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GEOLOGY AND WATER RESOURCES OF THE BLUEWATER
SPRINGS AREA, CARBON COUNTY, MONTANA

By EvererT A. ZIMMERMAN

ABSTRACT

The Bluewater Springs area in Carbon County, Mont., is drained by spring-
fed Bluewater Creek. Water from springs feeding this creek and from a flow-
ing well is used by a fish-rearing station operated by the State of Montana.
Water is also used for irrigation, stock, and domestic needs. The U.S. Bureau
of Sport Fisheries and Wildlife proposes to install a larger fish-rearing station
and requested this study to determine the availability of water.

Rocks underlying the area include the following units: the Madison, Amsden,
Tensleep, Park City, Dinwoody, Chugwater, Ellis, Morrison, Cloverly, and Colo-
rado. Of these, the Madison Limestone, Tensleep Sandstone, and Chugwater
Formation offer potentially large yields of water by natural flow. Well depths
required at the present rearing station site or at a site 1 mile upstream are:
1,250 feet into the Madison, 800 feet through the Tensleep, or 700 feet through
the Chugwater. The yield of a well through these formations should be about
5,000 gpm. Westward dip of the beds favors artesian conditions in the aquifers,
and faulting contributes to the permeability of the beds., The presence of ex-
tensive spring deposits indicates that spring flow has continued over a long
period and no evidence was found to indicate depletion.

The water is fairly highly mineralized but is of good quality for fish rearing
as is indicated by the rapid growth rate of trout raised at the present station.
Calcium and sulfate ions are the principal dissolved constituents. The ground-
water temperature ranges from 44°F to 58°F, but much of the water is near
56°F, reportedly the optimum for trout rearing.

INTRODUCTION
LOCATION AND EXTENT OF THE AREA
The Bluewater Springs area, as discussed in this report, constitutes
the headwater part of the Bluewater Creek drainage basin in T. 6 S,
R. 24 E., eastern Carbon County, Mont. The detailed study includes
about 16 square miles. This area is part of a larger area described
by R. S. Knappen and G. F. Moulton (1930), who undertook the
investigation primarily to procure data for classifying public lands.
SCOPE AND PURPOSE

In the spring of 1960 the U.S. Geological Survey was asked by
representatives of the U.S. Bureau of Sport Fisheries and Wildlife
for information regarding the availability of about 30 cfs (cubic feet
per second) of water for the establishment of a large fish hatchery
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and rearing station in the Bluewater Springs area. There is a State
fish-rearing station in the area at present using water from Blue
Spring, one of a number of springs whose combined yield originally
provided the perennial part of the flow in Bluewater Creek. A test
well for oil drilled in the vicinity in 1950 was completed as a water
well with an abundant flow of water, and this suggested the pos-
sibility of obtaining additional supplies of water for a Federal fish-
rearing station by drillihng wells. The success of the State rearing
station in effecting the rapid growth of fish stimulated interest in the
establishment of a Federal station near the site. The Geological Sur-
vey undertook this study to determine the feasibility of obtaining
enough additional ground water to support the Federal. fish-rearing
station. The study is a part of the Interior Department’s investiga-
tional program for development of the Missouri River Basin.

METHOD

During the course of this investigation 1 well and 20 springs were
inventoried and their positions noted on aerial photographs on a
scale of 1:20,000. A reconnaissance of the geology was made and
data recorded and referred to the aerial photographs. These data
were transferred to a base map prepared from a topographic map at
a scaleé of 1:24,000 that was prepared by Fairchild Aerial Surveys
Inec. for the U.S. Bureau of Reclamation. The Surface Water Branch
of the Geological Survey gaged flows of the well and nine springs
in October 1960. The Geological Survey Quality of Water Branch
has maintained a gaging station on Bluewater Creek near the State
fish-rearing station since April 1960 and has analyzed samples of
water from several sources in the area. In addition, the Conservation
Division of the Geological Survey provided data on oil tests in the
area as did F. W. Woodard, a consulting geologist of Billings, Mont.
This report was prepared with data obtained from these sources.
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SITE-NUMBERING SYSTEM

Well, spring, and sampling sites referred to in this report have
been assigned numbers indicating their location within the land sub-
divisions surveyed by the U.S. Bureau of Land Management. The
first digit refers to the township, numbered southward from the
Montana Base Line in this area. The second refers to the range,
which is numered eastward from the Montana Principal Meridian.
The third is the section number, which is followed by two letters.
The first letter refers to the quarter section lettered counterclockwise
from the northeast quarter. The second letter refers to the quarter
of a quarter section similarly lettered starting in the northeast quar-
ter of the quarter section. If two or more well, spring, or sampling
sites are in the same quarter of a quarter section, consecutive numbers
are suffixed in the order in which they were inventoried. The number-
ing system isillustrated in figure 1.
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GEOGRAPHY
TOPOGRAPHY AND DRAINAGE

The area investigated is drained by Bluewater Creek, a tributary
of the Clarks Fork of the Yellowstone River. The topography is
moderately rough. The general land surface rises to the east on
the west flank of the Pryor Mountains. This rise is broken by many
cuestas formed by resistant rocks that generally dip away from
the mountains. Altitudes within the area range from 3,700 to 5,000
feet above sea level.

CLIMATE

The Bluewater Springs area has an arid to semiarid climate and
an average annual rainfall of about 10 inches. The average mean
annual temperature is 45°F. The average temperature during the
April through September growing season is 59°F, and about three
quarters of the annual precipitation falls during this half of the
year. During the coldest winter months, January and February,
the average temperature is about 29°F. The frost-free season gen-
erally lasts from May 19 to September 17. Marked temperature
extremes are common and temperatures as high as 108°F or as low
as —35°F have been reported.

POPULATION AND CULTURE

The report area is rather sparsely populated. Houses are situated
only in the valley of Bluewater Creek because the land there is most
suitable for cultivation and the springs provide water. About 25 peo-
ple live in the area, at three ranches and the State hatchery. Agri-
culture, the sole industry, consists largely of livestock raising.
Cattle, sheep, and horses graze the dryland parts of the study area,
which are generally too rough for cultivation. The irrigated parts
are mainly devoted to growing forage crops. In addition to the
State fish-rearing station several ranchers have recently begun prepa-
rations for rearing fish on a commercial scale.

USE OF WATER IN THE BLUEWATER SPRINGS AREA

The principal uses of water in the Bluewater Springs area are
irrigation, fish rearing, watering livestock, and domestic use. Of
these, all but fish rearing deplete the water supplies. Virtually all
the perennial streamflow is now appropriated for the above purposes
either within the area or downstream. However, as fish rearing is
not a consumptive use and does not appreciably impair the quality
of water for irrigation or livestock use, greater use of presently avail-
able water could be considered. Additionally, the use of water for
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irrigation (the largest single use) is subject to very wide seasonal
fluctuation, and thus arrangements may be feasible to consumptively
use presently appropriated water during seasons of low demand.

SURFACE WATER

Bluewater Creek is the only perennial stream in the study area.
Its flow is sustained by ground water and is relatively steady for a
stream in a semiarid region. The Quality of Water Branch of the
U.S. Geological Survey since April 1960 has maintained a stream-
gaging station on the creek immediately downstream from the fish-
rearing station. During the period of record from April 1, 1960, to
September 30, 1961, the maximum flow was 104 cfs (cubic feet per
second) and the minimum 19 c¢fs. The annual mean flow was 25.9 cfs
in 1960 and 27.5 cfs in 1961. The graph of the streamflow in figure 2
shows the magnitude and distribution of the fluctuations. The fluc-
tuations display no clear-cut pattern except that the lower streamflows
were generally in the warmer months when irrigation and consump-
tive use by vegetation were greatest.

GROUND WATER
GENERAL PRINCIPLES

Ground water in the Bluewater Springs area is obtainable from
openings in consolidated rocks of Mississippian, Pennsylvanian, Trias-
sic, Jurassic, and Cretaceous ages and from poorly or irregularly con-
solidated sediments of Quaternary age. Any formation or other rock
unit that yields water to wells is called an aquifer. The openings in
an aquifer may be in the form of solution cavities, joints, and bedding
planes, or in the form of pore spaces between grains of silt, sand, or
gravel. Voids in limestone, dolomite, and gypsum are chiefly solution
cavities—enlarged joints and openings along bedding planes. Sand-
stone, siltstone, and conglomerate contains intergranular openings as
well as openings along cracks or joints and bedding planes. In addi-
tion to these more common types, tufa contains cavities formed by the
decay of vegetation around which the rock material was deposited.
In this area many cavities are fractures caused by deformation of the
rocks.

The proportion of pore-space volume to volume of solid rock is
called porosity. In order to transmit water to a well or other point of
discharge the pore spaces must be interconnected. Generally, the
larger the connected openings the greater the rate at which water can
be transmitted. The capacity of a material to transmit water is called
permeability.

721-925—64——2
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The water in an aquifer is said to be under water-table conditions
if it is under atmospheric pressure. If water in an aquifer is con-
fined by less permeable beds so that it rises in a well penetrating the
aquifer, it is said to be under artesian conditions. Ground water is
commonly under water-table conditions in one part of an aquifer and
under artesian conditions in another part. In the Bluewater Springs
area the ground water of most economic importance is under artesian
conditions.

MOVEMENT

All ground water of economic importance is constantly moving from
the points at which it enters the rocks to points of discharge. The
rate of movement varies widely but is generally very slow. The
principal factors governing the rate of flow are the permeability of
rock and the force inducing flow. This force is due to differences in
altitude (head). As most of the ground water considered in this re-
port is confined under artesian head, differences in head inducing flow
from areas of high head to areas of low head are of great importance
in this study. These head differences are due, in part, to the differ-
ence in altitude between areas of recharge and points of discharge.

RECHARGE

Recharge of the ground water is by precipitation, either directly by
infiltration from the land surface or indirectly by streamflow seeping
into the ground. Many of the aquifers crop out on the summit and
flanks of the Pryor Mountains to the east, where precipitation is
heavier than in the Bluewater Springs area. The aquifers are re-
charged by precipitation over hundreds of square miles of outcrop
and by the generally ephemeral streams that drain the mountains. As
there is little surface-water runoff from the Pryor Mountains, much
of the precipitation on the mountains probably recharges these aqui-
fers. However, inasmuch as these formations also persist at depth
throughout thousands of square miles and crop out around other
mountain ranges, the Pryor Mountains obviously are not the sole area
of recharge.

DISCHARGE

Ground-water discharge is the exit of water from a ground-water
body. It may be accomplished by natural means as flow from springs,
seepage onto the ground surface or into streams, and transpiration by
vegetation ; or it may be accomplished artificially by pumping a well
or allowing it to flow.

In the Bluewater Springs area ground water is discharged princi-
pally through springs, although one flowing well is discharging a rela-
tively large amount of water and plants are discharging an indeter-
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minable amount by transpiration. The discharge of individual
springs is as much as 8.2 cfs, and the flowing well discharges 8.3 cfs
or about 3,700 gpm (gallons per minute). The combined discharge of
all the springs and the well, less the amount lost to evapotranspiration,
comprises the flow of Bluewater Creek below the fish-rearing station.
As noted in the section on “Surface water,” this flow averages 25.9 cfs.

HYDRAULICS OF WELLS AND SPRINGS

When a well begins discharging, the water level in the well (or
potential level to which it might rise) drops. The level to which it
drops is such that the water movement induced in the surrounding
aquifer is equal to the rate of discharge. An increase in discharge
necessitates additional lowering of the pumping level. The difference
between the static water level and the pumping water level is termed
drawdown.

Under water-table conditions the zone of water-level lowering
around a well being pumped takes the form of an inverted cone with
the well at the apex and is called the cone of depression. The size
and shape of the cone of depression depend upon the permeability of
the aquifer and the rate at which the water is discharged. To supply
equal amounts of water to a well, water-bearing materials that have a
high permeability require less drawdown (flatter cone of depression)
than do materials having a low permeability. The areal extent of the
cone of depression is termed the area of influence. Water levels will
be lowered in wells within the area of influence of a well that is being
pumped.

The hydraulic factors discussed above also apply to artesian wells
and springs, except that the drawdown will be from the potential
water level which may be elevated well above ground surface, and
the cone of depression will be represented by a lowering of the pressure
head or piezometric surface around the well. The area of influence
of a flowing artesian well characteristically extends very rapidly so
that the pressure in artesian wells around a flowing well will be almost
immediately reduced when the well begins to flow. This reduction
of pressure in other wells is called interference and can be minimized
by drilling wells as far apart as feasible. Because most of the springs
in the Bluewater Springs area occur under artesian conditions, new
artesian wells should be drilled as far from them as is feasible to
minimize interference.

The specific capacity of a well is measured in gallons per minute
per foot of drawdown. In the case of a flowing well this drawdown
must be measured from the piezometric surface under shut-in condi-
tions. Thus, for a flowing well discharging 100 gpm at land surface
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in which the shut-in pressure could raise the water 100 feet above land
surface, the drawdown is 100 feet and the specific capacity is 1 gpm
per foot of drawdown. The specific capacity of a well depends on
the permeability and extent of the aquifer and the effective diameter
of the well. The effective diameter may be either larger than the
actual diameter, as where the openings in the well casing are efficient
and the well has been thoroughly developed, or smaller where the well
openings are too small and inefficient.

Springs behave in much the same manner as wells except that the
hydraulic characteristics are more difficult to determine. The effec-
tive diameter of a spring rarely can be determined, and as the potential
head of an artesian spring is usually unknown, the drawdown and
specific capacity are difficult to determine. Springs, like wells, may
be under either water-table or artesian conditions. They are under
water-table conditions if they exist because the water table intercepts
the land surface. Artesian springs are those in which the water comes
to the surface from confined aquifers through natural conduits. The
larger springs in the Bluewater Springs area are thought to be under
artesian conditions.

GEOLOGY
THE ROCKS AND THEIR WATER-BEARING PROPERTIES

OLDER PALEOZOIC ROCKS

Beneath the Bluewater Springs area lies about 2,400 feet of sedi-
ments not exposed in the study area. These rocks range in age from
Cambrian to Pennsylvanian. Those older than Mississippian are com-
posed principally of limestone and shale of probably rather low per-
.meability. The areal distribution of the rocks exposed in the study
area is shown on plate 1.

MISSISSIPPIAN ROCKS
MADISON LIMESTONE

The Madison Limestone of Early and Late Mississippian age under-
lies the Bluewater Springs area at a depth of about 1,000 feet. The
limestone is gray or dark blue, dense, very hard, fine grained to crypto-
crystalline, thick bedded, and relatively uniform in character, both
horizontally and vertically. It weathers to a light-gray or dirty-
white color and contains chert in amounts as large as 5 percent of the
total. Quartzite, in beds 3 feet thick or less, constitutes about 15
percent of the upper 100 feet of the formation. The sand content
decreases greatly below this upper zone. The limestone is largely
nonmagnesian and is quarried for industrial use in some places. The
thickness of the Madison is about 900 feet.
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The Madison Limestone was exposed to prolonged erosion before
the overlying Amsden Formation (Mississippian and Pennsylvanian)
was deposited. Chemical weathering of the limestone created exten-
sive systems of caverns and sinkholes and an irregular, pitted surface
on top of the formation. When the Amsden was deposited over the
irregular surface, it filled the sinkholes with red and purple shale,
and the collapse of many caverns resulted in their being filled with a
breccia of limestone blocks in a matrix of red and purple clay. The
sinkholes and caverns provided conduits for percolation of mineralized
ground water, and local concentrations of uranium minerals have been
found associated with the sinkhole and breccia deposits in the Pryor
Mountains.

The upper part of the Madison is highly permeable owing to the
presence of caverns and smaller voids caused by solution of limestone
and extensive jointing and shattering of the rock by structural de-
formation. The formation is the source of a number of large springs
in Montana and Wyoming, and several oil tests have produced large
flows of water from the Madison. However, because the limestone is
rather impermeable except where voids have been formed by solution
or fracturing, and because these voids occupy only a small percent
of the total rock volume, the chance of finding water in the Madison
Limestone is difficult to judge. In the Bluewater Springs area the
likelihood of finding permeable zones in the upper part of the Madi-
son is somewhat increased by the presence of several faults which
probably have shattered the rock to some extent.

MISSISSIPPIAN AND PENNSYLVANIAN ROCKS

AMSDEN FORMATION

The Amsden Formation unconformably overlies the Madison Lime-
stone in the Bluewater Springs area. The formation, of Mississippian
and Pennsylvania age, consists of beds of red and purple shale in the
lower part and soft and sandy limestone and some discontinuous, thin
beds of pink quartzite in the upper part. The Amsden is about 140
feet thick.

The following section was measured by Knappen and Moulton
(1930, p. 12) in a canyon in the SE1j sec. 7, T. 6 S., R. 25 E.:

Tensleep sandstone.
Evident erosional unconformity; beds above and below are parallel.
Amsden formation : Feet
Limestone, soft, or chalky mud, cream-colored, porous, soft, fine-
grained, thin-bedded, uniform in composition, weathering to yellow
clay; the rock is decidedly argillaceous, but containg little separate
clay or shale_ . e 103
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Amsden formation—Continued Feet
Limestone, very soft, like unit above, with minor amounts of red,
purple, and green shale interbedded ; deep-red shale reaches a thick-

ness of 15 in. in two beds . 22
Clay shale, red to purple, sandy, very soft; some buff to cream-colored
chalky limestone interbedded ; bedding poor, and material would be
considered Mississippian residual soil if thin cream-colored or buff

limestone were not present. 18

Covered 4
Conglomerate; limestone, chert, and quartzite pebbles in red clay
matrix ; all material is characteristic of underlying Madison and is

a residual soil product, only slightly sorted 1

Total thickness of Amsden formation . —omeme e 148
Erosional unconformity, with relief of 2 in 10 ft, horizontally.
Madison limestone.

The material comprising the Amsden Formation is too fine grained
and well cemented to transmit water freely except where cracks and
fissures have formed. Thus, the Amsden could be expected to con-
tribute little water to wells, but fractures can transmit water between
the underlying Madison Limestone and the overlying Tensleep
Sandstone.

PENNSYLVANIAN ROCKS
TENSLEEP SANDSTONE

Overlying the Amsden Formation is the Tensleep Sandstone of
Pennsylvanian age. Tan to white sandstone, slightly calcareous and
argillaceous at some places, comprises the formation. Some beds are
very friable, nearly pure, white sandstone. The steeply inclined cross-
bedding and uniform grain size of the lower part of the formation
suggest eolian deposition.

Where the Tensleep Sandstone is exposed on the east edge of the
study area, its resistance to erosion causes it to weather into hogbacks
and to form box canyons. Knappen and Moulton (1930, p. 13) meas-
ured the following section overlying the previously described Amsden
section.:

Embar(?) limestone.

Tensleep sandstone: Feet
Sandstone, cream-colored to buff, argillaceous, slightly calcareous,
easily eroded 21

Sandstone, buff, 1 to 2 mm grains, beds 2 to 6 ft thick, straight cross
beds dipping 25° or more, resistant to erosion and weathering;
makes main Tensleep hogback and forms narrow box canyons____

84
Total thickness of Tensleep sandstone - 105
Erosional unconformity.
Amsden formation.
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The uniform grain size and lack of cementing material make the
Tensleep Sandstone relatively porous and permeable, but the small
size of the pore spaces slows the movement of water. As in the
underlying formation, the Tensleep is more permeable where frac-
tured.

The flowing well, 6-24-4dd1, reportedly obtains its flow from the
combined Amsden and Tensleep interval. When this well was drilled
in February 1950 the flow was gaged by several means. The results
ranged from a high of 5,200 gpm to a low of 3,600 gpm. The
discharge in October 1960 was about 8,700 gpm. Thus, the maximum
decline during approximately 11 years was 1,500 gpm, but as the
5,200 gpm discharge is a maximum, it is probably more reasonable to
use a median figure of 4,400 gpm ag the initial flow. This indicates
a decline in flow of 700 gpm. The discharge of this well is now
probably in equilibrium with recharge and little or no water is being
withdrawn from storage.

When this well was completed, water discharged through a 3-inch
nipple in an open stream to a height of over 100 feet. Data obtained
regarding pressure required to force a firehose stream to this height
indicate that a pressure head of at least 200 feet would be necessary.
Thus, the effective drawdown was at least 200 feet from the potential
level to which the water would rise if it were confined in casing.
Using the maximum reported discharge of 5,200 gallons, this would
mean that the specific capacity of this well was 26 gpm per ft of
drawdown. This is a rather high specific capacity for a well in sand-
stone but is not unreasonable if fracturing is taken into account.

Blue Spring at the State fish-rearing station is probably obtaining
part of its water from the Tensleep Sandstone. No decline in flow
was noted when the flowing well was drilled but, as no accurate record
of the spring discharge was kept, it is not certain that there was no
interference. Wells drilled in the area in the future should be sit-
uated as far as practicable from existing wells and springs to minimize

interference.
PERMIAN ROCKS

ERVAY TONGUE OF PARK CITY FORMATION

Overlying the Tensleep Sandstone at three exposures is a lime-
stone which Knappen and Moulton tentatively referred to as the
Embar Formation. The name Embar was abandoned (McKelvey
and others, 1959) and the names Park City and Dinwoody Forma-
tions are used in this area. The Ervay Tongue of the Park City
consists of about 12 feet of gray-white, very porous limestone with
irregular, wavy beds up to 1 inch thick. In many ways it resembles
tufa.
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The Embar (Permian and Triassic age) of former usage is the
intertongued, thinning, discontinuous remnant of beds which, farther
to the south, have been subdivided into the Park City Formation of
Permian age and the Dinwoody Formation of Early Triassic age.

Because of its relative thinness, the Park City Formation is not
considered an important aquifer. Its porous character suggests that
it can transmit water, but its discontinuity may isolate it from

recharge.
TRIASSIC ROCKS

DINWOODY AND CHUGWATER FORMATIONS

The Chugwater Formation crops out in the eastern part of the
study area and consists of bright-red sandstone, siltstone, clay, and
gypsum beds. The bright-red color is a conspicuous feature of the
formation. The following section was measured by Knappen and
Moulton (1930, p. 15-16) in the SW14 sec. 36, T. 6 S., R. 24 E.:

Sundance formation (clays).
Erosional unconformity of very slight relief.
Chugwater formation : Feet
Clay, red, shading to pink and rose color, with much gypsum, dis-
seminated or in veinlets and interlaminated in beds as much as
half an inch thick 34
Gypsum, massive, pure white in upper 20 ft; basal part contains
some red clay; this bed has been quarried for a plaster of Paris
plant insec. 18, T. 7S, R. 24 E 30
Sandstone, 0.5 to 1 mm grains, in regular beds, cemented, veined,
and interlaminated with gypsum; color varies from dark to bright
red; this is the upper sandstone and forms the Chugwater cuesta
or hogback 5
Clay and sandstone, interbedded regularly, brown to olive-green but
normally appear red because of staining by slope wash; contain no

gypsum 20
Sandstone, gypsiferous, red-brown, thin-bedded and not resistant to
erosion, showing shallow-water wave ripples and cross bedS—mee--- 17

Clay, sandy, bright-red, poorly laminated except for numerous well-
bedded thin sandstones; not resistant to erosion and makes a gentle
slope above the scarp of the underlying middle sandstone_ .- 71

Sandstone, bright-red, well-laminated or bedded in strata 14-8 in.
thick, containing much red clay in sandstone and a smaller quantity
interlaminated; gypsum present in veinlets and to less extent in
Ts-in. laminations ; sandstone shows wave ripples and short, curved
crossbeds, not over 1 ft long; this is the prominent middle

sandstone 50
Clay, gypsiferous, and sandstone, olive-brown %
Sandstone, gray to brown, argillaceous, nonresistant and makes

reentrant in cliff face; appears red because of slope wasb_—_______ 12

Clay, red, massive ; not laminated and not at all indurated-———————-_ 23
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Chugwater formation—Continued Feet
Sandstone, brick-red, 0.05 to 0.3 mm grains; well laminated and con-
taining a few gypsum laminae; combines with underlying 29 ft to

form the resistant cliff-forming lower sandstone__________________ 5
Clay, red, unindurated, nonresistant ; well laminated, an unusual char-

acteristic in clays of this formation..__ - 11
Sandstone, brick-red, fine-grained- 2
Clay, bright-red, laminated and containing a few 34-in. beds of

green shale. 3
Sandstone, dark brick-red, fine-grained, wave-rippled_______________ 13

Clay, bright-red to brick-red, poorly laminated to massive; gypsum
disseminated in lower part and in veinlets throughout; irregular
vertical or steeply inclined joints, slickensided by settling move-
ments; green spots half an inch or less in diameter with rare
black material at center, probably an organic remnant that has

reduced iron in the surrounding clay - 64
Gypsum, white, marble-like, coarse-grained —— Y
Clay, brick-red___ - 4

Clay, green, with gypsum interlaminated, perhaps as much as 10
percent, in beds 5 in. or less in thickness; this zone has been con-
siderably crumpled, apparently by compacting or possibly flowing

under the load of the escarpment above - 13
Gypsum, granular, white - - N 24
Clay, green, with gypsum lamination as much as half an inch thick_._ 8

Total thickness of Chugwater formation —eew 436

Unconformity with wavy, irregular surface; relief amounts to 3 in 25 ft
horizontally.
Tensleep sandstone (calcareous).

The upper 64 feet of the measured section has been included with
the overlying Piper Formation of the Ellis Group by some workers
but, as it is lithologically similar to the underlying beds, the usage of
Knappen and Moulton (1930) is followed in this report. The basal
26 feet is the Dinwoody Formation of current workers.

The sandstone beds of the Chugwater are too fine grained and well
cemented to transmit water freely through the rock itself but the for-
mation is extensively jointed and in some places faulted. The system
of fractures gives rise to a fairly high permeability. During the drill-
ing of the well, 6-24-4dd1, a flow of water estimated at about 1,500
gpm was obtained from the Chugwater but was cased out to permit
deeper drilling. Many of the springs in the area apparently flow
from the Chugwater. The largest of these, 6-24-15db, flows as much
as 3,700 gpm, and the combined flow of three springs in sec. 15 provides
the perennial flow of Bluewater Creek.

Some evidence indicates there may be somewhat poor hydraulic
connection between fracture systems furnishing water to springs in
the Chugwater. The spring behind the Tom Lester home in the
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NESW1; sec. 15, T. 6 S, R. 24 E., is fully 75 feet higher and only
1,500 feet from the springs that rise in the hay meadow in the
 NW1SE1; sec. 15, T. 6 S., R. 24 E. It was reported that a large
spring in the SW14SW1/ sec. 14, T. 6 S., R. 24 E., ceased to flow fol-
lowing the 1935 earthquake at Helena, Mont. It may be that new
fractures opened and permitted the water that formerly issued at
this location to escape at other springs lower down the valley.

The Chugwater Formation probably could provide as much as
1,500 gpm to a well drilled about 750 feet deep anywhere along Blue-
water Creek from the State fish-rearing station to the confluence of
Bluewater and Frosty Jack Creeks. The highest yields, however,
might be expected near the faults crossing Bluewater Creek in the
NE4NW1j sec. 16, T. 6 S., R. 24 E., and at the fish-rearing station.
A well drilled at the fish-rearing station would probably interfere
with the flow from Blue Spring.

JURASSIC ROCKS

ELLIS GROUP

Knappen and Moulton (1930) mapped beds of Middle and Late
Jurassic age in this area as the Sundance Formation (Upper Juras-
sic). More recent workers have designated these beds the Ellis Group
following terminology used in central Montana. The Ellis Group is
divided into three formations: Piper (Middle Jurassic), Rierdon
(Upper Jurassic), and Swift (Upper Jurassic). These divisions were
not made in mapping for this report as the three formations com-
prise a lithologic unit almost uniformly unfavorable as a source of
water.

The total thickness of the Ellis Group in the study area is about
500 feet, but wells drilled along Bluewater Creek above the fish-
rearing station would penetrate less than 400 feet of the group. The
permeability of the Ellis is low as compared to other formations
and the quality of the water is inferior. A number of good springs
emerge in the Ellis outcrop area, but most of these probably yield
water conducted through the Ellis along faults from more permeable
beds below. The beds of the Ellis Group do not constitute an
important aquifer in this area.

MORRISON FORMATION

The Morrison Formation (Upper Jurassic) consists of a series of
fresh-water and continental sandstone, shale, and clay beds. It is
distinguished by its light-colored but not bright clay, shale, and yel-
low sandstone. Pastel tints of red, yellow, green, and purple char-
acterize the formation which, in general, consists of two beds of soft
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yellow or white sandstone separating three beds of shale or clay.
The upper and lower beds of clay are normally light yellow to yellow-
ish tan; the middle clay is varicolored, light green, purple, salmon,
and light red. The Morrison attains a thickness of about 240 feet but
is present only in the western part of the study area.

The Morrison Formation is not an important aquifer for the pur-
poses of this report largely because it does not underlie the most
feasible sites for a fish-rearing station. If a site downstream from
the State installation is selected, the Morrison would be penetrated
but would not yield great amounts of water.

CRETACEOUS ROCKS
CLOVERLY FORMATION

The Cloverly Formation (Lower Cretaceous), overlying the Mor-
rison, consists of a basal conglomerate or sandstone member, a middle
variegated shale member, and an upper shale, siltstone, and sandstone
member. These members are so distinctive in their lithology that the
lower and upper members have been named the Pryor Conglomerate
Member and the Greybull Sandstone Member, respectively.

The Pryor Conglomerate Member consists of fluvial conglomerate
and yellow sandstone. The conglomerate part is composed of pebbles,
predominantly black chert, in a matrix of medium- to coarse-grained,
yellow to gray sandstone.

Bright-red, green, purple, blue, yellow, and dull-black clay beds de-
posited above the Pryor Conglomerate Member constitute the middle
members of the Cloverly. The clay beds are normally sandy, rarely
laminated, repeatedly channeled, massive, and easily eroded.

The Greybull Sandstone Member consists of interlaminated brown
quartz sandstone, siltstone, and sandy shale. The sandstone is thin
bedded and shaly but fairly well cemented with limonite so that it is
somewhat resistant to erosion and makes a distinct escarpment. The
porosity of the member is rather low.

The Cloverly Formation has a total thickness of about 300 feet.
Like the Morrison, it does not constitute an important aquifer for the
purposes of this report because it does not underlie the most likely sites
for a fish-rearing station. The Pryor Conglomerate Member can sup-
ply small to moderate amounts of water for stock or domestic pur-
poses, but the water in it is under insufficient pressure to induce large

flows.
COLORADO GROUP

Overlying the Cloverly Formation is a series of beds about 2,400

feet thick. These are composed predominantly of marine shale with
some sandstone beds. They are commonly differentiated into the

-
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Thermopolis, Mowry, Frontier, Carlile, and Niobrara Formations;
but as only the lowermost 500 feet or so is present in the report area,
and as the beds do not constitute a source of water for the proposed
fish-rearing station, they are not considered separately here and are
shown on the geologic map as the lower part of the Colorado Group
(Lower Cretaceous).

QUATERNARY DEPOSITS

TUFA

The water from the springs in the Bluewater Springs area contains
calcium bicarbonate in solution. When the water reaches the ground
surface, the reduced pressure permits evolution of dissolved carbon
dioxide as a gas. This lessens the acidity of the water and under less
acid conditions calcium bicarbonate changes to the less soluble calcium
carbonate (lime), which precipitates to form a rock known as tufa.
Fairly extensive deposits of tufa underlie much of the valley and
smaller deposits occur on some hillsides. The deposits are generally
intermixed with alluvial or colluvial deposits.

When the tufa was deposited much vegetative matter growing in
the water around the springs was covered and incorporated in the
deposits. The subsequent decay of the vegetative matter left voids
in the molds thus formed. The presence of these and other voids
caused by re-solution of the tufa gives the deposits a high porosity.
Thus, in places, the tufa has a hollow sound when walked upon and
many excavations made in the material have developed rather copious
flows of water.

The deposition of tufa around springs tends to build up cones
until the pressure of the water either breaks through confining de-
posits or permits their re-solution. Thus, the general surface of the
deposits is broken by small mounds or hills marking the sites of former
spring activity. The large volume of the tufa deposits suggests that
spring flow and tufa deposition have continued over many centuries.

An intricate system of conduits in the tufa allows water to flow
easily from one part of the deposit to another. Most of the recharge
to the tufa is believed to be conducted up fault zones from underly-
ing formations. Although wells in the tufa can yield abundant quan-
tities of water if pumped, wells in the underlying formations probably
would prove more satisfactory as a water source for fish rearing
because of their natural flow.

STRUCTURE AND ITS RELATION TO GROUND WATER

The rocks underlying the Bluewater Springs area generally are
tilted toward the west away from the uplifted Pryor Mountains.
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In addition, numerous faults cut the beds. The area lies to the north
of a system of en echelon faults known as the Nye-Bowler lineament,
and the faults in the report area are probably related to this system.
The-beds in this area are displaced vertically along the faults but
the displacement usually is not large. The largest fault crossing
the area, called the Bluewater Fault by Knappen and Moulton (1930),
extends to the northeast to join the North Pryor fault and its
displacement increases in this direction. Where it crosses Bluewater
Creek the displacement is about 100 feet but increases to 300 or 400
feet in the northeast part of the area. The entire Nye—Bowler line-
ament and associated faulting are probably the surface expression of
a deep fault of much larger displacement.

The dip of the beds is important to the occurrence of ground water
in this area because the beds are thus exposed at substantially higher
elevations to receive recharge and thus create favorable artesian con-
ditions. Faulting of the beds is also important because the shattering
of the rocks in the vicinity of the faults has increased their permeabil-
ity and provided conduits for water to escape at the surface as springs.
The most favorable sites for large-capacity wells lie along the fault
zones, where advantage may be taken of the increased permeability.

QUALITY OF THE WATER

The quality of the water in the Bluewater Springs area is a prime
factor in making the area desirable as a site for fish rearing. The
rate of growth of fish reared in the State rearing station is reportedly
among the highest in the Northwest and is attributed, in part, to the
mineral content of the water. The Quality of Water Branch of the
U.S. Geological Survey collected and analyzed water samples at sev-
eral sites in 1960. The results of these analyses are shown in table 1.
In addition, a portable instrument for measuring the specific con-
ductance of water was used during the course of this study. The
specific conductance of water is a measure of the ability of water
to conduct an electrical current and is expressed in micromhos per
centimeter at 25°C. Because it is related to the amount of dissolved
material, it may be used for approximating the total dissolved-solids
content of water. The results are tabulated in table 2. The location
of water-quality sampling sites is shown in figure 3.

In general, springs in the northern part of the area produce water
with a higher specific conductance, and thus higher mineralization
than those in the southern part. Springs in the northern part
probably yield water conducted from deep artesian aquifers (Madi-
son Limestone and Tensleep Sandstone) to the surface along fault
planes, whereas those in the southern part yield water largely from
the Chugwater Formation at shallow depth.

-
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TasLE 1.—Chemical analyses of water from the Bluewater Springs area, Moniona

[Results in parts per million except as indicated.

Analyses by U.8. Geol. Survey]
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TABLE 2.—Temperature and specific conduciance of walter from selected wells
and springs
Tem-|Specific con- Tem-|Specific con- Tem-|Specific con-
Spring or | pera-| ductance Spring or | pera-| ductance Sprinﬁor pera-{ ductance
well ture | (micromhos well ture | (micromhos we! ture |{(micromhos
(°F) | percm at (°F) | per cm at (°F) | percmat
25°C 25°C) 25°C)
46 800
58 900
54 900
54 910
] 0
650
44 910

Water from springs in the northern part of the area has a higher
concentration of dissolved solids and higher specific conductance
than water from the flowing well 6-24—4ddl. This is probably
owing to the fact that whereas all the spring water percolates through
gypsiferous beds, the well water rises in casing. Thus, the spring
water has been in prolonged contact with gypsum. The source of
water for most springs is probably the Madison and Tensleep. The
water analyses in table 1 show that the principal difference between
water from spring 6-24-9bd1 (Blue Spring) and that from well 6-24—
4dd1 is that the spring water contains over twice the concentration
of calcium and sulfate ions of the well water.
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T16URE 3.—Location of points where water-quality data were collected.

The temperature of the ground water in the Bluewater Springs
area ranges from 44°F to 58°F. In general, the water temperature
is higher in springs in the northern part, averaging between 54°F
and 55°F, than in the southern part where the temperature of the
spring water averages 51°F. The optimum water temperature for

rearing rainbow trout is reportedly 56°F.
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Although the mineral content of the water from Blue Spring
(6-24-9bd1) is thought to be an important factor contributing to its
value for fish rearing, there is some suggestion that the mineralization
is higher than optimum. The laboratory of the Wyoming Game and
Fish Commission reported that fish sent from the Bluewater fish-
rearing station showed moderate to extreme vacuolation of the liver,
probably owing to the high mineralization of the water.

Water from the well and some of the springs has a slight odor of
hydrogen sulfied gas (rotten-eggs odor). The gas is largely removed
during the aeration necessary for water used for fish rearing and
should pose no problem.

Many of the oil tests drilled in south central Montana and the Big-
horn Basin in Wyoming have found shows of oil in the Tensleep
Sandstone. QOil found in a well drilled for a fish-rearing station
would undoubtedly adversely affect the usefulness of the water for
fish rearing, but in view of the free artesian circulation it is unlikely
that this problem will arise.

SUMMARY AND CONCLUSIONS

From the standpoint of water availability, the most favorable sites
for a fish-rearing station are at the present State station or where
Bluewater Creek crosses the fault in section 16. (See pl. 1.) These
sites are favorable because of their proximity to Bluewater Creek,
their low altitude which favors maximum yield from artesian aqui-
fers, the presence of faults that increase rock permeability by
fracturing, and their accessibility.

The formations that are most favorable for producing large
amounts of water at these sites are the Chugwater, Tensleep, and
Madison. The Chugwater is composed principally of jointed red
sandstone and shale. The top of the formation is at a depth of about
250 feet at either site, and a well should completely penetrate the for-
mation at a depth of less than 700 feet. A flow of about 1,500 gpm
should be obtainable from joints and other fractures in the formation,
and the water should be in the 50°F to 55°F temperature range.
Specific conductance of the water should be 800 or 900 micromhos per
em with a dissolved solids contents of 600 or 700 ppm (parts per
million).

The top of the Tensleep Sandstone is about 700 feet below land
surface and complete penetration would require a well depth of
about 800 feet. This formation yields 3,700 gpm to well 6-24—4dd1.
The proposed sites are about 200 feet lower in altitude than the well
and a larger yield should be available. The water contains 1,160
ppm of dissolved solids, has a specific conductance of 1,350 micromhos
per cm, and a temperature of 57°F.



J22 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

The Madison Formation, the top of which lies about 1,050 feet
below the sites, contains a zone of potentially high permeability in
the upper 200 feet. Thus, a well drilled to 1,250 feet should pene-
trate the part of this formation most favorable for water production.
The Madison is inadequately tested as an aquifer in this area but is
potentially capable of yielding over 3,000 gpm of water. This water
probably contains 1,000-1,500 ppm of dissolved solids and should have
a temperature of 57°-60°F.

There is some doubt as to whether the yield from well 6-24—4dd1
is derived entirely from the Tensleep or is partly water from the
Madison that has risen along fractures into the Tensleep. For this
reason caution should be exercised in arithmetically adding the esti-
mated yields to obtain a combined yield. Such addition would indi-
cate a yield of 7,200 gpm but would probably be unrealistically high,
especially if it includes an increment for the poorly tested Madison
Formation. A reasonable estimate of the combined yield would be
about 5,000 gpm from two wells—one drilled through the Chugwater
to a depth of about 700 feet and another drilled about 1,250 feet deep
into the Madison and developed in beds in the Tensleep, Amsden,
and Madison. . Two wells would be required because if only one
were drilled and developed in all the formations, water from the
deeper formations under higher pressure could enter the shallower
Chugwater against the lower pressure of the water in that formation,
thus reducing the total possible yield.

Well drillers on the project should be cautioned about the presence
of water under high pressure so that they can be prepared to con-
trol it. Casing should be securely cemented in the wells. When a
well is completed, it should be fitted with a valve to permit control
and prevent waste of the water and unnecessary loss of pressure.

The combined yield of 5,000 gpm (about 11 cfs) is much less than
half the estimated requirement of 30 cfs (about 13,500 gpm) for the
fish-rearing station. Additional wells could undoubtedly furnish
more water, but if such wells were dispersed widely enough to minimize
interference with one another and with existing wells and springs, the
conduits needed to gather the water for use would greatly increase
the cost. If additional wells were drilled too close together, the net
increase in water yielded would not be proportional to the increased
cost (for example, two wells in the same aquifer 100 feet apart would
not yield twice as much as one). If 30 cfs of additional water were
developed, the flow in Bluewater Creek would be doubled, and this
would undoubtedly cause complex flooding and erosion problems in
the valley downstream.

The use of surface water for part of the station’s reqmrements would
make enough additional water available without causing undue dis-
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ruption of the stream regimen. As the use of the water for fish rearing
is nonconsumptive, it would not impair the rights of downstream users.
One objection to the use of surface flow is the possibility of waterborne
fish diseases, but as the stream heads only about 3 miles above the
present station, this problem should not be difficult to control.

Other possible sources of additional water for a fish-rearing station
are the flow from the existing well or increasing the yield from Blue
Spring by pumping. Obtaining the flow from the well is primarily
a problem of negotiation. The water is now being put to beneficial
use and the owner may be reluctant to sell the rights. However, the
flow from this well would increase the available supply by only 3,700
gpm (8.3 cfs).

The results of pumping the spring could not be evaluated during
this study for technical reasons. If a specific capacity comparable
to that of the flowing well is assumed, then an additional 26 gpm could
be obtained for each foot of drawdown induced. Thus, if the maxi-
mum of 20 feet of drawdown that appears feasible were induced, the
yield would be increased by 520 gpm to a total of 2,600 gpm (about 5.8
cfs). Because the specific capacity of the spring could not be deter-
mined, the above computation is only an estimate.

The rather large volume of tufa deposits indicates that springs in
the Bluewater Springs area have flowed for a long time. The large
area of outcrop of the principal aquifers assures adequate recharge
to enable them to continue to flow indefinitely, barring interference
from other discharge points.

RECORD OF WELLS AND SPRINGS IN THE BLUEWATER
SPRINGS AREA

Information pertaining to 1 well and 20 springs in the Bluewater
Springs area is tabulated in table 3, which follows. The well-number-
ing system used in this report is described on page J3.

SELECTED REFERENCES

Knappen, R. 8., and Moulton, G. F., 1930, Geology and mineral resources of
parts of Carbon, Big Horn, Yellowstone, and Stillwater Counties, Montana :
U.8. Geol. Survey Bull. 822-A, 70 p.

McKelvey, V. E,, and others, 1959, The Phosphoria, Park City, and Shedhorn
Formations in the western phosphate field: U.S. Geol. Survey Prof. Paper
313-A, 47 p.

Richards, P. W., 1955, Geology of the Bighorn Canyon-Hardin area, Montana
and Wyoming: U.S. Geol. Survey Bull. 1026, 93 p.

Stewart, J. C., 1958, Geology of the Dryhead-Garvin Basin, Big Horn and Carbon
Counties, Montana: Montana Bur. Mines and Geology Speec. Pub. 17.



CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

J24

pejemyse mids g | 068 ‘p g - O ) S sg -- g P Rtmtt Rt e e op----=|--===-- —qeLz
"pojeunse mA3 g | 028 ‘¥ g A |7 op----~ S8 ] o 33 Rttt bttt Qe |-+ Y
"pojemyyse tuds o34 | 090 ,v ] S K IRIBASNID sg - g H op--="" - pAgT
W, | 00T 8'd d |77 ()yemBnuy 58 g H IoIq.L, qe9T
‘wds 0L'g | 023 ‘% 8T K O . op~-= ol Ikt Rt REL T 9 0 e SR --smomeemgpeT
‘md30ze'T | 008 % 1‘s‘a A |7 op~---- s g " op=---* -e0g]
‘md3 6. | 092°F 8 a -..----”Mmmam-.- 88 8 0 1089] pagt
"PIoIA pojeuayyse wds 7 | 080 ‘% 8 4 .ﬁ%ﬁﬂmﬁo 8§ s| as |l -sweW » wmog, |- op6
‘PlorA pejspyse w3071 | 900 § I's 4 | -394 199em3n00 sg ] b 3 il RS Terqy, [-=-"----- ~po6
“Pro1& wds 9Z¥ | 2868 8. a kS 4 ] n op=-T 20U6
"PiotA md3080°s | 0861 g.a a q g a ~8SUBTOIY Jo ey |-=m - D46
021 ‘% s‘a K 'ite) 3 ° oy 2~ e
- SIT ¥ a q q 8 H op===-- 1086
vsgﬁumﬂ%w 2980y N Y. O op=--=- b B et e g " |- ||t paatl TSRS €08
Dojeuyse WAS T | 080 ‘% N K op----" q --mmmee- s g |mmeme——- e SR e zowg
00 % N N op-—-" q g 1 op~ -1088
98T ¥ N O op~= " q |7 g T op~ zee6
Hmm:m 891'p N I B op=="T" k° S5 A M ] T opTTTT 1886
pojBmse B 01 | 09T % N K 8 Rt op~---" o | g T |- op=—--- oDy
“smog *9u0ls
‘plerd W oer's | ooty 1 I | -pusg deersueL, 58 alea ) aq H| oger |- ) M o
PojsuIyse WdS 02 | 002 ‘F | I R it BT, a ] o (- -=-SYIBIN B UMOT, [~~"---=-"- 208-$2-9
)
(39 10A9] Q08JINS uory
vasusemI | I9)BM | YI(JO TelI9jRME | Suyseo () puer |{jem yo| -Bool | pejup
SYIBUIOY 294008 | Joes[) [poUleIA| eomosoidojoepn | Jo a0 %m (oM Jo | Mofeq | odAy, [o1qdeid| iBax | JuBUe} 10 JPUMQO Supds 10 [[oM
ApMINIY -08aBq) | odAJ, [I9)emIBI(T( [[0M JO -odof,
mdeq
*od1d {ee1s Jo woll ¢ J :Sujseo yo odA g,
*}90)s ‘g {posn 3uteq 30U N ‘UOTIRSLII ‘T ‘OTISOWIOD ‘(I 1I0IBM JO 98} *3ards ‘g ‘oM POTIID X oM Jo odA T,
“AO [BINBU ‘1 311 JO POUIOIN . *Aydeidodo) Supjempun ‘ny ‘uorssexdep
*ouojspues ‘sg {PAIBIULIRPIPUN Y001 ‘Y {ABl0 Apues onjq ‘q[D :[BHOJBIN JO IOJIBIRID Mo[eqs ‘g ‘os AI6U J0 [0A9] T {ODISTIIY ‘H ‘Yusq J9010 ‘D :uofjedo] ofgdeisodo],

DUDIUOTT ‘DIID §OUILAS £23DNING UL $6uLdS PUD $11500 [0 PU0DIY—'E TTAV,



