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GEOPHYSICAL INVESTIGATIONS ON THE GRAMLICH GROUP,

PARADOX DISTRICT, MONTROSE COUNTY, COLORADO

By R. A. Black

ABSTRACT

The U. S. Geological Survey made a gpophysical investigation on

the Gramlich group, Paradox district, Montrose County, Colo., during

the period May 26 to July 11, 1952.. Electrical resistivity and self-

potential surveys were made to determine the thickness of the upper

Salt Wash sandstone and to test electrical prospecting methods in an

area of shallow overburden. The investigations were made in conjunc-

tion with a diamond-drilling program.

The electrical resistivity survey showed that the favorable area

for uranium deposits coincides with a broad nearly uniform zone of

higher resistivity than that noted in the less favorable area. The

favorable area is bounded by high resistivity zones where marked changes

in sandstone thickness occur. The larger deposits are located along the

inner flanks of these resistivity highs.

The self-potential survey indicated that negative anomalies are

associated with the uranium deposits in the Gramlich area. The deposits

are arranged peripherally around the negative anomalies and tend to be

concentrated down dip from them.
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INTRODUCTION

The U. S. Geological Survey, on behalf of the U. S. Atomic Energy

Commission, has been conducting a program of geophysical investigations

of the Uranium deposits on the Colorado Plateau since 1949. Most of

this work has been directed toward the development of techniques for

geophysical prospecting for uranium deposits in the Salt Wash member of

the Upper Jurassic Morrison formation.

A diamond-drilling program was begun by the U. S. Geological Survey

in the Gramlich group of claims in the Paradox district, Montrose County,

Colo., in May 1952, to exteryd known uranium deposits and to discover new

deposits in the area. Geophysical surveys were conducted in this area in

conjunction with the drilling program. The geophysical measurements were

made to determine the thickness of the upper sandstone stratum of the Salt

Wash member of the Morrison formation, and to test electrical prospecting

methods over shallow overburden.

Electrical resistivity and self-potential measurements were made

during the period May 26 to July 11, 1952, by a field party under the direc-

tion of M. F. Kane and W. H. Jackson.

LOCATION AND TOPOGRAPHY

The Gramlich group of claims are in the Paradox district, Montrose

County, Colo. (fig. 1). The Graalich group is 17 miles wet of Uravan,

Colo., and can be reached by Colorado Highway 90 and unimproved access

roads. The size of the area surveyed was limited by the extent of the

drilling to the north and east, and by Ice Lake Canyon and the mesa rim
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to the west and so ith. A map of the area in which the electrical surveys

were made is shown in figure 2.

The topography is irregular and bare rock is exposed in places. Most

of the area is covered witl trees and other vegetation.

GEOLOGY

The area surveyed is underlain by mudstone and fine-grained sandstone

of the lower part of the Brushy Basin member and upper part of the Salt

Wash member of the Morrison formation. The mudstone of the Brushy Basin

member ranges in thickness from a few feet to as much as 60 feet. The

upper sandstone legs of the Salt Wash member, which is the main ore-bearing

sandstone in the area, ranges in thickness from 35 to 75 feet with an aver.

age thickness of about 55 feet. The Salt Wash member strikes northwest and

dips about 30 SW. off the P radox Valley anticline. Local variation in dip

is due to local stz'utures in the area.

The carnotite deposits in the Gramlich group consist of elongated tab-

ular bodies from a few tens of feet to several hundred feet in length and

width. The trend of the larger ore bodies is approximately east. Few of

the individual ore deposits exceed 3 or 4 feet in thickness. At the time

the electrical srveys were made, one ore body was being- mined in the .area.

Figure 3 is an isopach map of the upper sandstone lens of the Salt

Wash member of the Morrison formation prepared from drilling data obtained

from the development-drilling program.

The ground water table on the Gramlich group is probably shallow, for

the mines in the upper Salt Wash sandstone at the south end of the area con-

tain water.. The presence of water indicatebthe possibility that a suffi-

OFFICIAL USE ONLY



----------- 2-- -0-- -- -2- - - -r --

22o 001800 1600 400 0 bE80

0- - , $. ULiIAL uar. UL01 I 
3

\ N5

I%

- - 0135 -1--
-B 01396 04e . - 12

- -14 
-

"" e-:

6 0061201-3 --7 -
076. "13-"-" -

75 .. 16.. t13 38

10 5 f'- -4 --1 -----2 5 102 4

010 1

112 
70

0113 57 1
-1

Y \\o\ ;

. 18 5 . 3\ \

ll /0. a .-. -5 -9 1 'ILc

-44in7.orkina

EXPLANATION

089 U.S.G.S. DRILL HOLE, BARREN

90 U.S.G.S. DRILL HOLE, WEAKLY
MINERALIZED

U.S.G.S. DRILL HOLE, ORE-
91 BEARING

BOUNDARY OF AREA SURVEYED
GEOPHYSICALLY

MINERALIZED GROUND

t00 0I 1 400 FEET20

CONTOUR. INTERVAL 2 FEET
DATUM 13 MEAN SEA LEVEL

Figsr. 2.-- MAP OF RART OF THE
GRAMLICH -GROUP, PARADOX DISTRICT,
MONTROSE COUNTY, COLORADO

-J



OW 2000 1800 600 1400 1200 1000

N N"

rte. -T-T-

900 0400 2O0W?0

r OFFICIAL USE ONLY

60

A0 -

507

700

- 770

I -

10 0

CON TOU

Figure 3.

200 400 FEET

R INTERVAL 5 FEET

-- ISOPACH MAP OF PART OF
TA XORE*EARINO SAMDSTO@E OF THE
SALT WASH MEMBER OF THE MORRISON
FORMATION, BRAMLICK GROUP, PARADOX
DISTRICT, MONTROSE COUNTY,
COLORADO

f \

EXPLANATION

BOUNDARY OF AREA SURVEYED
GEO PHYS ICAL LY

I

i

i



OFFICIAL U5 ONLY

10

cient amount of oxidation and reduction has taken place to produce anoma-

lous conditions that can be detected on the surface by geophysical methods.

GEOPHYSICAL INVESTIGATIONS

Previous geophysical work done on the Colorado Plateau by the Geo-

logical Survey, (Davis, W. E. et al., 1949; Davis, W. E., 1951), has demon-

strated that electrical resistivity methods can be used to determine vari-

ations in thickness of the top sandstone stratum of the Salt Wash. Since

sandstone thickness is one factor determining the favorableness of areas

for carnotite deposits, most of the geophysical work done in the Gramlich

group consisted of electrical resistivity measurements. A series of

selfa-potential measurements were made to supplement the resistivity

measurements.

Resistivity measurements

The electrical resistivity measurements were made with direct current

equipment utilizing nonpolarizable electrodes.. Depth profiling, using the

Lee partitioning configuration, was employed throughout the survey. The

current and potential measuring instruments were mounted in a Jeep station

wagon with 4-wheel drive to permit efficient and rapid coverage of the area

surveyed. In the event that the vehicle could not be positioned near the

station centers, connector reels were run from the vehicle to the station

centers.

The area covered by the electrical resistivity measurements is shown ,

in figures 4 and 5. In general, the depth stations were 200 feet apart in

the north-south direction, and 100 feet apart in the east-west direction.

The measurements were carried to an apparent depth of 150 feet by intervals

0FCIAL USE ONLY
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of 10 feet. The greatest drilling deph in the area was 1.0 feet. A

total of 53 station positions-were occupied, and 22 of thse stations were

run with two orientations.

Results

The resistivity curves obtained by the geophysical survey of the

Gramlich group were compared with the available drill hole data and iso-

resistivity mgps of the area were prepared. The two isoresistivity maps

shown in figures 4 and 5 represent resistivity contours at electrode sep-

arations of 50 and 75 feet respectively. The electrode separation is equal

to the apparent depth of penetration.

Figure 4 shows four prominent features: (1) a broad area of nearly

constant resistivity((about 8,000 ohm-cm) in the southeast part of the map;

(2) an area of marked change in resistivity in the southwest corner, (3) a

resistivity high trending northeast across the center of the map, and (4) an

area of low resistivity in the northwest corner of the map.

A comparison of figure 4 with the isopach overlay (fig. 3) shows that

the broad area of nearly constant resistivity conforms well with the thicker

and more uniform parts of the Salt Wash member. The resistivity highs show

a close correlation with the areas in which the sandstone shows a marked

change in thickness. The low resistivity area corresponds to the area in

which the sandstone is the thinnest. Figure 5 is an isoresistivity contour

map at an electrode separation of 75 feet. The prominent features of t)iis

map are about the same as those shown on figure 4, and the same correlation

with the isopach overlay exists.
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Figures 4 and 5, compared with the mineralized areas shown on

figure 2, indicate that the broad area of higher resistivity in the south-

east part of the map conforms in general with the favorable area for uranium

deposits as determined by drilling. Further comparison of figures 4 and 5

with figure 2 suggests that the flanks of the resistivity highs which border

the favorable area are the ft places to look for the larger ore bodies.

Figure 6 shows geologic sections of the corresponding horizontal resis-

tivity profiles for three of the resistivity traverses. The rage resis-

tivity curve for a = 75 feet shows a high resitivity anomaly over the area

in which the sandstone shows a marked etihge in thickness. The resistivity

high obtained from the average resistivitr curve for at 50 feet on traverse

1000N is probably a lateral effect.

Self-potential measurements

Self-potential measurements were made with a direct current potentio-

meter and nonpolarizing electrodes. Three porous pot electrodes were used:

a base electrode, a moving electrode, and a reference electrode. The refer-

ence electrode was inmersed in a jar of Cu5O 4 solution, and was considered

to be unaffected by evaporation or chemical contamination. The base and

moving electrodes were periodically checked agaist the reference electrode

to see if they had been cot rAm4ed by chemical reacti ls with salts in the

ground. If contamination was suspected, the base and moving electrodes were

replaced.

The base electrode was buried 6 to 8 inches deep in a shaded spot, and

the moving electrode was moved along parallel traverse lines. The potential

difference between the moving and bse electrode was recorded, and when

OFFICIAL USE ONLY
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unlikely potentials were obtained, the moving electrode was repositioned

to confirm the reading and prevent spurious anomalies. from time to time

the base electrode had to be repositioned, and then a series of readings

was made between the new and old base positions. All the readings were

corrected to one base at the end of each day.

The area covered by the self-potential measurements is shown in

figure 74 The traverses were run in a north-south direction, and were 100

feet apart. Stations were located at 20 foot intervals along the traverses..

Re ults

An equipotential map (fig. ?) was prepared from the self-potential

data obtained on the Gramlich group. This map shows four large negative

an lilies which reach a minimum of -50 millivolts and three smaller positive

anomalies which reach a maximum of 20 millivolts. The pos ive and negative

anomalies form three sets of poles trending about northeast.

A comparison of the equipotential map with the map showing the minera'-

lined areas (fig. 2) indicates that the major mineralized areas lie between

the negative anomalies. The deposits are not centered between the negative

anomalies, but appear to lie o .eser to the south or down dip side of the two

largest negative anomalies. In addition, the isolated mineralized holes are

located peripherally around the negative anomalies. The centers of the neg-

ative anomalies are generally unmineralized and no mineralized ground is

associated with the positive anomalies.

A comparison of the equipotential map with the isopach overlay (fig. 3)

shows t three of the four negative centers occur where the Salt Wash sand-

stone exhibits a mar1id hange .in thikness. The positive anomalies show no
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apparent correlation with the sandstone thickness.

The negative self=potential anomalies lie along or near the high re-

sistivity anomalies of figures 4 and 5.

CONCLUSIONS

The geophysical survey of the Gramlich group was successful in that it

showed significant relationships between the resistivity and self-potential

aaomalies and the uranium deposits of the area. The geophysical data were,

however, of little aid $o the development drilling program as the small size

of the area, shallow drilling depth, and close drill spacing permitted the

area to be drilled faster than the geophysical surveys could be made. Pro-

grams of this type are therefore feasible only if the geophysical survey is

carried out several mopths prior to drilling.

The results of the geophysical survey are significant in that a series

of relationships was noted between the isoresistivity maps and the favorable-

ness of the area as based on drill-hole data. The more favorable areas are

defined by broad areas of higher and more uniform resistivity; the less

favorable areas coincide with areas of lower and more irregular resistivity.

The favorable areas are bounded by high resistivity zones where marked changes

in sandstone thickness occur. The larger ore deposits in this area were

associated with the inner margin of the flanks of these resistivity highs.

The results of the self-potential survey indicate that the uranium de-

posits in this area are associated with the larger negative self-potential

anomalies. The deposits do not occur on the negative centers, but appear to

be arranged peripherally around the negative anomalies, and tend to be con-

centrated down dip from them. The success of the self-potential measurements

was probably due to the shallow water table which permitted oxidation-re-
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duction reactions to take place, with consequent developent of elbc-

trical poles near the surface.

The relationships noted between the geophysical data in this area and

the favorable ground and mineral deposits should also apply to any area of

similar stratigraphic and geologic conditions.
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