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URANIUM HYDROGEOCHEMICAL AND STREAM SEDIMENT RECONNAISSANCE

OF THE CASPER NTMS QUADRANGLE, WYOMING, INCLUDING

CONCENTRATIONS OF FORTY-TWO ADDITIONAL ELEMENTS

by

Carol M. LaDelfe

ABSTRACT

As part of the National Uranium Resource Evaluation, the Los Alamos
Scientific Laboratory conducted a Hydrogeochemical and Stream Sediment Recon-
naissance in the Casper National Topographic Map Series quadrangle, Wyoming.
Samples were collected in the fall of 1977 from 1553 locations within an area
of 18 400 km2 and included 536 water samples and 1370 sediment samples.
Water samples were analyzed for uranium elements by delayed neutron counting
and fluorometry. Sediment samples were analyzed for uranium, thorium, and 41
additional elements by neutron activation analysis, x-ray fluorescence, and
arc-source emission spectroscopy. All field and analytical data are listed in
the appendixes but only uranium and thorium are discussed in any detail in
this report.

In general, the data show a close correlation with the numerous occur-

rences of uranium in the Casper quadrangle. The quadrangle contains three
major uranium mining areas--the Gas Hills, Crooks Gap, and Shirley Basin

areas. High uranium values in water and sediment samples correlate strongly
with the Gas Hills area and to a lesser degree with the other areas of uranium
occurrence. Our data show high concentrations on the south flank of Crooks
Mountain and in areas around the Precambrian crests of the Pedro, Shirley, and
Laramie Mountains, most of which are also associated with known occurrences,
but which may deserve another look.

Thorium concentrations tend to be highest in sediments from the south-

west corner of the quadrangle. The median concentration of thorium in this
area is twice that of the whole Casper quadrangle. A strong correlation

between thorium and cerium suggests monazite or other resistate minerals in
that region. The high thorium values and correlating low uranium-to-thorium
(U/Th) ratios within this area may provide new evidence for predominating
southwestward drainage patterns from the uplifted Granite Mountains of
earliest Eocene time. This observation may be of significant consequence to
uranium exploration in the Great Divide Basin. High thorium and related low
U/Th ratios were not observed in samples from the Wind River Basin north of

the Granite Mountains.
The Casper quadrangle contains many documented subeconomic uranium

occurrences in addition to active mining areas. The data from this study
correlate well with known uranium occurrences and perhaps may lead to re-

evaluation of some undeveloped areas.
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I. INTRODUCTION

Uranium and other elemental data resulting from the Hydrogeochemical and
Stream Sediment Reconnaissance (HSSR) of the Casper National Topographic Map
Series (NTMS) quadrangle, Wyoming, by the Los Alamos Scientific Laboratory
(LASL) are reported herein. The LASL is responsible for conducting the HSSR
primarily in the Rocky Mountain states of New Mexico, Colorado, Wyoming, and
Montana and in Alaska (Sharp, 1977). This study was conducted as part of the
United States Department of Energy's National Uranium Resource Evaluation
(NURE), which is designed to provide an improved estimate for the availability

and economics of nuclear fuel resources and made available to industry infor-
mation for use in the development and production of uranium resources. The
HSSR data will ultimately be integrated with data from other NURE programs
(e.g., airborne radiometric surveys and geological investigations) to complete
the entire NURE program by 1985.

Field samples were collected by a private contractor for the LASL

between August 14 and November 25, 1977. Totals of 536 water and 1370 sedi-
ment samples were collected from 1553 locations for an average areal density
of one location per 11.8 km2. All field and analytical data are presented
in Appendix I, and these data are available on magnetic tape from: GJOIS
Project, Union Carbide Corporation National Depository (UCC-ND), Computer
Applications Department, 4500 North Building, Oak Ridge National Laboratory,
P. 0. Box X, Oak Ridge, Tennessee 37830. Standardized field and analytical
procedures (Appendix IV-A) were used to facilitate data comparison within the
quadrangle as well as future comparison with data from surrounding areas.

II. DESCRIPTION OF STUDY AREA

Location and Geographic Setting
The Casper NTMS quadrangle covers approximately 18 400 km2 in central

Wyoming and is bounded by latitudes 42 and 43*N and longitudes 1060 and 108W
(Fig. 1). The quadrangle includes portions of Albany, Carbon, Converse,
Natrona, Fremont, and Sweetwater Counties (USGS, 1955).

Nearly all of the Casper quadrangle lies within the Wyoming Basin
physiographic province with the major exception of the Laramie Mountains
(Fenneman, 1931). The Laramie Mountains represent the northernmost extension
of the Southern Rocky Mountain physiographic province and form the eastern
boundary of the Wyoming Basin region. The Middle Rocky Mountain province
bounds the basin region on the southwest, west, and north so that the basin
region forms a gap in the rugged Rocky Mountain chain.

Climate
In general, the climate of the study area is semi-arid, cool, and

windy. Elevations range from 1560 to 3060 m so that micro-climates and their
associated vegetation vary from the sparse grass of the arid Great Divide
Basin, where precipitation averages 180 mm per year, to the alpine forests
that cap some of the mountain ranges, where precipitation averages 300 mm per
year. The average annual temperature of the National Oceanic Atmospheric
Administration (NOAA) reporting stations within the quadrangle is 7*-8*C.
Temperature extremes reported at the Casper airport in 1977, the year that the
samples were collected for this study, were from -31 to 36C (NOAA, 1977).

2
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Fig. 1. Location map of the Casper NTMS quadrangle, Wyoming.

Specific weather conditions were noted for each sample location at the time of
sampling and are included with the data listings in Appendixes I-A and I-B.

Hydrology
The Casper quadrangle includes portions of the North Platte, Big Horn,

and Powder River drainages plus the Great Divide Basin. The Great Divide
Basin in the southwest corner of the quadrangle is surrounded by the Continen-
tal Divide with resultant internal drainage. The Big Horn drainage extends
north from the Beaver Rim in the northwest corner of the quadrangle, and the

Powder River drainage northeast from the Rattlesnake Hills (Fig. 1). The
remainder of the quadrangle is drained by the North Platte River and its

tributaries--the Sweetwater River and the Little Medicine Bow River.
Because of the ephemeral character of most streams in the quadrangle,

ground water is of primary importance for domestic, livestock, and industrial
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purposes. Ground water has been produced from nearly all the geologic forma-
tions that outcrop in the Casper quadrangle, from Precambrian granites to
Quaternary alluvium.

The late Paleozoic Madison limestone, Tensleep sandstone, and Casper
formation have potentially a great groundwater yield to wells in the area,
although depths to these aquifers make them uneconomical except near out-
crops. A petroleum company reported artesian flow from a 2300-m-deep well in
Madison limestone southeast of Casper (Crist and Lowry, 1972). There are also
flowing wells reported from the Tensleep sandstone in the Rattlesnake Hills.
Stock wells in the northeast and southeast portions of the quadrangle are
commonly in Cretaceous rock of predominantly marine origin; conductivities of
the waters from these aquifers tend to be >1000 micromhos per centimeter

(ymho/cm), and in some areas they are >5000 umho/cm (Christ and Lowry, 1972).
The Eocene Wind River formation is the source for large supplies of water in
the Gas Hills area and for domestic and stock use in much of the quadrangle
(Whitcomb and Lowry, 1968). Quality of water from Tertiary rocks, including
the Wind River formation, varies widely over the area. Municipal supplies
from the Wind River formation for the city of Riverton, west of the study
area, contain approximately 350-500 parts per million (ppm) total dissolved
solids, have an average pH of greater than 8.0, and are of a sodium
bicarbonate type (Whitcomb and Lowry, 1968). Water from the Wind River
formation in the Gas Hills tends to be a very hard calcium sulfate type, with
over 1100 ppm total dissolved solids, pH of 7.5, and, from uraniferous zones,
radioactivity levels too high for use as a domestic or stock water supply.
The Wind River formation in the Shirley Basin provides mostly calcium
bicarbonate waters with total dissolved solids in the 100-750 ppm range.
Radium concentrations in Shirley Basin groundwater range up to 1700 pCi/L, far
exceeding the 3.0 pCi/Q limit recomended by the US Public Health Service for
potable water (Lowry et al, 1973).

Quaternary alluvium is the most promising aquifer in much of the quad-
rangle. In Natrona County, wells have been developed in this aquifer for the
city of Casper and for irrigation, stock, and domestic use in other parts of
the county with discharges of up to 82 %/s (Crist and Lowry, 1972).

III. GEOLOGY

Stratigraphy
The Casper quadrangle is underlain by early Precambrian basement rocks

known as the Wyoming Province (Houston, 1971). These rocks are approximately
equivalent in age (>2.5 b.y.) to the Superior Province of the Canadian
Shield. The oldest exposed rocks within the study area are an iron formation-
graywacke suite of early Precambrian age. These rocks have been intruded by
granite and pegmatite dated at 2.5 b.y. Outcrops of Precambrian rock in the
Wyoming Province include remnants of hornblende gneisses, probable meta-
volcanics, and metasediments (Houston, 1971).

Paleozoic and Mesozoic sediments (summarized in Table I) consist chiefly
of marine deposits with greater thicknesses of Mesozoic rocks reflecting

orogeny in geosynclines west of Wyoming (Houston, 1969).
Cenozoic sediments within the study area (Table I) are primarily conti-

nental plastics shed by uplift produced during the Laramide orogeny. Thick
Paleocene coal beds are present in the Hanna, Shirley, and Great Divide
Basins. Lower Eocene rocks are claystones at the bottom, grading into arkosic
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TABLE I

STRATIGRAPHIC UNITS OF THE CASPER QUADRANGLE, WYOMING

Tertiary
Pliocene
Miocene
Oligocene
Eocene

Paleocene

Cretaceous
Upper

Lower

Jurassic
Upper
Middle
Lower

Triassic

Wind River Basin/Shirley Basin

Moonstone fm
Split Rock fm
White River fm
Wagon Bed fm
Wind River fm

Fort Union fm/Hanna fm

Lance fm
Meeteetse fm

Lewis shale
Mesaverde fm (group)

Teapot sandstone
Middle member
Lower member

Cody shale/Steele shale

Frontier fm
Mowry shale
Muddy sandstone
Thermopolis shale
Cloverly fm

Morrison fm
Sundance fm
Gypsum Springs fm
Nugget sandstone

Chugwater group
Popo Agie fm
Jelm fm
Alcova limestone
Red Peak fm

Great Divide Basin

Browns Park fm
White River fm
Bridger fm
Crooks Gap conglomerate
Wasatch & Battle Spgs. fm
Fort Union fm

Lance fm
Fox Hills sandstone
Lewis shale
Mesaverde group

Almond fm
Ericson fm
Rock Springs fm
Blair fm

Niobrara fm
Carlile shale
Frontier fm
Mowry shale
Muddy sandstone
Thermopolis shale
Cloverly fm

"Rusty Beds"

Sundance fm

Nugget sandstone

Chugwater group
Popo Agie fm
Jelm fin
Alcova limestone
Red Peak fm

Goose Egg fm

Pennsylvanian

Mississippian

Cambrian

Tensleep sandstone/Casper fm

Madison limestone

Gallatin group

Gros Ventre fm
Flathead sandstone

Precambrian

Tensleep sandstone

Madison limestone

Buck Spring fm
Flathead sandstone

Complex metamorphics and intrusives

et al, 1979, and Wyoming Geological Association, 1969.

Permian

Adapted from Love
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conglomerates. The coarsest deposit at the top of this sequence is the Crooks
Gap conglomerate, composed of "giant granite boulders in a coarse arkosic
sandstone matrix," (Love et al, 1979). Middle and Upper Eocene sediments
through the Pliocene or Pleistocene sediments are chiefly tuffaceous sand-
stones to claystones with interbedded pumicites, tuff, arkosic conglomerates,
and other clastics. Quaternary sediments include landslide and playa
deposits, terrace and pediment gravels, windblown sand, alluvium, and
colluvium.

Igneous History

Igneous rocks of early Precambrian age crop out on the crests of all
major mountain ranges in the quadrangle (Fig. 2). Granites are the most
common of these and uranium concentrations vary from an average of 4 ppm in
granites of the Shirley and Pedro Mountains to 20-30 ppm in granites of the
Granite Mountains (Houston, 1969).

Cenozoic Igneous activity within the quadrangle occurred in the
Rattlesnake Hills with middle Eocene felsic eruptions from 36 vents in an area
of 324 km2 . The influence on subsequent sediments appears to have been
confined to an area within 50 km of the vents (Love, 1970). The Oligocene to
Pliocene eruption of the Absaroka-Yellowstone centers in northwest Wyoming,
well outside this study area, resulted in thick deposits of tuffaceous
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sediment in the Shirley and Powder River basins and probably had a significant
impact on uranium deposits now found in those areas (Houston, 1969; McGrew,
1971).

Structure
The Granite and Laramie Mountains, the Shirley, Wind River, and Great

Divide Basins, and the Casper arch are the major structural units within the
Casper quadrangle (Fig. 3).

Development of the basins and mountain ranges began with the onset of
the Laramide orogeny in the latest Cretaceous. By earliest Eocene time,
compressional forces had resulted in southward thrust faulting of the Granite
Mountain block along the South Granite Mountains fault system. Maximum
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Fig. 3. Major structural element map of the Casper quadrangle, Wyoming.
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structural relief on the Precambrian basement with respect to the Great Divide
Basin probably exceeded 11 000 m by middle Eocene and perhaps 13 500 m with
respect to the Wind River Basin (Love, 1970). In the Pliocene and Pleistocene
the Granite Mountains subsided along normal faults in the North and South
Granite Mountains fault systems with the axis of subsidence along the Split
Rock syncline (Love, 1970). The present (net) structural relief is uncertain,
but maximum stratigraphic displacement exceeds 6000 m along the Emigrant Trail
thrust fault on the southwest boundary of the Granite Mountains, and Pre-
cambrian basement relief is probably over 9000 m with respect to the Great
Divide Basin (Keefer, 1970; Love, 1970).

The Green, Ferris, and Seminoe Mountains are remnants of the overturned
sheared-off limb of the South Granite Mountains fold-thrust structure that
remained after the collapse of the Granite Mountain block (Sales, 1971).

IV. ECONOMIC RESOURCES

Uranium
Significant quantities of uranium have been found within the Casper

quadrangle since the first mining began in the early 1950s (Fig. 4 and
Appendix II). Mines and mills at Crooks Gap, Gas Hills, and Shirley Basin
have produced the majority of uranium from Wyoming sources. Exploration is
continuing at a rapid rate. In 1977, for example, 4.7 million meters of
exploration drilling was completed in Wyoming as compared to 2.8 million
meters in New Mexico. Land holdings for uranium exploration and mining
increased by 38% to about 48 000 km2 during that same year. The greatest
new production potential is most likely in the Powder River Basin, just
northeast of the Casper quadrangle, and in the Red Desert district, in and
adjacent to the southwestern corner of the quadrangle, but important new
discoveries are said to be probable in the areas of the Gas Hills, Crooks Gap,
and Shirley Basin (Nuclear Fuel, 1979).

Production of uranium from the Gas Hills district in Fremont and Natrona
Counties (northwest corner of Casper quadrangle) began in 1954 and had
resulted in a cumulative total of more than $100 million worth of uranium by
1975 (Mardirosian, 1976). Mineralization is in the Puddle Springs arkose
member of the early Eocene Wind River formation, with some uranium occurrences
reported in the Triassic Chugwater formation. Principle uranium production
minerals include coffinite and uraninite, with associated enrichment in
molybdenum, arsenic, and selenium (Anderson, 1969).

The value of production from the Shirley Basin has also exceeded $100
million (Mardirosian, 1976). Economic mineralization is in arkosic sandstone
beds of the Wind River formation with sub-economic mineralization reported in
the Oligocene White River formation. Some claims just to the northeast of
Shirley Basin are reported to be in the Permo Pennsylvanian Casper formation
(Elevatorski, 1976). The uranium produced in the Shirley Basin occurs as
uraninite and occurs with pyrite, ferroselite (FeSe2), selenium, hematite,
and calcite (Harshman, 1972).

Production has been in the 10- to 100-million-dollar range from the
Crooks Gap area on the north edge of the Great Divide Basin (Mardirosian,
1976). Mineralization is primarily in the lower member of the lower Eocene
Battle Springs formation with no apparent accessory elements (Stephens, 1964).

Other uranium occurrences are found in numerous areas of the quadrangle
(Fig. 4 and Appendix II) and development i~s continuing in such areas as Nine

8
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le Lake, north of Casper, where an in situ acid-leach test facility was
cated in 1976 to attempt uranium recovery from the Teapot sandstone member

the Mesaverde formation. Here, concentration of U308 averaged 100 ppm
the produced leachate solution and plans have been completed for a com-

rcial facility (Phillips, 1978).
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Non-uranium Minerals and Other Commodities
A wide variety of non-uranium minerals, industrial materials, and fossil

fuels occur in the Casper quadrangle. The Mines and Minerals map of Wyoming
(Geological Survey of Wyoming, 1970) shows occurrences of gold, silver,
copper, lead, titanium, iron, chromium, manganese, lithium, arsenic, graphite,
and thorium at various locations as well as deposits of industrial commodities
such as sand, gravel, pumice, gypsum, and others. Several of Wyoming's vast
coal fields extend into the Casper quadrangle and include the Great Divide
Basin, Glenrock, Powder River, and Hanna fields (Elevatorski, 1975). Small
oil and natural gas fields are located in each of the major basins within the
quadrangle (Glass et al, 1975).

V. PRESENTATION OF ANALYTICAL AND STATISTICAL DATA

Water and water-borne sediment samples were collected from a total of
1553 locations as shown on Plate I (in pocket). Field measurements, weather,
geologic, and geographic data for each sample location are listed for waters
in Appendix I-A and for sediments in Appendix I-B. Waters were analyzed for
uranium. Sediments were analyzed for uranium and thorium as well as aluminum,
antimony, barium, beryllium, bismuth, cadmium, calcium, cerium, cesium,
chlorine, chromium, cobalt, copper, dysprosium, europium, gold, hafnium, iron,
lanthanum, lead, lithium, lutetium, magnesium, manganese, nickel, niobium,
potassium, rubidium, samarium, scandium, silver, sodium, strontium, tantalum,
terbium, tin, titanium, tungsten, vanadium, ytterbium, and zinc. Results of
these analyses are also listed in Appendix I-A for waters and I-B for
sediments.

Samples were analyzed for all above elements at the LASL. Water samples
were analyzed for total uranium by fluorometry and, in general, those samples
containing more than 40 parts per billion (ppb) uranium were reanalyzed by
delayed neutron counting (DNC). All sediments were analyzed for uranium by
DNC and by x-ray fluorescence for nine elements, by arc-source emission
spectrography for two elements, and by neutron activation analysis for the
remaining thirty-one elements (see Appendix IV-A, "Procedures," for details).

The following sections are primarily discussions of clusters of samples
that exhibited uranium concentrations above arbitrary thresholds of 20 ppb in
waters and 14 ppm in sediments, and an area where many of the sediment samples
exhibited thorium values well above the quadrangle median. The choice of
these thresholds is not meant to imply that all samples with thus-defined
concentrations of uranium are significant, but to facilitate the comparison of
clusters of such samples with background and each other.

Uranium Concentrations in Water Samples
Plate II (in pocket) shows locations and relative uranium concentrations

of the 536 water samples collected in the Casper quadrangle. Thirty-one
percent or 165 of the water samples were taken from streams and the rest from
groundwater sources (wells or springs). Uranium concentrations range from
below the detection limit of 0.02 ppb to 1353.52 ppb. Statistics for uranium

in all waters and in each sample type are shown with the semilogaritpmic
histograms in Appendix III-A. The histograms display an approximately log
normal distribution of uranium in all waters and in each sample type, with the
median uranium concentration in the 2-5 ppb range in all cases.
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There are ten distinct clusters of water sample locations where the

uranium concentration of each included sample is greater than 20 ppb uranium
(Fig. 5). Twenty of the samples with >50 ppb uranium are from within these
clusters, as indicated in Table II. Five percent or 25 of the water samples
from the entire quadrangle contain more than 50 ppb uranium.

Cluster W1 is in and downstream from the Gas Hills uranium district.
Uranium concentrations from the six locations included in the cluster range
from 27.26 to 1353.52 ppb. Conductivities of the waters are moderately high
(950 to 3500 piho/cm), but there is little correlation between conductivity
and uranium concentration among these samples. The mining district is along
the Beaver Rim at the head of the Muskrat Creek drainage and ore bodies are in
the early Eocene Wind River formation. The Muskrat Creek drainage cuts into
Cretaceous rocks and the conductivities of the well and spring waters col-
lected here may reflected the predominantly marine origin of local aquifers.
Mining activity or tailings piles were visible from the stream and spring
sample locations, so contamination is a likely contributor to the high uranium
values from these samples. The wells are not as close to the mining area, and
the one that yielded the 170.10-ppb value had been found to have a 120 ppb
uranium concentration in 1951 (Soister, 1967). This may indicate aquifer
contamination or a difference in handling and analysis of the samples.
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Fig. 5. Schematic diagram showing clusters of samples having high uranium

and thorium concentrations from the Casper quadrangle, Wyoming.
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TABLE II

WATER SAMPLES WITH URANIUM CONCENTRATIONS >50 PPB
FROM THE CASPER QUADRANGLE, WYOMING

Water
Cluster

Sample
Number

W14094
W14605
W14657
W14658
W14659

W15010

W15377
W15378

W14165

W15343
W15357
W15370

W14789
W14773
W14860

W14723

W15070
W15154

W15189
W15410

Isolated Samples

Well
Well

Well

Stream

161.29
98.01

108.92

82.98

2850
650

1800

155

Spring 265.32 2400

In Cody fm north and
west of Casper

East Wind River Basin

NE side of Green Mtns.

West of Tin Cup Mtn.

Sample
Type

Well
Well
Spring
Stream
Stream

Stream

Spring

Spring

Well

Stream
Spring
Spring

Well
Stream
Spring

Well

Well
Well

Spring
Spring

W1

W2

W3

W5

W6

W7

W8

W9

W10

Uranium
(ppb)

51.48
170.10
297.99

1327.32
1353.52

58.99

56.38
66.01

52.07

59.49
53.61

129.87

60.29
98.01
78.79

108.66

63.26
130.09

54.46
59.16

Conductivity
(pmho/cm)

1000
3500
1700
950
1000

800

285
90

280

350
130

1500

1680
4700
1100

310

1200
600

1200
1500

Location

In Gas Hills; Muskrat
Creek drainage basin

Crooks Gap

Sage Hen Creek

Deer Creek drainage
in Laramie Mountains

Pedro Mountains

Near North Platte River
and in Poison Spring
Creek drainage basin

In Cody fm north and
west of Casper

E. Medicine Bow River
drainage basin

W. Medicine Bow River
drainage basin

W14735
W14778

W14551

W15245

W15316



Cluster W2 includes waters from the Crooks Creek drainage. The Crooks
Gap uranium mining area is adjacent to this cluster. Uranium concentrations
from the four locations range from 22.47 to 58.99 ppb. Three of the four
waters came from alluvium near Crooks Creek, while the spring sample (W15099)
apparently flows from the Tertiary Wasatch and Battle Springs formations. The
Crooks Gap ore bodies are primarily in these same formations (Appendix II).
Mining activity was visible from sample locations W15008 and W15099, which
produced uranium values of 22.47 ppb and 34.40 ppb, respectively. The only
possible source of contamination mentioned by sample collectors for the other
locations in the cluster was agricultural.

Cluster W3 is in the Sage Hen Creek drainage. Uranium concentrations
range from 21.97 to 66.01 ppb in the four groundwater samples in this
cluster. Conductivities are relatively low (90-430 umho/cm). The three
springs that have the higher uranium concentrations lie at or near the inter-
face between Precambrian biotite granite and the Miocene Split Rock formation
(Peterman and Hildreth, 1978) and near the western edge of the uraniferous
Pliocene Moonstone formation (Love, 1970). Subeconomic uranium mineralization
has been identified in a recent spring deposit along Sage Hen Creek
(Appendix II).

Clusters W4, W5, and W6 are located on or adjacent to Precambrian rocks
of the Shirley, Laramie, and Pedro Mountains. Cluster W4 is in the Shirley
Mountains and consists of three water samples with uranium concentrations of
from 20.76 to 34.44 ppb. The samples are from near the exposed interface of
Precambrian rock with steeply tilted Mesozoic sediments (Love et al, 1979).
Water samples from the entire Shirley Mountains area tend to have relatively
high uranium concentrations, as can be seen on Plate II, and subeconomic
uranium occurrences have been identified in both Precambrian rock and
Phanerozoic sediments in the area (Fig. 4). Cluster W5 is in the Deer Creek
drainage of the Laramie Mountains near a subeconomic occurrence of uranium in
quartz monzonite (Appendix II). Cluster W6 is in the Pedro Mountains and

consists of samples from nine locations with a uranium concentration range of
from 23.21 to 129.87 ppb. The Little Man mine produced uranium from Pre-
cambrian rock in this area in 1954 and 1955. The mine is located approxi-
mately at the end of the west arm of the cluster near location W15357
(Plate I).

Cluster W7 consists of five well waters, two streams, and a spring. The
wells are all located in Quaternary alluvium over upper Cretaceous sediments
and have uranium levels of from 28.79 to 60.29 ppb. Conductivities range from
1400 to 1680 umho/cm, and pH ranges from 6.1 to 7.6. The three other sample
locations are in the Poison Spring Creek drainage basin and appear to be from
a Cretaceous-rock environment. They have uranium concentrations ranging from
24.94 ppb to 98.01 ppb, and conductivities from 1100 to 4700 umho/cm.

Several groundwater samples from Mesozoic rocks in the eastern half of
the quadrangle contain relatively high uranium contents. Five wells in upper
Cretaceous rock generally north of the city of Casper have uranium concentra-
tions of from 21.94 to 161.29 ppb. Conductivities measured by sample
collectors ranged from 228 to 2850 umho/cm and pH measurements ranged from 6.6
to 7.5. Two of these wells constitute cluster W8. These wells are very close
to the in situ acid-leach facility at Nine-Mile Lake (Phillips, 1978).
Cluster W9 consists of two wells in the southeastern corner of the quad-
rangle. They are in Cretaceous rock near the Medicine Bow River. Two nearby
springs, also in Cretaceous rock, form cluster W10. These springs are not far
from a group of uraniferious springs reported by J. D. Love (1963).
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Uranium Concentrations in Sediment Samples
Plate IV (in pocket) shows locations and relative uranium concentrations

in the 1370 sediment samples collected in the Casper quadrangle. Seventy-two
percent of the samples came from dry stream beds, reflecting the generally dry
climate of the area. The statistical summary of uranium in Casper sediments
is shown with the histograms for uranium in all sediments and individual
sediment types in Appendix III-B. Uranium occurs in concentrations of >14
parts per million (ppm) in 5% or 68 of the sediment samples. The top 2.5%
contain >20 ppm, up to as much as 163.20 ppm. Sediment samples with >20 ppm
uranium are listed in Table III, along with their uranium/thorium (U/Th)
ratios and location by cluster (Fig. 5) or note on general area.

Many of the sediment samples with uranium concentrations greater than
the arbitrary threshold of 14 ppm were from locations clustered around known
occurrences of uranium. The largest of these clusters (S1, Fig. 5) is located
in the Gas Hills area with uranium concentrations of from 14.89 ppm to
163.20 ppm in samples from 14 locations. Sample collectors noted that most of
these samples were collected within sight of uranium mine dumps, thus they are
possibly contaminated. The very high uranium levels in waters of two streams
and a spring (cluster W1) within the boundaries of the sediment cluster area
support this suspicion.

The second major cluster (S2) is located in the Crooks Gap uranium area
and on the western and southern flank of Green Mountain. The samples were
collected from locations underlain by Tertiary Crooks Gap conglomerate,
Wasatch formation, and Battle Springs formation (Love et al, 1979). These are
all composed of granitic conglomerate and coarse arkosic sandstones. The
southern-most locations in the S2 cluster are near surface radioactive
anomalies in the Wasatch formation and an occurrence known as Big Bertha in
the Battle Springs formation (Appendix II). Water cluster W2 corresponds
generally to the northwestern side of cluster S2 along Crooks Creek.

A smaller cluster (S3) lies between the Gas Hills and Crooks Gap areas
along Sage Hen Creek. Uranium concentrations in the sediment samples range
from 32.84 to 106.80 ppm and may be related to the Sage Hen Creek uranium
occurrence in recent calcareous tufa (Appendix II). Cluster S4 lies on the
east side of the Shirley Mountains in an area of pronounced tectonic activity
where steeply tilted Mesozoic rocks lie against the Precambrian and Paleozoic
core of the Shirley Mountains. Like the nearby Pedro Mountains, the Shirley
Mountains contain numerous documented occurrences (Fig. 4) and at least one is
near this cluster. Another cluster (S5) occurs in the Deer Creek drainage of
the Laramie Mountains. Six sediments and two waters yielded relatively high
uranium levels. Sample collectors noted that two of the samples were from an
igneous environment and uranium has been reported in nearby quartz monzonites
(Appendix II).

Two small clusters lie within the closed drainage system of the Great
Divide Basin south of Crooks Mountain. Cluster S6 is on the south slope of
Crooks Mountain. One of the two samples exhibited >20 ppm uranium and the

U/Th ratio was >1 in both. Cluster S7 is a few kilometers south of S6. Both
samples have >20 ppm uranium and the U/Th ratios are 1.7 and 7.1.

Cluster S8 is a small cluster along the south edge of Bates Hole adjoin-
ing the Shirley Basin. Two of the three sediment samples have uranium
contents of >20 ppm, but the U/Th ratio is only >1 in the southwesternmost
sample.
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TABLE III

SEDIMENT SAMPLES CONTAINING >20 PPM URANIUM
FROM THE CASPER QUADRANGLE, WYOMING

Sediment Sample
Cluster Number

S1 W14104
W14602
W14603
W14651
W14652
W14654
W14656
W14658
W14659
W14661
W14672
W15500

S2 W15023
W15099
W15100
W15010
W15120
W15127

S3 W15377
W15378
W15379

Sample
Type

Wet Spring
Dry Stream
Dry Stream
Dry Stream
Dry Stream
Dry Stream
Dry Spring
Wet Stream
Wet Stream
Dry Stream
Dry Stream
Wet Stream

Dry Stream
Wet Spring
Wet Stream
Wet Stream
Wet Stream
Wet Stream

Wet
Wet
Dry

Spring
Spring
Stream

S4 W15448 Dry Stream
W15450 Wet Spring

S5 W14755 Dry Stream

S6 W14428 Wet Stream

S7 W14486 Dry Stream
W14487 Wet Spring

S8 W15267 Wet Spring
W15282 Wet Stream

Slo W15055 Wet Stream

Uranium Thorium

(ppm) (ppm)

22.04
159.60
76.72
82.74

163.20
35.40
71.71
24.98
24.47
25.85
63.82
22.08

28.56
90.41
35.69
22.29
22.78
25.08

38.83
32.84

106.80

50.43
90.76

20.07

22.15

74.31
46.02

111.90
20.21

18.1
34.8
15.1
56.6
22.0
33.8
18.9
38.5
25.3
18.1
29.3

249.0

10.8
35.3

239.4
273.7
38.0

136.2

U/Th Location/Geology

1.22
4.59
5.08
1.46
7.42
1.05
3.79
0.65
0.97
1.43
2.18
0.09

2.64
2.56
0.15
0.08
0.60
0.18

13.6 2.86
17.8 1.84
58.4 1.83

28.0 1.80
16.7 5.44

Gas Hills

Crooks Gap/Green
Mountain

Sage Hen Creek

Shirley Mountains

58.3 0.34 Deer Creek drain-
age of Laramie
Mountains

20.8 1.06 South side of
Crooks Mountain

10.4 7.15 N. Great Divide
27.7 1.66 Basin

16.4 6.82
169.2 0.12

S. Bates Hole

26.10 229.9 0.11 NE Great Divide
Basin

Isolated Samples

W14401
W14422

W14828

W15357

W14283

Dry Stream
Dry Spring

Wet Spring

Wet Spring

Wet Spring

96.55
20.87

27.11

35.86

23.36

319.8
31.2

11.1

0.30
0.67

2.44

11.8 3.04

6.8 3.44

Red Desert of
Great Divide Basin

N of Pathfinder
Reservoir

Pedro Mountains

Rattlesnake Hills
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Thorium Concentrations in Sediment Samples
Thorium concentration was measured in 1363 sediment samples from the

Casper quadrangle and is discussed here because of its possible use in
estimating uranium mobility (Rogers et al, 1978). The range of measured
thorium concentrations is from 1.7 ppm to 2800 ppm (because of computer
restraints, the maximum reported value is 999.8 ppm thorium, but actual
measure for that sample was 2800 ppm.) A statistical summary of thorium data
is shown with the histogram in Appendix III-C. Relative thorium concentra-
tions in sediment samples are shown on Plate V. Approximately 2100 km2 of
the southwestern corner of the Casper quadrangle (Fig. 5) contains the
majority of high-thorium samples. The 161 sediment samples from this area
have an average thorium concentration of 62.4 ppm with a median value of
26.0 ppm as compared to the quadrangle median of 13.0 ppm. Twenty-one samples
or 13.3% have concentrations of more than 80 ppm. This area includes Crooks
Gap and that part of the Great Divide Basin that lies in the Casper quad-
rangle. It also includes the 2800-ppm sample in which associated elements are
gold, cerium, hafnium, lanthanum, and samarium, suggesting a heavy minerals
placer deposit. The thorium/cerium correlation coefficient is 0.99 for the 42
samples showing highest thorium concentration in this portion of the quad-
rangle. This suggests a general presence of resistate minerals in many of the
dry stream beds of the area.

The general trend of sample locations with low U/Th ratios includes the
southern two-thirds of the quadrangle. The northern limit of this trend
coincides with the North Granite Mountains fault system and the northern
extent of exposed Precambrian rock in the Pedro, Shirley, and Laramie
Mountains (Fig. 6). Studies by J. S. Stuckless (1979) disclose anomalously
high ratios of thorium to uranium in granites in the Granite and Laramie
Mountains. The high Th/U ratios coupled with more normal ratios of their
daughter isotopes, 208Pb/206Pb, indicate that the granites were, until
relatively recently, also anomalously high in uranium. Therefore, Stuckless
suggests that the Th/U ratios of >5 (U/Th <0.2) in granites be used as
criteria for mapping uranium provinces.

Our data from sediments indicate that the U/Th ratio here parallels that
of the granite source rock. The high U/Th ratios that dominate the northern
one-third of the quadrangle suggest enrichment by soluble uranium while the
areas of low U/Th ratios in the remaining portions of the quadrangle indicate
transport and deposition of insoluble minerals in sediments that moved south
from the Granite Mountains. This favored direction of sediment movement must
have occurred during the period of maximum uplift of the Granite Mountains
block as indicated by low U/Th ratios in the northeastern Great Divide Basin.
Possible causes of the differential sedimentation that would concentrate

thorium-rich resistate minerals on the south flank of the Eocene Granite
Mountains, and not on the north, could probably be explained by a number of
scenarios, including an asymmetric drainage divide, differential stream
gradients, and vegetative density differences between south-facing and north-
facing slopes, any or all of which would favor sedimentation toward the south,
but not preclude movement of soluble uranium in ground waters toward both
north and south sides of the Granite Mountains.

The areas of low U/Th ratios, and probable high occurrence of resistate
minerals, may mask the probable concentration of soluble uranium that would
complete the halo around the Granite Mountains block. Therefore, economic
deposits of uranium may be yet found in areas that appear to be dominated by
thorium-rich, heavy-mineral placers.
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I. SUMMARY AND CONCLUSIONS

The HSSR data for the Casper quadrangle came from 536 water samples and
370 sediment samples collected from 1553 locations. The water samples, 69%
f which were ground water samples, were analyzed for uranium. Sediment
amples, 75% from dry stream beds, were analyzed for uranium, thorium, and 41
ther elements. The dominance of ground waters and dry stream sediments
orrelates with the semi-arid climate of most of the quadrangle.

Discussion of element concentrations is limited to uranium in waters and
ranium and thorium in sediments with particular emphasis on clusters of two
r more samples in close proximity that exhibit uranium values above an
rbitrary threshold of 20 ppb in waters and 14 ppm in sediments. Thorium is
iscussed with -reference to an area of elevated thorium concentrations and the

elationship of U/Th ratios to modes of mobility of the two elements.
Uranium concentrations in water samples range from below the detection

imit of 0.02 to 1353.52 ppb, with a median of 3.54 ppb and a mean of

5.46 ppb uranium. Uranium concentrations in sediment samples range from
.30 ppm to 163.20 ppm, with a median of 3.97 ppm and a mean of 6.09 ppm.
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Clusters of water and sediment samples having uranium concentrations
above 20 ppb and 14 ppm, respectively, generally coincide with each other and
with areas of known uranium occurrence. The strongest correlation of high

uranium values in both sediments and waters with a major uranium production
area occurs in the Gas Hills uranium district. Here uranium concentrations in
a cluster of water samples ranged from 27.26 to 1353.52 ppb and in a sediment
cluster from 11.89 to 163.20 ppm. Notable concentrations of uranium were
found in samples from clustered locations in the Pedro, Shirley, and Laramie
Mountains, as well as the Sage Hen Creek area and on the south slope of Crooks
Mountain. The majority of sediment samples from these areas have U/Th ratios

of greater than 1.0, ratios that are similar to those for samples associated
with the Gas Hills district.

Thorium concentrations in sediment samples from the Casper quadrangle
have a median value of 13 ppm, ranging from 1.7 to 2800 ppm. Samples from a
2100-km2 area in the southwestern corner of the quadrangle have a median
value of 26.0 ppm, twice the median for the whole quadrangle. The highest
thorium values exhibited a strong correlation with high cerium values in those
samples, suggesting the widespread occurrence of a resistate mineral such as
monazite. Generally, the low U/Th ratios in this area result from the high
thorium values; these ratios approximate U/Th ratios for Precambrian granites
of the nearby Granite Mountains (Stuckless, 1979). This relative concentra-
tion of thorium as compared to sediments north of the Granite Mountains
suggests differential sedimentation that could have been due to an asymmetric
drainage divide on the Granite Mountains, or changes in microclimatic in-
fluence on vegetative distribution during a general climate change in late
Eocene-early Oligocene. Soluble uranium was mobilized during this same
period, but was able to move down either flank with ground waters and thus
accumulated both to the north and south of the Precambrian granite source
(Ludwig, 1979). Therefore, the presence of high thorium values and resistate
minerals should not preclude discovery of new economic uranium deposits in
this area.
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APPENDIX I

LISTINGS OF FIELD DATA AND ELEMENTAL CONCENTRATIONS FOR SAMPLES

FROM THE CASPER NTMS QUADRANGLE, WYOMING

APPENDIX I-A

Listings of Field Data and Uranium Concentrations
for Water Samples from the Casper Quadrangle, Wyoming

(Pages 20 through 30)

(See Appendix IV-B for Code to Listings)
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APPENDIX I-B

Listings of Field Data and Elemental Concentrations
for Sediment Samples from the Casper Quadrangle, Wyoming

(Pages 32 through 139)

Note that four pages, numbered0through Qin the upper right hand corner, are
necessary to provide the complete data listing for each numerically ordered
sequence of samples.

1O- Lists field data and uranium concentrations determined
by delayed-neutron counting.

O2- Lists concentrations of 11 elements determined by x-ray
fl orescence and arc-source emission spectrography.

®and 14 - List concentrations of 31 elements determined by
neutron activation analysis and computed U/Th ratios.

(See Appendix IV-B for Code to Listings)
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APPENDIX II

URANIUM OCCURRENCES IN THE CASPER NTMS QUADRANGLE, WYOMING
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APPENDIX II

URANIUM OCCURRENCES IN THE CASPER NTMS QUADRANGLE, WYOMING

Ref. Name

Gas Hills District

1, 2 Joy Claim, Hunter
Lease, Upetco-Hope
Mine, Jack No. 2 Mine

1 Phil Mines 3 and 4,
Andria Mine, Blarco
Mines 1 and 3, Idiots
Delight

1 Day-Loma, Clyde Mine,
D-1, D-3, D-26 wall pits

7 Western Nuclear

1 Lucky McNoble Mine

1 George No. 2 Mine,
plus others

1 George No. 12, 13 Mines

1 McNiece Discovery

1 Lucky Mc No. 1, 2 Mines

1 Lucky Mc No. 4

1, 2 Bullrush Mine, Dick
No. 19 Mine

1, 2 Dick Mines, Loco Pits,
Sagebrush, Tablestakes
Mines

1 Stan Mine

1 School Sec. Mine,
plus others

1 E Pits, Peach Mine,
Lisbon Shaft, Hidden
Splendor

1 Sunset Mine, Bart Mine

1 Yellow Buck Mine

1 Rim Mine, plus others

1 Tee Mine, Ran Rex,

1 Pay-Aljob, Dee, Globe
Mine, Pay No. 9 Mine,
Russ Mine, D-8 Pit

1, 2 D and M Claim No. 1,
Levi Mine, State
School Section Mine

Location

Sec. 1, T32N, R91W

Sec. 12, T32N, R91W

Sec. 14, 23, 24,
T32N, R91W

Sec. 32, T32N, R91W

Sec. 13, T33N, R90W

Sec. 19, T33N, R90W

Sec.

Sec.

Sec.

Sec.

Sec.

19,

22,

22,

26,

29,

30, T33N, R90W

T33N, R90W

23, T33N, R90W

T33N, R90W

T33N, R90W

Sec. 31, 32, T33N, R90W

Sec. 33,

Sec. 36,

34, T33N, R90W

T33N, R90W

Sec. 3, T32N, R90W

Sec. 6,T32N, R90W

Sec. 4, T33N, R89W

Sec. 8, 9, T33N, R89W

Sec. 14, T33N, R89W

Sec.15, T33N, R89W

Sec. 16, T33N, R89W

CommentFormation

Wind River

Wind River

Wind River

Wind

Wind

Wind

River

River

River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River
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APPENDIX II (continued)

Ref. Name

1 Deseret No. 1 Claim,
PC Mine, Rox and
Thunderbird shafts,

1 Bountiful, Redwood
Mine, Two States Mine

1 Pix, Veco Mines,
Blackstone No. 5 Mine

1 Mars, Bengal Mines

1, 2, Buss Mine, Russ-Buss,
Blackstone No. 51 Claim
Ray No. 6 Mine

1 Ridge Mine, Wentz Mine,
Lee Mine

1 Skyline Mine, Boss Mine

1 Jay Mine, Frazier-Lamac
Sateco Mine, Vitro John
Mine

2 Skyline Mine

1 Unnamed

Shirley Basin District

1 Unnamed (Discovery
Location)

2 Petrotomics Mine

1, 5 Petrotomics Dave Pit

1 North Walker Mine

1 South Walker-Sullivan
Mine, plus others

1, 5 Petrotomics Pit

1 Wyoming State,
Medicine Bow Rim

1 Getty Mine

5 Utah Const. and
Mining Co.

1, 2 Nall Lease, Homestake
Mine

2 Utah Const. and
Mining Co. Pit

3 Double Eagle

1 Arbob Claims

Location

Sec. 21, T33N, R89W

Sec. 21, 22, T33N, R89W

Sec. 22, T33N, R89W

Sec. 22, 27, T33N, R89W

Sec. 27, T33N, R89W

Sec. 25, R34N, T89W

Sec. 30, R34N, T89W

Sec. 25, 26, R33N, T90W

Sec. 36, T34N, R89W

Sec. 22, 23, 26,
T35N, R89W

Sec. 2, T27N, R78W

Sec.

Sec.

Sec.

Sec.

4, T27N, R78W

9, T27N, R78W

10, T27N, R78W

14, T27N, R78W

Sec. 15,

Sec. 36,

Sec. 32,

Sec. 28,

T27N, R78W

T28N, R78W

T28N, R78W

T28N, R78W

Sec. 26, T28N,78W

Sec. 21, T28N, R78W

Sec. 20, T27N, R79W

Sec. 3, T28N, R78W

Formation

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Comment

Past production.

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

White River

Wind River

Wind River

Wind River

In situ leach.

In situ leach test site.

Wind River
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APPENDIX II (continued)

Ref. Name

Crooks Gap and Great Divide Basin A!

1 Beatrice Claims,
Hazel Claim

1 Section 16 Mine, Congo,
Shinkolobwe

1 Golden Goose I and II,
Seismic Mine, Reserve
Mine, Pay Dirt Mine,
Sheep Mountain No. 1

1 Sundog Mine, Sheep
Mountain No. 2

1 Helen May Mine

1 Sno-ball Mines

1 B and H Group of
Claims

1 Airborne Anomaly B17-66

1 Friday 13th Claims

1 Airborne Anomaly B17-64

1, 5 Serg, Regs

1 Airborne Anomaly B17-67

1 Loma Uranium

5 Butte

5 Lost Creek

5 Airborne Anomaly
B17-68

5 Airborne Anomaly
B17-72

5 Big Bertha

1 Utah Mine

5 Airborne Anomaly B17-78

1 Emily

1 Sandy

1, 5 Hays, Diehl C and L,
plus others

5 Lost Soldier Claims

144

Location

rea

Sec. 9, T28N, R92W

Sec. 16, T28N, R92W

Sec. 21, T28N, R92W

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

28, T28N, R92W

20, T28N, R92W

28, 29, T28N, R93W

10, 11, 14, 15,
T27N, R93W

17,T27N, R93W

15, 16, T27N, R93W

20, T27N, R93W

20, 21, 28, 29,

31, T27N, R93W

1, T27N, R91W

31, T27N, R92W

1, 12, 26, T26N, R93W

6, T26N, R92W-

3, T26N, R92W

35, T27N, R92W

2, T27N, R92W

13, T27N, R92W

6, T26N, R91W

4, T26N, R91W

1, T26N, R91W

18, T26N, R90W

Formation

Battle Spring

Wasatch

Battle Springs

Comment

Gouge zone.

Battle Springs

Battle Springs

Wasatch

Fort Union

Wasatch

T27N, R93W

Calcareous siltstone.

Uranium in sandstone.

Uranium in calcareous
siltstone.

No description.

Uranium in arkosic
sandstone.

Uranium in sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Battle Springs

Wasatch

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Wasatch

Wasatch



APPENDIX II (continued)

Ref. Name

1, 5 Black Eagle

1, 5 Valley View

1, 5 State School

1, 5 Iris

5 Airborne Anomaly B17-86

1 Wycal

1 Unnamed

1 Jayhawk, Titunkas

1 Bab

1, 5 Wasatch Claims

1 State School

5 State School

1 Cox

5 Gamma Ray

1 Unnamed

1 Unnamed

1 Unnamed

1 Unnamed

3 Minerals Exploration
Co. Red Desert Site 1

3 Minerals Exploration
Co. Red Desert Site 2

3 Wold Nuclear Corp.

Poison Spring Creek-Clarkson Hill A

1, 7 Phyllis Claim

1 Poison Creek

1 Phyllis No. 15 Claim

Location

Sec. 13, T26N, R91W

Sec. 14, T26N, R91W

Sec. 16, T26N, R91W

Sec. 12, T26N, R92W

Sec. 8, T26N, R92W

Sec. 12, T26N, R93W

Sec. 20, T26N, R91W

Sec. 24, T26N, R91W

Sec. 35, T26N, R91W

Sec. 30, T25N, R90W

Sec. 36, T24N, R92W

Sec. 36, T24N, R94W

Sec. 1, T24N, R92W

Sec. 3, T25N, R92W

Sec. 6, 8, T24N, R92W

Sec. 9, 10, T24N, R93W

Sec. 3, T24N, R93W

Sec. 6, T24N, R93W

Sec. 29, T24N, R93W

Sec. 20, 29, T24N, R93W

Sec. 1, T24N, R94W

Area

Sec.

Sec.

Sec.

33, T32N, R83W

34, T32N, R83W

4, T31N, R83W

Formation Comment

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Wasatch

Wasatch

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Uranium in arkosic
sandstone.

Wasatch

Wasatch

Wasatch

Wind River

Wind River

Wind River

In situ leach test site
(inactive).

In situ leach test site
(expansion planned).

In situ leach pilot-scale
operation.

Meta-autinite, uranocircite
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APPENDIX II (continued)

Ref. Name

1, 7 Pine Tree Group

1, 7 Clarkson Hill Area

7 Pipe Dream Claims

1 Clarkson Hill Area

1, 7 Black Cat Group of
Claims

1 Burnt Wagon Draw

1 Verna Bell Claim

1 Unnamed

Other Occurrences

1 Hades No. 17

1 Unnamed

Sage Hen Creek

Split Rock

Middle Fork, Casper
Creek

Unnamed

Location

Sec. 17, T31N, R82W

Sec. 16, T31N, R82W

Sec. 17, T31N, R82W

Sec. 4, T31N, R82W

Sec. 29, 30, 31, 32,
T32N, R82W

Sec. 20, T32N, R84W

Sec. 9, T32N, R84W

Sec. 36, T34N, R84W

Sec. 20, T32N, R93W

Sec. 11,

Sec. 24,

Sec. 30,

Sec. 33,

Sec.

Sec.

Sec.

Sec.

1 Unnamed

1, 7 Last Chance

1, 7 Dyper-Bar-Mac Group

1 Bates Creek

1, 7 Dry Lake (Lybyer)
Claims, Meyers

Unnamed

Night Owl Claims

1

1

8 Airborne Anomaly
No. 57-12

8 Airborne Anomaly
No. 57-11

1 Ajo Claims No. 2 and 7

16,

25,

31,

35,

T30N, R91W

T30N, R90W

T30N, R89W

T34N, R86W

T34N,

T34N,

T30N,

T33N,

R86W

R86W

R85W

R82W

SE Sec. 9, T32N, R81W

Sec. 29, 32, 33,
T35N, R79W

Sec. 15, T35N, R79W

Sec. 12, T28N, R77W

Sec. 13, T25N, R79W

Sec. 24, T25N, R79W

Sec. 18, T25N, R80W

Formation

Wind River

Wind River

Wind River
Fort Union

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Wind River

Morrison
Frontier

Morrison

Mesa Verde

Mesa Verde Group

Casper

Cloverly

Cloverly

Tensleep

Comment

Meta-autinite

Meta-autinite found along
contact between Wind River
and Fort Union formations.

Uranium in conglomeritic
sandstone.

Uranium in sandstone.

Uranium in Eocene arkosic
sandstone of Beaver Rim.

Past production.

Uranium in recent cal-
careous tufa.

Radioactive anomaly in
Cloverly formation.

Radioactive zone along
top of formation.

Carnotite disseminations
in association with
carbonaceous fragments,
past production.

Uranium along a brecciated
zone in association with
an iron-bearing pegmatite.

Past production.
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APPENDIX II (continued)

Location

Sec. 35, 36, T25N, R82W

Sec. 14, T25N, R81W

Formation

Tensleep

Precambrian,
Tensleep, Madison

1 Bald Mountain Area

8 Chimney Rock Claims

1 Union Pacific Prospect,
plus others

1 Chimney Rock Claim

1 Unnamed

1 Unnamed

1 Unnamed

1 Becky Lynn Claim
Doozle No. 3

1 Big Bug Claim

1 Martha Claims

Rocky Gap

Omega Claim Group
plus others

Canyon No. 1 Claim

Little Man Mine

1 Prospect Incline

1 Hard Head

1 Seminoe Dam

1 Cooper Creek

3 Rocky Mountain Energy
Co. Nine-Mile Lake
Site 2

1 Unnamed

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

Sec.

22, T25N, R81W

30, T25N, R82W

36, T25N, R82W

11, T24N, R82W

8, T26N, R81W

34, T28N, R80W

14, T26N, R83W

28, T27N, R83W

Sec. 22,

Sec. 11,

Sec. 22,

Sec. 17,

Sec. 34,

Sec. 14,

Sec.

Sec.

Sec.

Sec.

Sec.

T27N, R83W

T27N, R84W

T28N, R83W

T27N, R83W

T28N, R84W

T27N, R84W

22, T27N, R84W

34, T27N, R84W

7, T25N, R84W

20, T28N, R90W

27, 34, T35N, R79W

Sec. 14, T31N, R77W

Madison

Tensleep

Tensleep

Past production.

Metatyuyamunite with
calcite in sandstone.

North Park (?)

Precambrian

Wind River

Precambrian

No Description

Precambrian

Uranium in association
with lignite.

Precambrian

Precambrian

Precambrian

Precambrian

Precambrian

Precambrian

Precambrian

Precambrian

Mesa Verde

Precambrian

Past production, urani-
nite, uranophane in
fractured granite.

Vein-type deposit.

In granodiorite.

Autunite in fractures.

In situ leach pilot-scale
operation (active).

Uranium in quartz monzonite.

Elevatorski, 1976.
Texas Instruments, 1979.
Larson, W. C., 1978.
Harshman, 1972.
AEC, 1972.
Stephens, 1964.
Finch, 1967.
Shannon and Ruzycki, 1957.

Ref.

1

8

Name

Dry Creek

Gem Claims

Comment

1.
2.
3.
4.
5.
6.
7.
8.
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APPENDIX III

HISTOGRAMS OF URANIUM CONCENTRATIONS IN WATER AND SEDIMENT SAMPLES

AND THORIUM CONCENTRATIONS IN SEDIMENT SAMPLES

FROM THE CASPER NTMS QUADRANGLE, WYOMING

APPENDIX III-A

Histograms of Uranium Concentrations in Water Samples
from the Casper Quadrangle, Wyoming
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APPENDIX rII A
SEMILOGARITHMIC HISTOGRAMS FOR URANIUM CONCENTRATIONS IN WATERS FOR THE CASPER QUADRANGLE, WYOMING
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APPENDIX III-B

Histograms of Uranium Concentrations in Sediment Samples
from the Casper Quadrangle, Wyoming
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APPENDIX III-C

Histograms of Thorium Concentrations in Sediment Samples
from the Casper Quadrangle, Wyoming
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APPENDIX II C
HISTOGRAM FOR THORIUM CONCENTRATIONS IN SEDIMENTS FROM THE
CASPER QUADRANGLE, WYOMING
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APPENDIX IV

SUMMARY OF STANDARD LASL HSSR PROCEDURES AND CODES

APPENDIX IV-A

Summary of Standard LASL HSSR Field and Analytical Procedures
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APPENDIX IV-A

SUMMARY OF STANDARD LASL HSSR FIELD AND ANALYTICAL PROCEDURES

I. FIELD PROCEDURES

Water Sampling
Water samples are collected first, directly from the source wherever

possible, filtered through a 0.45-u membrane filter (except in Alaska where
this step is omitted) directly into one each, prewashed and sealed, 41-ml
reactor "rabbit" and 25-ml vial (both polyethylene). Water samples in both
the rabbit and vial are then acidified to a pH <1 with 8N reagent-grade
HNO3. All sample containers are doubly labeled with preprinted, adhesive
labels carrying the same sample location number as that preprinted on the
field data form. Springs are sampled as near to their point of emergence as
possible; stream waters are taken from the fast-flowing current away from the
bank; ponds (including small lakes and reservoirs) are sampled from just below
the surface, near their center; and well waters are taken near the wellhead if
the well is pumping or from a holding tank if not.

Sediment Sampling (Wet or Dry)
Following the collection of the water sample (if any), enough fine-

grained, organic-rich, water-transported sediment to yield a composite sample
of 25 g after processing (as indicated below) is taken from beneath the water
level (where water exists) at three adjacent spots at each spring or stream
location. The sediment is put into a new, clean, and originally sealed,
rip-top polyethylene bag which is then properly double-labeled for delivery
(with the field data form) to the contractor's drying facility. After drying
at <100 C, each sample is sieved through a 100-mesh stainless steel sieve.
The minus 100-mesh fraction is put into a prewashed, 25-ml polyethylene vial
which is then appropriately double-labeled (using labels from the data form)
and sealed for shipment to the LASL. In the case of lakes sampled in Alaska,
the sediment is taken from as near the center of each lake as possible by
dropping a tethered, stainless steel bottom sampler overboard from a pontoon-
equipped helicopter. Here, only a bottom sample from a single location is
taken (i.e., it is not a composite) and sampling is limited to lakes less than
10 m deep and about 0.3 to 2.0 km in least horizontal dimension. The sampler
is rinsed before each use and the raw sample is put into a clean polyethylene
bag, labeled, and treated as above.

Field Measurements
The air temperature, read in the shade at the time of sampling, is re-

corded to the nearest whole degree Celsius. The water temperature is measured
in the source water and recorded to the nearest one-half degree Celsius. The
pH of the source water is measured with a calibrated, portable pH meter and
recorded to the nearest one-tenth of a pH unit. The conductivity (in ymho/cm)
of the source water is measured with a calibrated, temperature-compensated
(25 C), portable meter. The scintillometer readings are measured with a port-
able scintillometer on a flat, dry spot within a few meters of the sample
location at spring or stream sites. Two readings are recorded, the first with
a radiation shield in place (blocking out ground radiation) and the second
with the shield removed. The readings (in counts/s) are converted by computer,
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using measured calibration factors, to the equivalent uranium (eU) value in
the data listings. Special measurements such as dissolved oxygen are made
with a calibrated, commercially available, portable meter and probe. In lakes,
the water temperature, pH, conductivity, and (special) dissolved oxygen are
usually all measured with a single, digital-readout unit, utilizing a para-
meter selector switch and a composite probe that is lowered from the sampling
helicopter to just below the water's surface. Care is taken to see that these
measurements are made before the bottom sediment is disturbed.

Field Observations
These represent the best judgment of the field sampler at a location and

include general descriptions of the local bedrock, sediment, water, vegeta-
tion, terrain, weather, possible contaminants, and well configuration, if
applicable. Because these observations are subjective and made quickly in the
field, they should be held subordinate to formally documented information such
as that provided by published topographic or geologic maps, etc.

Sample Location Verification
Each contractor is supplied field maps with the desired sample types and

general locations symbolically premarked at the LASL. In the lower states,
the field maps are generally 1:21 000-scale or 1:62 500-scale USGS topographic
maps; in Alaska, they are normally 1:250 000-scale NTMS quadrangle maps, also
available from the USGS. As each location is sampled, a unique sample loca-
tion number, preprinted on transparent adhesive labels (also used for labeling
the samples) that are provided with each identically numbered field data form,
is placed on top of the precisely marked point representing the sample site on
the field map. When a desired sample as specified cannot be obtained, an
identical or alternate sample type (as near as possible to the original one)
is picked, and the new sample type and/or location is/are marked on the field
map and properly labeled as above. The latitude and longitude of each loca-
tion is then computed by the sampling contractor within 48 h of taking each
sample. Every location is later checked (and corrected if necessary) at the
LASL by digitizing the sample locations on each map and comparing them to
those computed in the field. The latitudes and/or longitudes are corrected if
the field-computed locations are displaced by more than 300 m from the loca-
tions marked on the field maps. A final visual check of sample locations is
made by overlaying computer-produced location plots on the field maps used.
The computer program for generating the Universal Transverse Mercator map
projection overlays is described by Cheadle (1977).

II. ANALYTICAL PROCEDURES

Uranium Determination in Water Samples by Fluorometry
Under normal procedures, the 25-ml water vial is vigorously shaken and

duplicate 0.20-ml aliquots of water are transferred to platinum dishes. The
aliquots are evaporated under heat lamps and a 0.14-g pellet of 2% LiF-98% NaF
flux is added to each dish. The pellets are first preheated under lamps, then
fused over special propane burners. After each pellet/sample cools, it is
excited with ultraviolet radiation in the fluorometer and the fluorescence is
read and recorded. The uranium concentrations are determined by using a com-
puter routine which compares the fluorescence from each pellet with those from
other pellets, run at the same time, containing uranium-standard solutions and
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blanks. The uranium concentration of the sample, as given in the appropriate
data listings, is then the average obtained from the duplicate aliquots. The
lower limit of detection for each aliquot by the normal procedure is 0.2 ppb;
however, in some areas many samples have uranium concentrations below this.
Consequently, when a sample run by the normal procedure is determined to have
<0.2 ppb uranium, it is routinely reanalyzed using new duplicate aliquots that
have been put through an additional evaporative concentration step that pro-
vides a 10X concentration factor. This additional procedure, using the same
basic fluorometric method, reduces the lower limit of detection of uranium in
natural waters to 0.02 ppb. When a uranium concentration lower than 0.02 ppb
is found in an aliquot, it is arbitrarily assigned a value of 0.01 ppb. If
the uranium value given in the data listings is 0.01 ppb, both aliquots had
uranium concentrations below the detection limit. Whether concentrated or not
(which can be determined from the uranium level in the listing), the fluoro-
metric analytical precision is r30% at the lower detection limit, r20% at one
order of magnitude above this, and r10% at two or more orders of magnitude
above the lower detection limit. The basic fluorometric method used is de-
scribed in detail by Hues et al (1977).

Uranium Determination in Water Samples by Delayed-Neutron Counting (DNC)
Only waters with >40 ppb uranium (as determined by fluorometry at the

LASL, where this is the upper limit of detection without recalibration) or
those with impurities that cause interference with uranium-induced fluores-
cence are analyzed using DNC. Samples are received in 41-ml or 25-ml vials
(used exclusively in some of the early work) and are transferred to clean,
labeled, 41-ml rabbits before being analyzed. Each water sample is weighed,
and its weight (less that of the rabbit) and location number are recorded.
The vials are then loaded into a 25-sample transfer clip. The reactor pneu-
matic transfer system and background radiation levels are checked and four
standards are run for calibration. The transfer clip is installed on the
pneumatic feed line and the samples are cycled through the system (typically,
a 60-s irradiation, 30-s delay, and 60-s count cycle is used). The uranium
concentration is automatically measured, converted to ppb, and entered into a
computer data base. The lower detection limit for uranium in water by DNC as
used at the LASL is 0.5 ppb. The statistical error of this method is r20% at
a uranium concentration of 1 ppb, r6% at 10 ppb, and <4% at 40 ppb or greater.
Statistical treatments of uranium concentrations obtained from the same suites
of samples analyzed both by fluorometry and DNC have shown that there is no
significant difference between the results of the two analytical methods as
used at the LASL. This analytical comparability is rechecked periodically.

Uranium Determination in Sediment Samples by DNC
All sediment samples are analyzed for total uranium by DNC. A split of

each sample (dried and sieved as described) is transferred to a clean 4-ml
rabbit, weighed, and its weight (less that of the rabbit) recorded along with
the appropriate location number. These rabbits are then loaded into a
50-sample transfer clip. The reactor pneumatic transfer system and background
radiation levels are checked, and standards are run for calibration. The
transfer clip is installed and the samples are cycled through the system
(typically, a 20-s irradiation, 10-s delay, and 30-s count cycle is used).
The uranium concentration is automatically measured, converted to ppm, and
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entered into the data base. The lower limit of detection of this method is
0.01 ppm uranium, far below the range of uranium concentrations in natural
sediment samples. Above the 1 ppm level, the uranium values in sediment
measured by DNC at the LASL have a one-sigma error of less than 4%. The
specially designed delayed-neutron detectors, built by the LASL and used for
these analyses, are described by Balestrini et al (1976).

Elemental Determinations in Sediment Samples by Energy Dispersive X-Ray
Fluorescence

A computer-controlled, energy-dispersive x-ray fluorescence system is
used to determine Ag, Bi, Cd, Cu, Nb, Ni, Pb, Sn, and W in sediments. The
system consists of an automatic 20-position sample changer, a lithium-drifted
silicon detector, a pulsed molybdenum transmission-target x-ray tube, a multi-
channel analyzer, and a minicomputer. The sediment samples are prepared for
analysis by grinding 6 g of each minus 100-mesh sample to a minus 325-mesh
powder. A computer program positions the 6-g samples in the x-ray beam, un-
folds overlapping peaks, determines peak intensities for each element, and
calculates the ratio of the intensity of each peak to that of the molybdenum
Ka Compton peak. Concentrations of each element are then calculated using
equations obtained by analyzing prepared standards. Detection limits are:
5 ppm for Ag, Bi, Cd, and Pb; 10 ppm for Cu and Sn; 15 ppm for Ni and W; and
20 ppm for Nb. When an analysis results in an elemental concentration that is
below the detection limit, a minus sign preceding the value of the detection
limit for that element is inserted in the data listings. The relative stan-
dard deviation is 10% or less at the 100-ppm level and 20% or less at the
20-ppm level. Details of the method and equipment used are described by
Hansel and Martell (1977).

Beryllium and Lithium Determinations in Sediment Samples by Arc-Source
Emission Spectrography

A 5-mg portion of the -325-mesh sample that has already been analyzed by
x-ray fluorescence is mixed with 10 mg of a buffer consisting of one part
graphite and one part Si02. The sample/buffer mixture is placed into a
graphite electrode that is used as the anode of a dc arc having a short cir-
cuit current of 6A for 10 s, then 17A for 50 s. Photomultiplier tubes in a
direct-reading spectrograph are used to measure the second order 313.0-nm line
of Be, the first order 670.7- and 610.3-nm lines of Li, the background spectra
near these lines, and the 327.6-nm line of V. The 670.7-nm Li line is used
for Li concentrations up to 10 ppm and the 610.3-nm line of Li is used for
concentrations above 10 ppm. The V line is used to correct the Be value when
V is present. The signals from the photomultiplier tubes are read by a digi-
tal voltmeter and are processed by a desk-top calculator. The results are
simultaneously printed on paper and written on cassette tape for- later trans-
mission to a computer data file. The elemental concentrations of Be and Li

are determined from the spectra, based on the results of previously run cali-
bration standards. The lower detection limit for both elements is 1 ppm.
When an analysis results in an elemental concentration that is below the

detection limit, a minus sign preceding the value of the detection limit for

that'element is inserted in the data listings. Precision at the lower detec-
tion limit is r50% for both elements and improves to r25% at one order of

magnitude above the lower limit.
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Elemental Determinations in Sediment Samples by Neutron Activation Analysis
(NAA)

Immediately upon completion of the uranium analysis of sediment samples
by DNC, the same 4-ml sediment splits are entered into the NAA sequence. The
concentrations of 31 additional elements are determined by this procedure.
The full DNC/NAA timing sequence used at the LASL for each sediment sample is:
20-s irradiation, 10-s delay, 30-s DNC analysis, 20-min delay, 500-s y-ray
count for short-lived radionuclides, 96-s re-irradiation, 14-day delay, and
finally a 1000-s y-ray count for long-lived radionuclides. The y-ray counting
is done by lead-shielded Ge(Li) detectors; the 4096-channel y-ray data are
recorded and subsequently analyzed for each individual element by computer.
The analytical data for each sample are automatically printed out along with
the associated statistical errors. The lower detection limits for the various
elements as reflected by the "less than" values (denoted by a minus sign in
front of a concentration) in the data listings are the values for the indivi-
dual elements at which the statistical counting error approaches 50%. Current
"typical" lower detection limits for the elements determined by NAA are re-
ported in Nunes and Weaver (1978); however, the actual detection limit for an
element depends upon the composition of the sample, and this limit may be
higher or lower than the typical value. At concentration values one order of
magnitude above the lower detection limits, the relative errors are generally
less than 10%.
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APPENDIX IV-B

EXPLANATION OF CODES USED

DEPARTMENT OF ENERGY SAMPLE NUMBER

STATE: A two-digit Federal Information Processing Standards (FIPS) code that

designates the state from which each sample came. For the states being sampled
by the LASL, the code numbers are:

Montana
Nebraska
New Mexico
North Dakota
Oklahoma

= 30

= 31

= 35

= 38
= 40

South Dakota
Texas
Utah
Wyoming

LATITUDE AND LONGITUDE: Sample location, in degrees and decimal degrees to

four places. Although generally much better, locational accuracy cannot be

guaranteed closer than about 300 m (1000 ft).

DOE LAB: A Department of Energy (DOE) one-digit identifier designating the
DOE laboratory responsible for taking the samples and data shown in the list-
ings, as well as providing the analyses of the uranium and other elemental
concentrations, if any. The LASL is designated by the numeral 2.

SAMPLE TYPE: A two-digit identifier which
nent properties defining the sample type to
explanation of the code used, refer to the
section C of this appendix.

specifically designates the perti-
which the listed data relate. For
attached "Key to Sample Types," in

REPLICATE: A three-digit sequential number assigned to indicate a multiple
sample of a single sample type from a single location. The largest number in
use indicates the most recent sample taken and there will always be all small-
er sequential numbers representing earlier samples back to 0, which is the
initial sample from any given location. Except in the case of special studies,
there will be no replicate samples and this entry will therefore be a single
zero.

LASL SAMPLE LOCATION NUMBER AND FIELD DATA

LASL SAMPLE LOCATION NUMBER: A unique six-place alphanumeric designator perma-
nently assigned by the LASL to every location sampled. For internal use, these
numbers are assigned in blocks to the various areas individually treated and
reported upon, and therefore serve to generally locate the samples within vari-
ous areas for which the LASL is responsible as follows.

Location Numbers

001
001
001
001
001
001

through N99 999
through C99 999
through W99 999
through M99 999
and above
and above

000 001 and above

State

= Principally New Mexico
= Principally Colorado
= Principally Wyoming
= Principally Montana
= Alaska only
= Areas beyond the western boundary of LASL's

region as established by DOE in 1977.
= Areas beyond the eastern boundary of LASL's

region as established by DOE in 1977.

Alaska
Arizona
Colorado
Idaho
Kansas

02
04
08
16
20

= 46
= 48

= 49
= 56

N00
C00
WOO
M00
A00
LOO
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TIME SAMPLED: The DATE the sample was taken, in terms of the number of the
MONTH, followed by the DAY and finally the YEAR, separated by slashes, and
then the TIME it was taken on that date to the nearest whole HOUR on a 24-hour
clock.

AIR TEMPERATURE: The temperature measured in the shade at the time of sam-

pling, to the nearest whole degree Celsius (*C).

WATER TEMPERATURE: The temperature measured in the sample water (in situ
whenever possible) at the time of sampling, to the nearest one-half of one
degree Celsius (0.5 C).

COMMENTS: A "C" in this column indicates that some secondary comment not in-
cluded in the listing was recorded at the sample location. This information
will be used by the LASL in evaluating the data, and if appropriate, it will be
mentioned in the final report.

SPECIAL MEASUREMENTS: An "S" in this column indicates that one or more field

measurements in addition to those listed were made at the sample location. A

description of any special parameters measured and the measured value at each

sample location will be included in the final HSSR survey report on the area.

pH: The pH, to the nearest one-tenth (0.1) of a pH unit, measured in the

water at the sample location at the time of sampling.

CONDUCTIVITY: The conductivity, in imho/cm, measured in the water at the

sample location at the time of sampling.

SCINTILLOMETER: The equivalent uranium (eU), in ppm, as measured on a flat

ground surface within 10 m of the sample location using a scintillometer fitted

with a differential gamma sampler (DGS). The effect of the DGS is to introduce
a fixed geometry into the measurement and remove the background.

ROCK TYPE: The single digit in this column provides a general description of

the dominant lithologic regime at or near the sample location, as given below.

1 = Sedimentary 3 = Igneous
2 = Metamorphic 4 = Unknown

ROCK COLOR: The single digit in this column provides an indication of the ob-

served dominant color of local bedrock exposures at or near the sample loca-
tion, as given below.

1 = White/Buff 4 = Pink/Red 7 = Gray
2 = Yellow 5 = Green 8 = Black
3 = Orange 6 = Brown 9 = Other

SEDIMENT TYPE: The single digit in this column provides a subjective evalua-
tion of the dominant sediment type at the sample location, as given below.

1 = Boulders 4 = Sand 7 = Other
2 = Cobbles 5 = Mud
3 = Gravel 6 = Muck

SEDIMENT COLOR: The single digit in this column indicates the observed domi-

nant color of the bottom sediment (stream channel, lake bed, etc.) at the

sample location at the time of sampling, as given below.

1 = White/Buff 4 = Pink/Red 7 = Gray
2 = Yellow 5 = Green 8 = Black

3 = Orange 6 = Brown 9 = Other
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WATER FLOW: The single digit in this column provides a subjective evaluation
of the water movement at the sample location at the time of sampling, as given
below.

1 = Stagnant
2 = Slow

3 = Moderate
4 = Fast

5 = Torrent

WATER LEVEL: The single digit in this column provides a subjective estimate of

water quantity at the time of sampling, relative to its usual condition at the
sample location, as given below.

1 = Dry
2 = Low

3 = Normal
4 = High

5 = Flood

WATER COLOR: The single digit in this column provides a subjective evaluation
of suspended load in the sample water, as given below.

1 = Clear
2 = Murky

3 = Cloudy
4 = Muddy

5 Algal
6 = Other

STREAM CHANNEL: The single digit here gives a subjective evaluation of stream
channel character at the sample location at the time of sampling, as given
below.

1 = Depositing 2 = Eroding 3 = Unknown

VEGETATION TYPE: The single digit in this column provides a subjective evalua-
tion of the dominant plant type in the vicinity of the sample location, as
given below.

1 = Conifers
2 = Deciduous
3 = Brush

14 = Grass
5 = Moss
6 = Marsh

7 = Other

VEGETATION DENSITY: The single digit in this column provides a subjective es-
timate of the amount of plant cover in the vicinity of the sample location, as
given below.

1 = Barren
2 = Sparse

3 = Moderate
4 = Dense

5 = Very Dense

RELIEF: The single digit in this column provides a subjective evaluation of
the topography within a few hundred meters of the sample location, as given
below.

1 = Flat
2 = Low (<15 m)

3 = Gentle (15-60 m)
4 = Moderate (60-300 m)

5 = High (>300 m)
6 = Other

WEATHER: The single digit in this column gives the observed climatic condition
at the sample location at the time of sampling, as given below.

1 = Clear
2 = Partly cloudy

3 = Overcast
14 = Rainy

OWNERSHIP: Not used.

CONTAMINANTS: The single digit here indicates known or suspected local factors
likely to influence analytical results, as given below.

I = None
2 = Mining
3 = Agriculture

14 = Industry
5 = Sewage
6 = Power generation

7 = Urban
8 = Recreation
9 = Other

5 = Snowy
6 = Other
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WELL TYPE: If a well water sample, the single digit in this column provides a
general description of the type of well from which the sample was taken, as
given below.

1 = Windmill-stock 4 = Suction pump 7 = Hand bail
2 = Windmill-domestic 5 = Jet pump 8 = Unknown
3 = Submersible pump 6 = Large turbine 9 = Other

WELL DIAMETER: When shown, the one or two digits in this column give the mea-
sured or estimated inside diameter, in inches, of the well casing from which
the water sample came.

WELL DEPTH: When shown, the one, two, or three digits in this column give the
total drilled depth from the surface, in feet, of the well from which the sam-
ple came. Three 9s in this column indicates a well depth greater than 1000 ft.

WATER DEPTH: When shown, the one, two, or three digits in this column give the
known depth, in feet, from the surface to the standing water in the well. A -1
in this column indicates a flowing artesian well.

URANIUM CONCENTRATION: The value given in this column is the analytically de-
rived value of the total uranium concentration found in the water sample (in
ppb) or in the sediment sample (in ppm). Those uranium concentrations in
water that are shown with an asterisk were measured using the delayed-neutron
counting method, while those without an asterisk were determined fluoromet-
rically. The uranium analyses in water samples as determined by both of these
methods at the LASL are directly comparable, as noted in section A of this

appendix.

REMAINING ENTRIES: The data presented in the remaining entries of the list-
ings utilize no codes as such and are described in the respective column head-
ings. However, there are four conventions used throughout the listings of
elemental concentrations: a) all concentrations in waters are reported in ppb;
b) all concentrations in sediments are reported in ppm; c) concentrations
"less than" the lower detection limit are denoted by a minus sign before this
limit for the specific sample (except for fluorometrically determined uranium
in waters, the convention for which is described in section A of this
appendix); and d) a blank space in the data listings for any elemental
concentration signifies that no analytical result was obtained for that
element.
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APPENDIX IV-C

Key to Sample Types Listed in Appendix I
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APPENDIX IV-C

KEY TO SAMPLE TYPES

This numerical key provides the necessary tie between the specific type
or form of each sample taken and each individual suite of field and laboratory
data to which the sample relates. It defines the various sample types collect-
ed by the LASL in the DOE HSSR for uranium.

The two-digit key number assigned to each sample type designates three
distinct properties of the samples taken. These properties are: (a) The gen-
eral sample source (spring, stream, dry stream, etc.); (b) The sample medium
(water or sediment); and (c) The treatment given the sample in the field or
laboratory prior to its analysis by the LASL.

The key numbers are inserted in the sample type columns of the specially
formatted DOE sample numbering system to positively identify the sample type
for all LASL sample data submitted.

KEY NO. SOURCE / MEDIUM / TREATMENT

01 - Spring water sample untreated.

02 - Stream water sample untreated.

03 - Well water sample untreated.

04 - Natural pond water sample untreated.

05 - Artificial pond water sample untreated.

06 - Spring water sample filtered through a 0.45-p membrane filter
fied to a pH of <1 with reagent-grade nitric acid (HNO3 ).

07 - Stream water sample filtered through a 0.45-p membrane filter
fied to a pH of <1 with reagent-grade nitric acid (HNO3 ).

08 - Well water sample filtered through a 0.45-u membrane filter
fied to a pH of <1 with reagent-grade nitric acid (HNO3 ).

09 - Natural pond water sample filtered through a 0.45-y membrane

acidified to a pH of <1 with reagent-grade nitric acid (HNO3).

and acidi-

and acidi-

and acidi-

filter and

10 - Artificial pond water sample filtered through a 0. 45-y membrane filter

and acidified to a pH of <1 with reagent-grade nitric acid (HNO3).

11 - Wet spring sediment sample dried at <100*C and sieved to -100 mesh

through stainless steel sieves.

12 - Wet stream sediment sample dried at <100*C and sieved to -100 mesh

through stainless steel sieves.

13 - Wet natural pond sediment sample dried at <100*C and sieved to -100 mesh

through stainless steel sieves.
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14 - Wet artificial pond sediment sample dried at <100*C and sieved to -100
mesh through stainless steel sieves.

15 - Dry stream sediment sample dried at <100*C (if necessary) and sieved to
-100 mesh through stainless steel sieves.

27 - Stream water sample acidified to a pH of <1 with reagent-grade nitric
acid (HNO3).

29 - Natural pond or lake water sample acidified to a pH of <1 with reagent-
grade nitric acid (HNO3).

96 - Dry natural pond sediment sample dried at <100*C (if necessary) and
sieved to -100 mesh through stainless steel sieves.

97 - Dry artificial pond sediment sample dried at <100*C (if necessary) and
sieved to -100 mesh through stainless steel sieves.

98 - Other water These key numbers are to be used only for water (98) or
sediment (99) samples coming from a special source and/

99 - Other sediment or given a special treatment not described for any of
the types of samples above. When used in the listings
published herein, the source and treatment of the
samples so designated are described in the text.
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