are not (except temporarily) filled with
water under hydrostatic pressure.

Zone of saturation, the zone in which the voids
in the rocks are filled with water under hydrostatic
pressure.

The following abbreviations are used in this re-
port:

cfs, cubic feet per second; a unit of discharge
equivalent to about 449 gpm.

epm, equivalents per million.

gpd, gallons per day.

gpd/ft, gallons per day per foot.

gpm, gallon(s) per minute.

gpm/ft, gallons per minute per foot.

mgd, million gallons per day.

ppm, part(s) per million.

CLIMATE

The climate of the Cut Bank area is closely re-
lated to regional hydrologic problems. The semiarid
climate is part of the reason for the poorly established
drainage in parts of the area and the shortage of
perennial streams. Atmospheric water, mainly rain
and snow, is the primary source of water that sustains
the predominantly dryland agriculture.

Normal annual precipitation at Cut Bank is 11.53
inches. Figure 3 shows the distribution of the precipi-
tation during the year. Normally, about half the
annual precipitation falls during May, June, and July.
These months are the main growing season, and this
concentration of rainfall is favorable for presently
established agricultural practices.

Precipitation varies greatly from year to year.
The dryland agriculture of the region has adopted
stripcropping and other methods to minimize the
effects of an occasional dry year. Protracted periods
of below-normal precipitation deplete soil moisture,
curtail runoff, and cause ground-water levels to lower
for lack of recharge and because of increased use. The.
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Figure 3.—Monthly distribution of precipitation and
temperature at Cut Bank.

annual precipitation at Cut Bank for the period 1951
to 1965 is shown on Figure 4. The 5-year traveling
average, plotted above the annual precipitation, evens
out extremes to make the trends more clear. Thus it
can be seen that, despite several dry years, precipita-
tion was generally above normal from 1951 to 1961
and below normal from 1961 to the end of 1965.

Temperature extremes are great. The highest

Five-year traveling average
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Figure 4.—Annual precipitation at Cut Bank, 1951-65.

temperature recorded is 107°F and the lowest tem-
perature is -47°F. Only 4 or 5 days a year ordinarily
have temperatures over 90°F. The average frost-free
season is 116 days between May 23 and September 17.
Evaporation, aided by moderate to strong winds, is
about 50 inches per year.

SURFACE WATER

Cut Bank Creek, which drains an area of 1,065
square miles above the city of Cut Bank, originates
in the mountains of Glacier National Park. Much
of the spring and summer flow is derived from
melting snow; fall and winter flow is sustained by
ground-water discharge. The average discharge in 29
years of record (1905-19, 1922-24, and 1951-64) is 192
cfs. The maximum discharge recorded was 16,600
cfs in June 1964. A minimum of 4 cfs was recorded in
December 1905, but discharge of less than 10 cfs is
rare. Cut Bank Creek crosses the Blackfeet Indian



Reservation on much of its course above Cut Bank,
and by treaty the Blackfeet Tribe has prior right to
the water in the creek.

Tributaries to Cut Bank Creek are Spring Creek,
which generally discharges about 4 cfs; Snake Coulee,
which discharges about 2 cfs; and Rocky Coulee,
which discharges about 2 cfs. The Red River, which
drains northward to the Milk River in Alberta, is
ephemeral in most of its course in Montana, but flows
1 to 2 cfs near the Canadian border.

Ponds and lakes are numerous in parts of the
area. The largest of the lakes are Hay Lake, Grassy
Lake, Long Lake, Fitzpatrick Lake, and Milky Lake.
The ponds and lakes provide stock water when they
contain water. Hay Lake, Grassy Lake, Long Lake,
and Fitzpatrick Lake supply irrigation water at times.
All of the lakes and ponds are subject to wide fluctua-
tions in water level. Many of them contain water only
seasonally, and most of them go dry during droughts
lasting several years. A series of broad, shallow lakes
occupies a glacial outwash channel extending south-
ward from a point near Sweetgrass through Sunburst
and Kevin. The lakes are dry during most years but
fill after several years of above-normal precipitation.
They contained water at the end of 1965 although
they were dry in 1963.

GROUND WATER

Ground water has several inherent advantages
over other sources of water. Among these are its wide-
spread occurrence, uniform temperature, and com-
parative freedom from pollution. Because of these
advantages there has been a marked increase in
ground-water development in the last 50 years. Along
with development has come more public interest in,
and more scientific study of, the principles of ground-
water hydrology. These studies have shown that (1)
ground water obeys natural laws; (2) practically all
ground water is originally derived from precipitation;
(3) most usable ground water is an important part
of the circulatory pattern of the hydrologic cycle; and
(4) the occurrence of ground water is intimately as-
sociated with the geology of the locality.

Ground water is the most widespread source of
domestic, stock, and industrial water in the study area.
Almost all rural residents, the oil refineries at Cut
Bank and Kevin, the oil-field secondary recovery
projects, and the communities of Kevin, Sunburst, and
Santa Rita depend on ground-water supplies. As part
of this study, data were gathered on wells and springs
in the study area. Data on 288 selected wells and
springs are presented in Table 1. The distribution of
the wells and springs is shown on Plate 1.

Ground water is stored in and transmitted
through voids in the rocks. The rocks, or aquifers,
serve as combined conduits, reservoirs, and filters. The
voids can be divided into two general types. Primary
voids or openings are those present when the rock
was formed such as intergranular openings in- sand.
Secondary voids are created by forces acting on the
rock after its formation; they include cracks, joints,
and solution openings in soluble rocks.

Ground water moves in response to several forces.
Among these are (1) gravity, (2) capillary force, (3)
osmotic pressure, and (4) changes in state (such as
from liquid to gas or gas to liquid). Of these, gravity
is the most important in inducing the movement of
economically recoverable water.

Part of the water falling on or flowing over the
ground seeps into the soil zone and percolates down-
ward through the zone of aeration until it reaches the
zone of saturation. The zone of saturation is a vast
underground reservoir, which stores and transmits
water. Ground water moves very slowly as compared
to surface water. The velocity of surface water is
measured in feet per second; the velocity of ground
water is measured in feet per day or feet per year.
This slow rate of movement is the reason for the rela-
tive stability of ground-water sources during dry years
and wet.

Water is discharged from the ground-water reser-
voir by both natural and artificial means. The natural
forms of discharge include springs, seeps, transpira-
tion by plants, and discharge into effluent streams.
Wells and drains are the principal means of artificial
discharge.

A ground-water reservoir has been likened to a
bank account. Over a long period of time, deposits
(recharge) and withdrawals (discharge) must balance.
As a bank account stores money, a ground-water reser-
voir stores water. If discharge is increased by artificial
means it must, over a long period, be balanced by
reduction of natural discharge or increase of recharge.
Water may be withdrawn faster than it is replenished,
but only at the expense of storage. If withdrawal is
continued long enough, the reservoir becomes de-
pleted. This “mining” of ground water may be justi-
fied, as is mining of nonrenewable minerals or closing
out a bank account, but if it is done blindly, hardship
may result.

Changes in the water level in wells can be used
to keep track of the changes in ground-water storage.
Periodically during this study the water level in 19
observation wells was measured to indicate changes
in storage. These measurements are presented in
Table 2.
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Intake Area for Area for
area nonflowing artesian flowing
wells artesian
wells
A

Aquifer

___

__________ Piezometric surface

Confining bed

_________ Water table

Area for
nonflowing artesian wells

Area for water-
table wells

O

E

\\\

1

\ \\4 “\ \\\\

Figure 5.—Hypothetical section showing geologic conditions necessary for artesian (confined) and water-table (unconfined) aquifers.
A and E are water-table wells; B and D are nonflowing artesian wells; and C is a flowing artesian well.

GEOLOGY AND ITS RELATIONSHIP TO THE
HYDROLOGIC SYSTEM

Because ground water is contained in voids in
the rocks, the relative abundance, size, and shape of
these voids determine the amount of water the rocks
can contain. Different types of rocks have character-
istically different types and proportions of void space.
Thus, a knowledge of the geology of an area is essen-
tial to an understanding of the ground-water hydrol-

ogy.

Primary intergranular voids occur in most rocks
but in many they are so small and few that they do
not contain much water. Intergranular voids are
characteristic of unconsolidated rocks, especially sand
and gravel deposits. Rocks formed by consolidation
of sand and gravel, ie., sandstone and conglomerate,
also contain appreciable intergranular void space.

Secondary voids are those created after the rock
was formed. These include fractures of various kinds
(faults, joints, and fissures) or voids created or en-
larged by solution. Fractures occur in almost all rocks
but tend to be closed or “healed” in unconsolidated
or plastic rocks. Thus, open fractures are more im-
portant as water containers and conduits in rigid con-
solidated rocks. Sandstone and limestone are the
principal rock types in the study area that are ex-

tensively fractured, although some beds of sandy shale
and siliceous shale also are so fractured as to contain
considerable water.

Rocks that are soluble in water or in water con-
taining certain naturally occurring chemicals may
contain solution cavities. These are especially abun-
dant in carbonate rocks (limestone and dolomite) but
the porosity of clastic rocks, such as sandstone, may
be greatly increased by the solution and removal of
cementing material.

Though the abundance, size, and shape of voids
determine the porosity of a rock, its ability to yield
water to wells depends on its permeability or ability to
transmit water. In order to be permeable the rock
must contain interconnections between the voids.
Thus, some rocks are very porous but yield water
slowly because the pores are poorly interconnected.
If the pores or the interconnections are very small,
molecular attraction so impedes movement that water
can move only slowly.

The geology of the area determines whether the
water in an aquifer is under artesion (confined) or
water-table conditions. Figure 5 illustrates the rela-
tionships of aquifers and aquicludes for artesian and
water-table conditions.



When a well begins discharging, the water level
or head in the well declines and water in the surround-
ing aquifer moves toward the well. The level to which
it declines (drawdown) for a given rate of discharge
is such that the water movement toward the well
equals the rate of discharge. An increase in discharge
necessitates additional drawdown of the water level.

Under water-table conditions the zone of water-
level lowering around a well takes the form of an in-
“verted cone of dewatered material, called the “cone
of depression”. The well is the axis of the cone. The
size and shape of the cone of depression depend on
the permeability of the aquifer, its storage properties,
the rate at which the water is discharged, and the time
since discharge began. To supply a given amount of
water to a well, permeable water-bearing materials
require less drawdown (flatter cone of depression)
than do materials of less permeability (fig. 6). The
cone of depression around a pumped well will increase
in depth and area until it intercepts recharge or re-
duces other discharge in an amount equal to the well
discharge. The areal extent of the cone of depression
is termed the “area of influence”. The water level will
be lowered in other wells within the area of influence
of a well that is being pumped. This lowering is
called “interference” if it affects other pumping wells.

| | Static water_level

—
-

-

et
Cone of depression of
7 well in permeabie

A moterial

4
, Cone of depression of well
L in less permeable materiol

Drowdown

,/ \Pumping fevel of well in
permeable material

\
Pumping level of well /

in less permeable
moterial

"Figure 6.—Diagrammatic seci:ion through a pumping well show-
ing the drawdown, the cone of depression, and differences
in the shape of the cone of depression caused by a differ-
ence in the permeability of the water-bearing material for
the same well yield.

The hydraulic characteristics discussed above
.apply also to artesian wells, except that the drawdown
will be from the piezometric surface, which may be
above the ground surface, and the cone of depression
will be the lowering of the head or piezometric sur-
face around the well.

.~ The rate at which the area of influence of a
pumping well expands depends upon the coefficients
of storage and transmissibility- of the aquifer. The

- area of influence of a well in an aquifer of high trans-

missibility will expand more rapidly than that of a
well in an aquifer of low transmissibility if the storage
coefficients of the two aquifers are equal. Thus, a well
in a very transmissive aquifer has a higher specific
capacity than one in a less transmissive aquifer but
its area of influence becomes large and interference
with other wells and springs becomes appreciable
sooner than for a well in a less transmissive aquifer.

The head in an artesian well is not ordinarily
lowered below the top of the aquifer, and thus the
aquifer is not dewatered. The volume of water
obtained per unit of head change in an artesian
aquifer is derived from compaction of the aquifer and
expansion of the water. The storage coefficient of an
artesian aquifer is usually very small and may range
from about 0.00001 to 0.001. Because of low coeffi-
cients of storage, wells in artesian aquifers usually
develop large areas of influence very rapidly.

The behavior of wells provides the basis for
determining aquifer characteristics. These character-
istics can also be determined by laboratory tests con-
ducted on samples of the aquifer material, but un-
avoidable sampling errors and disturbance of the
samples make laboratory tests less reliable than field
tests. Field tests, called “aquifer tests”, rely on precise
observations of the changes in water levels in wells
in response to accurately measured discharge. Several
basic simplifying assumptions must be made to inter-
pret the observations obtained in an aquifer test. As
the assumptions are rarely completely fulfilled in
nature, some errors are introduced but these are gen-
erally small. Detailed discussion of aquifer-test
analysis is beyond the scope of this report. The reader
is referred to Ferris and others (1962) for a more
extensive discussion.

Five aquifer tests were made during this study.
Paulson and Zimmerman (1965) made five aquifer
tests in surficial deposits west of the study area. The
specific capacity of fifteen wells was computed from
reported data and was used to estimate the coefficients
of transmissibility in the vicinity of the wells. The
hydrologic characteristics determined during this
study are discussed with the other water-bearing
characteristics of the formations in which the wells
were constructed.

THE ROCKS AND THEIR WATER-BEARING
CHARACTERISTICS

The Madison Group, of Mississippian age, is the
oldest and deepest sequence tapped for water in the
study area. Table 3 summarizes the stratigraphy and
hydrologic character of the rocks in the Cut Bank
area.



STRATIGRAPHY AND HYDROLOGIC CHARACTER OF ROCKS

. -3e0ad s3I pue
MmoT Arrerausd sirom jo saryroeded o1yI009dg

‘suorjeiado poo[y Iajem PIATI-TI0 I03 pasn -3aed 1amoT ut spaq SuneuIaife uerddrs
13)em 943 JO JSOW JO 2DINOS YL ‘I27em JO ur afeys pue suojsawii] Aeid-3iep pue -SISSTN ) )
juewresow pue 23eiojs sjrwaad ‘paInqriisIp fean -jaed zaddn ur suojsawWI] surrrelsihio 090 “1 dnoin uoSTPEN |I9MmOTT PUE uerddississty;
Areomreaas ‘Aj1soxod snourdAed pue 2INIVBIJ 9s5usp ‘pPoIOTOD-WIEDID 0} M ‘AISSEN xaddpn
*spIe1} IO dWOS Ul [0 orsseang
Y31M 2UTIq JO JUNOWE [[BUWIS B S3ONPOId ‘speq 2uo)SPUBS SNONUIJUODISTP YITM STPPIN orsseanf
goxe dueg InD 2Yyj ur 1aymbe ue J0N poppoqIdjur 97BYS SNOSIeIT.D Aeal8 Ajurey 0s¢ dnoxn sITH pue x1addpn :
‘SPIo1j 9UIOS UT 9ULIQ 2WIOS pPue BII® ‘auojspues paureid-asieod
2y3 Jo SPI21 T10 2Yj Ul JI0 pP1o14 spaq auo03s 037 -WINIpa2W JO SPaq [RISAIS YITM pPappaq sNoad
-pues 9yJ, ‘®eie Apnjs ayj ur xaynbe ue joN -I9jut 2U03}SITIS PUBR dUOJSPNW us213 pue payg GZL uoyewiog TeU23003] | -©IDID
‘speq A1ruorja2iduod I3MOT]
pue ‘suojspues ‘2jTUOIUD] YiIM PIPPA] - uoTIRWIO T’ Q
_12jut a7eys snoaiedjed Aeid-diep Ajuteur jeaoeld mg m..
‘pojtordxa jou st Inq sajoy st 3997 00g 1omof 2y ‘3xed 1addn ay3 e a3 .
3597 10 ut Surieaq I9jem aq 03 pajrodax ur spaq 23j1u0juaq pue siake] L1eU01ILIdUOD - °1EUS ° 2
sT 9s®q 2yj je dUOJspueg “I2jInbe ue 0N suojsawi] maj ' ‘oTeys Aeid-dqiep A[urew 566 ‘1 12ATY SEBIIBN
-Suranjoeay paonpur sey uIpI[s K3taeald 10
UOTJBUIIOJOP [BINJONIJS 2I9YM paurejqo usaq ‘suojspues jjnq 1o Aead jo UOT3RUIIO ]
aaey sprotk a8aer Inq ‘erqesurzaduwit A1rerausn spaq uIyj yjmm pappaqiajul aTeys Apues Aein) 0Ll Noo1n ydeadare L W
sTrem Burgeajouad Laje7dwod ‘pajdnijsuod A1 m sNoad
1odoad o3 wxd3 gz se yonuw se spPJeIx ‘EII® ‘a7eys Jo spaq 2uojspues -e321)
sueg InD 2yj ur siazimbe zofews 3y3 jo U0 JeUOIS®BDDO ‘dUOjspues Jing o3 Aeal aatsseN 081 ENEEELTN m zaddpn sSNo22e31aIn)
'Speau D1JS2WOP pue 203s 103 ‘auojspues pauteid-auljy sAISSBW S
ojenboape aae Ing ssof 10 wdd 07 Ajreasuald ATisowr ST 399] 0GZ I2MOT !dU0ISpuUBRS JO SPaq UO01jBWIO0
sae sploth [[oM I9jmbe pasn ATopIM ulyj SwWos ‘ouojspnuu pue 37'YS Apues ATureN 0065 SUIDIPAN OM T,
*SATSUDIXD )
Ajatey axaym AJuo Suriesq IdIeMm ‘uxd3
G7 seyonw se SPIPIX  ‘ued IND JO Isam Sjueg 0D JO I}som sedle sjtsodap
puef pejediiit uo sT[em Auewt 03 193em SpIoIX |pajeroerdun ur I71s Aq saoeyd UT UTBTISAO [2ABID 0% soeixaj 19431
‘Joaeid pue ‘pues ‘Ae[d pajeutwief jo Sut
-3s1suod ‘sjtsodop o3ef TeIOR[d (XIIjRWL Aero Quad
‘s 3003js pue OIJSAUWIOP I0J I2IBM Apues e utr 2UOISAWI] PU® 2j1uead JOo sjudwa -03s131d
juatoryyns prathk ITim ATed07 sjtsodep [oaead -Fexy Af3sowr ‘J[1 Te1de[d {pues pue 1o4®I3 po3jerjus I933Ipun
pue pueg ‘Surpieif 1djem jou AfTRI9ULn Arredioutad ‘sjtsodep yseminQ :SIPNTOUL 0S1 3314p TBID2®[D
Kxeuaajend
yea1n Buradg jo Aayrea sjtsodap
UT 9ST 3D03S pue DIISPWOP I0} I3JBM SPIITA ‘Jea®ad pue pues Ie[NdTIUST S1 22®II9] I2MOT
‘WINIAN [T® ‘1onead
woay I2jem UU.—,—.TO.HQ STTeoMm MIT Y ‘Iajem Jo s? SUaT 2WIOS .@G.mm pue .u._.mm .%m..—u Lﬁﬁﬁﬂdz G2 wnIAnNlYy juadayg
70 90anos pood ' 9q 03 y3noua IAISUIIXS JON
(3023) .
s2135119308IRYD D180T0IPAH sorjs1I930RIRYd TRdIshud ssauMNIIY) jun oydeadielrig $91198 walshg
WINWIX BN :

-eaae Yueg InD 2Yyj UT 3001 3Y3 JO I2)d2BIBYD s>18o70aphy pue Aydeidryeils ayjl jo

Arewwung-- ‘¢ 919qeL



The areal distribution of the exposed rocks is
shown on Plate 2. Logs of 24 water wells are given
in Table 4.

Of the rocks described in this report, only the
upper few hundred feet of the Colorado Group, the
lower part of the Montana Group, and Quaternary
beds are exposed in the study area.

Madison Group.—The Madison Group of Early
and Late Mississippian age is 785 to 1,060 feet thick
beneath the study area. Alternating beds of gray and
dark-gray limestone and dark-gray shale compose the
lower ‘one-third and massive, white to cream-colored,
dense crystalline limestone, some limy dolomite, and
occasional beds of chert compose the upper two-
thirds of the group.

The Madison is extensively fractured, and solu-
tion of the carbonates along fractures has increased
the porosity and permeability, especially in the upper
part. In the North Cut Bank and Red Creek oil fields,
the Madison yields commercial quantities of oil along
with saline water. Some of this water is injected into
oil-producing beds for secondary recovery. Oil com-
panies have drilled wells into the Madison to supply
water for water-flood operations. By the end of 1964,
the Madison supplied most of the water used for
secondary recovery within the study area. Reported
specific capacities and coefficients of transmissibility
estimated from them are tabulated below.

Specific Length Estimated

capacity of test coefficient of
Well number (gpm/ft) (min.) transmissibility
32-5-16ac 0.415 180 600
32-5-30bd1 914 195 1,600
35-6-11cb 4.034 45 6,500

The estimates are based on reported drawdown
data and interpolations from graphs presented by
Walton (1962, p. 12). They are subject to many
sources of error but give an idea of the coefficient of
transmissibility of the Madison.

The variations in the transmissibility may be due
to errors in the data or to changes in the character-
istics of the rock from place to place. Fluids in the
Madison move mainly through secondary voids, frac-
tures, and solution cavaties, which have an erratic
distribution. Therefore, the water-bearing character-
istics vary considerably from place to place.

Ellis Group.—The rocks of the Ellis Group,
Middle and Late Jurassic in age, are 100 to 350 feet
thick. They consist of dark-gray calcareous shale inter-
calated with calcareous sandstone beds.

The Ellis is permeable enough to produce oil in
the Kevin-Sunburst oil field, and it yields sulfurous
water with some oil in other places. It is not a source
of potable water, however.

Kootenai Formation.—The Kootenai Formation of
Early Cretaceous age is 405 to 725 feet thick. Red and
green nonmarine mudstone, siltstone, and sandstone
beds compose the formation.

The Kootenai is a good aquifer in other parts of
Montana but in the Cut Bank area it is an oil-bearing
zone and produces little water with the oil. The
formation includes several named oil sands: the Sun-
burst sand, the Cut Bank sand, and the Moulton sand.

Colorado Group.—The Colorado Group is com-
posed of the Lower Cretaceous Blackleaf Formation
and the Upper Cretaceous Marias River Shale. An
unconformity separates the two formations. The total
thickness of the group is 1,870 to 1,995 feet (Erdmann
and others, 1946).

The Blackleaf is mostly dark-gray shale contain-
ing many sandstone beds. A sandstone bed about 75
feet thick called the Flood Member lies at the base of
the formation.

The Marias River Shale is predominantly dark-
gray shale containing many thin beds of limestone
concretions. Only the uppermost 300 to 400 feet of
the Marias River Shale is exposed in the study area.

The beds of the Colorado Group are generally
unfavorable as a source of ground water. A few wells
obtain meager supplies from weathered, fractured
shale where it is exposed. Erdmann, Beer, and Nord-
quist (1946) indicated that the Flood Member at the
base of the Colorado is water bearing, but it is not
exploited.

Montane Group.—The Montana Group of Late
Cretaceous age consists of the Telegraph Creek For-
mation, the Virgelle Sandstone, the Two Medicine
Formation, the Bearpaw Shale, and the Horsethief
Sandstone. The Bearpaw and the Horsethief are not
present in the study area, however.

The Telegraph Creek Formation, 120 to 170 feet
thick, is of Late Cretaceous age. The beds are chiefly
medium-gray sandy or silty shale, siltstone, and fine
to very fine grained shaly calcareous sandstone. It is
increasingly sandy toward the top of the formation,
and the sandstone beds are thicker and the grains
slightly coarser.

The beds yield water to springs and some wells
in the outcrop. The town of Kevin obtains much of
its water supply from wells and springs producing
from the Telegraph Creek beds. The largest well
yields are obtained in structurally deformed areas or
where sliding on steep slopes has caused fracturing.
Except where extensively fractured, the Telegraph
Creek will yield only moderate amounts of water.

The Virgelle Sandstone is the basal member of
the Eagle Sandstone in other parts of Montana. Be-
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cause the Claggett Shale, which overlies the Eagle
at some localities, is not easily recognizable in the
study area, the beds of late Eagle age are included in
the overlying Two Medicine Formation, and the Vir-
gelle is mapped as a separate formation. The Virgelle
is equivalent to the Milk River Sandstone of Alberta,
Canada, as discussed by Meyboom (1960).

The Virgelle is 115 to 180 feet thick but averages
160 feet. Light-gray to buff or whitish, fine- to
medium-grained arkosic and slightly calcareous sand-
stone beds constitute most of the formation. The Vir-
gelle forms steep cliffs along much of its outcrop.
Brownish-weathering calcareous sandstone concretions
are abundant in the upper part of the formation and
cap many weirdly eroded mounds and columns
(hoodoos) along the outcrop near the towns of Sweet-
grass and Sunburst.

The Virgelle Sandstone is the principal aquifer for
industrial and public supplies of ground water in the
study area. Wells drilled into the Virgelle produce as
much as 250 gpm. During this investigation, five aqui-
fer tests were made with wells producing water from
the Virgelle. The coefficients of transmissibility de-
termined from the aquifer tests and estimated from
reported drawdown data (on other wells in the Vir-
gelle) are given in Table 5.

The coefficients of transmissibility range from
700 gpd/ft to 50,000 gpd/ft. Fracturing, induced by
structural deformation, probably greatly affects the
transmissibility locally. During the drilling of well
33-6-122a2, one hole had to be abandoned and the
drill rig moved when a fracture was penetrated and
permitted the drill bit to drop about a foot. All circu-
lation fluid was lost and circulation could not be re-
stored. When well 33-6-12aal was pumped for an
aquifer test the data indicated a nearby discharging
boundary about 300 feet from the pumping well. A
coefficient of transmissibility of about 34,000 gpd/ft
was obtained from the early data and 15,000 gpd/ft
from later data. The boundary may be related to
faulting.

The Two Medicine Formation, of Late Cretaceous
age, includes equivalents of the upper part of the
Eagle Sandstone, the Claggett Shale, and the Judith
River Formation of other parts of Montana. It is 1,650
to 1,950 feet thick but only the lowermost 500 feet is
present in the study area.

The formation is mostly pale-greenish-gray, gray,
or purplish mudstone and siltstone interbedded with
lenticular, massive, commonly calcareous, fine to very
coarse grained sandstone. Some thin beds of coal
occur near the base.

The lenticular sandstone beds of the Two Medi-

cine yield water to many wells in the Cut Bank area.
Yields are generally 10 gpm or less but are adequate
for stock and domestic use. The Two Medicine is
hydraulically connected with the Virgelle in many
places. To check the interconnection of the two for-
mations and to utilize a municipal well in making an
aquifer test, well 33-6-12aa2 was drilled through the
Virgelle and perforated casing was set through the
Two Medicine. A cement plug with an access tube
extending to the surface was installed at the top of
the Virgelle to allow separate measurement of the
water level in the two formations. The water levels
in the two formations differed only slightly and re-
acted similarly to pumping from a nearby well during
an aquifer test. In some wells near the outcrop of
the Virgelle, water can be heard cascading from the
Two Medicine to the Virgelle indicating a difference
in the water levels in the formations.

Reported drawdown in wells in the Two Medi-
cine (wells 36-6-14ba and 36-6-25dd) indicates specific
capacities of less than 0.15 gpm/ft; the estimated co-
officients of transmissibility are less than 300 gpd/ft.

Quaternary deposits—Deposits of Quaternary age
in the Cut Bank area include high-level terrace de-
posits, glacial lake deposits, glacial tll, glacial out-
wash, low-level terrace deposits, and alluvium. Higher
level terrace deposits were mapped by Paulson and
Zimmerman (1965) in unglaciated areas west of Cut
Bank. These are Pleistocene in age. During Pleisto-
cene time, continental glacial ice covered much of
the study area, and tongues of ice from alpine glaciers
approached the area from the west. The glacial ice
blocked drainage and formed a large lake, called Lake
Cut Bank. Lacustrine deposits of varved clay, sand,
silt, and gravel accumulated in the lake to a maximum
thickness of about 50 feet. As the glaciers melted,
glacial till was deposited where the ice had been, and
Lake Cut Bank was drained. Meltwater deposited
sand and gravel in outwash channels. The areal distri-
bution of glacial features, which are not indicated on
Plate 2, is shown on Figure 7. After recession of
the ice, lower-level terrace gravel was deposited along
some of the drainage courses. During Recent time,
streams have deposited alluvium along their channels.

All of the Quaternary deposits are composed of
unconsolidated clay, silt, sand, and gravel. The ter-
race . deposits, lake deposits, outwash deposits, and
alluvium have been washed, sorted, and stratified,
whereas the glacial till is a heterogeneous mixture of
clay, silt, sand, and gravel or cobbles. The water-
bearing characteristics of the Quaternary deposits vary
greatly. Terrace gravel deposits yield moderate
amounts of water to stock and domestic wells where
the deposits are areally extensive. Paulson and Zim-
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[+] 10 MILES

Approximate eastern limit of alpine (Wisconsin?)

glaciation
Modified from Alden

EXPLANATION

Glacial lake deposits

End or marginal moraine deposits

A

A,
v

QUATERNARY

Ground moraine deposits

Pleistocene
Wisconsin stage

Outwash, inwash, and ter: ace deposits

[ ]

L L Unglaciated areas

/-\__///
Contact
Dashed where approximate or gradational

’_\_ p— — —
Glacial advance

Limit of significant advance or readvance. Dashed
where approximate Not necessarily of substage rank

Moraines and morainal ridges

Crests of well-defined moraines or closely spaced low
morainal ridges (washboard moraines). Lines are
conventional and do not everywhere represent indi-
vidual crests

e
Drumlins and fluted till plains

Streamlined features consisting chiefly of till. Symbol
represents individual form or group of forms

Figure 7.—Glacial map of the Cut Bank vicinity (after Colton, Lemke, and Lindvall, 1961).

merman (1965, p. 47) conducted tests on five wells
in the most extensive of the terrace deposits west of
the study area. They determined coefficients of trans-
missibility for the deposits ranging from 2,800 to 9,000
gpd/ft.

The outwash deposits may be potentially good
aquifers but have not been adequately tested. The
refinery at Kevin formerly used water from several
wells drilled into outwash deposits. As far as known,
the wells yielded an adequate supply of water but the
quality was unsuitable for the refinery’s needs.

Alluvium is very limited in areal extent, hence is
of comparatively little importance as a source of
ground water in the Cut Bank area. The Cut Bank
airport obtains its water from a large-diameter well
in alluvium near Cut Bank Creek. Several farms near
the Canadian border obtain adequate supplies from
alluvium along Red River.

The lake deposits are not known to produce

water. They lie above the water table generally.
Glacial till is also a poor source of ground water.

STRUCTURE

The structure of the rocks underlying the Cut
Bank area is shown by means of structure contours on
Plate 2. As may be noted, the dip of the rocks is
generally westward away from the dominant struc-
tural feature of the region, the Sweetgrass Arch. This
westward dip is important to the ground-water regi-
men of the Virgelle Sandstone in that it establishes
geologic conditions favorable for the occurrence of
artesian water in much of the area.

Superimposed on the general westward dip are
many small folds. These have influenced the location
of some of the oil and gas fields of the area, though
most of the fields are stratigraphic traps. Faulting
and fracturing of the rocks in the vicinity of Cut Bank
probably have enhanced the permeability of the Vir-
gelle, permitting fairly large well yields.



Depth to water below land surface, in feet

495
37-3-3c¢d

55
200 M35 5 1500
PR,
205
165 33590 .

e A== \\\ /
\\
170 :

235 M33°5-21da
___________ //\
- =V
245
290

32-6-30dc /__.

295
S\

300

36-2-8¢c

S /\
N /S NV

L0
N » [ d ,‘ rd
£ 3 < 3 g 3 e 3 g
= S = ) 5 S - > >

1962 1963 1964

Figure 8.—Graphs of water levels- in selected wells.



OPERATION OF THE HYDROLOGIC SYSTEM 15

OPERATION OF THE HYDROLOGIC SYSTEM

GROUND-WATER RECHARGE

Infiltration of precipitation along the outcrop and
interformational leakage are the major means of
ground-water recharge in the Cut Bank area. The
piezometric surface in the Virgelle Sandstone as shown
by means of contours on Plate 1 indicates that water
in the Virgelle moves southwest and north from a
ground-water divide in T. 36 N., R. 4 and 5 W. Much
of the land in this vicinity is topographically high and
covered by glacial till containing many ponds in un-
drained depressions. Much of the recharge entering
the Virgelle seeps downward through the till and, in
some places, through part of the Two Medicine For-
mation.

GROUND-WATER DISCHARGE
NATURAL DISCHARGE

The piezometric contours on Plate 1 suggest that
water in the Virgelle flows to discharge points along
Cut Bank Creek south of Cut Bank and north toward
outcrops of the Milk River Sandstone (equivalent to
the Virgelle) near the confluence of Red River with
the Milk River in Alberta (Meyboom, fig. 16, p. 42).
No large springs in the Virgelle were found along
Cut Bank Creek, but many seeps flowing less than
1 gpm each and many “alkali” patches caused by
evaporation of slowly discharging water were noted.
Springs are common along the Virgelle escarpment
on the east side of the area, especially where coulees
cut back into the Virgelle. The town of Kevin gets
much of its municipal supply from such springs.

ARTIFICIAL DISCHARGE

Ground water is discharged by hundreds of wells
in the Cut Bank area. Most of the wells provide
domestic and stock water. The rate of discharge for
stock and domestic wells is low; their aggregate dis-
charge is about 500,000 gpd.

The town of Kevin obtains its municipal water
supply from the Virgelle and from the Telegraph
Creek. The town of Sunburst, 2 miles east of the study
area, obtains its water from the Virgelle. Kevin uses
about 86,000 and Sunburst about 229,000 gpd (U. S.
Department of Health, Education, and Welfare, 1964,
p. 31, 33). Cut Bank has a standby well to supplement
the surface-water supply. The well will yield more
than 250 gpm (360,000 gpd) of water but the amount
of dissolved solids contained has increased so much
it is used only in emergencies.

The Union Oil Company of California refinery
east of Cut Bank and the Big West Oil Company re-
finery at Kevin are among the leading industrial users
of water in the study area. The Big West refinery

gets its water from the Kevin public supply. The
Union refinery depends on three wells tapping the
Virgelle Sandstone. Two are pumped almost con-
tinuously and the third is a standby well. They pro-
duce about 288,000 gpd.

Water injection for secondary recovery of oil is
another industrial use of water in the study area. The
injection of this water is expected to extend the life
of the oil fields by as much as 17 years and to nearly
double the amount of oil recovered. At the end of
1965, ten secondary recovery projects were operating
in oil fields in the Cut Bank area. Seven of these
used about 1,000,000 gpd of water from the Madison
and three used about 93,000 gpd of water from the
Virgelle (Oil and Gas Conservation Commission of
the State of Montana, 1965). Prior to May 1963 and
June 1964, two of the water flood projects now using
Madison water were using Virgelle water.

STORAGE
Changes in the amount of water stored in the
aquifers in the Cut Bank area are indicated by fluc-
tuations in water levels in observation wells. Water
levels in 17 wells were measured periodically during
the study (Table 2). Graphs of the water levels in six
of them are shown in Figure 8.

Water levels in most of the observation wells rose
during 1964 and 1965. The graphs of water levels in
wells 37-3-3cd, 35-5-15ab, 33-5-19ab, and 32-6-30dc
illustrate the water-level rise. The rise may be attrib-
uted to above-normal precipitation or, in places, to
reduction in pumping. The graph of the water level in
well 36-2-8cc is included to show the effects at-
tributable to climate. The well is a shallow water-
table well east of the study area near Sunburst. It is
in outwash deposits, which are readily recharged by
precipitation, and seasonal fluctuations of the water
level are pronounced. These seasonal fluctuations are
not noticeable in water levels of wells in the Virgelle.

The fluctuations of the water level in wells
33-5-21da and 33-5-19ab may be attributable in part
to local pumping. Well 33-5-21da is 750 feet from
the standby supply well for the Union Oil Company
refinery (33-5-22bc), and the pronounced dips in the
water-level graph are probably caused by pumping
of the standby well. Well 33-5-19ab is within 2 miles
of the wells used for the refinery and two wells used
in 1963 and early 1964 for water flood operations in
the South-Central Cut Bank oil field. Part of the de-
cline in the water level in 1964 may be due to pump-
ing for both purposes. Figure 9 shows the theoretical
effect that a pumping well has on other wells in the
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Figure 9.—Drawdown caused by pumping a well at 100 gpm.
Assuming T = 20,000 gpd/ft. and S = 0.00008.

vicinity. The diagram is based on arbitrary but
reasonable values of transmissibility and storage co-
efficients for the Virgelle and assumes an ideal aquifer
of infinite areal extent and no recharge or other
discharge. Although these assumptions are generally
not met under field conditions, the diagram gives use-
ful approximations of the effects to be expected. Thus,
in a well 1 mile from another well pumping 100 gpm,
a drawdown of about 4 feet can be expected after a
year of pumping. For wells situated where they are
affected by several pumping wells, the effects are
additive. For instance, if a well in the aquifer is 1
mile from a well pumping 100 gpm and 3 miles from
another well pumping at the same rate, the drawdown
due to the first would be about 4 feet and the draw-
down from the second would be about 3 feet or a total
of 7 feet after a year of pumping.

Because of cessation of a part of the industrial
pumping before this study began and lack of water-

level data before and during the period of heaviest
pumping, the effects of industrial pumping cannot be
accurately assessed. The fact that the oil refinery has,
through the years, abandoned several wells that went
dry and drilled new wells down-dip indicates that
there has been local lowering of water levels.

Before 1961, the Texas Company operated a re-
finery at Sunburst. Wells were drilled to supply the
refinery and the town of Sunburst. When the refinery
was closed, some of the wells were turned over to
Sunburst for public supply. While the refinery was
operating, water levels reportedly declined in the
vicinity of the wells supplying the refinery; several
ceased to flow. Since the closing of the refinery,
water levels have risen in many of the wells. One of
these, well 36-5-14ac, when first measured October
24, 1964, had a water level 12.09 feet below land sur-
face. By January 12, 1966, the water level had risen
to 3.53 feet below land surface.
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QUALITY OF THE WATER

CHARACTER OF THE WATER

Natural water is rarely pure but is a solution of
various ions. The principal ions dissolved in water

are calcium, magnesium, sodium, bicarbonate, sulfate,
and chloride.

The suitability of water for various uses depends
greatly on its chemical quality. As part of this study,
samples of water were collected from representative
wells in the various aquifers and from Cut Bank
Creek. The samples were analyzed by the Montana
State Board of Health. Additional analyses were ob-
tained from the files of the Conservation Division of
the U. S. Geological Survey at Great Falls, Montana,
from files of the State Board of Health, and from
well owners. The analyses are given in Table 6. The
locations of the sampling points are shown on Plate 1.

RELATION TO USE

The value of water of a given chemical quality
depends on the uses proposed for it. Thus, water
unfit for drinking may be suitable for irrigation or
industrial cooling. The principal requirements for
the major uses of water in the Cut Bank area are sum-
marized below. The reader is referred to Hem (1959)
for a more detailed discussion.

Domestic use—The U. S. Public Health Service
(1962) has established standards for sanitary, bac-
teriological, and chemical requirements of water used
for drinking and culinary purposes on interstate com-
mon carriers. The standards have been adopted by
the American Water Works Association as recom-
mended limits for all public water supplies. Although
the standards are not compulsory for water that is
used locally, they are measures of the suitability of
water for domestic use. The standards for some of
the chemical constituents are given in the following

table.

Maximum recommended concentration, in parts
per million, of various constituents in
drinking water

Constituent Maximum
Iron and manganese (Fe + Mn) ... 0.3
Magnesium (Mg) oo 125
Sulfate (SO.) - 250
Chloride (Cl) e 250
Fluoride (F) oo 1.72
Dissolved $OHdS ..o 5000

aWhere 5-year average of maximum daily air temperature is
50.0° to 53.7°F.

b1,000 ppm permitted if water of better quality is not available.

Lower limit for warmer climate (U. S. Public Health Service,
1962, p. 8).

Although specific limits are not established for
hardness, water having a hardness of less than 60
ppm is regarded as soft; 60 to 120 ppm, moderately
hard; 120 to 200 ppm, hard; and more than 200 ppm,
very hard. Soft water is suitable for most uses with-
out further softening; very hard water requires soften-
ing for most uses in the home.

Nitrate is another constituent that may affect the
suitability of water for domestic use. Excessive con-
centrations (more than 44 ppm) of nitrate in water
used for mixing infant formulas have been linked
with infant cyanosis (blue babies). Inasmuch as nitrate
is one of the principal minerals in sewage effluent or
barnyard wastes, the presence of concentrations of
nitrate may indicate contamination.

Industrial use—Industrial uses of water and the
quality requirements of each are many and varied.
The principal industrial use of water in the study
area is for the production and refining of oil. Water
injection for secondary recovery of oil is the principal
use in oil production. The water-quality requirements
for this purpose are not especially restrictive. The
corrosiveness of the water as caused by dissolved
solids or gases creates problems, but the water is
commonly treated with various additives to inhibit
corrosion.

Water for cooling is the most significant use in
oil refining. Quality requirements for this purpose
are not very stringent. Low concentrations of dis-
solved solids and gases are desirable from the stand-
point of corrosion control, and soft water is desirable
to minimize encrustation. Water that does not meet
these requirements can be treated or tolerated, how-
ever.

Agricultural use—Stock watering and irrigation
are the principal agricultural uses of water in the Cut
Bank area. Little is known of the relation of the
quality of water to health of stock. Apparently stock
can become accustomed to the use of water contain-
ing as much as 5,000 ppm of dissolved solids. Exces-
sive concentrations of magnesium, sodium, and sulfate
can cause scours, and stock are generally healthier on
water containing much less than the maximum con-
centration of dissolved solids.

The suitability of water for irrigation depends on
salinity and the concentration of sodium in relation
to other cations. Water having a total dissolved solids
concentration of more than about 1,500 ppm has a
very high salinity hazard and is unsuitable for irriga-
tion under most circumstances. If water containing a
large proportion of sodium ions in relation to calcium



‘and magnesium ions is used for irrigation, the sodium
tends to be adsorbed on clay particles in the soil.
This causes deflocculation of the soil and impairment
of drainage.

RELATION TO SOURCE

Precipitation is the first stage of the hydrologic
cycle. In this stage the water contains only a small
amount of dissolved solids derived from dust in the
air. Itis of excellent quality for most purposes, though
dissolved gases may make it slightly corrosive.

Surface water in the Cut Bank area is generally
of good quality for most uses. As may be noted in
Table 6, the water samples from Cut Bank Creek con-
tained less than 500 ppm dissolved solids. It would
be classed as hard to very hard. Cut Bank Creek was
the only surface-water source sampled during the
study. Surface-water supplies commonly vary in
chemical quality in response to variations in discharge
and may be readily polluted. When the discharge is
low, as during the winter, the concentration of dis-
solved solids is higher than when the creek is in flood.
The quality of water in Cut Bank Creek is affected
seasonally by return flow from irrigation on the bench-
land west of Cut Bank. The city of Cut Bank uses a
lagoon system for sewage disposal. Sometimes, during
wet weather, the lagoon capacity is inadequate and
some sewage is discharged into Cut Bank Creek
through Snake Coulee.

Ground water in the Cut Bank area is commonly
strongly mineralized and its usefulness for many pur-
poses is impaired. Plate 3 shows by means of circle
diagrams the variations in quality at selected points
for the various sources of water. The diameters of
the circles are proportional to the total dissolved
solids concentration in ppm, and the divisions of the
circles show the percent of the constituent ions in
epm. Generally, the dissolved solids concentration
increases downdip, but several exceptions may be
noted.

The deep, unexposed aquifers contain water too
mineralized for most uses. Water from the Madison
Group is, however, injected for secondary recovery of
oil.

The Virgelle Sandstone produces water of poor to
fair quality. Sodium is the predominant cation, and
bicarbonate and sulfate are the predominant anions.
The quality of water from the Virgelle varies con-
siderably from place to place.

Water from the Two Medicine Formation is simi-
lar to that from the Virgelle. Sodium and bicarbonate
ions predominate, but in places the concentration of
sulfate exceeds that of bicarbonate. In water from
both the Virgelle and the Two Medicine, sulfate is

likely to exceed bicarbonate in water containing much
dissolved solids.

Quaternary deposits were not studied during this
investigation. Langford (in Paulson and Zimmerman,
1965) found that the water in the terrace deposits west
of Cut Bank is hard but otherwise of good quality.
An analysis provided by the Big West Oil Company
of water from a well in Quaternary deposits at their
refinery at Kevin shows the water to be strongly
mineralized there. ‘

FACTORS AFFECTING WATER QUALITY

The chemical quality of water in the Cut Bank
area changes not only from place to place but with
time. The quality of surface water is particularly
changeable. Generally, the concentration of dissolved
solids in the water is inversely related to the discharge
of the stream. Thus, when streams are high, the dis-
solved solids concentration is low.

Ground water is less subject to changes in chemi-
cal quality, but in the Cut Bank area sharp changes
have been noted. For many years the Cut Bank city
well (33-6-12aal) produced water having a dissolved
solids concentration of 1,100 to 1,300 ppm. In 1964,
analyses showed an increase in dissolved solids to
2,000 ppm and by August 1965 the concentration ex-
ceeded 5,500 ppm. By June 1965 the use of the water
had been discontinued except for emergencies. The
owners of wells 35-6-23cd, 35-5-22cb2, and 37-5-29dd
reported temporary production of poor water, black
and smelling of hydrogen sulfide.

Many factors cause changes in chemical quality.
In a stable hydrologic environment, a gradual reduc-
tion of the dissolved solids concentration would be
expected over a long period of time as soluble salts
are leached from the rocks through which the water
percolates. If drought or changes in discharge change
the natural pattern of flow, however, water from dif-
ferent parts of the aquifer or from other aquifers may
flow to the well. The Virgelle transmits much of its
contained water along fractures. In parts of the rock
not freely connected with the fracture system, water
of poorer quality may be held. When the artesian
pressure is reduced as by pumping, some of this
poorer quality water may be released to flow to dis-
charging wells. In the instances cited above, this may
be the cause of the quality changes.

In the Cut Bank Gas Field the discharge of natu-
ral gas was noted in several water wells. Much of the
gas may be from leaks in the casing or around the
annular space of gas wells. The presence of natural
gas in water in the Milk River Sandstone (equivalent
to the Virgelle) in adjacent areas of Canada was
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reported by Meyboom (1960, p. 66), and a certain
amount probably occurs naturally in the Virgelle in
the Cut Bank area. Reduction of sulfates by bacteria
in the presence of methane gas probably produces
hydrogen sulfide gas noted in many wells. The re-
action is as follows:

(bacteria)
SO.” +CH,—> HS_ + H.0 + HCOs»
(Hem, 1959, p. 223). The HS™~ ion commonly would

associate with a hydrogen ion to form H.S (hydrogen
sulfide) gas.

CONCLUSIONS

Ground water from the Virgelle Sandstone and
the Two Medicine Formation and surface water from
Cut Bank Creek are the only dependable sources of
fresh water in the Cut Bank area. The Virgelle is
capable of yields of 250 gpm and the Two Medicine
will yield 10 gpm or less. The average discharge of
Cut Bank Creek at Cut Bank for 29 years of record
is 192 cfs. A minimum flow of 4 cfs has been record-
ed. Saline water supplies of 500 gpm probably can
be obtained from wells drilled to the Madison Group.

The rising water levels in observation wells in the
Cut Bank area during 1964 and 1965 suggest that
depletion of fresh ground-water supplies in the Vir-
gelle is not now (1966) imminent. The increased re-
charge from above-normal precipitation in 1964 and
1965 after a period of dry years and a reduction in
the number of wells pumping water from the Virgelle
for oil-field waterflood projects are the principal
causes of the rising water levels.

Some waterflood supply wells formerly pumping
from the Virgelle have been abandoned in favor of a
supply from the Madison. As the waterflood projects
progress, the amount of water produced with the oil
will no doubt increase. If the water is reinjected, the

demand for fresh water will probably decline. If
additional waterflood projects are started, no danger
to the shallow aquifers is anticipated if water for
flooding is obtained from the Madison.

The cost of pumping water from the Madison
at a depth of 1,000 feet or more may make it uneco-
nomic for some secondary recovery operations, and
shallower sources may be in demand. If more water is
pumped from the Virgelle, precautions should be
taken to minimize interference with existing wells.
Water levels should be monitored by periodic meas-
urements of observation wells.

In the vicinity of Cut Bank, where heavy pumping
may result in declines in the water level in the Vir-
gelle, alternative sources of water should be con-
sidered. Alternative sources are Cut Bank Creek and
the Cut Bank municipal water supply. Utilization of
Cut Bank Creek must consider prior Indian treaty
rights to the water. Present facilities of the Cut Bank
municipal supply are inadequate for increased de-
mand in the summer. Some expansion of the plant
might be feasible if a long-term, revenue-producing
demand could be assured.
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Date

Oct.
Dec.
Mar.
Apr.

June

Oct.
Dec.
Mar.
Apr.

Oct.
Dec.
Mar.
May

June

Oct.
Dec.
Mar.
Apr.
May

June

Aug.
Sept.
Oct.
Dec.
Jan.
Mar.
Apr.

Sept.
Oct.
Dec.

Oct.
Dec.
Mar.
Apr.

June

Oct.
Dec.
Mar.
Apr.

June

16,

»
20
19
15

16,
20
19
14,

19
15

15,

b
20
19
15

13,
16
25
14,

20

15,
25

19,

21
19
15

22,

22

1964

1965

1964

1965

1964
1965

1964

1965

1964

1965

1964

1964

1965

1964

1965

Table 2.--Measurements of depth to water in observation wells
(In feet below land surface datum) )

Water
level
32=4-21ba
73.61 July
73.96 Aug.
73.23 Sept.
71.73 Oct.
72,28 Jan.
72,80
32-4=21ba
73.61 June
73.96 July
73.23 Aug.
71.73 Sept.
72.28 Oct.
Jan.
32-5-23bb
116.33 July
117.05 Aug.
116.59 Sept.
116.71 Oct.
116,71 Jan.
32-5=25dd
74.52 July
74.43 Aug.
75.67 Sept.
75.86 Oct.
75.74 Jan.
75.48
32-5=30dc
298,05 May
297,03 June
295.43 July
298.40 Aug.
294,38 Sept.
294,21 Oct.
293,13 Jan.,
32-6-lac
249,59 Jan.
249,55 Mar.
253,48 May
33-4-31bd
37.27 July
37.09 Aug.
37.02 Sept.
36.89 Oct.
36.94 Jan.,
36.86
33=5=3ba
144,74 July
144,20 Aug.
145,20 Sept.
144,98 Oct.
144,17 Jan.
144,13

Date

20,
19
23
15
12,

15,
20
19
23
15
12,

20,
19
23
15
12,

20,
19
23
15
12,

19,
15
21
19
23
16
12,

14,
3
18

21,
19
23
16
12,

19,
19
23
18
12,

1965

1966

1965

1966

1965

1966

1965

1966

1965

1966

1965

1965

1966

1965

1966

Water
level

69.88
69.81
70.23
70.18
71.80

72.80
69.88
69.81
70.23
70.18
71.80

117.11
117.00
116.32
116.86
117.08

74.79
72.61
71.78
71.60
Obstructed

292.81
292,57
292.00
291.97
291.98
291.56
291.58

249,72
249,57
Obstructed

36.68
36.69
36.55
36.50
36.30

143.99
143.56
142.76
142.39
141.98

- 928 -

Date

Aug.
Oct.

" Dec.

Mar,
Apr.

July
Aug.
Feb,
Oct.
Apr.
July
Sept.
Oct.
Dec.

17, 1964

3, 1965

1952

30, 1962

19, 1963
14

15, 1964
13
11
26
8

Water

level Date
33-5-11ab

124,98 June 22, 1965

125.10 July 21

124,91 Aug. 19

125.09 Sept. 23

125.00 Oct. -18

124,75 Jan. 12, 1966
33-5-19ab

26022/ Mar. 3, 1965

1682/ Apr. 21 .

1682/ May 19

166.732/ June 23

1702 July 21

1702/ Aug., 19

169.80 Sept. 23

168.19 Oct. 18

167.71 Jan. 12, 1966

a/ Measurements by Union 0il Co. personnel

Aug.
Oct.
Oct.
Dec.
Jan.
Mar.
Apr.

Jan.
Dec.
Jan.
Feb.
Mar.,
Apr.
July
Aug.
Septs
Oct.
Dec.

18, 1964
2
26
8
13, 1965
4
22

13, 1963

10, 1964
11

a/ Measured by

Aug.
Aug.
Sept.

Aug.
Aug.
Sept.

July
Oct.
Dec.
Jan.
Mar.
Apr.

10, 1965
31
23

10, 1965
31
23

24, 1964
26
9
13, 1965
3
22

=21bbl

33-5

265.36
269.69
260.85
261.96
261.06
269.74
270.43

May
June
July
Aug.
Sept.
Oct.
Jan.

-21da

33-5

238,53/
2382
2372/
236.?1/
2402
241,52/
26402/
239.74
240,75
244,83
241.34

Jan.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Jan.

19, 1965
23
21
19
23
18
12, 1966

13, 1965
3
22
19
23
21
19
23
18
12, 1966

Union 0il Co. personnel

33-6-12aa
53.90 Oct.
52.56 Jan.
52.00

33-6-12aa2
53.79 Oct.
52,31 Jan.
51.73

34-6-36ad
65.80 May
65.43 July
65.04 Aug.
64.90 Sept.
64.86 Oct.
64.66 Jan.

18, 1965
12, 1966

18, 1965
12, 1966

19, 1965
19
19
23
18
12, 1966

Water
level

124,50
124,17
123.13
122.08
121.83
121.45

167.34
166.81
166.70
166.37
166.19
166.29
166. 24
165.99
165.62

258.06
264,98
264.09
263.67
265.54
258.86
266.75

241.93
240.11
239.74
244,77
240.46
241.38
239,41
238.93
243,39
238,60

52,04
55.67

51.67
55.24

64 .84
64.70
64.76
64.46
64.31
64.02



Aug.
Oct.
Dec.
Jan.
Mar.
Apr.

Aug.
Oct.
Oct.
Dec.
Jan.
Mar.
Apr.

Date

14,

13,

22
18

11,
26
14,

23

* Pumped

Aug.
Oct.
Oct.
Dec.
Jan.

Mar., -

Apr.

17,
26
13,

22

1964

1965

1964

1965

1964

1965

Table 2.--Measurements of depth to water in observation wells~-~continued

Water Water Water
level Date level Date level Date
35-5~15ab 35-6=-21bc
203.95 June 23, 1965 201.41 Aug. 12, 1964 69.00 June 22,
203,64 July 15 201.36 Oct. 2 67.82 July 19
203.23 Aug. 20 201.29 Oct. 26 67.56 Aug. 20
203.18 Sept. 24 200.90 Dec. 9 67.85 Sept. 23
202.87 Oct. 18 200.79 Jan. 13, 1965 68.40 Oct. 19
202,35 Jan. 12, 1966 200.70 Apr. 22 70.85 Jan. 13,
201.81 May 19 69.88
35-5=-15dc 36=5=14ac
262,85 May 20, 1965 250.98 Oct. 24, 1964 12,09 July 15,
261.92 June 23 250,95 Dec. 9 10.47 Aug. 20
251.98 July 22 250.71 Mar. 3, 1965 9.88 Sept. 24
263.00 Aug. 20 250,84 Apr. 23 8.82 Oct. 18
251,73 Sept. 24 250,91 May 18 8.73 Jan. 12,
256.09% | Oct. 19 250.03 June 23 8.96
251,50 Jan. 12, 1966  249.95
37-3=-3cd
Sept. 10, 1964 53.23 June 23,
35=5-22cbl Oct. 26 53.21 July 15
Dec. 9 53,33 Aug. 20
186.60 May 20, 1965 186.79 Jan. 14, 1965 53.43 Sept. 24
186.01 June 23 186 .66 Mar. & 53.60 Oct. 19
pumping | July 21 185.89 Apr. 23 49,33 Jan. 12,
186.95 Aug. 20 185.53 May 18 47.08
187.00 Sept. 24 184.80
187.08 Oct. 18 184,72
187.28 Jan. 12, 1966  185.53

- 99 -

1965

1966

1965

1966

1965

1966

Water
level

70.08
67.90
66.39
66.15
66.21
67.51

47.05
46.00
46.39
46.75
46.94
47.94



From

2,934
2,996
3,130

70
125
135
175
205
225

255
265

300

15
60
75
92
105
112
140

65

125
130
310

50
80
190
195
230
235

To

2,934

2,996
3,130
3,401

20
70

125
135
175
205
225
255

265
300

305

15
60
75
92
105
112
140
165

65
85
125
130
310
332

50

190
195
230
235
400

Thick-
ness

32-5=-16ac
2,934

62
134
71

32-5=-16bc

20
50

55
10
40
30
20
30

10
35

32-5-22ad

15
45
15
17
13

7
28
25

32-5=-30bb

65
20
40
5
180
22

32-5=30bd2

50
30
110
5
35
5
165

laplie 4,==urrLiers

Lithology

Alternating sandstone and
shale

Cut Bank sandstone

Ellis Group(?)

Madison Limestone

Shale, yellow, medium hard

Shale -yellow, hard (small
amount of water at 70 ft.)

Shale, gray, medium hard

Shale, yellow, medium hard

Sandstone, gray, medium hard

Shale, yellow, medium hard

Sandstone, gray, hard

Sandy shale, gray, medium
hard

Lime shell, gray, medium hard

Sandstone, gray,-medium hard
(water increased between
285 and 300 ft.)

Shale, gray, medium hard

Surface soil
Sandstone, gray

Sand

Sandstone, brown
Sandstone, brown, hard
Sandstone, gray, hard
Shale, gray

Sandstone, gray--water

Clay and dirt

Gravel

Shale

Sandstone (water)
Shale, gray

Sandstone, gray (water)

Surface dirt and clay
Gravel

Shale, gray

Sand (water)

Shale, gray, sandy
Water sand

Gray sandy shale

- 30 -

From

130
135
165
185
306
390

UL Wwo

100

170

24

27

38

46

57
61

70

95

To

25

95
100
142
146
235
260
270
340
360

370

390
400

50
130
135
165
185
306
390
445

55
61

100
170

180

24

26
27
38

46

57

61
70

95

100

Thick-
ness

32-6-24da

25
70
5
42
4
89
25
10
70
20
10
20
10

50
80
5
30
20
121
84
55

33-5-6bb
S

3
2
0
6

39
70

10

33-5=6¢b

11

o N

25

LOES UL WELLS Lil LUE VUL Daun arcd; nvusaua
(Thicknesses and depths below land surface are given in feet.)

Lithology

Soil and yellow clay
Sandy shale

Shell

Shale and shells
Sandstone and bentonite
Shale, gray

Sandstone, hard

Gray shale and shells
Gray shale

_Sandstone

Shale
Sandy shale
Gray shale

Dirt, clay and gravel
Gray shale

Water sand

Gray shale

Sandstone with water
Gray shale

Sandstone, gray (water)
Shale, gray

Surface clay

Sand

Gumbo

Coarse gravel (water cased
out)

Shale

Intermittent shale and
sandstone

Sandstone (Virgelle) (water
rose to 26 ft. from surface)

Clayey sand

Sandstone, hard, buff, fine-
to medium-grained

Soft drilling break

Shale, brittle, black, platy

Pebble conglomerate, medium
hard, buff, medium- to fine~
grained sandstone layers

Sandstone, fine-grained and
layers of fine pebbly sand-
stone. Trace black shale
partings. Softer drilling

Sandstone, hard, gray, fine-
grained

Shale, firm, dark-gray, platy

Sandstone, hard, gray, rough
drilling, with occasional
conglomerate and hard shale
streaks

Silty sand, medium hard,
light-gray, clayey, fine=
grained--makes mud

Sandstone, hard, gray, fine-
grained, clayey



From

100

110

126

133

150

165

170

198

34

40

60

95
142
157
181
190
194
201
214
228
240
267
287

268
270
275
291

To

110

126

133

150

165

198

34
40

95
142
157
181
190
194
201
214
228
240
267
287
302

28
30
55
62
167

170
182
187
230
234
268
270
275
291
294

Table 4.--Drillers' logs of wells in the Cut Bank area, Montana--continued

Thick=- )
ness Lithology
33-5-6¢cb-~~continued
10 Shale, hard, greenish-gray,
fine-grained
16 Sandstone, hard, fine-grained,
rough drilling with occasional
pebbles of gray sand--not
clayey, slightly cleaner
with some green shale streaks
7 Silty sand, softer, fine-~
grained, smooth drilling
17 Sandstone, harder, light-gray,
very fine-grained, ben-
tonitic, rough drilling
15 As above with streaks of dark-
brown shale
5 Sandstone, firm, medium-gray,
very fine-grained, with occa-
sional streaks of greenish-
gray shale
28 Sandstone, medium-hard, medium-
gray to brownish-gray, fine-
grained, streaks of white
bentonitic sandstone. Drill-
ing break--slightly rough--
coal seam
Momentary loss of returns-=
started taking water at
195 ft.
14 Sandstone, brownish-gray,
mediuvm-grained, porous
33=5=29ca
34 Surface
6 Shell
20 Shale
35 Shale and sand
47 Shale
15 Sandstone (dry)
24 Shale
9 Sandstone (dry)
4 Shale
7 Sandstone (dry)
13 Shale
14 Sand, shaly
12 Sandstone (water)
27 Shale
20 Sandstone
15 Sandstone (water)
33-5-30aa
28 Surface
2 Shell
25 Shale °
7 Sandstone (water)
105 Shale with stringers of
sandstone
3 Shell
.12 Shale
5 Shell
43 Shale
4 Shale, sandy
4 Sandstone, shaly
2 Shell
S5 Sandstone
16 Sandstone, water-bearing
3 Shale

Thick=
From To ness
33-6=3ca
0 10 10
10 48 38
48 49 1
49 69 20
69 70 1
70 74 4
33-6-12aa2
0 10 10
10 20 10
20 22 2
22 30 8
30 45 15
45 57 12
57 58 1
58 63 5
63 71 8
71 73 2
73 84 11
84 99 15
99 105 6
105 115 " 10
115 116.5 1.5
116.5 122 5.5
122 127 5
127 128 1
128 128.5 0.5
128.5 130 1.5
130 131 1
131 162 31
162 162.5 0.5
162.5 176 13.5
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Lithology

Top soil and clay

Gravel

Shale

Sandstone, water-bearing
Shale

Clay

Clay, tan, sandy--medium-
grained sand in clay--some
thin sandstone streaks

Clay, buff, slightly sandy
and silty--harder sandstone
layer at 20 ft.

Sandstone, hard, gray, medium=
grained

Alternating clay and sandstone,
dark=-gray and tan

Sandstone, moderately hard
drilling, gray, medium-
grained with some fine-
grained streaks-=occasional
streaks of brown clayey
siltstone

Sandstone, moderate to hard
drilling, gray, salt and
pepper type, medium-grained

Sandstone, hard, gray,
medium-grained

Sandstone, firm, gray, medium-
grained, salt-and-pepper,
no loss of drilling fluid
to 60 ft.

Shale, firm, dark-gray, chunky

Sandstone, hard, sharp grains--
slow, rough drilling

Sandstone, moderate to soft
drilling, gray, fine-
grained, bentonitic

Sandstone, hard drilling,
medium to coarse-grained,
gray, salt-and-pepper

Sandstone, very hard drilling,
gray, fine- to medium-
grained, salt-and-pepper

Shale, soft, gray or green

Sandstone(?), hard drilling,
dark-gray

Bentonite, soft, gray or
gray-green, sandy

Sandstone, hard, very fine-
grained

Shale, soft, gray-green

Sandstone, hard, very fine=-
grained

Sandstone, soft, gray, fine-
grained, poorly cemented,
bentonitic

Sandstone, hard

Shale, soft smooth drilling,
dark-gray with some green
or dark-brown streaks,
bentonitic, sandy

Hard streak (sandstone?)

Shale, soft, light-gray,
sandy, bentonitic--hard
zone from 167 to 168 ft.



From

176

185

190
© 193

200
205

209

221
224

230

235

240

242

245

290
295
304

333

338

380

85
110
140
145

To

185

190

193
200

205
209

221

224
230

235

240

242
245

290

295
304
333

338

380

400

85
110
140
145
150

Table &4.--Drillers' logs of wells in the Cut Bank area, Montana=--continued

Thick
ness

Lithology

33-6=12aa2==continued

9

~Nw

w N

45

29

42

20

34-5-18cc

85
25
30
5
5

Sandstone, firm, gray, salt-
and-pepper, fine- to medium-
grained

Hard, rough drilling--some
fluid loss--fractured zone?

Shale, smooth drilling

sandstone, hard, gray, salt-
and-pepper, sharp, medium=-
grained alternating with
shale, soft, greenish-gray
and brownish-gray

Shale, smooth drilling, brown
and greenish-gray

Bentonite, smooth, soft
drilling, cream or white

Bentonite, sandy, gritty with
occasional streaks of black,
carbonaceous shale

Shale, hard rough drilling,
black, sandy

Bentonite, smooth-drilling,
vhite, sandy

Sandstone, gray, salt-and-
pepper, bentonitic, fine-
grained, well-rounded
grains--white, rose, and a
few green quartz grains

Sandstone, fairly smooth
drilling, salt-and-pepper
(about 1/2 white and 1/2
black grains), medium-
grained

Coal, soft drilling

Sandstone, medium-grained,
subrounded grains-=fluid
loss==bran added

Sandstone, firm, light-gray,
fine-grained, gritty,
subangular grains

Sandstone, very hard, fine-
grained

Sandstone, medium-hard, gray,
uniformly fine-grained

Sandstone, medium-hard, gray,
salt-and-pepper

Sandstone, friable, gray,
salt-and-pepper, medium=
grained, slightly calcare-
ous==losing fluid

Sandstone, moderately hard
drilling, medium-grained,
salt-and-pepper, calcareous,
occasional streaks of dark-
gray shale

Shale, smooth drilling, dark-
gray, sandy

Clay, yellow

Sandstone, soft, gray
Sandstone, hard, gray
Sandstone, gray, water-bearing
Sandstone, gray
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From

16
60

100

110

155

180

25
30
75
152

15

29
31

36
40

75

85

103

106

12
21
26
69
75
141
150
200

To

16
60
100

110

155
180

205

25
30
75
152
224

15
29

31
36

40
75

85

103

106

134

12
21
26
69
75
141
150
200
238

Thick=
ness

35=4=12bd2

16
44
40

10

45
25

25

35-5=16ac
25
5
45
77
72
35-5=34da
8
7

14

35

10

18

28

35-=5=34dc

wv (=) £
cwoowLWUuoNW

38

Lithology

Ssand and medium-sized gravel

Sandstone, hard, buff

silty, clayey sand, highly
argillaceous, buff with
intervals slightly soft
(may cave) and beds of hard,
gray sandstone

Sandstone, firm to hard, gray
and medium-brown

Sandstone, gray, fine-grained

Sandstone, gray, medium=
grained, water-bearing

Sandstone, fine-grained inter-
bedded with green siltstone
and gray shale--shale in-
creasing downward

Clay, sandy

Sandstone

Clay and sandstone, brown
Clay, blue and sandstone
Sandstone

Sand, brown and medium-size
gravel

Sandstone, firm, buff,
medium-grained

Sandstone, firm, buff,
medium= to fine-grained

Sandstone, soft, brown, shaly

Sandstone, firm, buff with
soft shaly streaks

Sandstone, very hard, gray,
medium-grained

Sandstone, medium-gray,
medium- to fine-grained

Sandstone, gray, medium-
grained, water-bearing
(main water from 78 ft.
to 85 ft.)

Sandstone, gray, medium- to
fine-grained, moderately
bentonitic

Sandstone, very hard, gray,
fine-grained

Sandstone, dark-gray, shaly
and siltstone with layers
of hard, dark-gray shale

Clay

Clay, sandy

Sand

Sandstone, hard
Sandstone, soft

Shale, hard

Sandstone, soft

Shale, hard

Sandstone, soft

Shale, hard and sandstone



From

90

95
113

116

144

149

162
165

180

205

220

225
230

250

35
42
48
54
63
70
80
108
113
120

130

To

60

90

95

113
116

144

149

162

165
180

205

220

225

230
250

257

35
42
48
54
63
70
80
108
113
120
130

150

Table 4,--Drillers’' logs of wells

Thick~
ness

36-4-35aa

2
58
30

25

15

36-4=35ab

35

7
6
6

10

28

10

20

Lithology

Top soil

Clay, brown

Clay, gray with occasional
cobbles and thin seams of
gravel from 80 to 90 ft.

Sandstone, firm, buff
(Virgelle)

Sandstone, hard, buff

Sandstone, soft, brown, clayey;
clayey siltstone

Sandstone, firm, buff, medium-
to fine-grained

Sandstone, very hard, gray,
calcareous with a trace of
coal at the base

Sandstone, firm, buff, medium-
or fine-grained, clayey
matrix with occasional streaks
of gray shale and hard, gray,
tight sandstone

Sandstone, hard shell, gray

Sandstone, buff, medium fine-
grained, clay matrix (hole
drilled with air to 180 ft.--
dry)

Sandstone, firm, gray, fine-
grained with occasional
bentonite seams

Sandstone, friable, gray,
medium- to fine-grained,
water-bearing-~occasional gray
shale seams

Sandstone, firm, gray, generally
as above, probably porous,
moderately friable

Sandstone and shale, hard

Sandstone, friable, brownish-
gray, fine- to medium-grained,
clean--trace gray shale
partings--water-bearing

Sandstone, gray, fine-grained
with a band of light-gray
shale

Gravel, coarse with some layers
of sand and pea gravel

Sandstone, very hard, buff

Sandstone, firm, buff

Siltstone, soft, clayey to
sandstone, buff, very fine-
grained _

Sandstone, hard, buff (bailed--
hole dry)

Sandstone, hard, gray, fine-
grained

Sandstone, medium-hard, buff,
fine-grained

Sandstone, medium-hard, buff,
fine~ to medium-grained

Sandstone, very hard, buff
grading to gray

Sandstone, gray, fine-grained,
slightly shaly

Sandstone, brown and gray,
fine-grained

Sandstone, gray, fine-grainmed,
bentonitic
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From

150

160

170

180

190

200

220

25
30
40
67
75
85
90

130

140

150

170

190

200
210

220

10

30

52
68

79

To

160

170

180

190

200

220

225

25
30
40
67
75
85
90
130

140

150

170

190

200

210
220

225

30

52

68
79

82

Thick=-
ness

10

10

10

10

10

20

36-4=-35adl

25
3
10
27
8
10
5
40

10

10
20

20

10

10
10

36-4=-35ad2

3
7

20

22

16
11

3

in the Cut Bank area, Montana-=-continued

Lithology

36-4=35ab--continued

Sandstone, brownish-gray,
fine-grained, slightly
bentonitic

Sandstone, brownish-gray, fine-
grained, cleaner than above,
water at 165 ft.

Sandstone, brownish-gray,
fine-grained, clean, water=-
bearing

Sandstone, as above but
slightly shaly

Sandstone, friable, gray,
fine-grained, slightly
bentonitic

Shale and sandstone, lighte
gray, bentonitic

As above with increases in
shale content

Gravel, coarse with sand
layers

Pea gravel and sand

Sand with some clay

Clay, gray and occasional
gravel seams

Sandstone, very hard (top of
Virgelle Sandstone)

Sandstone, medium-hard

Sandstone, hard

Sandstone, firm, brown,
fine-grained

Sandstone, gray, fine-grained
with some gray shale
partings

Sandstone, gray, fine-grained,
cleaner than above

Sandstone, hard, gray, medium-
to fine-grained, clean,
water-bearing

Sandstone, gray, medium= to
fine-grained, water-bearing

Sandstone, gray interbedded
with some fine-grained
sandstone and gray shale

Sandstone, gray, fine-grained

Shale, medium-gray, and
interbedded siltstone and
fine-grained sandstone

Shale, medium-gray and some
siltstone

Top soil, sandy silt

Sand, brown, silty with some
fine gravel

Sand, brown medium- and
coarse-grained with gravel
seams

Clay, light-gray with coarse
gravel seams

Sandstone, hard, buff

Sandstone, hard, buff, medium-
grained

Sandstone shell, very hard,
calcareous (bailer test=-
hole dry)



From

82

83

120
135

150

185

To

83

120

135
150

185

210

Thick-

ness

1

37

15

15

35

25

Lithology

36-4=35ad2--continued

Sandstone, very hard,
calcareous

Sandstone, firm, buff,
water-bearing (bailer test--
27 gallons per hour)

Sandstone, firm, buff and gray,
bedded N

Sandstone, hard, gray, fine-
grained

Sandstone, moderately friable,
gray, medium-grained,
porous, water-bearing

Sandstone, very fine-grained,
giltstone and shale, gray.
Shale content increases with
depth

- 34 -

From

0
18
62

140

33
90
120

To

18
62

' 140

161

33
90
120
136

Thick-
ness

36-6-14ba

18
44
78

2

36-6=-25dd

33
57
30
16

Table 4. -=Drillers' logs of wells in the Cut Bank area, Montana-~-continued

Lithology

Clay, sandy and gravel

Clay, yellow

Clay, blue with some streaks
of sandstone

Sandstone with some clay,
water-bearing

Clay, yellow, sandy

Clay, blue with some sandstone
Sandstone, with some blue clay
Sandstone, water-bearing
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