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GEOLOGIC GUIDES TO PROSPECTING FOR ':CARNOT!~'E ;DEPOSITS 

ON THE COLORADO PLATEAU 

:By 

Doris H. !lackman (Weir) 

ABSTRACT 

This report describes the geologic features tha t can be used to appraise 

the favorability of ground in guiding diamon~-drill exploration for carnotite 

~epo$its in the Upper Jurassic Morr\son formatioa on the Colorado Plateau. It 

is based on a statistical study of the geologic logs of about 2,500 holes 

drilled by the Geological Survey. The most useful features consist of the 

thiekness of the ore-"~bea.ring sandstone, the color of the ore-be~tring $andstone, 

the altered mudstone associated with the ore~bearing s~dstone, and the abun~nce 

of carbona,ceous material in the orec.bearing sa~d$tone. Although each fe~.tu.re 

can ·be used alon~ to app:rai,se the favorabili tJT of grm.md, an appraisal based 

on all of them together is even more useful. A method of expressing this 

favorability i~ numerical va~ues is suggested~ 

'l'he results obtaiped by the Geological Survey 1,1sing these geol0gic 

guides appear to be at least twice as favorable as the drilling results obtained 

witp littl~ or no geologic guidance. 

INTRODUCTION 

The relations of certain geologic features to carnotite deposits in the 

Colorado Plateau region have long been recognized by miners and geologists. 

Not 1L."'ltil 1947 ~ however, when the Geological Surv~y ' began a large-scale 

program of diamond-drill exploration on behalf of tne Atomic Ene~gy Commis~ion, 

were these ;features used extensively as guides in prospecting for caxnqtite. 

This report summarizes the results of a study of geologic logs of about 
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2,500 holes ~illed by the Geological Survey in s~veral areas in touthweetern 

Colorado. All geologic features observable in drill core, and which might 

be of value ~n guiding exploration, were recorded systematically and ap-

.praised as guides. It is hoped that the geo~ogic relations discussed here 

will be of practical value to private ~ndustry in prospecting for carnotite 

ore, and that the ~ecognition and study of these guides will result in the 

development of even more useful application and perhaps in additional guides. 

The geologic guides to be described in this paper--those that appear to 

be most valuable in recognizing ground favorable for ore-~are as follows: 

thickness of the ore-bearing sandstone, color of the ore-bearing sandstone, 

altered m~dstone associated with the sandstone, and the presence of abundant 

carbonaceous material within the or~bearing sandstone. In order to 

• demonstrate the pr~ctical value of these features in exploration, a co~ 

parison is given of reserves developed per foot of drilling with and without 

their aid. 

The writer wishes to express her ap~reciation to R. P. Fischer, L. s. 

Hilpert, an.<t L. B. Riley, of the Geologic.r~+ Survey, for gu.idan~ in the study 

and for helpful criticism of th~ manuscript: 

GEOLOGY OF ORE -OStTS 

The carnotite qeposi ts have a wid.e distribution in southwestern 

Colorado and the adjoining parts of Utah, Ar~zona, and New Mexico, where 

they extend over an area of at least 40,000 square miles (fig. 1). Nearly 

al~ of the known deposits of economic importance are restrict~d to the 

Shinarump formation of Trtassic age and the Entrada and Morrison .forma.tions 

• of Jurassic age. Moat of the deposi ts occur in the Salt Wash sandstone 

membert f th~ Morrison formation, and in many mining districts the deposits 

are fo d in one stratigraphic . zone wit.hin. the Salt Wash. This zone 
OFFICI~ USE ONLY 
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consists of sandstone lenses interbedded with some mudstone. The sandstone 

in this zone ranges in thlckness from slightly less than 20 to slig~tly more 

than 80 feet, averaging about 50 feet. This sandstone is referr~d to in 

this eport as the "ore-bearing sandstone." 

The ore mainly impregnates sandstone, averaging about 0.25 percent 

U30s ald 2 percent Vz05, but some of the fossil plant material in the 

ore-b+ ring beds is richly mineralbed. The ore bodies are irregularly 

tabular laye:r;-s, at most only a few feet thick. They lie generally parallel 

to the sandstone bedding, but do not ·follow the beds in detail. They range 

in siz/e from those oontaining only a few tons of ore to those containing 

~y thousand tons; most of the deposits contain only a few hundred tons 

or less. Although the deposits have a spotty distribution, most of them 

are clustered in relatively small, vaguely defined areas. The larger areas 

between these clusters contain only few scattered deposits, most of which 

are small. 

The ultimate source, or sources, of the metals ' in t};le ore have not 

been ~.E?termined. The distribu.tion of the deposits and the habits of the 

ore, however, sUggest an origin that . is due to precipitation from ground-

water solutions shortly after accumulation of the sands. Localization 

probably resulted from slight changes in the chemical composition of the 

solutions~' perhaps in the environment of decaying organic material. 

Readers d,esiring a more complete description of the geology of these 

deposits are referred to Coffin (1921) and Fischer (1942 and 1950). 

G~OLOGIC~ SURVEY EXPLORATION 
- I 

The exploration work of the Geological Survey is done in three 

general st~ges. Dur~ng the first stage, holes are drilled at a wide spaeing, 

OFFICIAL USE ONLY 
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usually about 1,000 feet apart, for geologic informat ion. From this drilling, 

it 1$ pf ssible to recognize favorable ground that may contain one or more 

clusters of deposits. During the second stage, the favorable ground is 

dr i lled with holes at a moderate spacing, usually 100 to 300 feet apart, to 

find ore deposits. In th~ third stage, holes are drilled at a close spacing, 
I 

about 5~ to 100 feet apart. to e~tend ana outline any deposits discovered in 

the earlier drilling. The geologic features that serve as guides are 

particularly useful during the first a;nd second stages, as these features 

\ 
provide larger targets for drilling than do the ore deposits themselves. 

GUIDES TO PROSPECTING 

The geologic guides d~scri bed below are now being used by the Geologica.l 

• Survey in its exploratory drilling P!Ogram. They ~re discussed in terms of 

th,eir application to subsurface exploration, th01.1gh all of them are useful in 

surface . p~ospecting. ~hese guides vary i~ importance according to the size of 

the drilling t~rget that they provide, and they are described here in that order 

of importance, beginning with the one that provides the largest target. 

Accompanying th~ description of each geologic guide is a graph showin~ the 

relation of that guide to ore. In order that enough measurements may be 

i ncluded for the graphs to have statistical meaning, each graph is a composite 

of several of the larger areas drilled by the Survey. These graphs show the 

average amount (arithmetic mean) of each feature cut by holes in all of the 

areas studied. The drill hole$ are grouped into five zones apcording to 

their position relative to ore deposits. The first zone includes all boles 

that cu~ mineralized roCk, and the remaining four inclu~e, re~pectively, tpe 

• holes in the zone 0 to 100 feet outward, 100 to 200 feet outward, 200 to 

300 feet outward, and ~00 to 400 feet outward from mineral1,zed rock. A limit 

of 400 feet outward is used because drill-hole information beyond 400 feet f+om 
OFFICIAL USE ONLY 
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the _ore deposits is generally insufficient for statistical purposes. It is 

believed that if a larger number of holes had been drilled in zones farther 

from mineralized rock, and if data from these zones had been added to the 

graphs~ they would continue to show a decrease in favorability as distance 

from mineralized rock increases. It is not the averages themselves on these 

graphs tha~ are significant, as they may vary from one drilling area to 

I 
another, but rather th~ relations between the averages. Likewise, minor 

deviations from the general slope of these graphs probably represent in• 

complete statistical data rather than geologically significant var~ations. 

fhickness of the or$-bea+ing sandstone 

l in the Morrison form~tion the sandstone beds containing the carnotite 

• depos~ts are lenticular, ranging in thickness from slightly less than 20 

• 

to slightly more than 80 feet. In southwestern Colorado, no large ore 

deposit has been found, by Survey drilling, in sandstone that had an original 

thickness (prior to recent erosion) of less than about 40 feet. This minimum 

th:i~ess figure is a r~liable guide in wide-spaced drilling. In addit'-on, 

most of the ore bodies are in or near the thicker, central parts of the 
I 

sandstone lenses; these th~Cker parts ean be recognized in cross-seetions 

through diamond-drill holes. Not all thick sandstone is favorable, however. 

I 
~e spatial relations Of ore deposits to differences in sandstone thickness 

are apparent in figure 2. 

Color of the ore-bearing sandston$ 

~e sandstone enclosing most of the ore bodies is dominantly pale to 

light yellow brown and speckled with limonite stain. Generally this 

favorable color and staining extend several hundred feet beyond ore deposit~. 

OFFICIAL USE ONLY 



• 

(/) 

Q) 
(/) 

c 
Q) 

Q) 

c 
0 --Q) (/) 

Q)"O - ::J 

c E 

(/)-
(/) 0 
Q) 

c: (/) 
~ Q) 
0 (/) 

..c. (/) - <1> 
c 

Q)..::£ • 01 .~ 
O..c. 
..... -
Q) 

>-
<t 0 

Q) 

> 
(/) 

::J 

0 
>< 
Q) 

• 

Holes 
cutting 

mineralized 
rock 

53. 5 feet 

0 

<J 

48.7 feet 

Average of 
401 holes 

100 

10 

49.0 feet 

Average of 
199 holes 

200 

48. I feet 

Average of 
108 holes 

300 

Dis to nee from mineralized rock 

( in feet ) 

43. 5 feet 

Average of 

83 holes 

400 

Figure 2.--Average thickness or ore-bearing sandstone, 
in zones coextensive with and outward from ore 
deposits (composite Of f{Te drilled areas} • 



• 

• 

• 

OFFICIAL USE ONLY 
11 

Farther away from deposits, the s~ndstone in many places i~ reddish brown. 

Sandstone with a reddish cast may contain a few ore deposits, but most of 

them are small, and generally a pronounced red color is indicative of un-

favorable ground. These relations are illustrated by figure 3, which shows 

that the average percentage of ore-bearing sandstone with a reddish cast 

increases outward from ore. 

Altered mudstone associated with the ore-bearing sand~tone 

The or~bearin' sa~dstone is interbedded with mudstone, and it also 

contains thin lenses of m~ds~one and mudstone-pebble conglomerate. This 

mudstone is normally red, but near ore deposits the mudstone within ~the 

sandstone and the mudstone immediately beneath the ore-bearing sandstone 

have been altered to gray. A preliminary study of the red and gr~ mudstone 

has been made by Weeks (1951). 

Fi~e 4 shows the character of a typical ore body and its relationship 

to the enclosing sandstone and associated mudstone. Near ore, the gray mudstone 

beneath the ore-bearing sandstone comm.only is as much as several feet thick, 

as shown in this eros$ section. The thickness ot gray mudstone decreases 

laterally, but some of it usually e~tends a few hundred feet outward from 

the deposits. Figure 5 shows the average thicknesses of gray mudstone 

immediately oeneath the ore-bearing sandstone, in zones coextensive with and 

outward from ore deposits. 

The percentage of gray mudstone, relative to the total amount of 

mudstone within the ore-bearing sandstone, is also a useful guide, though 

it is more difficult to measure quantitatively. In the present study, because 

of the necessity for a numerical comparison of geologic guides, only measurable 

units of mudstone within the sandstone (units 0.1 foot or more thick) have 

been considered. Because units of this thickness are not cut by every drill 

hole in a given area, some holes have been excluded from the calculations of 
OWWICIAL USE ONLY 
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average perqentage of gray mudstone · rel~tive to the total mudstone, as shown 

in figure 6. A sufficient number of holes remains, however, to ill us tra.te 

clearly the relation of color of mudstone to ore. 

Abvn~nce of carbonaceous material within 

the ore-bearing sandstone 

Carbonized plant remains, consisting of fossil logs, branches, 

l~af-like material, and ~identifiable fragments, are common in the 

ore-bea~ing sandston~. A close relationship between carnotite ore and 

these remains has long been recognize_d, for some of the re:ma,ins have been 

richly replaced by ore minerals. As all of the remains have not been 

mineralized, however, and as the plant materials~-particrularly the logs--

• a~e not uniformly distributed through the sandstone, either horizontally 

or vertically, the significance of the observed relationship between carnotite 

ore and plant remains is difficult to evaluate. This relationship, therefore, 

has li~ited application in e~loration. Figure 7 shows, however, that abundant 

carbonized material ~s more common in holes cutting mineralized rock, and in 

holes near ore deposits, than in holes several hund~ed feet awar from ore 

deposits. Possible traces of carbonized material have been ignored in this 

study, because of the limitations of ob~ervation in drill core and the 

po~sibi~ity of misidenti!ic~tion Qf minute amounts of material. 

Field relation~ suggest that ore deposit~have been localized in the 

vicinity of abund~t carbonaceous material, and the relations shown in 

figure 7 can be interpret~d to mean the ~ame thing. In diamond-drill 
' >, . ~.-.. · 

exploration, abundant carbonaceous material can be interl'reted to indicate 

• favorable g~ound, but because of the erratic distribution of plant remains, 

the lack of abundant carbonaceous material in a single drill hole does not 
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in itself mean unfavorable ground • 

. Numerical evaluation of geologic guides 

Each of the geologic guides described above is useful individually, but 

~ appraisal based on all of them, expressed in numerical terms, is more 

valuable than is the use of any one alone. In order to test the reliability 

of s~ch an ap~raisal, the following method was applied to one area after 

dr~lling by the Geological S~ey was completed. lodifications of this 

method are now being applied in the appraisal of other areas. 

Each drill hole in the ar~a was rated numerically according to the 

following scheme: 

1. Thickness of ore-bearing sand$tone (exeius~ve of mudstone lenses). 

Rating 

8 
6 
4 
2 
0 

Thickness in feet 

41 or more 
31- 40 
21 "" 30 
11 .,.. 20 
10 or less 

2. Color of ore-bearing sandstone. 

Bating Percentage of sandstone with a re~dish cast 

8 
6 
4 
2 
0 

0 
1- 15 

16- 30 
31- 60 
More than 60 

3. Thickness of gray mudstone at base of ore-bearing sandstone. 

Rating 

8 
6 
4 . 
2 
0 

Thickness in feet 

More than 4.0 
3.1 ... 4~0 
2.1 - 3.0 
1.1 - 2.0 
1.0 or less 
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4. Color of mudstone (units 0.1 foot or more thick) with~n the 
ore-bearing s~dstone. 

Bating Percentage of totalmudstone that is gray 

a 100 - as' 
6 84- 70 
4 69- 40 
2 39 - 10 
0 Less than 10 

5~ ~bonaceous material within the ore-be~ipg $andstone. 

Rat in~ 

4 
0 

gu.antitY; 

Abundant 
Sparse or absent 

It will be noted from the above table that a maximum rating of 8 is 

assigned to each of the first four features, but that a maximum rating of 

4 is a~signed to carbonaceous material, owing to its erratic distribution 

• and the fact that a quantitative measurement of this feature is more 

diff~cult than for yhe other features. 

To determine a favorabil~ty rating for each drill hole, th' numerical 

values given each ~f the features cut by that hole are totalled •. In order 

to compensate the rating for holes that do not cut mudstone units 0.1 foot 

or more thick, and thus are assigned ratings for only four features rather 

than five, the tot.al ratings for these holes are multiplied by 1.29. In 

t~is manner, a :f'avorability range of from zero to 36 is obtained (or 36.12 

for those holes that are rated on the basis of four features). 

On the basis of drilling on the Calamity group of claims, Mesa County, 

Colo., the critical point on this favorability scale is approximately 20; 

no large ore deposits occur in grou,nd given a lower favora'bility rating. 

G;round that has a rating of less than 15 is · e$sentia.lly <barren, Fa.vora.bilit 1es 

• · of 30 or more general~y occur in the _centers of the deposits. Figure 8 shows 

these relatio~s in part of the area. 
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Figure 9 shows graphically the relation of favorability to ore 

c;leposits in the Calamity gro~p of claima. For~y-two Qre bociies, 

i~cluding all ~hose drille~ by the Geological Survey in this area, are 

included. It is believed that no importance should be attached to the 

slight upward trend of the averages in the zone 300-400 teet outwarq 

:from Qre. The trend pf·: .the ave;rages is downward. outward from ore; 

if data could be collected from a gfeater number of holes in the 

300-400 foot ~one, as well as from zones farther outward from ore, they 

woul~ show a cQntinued downwarQ.,, · though less steep trend. 

· The sig~ifica.nce of these geoloe;ip criteria of favorabili ty is 

essentially the s~e in all the areas drilled by the Geological Survey 

on the 0'1lorado Plateau. They are being followed in all stages of 

drillin~wide-spaced as well as moderate- an~ close-space~ • 

OFFICIAL USE ONLY 



• 

>. 

..0 
0 
~ 

0 
> 
0 --0 

(/') 

(l) 

::I 

0 • > 

c 
(.) 

._ 
(l) 

E 
:::1 . 

z 

• 

Holes 
cutt ing 

mineralized 
rock 

25.5 

0 

21.7 

Average of 
225 holes 

100 

22 

18.4 

Average of 
79 holes 

200 

15.7 

Average of 
48 holes 

300 

Distance from mineralized rock 

(in feet) 

16.5 

Average of 
35 holes 

400 

Figure 9.--Average numerical values of favorabilitf, in 
zones coextensive with and outward from ore deposits, 

Calamity group of claims, Mesa County, Colorado 
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COMPARISON OF RESULTS OBTAINED FROM DRI~~ING 

WI~H AND WITHOOT GEOLOGIC GUIDANCE 

Proof of the va.lue of ~sing geologic guides in exploration ~rilling 

lies in the results. To demonstrate this value, in order to sell the 

practice of us1rng geologic guidance, an at~empt is made to compare the 

results obtained by the Geological Survey's d.l;"illing, using geologic 

features as guides, with the drilling that had been done previou~ly by 

private interests, using little or no geologic guida;nc~. Unfortunately, 

bec~us~ the two drilling operations differ in character, it is not pe>ssible 

to expres~ results strictly on a comparable basis. 

The total footage drilled by private in~erests before 1947 is not 

known, but it must have been nearly a million feet. For instance, Ebbley 

(1949) estimates that between 1934 and 1944 private companies put down about 

600,000 feet of diamond-drill hole and about 100,000 feet o~ ja,ckllammer 
; 

hole. During this pe~iod, about 775,000 tons of carnotite ore was mined. 

Of thi~ amount, perhaps 300,000 tons was obtained from deposits that were 

found and developed by mining from tha outcrop rather than by .drilling. In 
~ddition, a consideraqle amount of ore, perhaps at l~ast 100,000 tons, h~d 

been developed by drilling prior to 1934. On the other hand, there was 

perh~ps 100,000 tons of ore developed by the 1934-44 drilling that was not 

mi~ed during this period. On this basis, therefore, it · is estimated that 

the drilling dqne during the 1934-44 period found and developed about 475,000 

tons of ore. If these figures express the correct order of magnitude, this 

drilling yielded abou~ 0.6 ton per fq?t• 

Fr.Qm November 10, 1947, to Septef4per 30, lr950, the Geological Survey 

drilled 490,358 feet. Reservee? found b,y this drilling are estimated to be 
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dril~ing . (Fischer, R.· P ;, et al, ,1951). 

Nearly all of the private drill~ng during ~he 193~44 period was 

near known deposits in ~reas that would be classed _generally as 

favorable because of the proximity of ore. Thus, there should be a better 

chance of any single drill hole cutting ore in this type of drilling than 

in the "wild-cat" type of exploration away from known deposits such as has 

be~n done by the Geological Survey. Furthermore, nearly all of the 

pr~vate drilling was in shallow ground, perhaps averaging 50 to 75 feet 

in depth, whereas the G~ological ~urvey drilling during the 1947-50 period 

~veraged about 125 feet in depth. On the other hand, the holes drilled 

by private industry were mostly on~ close spacing to develop deposits 

• for mining, and for this reason more holes were put in a single deposit 

th~ is normally drilled in a deposit found by the Geological Survey. 

If con~ideration is given to the much greater depth of Survey drilling 

and to the higher ;risk of exploring ground away from known deposits, even 

though fewer holes are drilled in a single deposit, the results of Survey 

exploration, using geologic guidance systema~ically, are more than twice as 

favorable as the results obtained by privat~ ind~stry using little or no 

geolo~ic ~idance. 

SUMMARY AND QONCLUSIONS 

Geologic logs of abput 2,500 holes drilled by the Geological 

Survey in the Morrison formation in southwestern Colorado w~re studied 

to appraise the value of ce:vtain geologic :feature~ as guide~ to ex-

• ploration for carnotite deposits. On the basis of this study, the following 

c9nclusions are made: 
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1. Most ore deposit,s a~e in or near the thick~r, central parts 

of sandstone lense~, and .in general the _ thickness of the sandstone 

decreases away from ore deposits. San~stone that is less than 40 feet 

thick is generally not favorable for large ore bodies. 

2. Sandstone in the v'-cinity of ore deposits is colcre(l light 

brown, but an increasing proportio~ of _sandstone ~way from ore depos~ts 

has a reddish color, which is indicative of unfavorable ground. 

3. Near ore depos~ts the mudsto~e in the ore-bearing sandstone 

and immediately below it has been altered from red to gray. The ~ount 

of altered mudstone deqreases outward from ore deposits. 

4. S~ndstone in the immediate v~cinity of ore deposits contains 

more carbonized plant fossils than do the· same beds awaw from ore 

• depos'-ts, sugge$ting that ore deposits are localized in the vi~inity 

of abundant carbonaceous material. 

• 

Each of these features is useful individually in_guiding explore.-

tion, but ~ combination of all 9f them, expressed in terms of a numerical 

rating, is even more useful. Exploration that uses these features a~ 

guides yield~ results that are about twice as good as exploration using 

little or no geologic guidance. 
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