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PRELIMINARY
GEOPHYSICAL INVESTIGATION OF CARNOTITE DEPOSITS
in
LESA COUNTY, COLORADO

by
W, E. Davis, J. Hs Swartz, and R, M. 3huler

OPLN Filp

ABSTRACT

A preliminary investigation of the possibility of applying
geophysical methods in the exploration for vanadiwm-uranium ore-
bodies in the Colorado-Utah Plateau area wes undertaken in
southweatern Mesa County, Coloradn, by the Geophysics Branch of
the Geologic Division, U. S. Geological Survey. The project was
in cooperation with the Mineral Deposits Branch and Trace Elements
Unit of the Geological Survey and with the U. S. Atomic Energy
Coranlssion.

Time permitted the application of only a few of the avail-
able geophysical methods and techniques. Measurements were, there-
fore, restricted to those techniques which appeared most favorable
or for which instruments, personnel, and equipment were immediately
available. A major part of the time was devoted to electrical
registivity methods, particularly depth prefiling, horizontal pro-
filing, and azimuthal resistivity polarization measurements. Brief
togts were alszo made by natural-potential, magnetic and gecthermal
methods.

Electrical resistivity methods, especially depth profiling
methods, gave definite anomaliez associated with the ore. Measure-
ments by depth profiling owver the newly discovered deposits in the
Sage Flat area, Outlaw Mesa, showed well marked resistivity highs
underlying and apparently outlining the ore bodies. Natural potential,
megnetic, and geothermal measurements showed no observable correlation
with ore occurrence.

Because of the short time available for the investigation,
measuranents had to be so restrioted that these results cannot as
yot be regarded as conclusive. Much more extensive measurements
muast be made in both barrern and productive areas before they ocan
be regarded as established, However, the reaults of the preliminary
study are so encouraging as to warrant its continuation as a much
more extensive investigation.
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INTRODUCTION

A reophysical investigatiog was undertaken in the Colorado-
Utah Plateau area to determine what possibilitiss might exist of
detecting carnotite ore deposits or of mapping areas faverable %o
ore occurrence by geophysical methods. The present study in Mesa
County, Coclorado, constituted‘only an inltial attack to determine
whether geophysical methods would prove applieabls. A much more
extensive investigation would be required to test adsquately the
various methods which might be applisd and to determine and devaelop
the most effective techniques.

Investigatione were made of ora deposits on Outlaw and
Calamity Masas during the period of April 21 to June 24, 1945,
Zlectrical resistivity methods appearsd the most promising and
attention was concentrated to a large extent on these methods,

In addition, brisf messurements were made by natural-potontial,
magnetomatar,land geothermal methods.

The work was done by the Geophysics Branch of ths Geologio
Division in cooperation with the Irace Elements Unit of the Geo-
chemistry and Petrozraphy Branch and the Nineral Deposits Branch
as part of a joint project undertaken by the Geclogical Survey in

cooperation with the Atomic Enerzy Commission.

LOCATION

——r: e e—

Outlaw and Calamity Mesas are situated in the southwestern
part of Mesa Coﬁnty, approximately sixty-five miles south of Grand

Junction and nine miles southeast of Gateway (fiz. 1).
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Figure I.-Geologic map of Vanadium-Uranium district, southwestern Mesa County, Colorado.




They may be reached by way of the "Calamity Hill" road, which
branches off from Colorado Highway 141, fowr miles northeast of
Gatewny, and the Meosa Creek road which joins the same highway
nine and one~half miles northwest of Uravan, Colorado.

The mesas are separated by Calanity Creek Canyon, which
carries the dralnage of Cow, Calamity, and Indian Creeks. Outlaw
Mesa lies to the east at an approximate elevation of 6,500 feet.

It is bordered by Indian Creek Canyon on the north and by Blue Creek
Canyon on the east and south, Calamity Mesa lies to the west at
about the sama elevation as Qutlaw Mesa and is bounded by Calamity
Cresk on the east, Blue Creek Canyon on the south, and Maverick
Creek Canyon on the west,

The topography of the areas is rough, comprising sandstone
hills and ridges having & maximum relief of approximately 500 feet.
These features are sparsely timbered with pinion-pine and osdar.
Sage brush covers most of the flat areas wherever a thick mantle

of s0il and weathered shale overllea the country rock,

GEOLOGY
Rock strata of Jurassic age are exposed in the walls of canyons
bordering the areas and on slopes of the higher ridges. They reveal

1/

the following geologic column,

l/'cf. Figcher, Richard P., Vanadium deposits of Colorado and Ttehj
U. S. Geological Survey Bull. 936-P, pp. 368-370, 1942,

B



Formation Thickness (feet) Character

Dakota 100 Gray and brown conglomeratic
sandstons and gray and brown
shale; cliff forming. .

¥orriason:

Brushy Basin 396 Variezated shale, mudstons,
siltstone, and thin beds of
hard sandstone. Cherty sand-
stone present in lowar part.
Conglomeratic sandstons present
in lower and upper parts.

Forms a steep slope.

Salt Wash 343 Sandstone, medium fine gralned,
white, gray, and rad-brown,
massive, interbedded with red
and gray shale; ore bearing.
Sandstone forms cliffs and benches.,

Summerville 92 Red and white sandstone and
red shale, thinly bedded, Forms
steep slopes,

Entrada 198 Sandstona, medium fine gralned,
buff to light gray with reddish
bands, thick-badded to massive
and cross-bedded, characteristically
forms bare rounded cliffs to steep
slopes.

Kaysanta 132 Sandstone, sandy shale and
conglomerata, thinly bedded,
roddish or maroon,

Winzate 356 Sandstone, reddish-brown, massive,
cross-badded, Forms ghesr vertical
cliffs.,

OCutlaw Mesa liss on the eastern flank of a syncline'that plunges
to the scutheast, Its axis strikes northwest-socutheast across the
southern boundary of the mesa near the confluence of Blue and Calamity

¥

Creeks and across the southern part of Calamity Mesa. " The topography

of the mesa is rough and elevations range from 6,740 feet to 7,152 feet

above ges level. The highest point is situated in the extreme north-



eastern part of the mesa near the rim, Sandstones of the S8alt Wash
member of the Morrison formation are exposed near the edges of the
mesa rim. The Salt Wash underlies most of the mesa except for the
central part where sandstone and shales of the Brushy Basin member
crop out along the slopes ef hills and ridges. In this part of the
mesa the highest features are capped with sandstone of the Dakota
formation., The sediments have & regional dip of approximately 3° to
the southwest.

Calamity Mesa is not as wide as Outlaw but extends approximately
three miles farther north. The topography consists of sandstone
hills and ridges with highest elevations ranging from 6,560 feet in
the southern part %o 6,920 feet sbove sea level in the northern part.
Salt Wash sandstone underlies the northern part and the outer margins
of the mesa, The Brushy Basin member of the Morrison underlies the
south central portion and is overlain by Dekota sandstone on the
higher hills and ridpges. In the northern part of the mesa the sadiments
dip approximately 3° to the southwest and in the southern part 2° to

the northeast,

ORE DEPOSITS

The ore deposits contaln carnotite asscciated with vanadium bear~
ing minerale and occur as scattered impregnations in the Salt Wash
sandstone member of the Morrison formation, Most of the depogits are
found in sandstone lenses occurring in the upper part of this member,
apparently where the lenses are thicker and concentrations of argillacsous
end carbonaceous materials are present in the sandstone. The deposits

are gpotty and form irregular tabular masses. Locally they occur in

-5-



channel fillg, but usually do not appear to be associated with any
particular structural feature. Frequently the ore is found impregnating
fossil logs. Mining operations have been confined to the mese rims

where the sandstone crops out and erosion has exposed small deposits,

AREAS OF INVESTIGATION

Investigations were made of three ore deposits discovered by drill.
ing in the Sage Flat area on Outlaw Mese (fig., 2). This area is situat-
ed east of Potatoe Mountain near the center of the northern part of the
mesa. It is comparatively flat except for & low ridge that lies in the
northeastern part. Low sandstone ridpes border the area on the north
and a broad, high ridge lies to the south. The flat is covered by a
mantle of s0il and weathered shale, through which erosion has cut a
deep gully running diegonally across the area from northeast to southweat.

A large depoait of ore lies in the southern part of the Sage Flat -
between the gully and the basge of the high ridge to the south., It has

not been explored completely by drilling, but records of drill holes fz

i it
A o,

in the area show that the deposit strikes(N26°E and"EEBE”EE"Ehe'Eoﬁ££§§;£:3‘
M

It is approximetely 1,000 fest long, and 150 feet across in the widest
place. The ore occurs at depths ranginmg from 86 feet in the eastern

part of the deposit, to 140 feet in the western part. It is approximately
eight feet thick at the center of the dsposit. The sandstons which
carries the ore is overlain by a cherty sandstone followed by a thick
section composed of interbedded mudstone, siltstone, sandstone, and

shale, A geologic section along the strike of the deposit is shown in

figure 3, which illustrates the complexity and variability of the stratigraphy
-1
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in the araa,

A smaller deposit lies north of the gully and northwest of the
large deposit., Sendstone exposed at the limits of the mineralized area
forms a gradual slope to the north and a low ridze to the wost. The
deposit is approximately 300 by 400 feet across. The ore cccurs at depths
ranging from 98 to 129 feet and is overlain by sandstone, and lenses of
mudstona, siltstone, and shala.

A much smaller deposit lies in the western part of the Sage Flat
area, & short distance north of the gully and approximately 400 feet east
of the foot of Potatoe Mountain. Ore was sncountered in four closely-
spaced holes in this locallty,

The other deposits included in this investigatlon lie in the northern
part of Calamwity Mesa in the vieinity of the Calamity group of claims.

Two mineralized areas are located on a flat-crested ridge on Calamity

Claims Nos., 21 and 27 (fiz.4). Sandstone underliss the surface of the

ridge, which is covered by & thin layer of soil and shale. The ore occurs

at depths ranginz approximately from 59 to 68 feet, The maximum thickness

of the lerger ore zone situated near the center of the ridge is approximataly
nine feet, The smaller zone lying to the west ranjes in thickness from

a trace to 5% feet. Another ore-body lies to the east along a nose axtand-
ing southward from a small hill in Claim No. 21. In this locality the ore
occurs at shallower deptha, ranging from 30 to 328 feet, but at about the

same stratigraphic position. The ore zone is approximately six feat thick

in the ocanter of the deposit.



GEOPHYSICAL INVESTIGATIONS

Geophysical Methods Applied

Since time and avalilable funds did not parmit exhaustive tests
of diffarent gesophysical methods, measurements were restricted to those
methods which appeared to be most immadiately applicable and to offer
the best possiblilities of success. These were supplemented by a few
measuramants made by other methods, which were considared for one reason
or another to be applicable and which could be readily tested with
evailable equipment,

Stratigraphic conditions indicated that electrical resistivity
measursments offered the greatest chance for success, The measurements
wers, therefore, largely restricted to resistivity methods and partic-
ularly to three resiativity techniques: depth profiling, horizontal
profilingz, and azimuthal polarization measurements.

In depth profiling the center of ths electrode configuration
remains at a single station and the depth of measurement is varied.

In horizontal profiling the depth of measurement is kept fixed a% one
particular value and the configuration moved from one point to another
alonz a traverse line. Dapth profiling may be considersd analogous to
drilling a hole at a ziven location. Horizontal profiling corresponds
to trenching to a ziven depth along a certain trav;rsa line,

In polarization measurements, the resistivities of underground
rocks for direct and for reversed directions of current flow are compar-
od and the effect of the direction of current flow determinad.
Conduction through the rocks is frequantly polariezed, that is, the re-
sistivity differs with different directions of current flow, A series

of such direct and reversed messurements alonz different azimuths

-



have baeen found in certain oll-producing areas to be related to the
direction of oll impregnation. It was thought quite possible that
similar measurements in this area might give values related to ore
oceurrence.

In addition to the resistivity measurements a faw scattered
determinations ware made by natural-potential, maznetic, and geothermal

tachniques,

Resistivity Measurements

Cutlaw Mesa
Drilling on Outlaw Mesa earlier in the spring of 1949 had discover-
od three ore-bodies in the Saze Flat area east of Potatoe Mountain.
Since the drilling furnished valuable geologlec calibration data and
the area was largely free of geophysical interference, a considarable
part of the fisld time was spent in this area.
Resistivity measursments were made along the traverses shown in

figure 2. The Lee Partitioning configuration was amployed throughout,

Depth Profiling

Depth profiles were run at 45 foot intervals along Traverse 00
from 304.5 S to 370.5 N, along Traverse 600 W from 270 § to 270 N,
and along Traverse S00 W from 530 N to 1115 N (fig. 2). Measurements
wers made to a total depth of 200 feet at each statlon, using a depth
interval of five feet.

The results of these measurements a&re shown in figures 5 and 6
where vertical sections are shown drawn through the resistivity stations
along each traverse. Resistivity values have been plotted for each

station and through these values iso-resistivity lines or contours have
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been drawn with a econtour interval of 1000 ohm-centimsters.

Figure 5 shows the verticeal iso-reslstivity ssction along Traverse
00, which passes through the thickest part of the ore-body as shown by
drilling. The position of the ore-body in thls ssction is shown by the
cross~hatched area,

It is immediately apparent that ths orea-body is accompanied by m
sharp resistivity hizgh affecting especially the 11,000 to 8,000 ohm~¢m
contours. Thess contours rise to & maximum under the approximate center
of the ore-zone and drop off sharply at either end of the deposit. The
disturbesd area at the left of the section is due to the effects of the
deap gully cutting acrcss the northern end of the traverse as seen on
the map, figure 2.

The discovery of an lso-resigtivity high associated with the ore-
body was encouraging, but, of course, é single proflle while suzgzestive
is not oonclusive evidence, To check on the possible significance of
this feature Traverss 600 W was investigzated. D.H. 177 on this traverse
found no ore, although there was some slight indication of mineralization.
The vertical isc-resistivity section along this traverss is shown in
fizure 6B. It is interesting to note that while there is a slizht re-
sistivity terrace approxi@atély at the position of D.H. 177, thera is
ne stch resistivity peak as that underlying the ore-body of Traverse 00,
fizure 6A, While thils resistivity terrace may be related to tha slight
mineralization indieated in D.H. 177, it is much affected by the presence
of the pgully and may be caused to great extent by such pully effects.

In any gvent, the absence of any well marked resistivity peak is in agree-
ment with the absence of any concentrated mineralization along this
traverse.

In figure 6C is shown the vertical iso-resistivity section along
Traverse 900 W, This traverss crosses an ore deposit found by drilling

.7

=10



DH.IBO DH.149 DH.IST DH205 - DHI93

- et et e e
——————— -

40

DEPTH IN FEET
8
I

1201~

140+

160

180

200 0,000
1 l | i 1 | 1
350N 300N 250N 200N I50N 100N 50N 0 508 100S 1508 2005 2505 300S
DISTANCE |N FEET
5 0.H.177
20 3000
4000
40
60
(=
B o 5000
[T
Z 100 -
o o
&
a 120
(=]
140 6000
160 |
180 . TRAVERSE 600W
e .
200 | A | | | X | b Il 1 i 1 1
250N 200N 150N TOON 50N 0 505 T00S 1505 2008 2505 3005
DISTANCE [N FEET
DH.23I D.H.24!
“sa00-"
-i-‘_'—‘\______________,_._.
o
_/
{ _/
w l
[F7] |
w
= = AL e
; IOO- —~—rs P |
-
& 120+ ORE ZONE
o LW LTI
140 ]—8000
160}~
180} 0@‘) , C
SR gooo\ @ A $ o TRAVERSE 900W
i | | | A / : I

11OON JOOON 900N 800N 700N 600N
DISTANCE IN FEET

Figure 6. — Vertical iso-resistivity sections along traverses 00, 600W, and 900W in Sage Flat area, Outiaw Mesa.




north of the deep zully, as shown on the map, figure 2., The iso=-
rasistivity sesction shows in the drllled area two well marked re-
sistivity highs. Bach resistivity peak appears to be associated
with an ore concentration. The northermmost of these is wider and
thicker and is accompanied by the mora pronocunced iso-reslstivity
hizh.

The iso-resistivity data so far obtained in this area are con-
sigtent in their indications and in their correlation with the drill-
ing data. Their evidence is sugjestive and encouraging. It cannot
ba regarded in any sense as conclusive, however, since it rests on
too restricted a series of measurements. It does indicate that this
method offers possibilities for ore exploration which should be further
investigated. COnly tests in numerous are&s and under varied conditions
can determine whethar or not this method can be an affective and
successful technique for ors exploration in the Colorado-Utah Plateau
area. The results in the Sage Flat area are sufficiently encouraging,

however, to warrant much more extensive testing.

Horizontal Profiling

Depth profiling is somewhat tim; consuming, although it can be
considerably accseleratad by using a longer depth interval, a procedure
which other studies of these data have shown feasible.

Horizontal profiling or resistivity "trenmching" to a fixed depth
is a much more rapid method. To test the possible mpplication of this
technique horizontal resistivity profiles were run along traverses in
the Saze Flat area of Outlaw Mesa (fig., 2). Measurements were made
to an affective depth of 150 feet at intervals of 25 faest along these

fraverses., I1wo moasurements, a north and a south partitioning half,

~11=~



wors made over asch partitioning zone.

Resisti}ity profiles of traverses orossing the large ore-body
and a small deposit lying to the west in the Sage Flat area are shown
in figure 7. A broad resistivity high extends over most of the east-
ern part of the area {upper profiles) diminishing gradually in magni-
tude to the west {lower profiles) whare the curves are comparatively
flat,

The lﬁrge ore-body, as outlined by drilling, is shown in black
on the profiles of Traverses 400 # %o 400 E. A resistivity hump over-
lies the ore-body. It is a maximum over the center of the deposit on
Traverse 00 and is well defined on the profiles of Traverses 150 E and
400 E. This feature is of low magnitude along Traverses 200 W and
400 W which cross the western part of the deposlt where the ore occurs
at greater depths. The small amount of ore encountersed in holss drill-
ed in the vicinity of Traverse 800 W between 50 S and 175 N appears to
be indicated in the profile by a reslistivity high at this locality,

An extenslon of the small deposit in the western part ¢f the area may
be indicated by the small resistivity hizh shown between 50 S and
25 ¥ in the profile of Traverse 1810 W,

The resistivity high associated with the large ore deposit 1s
lass clear cut in these profiles than in the vertical isc-resistivity
sactions. The horizontal profiles are more sensitive to resistivity
disturbances so that the plcture they present is considerably confuagd
by various effects due to topographic and surface gzeolozic features,

The effect of a topographic feature is shown in tho profiles of
traverses in the easterm part of the area where a prominent resistivity
peak occurs at the location of ths deep gully that trends diagonally

across the flat. The peak is less pronounced along traverses in the

-12-
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Figure 7. — Horizontal resistivity profiles along traverses in Sage Flat area, Outlaw Mesa.
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western part of the area where the zully is narrower and shallower.

The effect of & geolozic surface feature is seen in the profiles
of Traverses 400 E and 600 £ where a resistivity high occurs at the
edge of a sandstone outecrop that forms a ridge to the north. The re-
siutifity feature extends westward developing into a broad dome-shaped
high overlying most of the ridze, as shown in the profile of traveree
190 B, Another resistivity hizgh occcurs over a similar contact in the
northern part of Traverses 1200 W, 1400 W and 1600 W.

In figure 8 are shown profiles of traverses crossing thé ore-
deposit'located in the northern part of the Sage Flat, Resistivity
highs occur over the mineralized area at positions where ore was en-
ccunterad in drillinz, A distinctive and prominent resistivity high
occcurs betwesn 850 N mnd 975 W on Traverse 1200 W, It was ohserved
along a sandstone ridge that liss west of the ore-deposit and occupies
the approximate line of trend of the ore-body. It may represent a
wostward extension of the ore zone. A sharp resistivity drop to the
ﬁorth occure in the profiles, where it marks the adge of & sandstone
outcrop that forms a gradual topographiec rise in that direction,
Associated with it is also a well-marked rasistivity high, which is
thouzht to be an expression of the lateral distortion of the current
field caused by this stratigraphic contact, While in these profiles
resisgtivity highs are azain shown asgociated with the ore, the
correlation is less clear-cut and the most striking effect 1s produced
by the sandstone-shale contact.

Because of the increased interference of topographic and surface
geologic effects the horizontal profiling method, although faster, 1is
'lese satisfactory than the dapth profiling method; at least in the

Saze Flat area, Howsver, additional horizontal profiling measurements
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should be run in other areas whers topographic and jeclogic features
are less disturbing before this technique is abandoned. At present

it would seem to take second place with respect to depth profiling.

Azimuthal Polarization Measuremants

It has been found in & number of areas that the apparent re=~
gistivity of the rocks changes when the current is reversed., In
certain oil-bearing areas it has been found that such resistivity
polarization is related to the direction of oil impregnation. It has
frequsntly proved possible to tell in what direction to move from a
dry hole in order to obtain production. This has been done by a
technique, referred to as the sand extension method, developed by
F, W, Lee Ef the Geophysics Branch., In this technique the central
-electrode of the Lee Partitioning configurstion is lowered into the
drill hole to the depth of the petroliferous horizon and a series of
surface resistivity measurements made along traverses radially arrang-
ad in different azimuths about the drill hole, as shown in figure 9.

The electrode confizuration for inhole measurement of polariza-
tion is shown in figure 10. The direction of current flow from
C1 to C2 is first made positive, then negative, and the resistivity
corresponding to each direction of current flow computed in standard
fashion. The ratic of the two resistivities is m measure of the

amount of resistivity polarization. The variations in the value of

thie ratio oan be plotted along each azimuthal radius, very much as
in a meteorological wind-rose of figure 11, to give a picture of the

change of polarization with direction,

2/ Les, ¥. W, Preliminary report to the U.S, Bureau of ¥ines on the
results of sand extension surveys in Southern Chio. U.S. Geol.
Survey unpublished manuscript.
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In the case of oil-bearing areas a relationship has been
found between these variations and the directions to adjacent pro-
ductive and dry afoas. It was thought possible that some similar
relationship might be found for the Colorado-Utah Plateau carnotite
deposits. To check this possibility measurements by this technique
wore undertaken about & few of the Sage Flat drill holes. Measure-
ments were made to an effective depth of 95 feet with the elactrodes
aligned in directions K-S, NSODE-SGOOW and S60°E-N60°W at drill holas
177, 213, 21¢, and 251.

The resultant data wers tested in & number of possible ways.
The most significant results were found tc come from a determination
of the departure of the polarization from the average. The results
of this camputation are shown in figure 1l in which the circle about
each drill hole repressnts the average value of the poiarization in
the different azimuthe about that hole. The sinzle cross-hatching
repreosents values less than the average, the double cross-hatching
values greater than the average. The broken lines rapresent the
approximate outlines of the ore deposits as disclosed by drilling.
It is quite striking that the greater-than-aversge values point in
the direction of these ore-bodles.

Only & faw such measuremsnts could be run in the available time.
The data are, therefore, too few to permit any final conclusions.
Howsver, the rosults appear promising and warrant more extensive in-

vestigation,
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Calamity Mesa

Horizontal resistivity profilas were run Rlong traverses crossing
ore deposits on Calamity Mesa {figure 4) but the data were not suffi-
ciently reliable for correlation purposes because of serious electrical
interferenéo. In this area the applied electric current fields were
greatly disturbed by irregular topography, old mine workings, large
boulders and irresgular surface conditlons caused by bull-dozer and
drilling opsrations. Available time did not permit the application of

other resistivity techniques in this area.

Other Geophysical Keasurements

In additlion 6o the resistivity investigations outlined above a
few measurements were made by other geophysical methods. The particular
methods selected woare determined by the immediate availability of equip-
ment and personnel, and the shortness of the period of time available

for making such measurements,

Natural-Potantial Surveys

It saeemed possible that lonization effects might produce natural-
potential differences which could be observed by surface potential
measursments. In figures 12 and 13 are shown natural-potential pro-
files measured along traverses crossing both ore~bearing and barren
zones in the Sage Flat and Calamity Claims areas. There appears to be
no correlation betwesen the ore and potential anomalies.shown in thess

profiles.
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Marnetic Surveys

Strong maznetic ancmalies have been reported associated with
an ore deposit in ancther part of the Plateau arsa. Although there
is no known association betwesen magnetite or other magnetic minerals
and the ore it seemed worthwhile to check this possibility by running
a few magnstic profiles.

Five traverses wers run across daposits in the Sage Flat and
Calamity Claims areas., Magnstlc measurements wers made with an Askania,
temperature-compensated, vertical magnetometer having a eensitivity of
32.4 gammas per scale division., Stations were ocoupied at intervals
of 25 feet along the traversss and measurements were sxtended for some
distance boyond the mineralized areas.

Kagnotic profiles resulting from this work are shown in figures
14 and 15. These show no marked magnetic difference between mineraliz-
ed and barren areas, Although magnetic highs overlie the deposits,
similar features occur over areas lying outside of the ore zones. No
definite correlation could be observed between the magnetic anomalies

and ore occurrencs,

Gsothermal Measurements

It was thought possible that sufficient heat might be gensrated
in the ore depesits to produce measurable thermal anomalies about the
ora-bodies, To test this possibility geothermal measurements wers made
in five drill holes in the Sags Flat area: four in which ore hed been
found, one in which no mineralization had heen observed.

Measurements were maAe with a 30-conductor vinylite cable in which

a serias of thermistors had been inserted, at two foot intervals, from

149 to 200 feet below the zero point of the cable. The thermistors had
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o .
resistances averazing approximately 1000 ohms at 25 C and had a

nezative temperature coafficient of approximately 4.4% of their
resistance per degree¢ centizrade. Resistences were measured with a
Mheatstone Bridge and temperatures determined from a seriss of oali-
bration tables compiled for the specific thermlators used.

The drill holes waere alr filled sc that convection affects and
disturbance of the air in the holes during lowering and raising of the
cable, prevented the obtains] of very satisfactory determinations of
rock temperatures. Time did not permit the use of bafflas or.other de~-
vices to help obviate these effects, nor did it permit tho cable to re-
main in the drill' holes long enough to reach satisfactory thermal
equilibrium. This is indicated by the offsets betwoen the curves
{fizure 18) for different cable positions in the holes. The results
shown in figure 16 cennot, therefore, be regarded as too significant.
The absence; however, of any obvious temperature anomaly sug;ests that
heat production is probably small or thermal disalpation rapid in these

ore-~bodises,

CONCLUSIONS

The measurements so'far completed in this brief preliminary in-
vestigation indicate that electrical resistivity methods offer con-
siderable possibilitlies of success in the location of carnotite deposits
in the Colorado-Utah Plateau area. Encouraging results were obtained
by both resistivity dapth-profiling and azimuthal resistivity-polsrization
measurements in the Sage Flat area, OQutlew Mesa, Horizontal profiling
measurements also gave indications correlatable with the ors, but were
less clear-cut and more affected by lateral topographic and stratigrephic

variations,
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Brief measurements by salf-potential, magnstic and geothermal
methods showed no observable correlation with ore oceurrence, It
eppears unlikely that they can be of assistance in the exploration for
ore.

Since fhia survey wag purely preliminary in character, time did
not permit a test of othar geophysical methods and techniques which might
be of assistance, |

The results obtained are very encouraging. They wers, however, too
restricted to be conclusive, MNany more measurements in both barren and
productive areas must be obtained before the methods can be regarded as
thoroughly established, or the best techniques develocped. In addition,
studies should be made of other technigues which could not be tested in
the short period of time available but which offer possibllitias for the

detection of these deposits. The results so far obtained, however,

warrant the continuation of & much more extensive investigation,
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