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GROUND WATER CONDITIONS AND THE RELATION TO
URANIUM DEPOSITS IN THE GAS HILLS AREA,

FREMONT AND NATRONA COUNTIES, WYOMING

ABSTRACT

As ground water apparently leaches, transports, and deposits uranium in the Gas
Hills area, central Wyoming, it is important to understand its distribution, move-
ment, and relation to geology and ore bodies. Water table maps were prepared of
the Wind River Basin; the most detailed work was in the Gas Hills area.

The water table in the Gas Hills area slopes downward to the northwest, ranges in
depth from near the ground surface to more than 200 feet, and has seasonal fluctua-
tion of about five feet. Perched water tables and artesian conditions occur locally.

The oxidized-unoxidized rock contact is probably roughly parallel to the water table,
and averages about 25 feet above it; although locally the two surfaces are con-
siderably farther apart and the oxidized-unoxidized contact may be below the water
table. In many places the gradient of the water table changes near the contact
between rocks of different permeability. It is conformable with the structure at some
anticlines and its gradient changes abruptly near some faults.

Most above-normal concentrations of uranium occur at local water table depres-
sions or at water table terraces where the gradient of the water table flattens. At
these places, the uraniferous ground water is slowed and is in contact with
reducing agents in the rocks for a relatively long time. This may allow reduction
of soluble transported uranium (lh6) to insoluble (U'4) so that uranium is
precipitated.

INTRODUCTION

This study was undertaken to determine the attitude, shape, and seasonal fluctua-
tion of the water table in the Gas Hills area, Fremont and Natrona Counties,
Wyoming, and the relationship of ground water to local geologic conditions and
known uranium deposits (Figure 1).

It appears that uranium deposits present today in the Gas Hills area have been ac-
cumulated and redistributed by ground water since latest Eocene or possible
Pliocene time, as large quantities of uranium probably would not be retained in the
rocks in a climate of abundant rainfall (Gruner, I957) and the Tertiary climate of the
Wind River Basin was humid until early Oligocene (Van Houten, I957) or possibly
Pliocene (Thorn, I955) time. Some uranium ore in the Gas Hills area is at least as
young as 11,000 years old (C. G. Angelo, H. H. Lipp, and J. N. Rosholt, U.S.
Geological Survey, written communication). These youngest uranium deposits
were formed when the woier table probably was very similar to the present one both
in altitude and shape.
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Contours on the water table in the Gas Hills area were constructed from static water
levels measured in drill holes and water wells and from the altitudes of permanent
streams and springs believed to be at the water table.

GEOLOGY

Rocks which range in age from Cambrian to Quaternary crop out in the Gas Hills
area. All known uranium ore deposits occur in the upper part of the Wind River for-
mation of early Eocene age; and most ground water data is from the lower Eocene
rocks (Figure 2).

THE WATER TA8LE

Shape

In general, the water table of the Gas Hills area is a gently undulating surface which
slopes down to the northwest. More detailed examination shows local high areas on
the water table from which water moves outward, always down its gradient perpen-
dicular to the ground water contours (Figure 2).

These local water-table highs represent barriers to the general trend of ground water
flow. Conversely, the axes of local water-table depressions are places toward which
water flows.

Depth

!n the Gas Hills area, the range of depth to the water table is from 0 to more than 200
feet, and is related to topography, permeability of the rocks containing the water,
and structural conditions. Generally, the water table is deeper in high interstream
areas than in the stream valleys.

Seasonal fluctuation

Several selected drill holes were revisited periodically to determine the seasonal fluc-
tuation of the water table. Although this period of record is only from late July to
mid-December of 1957, it is believed that it represents the water table in 3 seasons of
1957. The unusual prolonged rainy season lasted until mid-June and the water table
was probably near its highest stage (normally reached in mid-spring) when the
earliest measurements were taken.

The water levels in 6 of the 8 observation wells fluctuated less than one foot in the
four months of record. One fluctuated almost two feet and the other nearly five feet.
The average seasonal fluctuation of the water table in the Gas Hills area is probably
not more than five feet which is five times greater than the recorded average for the
four months.
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PERCHED WATER TABLES

Local saturated zones are perched above the regional water table on clayey lenses
within the upper part of the Wind River Formation. This was indicated by portions of
the steel tape being wetted above the static water levels erratically higher than
others nearby.

ARTESIAN CONDITIONS

Water rose to near the surface or flowed temporarily from some drill holes.
Several lenticular mudstcne and siltstone beds which might confine ground water
occur throughout the upper Wind River Formation of early Eocene age. The for-
mation is faulted at many places (Zeller and others, 1956} and drag folding near
faults might produce the dip necessary for local artesian pressure, as would the
southward regional dip of the formation. The artesian aquifer might be recharged
directly by precipitation where it crops out at the surface, or at depth by the un-
confined ground water.

COMPARISON OF THE WATER TABLE TO
OXIDIZED-UNOXIDIZED CONTACTS

As the water table is lowered, oxidation encroaches upon the unoxidized rocks ex-
posed in the zone of aeration. The advance of the oxidation front downward is in-
fluenced by the permeability of the rocks. Isolated remnants of unoxidized rocks can
be seen in the oxidized zone of almost every open-pit mine in the Gas Hills area
where both zones occur, and these remnants are invariably less permeable than the
surrounding oxidized rocks, either due to finer-grained constituents or to calcium
carbonate cement.

It has been suggested that the general shape of the water table can be mapped by
plotting the altitudes of the oxidized-unoxidized contacts in drill holes, and that the
surface thus contoured would be at some distance (which could be determined for a
particular area) above the water table (Woodmansee, 1958).

A contour map of the oxidized-unoxidized contact in part of the Gas Hills area was
prepared by personnel of the Vitro Minerals Corporation (Welsh, 1956). Water table
contours superimposed onto that map indicate that both surfaces are generally
similar. Here, the average distance between the two surfaces is about 25 feet, and
ranges from 0 to more than 90 feet. The water table is lower than the oxidized-
unoxidized contact in most of the mapped area, but locally the water table is higher
than the oxidation contact. Recent faulting may possibly have placed the oxidized
rocks 90 feet below the water table here.



INFLUENCE OF GEOLOGY ON THE WATER TABLE

Lithology
The post-Wind River rocks are typically fine-grained and therefore are relatively im-
permeable. The gradient of the water table must be steeper there than in the more
permeable upper Wind River rocks to the north to allow an equal rate of flow
through each, as must be true where a water table in a state of equilibrium intersects
the contact between both rock types. Thus, the change in slope of the water table is
located near the change in lithologic character of the rocks (Figure 2).

Folds
At the flanks of structural anticlines where impermeable Mesozoic and Paleozoic
rocks are turned upward, they maintain the ground water level at a relatively high
altitude. The Dutton Basin anticline, locally called the Gas Hills anticiine, is an exam-
ple of the reflection of a fold by the water table (Figure 2).

The gradient of the water table changes abruptly at many of the local faults, pro-
bably because the relatively impermeable beds which maintain the ground-water
levels have been offset by movement along the faults. In the Gas Hills area, the
preTertiary shales or the fine-grained lower part of the Wind River Formation, where
present, probably are the lower limit of abundant unconfined ground water (Figure
2).

COMPARISON OF WATER TABLE FEATURES WITH
LOCATIONS OF MINERALIZED GROUND

Most concentrations of uranium occur where there are local water-table
depressions; and many others are at water table terraces where the slope of the
water table flattens (Figure 3).

Closer inspection shows that these deposits are similar in one respect. The majority
of those at water-table depressions also are at places where the slope of the water
table flattens. The profile of the depression parallel to its axis should be examined
for this relationship, as most water moves down-gradient in that direction (Figure 3).

At these places, ground water containing soluble (U*6) uranium minerals (Gruner,
1956) is slowed and is in contact with reducing agents available in the rocks for a
relatively long time. Reducing agents probably are more effective in reducing and
precipitating insoluble (U+4) uranium minerals there.

Where the area of reduced ground-water velocity is also one of partial closure, as in
a water-table depression, uraniferous ground water tends to flow into it from several
directions. This may explain the larger number of deposits in these depressions than
in water-table terraces.
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SUMMARY AND CONCLUSIONS

The water table in the Gas Hills area slopes downward to the northwest and is local-
ly irregular. Its depth ranges from near the surface to more than 200 feet below it,
and is usually greater in the high interstream areas than in the valleys of the intermit-
tent streams. Indications are that its average seasonal fluctuation is not more than 5
feet.

Perched water occurs in parts of the area; and locally in wells, ground water
rises above the water table because of artesian pressure.

The general shape of the water table is similar to that of the oxidized-unoxidized
rock contact, but the two surfaces are from 25 to more than 90 feet apart. Oxidized-
unoxidized contacts in drill holes probably can be used to compile a generalized
water table map in areas where few water level measurements are available, but
some depth-to-water measurements are necessary to control the accuracy of the
map.

Knowledge of the shape of the water table can be an aid to local geologic mapping,
as many water table features are reflections of geologic conditions. The gradient of
the water table changes near the contact between rocks of different permeability
and at many faults; and water table and structure anticlines may coincide where
relatively impermeable beds flank the structure.
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