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Between 38 and 70 million years ago, richly
vegetated swamps frequently covered what is naw
Campbell County. Coal seams, which are the fos-
silized remnants of those swamps, now comprise a
high percentage of the stratified rocks formed
during those ancient times. Although the Cre-
taceous Lance Formation contains some of these
Tignitic to subbituminous coals, persistently
thicker coals occur in the Tertiary Fort Union
and Wasatch formatiorns. In fact, the upper 1800
feet of the Fort Unien Formation (Tonque River
Member) is one of the most prolific coal-bearing
formations in the state. This member contains &
to 12 thick subbituminous coals, one of which
frequently ranges between 70 to 120 feet thick
{Wyodak coal), The lower two members of the
Fort Union Formation {Lebo and Tullock members)
contain thinmer, discontinuous coals. The Ha-
satch Formation, however, contains as many as 8
persistent coals., The Felix coal is the thick-
est, locally reaching 50 feet.

Although many coal outcrops have been
burned through natural causes, more than 69 bil-
Tion tons of coal still underlie Campbell Coun-
ty at depths up to 3000 feet. While over 63
billion tans of that ceal estimate are under
less than 1000 feet of rock, at least 20 billion
tons of that resource lies between 0 to 200 feet
of the surface. This shallow ceal is normally
only recoverable by strip mining methads. Mean-
while, recent mapping by the U. 5. Geological
Survey will seon significantly increase all
these resource estimates.

According te published data, 50.4% of Wyo-
ming's remaining coal resources and 84% of its
known strippable coals are in Campbell County.
Although coal-bearing rocks underlie 99.3% of
the county, known strippable deposits only under-
1ie 315 square miles or 201,356 acres (56.6% of
Campbell County). Coals are thinnest and least
persistent in the northeast quarter. In the
southwest corner the gentle westward dip of the
rocks carries most of the persistent coals be-
neath the land surface -- significantly reducing
the number of coal ocutcrops. MNoncoal-bearing
rocks crop out near Rocky Point in the northeast
corner of the county and cap Pumpkin Buttes in
the southwest.

uth Wyodak Pit is located 6.5 miles
ine is not only the first strip mine
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South opened in Wyoming, but it is also the oldest -- dating back
Wyodak to 1925, Here, the Wyodak coal averages 80 feet thick and
thickens to as much as 110 feet. This thick subbituminous
Pit coal is mined in two benches each approximately 40 feet thick.
Overburden or non-coaly rock and soil that overlies the coal
is much thinner than the coal itself. Although production
from this mine is now about 600,000 tons per year, it will in-
crease to 2.2 million tons by 1977. This mine is typical of
the "area type" strip mines forecast for Campbell County ex-
cept in size. Most future mines will each strip 5 to 25 mil-
lion tons annually. :
Clarkalen
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UNDEAGADIND MINE PROOUCTION

History and Forecast for Coal Mining

Although recorded coal mining in Campbell
County dates back to 1909, significant produc-
tion did not begin until 1925. Since then,
production has slowly increased from 23,579
tons in 1925 to a record-setting 1.6 million
tons in 1973. Unlike the state's more pralific
coal-producing counties, most of Campbell Coun-
ty's coal mining has been from strip mines
rather than underground mines. In fact, the
county's cunulative coal production through
1973 s 15,163,798 tons, of which underground
mining accounts fer only 30,464 or 0.2% the to-
tal. [n 1974, two of the county's three active
strip mines will nearly triple 1973's tonnage
&s they mine in excess of 4 million tons.

Demand for the county's low sulfur coal
will continue to increase annual produciion at
unparalleled rates. By 1976, Campbell County
will undoubtedly be the largest coal-producing
county in Wyoming. Production estimates of 62
to 77 million tons per year by 1980 and 84 to
152 million tons per year by 1985 prevail. By
1978, Kerr-dleGee, Amax, Atlantic-Richfield,
Carter 0i1, Sun 01, and Peabody Coal Company
are slated to open 6 to B new strip mines on
their large federal leaseholds. Each of these
new mines will produce 5 to 25 millien tons per
year. Initially, almost all this coal will be
exported to fuel coal-fired power plants in as
many a5 13 states as far east as Indiaria and as

far south as Texas and Louisiana. To help ship
this coal, & new railread may connect Gillette
with Douglas, 126 miles to the south, by 1976.
As many as thirty-two 11,000-ton coal unit
trains could travel that new railroad each day
by as early as 1980. In other transportation
developients, a 1043-mile Tong coal-slurry
pipeline may carry a coal-water nixture from
southern Campoell County to Arkansas as early
as 1978. An estimated 25 million tons of coal
could flow inte Arkansas power plants each year
through that pipeline.

In related in-state activity, one new
coal-fired power plant is already under con-
struction east of Gillette, When completed,
this 330-megawatt plant will be the secend and
the largest air-cooled power plant in the west-
ern hemisphere. The other air-cooled plant,
the Heil Simpson Station, is located just west
of this new plant. Both Panhandle Eastern
Pipeline and Exxon have announced plans Lo
build coal conversion plants in Wyoming by 1980,
At least one of those plants will probably be
built in Campbell County. These planis will
convert subbituminous coal into high-Btu syn-
thetic natural gas, Forecasts of other mines,
slurry-pipelines, power plants, gasification
plants, and liquefaction plants are rumored,
but not confirmed.
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CONSTRUCTION MATERIALS AND ENGINEERING GEOLOGY

CRS=3 CAMPBELL COUNTY, WYOMING

Sand, Gravel, Clinker Deposits Construction Materials of Campbell Clinker Outcrops
: . Co.: Extent, Quality, and Uses

Increasing energy resource development in Campbell County and adjacent areas of
the Powder River Basin will demand more construction materials for aggregate, high-
way and railroad construction, and building purposes. Boulders, gravel, sand and
even clays and silts are valuable materials used for construction. Campbell County
occupies the central Powder River Basin far away from coarser boulders and gravels
eroded from mountains to the east and west. However, the county does have extensive | | . 3
clinker deposits in addition to a few sand and gravel deposits. =
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Clinker or "scoria" beds result from burning coal seams, which ignite on the
outcrop from 1ightning, manmade fires or spontaneous combustion. The reddish clinker
beds are formed by melting, partial fusing, and baking of overlying sandstone and
shale by heat and gases rising from burning coal beds. Chimneys or pipes may form
locally where the heat and gas is vented upward and brecciates and fuses the adjacent
rock. The underlying beds usually remain unaltered. Clinker zones may extend under-
ground from the outcrop as much as a mile depending on the oxygen available. Topo-
graphically, the clinkered areas are erosion-resistant and cap buttes and escarp-
ments. The baked rock varies greatly in the degree of alteration, some is dense and
glassy while some is vesicular and porous.

Besthac™

Much of the clinker is suitable for construction but extensive use must be pre-
ceded by testing and a thorough understanding of the variability. The Wyoming High-
way Department has run extensive tests on scoria for most road building purposes, and
their findings can be applied to many construction situations. Most scoria will ad-
mit water due to porosity, thus 1imiting its quality for construction purposes. For
use with asphalt or cement, clinker generally requires twice the normal amount of
additive to meet standards. The use of clinker in low traffic roads has been success-
ful in most cases but it is usually used for sub-bases on heavier duty roads rather
than surfacing. Many of the new concrete structures in the vicinity of Gillette make -
use of limestone or gravel aggregate hauled from outside of Campbell County. Rail-
roads in the area have made extensive use of clinker for ballast in roadbeds.
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CLAYS

Clays of the Wasatch Formation were mined north of Gillette in the early 1900's B
for use in the manufacture of brick. The locally manufactured brick was used in the
construction of many of the early Gillette buildings. It is likely, though little
testing has been done on these materials, that many of the clay beds found in the
coal-bearing sequences of the Wasatch Formation would be very suitable for common
brick and tile manufacture. The clays which underlie the Arvada and Felix coal beds
would probably be best for this purpose, These underclays remain soft and unburned |-
even vhere the coals above have burned and baked the overlying rocks. The coal beds
a?d brightly colored baked shales make excellent guides in prospecting for the under-
clays.

A bed of high qua]ir.y clay 8 feet in thickness has been noted in south -section
of T55N, R74W. The clay is of moderately high refractive quality and probably suita-
ble for making refractory supplies for foundaries such as ladle brick (Van Sant,

J. M., 1961, Refractory-clay deposits of Wyoming: Department of Interior, Bureau of
Mines Report of Investigations 5652, p. 26, 27.).
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: MORTH A clay bed which overlies coal in the Hyodak mine 7 miles east of Gillette has T
| been test-fired (Van Sant, p. 27, 28). These tests indicate that the relatively poor | | I
| | grade clay, occurring in a five-foot thick bed, expands or bloats when fired above | | | ]
| 2200°F. This kind of expanded clay may be used for lightweight aggregate. These | | | |
types of clays associated with coal seams could be readily mined as a byproduct where | | |
| a coal stripping is carried on. e
T | T ] Fney |
| X SAND AND GRAVEL | |
»
‘ Sand and gravel deposits in Campbell County are limited to alluvial and terrace | | | A
| | deposits. Well graded sand and gravel is scarce and Timited in quality and quantity. | | &
— : — Clarkglen Most of the deposits have excessive silt and fine sand fractions. The only sources 1 | Clarkslan —
1‘ | of gravel are terrace deposits along the major drainages. Deposits of sand are ex- [ | |
| | | tensive but mostly of poor quality with large percentages of silt. Most of the flood |
| | % plain deposits do not contain significant construction materials but coarser granular | | . N
deposits have been noted at the confluence of major tributaries. Aside from clinker | | |
| ‘ deposits no ledgerock of sufficient hardness for construction material has been noted. | | Savageton a5 ‘
\ | % REFERENCES ER | / ‘ B o il s Bl
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construction materials potentiol. e R ) ”': SRt il T . 11 | steeply sloping uplands, ridges and side- | V1 | sloping uplands; ridges and sidehills; it
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Wyommg nghwuy Depqrtmenl baked rock, "clinker", moderate productivity; calcareous horizans

"scoria”, or "red dog".
This particular sample is
glassy and brecciated and

Clinker for

construction pur- Quality Classification Criteria

poses is excavated = N iabil- Campbell County s0ils are products of a semi-arid climate, vegetation and organisms

from numerous small JERCRICAL YALLE LS S0 = 2 1-”“?‘2;295 tge Val:‘labl'l acting upon Tertiary sandstones and shales. These soils are characterized by a Tight gray-

pits in Campbell # Scraen 505 or lass n-m ity o ese deposits. brown color and often have a lime-carbonate layer developed at shallow depths. Generally,

County such as this o | #8 screen 423 or less 43 - 508 The Tight-colored areas depth of altered bedrock is not more than 36 inches but the slope areas have a much shallow-

Y a ¥200 Screen 125 or less 13 - 182 19 - 251 are coated with sulfur, er s0il cover and often are dominated by bedrock. Soils developed on the clinker areas are

one. Most of these = a byproduct of coal com- usually limited to grazing as an agricultural use. The soils delineated on this map are

pits are located at Liquid Linie S e = 220, i ® bustio generalized from U.5. Soil Conservation Service data based on reconnaissance mapping and

clinker exposures Plasticity Index 4 or less 5- 7 8- 12 - L only represent large areas of soils with similar gross characteristics.

along the rims of oualits classification Total of mumerical values REFERENCES

buttes and escarp- (sum af above tests)

ments. e f e e U. S. Soil Conservation Service, 1955, Soil Survey (Reconnaissance) of Campbell County, Wyo-
Fair “5p ming: U. S. Department of Agriculture in cooperation with University of Wyoming Agri-
Pooe 1 tsRlews. emaleion, Mrend lasa ehan 5 cultural Experiment Station, 67 p.

WYOMING GEOLOGICAL SURVEY, 1974




CRS—3 CAMPBELL COUNTY, WYOMING

ENVIRONMENTAL GEOLOGY

Strip Mining for Coal: Five Steps

Over the next few decades, coal strip mining is expected to affect thousands of
acres of ranch and farmland in Wyoming, especially Campbell County. Although relatively
inexpensive and simple, this mining method creates large surface excavations since all
soil and rock that overlie a minable coal seam must be removed. Concern over these ex-
cavations prompted passage of the 1973 Wyoming Environmental Quality Act, which requires
reclamation of these mine sites to a use of equal or greater value than the mined land's
previous use.

REMOVAL OF SOIL

Removal of soil is the first
step in the actual mining opera-
tion. Power shovels and/or
scrapers usually accomplish this
step. By law, soil must be seg-
regated and stockpiled for later
use in reclamation.

REMOVAL OF OVERBURDEN

Following the removal of the
s0il, subsoil and bedrock (over-
burden) must be stripped off the
coal. This overburden will range
from as little as several feet
thick to a common maximum of 200
feet. Thicker overburden is usu-
ally blasted with explosives be-
fore removal. Then a dragline,
shovel or scraper is used to load
it. Initially this broken bedrock
(spoil) is dumped in piles around
the perimeter of the mine. Later
when the coal is removed, this
spoil is graded back into the open
pit. Subsequent spoil is usually
cast directly into the older com-
pleted portions of the mine as
illustrated.

REMOVAL OF COAL

Once the overburden is
stripped away, the coal is drilled
and shot (blasted) to make it
easier to excavate. Large elec-
tric or diesel shovels usually
load the coal into haulage units
that move it to railroad loading
facilities (tipples). Although
strip mined coal seams in Wyoming
average 30-40 feet thick, they
often exceed 100 feet in both
western Hyoming (Kewmerer area)
and northeastern Wyoming (Powder
River Basin). Because these coals

Land Use Map of Gillette, Campbell Co.
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Trace Element Geochemistry of Coal and Related Rocks

Coal mining's regional effect on ground water, how-
ever, is not known.

Although it has been known for some time that arsenic, bery}lium, mercury, copper, lead, uranium,
atypical concentrations of various elements in the and selenfum.! Althouah low concentrations of these
earth's crust account for naturally derived poison- metals are known to have severe effects on the

ing in particular areas, we have only recently be- health of humans and livestock, exact levels of tox-
gun to realize the importance of the chemistry of icity have not been firmly established. Moreover,
the earth's rocks. Geochemistry controls the dis- when coal is burned, non-volatile metals are con-
tribution of soil types, vegetation, water quality centrated in the ash and the volatile metals are at
and air quality as well as some plant and animal least partially released to the air. Disposal and
diseases. Certain concentrations of many elements treatment of these coal waste products will alter
are integral to proper health while higher intakes distribution and concentrations of these elements.
become toxic and even fatal.

Most of the county's coal seams, including the
Wyodak, are important aquifers. Interruption of
aquifers during mining will reduce water quality
through increased erosion, sedimentation, overtaxed

Large scale surface coal mining in Campbell
County will alter existing rock and soil patterns
which will consequently change the geochemical
characteristics in those areas.

to

are most frequent in sandy soils.

Certain species of plants are known te concen-
trate the element selenium in quantities damaging
grazing animals. Seleniferous plants grow in
the Wasatch soils above the Wyodak coal seam and

If redistribution

and revegetation of disturbed land is not done care-

fully, these toxic plants could spread.

be
1}

2

This would

detrimental to livestock grazing.

prever, Surdam and Murphy,
(ARCO Black Thunder study,
Final Envirommental Impact
Powder River Coal Basin of

written communication
Geochemical Sec.), 1974
Statement, Eastern
Wyoming, 1974:

are often water-bearing units
(aquifers), quite frequently this
phase of the mining operation also
involves pumping ground water from
the mine.

RECLAMATION

The results of backfilling,
recontouring, and revegetation of
a strip mine are evident in the
right foreground of this photo.

In the background an active pit
and its ungraded spoil piles are
still visible. Eventually the
conical spoil piles will be pushed
into the open pit (backfilling)
and recontoured to blend in with
the surrounding topography. Soil
will be spread over the area and
various grasses planted to effect
revegetation. Complicating what
sounds like an easy procedure are
sites that will lack adequate
volumes of spoil for backfilling,
that will have 1ittle or no soil,
and that will receive less than 12
inches of precipitation annually.

MINE NEAR COMPLETION

Once overburden and coal are
vemoved, the open pit will seldom
be less than 100 feet deep and may
easily exceed 270 feet in total
relief. Reclamation done concur-
rent with mining should restrict
the area of final cut (open pit)
to 40-80 acres. Because of the
thinness of overburden over much
of a mine area and the thickness
of the coal seams, it is unlikely
that there will be enough spoil
available to restore any mined
land to its original contour.

Some lowering of the original land
surface is then expected, and when
possible and desirable, some final
cuts may have to be converted into
water impoundments for lack of
spoil.

For instance, me-
tals associated with the Wyodak coal seam include:

Coal-Crop Fires

Coal-crop fires in the Powder River Basin have been burning throughout
recent geologic time, as evidenced by the widespread clinker (burned rock,
or "scoria") outcrops. A few fires have been burning since before record-
ed history. While some coal-crop fires may smoulder underground for de-
cades or longer, others burn until eventually extinguished by lack of oxy-
gen. An exposed outcrop can be ignited naturally by lightning, prairie
fires, and spontaneous combustion, or by man-made causes such as railroad
sparks, campfires or mining activity.

Coal-crop fires should concern man, because they 1) deplete the fuel
resource and 2) disturt the land surface by subsidence, collapse and heat
alteration. Most surface mines at some time have fires in the freshly
exposed, rapidly oxidizing coal seam. MNumerous Bureau of Mines projects
have attempted to extinguish coal-crop fires on federal lands. While most
were successful, some of the fires re-ignited. Many of these projects were
done in Campbell County between 1940 and 1950 and consisted of three
phases: 1) exploratory drilling to determine coal seam thickness and over-
burden depth and stability, 2) compaction and leveling of the fire area by
bulldozing, and 3) smothering the fire by covering with overburden.

Coal-crop fires create areas of distinguishable red "clinkered" bed-
rock and scattered topographic depressions. The land surface may subside
as much as a hundred feet with associated ground cracks and Tandslides.
At present, active coal-crop fires are not widespread in the county, but
new fires could have serious lecal effects.

Data source: U.S. Bureau of Mines, Coal Mine Fire Control Project Reports

2 . K=l ¥
Cracking and slunping at edge of subsidence crater formed by coal-
crop fire at Little Thunder Basin, Hilight, Campbell County in 1950.

This fire, extinguished in 1951, had been burning since before the 1880's.
A fire in this vicinity was reported in the Lewis and Clark journals.
U.5. Bureau of Mines photo.

sewage facilities, release of toxic waste to
streams and return of groduction water to streams.?

Bureau Land Management, v. IT, p. 1659.

Municipal Water Supplies

The city of Gillette, the county seat of Campbell County, is the cen-
ter of much of the agricultural, coal, and oil and gas activity in the Pow-
der River Basin. The oil boom in the 1960's and recent coal development
have caused the population increase which has made demands on the city
water supply. Gillette has lacked both quality and quantity of water ever
since the first well was drilled in 1892 by the Burlington Railroad.

As of December 1972 the city had a total water production capacity of
nearly 3.7 million gallens per day from 25 "hard" water and 6 "soft" water
wells. The hard water, mostly from the Wasatch Formation, has an average
content of 4.4 mg/1 iron and 1500 mg/1 sulfate with total dissolved solids
averaging 2461 mg/1. The soft water, obtained from the Fort Union Formation
and Fox Hills Sandstone, has an average hardness of 45 mg/1. Hard water is
treated at the new desalinization plant and blended with the soft water at
a final cost of about 60 cents per 1000 gallons. Treated water to be de-
Tivered to users is not to exceed 0.2 mg/1 iron, 550 mg/1 sulfate and 1000
mg/1 total dissolved solids. Importing ground water and surface water or
using deeper local ground water have been considered as alternative sources.
Future water needs of the Gillette area will certainly call for expansion.

small unincorporated towns in the county include Reno Junmction, Spot-
ted Horse, Recluse, Rocky Point and Rozet. A1l obtain small guantities of
variable quality water from relatively shallow wells. Continued problems
and increasing costs are expected for these municipal water systems.

Data source: Streeter, R. L., 1972, Desalting at Gillaette, Wyoming:
Cooperative Desalting Studies Conference, Anaheim, California, 10 p.

Desalinization plant at Gillette financed by city and federal funds

totalling $995,000 was completed in 1972. The plant consists of two

sections: A pretreatment section with aeration, partial softening and

filtering systens, and a desalting section which utilizes the electro-

dialysis method. The overall treatment capacity is 1.75 million gallons
day.
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Land Uses in Campbell County

LEGEND

Farmland, mainly crops and/or pastureland. u,..e rem
|:| Thunder Basin National Grasslands

V7] Known strippable coal reserves.

Traditional land use in Campbell
County has been agricultural. After the
turn of the century large numbers of cattle
were driven from Texas te open range in
Campbell County. As settlement gradually
increased, grazing was augmented with hay
crops for winter feed. Sheep raising has
been inportant since the 1920's. Farming
in Campbell County was severely damaged by
the 1930-1940 drought. Many homesteads
were abandoned and the land reverted to
range. The recent trend shows a decrease
in number of farms but an increase in acre-
age. Farmland is mainly situated in two
parts of the county: 1) the central roll-
ing divide and, 2) the eastward sloping
plain. Principal crops are wheat, cats,
barley, and hay grown under dry land farm-
ing methods. The deminant agricultural
land use is still grazing. Because of the
Tow precipitation and shallow soils most of
the county 13 better suited to cattle and
sheep raising than to cultivated crops.

The first commercial oil field dis-
covery in the county was made in 1948, but
ft wasn't until the 1960°s that oil became
an important industry. 0il exploration,
production, and service workers moved in,
and the population of Gillette rose quick-

1 pRotogrspny courteny
Univ. of Wya. Ramets Sansing Leboraters.

SCALE
o [ 10 g9

5 N 1y & wiomevens

ly. By 1873, Campbell County led the state
in oil production, was secand in the pro-
duction of natural gas, and was the most
active county with respect to drilling and
new discoveries. Although oil and gas
fields dot much of the county, much of the
affected Tand can still be used for grazing.

Ever since the early settlers came to
this area, coal was used to heat farm and
ranch houses and later to provide elec-
tricity for Gillette. For some time the
principal commercial market for coal was
the Homestake gold mine in South Dakota.

In the last few years demand for low sulfur
coal has focused interest on the vast de-
posits that underlie much of the Powder
River Basin at shallow depths. Eighty-four
percent of Wyoming's known strippable coal
resource underlies 201,000 acres of Canp-
bell County. Only small acreages are in-
wolved in present mining but planned coal
mines and the associated facilities will
disturb tens of thousands of acres by the
year 2000. Undoubtedly, this coal develop-
ment will significantly change the tradi-
tional Jand use patterns of Campbell County.
Only wise reclamation of these mined areas
and foresighted plamning in communities can
ensure 2 balanced land use for the future.
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Geologic Map of Campbell County, Wyoming

The entire area of Campbell County lies with-

Hell Creek Fm.

Fox Hills
Sandstone

. Pierre Shale

southeast.

in the Powder River Basin.

In Wyoming this

structural and topographic basin is bounded by
mountains or arches on all sides except the

where the basin extends into Montana.
Most of Campbell County 1ies east and north of
the basin's structural axis.
or trend of the rocks in the county is northwest-
While younger exposed rocks dip al-

most fmperceptably 1-2 degrees westward, older

unexposed rocks dip more steeply. Because of its
structural asymmetry, the basin is deepest in the

extreme southwestern corner of the county.

The general strike

A11 of Campbell County's surface bedrock is

SYMBOLS

of sedimentary origin, deposited during the late

Cretaceous time or during the Cenozoic era (prob-

Formation
contocts

Fault

A__A' Line of
Cross
Section

Seole : 1:500,000

ably less than 100 million years ago).
posed rocks consist of sandstones, shales, con-
glomerates, and coals.
part of the Pierre Shale, crop out in the north-
eastern corner of the county.
(older than) this are known only from drill hole
data or inference from adjacent areas.

These ex-

The oldest exposed rocks,

A1l strata beneath

The stratigraphic column to the right shows

the vertical positions and relative thicknesses
of the more significant formations in the county.
Because of variations in lithology, thickness,
and age of the rock units, different nomencla-
ture is sometimes used for equivalent units on

59, Geologic and structure

.5. Geological Survey

shales.

county.
s, P T., 1973

rocks in the basin.

sandstones.

Towering as much as 1,000 feet above the surrounding prairie, Pumpkin Buttes are prominent landmarks in
A11 of the buttes are capped by hard, resistant conglomeratic sandstone of the
This sandstone has protected the underlying softer rocks of the Wasatch

southwestern Campbell County.
Oligocene age White River Formation.

opposite sides of the county.
of these formation names is also represented

diagrammatically by the stratigraphic column.

As illustrated on the column, the overall thick-
ness of sedimentary rocks beneath Campbell County
is between 11,000 and 16,000 feet with the thick-
est portion located in the southwestern cormer.

Formation, preserving these high buttes from complete erosion.
nium in the Wasatch Formation in this area has been mined in the past and is of current exploration interest.
This picture of the Middle and South Pumpkin Buttes was taken from a point four miles west of the buttes.

‘>hoto by J. D. Love, 1951)
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Quaternary sediments mapped in this county
are stream deposits (alluvium).
recent sediments lie 2,000 to 4,800 feet of Ceno-
zoic rocks, mostly coal-bearing sandstones and
The thinner Cenozoic sequence on the
eastern side of the county is due to erosion of
the Wasatch Formation.

Beneath these

The Mesozoic rocks underlying the Cenozoic
strata range from 7,500 feet thick in the east
to about 9,000 feet in the western portion of the
Mesozoic sediments consist of claystone,
siltstone, and sandstone of both marine and non-
marine origin as well as some coal-bearing rocks
in the Upper Cretaceous.

Paleozoic rocks are the oldest sedimentary
Approximately 2,500 feet
thick, they consist of marine carbonates and
Beneath these sedimentary rocks are
very old crystalline rocks of ignecus origin

Geology of Campbell County, Wyoming

usually referred to as Precambrian "basement".

During the Paleozoic and Mesozoic ages (125-
600 million years ago), this portion of Wyoming
was a broad relatively stable interior platform
that was periodically flooded by shallow seas.
Although during most of this time both carbonate
and noncarbonate sediments were deposited, there
were also periods of erosion or nondeposition
(unconformities). By the late Cretaceous and
early Cenozoic times (38-125 million years ago),
mountains began to rise, bordering what is now
known as the Powder River Basin. While these
mountains were rising, streams carried sediments
off these uplifted areas into the basin. These
sediments filled the basin as the mountains rose.

The present topography is a result of recent
erosion that has cut into the Cenozeic and older
rocks that now crop out across the county. The
interested reader is referred to publications in-
dicated on the reference list for further details
on the geologic history of Campbell County as
well as the county's structural history of fold-
ing, faulting, and subsidence.

Unlike many Wyoming counties, Campbell Coun-
ty's geological conditions have resulted in the
accumulation of what are now accessible mineral
deposits useful to man. The county presently
leads the State in oil and gas drilling and is
first in oil and second in gas production. Camp-
bell County contains more coal resources than any
other county in the State. Although the shallow-
er uranium reserves are nearly depleted, there
5ti11 remains substantial deeper reserves. Many
more years of geological study and drilling will
be required before the full potential of Campbell
County's mineral resources is realized.

REFERENCES
Rocky Mountain Association of Geologists, 1972,
Geologic Atlas of the Rocky Mountain Region:
526 Midland Savings Bldg., Denver, Colorado.

Wyoming Geological Association, 1958, Thirteenth

Annual Field Conference Guidebook -- Powder
River Basin: P. 0. Box 545, Casper, Wyoming,
341 p.

Wyoming Geological Association, 1963, Eighteenth
Annual Field Conference Guidebook -- Northern
Powder River Basin: P. 0. Box 545, Casper,
Wyoming, 204 p.

Wyoming Geological Association, 1971, Twenty-third
Annual Field Conference Guidebook -- Sympe-
sium on Wyoming Tectonics, P. 0. Box 545,
Casper, Wyoming, 187 p.
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ND AND MINERAL OWNERSHIP

Land Area:

Land Ownership in Campbell Co.

Originally the land ownership of Campbell County was all in the public do-
main, acquired by the United States under the Louisiana Purchase (1803). Since
then, much of the land passed into private ownership as a result of the Homestead
Act. This passage into private hands, however, was not without incidence, as
more than one range war between cattle barons and homesteaders are recorded in
the history of the county. Additionally, certain "school lands", usually sec-
tions 16 and 36, were conveyed to the State by the federal government at the time
of Statehood or acquired in other ways.

Although the land ownership pattern (see map at right) is more or less
checkerboarded between federal, state and private lands, private lands comprise
80.7¢% of the county. Federal lands account for 12.7%; state lands make up the
remaining 6.6%. The complexity of private ownership makes it impossible to say
anything further about those lands. An interested reader should contact the
Campbell County Clerk in Gillette for more information and plat maps. The State
lands are administered by the Commissioner of Public Lands in Cheyenne. Federal
lands are principally under the jurisdiction of the Department of Interior's Bur-
eau of Land Management (BLM) or the Department of Agriculture's National Forest
Service (NFS). The Casper District Office of the BLM manages Mational Resource
Lands or public domain lands in the county. The NFS has jurisdiction over the
Thunder Basin National Grasslands, which occupy portions of northeastern and
southeastern Campbell County.

The county also contains lands that have been reacquired from private owners
by the federal government. These include Land Utilization (L. U.) lands and
lands acquired under the Bankhead-Jones Act of the 1930's, which removed them
from agricultural production. Either the BLM or the NFS manages these acquired
lands depending on where they are located. The Bureau of Reclamation also manag-
es some land in the county.

The predominant surface land use within Campbell County is range for beef
cattle and sheep. In addition to the federal lands, the State Board of Equaliza-
tion reported over 2 million acres were used for grazing in 1972. They reported
another 71,000 acres were in dry farm lands. Dryland wheat, oats, and barley are
the primary crops although some alfalfa is also grown. Woodland vegetation is
typically scrubby ponderosa pine, but juniper, cottonwood and willow grow along
the larger streams. About 2,300 acres in the county are assessed as timber lands.
Residential, commercial, and industrial or mining sites as well as reservoirs
account for most of the additional acreage.

Campbell County Statistics

4,742 square miles
3,034,614 acres

Surface Ownershi
Federal: 387,647 acres | 2.?%)

State: 199,759 acres { 6.6%
Private: 2,450,208 acres (80.7%

Mineral Ownership (Estimated)
N > acres B

182,077 acres ( 6.0%)
288,288 acres ( 9.5%)

Population Characteristics:

Total population 1960: 5,861

Number of families in 1970: 3,085
Per capita income: $3,534
Mean family income: $12,949
Median family income: $11,303

Total population 1970: 12,957
Percentage of change 1960-1970:
+121.1%

Economic_and Government Statistics:

Assessed valuation

Total Mineral
1972: §150,753,201 1972: “$112,143,966
1973:  $162,402,251 1973:  $107,764,145
0il1: $97,259,524
Gas:  $9,843,153
Coal: $656,668
Other: $4,800

Modified from: Wyoming Data Handbook 1973 published by Dept. of Admini-

MILLIONS OF DOLLARS

stration and Fiscal Control, Cheyenne, Wyoming, August, 1973.
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FEDERAL MINERAL RIGHTS™®

STATE MINERAL RIGHTS

PRIVATE MINERAL RIGHTS

some portilly Fedoral lands

Mineral Ownership and Valuation

An estimate of Campbell County's subsurface mineral ownership shows
about 84.5% (over 2.5 million acres) is federally owned, 9.5% is in private
{or fee) ownership, and 6% is state owned. These figures clearly i1lus-
trate the dominant ownership and, hence, the control of mineral resource
development in the county.

Like the surface ownership, private mineral rights can be sold or
leased by the owner. While records of private mineral ownership are recor-
ded on plat maps in the Campbell County Clerk's office in Gillette, the
State Board of Land Commissioners in Cheyenne is responsible for granting
and maintaining records of mineral leases on state lands.

The Mineral Leasing Act and the Mineral Leasing Act for Acquired Lands
grant statutory authority for leasing public domain (federal Tand) mineral
rights and minerals on acquired lands, respectively., In the case of ac-
quired lands, the federal agency having administrative jurisdiction over
the lands must give its consent before any leasing is permitted. Both laws
give the Department of the Interior authority over the mineral leasing pro-

ram. Within the Department of the Interior, the Bureau of Land Management
%BLM) is authorized to issue mineral leases. In addition to managin? these
federal mineral rights, the BLM also maintains the official federal land
status records. The United States Geological Survey administers all opera-
tions under the leases.

Mineral leases differ from tract to tract. Some leased rights include
the opportunity to drill and explore for oil and gas, some are just for
coal, others are for uranium or even sand and gravel. As new economic min-
eral deposits are discovered, new arrangements are worked out with the les-
sor for exploitation and development.

0f the minerals produced in the county, il had the highest assessed
valuation for tax purpeses in 1973 at $97,259,524, natura] gas was next at
$9,843,153, while coal followed at $656,668. Assessed values are deter-
mined on the basis of the previous year's production.

Although the 1973 assessed taxable valuation of oil, gas, coal, sand
and gravel ($107 million) decreased by more than 4 million dollars from
1972, new highs are expected in the future as the county's coal resources
are more fully exploited. Annual lease payments and bonuses paid during
exploration, and royalties and taxes paid on oil, gas, and coal production
also contribute significantly to the averall economy.

Neil
Simpson

Station

s

Located east of Gillette, Black Hills Power and Light
Company's Neil Simpson Station is still the only coal-fired
pover plant in the Western Hemisphere with an air-cooled
condenser on a steam turbine. This unique air-cooled unit
operates much like a car radiator, discharging waste heat
into the atmosphere rather than evaporating steam from open
cooling towers. Water consumption for this unit is less
than 1/10th that of a conventional plant. Nearby, Black
Hills and the Pacific Power and Light Company have begun
construction of a 330-megawatt plant, which will be the na-
tion's second air-cooled plant as well as the world's larg-
est such plant. Construction should be completed by 1977.

Potential for Future Mineral
Development in Campbell County

Because of its geologic setting in the coal-, oil-, and gas-rich Pow-
der River Basin, Campbell County is especially well endowed with these
valuable mineral resources. 0i1 and gas development can be expected to
attract considerable attention for decades to come. In fact, in 1974, ex-
ploration activities for new oil and gas fields reached another new high.
As new discoveries are made, the incentive to test more remote areas and
deeper horizons has increased. Future exploration should result in the
discovery of many more oil and gas fields, the extension of existing fields,
as well as an increase in producing zones.

By 1980, approximately six new, large, coal strip mines are expected
to open in the eastern half of the county, perhaps twice that many by 1990.
Each mine is expected to produce from 5 to 20 million tons of coal annually
from the 70-100 foot thick coals that crop out there. By the nation's Cen-
tennial year, 1976, Campbell County will lead the state in coal production,
producing 12-13 million tons of coal annually. Meanwhile, two of the ex-
isting three strip mines in Campbell County will expand their operations
also. Carter 0il Company is studying the feasibility of building a coal-
to-gas (gasification) plant near Gillette before the 1980's. Several other
companies are also evaluating similar plans.

In addition, a coal-slurry pipeline has been proposed. If built, this
1043-mile long pipeline will carry up to 25 million tons of southern Camp-
bell County coal, mixed with water, to destinations in Arkansas. East of
Gillette, Pacific Power and Light, and Black Hills Power and Light Compan-
ies have started construction of the world's largest air-cooled power plant.
This 330-megawatt coal-fired plant should be completed by 1976 or 1977.
Other power plants are vumored for the area also.

To date, there has been very little uranium production in the county;
however, commercial grade uranium ore occurs in the Pumpkin Buttes Uranium
District in southwestern Campbell County. Uranium mining operations will

probably be established within the next decade.

As the population increases in response to these industrial and mining
developments, the need for construction materials will grow. Demand for
sand, gravel, rock aggregate, and clay will increase. The limited availa-
bility of all but perhaps the rock aggregate will critically influence the
county's development. Abundant baked and fused rocks (locally called
clinker or scoria), which overlie burned out coal seams, should provide
ample rock aggregate to meet soaring demands.
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TOPOGRAPHY AND CLIMATE
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Dissected Upland The Pumpkin Buttes, viewed here from the
east, form the most prominent topographic features on the dis-
sected upland terrain of western Campbell County.

County Resource Series Index Map

Topographic Features

The deeply buried synclinal structure of the Powder River Basin is not directly
reflected in the landscape of Campbell County. The individual topographic features
seen here are the result of (1) differences in the erosional characteristics of the
flat-lying Tertiary bedrock layers, (2) downward and lateral cutting by streams through
rocks of uniform erosional character, and (3) minor subsidence associated with the
natural burning of coal seams. The latter phenomenon also has produced manmy hard, re-
sistant baked rock (scoria) layers and mounds, which have strongly influenced the
county's topography.

Four distinct areas differing in average elevation, local relief, and type and
style of landforms may be delineated in Campbell County. These areas, outlined on the
map to the left are:

1. Dissected Upland. The western one-third of Campbell County is a dissected upland
area with extensive badlands and buttes capped by scoria. Prominent topagraphic
features in this area are the Pumpkin Buttes, a line of flat-topped hills capped by the
White River Formation.
2. Rolling Divide. The central one-third of the county is characterized by rolling
topography, smoother and with less local relief than the areas to the east and west.
Numerous red scoria hills ranging in height from 20 to 100 feet are scattered across
the divide area.

3. Escarpments. The central divide area is eroded on the east, forming a rough escarp-
ment or "breaks" known locally as the Rochelle Hills. The east-facing escarpment is
capped by a layer of erosion-resistant scoria. Escarpment topography is also formed on
the Cretaceous age Fox Hills Sandstone which crops out in the northeastern part of the

county.
4. Eastward-sloping Plain. The Rochelle Hills escarpment stands 300 to 400 feet above
a gently rolling plain. This plain is similar in topographic style to the rolling
divide area, but about 400 feet lower in elevation.

Ground elevations in Campbell County range from a low of 3400 feet where the
Little Powder River leaves the northern end of the county, to a high of 6060 feet on
north Pumpkin Butte.

REFERENCES
Glassey, T. W., Ounnewald, T. J., Brock, J., Irving, H. H., Tippetts, C., and Rohrer,
C., 1955, 5011 survey (reconnaissance) of Campbell County, Wyoming: United States
5011 Conservation Service, Series 1939, no. 22, p. 2-6.

John Wiley and

Thornbury, W. D., 1965, Regional geomorphology of the United States:
Sons, p. 287-296.

Rolling Divide Much of the county's tillable Tand is
found in a belt of high rolling land in the central part
of the county. Hills of red scoria dot this landscape.

carpment, separates the rolling divide area on the west
from the eastward-sloping plain in the foreground.
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Climate and Growing Season

Campbell County climate is temperate and
semiarid, with wide variations in temperature and
precipitation between winter and summer seasons.
The county typically has a short growing season,
averaging around 120 days between the last spring
and first fall freezes. Summer high temperatures
range above 90°, but extremely warm temperatures
are moderated by cool nights. Coldest winter
temperatures occur in January and February.

Average annual precipitation ranges from
near 11 inches in the southern part of the county
to near 18 inches in the north. More than two-
thirds of the annual precipitation falls between
March and August of the average year. About one-
third of the total annual precipitation comes as
snowfall. The average annual snowfall of around
50 inches is well distributed through the winter
and spring months, but is heaviest in December.

Prevailing winds in Campbell County are from
the northwest, with strongest wind velocities re-
corded in the spring.

Weather is an important factor in the year

to year success of agriculture in Campbell County.
Hail storms can cause sericus local crop losses
in the summer, The extent of insect infestations
is partly controlled by the spring weather pat-
terns. Cold, wet springs seem to moderate the
severity of grasshopper infestations, which can
cause serious crop losses,

REFERENCES

Becker, C. F., and Alyea, J. D., 1964, Tempera-
ture probabilities in Wyoming: University
of Wyoming Agricultural Experiment Station
Bulletin 415, p. 44-47,

1964, Precipitation probabilities
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Uranium in Campbell County

] Rl Ry el Y
Uranium Ore found at Pumpkin Buttes in 1951

The first commercial grade uranium discoveries
in Wyoming were made at Pumpkin Buttes in 1951.
Arrows point to patches of yellow uranium minerals
in the original discovery. Black areas are enriched
in manganese as well as uranium minerals. (Photo
by J. D. Love, 1951.)

A Brief History of Uranium Mining in Campbell County, Wyoming

The importance of Campbell County to the Wyo-
ming uranium industry does not rest solely in the
many small mines operated in the Pumpkin Buttes Min-
ing District between 1953 and 1967. The amount of
uranium produced in all these years of production in
the District was, in fact, equal only to about one
month's output from one of the large uranium mines
currently operating elsewhere in the state.

The true importance of Campbell County to the
uranium industry of Wyoming lies in the fact that
the Pumpkin Buttes deposits were the first of eco-
nomically minable grade to be located and developed
in the state. Also, these deposits, most of which
were exposed or very near the surface, provided the
kind of close geologic control needed for the devel-
opment of the geologic models used in exploration
and development of the more deeply buried but richer
uranium districts discovered later in Wyoming.

The uranium industry of Wyoming began in the
Pumpkin Buttes of southwestern Campbell County in
October 1951. J. D. Love of the U. S. Geological
Survey discovered the ore-grade uranium in the
course of a ground check of radioactive areas located
earlier by airborne radiometric surveying. By Novem-
ber 1952, U. S. Geological Survey investigators had
found over 120 separate localities near the buttes
where uranium minerals were visible at the surface.
The U. S. Atomic Energy Commission began drilling at
some of the larger deposits to determine depth and
extent of the ore.

The first commercial production of uranium in
Campbell County took place in 1953. The small size
and scattered distribution of the high grade, surfi-

cial ore bodies in the Pumpkin Luttes District caused
a proliferation of small surface mining cperations.
In all, 55 different mines reported uranium produc-
tion in Campbell County between the years 1953 and
1967. In those years a total of 36,737 tons of ore
containing 208,143 pounds of U30g were mined

The average grade of ore mined during the Dis-
trict's history is estimated at .28% UgOg, The
greatest tonnage of uranium ore was mined in 1960 --
7,840 tons; however, the greatest amount of Uz0g was
probably produced in 1957, when even higher grage
ores were being mined. The average grade of uranium
ore mined in Campbell County decreased from near .50%
in the middle 1950's to about .20% in the early 1960's
as the higher grage deposits were depleted.

Almost 25% of the total uranium production in
Campbell County came from the Blowout-Anomaly 119 ore
body in Section 11, T45N R75W. 1In all, 9,065 tons of
uranium ore having an average grade of .32% Uq0p were
mined from Section 11 between the years 1954 and 1964,

Only the most rudimentary exploration and min-
ing techniques were utilized during the early his-
tory of the Pumpkin Buttes Mining District. The many
small uranium ore bodies exposed at the surface there
were easily located by radiometric surveying, easily
delineated, and easily mined.

Drilling was not extensively utilized as an ex-
ploration tool, and even when used was carried to
very limited depths.

Sophistication in exploration techniques came
with better understanding of the geologic processes
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which produced the ore concentrations.
els which evolved from study of the surficial depos-
its_at Pumpkin Buttes were put to the test by deeper
exploratory drilling in the 1960's and proved invalu-
able as a guide to efficient subsurface uranium ex-
ploration both in the Powder River Basin and the oth-
er important areas of the state.

Mrak, V. A., 1968, Uranium deposits in the Eocene
Bmerican Institute Mining, Metallurgical En-

Davis, J.

Rackley, R.
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Outlook for Uranium Development

Ore bodies similar to the disseminated de-
posits described below, but buried beneath sev-
eral hundred feet of overburden, have been de-
lineated by exploration drilling in the Pumpxin
Buttes District since the depletion of the sur-
ficial deposits in the 1960's. Current fore-
casts envision a shortage of fuel for planned
U.S. nuclear power plants before 1980. Such a
shortage will undoubtedly produce the requisite
market conditions for development of new, deep-
er, uranium mines in the Pumpkin Buttes District
by that date.

Types of Uranium Deposits
Found at Pumpkin Buties

Cross-sections:

1. Concretionary deposits, small in size,
rich in uranium content, generally found iso-
lated within zones of red coloration within the
host Wasatch sandstones.

2. Disseminated deposits, found as shells
or rolls between interpenetrating tongues of
red and drab buff coloration in the host Wasatch
sandstones. This type of deposit is similar to
the large deposits developed at the other impor-
tant uranium mining districts in Wyoming.

Number of Mines Opsrating

5 i6 3
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21,384 322a 2n622
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URANIUM PRODUCTION STATISTICS
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Characteristics of Pumpkin

The uraniun deposits of the Pumpkin Buttes Dis-
trict are found mainly in the sandstones of the Wa-
satch Formation, which is of [ocene age. The Wasatch
Formation in this area is a mixed sequence of coarse
and fine sandstones, and interlayered claystones and
siltstones, which were deposited in a fluvial (stream
valley) environment approximately 40 million years
ago. The best host rocks for ore in the Pumpkin
Buttes District are bar and channel sandstones. These
sandstone bodies outline a conplex, ancient drainage
system which flowed from south to north, carrying wa-
ter and sediment from the Laramie Range, the Granite
Mountains and the Bighorn Mountains.

The uranium deposits found in the Wasatch sand-
stones are demonstrably younger than the sandstones
themselves. That is, the uranium was not deposited
simultaneously with the sand, but was carried in much
later in solution (moving ground water). The rela-
tionship of the uranium deposits (1) to the geometry
of the sandstone bodies in which they are contained,
and (2) to zones of oxidation and alteration in the
sandstones, have provided the uranium geologist with
the evidence needed to formulate a logical theory of
origin for the ore bodies.

The uranium deposits of the Pumpkin Buttes Dis-
trict are of two general types. The first type con-
sists of nodules or pods of black and yellow uranium
minerals generally found within red or pink sandstones
(see cross-section, this page]. The deposits observed
by Dr. Love in 1951 were of this type, as were the
great majority of the deposits designated on the ac-
companying map of the Pumpkin Buttes District. Most
of these small surface deposits were high grade, but
of very limited extent. Isclated, high grade pods of

Deposits

[ 8uif e % Calcite
L Sandstone | Sandstone Cemented

" Sondstone

Modified from Mrok,V.A., 1968,

Buttes Uranium Deposits

this type are not of economic importance, as the ton-
nages involved will not sustain a large-scale mining
and milling operation,

The larger deposits in the Pumpkin Buttes Dis-
trict, such as the Blowout-Anomaly 119 depesit, rep-
resent & second aistinct type of ore-body. These
ore-bodies are gererally lower grade than the first
type, but are very much larger. Their most impor-
tant characteristic is that they are located within
sandstone at a contact between red or pink colora-
tion on one side and gray, tan, or otherwise drab
coloration on the other (see cross-section, this
page). Irregularities in this coler contact, where
the red coloration shows maximum penetration into
the drab, are most likely to contain significant
uranium deposits.

The disposition of uranium ore bodies at or near
the front of the red to pink oxidized zones indicate
to the uranium geologist that the metal was carried
in solution in oxidizing ground waters downdip
through the sendstones to chemically favorable sites
of deposition. The uranfum ore minerals were em-
placed in a shell around the tongue of red sandstone
oxidized by the ground water.

_ The original source of uranium carried by the
mineralizing ground water solutions is very much un-
certain, but many investigators have concluded that
uranium could have been leached in sufficient amount
from the tuffaceous White River Formation which once
overlay the entire area. Remnants of this blanket of
White River Formation are now seen capping the Pump-
kin buttes.
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WATER RESOURCES
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Surface Water

Campbell County is located in the central Powder River geologic basin and is drained
by the Powder, Little Missouri, Belle Fourche and Cheyenne Rivers, all tributaries of the
Missouri River System. Allocation of surface waters in the Belle Fourche and Powder River
drainages is controlled by interstate stream compacts while no compact agreements apply to
waters of the Cheyenne and Little Missouri drainages.

Campbell County receives an average annual precipitation of 12 to 14 inches which
falls mostly as snow or rain during the spring and early summer. Streams originating in
the county are mainly ephemeral, flowing only during time of high surface runoff. How-
ever, flooding from heavy snowmelt runoff and summer rainstorms has occurred occasionally
along most of the major streams. Adequate streamflow data is lacking for most tributa-
ries. Major stream patterns are dendritic and the tributaries have dominantly parallel
patterns. Matural chemical quality of the surface waters is related to the mineralogy
of the rocks and varies inversely with the discharge.

The dominant use of available surface water is presently agricultural. HKumerous
small stockwater reservoirs impound water on many of the tributaries. Sparse vegetation
and erodable Tertiary rocks result in high suspended stream sediment loads which are a
problem in impoundments.

Geologic Formations and Potential
Water Supply (major aquifers in blue)
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Groundwater quality and quantity are considered poor in Campbell County. Many of the SOURCES: quolily q ¥y

Powder River Basin aquifers have low permeability and contain unfavorable soluble minerals.
Most of the groundwater in Campbell County is produced from sands in the Wasatch, Fort
Union, and Fox Hills formations. Other formations are deeply buried in the subsurface and
outcrop many miles away on the flanks of the Black Hills Uplift and Bighorn Mountains.
Recharge to the aquifers occurs on outcrop from precipitation and surface streams or from
subsurface contact with other water-bearing units. Fort Union and Wasatch wells generally
produce 10 to 20 gal./min.

Groundwater is predominantly used for 1ivestock and domestic purposes. Very little
groundwater is used for irrigation mainly because of the high mineral content. An esti-
mated 8,500 acre feet of formational water was used in 1973 for waterflood in secondary
recovery of oilfields in Campbell County. The city of Gillette consumed about 1,000 acre
feet of water in 1973 for municipal uses. Energy development in the county has stimulated
interest in new water sources. Although the Madison Limestone produces large volumes of
water in areas of fracturing and cavernous weathering near the mountains, it is deeply
buried in Campbell County and its water productivity characteristics are not well known.

Beath, 0. A., Gilbert, C. §
Tivestock poisoning:

Eppson, H. F., and Rosenfeld, Irene, 1953, Poisonous p!anti and
ioming Agricultura] Experiment Station Bulletin 324, p.

Durfor, D. N., and Becker, Edith, 1964, Public water supplies of the 100 largest cities in
the United States, 1962: U. 5. Geological Survey Water Supply Paper 1812, 364 p.
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Water Quality

Few municipal, domestic, agricultural, or industrial uses do not require some restric-
tions on water quality. Water quality is determined by the rocks which the water contacts.
In general, the guality of groundwater deteriorates with lower streamflows. Tertiary and
Upper Cretaceous waters are of two types: alkali-carbonate (soft) and alkaline-earth-sul-
fate (hard). “Soft" waters are generally less toxic and can be treated easier than "hard"
waters.
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