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ABSTRACT 

Recoverable low-grade uranium deposits occur in the Upper Cretaceous 

Fox Hills Sandstone and Laramie Formation in the Cheyenne Basin, Colorado. 

One of these deposits, the Grover deposit, has been test mined on a pilot 

scale using in situ solution mining techniques. A second deposit, the 

Keota deposit, is currently being licensed and will produce about 500,000 

lb/yr (227,000 kg/yr) of yellowcake also using in situ solution mining 

techniques. Other uranium deposits exist in this area and will also 

probably be solution mined, although open-pit mining may possibly be 

employed at a few locations in the Cheyenne Basin. One of the principle 

environmental impacts of this uranium mining activity is the potential 

affect on ground-water quality and quantity. In order to fully assess 

potential ground-water impacts, regulatory agencies and mine planners and 

operators must be familiar with regional geologic and hydrologic 

characteristics of the basin. 

The Oligocene White River Group and Upper Cretaceous Laramie 

Formation, Fox Hills Sandstone, and Pierre Shale contain important 

aquifers which supply water for domestic, stock-watering, irrigation, and 

municipal purposes in the study area. Most water from the White River 

Group and Laramie Formation is produced from lenticular, locally thick, 

channel sandstones, although vertical fractures and clastic dikes locally 

influence water in the White River Group. The upper member of the Fox 

Hills Sandstone is a prolific water-producing, massive sandstone 

interpreted by Ethridge and others (1979) to have been deposited in a 

barrier bar system. The lower member of the Fox Hills Sandstone consists 

of numerous coarsening-upward, delta-front sandstones which yield moderate 

amounts of water. An aquifer within the upper part of the Pierre Shale, 

herein called the upper Pierre aquifer, is a thick sequence of siltstone 

and silty sandstone about 325 to 475 ft (97.5 to 142.5 m) below the base 

of the Fox Hills. This aquifer lies deep below the ground surface 

throughout most of the Cheyenne Basin and, for this reason, is not tapped 

by many wells in the study area. Should uranium mining seriously impact 

shallower aquifers, the upper Pierre and lower Fox Hills aquifers may 

become important sources of water. 
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Water samples collected and analyzed from over 100 wells during this 

investigation provide baseline water-quality data for much of the study 

area. These analyses indicate water quality is highly variable not only 

between aquifers, but also within a particular aquifer. Many of the wells 

yield water that exceeds U.S. Public Health drinking water standards for 

pH, TDS, sulfate, manganese, iron and selenium. Uranium, molybdenum, and 

vanadium concentrations are also high in many of these wells. 
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INTRODUCTION 

Purpose 

This report briefly describes the general hydrogeology, stratigraphy, 

and uranium resources of the Cheyenne Basin, Colorado. It also includes 

analyses of 104 water wells sampled during 1978 and 1979. The wells are 

located in the eastern part of the basin in an area containing known 

uranium deposits of economic interest. One of these deposits, the Grover 

deposit, has been tested on a pilot scale for amenability to in situ 

solution mining and restoration suitability. Power Resources Corporation 

and Union Oil Company of California plan to operate a full-scale solution 

mine at another deposit in the Cheyenne Basin, the Keota deposit. 

Additional solution mines are likely to be developed in the near future in 

the Cheyenne Basin, Colorado, and there is a possibility that open-pit 

mining may be used on certain deposits. 

One of the principal environmental impacts of uranium mining is the 

potential affect on ground-water quality and quantity. Many agricultural 

activities in this part of Colorado are totally dependent upon water 

availability and any deterioration in quality or decrease in quantity 

could locally impair agricultural production. Because of this potential 

impact and because minimal information on existing ground-water conditions 

in the Cheyenne Basin is publicly available, a brief study of the area was 

conducted. This study included inventorying and sampling over 100 water 

wells to develop a better understanding of the regional geologic and 

hydrologic conditions related to ground water and uranium mining. 

This report provides regional baseline ground-water data for much of 

the area likely to experience uranium development. It is of value to 

mineral exploration companies, mine operators, and governmental agencies 

in mineral exploration and in mine planning, design, operation, and 

restoration. Additional reports describing the potential environmental 

impacts of uranium mining in the Cheyenne Basin, the geologic and 

hydrogeologic setting, and methods of minimizing uranium development 

impacts are currently available from the Colorado Geological Survey 

(Kirkham, 1979) or are in preparation and will be available in the near 

future (Kirkham and Ladwig, 1980). 
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Location 

The Cheyenne Basin, as defined in this report, is located in 

northeastern Colorado and southeastern Wyoming. The outline of the basin 

is based on the outcrop or subcrop of the base of the Fox Hills Sandstone. 

In several areas the basin margin can only be approximately located. 

Figure 1 illustrates the approximate outline of the Colorado part of the 

basin, the area studied for this report. It includes about 2,000 mi2 

(5,200 km2) of northeastern Colorado and roughly is bordered by Greeley 

on the south, Fort Collins on the west, Fort Morgan on the 

southeast, and Sterling on the east. 

104" 
* COLORADO 

Figure 1. Approximate outline of the Cheyenne Basin, Colorado, based 
on the outcrop or subcrop of the base of the Fox- Hills Sandstone. 

Method of Well 'Location Determination 

Water wells examined during this investigation are shown on Plate 1. 

Well locations listed in Appendix 1 Lndicate the township, range, section, 
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and position within a section. Figure 2 illustrates the well numbering 

system utilized for this report. The first group of symbols indicates the 

township number and whether the township is north (N) or south (S) of the 

base line. Symbols of the second group represent the range number and 

whether the range is east (E) or west (W) of the principal meridian. The 

third group of symbols indicate the section number and position within the 

section. Position within the section is designated by the lower case 

numbers which follow the section number. The first letter indicates the 

quarter section, the second letter denotes the quarter-quarter section, 

and the third letter indicates the quarter-quarter-quarter section. 

Letters are assigned to each quarter within the section in a 

counter-clockwise direction beginning with "a" in the northeast quarter of 

the section. Each quarter-quarter and quarter-quarter-quarte,r section is 

assigned in a similar manner. For example, T.ll N., R.48 W., S. 20 dab, 

as shown in Figure 2, indicates a well in the northwest quarter of the 

northeast quarter of the southwest quarter of section 20, township 11 

north, range 48 west. 
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well T U N R.48W. 
Sec. 22 dab 

Figure 2. Well number system (from Weist, 1964) 

University and A. Wacinski of the Colorado Division of Water Resources 

aided our stratigraphic interpretations. Editorial review by L. R. 

Ladwig, W. P. Rogers, D. B. Collins, A. L. Hornbaker, and F. G. Ethridge 

improved the content and style of the manuscript. 

GENERAL GEOLOGIC SETTING 

Bedrock Stratigraphy 

Known uranium deposits of economic importance are restricted to the 
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Upper Cretaceous Fox Hills Sandstone and younger rocks in the Cheyenne 

Basin, Colorado. For this reason, only the Fox Hills, overlying younger 

rocks, and underlying Pierre Shale will be discussed in this report. 

Refer to Kirkham and Ladwig (1979, 1980) for a description of the older 

rocks which are not discussed in this report. 

Figure 3 is a generalized stratigraphic column for the Cheyenne 

Basin. The marine Upper Cretaceous Pierre Shale overlies a sequence of 

Paleozoic and Mesozoic sedimentary rocks of unknown total thickness. The 

Pierre Shale ranges in thickness from about 3,000 to 8,000 ft (900 to 

2,400 m) and consists primarily of shale, claystone, and siltstone, with 

occasional thick sections of sandstone, silty sandstone, and siltstone 

that locally contain water, oil, and gas. Only the uppermost part of the 

Pierre Shale is of interest to this study. Kitely (1978) describes a 

sequence of sandstones and siltstones stratigraphically near the top of 

the Pierre and refers to them as the C, D, and unnamed sandstone members 

of the Pierre Shale. Interpretation of geophysical logs from oil and gas 

drill holes indicates this sequence of moderately permeable sediments, 

herein referred to as the upper Pierre aquifer, lies about 325 to 475 ft 

(97.5 to 142.5 m) below the Pierre Shale-Fox Hills Sandstone contact. 

The uppermost part of the Pierre Shale overlies this aquifer and is mostly 

shale and claystone with occasional thin limestone or carbonate-rich 

stringers . 

The Upper Cretaceous Fox Hills Sandstone conformably overlies the 

Pierre Shale. The contact between these two units is transitional and in 

many cases must be arbitrarily picked. Since virtually all data on this 

particular stratigraphic interval comes from drill-hole geophysical logs, 

we have selected a contact readily identifiable on such logs. The contact 

is placed at the top of the thick shale section overlying the upper Pierre 

aquifer (the C, D, and unnamed sandstone members of Kitely, 1978) and at 

the base of a series of upward-coarsening sand units in the lower Fox 

Hills. 

Thickness of the Fox Hills Sandstone ranges from about 200 to 450 ft 

(60 to 135 m ) . Typically, the Fox Hills consists of at least three to 

seven upward-coarsening sandstone beds overlain by as many as five massive 
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Figure 3. Generalized stratigraphic column of the Cheyenne Basin, Colorado 
(after Kirkham and Ladwig, 1979). 

sandstones that appear "blocky" on geophysical logs (see Figure 5 ) . 

Regional stratigraphic studies in the Cheyenne Basin by Ethridge and 

others (1979) suggest these two generalized sand units persist throughout 

much of the basin and warrant stratigraphic differentiation. The sequence 

of upward-coarsening sands constitute the lower member of the Fox Hills 

Sandstone and appear to be delta-front sands correlative to those 

described by Weimer (1973) and Kirkham and Ladwig (1979) in the Denver 

Basin. Shepard and Summer (1979) believe a wave-dominated delta model 

best fits surface and subsurface data on the lower member of the Fox Hills 

in the western part of the basin. The massive sands overlie the 

upward-coarsening sands in much of the basin and comprise the upper member 

of the Fox Hills. Ethridge and others (1979) believe the upper member was 

deposited in a barrier bar system. 

Detailed local studies of stratigraphic and ground-water 

characteristics were conducted during this investigation. Our work in the 

Keota area suggests the Fox Hills can be divided into two members in a 

manner similar to that described by Ethridge and others (1979). Figure 4 

schematically illustrates stratigraphic characteristics of the Fox Hills 
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and other formations in the Keota area. The thick, massive Keota sandstone 

member of the upper Fox Hills ranges from 80 to 175-ft (24 to 52.5-m) 

thick. The Buckingham sandstone member splits from the top of the Keota 

member in the eastern part of the area. It consists of a number of 

lenticular sandstones and interbedded claystones ranging up to about 50-ft 

(15-m) thick. Base of the upper Fox Hills corresponds to the base of the 

Keota member. 

UPPER 
FOX HILLS 
SANDSTONE 

LOWER 
FOX HILLS 
SANDSTONE 

PIERRE 
S H A L E 

UPPER PIERRE AQUIFER 

NOT TO SCALE 

Sandy Unils 

S haly Units 

Conglomeratic Units 

Carbonate Units 

[,* ,* j Silly Units., primarily 

altered volcanic ash 

Figure 4. Schematic east-west cross section through the Keota area. 
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The lower member of the Fox Hills contains four coarsening-upward 

sand units in the Keota area which are interbedded with shale and 

claystone. About 30 to 40 percent of the lower Fox Hills is sandstone, 

whereas about 60 to 90 percent of the upper Fox Hills is sandstone. The 

four sand units of the lower Fox Hills in the Keota area are herein named, 

in ascending order, the A, B, C, and D sandstone members. All four units 

range up to about 55-ft (16.5-m) thick, coarsen upwards, and contain thin 

claystone beds and occasional carbonate-rich beds. The D sandstone member 

usually is separated from the Keota member by 5 to 25 ft (1.5 to 7.5 m) of 

claystone, but in the general vicinity of the proposed Keota mine, it 

appears to join the Keota member. In this area it is difficult to pick 

the contact between the upper and lower members. Recognition of this type 

of stratigraphic feature is necessary to assure successful excursion 

control at in situ solution mines. 

The Upper Cretaceous Laramie Formation overlies the Fox Hills 

Sandstone. It consists of interbedded sandstone, shale, claystone, and 

coal. Many workers have studied the Laramie in the Denver Basin, but 

little information is published on the Laramie Formation of the Cheyenne 

Basin. There appear to be major differences between the Laramie Formation 

in* th'e two basins. In many ways the Laramie Formation of the Cheyenne 

Basin is lithologically more similar to the Lance Formation of Wyoming 

than to the Laramie Formation in the Denver Basin. Future regional 

stratigraphic studies may conclude the Laramie in the Cheyenne Basin 

should be correlated with the Lance Formation. In the Denver Basin the 

Laramie can often be divided into an upper and lower part (Kirkham and 

Ladwig, 1979). The lower part contains numerous coal, shale, claystone, 

and lenticular, locally thick sandstone beds, whereas the upper Laramie is 

primarily shale and claystone. Total thickness of the Laramie Formation 

in the Denver Basin rarely exceeds 650 ft (195 m ) . 

In the Cheyenne Basin the Laramie Formation, where intact and not 

eroded, is much thicker. Figure 5 is a geophysical log from an oil 

exploration drill hole near the deeper part of the Cheyenne Basin. The 

Laramie is about 1500-ft (450-m) thick at this location. Study of nearby, 

confidential logs indicate the Laramie may be over 1800-ft (540-m) thick 

in the deepest part of the basin. Numerous 10 to 125-ft (3.0 to 37.5-m) 
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Amoco Production Company 
Champlin 279 A No.1 

NE NW sec. 27 T12N R66W 

WHITE RIVER 
GROUP 

LARAMIE 
FORMATION 

FOX HILLS 
SANDSTONE 

PIERRE SHALE 

Figure 5. Geophysical log of an oil exploration drill hole in the deeper 
part of the Cheyenne Basin, Colorado (original log held by 
the Colorado Oil and Gas Conservation Commission). 
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thick sandstone beds, many of which fine-upward, occur throughout the 

Laramie in the Cheyenne Basin. In this particular log, thick sandstones 

are more abundant in the upper part of the Laramie. Several of the 

thicker and laterally more extensive Laramie sands have been informally 

named by the uranium industry. They include the Grover, Porter Creek, and 

Sand Creek sandstone members. Coal beds generally occur in the lower 400 

ft (120 m) of the Laramie in the Cheyenne Basin. Thickness of coal beds 

in this zone range from less than 1 ft (0.3 m) to just over 5 ft (1.5 m ) . 

Most sandstone members of the Laramie generally are lenticular 

channel sandstones. An individual, locally thick sandstone often splits 

into several thinner sandstone units. Near the town of Grover, the base 

of the Grover sandstone member lies 200 to 350 ft (60 to 105 m) above the 

top of the Fox Hills Sandstone. Thickness of the Grover member ranges 

from less than 25 ft (7.5 m) to over 125 ft (37.5 m ) , including shale 

partings. In this same area the Porter Creek sandstone member varies from 

15 to 75-ft (4.5 to 22.5-m) thick and is 8 to 55 ft (2.4 to 16.5 m) above 

the Grover member. The Porter Creek unit consists of one to three 

individual sandstone beds which irregularly split and rejoin. The shale 

interval between the Grover and Porter Creek member varies markedly. In 

some areas the two members may possibly join to form a single sandstone 

unit. The Sand Creek sandstone member has been studied in T9N, R63W. In 

this area the Sand Creek member is about 1000 ft (300 m) above the Fox 

Hills and averages about 50-ft (15-m) thick (Reade, 1978). 

Most workers (Reade, 1976; Shepard and Summer, 1979; Ethridge and 

others, 1979; Kirkham and Ladwig, 1979) believe Laramie deposition in the 

Cheyenne Basin is primarily fluvial. Ethridge and others (1979) suggest 

the lower part of the Laramie generally represents a delta-plain 

environment and upper Laramie an alluvial-plain setting. Laramie 

depositional environments were only briefly studied in this investigation. 

Our cursory examination supports the conclusions of Ethridge and others 

(1979). 

Thickness of the Laramie Formation in the Cheyenne Basin varies 

markedly, with the greatest formational thickness occurring in the deepest 

part of the basin. A major factor controlling preserved formation 
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thickness is the angular unconformity which truncates the top of the 

Laramie Formation. A second factor, not yet fully documented, relates to 

depositional and structural history of the basin. During Laramie time, it 

is likely that the Cheyenne Basin was actively subsiding. This may have 

allowed for greater sediment accumulation in the deeper parts of the 

basin. Structure contour maps, isopach maps, and regional correlation of 

individual sandstone members within the Laramie Formation lend credence to 

this hypothesis. 

A possible explanation of the thick Laramie section in the Cheyenne 

Basin, as compared to its thickness in the Denver Basin, may relate to the 

possible equivalency of the formation to the Lance Formation. Another 

factor may be related to our limited knowledge of the age of the rocks 

grouped into the Laramie Formation in the Cheyenne Basin. The upper part 

of the thick Laramie sequence in the Cheyenne Basin may possibly be 

equivalent to the Upper Cretaceous Arapahoe Formation, Upper 

Cretaceous-Paleocene Denver Formation, and Paleocene-Eocene Dawson Arkose 

of the Denver Basin. If this speculation holds true, the upper Laramie in 

the Cheyenne Basin is younger than Late Cretaceous and the unconformity 

which truncates the Laramie may approximately correlate chronologically 

with the late Eocene erosion surface described in the southern Rocky 

Mountains by Epis and Chapin (1975). Detailed study of this possible age 

problem may shed light on the relationships between the upper Laramie 

unconformity, the paleosols described by Soister (1978) and Pettyjohn 

(1966), and the structural and depositional histories of the Denver and 

Cheyenne Basins. 

The only paleontological age control on the Laramie Formation in the 

Cheyenne Basin that the authors are aware of indicate a Late Cretaceous 

age. Carpenter (1979) describes a suite of amphibians, dinosaurs, 

mammals, and non-dinosaurian reptiles of Late Cretaceous (Maestrichtian) 

age from near Briggsdale. Our drill hole information indicates the 

fossils are from a section of strata at least 300 ft (90 m) above the top 

of the Fox Hills Sandstone. Robinson (1980, pers. comm.) describes 

additional fossils of a similar age that were collected near the Natural 

Fort rest area on interstate highway 1-25 in section 5, T U N , R67W. These 

Laramie fossils are probably about 1,000 ft (300 m) above the top of the 

Fox Hills Sandstone, based on a structure contour map by Ethridge and 
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others (1979). This data indicates the lower 1,000 ft (300 m) of the 

Laramie is of Late Cretaceous age, but no age control is yet available for 

the overlying 500 to 800 ft (150 to 240 m) . 

Differences in the depositional histories of the two basins during 

Laramie time may also in part explain the anomalous thickness variations. 

As previously described, the upper Laramie in the Denver Basin is 

dominantly claystone and shale, whereas in the Cheyenne Basin much of the 

formation contains thick sandstone beds. The major river channels 

draining the Front Range area may have passed through the Cheyenne Basin 

and only overbank areas extended into the Denver Basin. Differences in 

the amounts of sediment deposited and compaction ratios could explain the 

observed thickness changes. 

The fluvial Oligocene White River Group overlies the unconformity cut 

on the Laramie, Fox Hills, and Pierre. The group contains two formations, 

the Upper and Middle Oligocene Brule Formation and the Lower Oligocene 

Chadron Formation. Scott (1978) describes the Brule as being 200 to 

500-ft (60 to 150-m) thick and composed of light-colored, sandy or clayey, 

ashy siltstone. Lenticular channel sandstones or siltstones containing 

siltstone clasts and granitic gravel occur throughout the lower part of 

the Brule. The Chadron consists of 100 to 250 ft (30 to 75 m) of highly 

fractured, clayey, blocky, ashy siltstone and montmorillonitic claystone 

(Scott, 1978). Channels of calcite- and silica-cemented sandstone and 

conglomerate often occur at the base of the Chadron and are also scattered 

throughout the unit. These beds form resistant ledges in outcrop, such as 

those near Keota. 

The fluvial Lower Miocene Arikaree Formation unconformably overlies 

part of the White River Group. In the study area the Arikaree occurs to a 

limited extent and only as channel sandstones and conglomerates ranging up 

to 80-ft (24-m) thick that are cut into the White River Group. To the 

east and north, the Arikaree is more of a blanket-type deposit. 

The Miocene Ogallala Formation unconformably overlies the Arikaree 

and White River Formations, and where these rocks are absent, it overlies 

the Laramie and older rocks. The formation is 50 to 600-ft (15 to 180-m) 

thick and consists primarily of conglomerate and sandstone beds 

interbedded with siltstone, limestone, and volcanic ash (Scott, 1978). 
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Structure 

The Cheyenne Basin, as defined by Kirkham and Ladwig (1979) and 

Childers (1974), is a structural element of a much larger basin, commonly 

known in the petroleum industry as the Denver, Denver-Cheyenne, D-J, or 

Denver-Julesburg Basin. The Cheyenne Basin roughly corresponds to the 

deepest part of the northern half of the larger basin. It is a doubly 

plunging, asymmetrical syncline with its structural axis in the western 

part of the basin (Figure 6 ) . The town of Cheyenne lies near the deepest 

part of the basin and at this location, the top of the Precambrian is at 

an elevation of over 7,000 ft (2,100 m) below sea level. Structural dips 

on the northern, southern, and eastern flanks of the Cheyenne Basin 

typically range from less than 1° to about 5°. On the western flank of 

the basin in Colorado, rocks dip up to 45° eastward towards the basin 

center. A few relatively minor faults and folds occur within the basin, 

but these have not been adequately investigated. The Greeley Arch bounds 

the south flank of the Cheyenne Basin and separates it from the Denver 

Basin (Kirkham and Ladwig, 1979). 

Figure 1 illustrates the approximate outline of the Colorado part of 

the Cheyenne Basin based on the outcrop or subcrop of the Fox Hills 

Sandstone. Figure 6 is a general structure contour map of the top of the 

lower Fox Hills for much of the Cheyenne Basin (from Ethridge and others, 

1979). The deepest part of the basin appears to be in T12N, R66W where 

the top of the Fox Hills is less than 3900 ft (1170 m) above sea level. 

Regional dip of the Fox Hills, as calculated from Figure 6, averages about 

8 1/2° eastward on the west flank of the basin, about 1/3° northward on 

the south flank, and about 1/5° northwestward from Keota to the center of 

the basin. Figure 7 illustrates structural details of the top of the 

Upper Fox Hills in the Keota area. 

GENERAL HYDR0GE0L0GIC SETTING 

Bedrock Aquifers 

Principal bedrock aquifers of the Cheyenne Basin include the Fox 

Hills, Laramie, White River, and Ogallala Formations. Minor amounts of 
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water may be produced from the upper Pierre aquifer, which includes the C, 

D, and unnamed sandstone members described by Kitely (1978) and from the 

Arikaree. Generally, the upper Pierre aquifer lies too far below land 

Figure 6. Structure contour map of the top of the lower Fox Hills 
Sandstone, Cheyenne Basin, Colorado (after Ethridge and 
others, 1979). 

surface in the study area to be economically significant, although it may 

become an important aquifer if uranium mining seriously impacts other, 

shallower aquifers. Existing water analyses suggest the upper Pierre 

aquifer contains water of variable quality. Locally, this water is high 

in sulfate and other ions which, unless it is the only available water, 

make it generally unacceptable for domestic use and undesirable for stock 

watering. The Arikaree occurs very discontinuously in the basin and, for 

this reason, is not considered a major aquifer. 

The Fox Hills Sandstone underlies much of the Cheyenne Basin in an 

almost blanket-type manner. It is the most reliable ground-water source 

in the Cheyenne Basin. The upper part of the Fox Hills is the most 

prolific water-producing member of the formation, commonly yielding 20 to 

100 gpm, and occasionally yielding over 200 gpm. The lower Fox Hills 

contains a greater amount of low permeability beds, primarily shale and 

claystone. Water-bearing sandstones do occur in the lower Fox Hills, but 

they possess variable hydraulic properties. In areas where the upper Fox 
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Figure 7. Detailed structure contour map of the top of the upper Fox 
Hills Sandstone in the Keota area. 
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Hills may be damaged by future uranium mining, the lower Fox Hills may 

become a significant aquifer which yields low amounts of water. 

Numerous lenticular sandstone beds of varying thickness occur 

throughout the Laramie Formation. These sandstones provide a significant 

amount of the total ground water currently utilized in the Cheyenne Basin, 

primarily because the formation underlies much of the basin at shallow 

depths. 

i'he White River Group consists largely of low permeability, ashy 

siltstone and claystone, but highly permeable, fluvial channels of 

sandstone and conglomerate occur occasionally in the formation. Some 

wells recover minor amounts of water from the ashy siltstone and 

claystone, but production is generally very low. The fluvial channels 

provide moderate to high quantities of ground water. Part of the porosity 

and permeability of the White River Group appears to be related to or at 

least influenced by vertical fractures and clastic dikes. Dikes serve as 

ground-water barriers and fractures provide conduits for vertical water 

movement. These factors are of great importance when considering 

potential excursion flow paths from solution mining operations. 

Large quantities of water are produced from the Ogallala Formation 

throughout much of the High Plains. The Ogallala, however, occurs only to 

a limited extent in the Cheyenne Basin. Uranium-bearing host rocks occur 

at great depths in areas underlain by the Ogallala, therefore uranium 

exploration and development in the foreseeable future in these areas is 

unlikely. For these reasons, the Ogallala was not studied in detail for 

this report. 

Very little is known about the direction and rate of ground-water 

flow in individual aquifers in the Cheyenne Basin. Figure 8 is a 

water-table elevation map of the study area. This map was prepared by 

contouring the elevation of water levels in wells tapping a variety of 

aquifers. The map suggests ground-water movement is to the south and 

southeast, towards the South Plate River. Wacinski (1979) reached a 

similar conclusion based on his work in the Crow Creek drainage. It is 

unknown if this direction of movement represents the actual flow path of 

water in individual aquifers. Distribution of springs in the basin 

suggests that this may be the general pattern. 
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An attempt was made to prepare a potentiometric map from wells 

tapping only the Fox Hills Sandstone. The resulting map was 

unsatisfactory for several reasons: 1) only a limited number of wells 

extend to the Fox Hills and there are large areas in which no wells tap 

the Fox Hills, 2) a main source of water level data was the Colorado State 

Engineer's files, and the water levels in these records were measured at 

widely varying times using a variety of measuring methods, 3) recent 

mineral exploration drilling activities and water extraction from existing 

wells appear locally to have altered natural flow paths, 4) many wells 

which tap the Fox Hills are completed in such a way that it is impossible 

to remeasure water levels, and 5) several of the Fox Hills wells have been 

abandoned and plugged and are therefore unavailable for remeasurement. 

Water Quality 

Water samples from 104 domestic, irrigation, stock, municipal, and 

other types of wells were collected and analyzed as a part of this 

investigation. Wells inventoried and sampled were selected because of 

proximity to known uranium deposits, accessibility, and physical 

characteristics. Sampled wells tap the upper and lower Fox Hills 

Sandstone, Laramie Formation, and White River Group. Well locations are 

shown on Plate 1, well characteristics are described in Appendix 1, and 

the results of the analyses are contained in Appendix 2. 

Water quality is highly variable in the sampled wells. The following 

ranges indicate the wide variation of certain parameters: total dissolved 

solids (TDS) - 227 to 4540 milligrams per liter (Mg/1), calcium - 1.3 to 

516 Mg/1, alkalinity - 76 to 2070 Mg/1, sulfate - 11 to 2800 Mg/1, iron -

0 to 8300 micrograms per liter (Ug/1), selenium - 0 to 70 Ug/1, and 

uranium - 0.03 to 160 Ug/1. This variation occurs not only between 

aquifers, but also within a particular aquifer. In some cases wells which 

tap the same aquifer only a short distance apart may vary markedly in 

quality. 

Much of the water sampled during this investigation is of very poor 

quality and exceeds drinking water standards of the U.S. Public Health 

Service. Of the 104 wells sampled, the water in 49 equals or exceeds 
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recommended TDS values, 34 equal or exceed sulfate standards, 27 equal or 

exceed manganese standards, 18 equal or exceed iron standards, 9 equal or 

exceed selenium standards, and five equal or exceed pH standards. High 

uranium and vanadium concentrations are also a problem, but no drinking 

water standards are established for these parameters. 

A cursory examination of the water analyses suggests the following 

relationships in the study area. Water high in uranium (dissolved and 

suspended) occurs in much of the study area in many of the major aquifers. 

There is a marked tendency for highest uranium values to occur near 

uranium deposits, but several wells that are moderately high in uranium 

are not geographically or stratigraphically near any known uranium 

deposits that the authors are aware of. All wells which are high in 

vanadium tap either the White River, Group or alluvial aquifers which 

overlie the White River Group. Most wells high in vanadium are also at 

least moderately high in uranium. 

All wells with high selenium contents are also high in uranium. High 

selenium values are not restricted to any one formation and there is no 

apparent correlation between high selenium and molybdenum or vanadium. 

The majority of wells high in molybdenum are in the Keota-Buckingham area 

and have either the White River Group or Fox Hills Sandstone as their 

principle aquifer. 

All wells with pH values exceeding the U.S. Public Health Service drinking 

water standards tap the Fox Hills Sandstone. Almost all wells with high 

iron or manganese contents tap either the Laramie or Fox Hills. High iron 

values generally are associated with high manganese values, but the 

reverse of this is not always true. 
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URANIUM RESOURCES AND DEVELOPMENT 

Numerous uranium and other radioactive elements occur in a variety of 

environments and formations throughout the Cheyenne Basin. Four significant 

uranium deposits in the Cheyenne Basin are described in published reports 

(Reade, 1976, 1978; Wyoming Mineral Corporation, 1978). All four are 

roll-front type deposits in either the Laramie Formation or upper member of the 

Fox Hills Sandstone. An additional 32 radioactive mineral occurrences are 

documented in the area (Nelson-Moore and others, 1978). Other significant 

uranium deposits have been discovered by industry, but this information is not 

yet publicly available. Known uranium deposits include the Grover, Keota, 

Pawnee, and Sand Creek deposits. Reade (1978) described three of these 

deposits, and Wyoming Mineral Corporation (1978) described a fourth deposit in 

a permit application. Much of the following characterizations are derived from 

these two sources. 

The Grover deposit, discovered in 1970, occurs in T10N, R61 and 62W, about 

four miles southwest of the town of Grover. Uranium mineralization occurs in 

the Grover sandstone member of the Laramie Formation. The Grover sandstone 

member ranges from about 25 to 125-ft (7.5 to 37.5- m) thick and lies about 200 

to 350 ft (60 to 105 m) above the top of the Fox Hills Sandstone. Grade of the 

Grover deposit averages 0.14 percent eU308 with reserve estimates indicating a 

total of about 1 million lb (454,000 kg) eU308 using a cutoff grade of 0.05 

percent. 

A pilot-scale in situ solution mining project was conducted at the Grover 

deposit by Wyoming Mineral Corporation. The test initiated in June, 1977 and 

concluded in May, 1978. Restoration of the mined aquifer initiated in May, 

1978 and terminated in February, 1979. By June, 1979, restoration 

stabilization was demonstrated (Wyoming Mineral Corporation, 1979). The project 

was primarily conducted to test various lixiviant capabilities, well field 

design, and restoration technology. 

The Pawnee deposit, discovered in 1971, lies in sees. 25, 26, 27, and 28, 

T8N, R60W. Uranium mineralization- occurs in the upper or Pawnee sandstone 

member of the Fox Hills Sandstone (Reade, 1978). A tentative correlation 

between the Keota and Pawnee sandstone members was demonstrated during this 
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investigation. The roll-front is very linear, trending east-west, and its 

orientation and associated chemical alteration suggest southward 

ground-water movement during uranium deposition. Mineralization averages 

0.07 percent eU308 and contains an estimated 1 million lbs (454,000 kg) 

eU308. 

Uranium mineralization at the Keota deposit in sees. 35 and 36, T9N, 

R60W, occurs in several roll fronts in both the Keota and Buckingham 

members of the upper Fox Hills Sandstone. Power Resources Corporation 

plans to mine the Keota deposit using in situ solution mining techniques. 

Production during the first year should be on the order of 150,000 lbs 

(68,000 kg) of U308. Second-year production is anticipated at about 

250,000 lbs (114,000 kg) U308 and about 500,000 lb (227,000 kg) of U308 

should be annually recovered during the remaining life of the mine. 

Reserve estimates suggest the Keota deposit contains 5,000,000 to 

10,000,000 lb (2,270,000 to 4,540,000 kg) U308. 

The Sand Creek deposit lies in sees. 19, 20, and 29, T9N, R63W, just 

northeast of the Hyland pit where uranium was first discovered in Weld 

County. Uranium mineralization occurs in the Sand Creek sandstone member 

of the Laramie Formation, about 1,000 ft (300 m) above the top of the Fox 

Hills Sandstone. The roll-front is very narrow, generally less than 50-ft 

(15-m) wide, but is unusually rich in uranium for a sandstone deposit. 

Core samples indicate grades up to 0.41 percent U308 and an average of 

0.21 percent. Reserve estimates indicate about 154,000 lbs (69,900 kg) 

eU308 with a cutoff grade of 0.05 percent. 
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Appendix 2. Chemical analyses of water from sampji. 

SAMPLE 
I.D. 

NUMBER 

U-l 
U-2 
U-3 
U-4 
U-5 

U-6 
U-7 
U-8 
U-9 
U-10 

U-l 1 
U-12 
U-13 
'J-14 
U-15 

U-1S 
U-17 
U-1B 
U-19 
U-20 

U-21 
U-22 
U-23 
U-24 
U-25 

U-26 
U-27 
U-28 
U-29 
U-30 

U-31 
U-32 
U-33 
U-34 
U-35 

U-36 
U-37 
U-38 
U-39 
U-40 

U-41 
U-42 
U-43 
U-44 
U-45 

U-46 
U-47 
U-48 
U-49 
U-50 

U-51 
U-52 
U-53 
U-54 
U-55 

U-56 
U-57 
U-58 
U-59 
U-60 

FIELD 
SAMPLE pH 
DATE (UNITS) 

6/15/78 7.6 
6/13/78 8.7 
6/14/78 8.7 
6/14/78 9.2 
6/14/78 7.9 

6/15/78 8.1 
6/15/78 7.9 
6/15/78 7.6 
6/15/78 7.7 
6/15/78 7.3 

6/16/78 8.2 
6/16/78 8.1 
6/19/78 7.3 
6/19/78 7.6 
6/19/73 7.6 

6/20/73 7.7 
6/20/78 7.7 
6/20/78 7.3 
6/20/78 3.1 
6/20/78 7.3 

6/21/78 7.2 
6/21/78 7.5 
6/21/73 7.9 
6/21/78 7.2 
6/21/78 7.2 

6/26/78 7.5 
6/26/78 7.9 
6/26/78 7.7 
6/27/78 7.4 
6/27/78 7.8 

6/27/78 7.8 
6/27/78 7.8 
6/27/78 7.8 
6/28/78 7.9 
6/28/78 8.2 

6/28/78 8.8 
6/28/78 8.1 
6/28/78' 9.6 
6/28/78 8.5 
7/05/78 8.0* 

7/05/78 8.1* 
7/05/78 7.7 
7/06/78 7.4 
7/06/78- 8.0* 
7/06/78 8.0* 

7/06/78 8.3* 
7/06/78 7.7 
7/07/78 7.9* 
7/07/78 ,8.2* 
7/07/78 3.3* 

7/07/78 8.3* 
7/07/78 7.4 
7/11/78 7.9* 
7/11/78 7.4 
7/11/78 7.4 

7/11/78 7.5 
7/11/78 7.4 
7/11/78 7.5 
7/11/78 7.8* 
7/11/78 7.7* 

LAB 
SPECIFIC 
CONDUCTANCE 
(MICROMHOS) 

2120 
612 
614 
518 
711 

2238 
1809 
1809 
1890 
1122 

621 
616 
421 
670 
2065 

1620 
655 
1585 
1203 
2644 

1139 
1281 
568 
2413 
1877 

422 
445 
523 
579 
405 

68S 
416 
439 
439 
402 

582 
403 
1065 
516 
637 

660 
494 
1006 
428 
573 

422 
718 
568 
535 
404 

502 
624 
463 
762 
516 

413 
391 
438 
435 
393 

TEMP 
°C 

17.5 
20.0 
16.0 
25.0 
20.0 

16.5 
17.0 
17.0 
16.5 
14.0 

15.0 
15.5 
14.0 
15.5 
15.5 

14.0 
14.5 
13.5 
15.5 
13.5 

12.0 
14.5 
15.0 
13.0 
11.0 

12.5 
14.0 
14.5 
13.0 
14.0 

14.0 
14.0 
14.0 
13.0 
14.5 

18.0 
14.5 
15.0 
14.5 
13.0 

14.3 
13.0 
14.0 
15.0 
16.0 

17.0 
1*3.0 
13.0 
13.0 
14.5 

14.5 
14.0 
19.0 
14.0 
22.5 

14.5 
14.5 
13.0 
20.0 
15.5 

CALCIUM 
DISSOLVED 
(MG/L) 

61 
3.7 
3.4 
3.4 
6.8 

1.3 
73 
28 
47 
58 

3.0 
3.5 
44 
17 
110 

78 
15 
100 
20 
77 

120 
68 
516 
180 
120 

15 
14 
15 
24 
13 

58 
7.5 
21 
9.1 
5.8 

6.5 
9.6 
3.5 
7.5 
16 

100 
17 
57 
43 
12 

11 
45 
64 
37 
10 

11 
19 
34 
110 
46 

27 
29 
61 
30 
25 

MAGNESIUM 
DISSOLVED 
(MG/L) 

21 
1.3 
1.0 
1.1 
1.8 

2.5 
19 
7.6 
14 
16 

1.0 
1.0 
7.8 
2.0 
20 

13 
3.6 
34 
4.4 
21 

38 
20 
1.1 
58 
35 

3.0 
2.2 
3.8 
4.5 
2.3 

15 
1.9 
5.3 
2.5 
1.3 

0.3 
9.6 
0 
0.9 
4.9 

3.9 
4.9 
15 
9.6 
2.3 

2.2 
7.7 
13 
13 
1.9 

2.3 
4.6 
8.7 
21 
15 

8.5 
9.3 
11 
5.6 
3.6 

POTASSIUM 
DISSOLVED 
(MG/L) 

9.1 
2.8 
2.2 
3.4 
3.7 

1.5 
8.0 
6.4 
9.2 
10 

2.2 
2.4 
12 
6.5 
13 

11 
4.2 
18 
3.6 
12 

8.5 
7.0 
2.3 
12 
12 

4.4 
4.0 
5.8 
5.5 
3.5 

11 
3.1 
5.4 
4.3 
3.0 

3.4 
3.1 
22 
13 
5.4 

5.8 
5.7 
18 
6.9 
4.1 

3.8 
7.4 
6.4 
8.4. 
3.8 

3.6 
5.3 
5.3 
11 
7.6 

6.7 
5.0 
6.2 
6.1 
5.5 

SODIUM 
DISSOLVED 
(MG/L) 

390 
140 
150 
120 
130 

180 
440 
360 
360 
170 

150 
150 
39 
120 
310 

250 
130 
230 
250 
540 

92 
200 
140 
360 
120 

79 
89 
95 
100 
84 

69 
87 
77 
89 
89 

140 
89 
220 
110 
130 

120 
92 
140 
28 
120 

87 
94 
37 
46 
83 

100 
130. 
57 
19 
39 

49 
47 
13 
59 
65 

ALKA­
LINITY 
(MG/L 

AS CAC03) 

190 
270 
300 
200 
210 

270 
140 
130 
220 
210 

250 
260 
170 
120 
90 

98 
210 
160 
230 
420 

320 
210 
300 
400 
2070 

150 
160 
170 
180 
160 

240 
160 
200 
170 
160 

300 
160 
210 
260 
250 

190 
210 
320 
160 
180 

170 
150 
160 
76 
160 

170 
300 
183 
198 
203 

171 
193 
193 
160 
190 

CHLORIDE 
DISSOLVED 
(MG/L) 

160 
16 
15 
18 
24 

13 
160 
170 
110 
19 

27 
22 
10 
95 
330 

320 
21 
42 
33 
61 

11 
44 
7.3 
100 
98 

18 
15 
27 
30 
8.2 

34 
7.5 
8.2 
12 
6.5 

9.0 
5.8 
39 
14 
22 

57 
19 
51 
22 
26 

7.3 
83 
43 
97 
7.7 

27 
26 
16 
30 
26 

13 
7.1 
15 
14 
4.9 

SULFATE 
DISSOLVED 
(MG/L) 

620 
27 
27 
40 
54 

79 
780 
500 
540 
340 

43 
36 
31 
54 
450 

250 
110 
630 
320 
870 

310 
350 
11 
830 
580 

39 
43 
54 
70 
39 

72 
39 
26 
42 
36 

11 
36 
230 
49 
67 

59 
31 
130 
31 
74 

34 
73 
71 
40 
28 

47 
15 
35 
180 
36 

171 
23 
21 
37 
31 

FLUORIDE 
DISSOLVED 
(MG/L) 

1.0 
0.9 
0.9 
0.9 
0.8 

0.9 
0.2 
0.3 
0.3 
1.4 

0.9 
1.0 
1.4 
0.6 
0.3 

0.3 
0.6 
0.6 
0.7 
0.2 

0.3 
0.7 
1.1 
0.9 
-

0.6 
0.6 
0.4 
0.4 
0.6 

1.9 
0.6 
0.6 
0.5 
0.6 

0.9 
0.6 
0.7 
0.6 
0.4 

0.4 
0.4 
1.5 
0.9 
0.6 

0.7 
0.5 
0.4 
0.3 
0.6 

0.6 
0.6 
0.7 
0.7 
0.7 

0.8 
0.7 
1.0 
0.5 
0.6 

NITROGEN 
N02 + N03 
DISSOLVED 

(MG/L 
AS N) 

0.02 
0.16 
a. 15 
0.01 
0.02 

0.32 
0.01 
0.06 
0.11 
0.30 

0.08 
-

0.02 
0.07 
0.47 

0.16 
0.15 
0.26 
0.08 
0.13 

0.52 

28 
0.17 
0.02 
0.02 

0.71 
0.43 
1.4 
0.21 
0.02 

0.52 
0.05 
0.04 
0.00 
0.00 

0.00 
0.00 
-
-
0.02 

0.85 
0.08 
3.1 
3.8 
0.01 

0.00 

4.4 
8.8 
0.05 
0.09 

0.12 
0.03 
2.7 
0.85 
0.14 

3.7 
2.5 
4.4 
1.9 
0.03 

NITROGEN 
AMMONIA 
DISSOLVED 

(MG/L 
AS N) 

0.37 
0.00 
0.00 
0.07 
0.07 

0.00 
0.33 
0.43 
0.01 
0.00 

0.10 

-
0.00 
0.03 
0.00 

0.01 
0.00 
0.00 
0.26 
0.01 

0.03 
0.01 
0.03 
0.06 
0.00 

0.00 
0.00 
0.00 
0.01 
0.01 

0.00 
0.01 
0.00 
0.00 
0.03 

0.18 
0.03 
-
-

0.00 

0.00 
0.00 
0.00 
0.00 
0.07 

0.01 
0.01 
0.00 
0.11 
0.00 

0.00 
0.79 
0.00 
0.00 
0.01 

0.00 
0.01 
0.00 
0.00 
0.00 

SILICA 
DISSOLVED 

(MG/L) 
12 
6.5 
7.7 
12 
9.4 

10 
9.3 
10 
9.3 
23 

11 
10 
28 
11 
8.8 

11 
11 
13 
11 
12 

14 
6.9 
9.4 
28 
" 

11 
9.9 
8.7 
9.9 
9.4 

55 
10 
14 
89 
11 

11 
10 
9.0 
9.0 
10 

9.6 
9.6 
35 
21 
120 

11 
13 
54 
5.8 
10 

9.5 
7.8 
40 
51 
57 

57 
60 
46 
16 
13 

DISSOLVED 
SOLIDS, 
TOTAL 
(MG/L) 
1530 

570 
583 
437 
508 

645 
1680 
1250 
1390 
911 

561 
570 
403 
330 
1300 

1060 

545 
1290, 
948 
2150 

1020 

970 
566 
2100 
" 
368 
391 
313 
480 
370 

463 
352 
420 
391 
366 

570 
367 
803 
496 
404 

387 
303 
640 
261 
358 

261 
413 
383 
294 
244 

305 
390 
307 
542 
350 

295 

297 
290 
265 
263 
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HARDNESS 
(MG/L 

AS CACO3) 

240 
15 
13 
13 
24 

14 
260 
100 
180 
210 

12 
13 
140 
51 
360 

250 
52 
390 
68 
280 

460 
250 
19 
690 
440 

50 
44 
53 
78 
42 

210 
27 
74 
33 
20 

17 
29 
9 
22 
60 

61 
63 
200 
160 
42 

37 
140 
210 
150 
33 

37 
66 
120 
360 
180 

100 
110 
200 
98 
77 

HARDNESS 
NONCARB. 
(MG/L 

AS CACO3) 

7 
0 
0 
0 
0 

0 
85 
0 
0 
0 

0 
0 
0 
0 

270 

140 
0 

180 
0 
0 

61 
3 
0 

210 
7 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
4 
0 

0 
0 
58 
70 
0 

0 
0 
0 

160 
0 

0 
0 
5 
0 
0 

BORON 
DISSOLVED 
(UG/L) 

230 
110 
110 
90 
80 

150 
110 
160 
110 
130 

200 
190 
40 
90 
80 

90 
80 
180 
140 
120 

80 
100 
110 
160 
200 

90 
80 
90 
80 
70 

90 
80 
80 
70 
90 

140 
80 
150 
130 
110 

100 
120 
120 
90 
80 

80 
100 
90 
70 
70 

80 
90 
100 
60 
80 

80 
70 
40 
90 
90 

IRON 
DISSOLVED 
(UG/L) 

0 
40 
20 
10 
0 

0 
0 
0 
0 
0 

0 
10 
0 
0 
0 

0 
90 
580 
40 
10 

200 
10 
20 
140 
10 

280 
0 

100 
40 
120 

60 
40 
20 
20 
150 

20 
20 
20 
20 
110 

90 

70 
210 
70 
140 

40 
50 
20 
70 
140 

100 
930 
10 
60 
50 

60 
50 
20 
20 
100 

MANGANESE 
DISSOLVED 
(UG/L) 

50 
10 
20 
10 
5 

10 
110 
10 
90 
0 

10 
5 
80 
10 
20 

30 
30 
610 
50 
50 

160 
40 
0 
40 

2100 

5 
0 
0 
0 
10 

0 
0 
5 
10 
30 

5 
0 
0 
0 
20 

20 

10 10 
20 
20 

30 
50 
20 
30 
0 

20 
3200 

3 
70 
10 

0 
0 
0 
0 
0 

MOLYBDENUM 
DISSOLVED 
(UG/L) 

4 
6 
6 
5 
7 

6 
5 
5 
12 
20 

12 
10 
9 
6 
0 

7 
4 
26 
6 
0 

0 
2 
5 
4 
5 

4 
3 
4 
3 
4 

4 
2 
2 
0 
3 

3 
5 
6-
5 
1 

3 

3 23 
3 
3 

3 
3 
3 
1 
2 

3 
1 
7.5 
13 
3 

3 
2 
3 
2 
3 

SELENIUM 
DISSOLVED 
(UG/L) 

0 
0 
0 
0 
0 

'0 
0 
0 
0 
40 

'1 
0 
0 
0 
0 

0 
0 
2 
0 
0 

1 
6 
0 
1 
0 

0 
0 
0 
0 
0 

2 
0 
0 
0 
0 

0 
0 
0 
0 
1 

15 
1 
5 
6 
0 

0 
17 
5 
1 
0 

0 
0 
4 
14 
4 

3 
2 
2 
5 
0 

URANIUM 
DISSOLVED 
(UG/L) 

0.05 
0.09 
0.07 
0.05 
0.14 

0.07 
0.09 
0.05 
0.7 
41 

0.03 
0.04 
3.2 
1.0 
6.1 

1.1 
0.07 
45 
0.06 
0.12 

9.2 
2.9 
0.03 
51 
28 

2.8 
0.45 
7.1 
6.1 
0.70 

14 
1.6 
9.7 
0.8 
9.0 

0.06 
1.4 

120 
0.18 
5.8 

19 
9.4 
38 
17 
0.06 

8.8 
18 
17 
5.3 
0.11 

7.4 
0.03 
6.4 
37 
21 

15 
18 
7.6 
10 
3.7 

VANADIUM 
DISSOLVED 
(UG/L) 

4.0 
0.0 
0.0 
0.0 
0.0 

0.0 
3.0 
3.0 
1.0 
4.0 

0.0 
0.0 
0.0 
0.5 
8.9 

8.2 
6.0 
1.7 
1.5 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

2.0 
0.0 
2.5 
0.0 
0.0 

0.0 
0.0 
0.9 
0.0 
0.7 

0.0 
0.0 
0.0 
0.0 
0.0 

3.2 
2.3 
13 
2.5 
0.0 

0.0 
0.0 
9.0 
0.2 
0.0 

0.0 
1.0 
10 
1.5 
13 

15 
13 
7.7 
1.5 
0.0 

GROSS 
ALPHA 

DISSOLVED 
URANIUM 
(UG/L) 

<14 
<3 
<3.7 
<3.3 
<3.0 

<5.0 
<13 
<9.9 
19 
55 

<1.8 
<3.8 
14 
16 
19 

<13 
<4.3 
64 
<5.5 

<17 

<7.4 
<9 
<3.2 
57 
38 

8.7 
<2.2 
20 
15 
5.1 

15 
5.1 
15 
13 
46 

< 2.9 
16 
530 
5.7 
17 

45 
18 
86 
22 
<4.3 

37 
19 
23 
<4.1 
< 2.8 

< 5.4 
< 3.9 
17 
42 
22 

12 

25 
7.0 
14 
12 

GROSS 
ALPHA 

SUSPENDED 
URANIUM 
(UG/L) 

0.5 
<0.4 
0.7 

<0.4 
<0.4 

<0.4 
<0.4 
<0.4 
<0.4 
0.5 

<0.4 
<0.4 
2.1 

<0.4 
1.6 

1.9 
<0.4 
56 
<0.4 
<0.4 

1.3 
<0.4 
<0.4 
<0.4 
4.3 

<0.4 
<0.4 
<0.4 
<0.4 
<0.4 

<0.4 
< 0.4 
< 0.4 
< 0.4 
9.6 

< 0.4 
< 0.4 
11 
2.4 

< 0.4 

< 0.4 
< 0.4 
<0.4 
<0.4 
0.7 

<0.4 

2.0 
<0.4 
2.2 

<0.4 

<0.4 
<0.4 
<0.4 
<0.4 
<0.4 

<0.4 

<0.4 
<0.4 
<0.4 
<0.4 

GROSS 
BETA 

DISSOLVED 
SR-90 
(PCI/L) 

7.4 
3.2 
4.1 
3.1 
2.7 

<6.1 
5.9 

<5.2 
7.7 
15 

<2.0 
<1.8 
12 
8.3 
16 

12 
2.9 
21 
<3.6 
<8.3 

8.7 
<3.7 
1.8 
16 
14 

3.4 
4.5 
6.7 
5.4 
2.1 

7.2 
2.6 
6.1 
4.7 
9.3 

2.2 
5.2 
94 
11 
5.3 

8.3 
7.0 
29 
8.1 
2.6 

5.8 
7.6 
6.8 
7.7 
2.0 

4.0 
5.6 
5.8 
15 
12 

7.3 

7.3 
6.9 
7.0 
6.2 

GROSS 
BETA 

SUSPENDED 
SR-90 
(PCI/L) 

<0.4 
0.8 
0.6 
0.9 

<0.4 

<0.4 
<0.4 
<0.4 
<0.4 
3.6 

<0.4 
<0.4 
3.3 
0.4 
2.7 

2.7 
<0.4 
22 
<0.4 
<0.4 

1.2 
<0.4 
<0.4 
1.3 
5.3 

<0.4 
<0.4 
1.5 
1.1 

<0.4 

1.0 
<0.4 
0.8 

<0.4 
5.1 

<0.4 
<0.4 
6.4 
1.7 
0.7 

1.9 
1.5 
7.2 
1.0 
0.5 

0.9 
4.1 
1.3 
2.0 

<0.4 

0.5 
<0.4 
0.6 
2.1 
1.9 

0.8 
1.0 
0.6 
0.4 
0.9 

GROSS 
BETA 

DISSOLVED 
CS-137 
(PCI/L) 

7.9 
3.4 
4.3 
3.3 
2.9 

<6.1 
6.5 

<5.5 
8.3 
16 

<2.1 
<1.9 
13 
8.8 
18 

13 
3.1 
22 

.<3.9 
<8.9 

9.3 
<4.0 
1.9 
17 
15 

3.6 
4.8 
7.1 
5.7 
2.3 

7.8 
2.7 
6.5 
5.0 
9.9 

2.3 
5.6 

100 
12 
5.7 

3.8 
7.5 
31 
8.8 
2.9 

6.3 
8.1 
7.4 
8.3 
2.1 

4.4 
6.0 
6.2 
16 
13 

7.8 
7.9 
7.4 
7.4 
6.6 

GROSS 
BETA 

SUSPENDED 
CS-137 
(PCI/L) 

<0.4 

0.8 
0.6 
0.9 

<0.4 

<0.4 
<0.4 
<0.4 
<0.4 
3.3 

<0.4 
<0.4 
3.1 

<0.4 
2.6 

2.6 
<0.4 
24 
<0.4 
<0.4 

1.2 
<0.4 
<0.4 
1.2 
5.2 

<0.4 
<0.4 
1.4 
1.0 

<0.4 

1.0 
<0.4 
0.7 

<0.4 
4.9 

<0.4 
<0.4 
6.0 
1.6 
0.7 

1.8 
1.4 
6.7 
0.9 
0.5 

0.9 
4.1 
1.2 
1.9 

<0.4 

0.5 
<0.4 
0.5 
2.0 
1.8 

0.7 
0.9 
0.6 

<0.4 
0.9 

SAMPLE 
I.D. 

NUMBER 

U-l 
U-2 
U-3 
U-4 
U-5 

U-6 
U-7 
U-8 
U-9 
U-10 

U-ll 
U-12 
U-S3 
U-14 
U-15 

U-16 

U-17 
U-13 
U-19 
U-20 

U-21 
U-22 
U-23 
U-24 
U-25 

U-26 
U-27 
U-28 
U-29 
U-30 

U-31 

U-32 
U-33 
U-34 
U-35 

U-36 
U-37 
U-38 
U-39 
U-40 

U-41 
U-42 
U-43 
U-44 
U-45 

U-46 
U-47 
U-48 
U-49 
U-50 

U-51 
U-52 
U-53 
U-54 
U-55 

U-56 
U-57 
U-55 
U-59 
U-60 
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SAMPLE 
I.D. 

NUMBER 
U-61 
U-62 
U-63 
U-64 
U-65 

U-66 
U-67 
U-68 
U-69 
U-70 

U-71 
U-72 
U-73 
U-74 
U-75 

U-76 
U-77 
U-78 
U-79 
U-80 

U-81 
U-82 
U-33 
U-84 
U-85 

U-86 
U-87 
U-88 
U-89 
U-90 

U-91 
U-92 
U-93 
U-94 
U-95 

U-96 
U-97 
U-98 
U-99 
U-l 00 

U-101 
U-1C2 
U-103 
U-l 04 

SAMPLE 
DATE 

7/11/78 
7/12/78 
7yl2/78 
7/12/78 
7/12/78 

7/12/78 
7/12/73 
7/18/78 
7/18/78 
7/18/78 

7/18/78 
7/18/78 
7/19/78 
7/19/78 
5/15/79 

4/17/79 
4/18/79 
4/18/79 
4/25/79 
4/25/79 

4/25/79 
4/26/79 
4/26/79 
4/26/79 
4/26/79 

5/01/79 
5/01/79 
5/01/79 
5/01/79 
5/07/78 

5/07/79 
5/08/79 
5/14/79 
5/14/79 
5/14/79 

5/14/79 
5/14/79 
5/15/79 
5/15/79 
5/15/79 

5/15/79 
5/15/79 
5/15/79 
5/15/79 

FIELD 
PH 

(UNITS) 
7.3 
7.6 
7.4 
7.3 
7.3 

7.3 
7.6* 
7.2 
7.8* 
7.6 

7.5 
7.2 
7.5 
7.7 
7.7* 

7.2* 
7.6* 
7.6* 
7.7* 
7.5* 

7.7* 
7.1* 
7.6* 
7.3* 
7.0* 

7.4* 
7.6* 
7". 7* 
7.1* 
7.8* 

8.1* 
7.9* 
7.6* 
7.3* 
7.6* 

7.9* 
8.1* 
7.8* 
7.8* 
7.6* 

8.0* 
8.1* 
7.9* 

•7.9* 

LAB 
SPECIFIC 
CONDUCTANCE 
(MICROMHOS) 

639 
614 
636 
600 
368 

338 
386 
577 
543 
580 

1030 
1513 
2220 
1107 
553 

3321 
983 
1028 
503 
2043 

1098 
1400 
812 
5387 
2309 

1208 
1998 
2829 
3919 
413 

1297 
1436 
1031 
2270 
3560 

2154 
584 
2102 
624 
668 

756 
504 
513 
518 

TEMP 
°C 

14.5 
15.0 
11.5 
12.0 
14.0 

12.5 
14.0 
14.0 
14.0 
13.5 

15.0 
12.0 
15.0 
15.0 
14.0 

12.5 
13.0 
13.0 
12.5 
11.5 

13.0 
15.5 
13.5 
12.0 
12.0 

13.0 
13.5 
12.0 
11.0 
12.5 

12.0 
10.5 
14.5 
15.0 
14.0 

15.5 
15.0 
15.0 
12.0 
12.5 

15.5 
15.0 
13.0 
14.0 

CALCIUM 
DISSOLVED 
(MG/L) 
74 
73 
79 
83 
54 

46 
51 
26 
80 
21 

84 
180 
120 
33 
43 

390 
65 
70 
23 
52 

30 
94 
34 
250 
230 

36 
130 
180 
340 
44 

71 
83 
59 
79 
410 

48 
14 
160 
40 
47 

38 
17 
51 
48 

MAGNESIUM 
DISSOLVED 
(MG/L) 
17 
15 
14 
12 
9.2 

8.5 
9.7 
5.8 
17 
4.8 

26 
54 
21 
4.5 
14 

61 
11 
13 
10 
12 

9.9 
32 
11 
190 
130 

16 
31 
30 
210 
14 

24 
31 
21 
22 
13 

19 
2.0 
24 
6.7 
9.4 

9.4 
3.9 
13 
11 

POTASSIUM 
DISSOLVED 
(MG/L) 
7.9 
12 
7.7 
6.0 
5.2 

5.1 
6.7 
6.3 
9.9 
5.2 

7.7 
14 
11 
7 
7.5 

37 
11 
8.6 
10 
12 

11 
12 
7.1 
28 
26 

12 
24 
21 
30 
7.3 

8.0 
14 
9.0 
12 
30 

14 
4.7 
17 
6.8 
7.6 

6.5 
4.4 
6.8 
6.9 

SODIUM 
DISSOLVED 
(MG/L) 
27 
30 
37 
24 
12 

11 
14 
89 
18 
97 

110 
100 
340 
190 
46 

350 
120 
130 
67 
380 

200 
170 
130 
920 
140 

220 
280 
440 
330 
26 

12 
200 
140 
410 
400 

390 
110 
290 
89 
83 

110 
87 
38 
46 

ALKA­
LINITY 
(MG/L 

AS CACO3) 
188 
210 
240 
240 
176 

150 
170 
190 
344 
203 

254 
240 
90 
120 
230 

130 
190 
160 
200 
99 

240 
230 
290 
520 
380 

460 
170 
180 
430 
150 

350 
290 
290 
230 
200 

180 
170 
130 
250 
170 

230 
170 
210 
210 

CHLORIDE 
DISSOLVED 
(MG/L) 
76 
38 
26 
22 
9.8 

6.9 
11 
19 
3.9 
17 

33 
39 
330 
180 
6.8 

14 
22 
12 
3.6 
88 

9.5 
7.7 
5.7 
15 
7.9 

6.6 
58 
65 
27 
7.0 

16 
9.5 
4.8 
34 
29 

59 
20 
61 
16 
12 

12 
6.6 
4.6 
4.6 

SULFATE 
DISSOLVED 
(MG/L) 

32 
42 
57 
29 
16 

14 
16 
62 
23 
70 

270 
570 
550 
160 
46 

1900 
240 
340 
38 
760 

310 
490 
150 

2800 
1100 

160 
780 
1300 
2000 
23 

320 
470 
250 
890 
1700 

810 
83 
890 
37 
150 

150 
70 
43 
48 

FLUORIDE 
DISSOLVED 
(MG/L) 

0.3 
1.3 
1.1 
0.0 
1.0 

1.1 
1.0 
0.7 
0.9 
0.5 

0.6 
0.5 
0.2 
0.3 
0.8 

0.2 
0.4 
0.3 
3.6 
0.3 

0.6 
2.6 
1.3 
0.5 
0.8 

2.1 
0.3 
0.4 
0.9 
3.0 

1.1 
1.2 
2.1 
0.7 
0.2 

0.3 
0.6 
0.3 
0.7 
0.3 

0.5 
0.5 
0.7 
0.8 

NITROGEN 
N02 + N03 
DISSOLVED 

(MG/L 
AS N) 5 
3.1 
4.1 
4.9 
2.6 

3.0 
3.9 
0.06 
0.15 
0.01 

13 
0.04 
0.17 
0.19 
1.5 

0.09 
1.5 
0.44 
1.4 
0.06 

0.20 
0.08 
0.01 
0.05 
0.01 

0.16 
0.12 
0.23 
2.1 
3.1 

Q.22 
0.23 
0.03 
0.04 
0.21 

0.01 
0.02 
0.03 
2.8 
0.04 

0.1ft 
0.04 
0.03 
0.05 

NITROGEN 
AMMONIA 
DISSOLVED 

(MG/L 
AS N) 0.00 

0.10 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.01 
0.01 
0.02 

0.13 
0.01 
0.03 
0.01 
0.51 

0.18 
0.28 
0.22 
3.2 
0.67 

0.57 
0.04 
0.22 
0.57 
0.05 

0.38 
0.04 
0.29 
0.47 
".OR 

0.34 
0.11 
0.13 
0.06 
0.03 

0.18 
0.15 
0.02 
0.03 

SILICA 
DISSOLVED 

(MG/L) 
37 
39 
37. 
0.2 
47 

44 
51 
11 
29 
10 

7.2 
13 
10 
9.4 
12 

29 
42 
25 
23 
5.8 

10 
25 
13 
11 
14 

14 
9.6 
7.8 
21 
24 

12 
12 
26 
8.8 
21 

8.5 
8.4 
14 
53 
18 

8.6 
8.2 
11 
11 

DISSOLVED 
SOLIDS, 
TOTAL 
(MG/L) 
384 
377 
403 
321 
260 

227 
263 
334 
390 
-

691 
1120 
1440 
657 
315 

2860 
626 
695 
299 
1370 

726 
977 
528 
4540 
1880 

744 
1420 
2150 
3220 
239 

853 
996 
688 
1600 
2720 

1460 
345 
1540 
400 
430 

474 
300 
295 
303 
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HARDNESS 
(MG/L 

AS CACO3) 
250 
240 
260 
260 
170 

150 
170 
89 
270 
72 

320 
670 
390 
100 
170 

1200 
210 
230 
99 
180 

120 
370 
130 
1400 
1100 

160 
450 
570 
1700 
170 

280 
340 
230 
290 
1100 

200 
43 
500 
130 
160 

130 
59 
180 
170 

HARDNESS 
NONCARB. 
(MG/L 

AS CACO3) 
67 
34 
15 
17 
0 

0 
0 
0 
0 
-

63 
430 
300 
0 
0 

1100 
18 
68 
0 
80 

0 
140 
0 

890 
730 

0 
280 
390 
1300 
18 

0 
45 
0 
58 
880 

18 
0 

370 
0 
0 

0 
0 
0 
0 

BORON 
DISSOLVED 
(UG/L) 
60 
80 
100 
80 
40 

30 
30 
100 
120 
100 

100 
130 
110 
110 
130 

130 
150 
120 
260 
200 

230 
330 
210 
780 
540 

300 
270 
180 
660 
160 

260 
340 
260 
260 
110 

220 
150 
190 
130 
160 

170 
100 
110 
120 

IRON 
DISSOLVED 
(UG/L) 
30 
20 
70 
20 
10 

10 
20 
120 
1500 
150 

70 
1700 
170 
40 
20 

1600 
60 
140 
10 

2300 

10 
4600 
1400 
8300 
1200 

590 
1700 
450 
380 
90 

50 
60 
920 
40 
340 

800 
90 
420 
20 
130 

100 
20 
160 
40 

MANGANESE 
DISSOLVED 
(UG/L) 
10 
10 
10 
10 
0 

0 
10 
0 

310 
40 

20 
660 
70 
40 
30 

140 
4 
30 
1 

160 

30 
180 
40 
290 
340 

30 
50 
120 

2200 
20 

20 
10 
60 
120 
510 

80 
30 
70 
0 
20 

60 
40 
40 
40 

MOLYBDENUM 
DISSOLVED 
(UG/L) 

3 
3 
3 
2 
3 

4 
3 
4 
4 
2 

3 
1 
5 
8 
6 

25 
<10 
<io 
28 
4 

<10 
00 
<10 
7 
0 

11 
<10 
0 
0 
11 

4 
0 
8 
3 
8 

6 
6 
9 
3 
6 

0 
1 
3 
4 

SELENIUM 
DISSOLVED 
(UG/L) 

70 
0 
0 
1 
26 

7 
24 
1 
11 
0 

-
0 
0 
0 
0 

0 
0 
6 
1 
2 

0 
43 
0 
0 
5 

0 
0 
0 
5 
0 

0 
0 
5 
0 

URANIUM 
DISSOLVED 
(UG/L) 
10 
4.1 
5.5 
18 
6.1 

4.3 
6.2 
26 
160 
0.12 

36 
22 
0.07 
1.3 
46 

64 
98 
9.1 
24 
0.21 

0.80 
0.60 
0.80 
5.6 
21 

3.2 
2.3 
4.1 
24 
2.1 

0.18 

18 
0.09 
0.14 
57 

0.09 
0.11 
5.8 
65 
2.0 

10 
0.29 
17 
51 

VANADIUM 
DISSOLVED 
(UG/L) 

6.8 
11 
7.0 
9.3 
10 

9.0 
11 
0.0 
0.0 
0.0 

0.0 
0.0 
6.0 
2.7 
0.2 

2 
27 
0.4 
0.6 
1.4 

0.0 
0 
1 
0 
2 

0 
1 
0.7 
0.0 
0 

0 
0.0 
0.1 
0.0 
0 

0 
0.0 
0.4 
7 
0.1 

0.0 
0.0 
0 
0 

GROSS 
ALPHA 

DISSOLVED 
URANIUM 
(UG/L) 9.5 
26 
26 
16 
5.1 

12 
15 
42 
160 
<3.1 

44 
34 

<14 
<6.8 
48 

90 
92 
16 
19 

<24 

<12 
<16 
<8.4 

<100 
100 

19 
<27 
<41 
<82 
3.4 

<13 
<19 
<8.3 

<25 
120 

<23 
<4.3 

<26 
92 
<5.7 

<8.0 
<3.7 
24 
68 

GROSS 
ALPHA 

SUSPENDED 
URANIUM 
(UG/L) <0.4 
<0.4 
<0.4 
<0.4 
<0.4 

<0.4 
<0.4 
<0.4 
<0.4 
<0.4 

<0.4 
<0.4 
<0.4 
<0.4 
<0.4 

<0.4 
<0.4 
<0.4 
<0.4 
1.4 

0.5 
1.0 

<0.4 
6.9 
11 

9.3 
1.0 
5.4 

<0.4 
<0.4 

<0.4 
<0.4 
<0.4 
<0.4 
1.2 

<0.4 
<0.4 
<0.4 
<0.4 
<0.4 

<0.4 
<0.4 
<0.4 
<0.4 

GROSS 
BETA 

DISSOLVED 
SR-90 
(PCI/L) 8.9 

18 
9.4 
8.9 
5.4 

5.7 
6.6 
11 
37 
5.6 

13 
14 
13 
7.7 
12 

33 
29 
6.0 
13 
<7.8 

11 
9.9 
6.3 
24 
26 

11 
19 

<13 
24 
5.4 

8.9 
14 
6.7 

<9.5 
26 

10 
4.8 
18 
17 
6.5 

5.5 
3.3 
10 
16 

GROSS 
BETA 

SUSPENDED 
SR-90 
(PCI/L) <0.4 

0.9 
<0.4 
1.5 

<0.4 

<0.4 
0.6 
2.4 
11 
<0.4 

3.3 
1 

<0.4 
<0.4 
2.5 

4.1 
4.2 
'0.8 
<0.4 
1.5 

<0.4 
0.7 

<0.4i 
2.3 
6.2 

7.6 
1.6 
2.4 

<0.4 
0.9 

<0.4 
<0.4 
0.4 

<0.4 
7.9 

<0.4 
<0.4 
0.8 
4.3 
0.5 

0.5 
<0.4 
11 
4.8 

GROSS 
BETA 

DISSOLVED 
CS-137 
(PCI/L) 9.6 
20 
10 
9.4 
5.8 

6.2 
7.1 
12 
39 
5.9 

14 
r6 
14 
8.1 
13 

40 
33 
6.-7 
14 
<8.7 

12 
11 
6.8 
29 
32 

12 
21 

<14 
28 
5.7 

9.6 
15 
7.2 

CO 
29 

11 
5.1 
20 
18 
7.0 

5.3 
.3.6 
0.9 
17 

GROSS 
BETA 

SUSPENDED 
CS-137 
(PCI/L) <0.4 
0.9 

<0.4 
1.4 

<0.4 

<0.4 
0.6 
2.3 
10 
<0.4 

3.1 
1 

<0.4 
<0.4 
2.3 

3.5 
3.6 
0.7 

<0.4 
1.4 

<0.4 
0.7 

<0.4 
2.3 
6.3 

7.3 
1.5 
2.5 

<0.4 
0.9 

<0.4 
<0.4 
0.4 

<0.4 
7.5 

<0.4 
<0.4 
0.7 
4.0 

<0.4 

0.5 
<0.4 
0.9 
4.5 

SAMPLE 
I.D. 

NUMBER 
U-61 
U-62 
U-63 
U-64 
U-65 

U-66 
U-67 
U-68 
U-69 
U-70 

U-71 
U-72 
U-73 
U-74 
U-75 

U-76 
U-77 
U-78 
U-79 
U-80 

U-81 
U-82 
U-83 
U-84 
U-85 

U-86 
U-87 
U-88 
U-S9 
U-90 

U-91 
U-92 
U-93 
U-94 
U-95 

U-96 
U-97 
U-98 
U-99 
U-100 

U-101 
U-102 
U-103 
U-l 04 
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SELECTED PUBLICATIONS OF THE COLORADO GEOLOGICAL SURV™ 
ENGINEERING & ENVIRONMENTAL 

ENVIRONMENTAL GEOLOGY 1 -- Geologic Aspects., Soils and Related Foundation Problems, Denver Metropolitan Area, 
Colorado. J. L. Hamilton and W. G. Owens, 1972, 20 p., $2.00. 

ENVIRONMENTAL GEOLOGY 7 -- Potentially Swelling Soil & Rock jn the Front Range Urban Corridor, Colorado. S. S. 
Hart, 1974, to be reprinted. 

ENVIRONMENTAL GEOLOGY 9 -- Ground Subsidence & Land-Use Considerations Over Coal Mines jn the Boulder-Held Coal 
Field. Colorado. Amuedo S Ivey, Geologic Consultants, 1975, 6 plates, scale 1:24,000, $10.00. 

ENVIRONMENTAL GEOLOGY 10 -- Geologic Hazards, Geomorphic Features, and Land-Use Implications jn the Area of the 
1976 Big Thompson Flood. Larimer County, Colorado. J. M. Soule, W. P. Rogers, and D. C. Shelton, 1976, 
^rpTVEes, scale 1:12,000, $4.00. 

ENVIRONMENTAL GEOLOGY 11 — Promises and Problems of a "New" Uranium Mining Method: In Situ Solution Mining, 
R. M. Kirkham, 1979, 21 p., $3.0<T: 

ENVIRONMENTAL GEOLOGY 12 -- Energy Resources of the Denver and Cheyenne Basins. Colorado, Resource Characteristics. 
Development Potential, and Environmental Problems, 1979, in preparation. 

SPECIAL PUBLICATION 1 -- Proceedings of the Governor's First Conference on Environmental Geology, Assoc, of 
Engineering Geologists & American Institute of Professional Geologists, 1970, 78 p., $1.00. 

SPECIAL PUBLICATION 6 -- Guidelines and Criteria for Identification and Land-Use Controls of Geologic Hazard 
and Mineral Resource Areas. W. P. Rogers and others, 1974, 146 p., $6.00. 

SPECIAL PUBLICATION 8 -- Proceedings, Governor's Third Conference on Environmental Geology—Geologic Factors in 
Land-Use Planning. D. C. Shelton, ed., 1977, 111 p., $4.00. 

SPECIAL PUBLICATION 12 -- Nature's Building Codes--Geology and Construction in Colorado. D. C. Shelton and Dick 
Prouty, 1979, 72 p., $2.00. 

GEOTHERMAL ENERGY AND GROUNDWATER 
INFORMATION SERIES 9 -- Geothermal Resource Development in Colorado. Processes, Promises and Problems, by 

B. A. Coe, 1978, 48 p., $3.00. ~~~~ 
INFORMATION SERIES 12 -- Hydrogeologic and Stratigraphic Data Pertinent to Uranium Mining in the Cheyenne Basin, 

Colorado, by R. M. Kirkham, W. J. 0'Leary,'and J. W. Warner, 1979, 31 p., 1 plate, $2.00 
INFORMATION SERIES 13 -- Chemical Analyses of Selected Water Wells Near Proposed Coal Strip Mines. Denver 

Basin. Colorado, by R. M. Kirkham, and W. J. 0'Leary, 1980, in preparation. 
RESOURCE SERIES 6 -- Colorado's Hydrothermal Resource: Base --An Assessment, by R. H. Pearl, 1979, $3.00. 
URANIUM 

iWP SERIES 11 -- Uranium-Vanadium Mining Activity Map of Colorado with Directory, J. Collier, A. L. Hornbaker. 
and W. Chenoweth, 1978, scale 1:500,000, incl. Uravan Mineral Area 1:100,000, over-the-counter7 $4.00; 
mailed, $5.00. 

GENERAL 
GEOLOGIC MAP OF COLORADO — U.S. Geological Survey, 1935, 1 sheet, multi-colored, scale 1:500,000; reprinted 

by Colorado Geological Survey, 1975, $2.00 ($3.50 rolled and mailed). 
MAP SERIES 13 -- State Lands Status Map, Lands and Minerals Administered by Agencies of the Colorado Department 

of Natural Resources. 1979, scale 1:500,000, $3.00. 
BULLETIN 37 -- Bibliography and Index of Colorado Geology 1375-1975. compiled by American Geological 

Institute, 1976, $7.50 (soft coveTT; $10.00 (hard cover) (mail orders add $1.00 for each copy, postage 
and mailer). 

COAL 
RESOURCE SERIES 1 -- Geology of Rocky Mountain Coal--a Symposium, 1976, edited by D. Keith Murray, 1977, 

175 p., $4.00. ~ 
RESOURCE SERIES 3 -- Colorado Coal Directory and Source Book, by L. C. Dawson and D. K. Murray, 1978, 225 

p., $6.00. 
RESOURCE SERIES 4 -- Proceedings of the Second Symposium on the Geology of Rocky Mountain-Coal - 1977, edited 

by Helen E. Hodgson, 1978, 2T9 p., $5.00. 
RESOURCE SERIES 5 -- Coal Resources of the Denver & Cheyenne Basins, Colorado, by R. M. Kirkham & L. R. Ladwig, 

1979, 70 p., 5 plates, over-the-counter $7.00; mailed $8.00. 
RESOURCE SERIES 7 -- Evaluation of Coking Coals jn Colorado, by S. M. Goolsby, N. B. S. Reade, and D. K. 

Murray, 1979, 72, p., 3 plates, $6.00 
BULLETIN 34-A -- Bibliography, Coal Resources in Colorado, by R. D. Holt, 1972, 32 p., $1.00. 
BULLETIN 41 -- Bibliography and Index of Publications Related to Coal j_n Colorado, 1972-1977, by H. B. Fender, 

D. C. Jones, anJ D. k.~MUrray, 19T8, 54 p., $2.0TJ: 
OPEN-FILE REPORT 78-8 -- Location Map of Drill Holes Used for Coal Evaluation jn the Denver and Cheyenne 

Basins, Colorado, by R. M. KTrkrTam, 1978, $3.OW. 
OPEN-FILE REPORT 78-9 -- Coal Mines and Coal Analyses of the Denver and Cheyenne Basins, Colorado, by R. M. 

Kirkham, 1978, over-the-counter, $5.00; mailed,~$~6700~. 
MAKE CHECKS PAYABLE TO: MAILING CHARGES ON ALL ORDERS To order publications, specify series 
„ , . „ , . , r ^ »-> nr, * cn name and number, title, quantity 
Colorado Geological Survey up to $3.00 $ .50 - * M 

$3.01 to $5.00 $1.00 
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$l6?01 to $M?Si:::::::::::»l:00 Plications by title. Prepayment is MAIL TO: ,iu.ui tu ,cU.uu ^.uu reauired 
Publications Department $20.01 to $30.00 $2.50 required 
Colorado Geological Survey $30.01 to $40.00 $3.00 
Room 715, 1313 Sherman Street $40.01 to $50.00 $3.50 
Denver, CO 80203 $50.01 to $100.00 $5.00, 
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