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INTRODUCTION

Ground-water resources of the Blackfeet Indian Reservation are facing increased devel-
opment for domestic and public drinking-water supplies and for industrial use. Along with the
increased demand for ground water is an increased need for ground-water data to address
water-rights issues, water-quality concerns, and water-management decisions. The increased
demand for ground water and ground-water data highlighted the need for a better understand-
ing of the reservation’s ground-water resources. To fulfill this need, a 3-year long investigation
of the geology and ground-water resources of the Blackfeet Indian Reservation was made by
the U.S. Geological Survey (USGS) in cooperation with the Blackfeet Water Resources De-
partment.

Purpose and Scope

This report describes the geology and ground-water resources of the Blackfeet Indian
Reservation. The report contains geologic maps of the reservation and describes aquifers of the
reservation, including their water-bearing characteristics and water quality.

Geologic units and aquifers were classified as either unconsolidated deposits or bedrock
and were mapped separately. A map of surficial geology showing unconsolidated deposits that
overlie bedrock was prepared from field mapping, geologic interpretation of 1:40,000 scale
aerial photographs, and compilation of existing geologic maps. A map of bedrock geology was
prepared primarily from compilation of existing maps, with modifications made based on field
mapping of outcrops. Aquifers were identified from well and spring data, physical characteris-
tics of unconsolidated and bedrock units, and published reports about ground-water resources
of the region.

Availability and quality of ground water were determined from inventory and sampling of
wells and springs. Data from Indian Health Service files in the town of Browning also were
used to characterize the water quality and yields of aquifers. Five test wells were installed by
the USGS to investigate potential for water development. The wells were used to measure water
levels, collect water-quality samples, and estimate water-yielding properties of aquifers.

Geographic Setting

The Blackfeet Indian Reservation is located in northwestern Montana on the eastern slopes
of the Northern Rocky Mountains. The reservation is bounded on the north by Alberta, Canada,
and on the west by Glacier National Park. The reservation encompasses nearly 2,400 square
miles in Glacier and Pondera Counties, Montana. In 1990, the population of the reservation
was approximately 8,550 (U.S. Bureau of the Census, 1991).

The area is mostly rolling grassland typical of the northern Great Plains, but rugged gla-
ciated mountains and valleys border the western margin. The land surface ranges in altitude
from about 3,300 feet at the mouth of Cut Bank Creek on the eastern boundary to 9,080 feet on
Chief Mountain in the northwestern part of the reservation.

Many small streams and rivers, largely fed by snowmelt from the rugged mountains to
the west, flow through the reservation. The northwestern part of the reservation is drained by
the St. Mary River and its tributaries, which are within the Hudson Bay drainage basin. All
other streams, including Milk River, Cut Bank Creek, Two Medicine River, Badger Creek, and
Birch Creek, are within the Missouri River drainage basin. Lakes and wetlands, ranging in size
from less than 1 acre to about 2,100 acres, are numerous in areas once occupied by glaciers or
ice sheets.

Precipitation varies considerably with altitude. Lower areas near Cut Bank receive an
average of 12 inches of precipitation annually, whereas the higher mountains and foothills
along the western boundary receive an average of more than 40 inches of precipitation per year.
Central areas of the reservation, such as near Browning, have an average annual precipitation
of about 16 inches (National Oceanic and Atmospheric Administration, 1982).

Previous Investigations

The Blackfeet Indian Reservation and surrounding areas have been the focus of several
geologic investigations, primarily because of exploration for minerals and hydrocarbons and
also because of general interest in the geology of Glacier National Park. Early mapping on the
reservation focused on titaniferous magnetite beds (Stebinger, 1914), geology and coal re-
sources (Stebinger, 1916), and geologic structures with potential for hydrocarbon development
(Stebinger, 1917). Geology of Glacier National Park was mapped by Ross (1959), Carrara
(1990), and Whipple (1992). The extensively faulted Disturbed Belt was mapped in detail by
Mudge and Earhart (1980, 1983, 1991). Geology of the Cut Bank area was mapped by Erdmann
and others (1946). Rocks of the Montana and Colorado Groups, which underlie most of the
reservation, were described in detail by Cobban (1955), Gill and Cobban (1973), and Cobban
and others (1976). Glacial geology of the region was mapped by Alden (1932, 1953). Glacial
deposits in the northwestern part of the reservation were mapped by Horberg (1954) and Rich-
mond (1986). Geologic structure of the top of the Madison Group was mapped by Feltis (1984).

Several studies have examined water resources or water use in the Blackfeet Reservation.
A water-resources survey of Glacier County was made by the Montana Water Resources Board
(1969). Zimmerman (1967) described the water resources of the Cut Bank area. Geology and
ground-water resources of the Two Medicine irrigation unit were studied by Paulson and
Zimmerman (1965). Swenson (1960) made a brief study on the domestic water supply of the
U.S. port of entry at Piegan. Morrison-Maierle Inc. (1973, 1978) inventoried water resources
on the reservation and investigated future water requirements. Quality of water in the Madison
Group was reported by Feltis (1980).

GEOLOGY

The Blackfeet Reservation is situated between the Lewis Thrust Fault and the Sweetgrass
Arch (see index map of major structural features). The Sweetgrass Arch is a structurally high
area that consists of the South Arch and Kevin-Sunburst Dome (Dobbin and Erdmann, 1955).
The western part of the reservation is within a structurally complex area known as the Dis-
turbed Belt of Montana (Mudge and Earhart, 1980). The northern part of the Disturbed Belt in
the Blackfeet Reservation is a zone of closely spaced, westward dipping thrust faults, with
many folds and some normal faults. Deformation of the Disturbed Belt occurred during early
Tertiary time (Mudge, 1970; Mudge and Earhart, 1980).

East of the Disturbed Belt on the western flank of the Sweetgrass Arch, bedrock units are
nearly horizontal, dipping from less than 1 to 5 degrees westward, with an average dip of not
more than 2 degrees (Stebinger, 1917). All rocks exposed in this area are sedimentary in origin
and they range in age from Late Cretaceous to early Tertiary. From oldest to youngest, the
formations are Telegraph Creek Formation, Virgelle Sandstone, Two Medicine Formation,
Bearpaw Shale, Horsethief Sandstone, and St. Mary River Formation of Cretaceous age, and
the Willow Creek Formation of Cretaceous and Tertiary (Paleocene) age.

Within the Disturbed Belt, rocks typically dip from 20 to 60 degrees westward, although
in many locations highly disturbed rocks have steeper or shallower dips or are overturned.
Rocks exposed in the Disturbed Belt east of the Lewis Thrust Fault are sedimentary rocks that
range in age from Cambrian to early Tertiary. In general, rocks exposed within the Disturbed
Belt are oldest in the western part of the belt and youngest in the eastern part.

The trace of the Lewis Thrust Fault is mostly west of the Blackfeet Indian Reservation.
Within Glacier National Park, the Lewis Thrust Fault has an average strike of N. 30 degrees W.
and dips west at a small angle, generally less than 10 degrees (Ross, 1959). Sedimentary rocks
of the Lewis Thrust Plate (west of the Lewis Thrust Fault) are the oldest rocks in the region and
are of Proterozoic age. Middle Proterozoic rocks of the Altyn Formation and Greyson Forma-
tion are present on some of the highest peaks of the reservation, where the Lewis Thrust Fault
intersects the western reservation boundary.

Consolidated rock units (bedrock) in much of the reservation are overlain by unconsoli-
dated deposits of Quaternary age, or, in some areas, by gravel of late Tertiary age. Unconsoli-
dated deposits include gravel in terraces and pediments, till from both continental ice sheets
and mountain glaciers, sediments deposited in glacial lakes, rock and surficial debris in land-
slides, and alluvium in the channels and flood plains of many streams.

GROUND-WATER RESOURCES

Aquifers of the Blackfeet Indian Reservation are classified as either unconsolidated-de-
posit aquifers or bedrock aquifers. Unconsolidated-deposit aquifers and their water-bearing
characteristics are described on the map of surficial geology (sheet 1). Bedrock aquifers and
their water-bearing characteristics are described on the map of bedrock geology (sheet 2).

The general hydrogeologic setting of the reservation consists of fine-grained, low-perme-
ability bedrock aquifers overlain in many areas by unconsolidated-deposit aquifers of moder-
ate to high permeability. Coarse-grained unconsolidated deposits of Quaternary and Tertiary
age comprise the most important aquifers in many areas. Alluvium, gravel beds within or
beneath till, gravel in pediments and terraces, and glacial outwash all are used as sources for
stock and domestic water supplies. Where bedrock is unproductive mudstone or shale, uncon-
solidated deposits are the only source of potable ground water.

East of the Disturbed Belt, water suitable for stock and domestic use is present in Creta-
ceous sandstone beds of the Horsethief Sandstone, lower part of the Two Medicine Formation,
and Virgelle Sandstone. Water is more mineralized in deeply buried sandstone aquifers than in
near-surface sandstone aquifers.

Within the Disturbed Belt, bedrock aquifers primarily are in Cretaceous sandstone beds
of the St. Mary River Formation, Horsethief Sandstone, lower part of the Two Medicine For-
mation, Virgelle Sandstone, and Kootenai Formation. These sandstone aquifers are tapped by
wells only in the vicinity of their outcrops or where they are overlain by thin, unconsolidated
deposits. Within the Disturbed Belt, the upper 50 to 100 feet of rocks appear to be more perme-
able than deeper rocks, based on observed yields of water wells. Ground water is not available
or water quality is not satisfactory for domestic use in mudstone or soft shale of the Willow
Creek Formation, St. Mary River Formation, Bearpaw Shale, upper part of the Two Medicine
Formation, and Marias River Shale.

Aquifer recharge is greatest to unconsolidated-deposit aquifers in the western part of the
reservation, where precipitation is greatest. Gravel-capped pediments and terraces are readily
recharged by percolation of rainfall and snowmelt. The higher glaciated areas accumulate a
thick snowpack with deep drifts on the lee sides of numerous ridges; slow melting of the snow-
pack recharges unconsolidated-deposit aquifers. Annual recharge to bedrock aquifers is small
compared to recharge to unconsolidated-deposit aquifers. Recharge is limited by the low per-
meability of the dominantly fine-grained bedrock.

Discharge from unconsolidated-deposit aquifers is to springs, streams, lakes, wells, and
underlying bedrock aquifers. In the western part of the reservation, springs are numerous along
contacts between unconsolidated deposits and underlying bedrock. These contact-type springs
demonstrate the greater permeability and ground-water circulation in unconsolidated-deposit
aquifers. Discharge from unconsolidated deposits contributes to the baseflow of many streams.
Streamflow measurements of Cut Bank Creek, between Starr School and the highway bridge
about 4 miles north of Browning, showed a consistent downstream increase in streamflow.
Many springs and seeps discharge from unconsolidated deposits to Cut Bank Creek along this
reach. Discharge from bedrock aquifers is to wells, some springs, and regional ground-water
flow. Bedrock aquifers probably discharge water to major streams although the amount dis-
charged is small and difficult to measure. Streamflow measurements of Two Medicine River
indicated no discernible discharge from bedrock aquifers and measurements of Badger Creek
indicated a small discharge from either bedrock or unconsolidated-deposit aquifers.
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Unconsolidated-Deposit Aquifers

Coarse-grained alluvium (Qal on sheet 1) beneath flood plains and in channels of major
streams is one of the most productive aquifers in the reservation. Where alluvium is thick and
is recharged by surface water, dependable ground-water supplies could be developed for irri-
gation and public use. Alluvial aquifers with a high potential to sustain large-capacity wells are
present in the St. Mary area, the valley of Cut Bank Creek between Starr School and Sharp
Lake, and the Two Medicine River valley between Little Badger Creek and the old mission in
sec. 2, T. 31 N, R. 9 W. If large-capacity wells were developed in the alluvium and large
withdrawals were incurred, most recharge to the alluvial aquifer would be from infiltration of
surface water. Wells suitable for stock and domestic use could be developed in alluvial aquifers
that are present along many streams. A well drilled in the valley of Whitetail Creek (well BL91-
2 with sample 20, table 1) penetrated 14 feet of glacial till and 31 feet of alluvium without
reaching bedrock. The well was pumped for 5 hours at an average rate of 22.1 gallons per
minute and had a total drawdown of 12.7 feet. Water from this well had a dissolved-solids
concentration of 343 milligrams per liter.

Till deposited by piedmont glaciers (Qtp on sheet 1) typically has a gravelly to clayey
matrix. Generally, the till is a poor aquifer because of its low permeability. However, in some
areas gravel deposits within the till, between till units, or underlying the till constitute an im-
portant aquifer for stock, domestic, and public water supply. These gravel deposits are present
in preglacial and interglacial channels that later were buried by glaciers. Gravel deposits also
are present in some channels formed by runoff from melting glacial ice and in terraces buried
under glacial till. Buried channels have been mapped in parts of the Willow and Flatiron Creek
Valleys and in the vicinities of Kipp Lake and Mission Lake (sheet 1). Buried terrace gravel is
present west of Seville Flat and in the Squaw Buttes area east of Mission Lake, where glaciers
covered Tertiary gravel deposits. Buried gravel deposits are the source of water for many wells
in the Browning area, including public supply wells near Willow Creek on the west side of
Browning and near Flatiron Creek about 5 miles west of Browning. Water sampled from Brown-
ing public water-supply well no. 2 had a dissolved-solids concentration of 291 milligrams per
liter (sample 16, table 1). Domestic wells in the Duck Lake area also tap gravel deposits within
or beneath till.

Many small springs and seeps discharge from gravel beds associated with till that was
deposited by piedmont glaciers. Springs are numerous in the higher western part of the reser-
vation where the meltwater from large snowdrifts recharges shallow ground-water flow sys-
tems. An area of exceptional discharge from gravel deposits underlying till is present in the
upper Willow Creek drainage basin in the SW'/s of sec. 34, T. 32 N, R. 12 W. In that area,
many springs combine to form a small tributary to Willow Creek. The combined discharge of
the springs is about 2.6 cubic feet per second. The springs discharge along the contact between
glacial deposits and the underlying Marias River Shale. Recharge for the springs is from many
small lakes and depressions that capture rainfall and snowmelt on a nearby ridgetop. A water
sample collected from the springs had a dissolved-solids concentration of 140 milligrams per
liter (sample 14, table 1).

Terrace and pediment gravel deposits (Tgl, Tg2, and QTg on sheet 1) are common in
unglaciated areas of the Blackfeet Reservation, where they are important aquifers that dis-
charge to many springs. In this report, the highest and oldest gravel deposits are mapped as Tgl
on the surficial geology map (sheet 1) and are the deposits of the number 1 benches of Alden
(1932). The deposits of Tg2 are the second highest terrace and pediment gravel deposits and
QTg are the third highest gravel deposits. The Tg2 and QTg gravel deposits are the deposits of
the number 2 and number 3 benches of Alden (1932), respectively. Additional lower terrace
deposits are present in some areas of the Milk River and lower Cut Bank Creek drainage ba-
sins, but they are not shown on sheet 1. Related to the terrace and pediment gravel deposits are
deposits mapped as gravel and outwash (Qgo on sheet 1). Those deposits, in some areas, are
terrace and pediment gravel that was reworked by glacial meltwater; in other areas the gravel
was deposited directly by glacial meltwater.

The hydraulic properties of terrace, pediment, and outwash gravel deposits are similar,
but the potential for water development varies considerably because of large variability in
recharge, discharge, and storage of water in the gravel aquifers. In general, the gravel deposits
most favorable for development of wells are on the larger, low-lying pediments where there is a
large amount of ground water in storage. Wells completed in pediment gravel and used for
domestic water supply are located on Starr School Flat at Starr School, Seville Flat, and near
the North Fork Milk River. Gravel in higher terraces and pediments has less potential for well
development because ground water readily drains from the gravel and discharges to springs
located at the contacts between the gravel and underlying bedrock. Many of the springs are
used for watering livestock.

Quality of water from terrace, pediment, and outwash gravel generally is very good, with
arange of dissolved-solids concentration from 37 to 347 milligrams per liter, as measured in 9
samples from wells and springs (table 1). The sample with the largest concentration of dis-
solved solids also had the largest concentration of dissolved nitrate— 9.8 milligrams per liter
as nitrogen. That water sample was from a well in an agricultural area in section 22, T. 37 N.,
R. 11 W. (sample 1, table 1).
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Saint Mary, Montana—Alberta (1981), Valier, Montana (1984)
metric quadrangles, 1:100,000
CONVERSION FACTORS
Multiply By To obtain
acre 4,047 square meter
cubic foot per second 0.028317 cubic meter per second
foot 0.3048 meter
gallon per minute (gal/min) 0.06309 liter per second
inch 254 millimeter
square mile 2.59 square kilometer

Temperature can be converted to degrees Fahrenheit (°F) by the equation:
SF=9/5(°C) +32

Sea level: In this report “sea level” refers to the National Geodetic Vertical
Datum of 1929 (NVGD of 1929)—a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.
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DESCRIPTION OF MAP UNITS
GEOLOGIC DESCRIPTION EXTENT WATER-BEARING CHARACTERISTICS
E ALLUVIUM (HOLOCENE and PLEISTOCENE)— Alluvial deposits are present in and adjacent to almost all Thick alluvial deposits are a dependable source of water for
Unconsolidated gravel, sand, silt, and clay beneath flood plains  stream channels in the reservation. In many valleys, however, domestic and stock wells and generally yield from 10 to 50
of major streams. Includes some outwash gravel and sand from  gravel and sand deposits are thin and are restricted to narrow gal/min. In the St. Mary area, thick alluvial deposits yield 100
piedmont glaciers. Alluvium is thin beneath most flood plains zones along the active stream channel and banks. These thin, gal/min or more to some wells. Irrigation wells with yields of
but is thick in some fan deposits. Thick deposits are present at narrow areas of alluvial deposits are not shown on the surficial 100 to 500 gal/min likely could be developed where alluvial
St. Mary, where alluvial fans from Divide and Wild Creeks geology map. Thicker and more extensive alluvial deposits are gravel is recharged by streams
filled the glacial channel now occupied by Upper and Lower mapped in the St. Mary River, Milk River, South Fork Milk
St. Mary Lakes. Drill holes in the St. Mary area penetrated as River, Cut Bank Creek, Two Medicine River, and Badger
much as 188 feet of alluvium and lake sediment without Creek valleys
reaching bedrock (Alden, 1932)
- LANDSLIDE DEPOSITS AND TILL (QUATERNARY)— Mapped chiefly in the mountains and foothills near the Glacial and landslide deposits in the mountains and foothills
Areas of landslides and glacial till with many rock outcrops. southwestern and northwestern boundaries of the reservation. are recharged largely from melting snow and discharge water
Much of this area formerly was covered by piedmont glaciers. In the glaciated mountains and foothills around Dog Gun Lake,  to small seeps and springs. In some areas, shallow wells drilled
48° 45' Where present, till generally is a thin veneer overlying Mitten Lake, and Heart Butte (the mountain), and areas west of  to the top of the bedrock will produce small yields to stock and
bedrock. Steeper slopes are mostly characterized by St. Mary River, landslide deposits are common domestic wells
discontinuous landslide deposits and rock outcrops. Landslide
deposits largely consist of rock debris or retransported surficial
deposits
l TILL DEPOSITED BY PIEDMONT GLACIERS Till deposited by piedmont glaciers covers much of the western  Till generally is a poor aquifer because of its low permeability.
(PLEISTOCENE--WISCONSIN STAGE)—Gravelly to clayey  and southern parts of the reservation. In the St. Mary River However, in some areas gravel deposits between till units or
till in ground moraine and in terminal, recessional, and lateral area, till deposited by the St. Mary Glacier extends from the underlying till are an important aquifer. Stock and domestic
moraines. Includes gravel deposits in narrow buried channels valley of St. Mary River eastward to St. Mary Ridge and Duck wells completed in these gravel units yield from 10 to 20
and meltwater channels. Thickness of till typically is from 1to  Lake, and northward into Canada, where it was overlapped by gal/min. Where buried channels of sand and gravel are present,
15 feet, although in small areas thickness may be more than 50 younger till deposited by the Laurentide ice sheet (Qtc on sheet  yields greater than 100 gal/min have been obtained from
feet. During the Wisconsin Stage of glaciation, moraines were 1). Till deposited by the Two Medicine valley glacier mantles public-supply wells. Yields to large-capacity wells may decline
formed by glaciers flowing eastward and northeastward from an area of more than 500 square miles, extending from East with prolonged pumping because of slow recharge through till
the high mountains onto the plains along the valleys of St. Glacier Park northeastward to Cut Bank Creek, southeastward to the gravel
i Mary River, Cut Bank Creek, Two Medicine River, and Birch to the town of Heart Butte, and as far east as the Two Medicine
1 g Creek. Includes areas of landslide deposits on steep slopes east ~ Riverinsec. 11, T. 31 N,,R. 7 W.
of St. Mary River and in upper Cut Bank Creek basin
DISCONTINUOUS LAKE DEPOSITS Glacial lakes once occupied parts of the St. Mary River and Stratified sand and gravel within the lake deposits reportedly
£ (PLEISTOCENE)—Glacial lake deposits include laminated Milk River valleys and the Cut Bank Creek drainage basin. yield 10 to 20 gal/min to a few wells; in many areas, the lake
¢ clay and silt, some stratified sand and gravel, and scattered Spillway altitudes for the glacial lakes were about 4,550 feet deposits are dry
5 A granitic pebbles, cobbles, and boulders. More than 30 feet of for Lake St. Mary, about 4,010 feet for Lake Twin River (in
P 3 silt deposited in glacial Lake Cut Bank is exposed in some Milk River valley) and about 3,900 feet for Lake Cut Bank
: coulees (Alden, 1932). In much of the area formerly occupied (Horberg, 1954). Water that discharged from glacial Lake Twin
by glacial lakes, lake deposits are thin or have been removed River to glacial Lake Cut Bank carved a broad channel now
by erosion named Big Rock Coulee
E NONGLACIAL GRAVEL AND OUTWASH Gravel deposits that were reworked or were transported by Gravel deposits near Meriwether discharge ground water to pits
(PLEISTOCENE)—Chiefly coarse gravel and cobbles in sand glacial meltwater are mapped in the Squaw Flat area, northeast  that are used for watering stock. Most wells tapping saturated
matrix. Includes nonglacial fluvial terrace and pediment gravel  of Duck Lake, and near Meriwether, northeast of Blackfoot. sand and gravel have adequate yields for stock and domestic
deposits that were reworked by glacial meltwater. Also Outwash sand and gravel deposited by glacial meltwater is use. A spring on the north side of Badger Creek in T. 30 N., R.
includes sand and gravel deposited as outwash from melting mapped in the Badger Creek valley and north of the Two 9 W. discharges about 30 gal/min
", glaciers. Thickness of the sand and gravel locally is more than Medicine River near the old Mission (the Mission is in sec. 2,
w3 ~ 38 feet T. 31 N.,R. 9 W.). Outwash sand and gravel also is mapped in
* | Qgo 4. N i BN several areas west of Cut Bank
<9 — e sttt PN el 47
3 |
= = I TILL DEPOSITED BY CONTINENTAL ICE SHEETS Till deposited by southward and southwestward moving ice of ~ The clayey or loamy till has low permeability and it yields little
nGravel (PLEISTOCENE)—Pebbly clay loam or loam till containing continental ice sheets is widespread near the northern and or no water to wells
P, numerous granitic and metamorphic pebbles, cobbles, and eastern boundaries of the reservation. Along the northern
B boulders from Canada. The till is 15 to 70 feet thick in lower boundary, till mantles areas between the St. Mary and North
Birch Creek and Two Medicine River drainage basins and Fork Milk Rivers, and along the lower Milk River. In the
97 7 about 50 feet thick along the St. Mary River at the International ~ southeastern part of the reservation, till that mantles the
3 /) g Boundary. Includes till units deposited during the late bedrock surface between Alkali Lake and the mouth of Two
b vV \ K/ ; Ao 3 Wisconsin and Illinoian glaciations Medicine River generally is overlain by lake sediments
o) fa - DRIFT OF PRE-WISCONSIN MOUNTAIN GLACIERS Drift of pre-Wisconsin mountain glaciers is mapped on Small springs discharge from drift on the ridges. Water-
4 (PLEISTOCENE AND POSSIBLY PLIOCENE)—Consists Swiftcurrent Ridge, Sandy Ridge, St. Mary Ridge, Milk River yielding potential to wells is unknown but probably would be
mostly of unsorted subrounded to subangular gravel, cobbles, Ridge, Cut Bank Ridge, and Two Medicine Ridge. Thickness small because of poor permeability of till
and boulders with minor amounts of sand, silt, and clay. The of the drift is 200 feet or more on Swiftcurrent Ridge, 250 feet
drift includes multiple till beds in some locations (Richmond, or more on St. Mary Ridge, and 150 feet or more on Milk
1986). In places, the drift is cemented by calcium carbonate River Ridge and Two Medicine Ridge (Alden, 1932)
I TERRACE AND PEDIMENT GRAVEL (PLEISTOCENE Gravel-capped terraces and pediments are mapped in the Gravel deposits near Fox Creek and Starr School are readily
AND PLIOCENE)—Chiefly coarse gravel and rounded to sub unglaciated parts of the Milk River and Cut Bank Creek recharged by rainfall and snowmelt. Springs, with flows
-angular cobbles with some sand and silt. Gravel and cobbles drainage basins. The nearly flat areas known as Freezeout Flat,  ranging from about 2 to 40 gal/min, discharge from the gravel
are mostly quartzite and argillite clasts derived from mountains  Starr School Flat, and Greasewood Flat are examples of gravel  aquifers. Wells with yields of 50 gal/min or more are likely
to the west. Includes some glacial outwash overlying pediment ~ -capped pediments. Another large but unnamed pediment is in from some wells completed in thick, saturated gravel beds
gravel near Fox Creek and Starr School. The deposits typically ~ T. 34 N.,R. 13 W. between Fox Creek and South Fork Milk
overlie planated erosional surfaces cut into bedrock. The River. Terrace and pediment gravel is buried beneath till,
terrace and pediment surfaces were mapped as number 3 where glaciers overrode the western parts of Starr School Flat
Qal benches by Alden (1932). Terrace and pediment gravel and Seville Flat. Buried gravel also is present in the Squaw
typically is from 5 to 40 feet thick Buttes area, east of Mission Lake
: Qal OLDER GRAVEL (PLIOCENE)—Coarse gravel and rounded  Gravel deposits of the highest (Tgl) terrace or pediment Gravel deposits on terraces and pediments are readily
o cobbles with sand and silt. Gravel and cobbles are mostly remnants are present between the North Fork and South Fork recharged by rainfall and snowmelt. Small springs and seeps
: 7 = quartzite and argillite clasts derived from the mountains to the Milk River, and on Houseman Hill, Landslide Butte, and discharge from gravel beds of the highest terraces (Tgl) and
i 48° 30' west. The sediments were deposited by braided streams on Rocky Ridge. Gravel deposits of terrace level Tg2 are located from gravel-filled coulees downslope from those terraces.
Spring pe
Qal planated erosion surfaces and, as a result of topographic on Milk River Ridge and Seville Flat Springs, with discharges ranging from 3 to 60 gal/min, flow
\ A inversion, now are erosional remnants on high ridge tops and from gravel aquifers of unit Tg2. The springs discharge
& on broad northeastward sloping pediment surfaces. The highest primarily along contacts between gravel and the underlying
X o and oldest gravel (Tgl) generally is from 5 to 20 feet thick and Cretaceous bedrock. Wells tapping gravel aquifers of unit Tg2
] . S = ; : the second highest gravel (Tg2) is from 5 to 40 feet thick. The typically yield from 15 to 30 gal/min
35 : - B cQgo '\ ° Tgl and Tg2 gravel deposits are the deposits of the number 1
i _ Tw and 2 benches as mapped by Alden (1932)
" o I BEDROCK, UNDIVIDED—Rock outcrops or bedrock with a Rock outcrops are numerous in the mountains and foothills, In some areas, small springs discharge from soil and colluvium
=~ .J(_Ha n thin cover of soil, colluvium, or residuum adjacent to incised rivers, and in the unglaciated north-central that overlies bedrock. See description of bedrock units (sheet 2)
. part of the reservation for water-yielding characteristics of bedrock aquifers
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Table 1. Quality of water in unconsolidated-deposit aquifers
12° 45 [Geologic unit: Qal, Quaternary alluvium; Qtp, Quaternary till from piedmont glaciers; Qgo, Quaternary gravel and outwash; QTg, Quaternary to Tertiary gravel; Tg2, Tertiary gravel. Constituents are dissolved and concentrations are reported in milligrams per liter. Abbreviations: gal/min, gallons
per minute; E, estimated; M, measured; puS/cm, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius. Symbols: <, less than; —, no data. Analyses by Montana Bureau of Mines and Geology]
SCALE 1:125,000
e 1 2 3 4 ANNEED o o Onsite Water
) Geo- Date Dis-  specific tem- : Dis- Nitrate,as
- Mag- - P - Bicar- Sul- lo- luo- M - .
r - Tw ! e g A m IOMEIBRS Ble Location logic o sam- oheise charge conduc- Qi pera- ol a9 55 olas o Gl Fide Silica  solved nitro- Iron HRER Zinc Comments
< num- type (gal/ pH cium nesium dium sium bonate fate ride ride nese
ber unit pled min) method tance ture solids gen
(uS/cm) °c)
1 SE!/,SEY,SW1/, Qgo Well 06-08-92 15 E 662 7.6 75 52 38 21 0.50 330 17 3.4 0.77 11 347 9.8 <0.003 <0.002 0.022 Domestic well
sec. 22, T.37N,,R. 11 W.
2 SW!,NW!/,NE!/, Tg2 Spring  07-10-91 60 E 380 7/ Sl 44 21 313 .60 240 1.8 .90 22 15 208 it .007 <.002 .012  Multiple discharge points
sec. 26, .36 N.,R. 13 W.
3 SEY,NW!,,SEY, Qtp Well 06-10-92 — — 496 7.8 8.5 62 28 3.4 .70 340 8.5 1.0 .30 13 285 <.05 12 .14 <.008  Campground well
sec. 20, T. 36 N, R. 13 W.
4 NE!/,NW!/,SE!/, Qtp Well 06-10-92 6 M 497 T3 6.5 71 24 1.4 .50 320 8.5 13 25 8.9 279 1.0 <.003 <.002 .007  Campground well
sec. 20, T. 36 N.,R. 13 W.
5 SE!,NW!,,NW1/, Tg2 Spring  09-26-90 10 E 360 6.8 10.0 — — — - — — — — — — - — — — East of St. Mary Ridge
sec. 16, T.35N.,R. 13 W.
6  SE!,NE!,SEY, QTg  Spring  07-10-91 40 E 453 79 10.5 56 22 6.8 70 290 6.0 1.4 15 10 248 04 014 014 003  Multiple discharge points
sec. 14, T. 34 N,R. 13 W.
7 SE!,SE!/,NW1/, 'Colluvium Spring  09-13-90 15 E 260 7.5 9.0 — — — — — - = — — — — — — — East of St. Mary Ridge
sec.8, .34 N,,R. 13 W.
8 NWY,NW!,SW1;, Tg2 Spring  07-30-92 20 iE 55 6.6 10.0 3D 1.1 95 1.0 37 <2.0 47 .09 7.1 37 39 033 .005 .003  Multiple discharge points
.28, T.34 N.,,R. 12'W.
INDEX MAP SHOWING SOURCES OF GEOLOGIC DATA .
9 NW!,NEY,SE!/, N.Hmm Spring  07-30-92 20 E 301 8.2 15.5 41 13 8.3 .90 210 2. .60 25 14 182 <.10 058 010 .005  Multiple discharge points
sec. 17, T. 34 N.,R. 12'W.
10 NW!,,NE!/SE'/, “Tg2  Spring  09-12-90 3 E 250 6.7 15.0 — — — — — — — — — — — — — — Milk River Ridge
/] Alden (1932) sec. 15, T. 34 N, R. 12 W.
- m H w i = - - o - - . B . . - a! o 1
E Horberg (1954), Richmond (1986) 11 ”.M.\ N\WZ./_.E u\mm“w W . QTg Spring  07-09-91 40 E 285 7.5 9.5 38 15 3.0 30 200 5.2 1.1 07 71 168 25 034 002 064  Starr School spring
[37] Miller (1955) 12 SWY,NWI,SEY, QTg  Spring  07-29-92 15 E 465 8.0 9.0 47 28 12 70 300 7.6 12 49 10 266 2.0 004 <002 002 North of Cut Bank Creek
, sec. 16, T.33N.,R. 11 W.
4 ]
. Rostison ansl s (196 13 SEU,NWI,NW!, T2 Well  06-11-92 - = 22 82 9.0 21 25 11 30 180 16 56 81 8.1 175 87 <003 <002 010  Domestic well
[5 ] Colton, R.B., U.S. Geological Survey, unpublished sen. 22,7 0L, B T,
mapping of the Valier, Montana 30x60 minute 14 SW1,NW1,SW1/, Qtp Spring  06-12-92 1,170 M 266 8.1 6.5 30 13 23 40 160 23 20 27 11 140 23 <.003 <.002 <.008  Multiple discharge points
quadrangle, 1993 sec. 34, T.32 N.,R. 12 W.
15 NE!/,NW!,SW/, Qtp Well 07-29-92 12 M 611 7.6 8.0 69 28 22 157 320 58 6.0 22 11 354 30l 021 .002 013  Domestic well
see. 3, T-32 N, R.11 W.
16 NE!/,NE!/,SW/, Qtp Well 06-09-92 11 M SI19; 7.8 6.0 60 21 17 12 290 39 1.8 .30 93] 291 22 051 052 010  Browning public-supply well no. 2
sec. 3, T.32N,R. 11 W.
1e7 SEY,NW!,SW/, Qtp Spring  08-02-91 20 E 1,060 7.9 16.5 e — — — — — — — — — — — — — Multiple discharge points
sec.2,T.32N.,R.9W.
18 Sw!,SEY,NE!, Qtp Spring  07-10-91 25 E 530 79 10.0 71 27 6.6 1.1 350 15 1.3 18 73 301 18 019 007 064  Depot Creek basin
sec. 36, T. 32N, R. 12 W.
19 NW!,NE!/,SW1/, Qgo Spring  07-11-91 30 E 600 7.6 8.0 74 30 9.3 20 360 25 1.6 .36 8.8 331 13 <.003 <.002 004  Multiple discharge points
sec. 25, T.30N.,R. 11 W.
20 NW!,NEY,SW1/, Qal Well 05-05-92 22.1 M 546 el 10.0 63 34 20 1.9 370 25 5.0 .50 11 343 48 004 .003 007  Test well BL91-2
sec. 21, T.30N.,R.9W.
21 SWY,NW!1, SWY/, Qtp Spring  07-12-91 5 E 530 7/ 14.0 66 27 11 201 330 20 1.4 .36 9.1 302 .20 .007 .007 .002  North of Birch Creek

sec. 25, T.29N.,R. 9W.

Surficial geology

1Colluvium not mapped on sheet 1.
2Spring discharges from Tertiary gravel (Tg2) in small gully below mapped outcrop.
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