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PRELIMINARY STUD Y OE RADEOACT.X VE LIMONITE LOCALI T IES 

liN COLORAD0 0 UTAH9 A ND WYOMlNG 

ABSTRAC T 

Nine radioactive limoni1te ·localities of different types were sampled during the spring and fall of 

1953 in an effort to establish cri1teria for differentiating limonite Gt'l.lltcrops associa1ted with uranium or 

thorium deposits from limonite outcrops not associated with such d~positso The sa mples were analyzed 

for uranium and thorium by standard chemical methodso flQr equivalent uranium by the radiometric 

methodo and for a number of com~ metals by semiquaittitative geochemical methods., Correlation 

coefficients were then calculated for each of tthe metals with respect to equivalent uraniumo and to 

uranium where present. for all of the samples from each localityo The correlation coefficients may 

indicate a significant associarcron be1tween uranium or thbrium and certain metalso Occurrences of 

specific metals that are interpreted as significant vary copsi<;lera.bly for different 'd.Uanhllm locd~hes but 

are more consistent for the thorium loCAlitieso 

Samples taken from radioacltive outcmps in the vicinity of uranium or thorium deposits can be 

quickly analyzed by geochemical methods for vJti.6'w elements0 Correlation ~fficients can then be 

determined for the various elements with respec1t to uranium or thorium; if any significant c0lt'relations 

are obtainedo 1the elements showing such cor, elation may be :iil:\dicators of uranium' q,r thoriumo Soil 

samples of covered areas in the vicinity 6f the rad~0active outcrop may then l:fe analyzed for the indicator 

elements and any l!'esulting a nomalies used as a guide for prospecting where the depth of overbmden is .too 

great to allow the we of radiation~de tecting instmmentio 

Correlation coefficientts of the associated indicator elementso used in conjunction with petrographic 

evideJ'lCe 0 may also be U~£dUl Jin Jiilterplt'e\t~fig the Origin aJrnd paragenesis of radioactive depositSo 

i ( 
Changes in color of lli.mon:iite stains on the outcrop may also be a useful guide to ~re in ~J,ome 
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lNTRODUCtlON . 

The lt'adi(Q)active limonite localities discussed in this repmt were examined in mder to determine 

wh~!ther Held cll'ieru:Jla could be found that would differemiate between indigenoUs radi(Q)actllve limonite 

and transported radioactive lim~hite .. Nine localities with differing geologic environments and types of 

lt'adioac\tive material welt'e selectedo At each 1~cali1ty samples were taken of both the radioacttive and 

non~radioactJive material; wherever p(»ssibleo a contim.llou.s channelo c~nsisting of individual samples 

representing qne"'fOiot intell'vals. was taken across the radioactive limonite zoneo extending ime the 

nonq>radioactive material on both side~:o Changes in col\Gllr and textm:e were notedo The samples were 
~ 

ana~yzed for equivalem manium 0 uran]lumo and a number of metals 0 for which geochemical field tests 

are available.. The purpose of analyses was to determine whether any of these metals shows significan1t 

correlationso or dispersiGn haloso with respect to uranium or thorium in the. outcmpo 

':" ' 

Semiquantitative spectrographic analyses fo;. .~pout ;s~,xty elements were obtained on the samples 

from some of the localitileso The sensitivity of both spectrographic and geochemical analysis varies 

greatly from one element to anothero The spectrograph will reveal the presence of as little as 0 .. 00005 

percent silver in a sample but ca_nho~ d1etect mercury in concentrations less than Oo 1 percento The con~ 

centrations of the elements are reported in spectrographic analyses in powers of 10 with+ and ~ appended 

to indicate whether the concentratiqn is near the top or bottom of the rangeg thus: ox+ = 0., 5~ 1., 0 percentg 

ox= 0 .. 2~00 5 percentg ox~ = Oo 1 ~o .. 2 percento The geochemical analyses are reported in parts per 

million ra.~her than in percent and are CJLccurate approximately to the first signif~cant figureo 

Mos~ of the field examinatioml were made by th,~ authors during the l.ltter part of October 19530 

The Lucky Break iron mine was visited by To Go Ll'3VI~ring and W .. Ro Griffitts in June 1953g and the 

mines in the Golden Gate Canyon area were visited and sampled by Eo Po Beroni early in '.November 19530 

!he localities discussed in this report are shown on the index map (figo 1)o 
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4. Yellow Cat area 
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FIGURE I. -INDEX MAP SHOWING LOCALITIES EXAMINED FOR RADIOACTIVF LIMONITE . 
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Cm rela'ition coeffildems have been calculated for each group of samples in a11 attemprto express 

maihematically the relaltive degree of association between the radioactive elements and some of the 

other metals in the sampleo The authors feel that where high correlations were obtained the possibility 

of a signUicant assodation warrants further investigatli.ono even thtmgh the small number fill{ samples 

obtained from the various localities does not constitute a valid appmximatiiQln to a representative 

statistical sampleo 

The correlation coefficilems were determined by a modification of the method used by 

Miesch and Shoemaker (1953)0 In calculating the correlation coefficients" all assays were first expressed 

in parts per mill~on in order to make relative concentrations of the various elemenrcs more readily apparemo 

The logarithms of the assays were then tabulated and average values for the log concentrat ions of each 

element were determinedo The use of logarithms was considered preferable to the use of straight assay 

data because of the extreme range in concentrations represented by the assays~ (The logarithmic trans-

· formation greatly decreases the effect of a few extremely high valueso thus making correlations more 

nearly representative of the whole group of assays involvedo) Next" for each element" the deviation 

fmm the average log assay was determined for each log assay; these deviations were then squared and 

the sum of t he squares was found so that the standard deviation could be . calculated according to the 

formula: "/ c n2 

r--=--n=-1 

standard deviation" D = deviation from the mean log assay" n = number of assayso 
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The individual log assays fOilr equival~IU: uranium and for uraniumo where presenlto were next 

multiplied by the conesponding log assays of each of the otther el~m:ems in turno and the m~an value 

of the pwdlucts determined thus~ 

'M = ~ alb where M :::: mean pwductto E = :mmma\tion. a= 
n 

uranium log assay vah.neo b = log assay value of some o1ther elemem. Ill = n_umb~r of ass a yso_ The 

conela1tion coefficiems were 1then calculated according _\to lhe formula~ 

v- ab E ab 
IJ. { £ a/n • ~ b/n) 

where 7 correlation coefficient. a = log ~ssay eU ,r{)r U0 b = log assay of one of 1the o1ther 

a =standard deviation for uop:-, =standard deviation for the ~ther elemento_ A 

perfect positive correlation is \1 o a perfect inverse relaltionsrip is indicated by a correlad('pn of = 1. and 

a completely random disttribu.li:i0n of 2 elemems with respec1t ~o each other is represented by a correlation 

of tO Q ,~-or normally di$ttdbmed populations 0 the threshold of significance of a correlation cqgeffii.cientt 

is inv~ rsely propon:li.onal to the number of samples analyzed., Most of the individual sample groups 

collected fm \this study contained only from 5 to 15 samples; so only those correlation coefficients 

d o + excee mg = Oo 4 were considered significant (Dixon and Massey o 1951 0 Po 164)o 

Only those elements were correlated that showed a significant variation in concentra\tion from 

one sample to the next in each group., No elements were correlated whose concentration fell below the 

threshold of analytical sensitivity in more than 25 percent of the samples within a given groupo U the 

concemra\tllon of an element fell pelow the threshold of sensitivity in only a few samples within a group. 

\the concentration of that element was arbirl:rarlily assigned to the middle cit' the next lower order of 

': magnimde., !Fm example 0 tthe arsenic caincemra\tion of 2 sapi.B~es from the Litde Johnny mine area was 

rep-orted as< 10 pans per million; these samples were assigned a value of 5 parts per million; if a few 

analyses were reponed as ,( 1 part per milliono the same procedllllre was followed 0 bm all assays were 

mul\tiplied by 10 to avoid! \the use of nega1tive logarithmso 
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DESCRIPTION OF LOCALITIES 

Y e 11 ow C a t a rea , Gr-and Co u n 1t y , Uta h 

The YeUow Cat aureaD Thompson dilsttilctD ils priiDlcilpally wilfchin To 22 SoD Rso 22 and 23 Eo, 

iln east~centr<d Grand Col.llnty9 Utaho The rocks exposed are the Summervillle and Morrison folrmadons 

of Jurassilc age and consist of altemadng conglomerates 9 sandstones9 amll mudstones of contiJruental orilgino 

The area has produced! more than a hundred thousand tons of m.amiutm and vanadlium ore; neady an of 

it has come from sandstone bteds ·in the Sah Wash member of the Morrison formation 0 which ove~lies the 

SummerviHe formatil~n wilth slight dilsctmformilty, and is dved&il[Jl conformably by ~he BJrtllShy Basin 

member G»f the Morrilson fol!'mation which consists predominantly of red mudstoneso All the rocks in the 

area dip gently to the nonh. a few gentle folds a're present locally. and there ii.s lHtle evidence of 

faultingo 

The uranii.l.lliDlll""vanadium deposits of the Yellow Cat area have been examined and described by 

many geologis~ du.mrilfllg the past fifty yearso The most recent 0 and prpbably the most comprehensive. 

published report on the area ha~z been written by Stokes (1952) 0 
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, Sample. data 

ThiJrt~en sampl~s were c\Ollected froii1th~ Yellow Cat alll'<eJ&. (table l~o .All the samples well'e 

analyzed by geochemical pmspecting metho~s ~m a number of common elementso and. a sepa!l'atte splH: 

of each sample was amalyzed fluorimetrfca.lly f~r. ·m.g~pium amlroadiometrkally foli equivalen1l: Ult'ani)lllmo 

. The vadaltJl())!'ll of uranh.amo equivalent uraniurn 0 and vall'i\Om mercals Jln the 7=folO)t venical 

chamnel sample 0 taken on the Cactus Rmt claimo J1.s shown in Hguure 2o Kn order to avoid c~nfwiono only 

rchGse metals are graphed that appeared to sMW significant changes m concentration and for which assays 

were available on all samples., 

Correlaltion coefficients for eight metals with respect to b()Jtlh manium and equivalemt U!l'anium 

are shown in table 2" 

Table 2o ==Correlation coefficiemso Yellow Cat area 0 Gran~ Coumyo Utaho 

(13 sa.mples) 

It ' 

Mo As Sb Zn Cu Mn - Fe 

ep + Oo 38x +0"7oxx +0.,09 =0007 +0a58XX =0
0
47X =0001 

i 

9 + 0 29 . ~ o 65xx + "17.. = 0 06 + o 70xx = o45x = 008 

xx = pr~bably significant 

x = possibly ~ignificam 

Conclusions 

InfmmattioiJ derllved fll'om samples taken in the Ydlow Cat area suggests that ge~chemical 

pwspecltling foir el~menltS associated with uranium may be a useful \tool in explorationo but there is no 

visible cha!!'acltell'istic of the limonite thatt is diagnostic of pwximilty w uranium cfeposii.Uo 



Table 1. Description and Analyses1/ of Samples from the Yellow Cat area, Grand County, Utah. 

Sample Number 

F54-TL-53 

F55-TL-53 

F56-TL-53 

2fF57-TL-53 

2fF58-TL-53 

F59-TL-53 

F60-TL-53 

2fF6l-TL-53 

F80-TL-53 

F8l-TL-53 

F82-TL-53 

F83-TL-53 

F84-TL-53 

Location and 
type of sample 

Seven-foot 

vertical channel 

sample broken 

into 1-foot 

intervals, 

Description of Sample 

Light-gray barren arkosic conglomerate 

Lignt-gray, medium-grained, cross-bedded 

sandstone 

Same as F55 

Pale yellowish-gray, fine-grained sand-

stone with limonite coating fractures 

through upper Same as F57, with less limonite stain 

(No. 1) sand of Light-brown, medium-grained sandstone 

Salt' Wash sand- impregnated with limonite 

stone, in bench Light-brown and medium-gray arkosic 

on Cactus R'l.t conglomerate 

claim 

eU 

30 

20 

120 

120 

1,100 

80 

240 

Two feet W0 of Carbonaceous material in a "trash pocket" 1,200 

F56 with lim:>nite-stained sandstone 

Grab sample, Light-brown, fine-grained sandstone with 400 

Allor #2 claim gray-brown clay partings 

Float from above Reddish-brown Brushy Basin mudstone with 10 

F54 black manganese stain on surface 

Grab sample, Flat Light-buff, fine-grained sandstone with 40 

Top claim light-brown to moderate-brown limonite 

coatings 

Grab sample, Light-brown, medium-grained arkosic sand- 2,400 

Flat Top claim stone with patches of carnotite and 

dark-brown linonite 

Grab sample, Pale-brown, medium-grained sandstcne with 1.200 

Allor #2 claim carnotite (?) and moderate-brown lim-

onite coating fractures 

u 

<20 

<20 

210 

110 

700 

50 

300 

2,000 

430 

<20 

<20 

2,500 

1,600 

Zn 

200 

20 

100 

50 

<.10 

40 

100 

70 

500 

50 

70 

50 

600 

Pb 

<10 

<10 

.<l.O 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

Cu 

20 

20 

50 

50 

20 

20 

20 

<.10 

70 

20 

<...10 

<...10 

70 

And.lysesY 
Ni Co Sb 

<10 

<10 

50 

15 

<10 

<10 

<...10 

<10 

<10 

<10 

<.10 

<.10 

<10 

<10 

<10 

50 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

<10 

1 

2 

1 

3 

10 

4 

4 

3 

1 

<...1 

2 

4 

2 

As Mo 

10 8 

10 8 

20 12 

100 200 

600 500 

150 200 

150 32 

150 32 

130 12 

<10 8 

150 500 

100 150 

200 80 

v 

300 

600 

1,500 w __ _ 

w __ _ 
<300 

<300 

10,000 

600 

<.300 

600 

1,500 

liAll analyses by H. E. Crowe, R. F. DuFour, s. P. Furman, J. N. Rosholt, J. L. Siverly and James Wahlberg of the U. s. Geological Survey Denver Laboratory, 

YExpressed in parts per million • 

.:Vrn tmusands of parts per million. 

~---indicates concentration indeterminate because of interference. 

2fFor petrographic description see Table 21. 

Mn 

750 

500 

?50 

250 

250 

500 

1,000 

250 

<200 

500 

<.200 

<200 

<200 

50 

20 

32 

30 

38 

32 

39 

33 

10 

17 

11 

14 
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might have been expected w redUtce the Jill'{m to the ferrow sta1te 0 The wmk of Tunnell andllP~snjak 

(1931) has shown that undef ~tmosphedc ctOnditiom~ in the ~~e2o3c:riigO'"S03 systemo goetth.iJte is stable 

below 130° C and hematite above that 1t~mperawreQ The prese.nce of gypsum indicates tha1t sulfate ion 

in along small fractll.llres at some time after the lithification of 1the sand$Ume and the dev~lopment of 

early goethiteo 

The vadati01n in metal content of the channel sample shown in filguue 2 suggesu leaching of 

iri!Pn from a zone about two feet below the surface and reconcemrattion of this iron in the surface layero 

limn c~ntent appears to be complete!~. unrel<ited to mallllium content0 manganese shows an inverse 

relationship with mamlumo bm arsenli.co andmonyo , and molybdenum couelate posidvely with m.amit.uno 

k\ study of the correladon coefficients shown in t.alble 2 also brings out the raDdom-disll:dbutioa 

of uranh1~ wHh respect to irono its negative conelation with manganese 0 .amd good Pfoll~itive correlation 

with arseh.ic and amimonyo m addition the table illmtrates that va.nadh.ltm gives a go0d conelatiolril 

with uranium but thato for the total 13 sampleso molybdenum do~s not correlate as wdl wlllth uran:i.un;t 

as it appeared to in th~ 7 samples that consttiltute the charm~! sampl~o Zinc and coppero Uke ilrono 

appear to have a more ~lt' less rand«ilm\listrlibultion with respect to maml1lllmo 

If more detailed .sampling· in this area should cldnfirm the relationship between ll.llramium and 

these indicator elements might be of value in the search for addidonal uranium d~jpNJJSJ1Jts in the Yellow 

Cat ar~ao wherever depth of overburden preclll.lldes the use of Geiger counter m sciintillaltllon countero 
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The close assod.m\tion of antimony and arseniico as well as vanadiumo wll1th \the uranium indicates 

that these two min0'r elemen\ts may abo be present in small amoums in cal\n01ti1l:e~=the major ore mineral 

of 1the disnictto h also suggestts 1the possibility that they were present in the primary mineral from whll.ch 

\the camo\tli.te was derivede 

S n o w = lB o n n i ~ b e 11 c r a, i m s 'o U i n t a h - C o u n t y o U t a h 

eastern part of Uimah County. Utaho The claims are at an eleva1l:licm about 5. 500 fee1t on the cres\t 

and south slope of a hogback ridge of sandstone of the Mesaverde formadon of ~retaceous ageo 'JI'his 

sandstone ridge is on the southern flank of the large Split Mountain anticline; the ridge lfises about 200 

fee\t above a nearly level plain cut ~n the lJlnderlying Mancos shale to the northo 

Small areas of a'ilomalous radioactivity occur alt huervals along a high=angle n~rmal fault. 

which cuts 1the sandstone near the ridge cresto The fault trends nearly parallel 1t0 the sandlstone ou\tcrop 

and dips steeply soll\thwardo Spotty radioactive anomalies are also present as much as several hundred yards 

south of the faulto 

The Snow=Bonniebell group of claims was examined and sampled in 1950 by Eo Po Beroni and 

Fo Aa McKeown (1953) 0 

S a m,p 1 e d a t a 

Eleven samples were collected from the Snow ... JBonniebell claim group (table 3}o Three of 

these constitute a channel sample across a limonite seam on the east wall of a cut on the JB,m.niebell Noo 

3 claim about a quarter of a mile sol.llth of the ridge cresto Six other samples were taken hi consecutive 

one~foot intervals across a radioactive fault zone approximately half a mile east .. nortlhteast of the open 

cmo In addit ionj) two grab samples of radioactive limonitic material were collected 0 one from the 

vicinity of the cut and one from the fault zoneo 

All eleven samples contained less than 00 03 percem vanadium and less than 10 p~ns per 

million of cobah: and nicket The concenu:rations of other dements in these samples .mre shown in table 3o 
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Table 3.. DeacripUon and aMJ..,a.,)/ ot aamplea !ran tbe Smw-Bonniebell claill group, Uintah Count;r, utah. 

IDeation and AraJ:rae,)/ 
,,)I S..ple maber tTPe ot aample Description ot aaple eU u Zn Pb Cu Sb Aa Mo Hn 

F62-TL-S3 Grab ll&lllple BoMiebell LiS~t-gra;r, Aldilllll-gr&ined eandstone 190 220 20 <10 <10 1 20 <1 <200 10 

No. 3 claia w1 th bind a or dark ;rellowiah-oranp 

limnite 

F63-TL-S3 One-toot channel au- Pale ;rellowiah-brown laminated ail tatone 20 <7.0 20 <10 <10 2 40 <1 <200 22 

ple 2 teet. w. ot F6S I 
r64-TL-S3 One-root channel •-- Pale-brown laadnated siltstone 20 <20 50 20 so <1 30 100 <.200 7 

I 
ple 1 toot s. ot F6S 

r6s-TL-S3 10-inch channel 11111ple Med111111-brown arxl black l&!llinated ailt- 130 170 100 <10 130 3 250 1,ooo <200 49 

limnite ae-. E. atone 

~ wall or open cut 
~ 

South- I 
I 

F66-TL-53 I 6-toot channel aam!Jle Ver;r light-gra;r, medi1.1111-grained sandstone 40 <20 20 <10 20 <1 <10 6 <200 6 

P'67-TL-53 broken tnt.o one-toot Light-brown, tine-grained sandstone with 310 4~ 20 <10 so <1 10 J 750 19 

Wlita, ac!011 tault duak;r-brown lilllonite coating I 

I ~,., """ ~ t®• } Palo 7<llowi,.~br .... , tin;._ ... •""'-
--- --

sOO~l-3- -·) 
P'69-TL-S3 250 380 lSO <10 so <1 10 2 

Se· ot tault plane atone stained with dark ;rellowish-oranp 

F70-TL-S.3 

~ 
to 4 teet N. or it liliOnite 120 170 40 <10 50 <1 10 3 750 20 

P'?l-TI.-53 Dark ;rellowiah-brown, tine-grained aand- 180 340 so <..10 50 <1 <10 1 750 14 

stone with thin duaq ;rellowiah-brown 

cla;rstone partings 

P'72-TL-53 I Veey light-g~ to ;yellowiah-gra;r, medi~a- 30 <7.0 40 <10 so <1 <10 3 250 13 
... 

grained aandatone 

North enc1 

F-68-TL-S3 Grab aamp1e !1"011 taul t Yellowish-brown, tine- to medi11111-grained 790 1,200 20 <10 so 1 10 8 750 28 

zone sandstone with duak;r-brown lilllonite and 

;rellow-green uraniwa mineral 

l/m anal7aea b7 H. E. Crowe, R. F. DuFour, S. P. Furun, J. N. Rosholt, J. L. Siverly, arxl Jamea Wahlberg or the U. S. Geological Surw;y Derwer Laroratc.r;r 

3/Expreaaed in pll'ta per million 

J/1n thousands ot parte per million 
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The graphs in figure 3 indicate the va ll'li.atflons in concenrcrations of selected elements in the six 

samples collected across the fault zoneQ 

The conela\1tllon coeffid.ents for uranium and equivalent uranium with respect to these elements 

are shown in table 4. 

Table 4. ==Correlation coefficients. Snow~Bonniebell claims. Uintah County. Utah. 

(11 samples) 

Zn Mo Mn Fe As 

eU +0. 04 =OQ07 +0.61xx +0.38x +0.12 

u = .4ox = 0 08 + .65xx + .39x = .13 

XX probably significant 
X :.: possibly significant 

Conclusions 

Sample fS5 fll'om the iron~stained clay seam on the wall of the open cut contains high con~ 

centtrations of zinc. coppero arsen~c. molybdenumo anq uraml.umo compared to the wall=rock samples 

(F63=F64) on .either side. Yet none of these elements show significant correlation with uranium in the 

samples across the fault zone. half a mile away (fig. 3). Manganese. on the other hand. shows no 

increase in concentration in the limonitic clay seam relative to the wallrock samples in the open cut-o , 

but it is the only element of the group that correlates well with uranium in the fault zoneo This may 

indli.cate that the elements concentrated in the clay seam were deposited with the day. bm the mantium 

and manganese along the fault were depos:iite dl by ground water circulating along this permeable zone. 

lit is. of course. a lso possible that the number <if samples collected was too small to be representative and 

that the apparent correlations are merely coincli.dental. 

lin any evem. the available data do not appear to indicate the presence of any large con~ 

centrations of uranium minerals lin thJ.s areao 
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Silver ClHLmiti~, Niobll'ara County 9 Wy.oming 
( 

Coumyo Wyoo The mine is c!1t an elevaltli.on of abol.llt 50 200 feet near the crest of a pmmin~mt hlill 0 which 

is capped by dense brown Cambrian quartziteo The quartzite lies unconf«nmably on a P-recambrian meta= 

morphic complex consisting of schist. gneiss. and quartzite. intmded by pegmatite dikes" A high= 

a.ngle 0 northerly~trending. reverse fault that dips abollllt 60° east is exp9sed near tthe crest of the hill 0 

. where Precambrian rocks in the hanging wall have been moved into conrcac\t wH:h. the Cambdan quartzite 

of the footwallo 

The Silver Cliff mine was Htst opened in 1880; it has produced goldo silver o ·and copper in 

additi6n to uraniumo The ore deposits are localized along the reverse fault and in fractured Cambrian 

quartzite in the footwallo The uranium deposits have been described by Lind and Davis (1919) and 

more recently by Wilmarth and Johnson (1954)0 

Sample data 

Five samples were collected from one locality abi>ut 50 feet southwest of the entrance tci the 
I 

open cut leading to pit noo 1 (fig" 4 and tabl~ 5)o ~able 6 gives the correlation c(l)efficients for 

equivalent uranium with elements that were present in determinable amounts in at least fQur of the 

Table 6o ==Conela1tion coefficientso Silver Cliff mine near Lusko Wyomingo 

(5 samples) 

Zn Cu Co As Mo v Mn !Fe 

eU +0o72XX +0o73XX +0040 +0065 
X 

+0o60x +0.,53 +0o63X < +00 02 

XX probably signiflicant 
X = possibly significant 
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Table 5. Deacr1pt1on and anal7seJ/ or aampl• froa the Silver Cliff llline naar Lusk, ~ 

Saple nuaber IA)cation and -Description of aaple Azt&17aeJ/ 
fJpe ot ••p1• eU u Z1\ Pb Cu N1 Co Aa Sb lfo v 

It/ F74-TJ.,.53 1-toot channel aample Li&ht.-brown t.o 11eclium-brown, tine- 160 190 400 500 3,000 40 10 150 4 6 1,500 

throup fracture sone arained QUart.s1t.e 

50 teet. w. ot portal 

- !t/1"1-s-TJ.,-53 1-tuot channel sUipl-e - Pal ... red, tine•lftinecl QU&rtzit.e-witlt - 30 <.20 ----;o :z-o- --180 <10 - 10 - 40- <l - 6 - 1 •. 000 

1 toot. N_. ot F?4 lllall clark reddiab-brovn apot.a -
F76-TJ.,.53 l-toot. channel &~~~ple ~iab-on.nge pink, tine-grained QUArts- 30 <20 130 <lO 700 <lO 10 40 <l 1 

1 toot. s. ot F74 it.e "-t.h span• clarlo-grq chert pebbles 

m-TL-53 Grab aaapl• 10 teet. Dark reddiah-brown, tine-srainecl quartzite 60 <.20 '70 <10 150 30 <10 40 1 <l 

aboft F74 in reel san• 

., F?8-TI,.5) Grab aaq>le troa chap Darlo-brovn &rd brilliant.-IJ'een, tin•- sso 920 60o 1,000 35,000 15 20 100 2 ) 

-- ll'i1ftiil iiftdatoae 
-----,~ 

II All andJ'Ses b:y H. E. Crowe, R. F, Dufour, s. P. Purman, J. N. Rosholt., J. L. Sinrl.7, and J .... Wahlbel'l of the u. s. Geological S\rvetr Denver Laborat.o17 

!l~q~re .. ecS in parte per llillion 

'J/In tbauaanda of parte per llil.lion 

llror pet.rognphic description aee Table 21 

300 

300 

l,SOO 

., 

-· ,.)I 

500 17 

2s0 -17 

."X} 
,'\) 

250 14 

500 94 

soo 22 
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Co n cl usions 

The relatively hiigh correllations betw~en equival~m uranium and all of the oth~Ir ~lemems 

testedo wi1th the exception of iron 0 ahggest that these ~Remenu were inuoduc~dl along th~ sam~ open 

fractures in the rel?ttively dense impermeable quan zli<re and w~re then deposit~d in films OJr coa1tfmgs on 

the fractmeso The bmwn quanzite comains a certain amqunt of indigenous iron oxide as shown 1by 

rotmded grains of hematite in a thin secfl:ilon of sample f 75 0 and the barren red quartzite rep~resented by 

sample F77 contains several times as much iwno in the form of primary red hemati1te 0 as do aJ[Jly of the 

other four sampleso This indigenous iron oxide could easily accoum for the laclk of correlation bercweellll 

uranium and irono Sample F77 also contains an unusually large amount of nickel (30 parts per million) 

and 0f copper (150 pans per million)o Two grab samples of the red quanzite 0 collected from separate 

localities a thcn~sand fe~t or more away from the mine workingso also contained about 30 parts per million 

of nickel and about 120 parts per million of coppero Thes~ abnormal concentrations suggest that a 

certain amount of copper and nickelo as well as irono was originally present in the sedimems from which 

the quartzite bed was derivedo The close assodatidn between eU and Zno Cu 0 As 0 Mo" and Mn in 

samples from this deposit suggests that some or all of these five eleml!lnts might be useful as manium 

indicators for prospecting covered areas in this vicinity o 

Golden Gate Canyon area 9 Jefferson .Count y. C o lo rado 

The Golden Gate Canyon area is in To 35 So 0 Ro 70 W o o Jefferson County" Coloo Most of the 

manlium prospects are n~ar the bottom of the canyon at an elevation of 6. 500 to 7 o 000 fee to 

Rocks exposed in the ar~a conslist of a thick series of steeply dipping schists and gneisses of the 

Precambrian Kdlaho Splfings formadono These rQcks have a regional trend of about No 80° Eo; they 

have been cut .by numerous fa11.dts and brecda reds striking n~rthwesterly and dipping steeplyo 
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Pli.U:chblen.de and base~metal sulfides appear to have been locaUzed by the intersection of 

llllOJrtbwesttell'ly"'ttrending faiLlllts or fractures with certain favorable su:radgraphiic ;1s)nes in the lidaho Springs 

f\Ollt'J!11ad.ono The manhnm deposits ~,f the Golden Gate Canyon area have been smdiedl and descdbed 
' • 

by Adamso Gude. and lBeron:i. 0953)0 Two of these deposlits~=the Union Pacific .prospe~t and a road 

cut near the portal of the Buckman adit~=were sampled for this studyo 

A total of ten samples was collected from the nw loca\lide~ e%amined (table 7); foull' of these 

constitl.llte a channel sample across the radio~c\tli.ve zone exposed in a wad cut near the ptJll!:'tal of the 

Buckman adit; the Qther six comprise a channel sample across the uranium~beadng vein and breccia 

zone exposed near the collar of the shaft on the Union Pacific propertyo 

All samples were analyzed for equivalent uraniumo uranium 0 copper. lead, zinco arseni.co 

antiiD~Gnyo and molybdenumo 

Conelation coefficiems were determined for both uranium and equivalent uranium with respect 

to the other six elements (table 8)o 

Semiquantitative spectrographic analyses were made of all ten samples in order to determine 

whether any elementso in addition to the sii.x tested geochemically. showed significant relaH0ns with 

uranium (table 9)o 

Table 8Q ==Correlation coefficients. Golden Gate Canyon area. Jefferson County. Colorad~p 

(10 samples) 

Cu Pb Zn As Sb Mo 

~u ~0024 =0036 +0011 +0013 +0"17 +0o45X 

u + 011 + .,15 + 002 + 0 02 + 006 + 034 

XX probably significant 
X = possibly significant 



Table 7. Description and analyseJ/ of 88.111ples from the Golden Gate Canyon area. Jefferson County, Colorado 

Sample number 

F87-TL-53 

F88-TL-53 

F89-TL-53 

F90-TL-53 

F91-TL-53 

F92-TL-53 

F93-TL-53 

F94-TL-53 

F95-TL-53 

F96-TL-53 

Location and 
type of sample 

2! feet w. ·or 6-inch 

vein horizontal 

li feet w. of channel 

vein 88.111ples, 

3-inch channel Buckman 

of vein adit, vein 

li feet E. of zone 

vein 

Horizontal channel sample 

broken into 1-foot inter-

vals, from 2 feet E. of 

vein to 3 feet w. or vein, 

Union Pacific prospect 

Description of sample 
eU 

Mea~um dark-gray, fresh hornblende 20 

gneiss 

Moderate yellowish-brown. iron-staired 50 

hornblende gneiss 

Pale yellowish-brown, bleached, silicified 8,200 

hornblende gneiss 

Medium dark-gray, fresh hornblende gneiss 

Light-brown to dark yellowish-orange 

altered lJlei ss 

Moderate-brown to grayish-orange altered 

gneiss 

Dark yellowish-orange altered gneiss 

heavily coated with limonite 

Light-brown to dark yellowish-orange 

altered gneiss 

Same as F94 

Same as F94-F95 

20 

110 

50 

320 

100 

150 

50 

u 

<20 

20 

10,700 

<20 

120 

30 

200 

50 

60 

20 

Analyse,;! 
Cu Pb Zn 

100 

50 

250 

50 

1,300 

300 

4,000 

3,000 

2,000 

2,000 

20 

20 

70 

30 

20 

20 

300 

6oo 

500 

300 

100 

150 

200 

250 

500 

400 

900 

500 

500 

700 

As 

10 

10 

20 

10 

250 

70 

1,000 

800 

4.00 

500 

Sb 

2 

3 

10 

4 

100 

50 

500 

500 

250 

250 

Mo 

3 

6 

16 

1 

26 

12 

20 

32 

20 

20 

~ 
:n 

!/All analyses ·by H. E. Crowe, R. F. DuFour, s. P. Furman, J. N. Rosholt, J, L. Siverly, and James Wahlberg of the u. s. Geological Survey Denver Laboratory 

YExpressed in parts per million 
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Table 9 • Spectrographic amlY:ses of sanple~ from the Golden Gate Canyon area, Jefferson County, Colorado.!/ 

Sample 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

Si Al Fe Ti Mn Ca Mg 

xx.o x.o x.o~ o.x o.x- x.O- x.o-

xx. x.t x.t .x .oxt x.- .x+ 

x.+ x. x.+ .x- .x x.+ x. 

xx. x.t xx. .x+ .x- x. x. 

xx. x.+ :.~+ .x.- .x- .xi .x+ 

xx. x.t x.+ .x+ .ox+ .x+ .x+ 

xx. x.+ xx. .x-t .ox .x ·.x-

xx. x.+ x.+ .x .x- .x- .ox+ 

xx. x.~ xx. .x+ .x- .xt .x 

xx. x.+ x.+ .x+ • x- .x+ .x+ 

Na K Ag As 

x.- x.o- 0 0 

x.- .x+ 0 0 

x.- x.- Tr. 0 

x.- x.- 0 0 

x.- x.- Tr. 0 

x.- x.- o.ooox- 0 

.x+ x.+ .oox Tr. 

.X Xo+ 

.x+ x.+ 

.x+ x • 

• oox- Tr. 

• ooox 0 

.ooox- 0 

Ba Be 

o.oox+ 0 

.ox+ 0 

.oox+ o.ooox 

.ox- 0 

.ox+ .ooox 

.ox .ooox 

.ox .ooox 

0 

0 

Bi 

Tr. 

0 

0 

0 

o.ox-

.ox 0 .ox 

.ox+ 

.ox;-

.ooox+ .oox+ 

.ooox 0 

Co Cr Cu Mo Nb 

o.ooox+ o.ooox+ o.ox- 0 0 

.oox- .oox- .oox+ Tr. 0 

.ooox- .ooox+ .oxt Tr. 0 

.oox .ooox+ .oox- Tr. 0 

.oox .ooox .x- o.oox 0 

.oox .ooox+ .x- .oox- 0+ 

.oox- .ooox+ .x .ooxt o.oox-

.oox- .oox- .x .oox+ .oox-

.oox .ooox-t • x- .oox .. .oox 

.oox .ooox- .x- .oox .oox-

Looked for but not found: P, B, Cd, Ce, Ge, La, Nd, Sn, Au, Dy, Er, Gd, Hf, Hg, In, Ir, Li, Os, Pd, Pt, Re, Rh, Ru, Srn, Ta, Th, Tl, Te, W. 

Analyses by R. G. Havens of the U. S. Geological Survey Denver Laboratory. 

Ni Pb Sb Sc Sr U V Y Ib Zn Zr 

o.ooox o.ox- 0 o.oox- o.ox- 0 o.oox o.oox o.ooox- 0 o.oox-t 

.ooox+ Tr. 0 .oox .ox- 0 .oox .oox-t .ooox+ 0 .ox-

.oooxt- .ox- 0 .oox .ox- o.x+ .oox+ .ox- .oox 0 .ox-

.ooox+ .oox- Tr. .oox .ox 0 .ox- .oox .ooox 0 .ox-

.ooox+ .oox 0 .oox .ox 0 .ox- .oox+ .ooox+ Tr. .ox-

.ooox .ox 0 .oox .ox- 0 .ox- .oox .ooox+ o.ox .ox-

.oox- .ox- o.ox .oox .ox- 0 .ox- .oox+ .ooox+ Tr. .ox-

.ooox• .ax+ .ox .oox- .oox+ 0 .ox- .oox+ .ooox+ Tr • 

.ooox+ Tr • 

.ox-

.ooox+ .ox+ .ox- .oox 

.ooox+ .oox+ 0 .oox 

.ox- 0 

.ox- 0 

.ox 

.ox-

oOOX+ .ox-

.oox .ooox .ox .ox-



28 

The correlatiion coeffliciems calcula1ted fm all ten samples appear 11:0 indica1te a v~ry poor 

conelation bettween ma1tllii1lllm and 1th.e o1ther me~ah v whh \the possible exception of molybden1lllmo Howevero 

when the assay values for 1the variim.ns me1tals are ploued separately against those of l.l\Jranium and eq1lllivalentt 

uranium fm the 1two channel samples (fllgso 5 and! 6} 0 l1.1t lls apparen1t tha1t thils is not 1trueo lin the samples 

b~1th from the !Buckman acH.t am.d 1the Union Pacific pwspecto crpperv leadv arsenico am.d amilmony as well 

as molybdermm tend 1to vary direc1tly with uraml.I).J[m., The poor C(mrelattion coeffllciems 'may be explained 

by 1the .fac \t that ural!lli1lllm was high re~~1tive to the other .mi~ta.ls all: the IEI.llc.lkmam adh; at 1the Unicm Pacific 

inospect the reverse simation was tmeo When tthe samples from tthe two localllties were pooled for 

stati~tical s1tudyo the highest l.llranium assays did not conespond to the highest assays for the other metals; 

consequenttlyo the <;prll'elation coefficients for the pooled sample were much lower than they would have 

been for either deposi~o had the samples l!llOt been COlmbinedo This indicates a pidall to be avoided 

in the appHcatii.on pf conelation coefficientts 1t0 assay datao Kf too many samples from differe!'llt localities 

are co.mbi.ned in am effmt to ob1tain a ~ignific~ntly large number of analyses for sttatisttical ttreattmemihe 

resulting correlation coefficients may opscure rather than emphasize the relationships sough1to 

A. smdy of tthe semiquantitative, spectrographic analyses (ttable 9) s1!1lggests that silvero bismutho 

ynriumo and yuerbium may also be closely associated with uranium in these depodtso 

Diam ond J Ra nc hp lEI Pas o C,ounty. Color .. ado 

. The Diamond] Ranch is about 10 miles nonh=northeast of Col~Jtado Springs in T o 12 So o R{) 

66 '!lo The deposit on the rnonh fface of a low hill at an elevation of abom 60 500 feet was dfucovered 

in 1951 by Ho lEo lBmgesso lit b fum the nearly flat= lying Dawson arkose of Teniaey age and c®Jn.sists of an 

irregular body of coarse sandstone and arkosic conglomerate heavily impregnated with ii.r~n and manganese 

o:lddeo lt is very inegllllar in f~Dll'ID 0 has a nmthwestterly trend 0 and appears to be nearly 150 feet long wilt.h 

a maximum width of abo1Lllt 25 ftJet and a maximum e:!t:poded thickness of about 10 feet (figo 7})0 

The only report that has been wlt'li.uen on tthis deposito known to the am.horso · fu am \Uinpl.llblil.shed 

report by Lo Ro Page and Go Bo Gott d952}o 
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Sample data 

Thirteel!1l samples were collected from the deposito AH $amples were analyzed fm equivalent 

and iron (table l O) G 

The valt'liation in concentration ofeU~ U0 Zno Cu0 Aso Mo 9 Mno and !Fe for both the vertical 

and hmizontal samples is shown in figure 8. 

Corre lation coefficients weie calculated for copper 0 zinc 0 arsenic, molyl;>denumo manganeseo 

and iron with respect to both equivalent uranium and wranium in all thirteen samples (table ll)o 

Conclusions 

The negative or nearly random correlation of uranium and equivalent uranium with the other 

elements in this suite ·Of samples is quite unusqal. Field observ.ations and petrographic. studies indicate 

that iron and manganese oxides containing small amounts of copper0 zinc, arsenico and molybdenum 

were probably introduced early. The solutions from which they were deposited appear to have 

attacked the quartz but not the feldspar. which suggests that these solutions may have been alkaline 

rather than acid. At a later time 0 uranium and possibly silica were introduced along small fractures; 

the negative correlations between uranium and the other elements suggest that the other elements 

were locally leached out at the same time uranium was depositedo although there is no petrographic 

evidence of such leachingo The low U with respect to eU in these sampleso particularly in sample 

F16o suggests leaching of uranium and residual enrichment in its daughter productso This probably 

represents recem groundwater actiono 
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Table 10. Description am anal7se,)/ or Nlllples from the Diamond J Ranch, El Paso Count7, Colorado 

S.p1e n\llllber location &1'¥! Description of.' S~Ulf)le Alralyss~
1 

F~J/ t.)'pe or llllllp1e flU u Zn Pb Cu Ni Co Sb AS )fo Mn 

--- ---
F4-TL-53 1-toot c~enn<"l , top or Moderate gn.psh-brown, coarse sarod- 60 50 150 50 50 <10 10 <1 60 J 25,000 165 

cliff Mar w. end or stone and ar'lcDse 

deposit 

FS-TL-53 1-foot channel 1 root Pale-brown, very coarse sandstone 70 50 150 <10 20 <10 <lO 1 40 1 1,500 165 

below F4 

F6-TL-53 1-foot ctlannel 2 teet Moderate 7ellowish-brown to dusk7-bro'IC1, 140 50 140 <10 20 <10 <10 1 <10 6 2,500 155 

below F4 Yf!lrY coarse samsto ne 

F?-TL-53 1-root channel 3 teet Jark yellowish-orange to light-broNt, 2J) 130 120 <10 20 <10 <10 <1 <10 J 1,000 lOS 

below F4 medium coarse sandstone ·j 
FS-TL-53 1-toot channel 4 feet Dark yellowish-orange, coarse sandstone 210 140 60 <10 20 <10 <10 <1 40 1 1,000 48 

I ·below F4 and arkose 

F9-TL-53 1-tcot channel 5 feet Dark ye_llowish-brown to .grayisb-ltrown, 100 70 1)0 <10 50 <10 <10 1 /1) J 7,500 190 ~ 
.:..l 

below F4 coarse sandstone and arkose I 
I 

FlQ-TL-53 Grab sample, near F9 Moderate brawn arkose with dusky brown 300 180 130 <10 20 <10 <10 1 eo 1 1,500 230 

coati~~& 

Fll-TL-53 1-foot ctlanne1, clitt at Moderate ;re1lowish-brovn to grqish-brown, 120 70 120 <10 20 <10 <1.0 1 100 1 S,OOO 150 

E. erd of deposit coarse arkose 

F12-TL-53 1-foot channel 25 teet W. Same as Fll 1.40 70 120 <10 20 <10 <10 1 80 J 15,000 165 

of FU and 25 feet E, 

of F7 

·FlJ-TL-53 Grab sample, fracture Moderate brown to dusky broiCl, coarse 1)0 so 100 <10 20 <10 <10 <1 20 6 7,500 190 

coating 1! teet w. or arkose 

F8 

!tlrl4-TL-5J 1-foot channel, W. erd of Dusky brovn, coarse sandstone ard arkose 130 100 1)0 <10 <10 <10 <10 1 <10 <1 10,000 165 

deposit, 25 feet w. or 

F7 

Fl5-TL-53 Grab sanq>le Grayish-brovn to dusky-brown, coarse sard- 300 140 13:> <10 <10 <10 <10 <1 <10 <1 10,000 105 

stone with dusky-brown fracture coating 

!t/ F16-TL-5J Grab salilple Moderate brown to dusky-brown arkose with 1,300 60 180 <10 <10 15 <10 1 30 3 2,000 190 

dusk7-brown radioactive fracture coating 

y'All analyses by H. E. Crowe, R, F. DuFour, S, P. Funnan, J, N, Rosholt, J, L, Siverly, am Jaaes Wahlberg of the U, S, Geological Survey Denver Laborato17 

YIn parts per million 

J/rn thousards of parts per million 

!llror petrographic description see Table 21 



34 

1,000,000 r=====t=====t==-===;=l====t=l====t=,===::::Jt=====t====--,--===-±==-,-- -_-_ _r=-,::::::::::::_r=-1~:::::::::-r:=-:::::::::-=! 
~~-·+ ---+---.!.V-=.E.!.!..R..!..,T rl C'-'='A'--'=-L--,r--~S.!::!..A !!!,M !....!p L,_._!,E,__-+------lf----4--~ 0 N G IT U 0 I N AL SAMPLE __ 

~---~--~--~~--+----r----r----r------r----~--+----4----+---~ 

~---~----4---~----~--~----4---~----~--~----~--~----~--~ 

'1 
1 \M ji\Mn 

10,000 ' \ n 1\ 
I \ ./ 

---·---+-"t-"',--+--===t====1r====~==--·--=--+l---_-=-----++-::_-_-__ ----+-+-_·-;t-'==t:t,~==~~-===i_....-:.----,...Are:.-=---c.._++--_-_-_ --1--l 

2! 
a. 
a. 

r---~- -----+---+---- r- /\ ~~~ \ / 

~====:=~1;~:~~-~_=+;-~-----~--==~=--_A~l~~\--~--~----~r-\-r--~/rr----r--~ 
\ 7 \ ~ ; 
~\ /!\ !. \ 

t-----t-----\-+- I \. I ~ 
/~ a\ / \ 

If 

\ I 
1 1 
\; ~\ II 

1,000 l----+----l-----+---___)t---.l~-r-----lf----·-+-----+----+----f-----l-----l--'------1 

/~ I 
~0~r--0 / \x I/ V "'-. ~-~0._,.1--- -!'. I'="' i ------ Zn 1 ""'1----.,..j / _I' ', v 7 :r;--0

· /' \.0-- ...,......0 ......... 
/./ ,' "'c: .y, j.L ------~~ // ' - , 

100 

1---~-eu 1/ ' "' / " L ...u_ ~ -\ -1-----.,::..__/+-----1 

~ ~1\ u /~"-~--::~~~~~--~-~=--~-!\~~~~)<( --= 
~:~~ X ft ~"'/. ~~?f\~ -- _ :>'.~ 8\~/~ 

"'••M•LE •O. 4 •f \ 6 ij_~y -----.- 4---- -.VMoXI012 7 X 13 ·' I< 

FIG. 8 .-GRAPH SHOWING VARIATIONS IN EQUIVALENT URANIUM, URANIUM,AND 
SELECTED METALS IN SAMPLES TAKEN LONGITUDINALLY AND VERTICALLY ACROSS 
RADIOACTIVE ZONE, DIAMOND J RANCH, EL PASO COUNTY, COLORADO 



35 

Table llo ==Correlation coefficients , Diamond J Ranch, El Paso County, Colorado., 

(13 samples) 

Cu Zn As Mo Mn Fe 

eU +0.13 =0.16 =0. 09 

u = • 30 ~· 0 34 

xx probably significant 
x = possibly significant 

L u c k y B r e a k i r o n m i ne • C h a ff e e C o u n t y 2 C o 1 or ad o 

The Lucky Break iron mine is about a mile northwest of the junction of the Turret and Whitehorn 

roads in Chaffee County, Colo. The deposit is at an elevation of approximately 9. 000 feeto just south 

of the crest of a small ridge. In the vicinity of the mineo dark .irregular bands of massive red and black 

iron oxides have replaced limestone of Devonian or Mississippian age. This limestone has been intruded 

by a large rhyolite porphyry sill a few hundred feet northeast of the mine (fig. 9). 

According to K. G. Brill (1948) the deposit is cut and offset by a nonh=northwesterly trending 

normal fault dipping steeply to the east. Intense alteration in the vicinity of the mine appears to have 

obscured this fault. 

Development on the property in June 1953 consisted of a large ~lory hole roughly 150 feet in 

diameter and 100 feet deep with a short adit providing access from a haulage road to the bottom of the 

pit on the south side. 

The surrounding area has been studied by Wo R., Griffitts, who accompanied the senior author 

to this locality in June 19530 
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Sample data 

four samples were cO>llected from the somh wall of the pit a few feet west of the adftt (table 12)., 

All four were analyzed radiomeuically fpr equivalent m:amlum and specuograpb.ically for 36 elements; 

X~ray (powder diffrac1tion) studies were als10 made on all fom s~mples in order to verify the major 

mineral constituents (table 13)., 

Conclusions 

There ii.s Unle tto dli.stllngmlsh megascopically the radioactive fmm the non-radiaactive .material 

in this deposito Examinafeii.on of the mine walls with a Geiger counter suggests that the most highly radio~ 

active material is localized along late fractureso and examination of sections cut from the most 

radioactive specimen shows that small fractures filled with late quartz are more common than in the 

sections cut from non~radioactive n:aterialo . A study of the spectrographic data indicates a tendency 

toward enrichment in Cu, Zn, Co. Be. and Yo and depletion in Ai, Ti. Ca. Mg. Na. Ko Ba, Sr. Ga, 

and Zr . .in the more radioactive materilalo 

h thus seems probable that ur~niurq was introduced late. after the original replacement of 

limestone by iron oxideo The data suggest that the uranium was probably introduced along small 

fractures in the previously formed imn~oxide body by solutions high in silica and containing minor 
,. 

amounts of copper. zinc. and cobalto .. If this hypothesis is correct, it could indicate the proximity of a 

uraniferous base~metal sulfide body, from which these solutions were derived., 

O u ray hot springs, Ouray County. -.Colorado 

The Omay hot springs deposits are near the bottom of a steep walled canyon· near the south~ 

western edge of Ouray9 Colorado. just east of the Uncompahgre River. at an elevation of 7. 700 feeto 



Table 12 ~ Description and radioactivity and X-ray an~lyses of samples from the Lucky Break iron 
mine, Chaffee County, Colorado 

Sample nu.'Tlber 

Fl-TL-53 

:EI FlA-TL-53 

gj F2-TL-53 

g/ F3-TL-53 

Lo cation and 
t ype of sampl e 

Grab samples 10 
feet W. of -adi t 
on south wall of 
pit 

Grab samples, 
fracture zone. 
5 feet W. of 
adi t on south 
wall of pit 

Descripti on of sample 

Moderate reddish-brown 
to dusky-red, fine­
grained hematitic iron 
ore 

Blackish-red ore with 
moderate reddish-orange 
and dark yellowish~orange 
bands 

Dusky-red fine-grained 
hematitic iron ore 

Same as F2 

Analyses !/ 
eU (percent) Mineral consti tuents 

0 .. 002 

.002 

>1 018 

"~ :~f.~9 
~2; 

Hematite 

HeB1ati te, goethite 

Hematite, goethite, 
q-qartz 

Hematite, quart~ 

1/ Analyses by E. J. Fennelly and W. F~ Outerbridge of the U. s ~ · Geological Sur~ey 
- Denver Laboratory 

:J For petrographic description see table 21 
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Table 1.3. Spectrographic analyses of samples from the Lucky Break iron mine , Chaffee County, Colorado.Y 

amble 
num SI) Si Al Fe Ti Mn Ca Mg Na K Ag As B Ba Be Bi Ce Co Cr Gu Ga La Mo Nb Nd Ni Pb Sb Sc Sr Th u v Yb Zn Zr 

Fl xx.o x.o. x.o- o.x o.ox o.ox+ o.x o.x- x.o- o.ox- o.ox+ o.oox- o . oox+ o.oox- o.ooox o . oox+ Tr. o.ooox• o.ox- o.ox- o.ooox+ o .ooox- o .ox 

FlA xx. Xo xx. .x .oox- • ox+ .x .x- x.- .oox• .ox .ooox+ .oox .ooox- .ooox o.oox Tr. .oox Tr • .oox- . ox- .oox .ooox- .ox 

F2 xx. x.- xx. .x- .x- .ox .x- .ox+ • x+ .oox .ox- o.ooox .ox- .oox .oox+ Tr • . oox Tr. .ox Tr. .oox- .oox -- .oox .oox .ooox o.x- .ox-

F3 xx. x.- xx. .x- .ox- .ox .x- .ox+ • x+ .oox .ox- .ooox .oox .oox .oox Tr. .oox Tr • .oox.f Tr. .oo.x- .oox- .oox- .oox- .ooox .ox .ox-

11 AnalYses by R. G. Havens of t he u. s. Geological Surv~ Denver Laboratory. 



The tufa deposii~s fmm tpe spring~ are interbedded with Qutarcernary stream gravel and overlie 

Misil!ssippian Omay limes~one on ,the norttflwestern side of the nmtheasterly trending Ouray faulto This 

fault brings the Ouray limestone ~own a¥ainst Precan:bdan slates and phyllites on the so1lllthwes~o 

The Ouray hot springs are in the area described in Burbank0s report (Burbanko 1940) 0 and their 

location is shown on his mapo These deposits are briefly described in a later report by Burpank and 

Pierson (1953)o 

Sample data 

Five samples of tufa were collected from two localities 100 yards aparto Three samples 0f 

tufa were collected near the fault about 250 feet southeast of the bridge where the Canyon Creek r?ad 

crosses the Uncompahgre River; the other two were from the .east bank of the river about 50 feet north 

of this bridgeo All five samples were analyzed for eU 0 U 0 Zno Pb 0 Cuo Ni0 Co, Moo Aso Sb, V, Mno 

and feo The uranium content of all samples was ( 20 ppm and the copper and nickel content was 

( 10 ppmo Results of ~he o~her analyses are shown in table 14., 

CorrelatioQ ,codfieients · were determined for zinc 0 antimonyo arsenico molybdenum, manganese, 

and iron with respect to eq_uivalent uranium in all 5 samples (table 15)., 

Table 15Q ~-Correlation coefficientso Ouray hot springso Ouray1Colorado. 

(5 samples) 

Zn 

xx = probably signific~m 

x = possibly significant 

As Mo Mn Fe 

+0 0 31 



!able 14. Description ani ~ ot a.-pl• fr.. the Ourq bot. aprift«S tufa deposit., Oura7, ColOI'MOe 

s.ple IUiber Location and Deseript.ion of sample Ana17&.erP 
~ rell t.7J18 of sample eU u Zn Pb Co Sb As liD v 

ifF49-TL-53 l Grab saaplee mack and light-brown porous tufa 1,300 <20 500 <.10 10 4 1,000 100 --W 300 so 
F50-TI,.S) !ram tufa deposit Moderate 1'8llovish-brown. porous lainated 80 ~ 150 " 10 3 150 1 <.JOO 20 13 

about 250 teet tufa 

.Vrsl-TL-53 I s.E. or tbe Dark )'ellovish-brown porous tufa 20 ~ so <lO <10 3 150 <1 <.)00 10 13 

bridp 

FS2-TL-53 I 
Grab 8&111p).ee Dark ;tellowish-oranp. lees porou tufa 90 <.20 500 <.10 <lO 100 2,000 20 -!I 5 300 

FS).TL-53 troa tuta depos it. Black ai'Ji moder ate -brown, leu porous 280 <20 150 20 <10 4 400 6 600 350 34 

50 t..t. •• ot t.uta 

the 'brid&e 

JJ AU anall'"• b7 H. E. Crow. R. F. DuFoUI". S. P. ,...._• J. N. Roeholt. J. L. S1Yerl7, and J..,.. v.blbet~ of t.tw U. S. Gl!olo&ical Surfty Dem$1' Laborato17• 

1/ !xple....t in put.a per alll.ion 

'J/li! ~lS.ac!S of part.a ~I" ldlliort 

W -iaii~t.ee concetn.t.i'lft i."'det.e!'lllnate becllltJe of interference 

~FOtr Mt.rocraPhtc d•Cl'iptb!l see 'fable 21 

~ 

1':·-
~ 



One S<UIJ.ple of Jradiioac1tllve mfa collected from tt:hiis deposli.U: by Bmbank and Pierson was analyzed 

for uranium and equiivalem manium ~nd also submli.uedl to semiquamtiltative spectrographic analyseso 

This sample contt:ainedl Oo 11 percent eU and 0 0 001 'percent Uo Other elements detecieed were plt'esent: in 

the following concemraltlions: 

Element 

Mn 

oX 

.,ox 

oooox Cr 

Conclusi~ns 

... 
The colloidal texture of manganese oxide 0 evident in polished sections. together with the high 

positive correladon between equivalent uranium and manganese. suggests that the radi1active element 

was adsorbed by colloidal manganes~ oxide hydrate and precipitated with ito The high ratio of equivalent 

uranium to uranium suggests that the radioactive element now present in these deposits is prqbably radiumo 
! 

The unusually large amounts of W o Mo, A,s, Sb. and Zn in these samples also sugsest tpe possibility 
' ' 

of a uraniferous base ... metal sulfid,e ore body in the vicinity. from which radium has .been lea~hed by the 

hot spring waterso Several silver=lead~zinc deposits occuur.in the Paleozoic rocks near the Ouray faultu 

within a mile of the Omay hot springs (Burbank. 1940) 0 

\ 

.} 
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H a p u tt a1. R a n c h a rea 2 .. C u u e r C o u n 1t y 8 C o lor ad o 

The Haplillta Ramch area is in th~ western foothills of the Wet Mountains 4 miles east-northe~st 

of Querida in Custer Coull1lty 0 Coloo The deposito examined and sampled in detailo was a small open 

cut at an elevation of abou\l: 90 250 feeto The depositt is in a nortthwestterly=trending shear zone cutting 

Precambll'ian amphibolite which has been intruded by a biotite granite gneiss about 25 feet south of the 

shear zonec An andesitte dikeo striking parallel to the shear zoneo cuts the amphibolite near its contact 

with the gneiss (figo lO~o Drill hole data indt.tate that this dike crosses the shear zone at a depth of 

approximately 100 feetto 

This locality has previously been e.xamined by Christmano Heymano Dell wig and Gott (1953) 

and it is described in their reporto 

Sample data 

Eleven samples were collected from the Haputa Ranch areac All eleven samples were analyzed 

radiometrically for equivalent: uranium and geochemically for zinc. lead 0 copper 0 nickelo cobalt, 

arsenico antimonyo molybdenum, vanadiumo manganeseo and ir0no lin additiono three of the more 

radioactive samples were analyzed chemically for thoriumc The results of these analyses are shown in 

table 160 

A special sample of the thorium·~bearing mineral ·was analyzed spectrographfcally by Katherine 

Eo Valentine of tthe Ua So Geological Surv~Yo and the results of this analysis were maide available by 

Ro Ao Christmano The analysis shows the following components: 

Percent 

.ox 

ooox 
.ooox 

Element 

Th. Si 

Fe 

Mn. Mo. Sr. Zro V • Sc. Beo Mg 
Cr 0 Ti0 Ag 
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Table 16. Description· and analyses1/ of samples from the Haputa Ranch area, Custer County, Colorado 

Sample number 

.2/n?-TL-53 

Fl8-TL-53 

Fl9-TL-53 

.2/F20-TL-53 

F21-TL-53 

F22-TL-53 

F23-TL-53 

F24-TL-53 

.2/ F25-TL-53 

F26-TL-53 

F86-TL-53 

Location and 
type of sample 

Description of sample 

Grab sample, vein on Light-brown and dark reddish-brown, 

Rare Earth Special silicified vein material 

No. 1 claim 

1-foot channel, 1 foot Dark ye~lowish-brown, altered amphibo-

s. of shear zone, lite, with dark yellowish-orange 

cut above DDH 8, limonite coating fractures 

Haputa Ranch 

1-foot channel, s. Similar to Fl8 but locally impregnated 

wall of shear zone, with moderate red hematite (?) or 

1 foot N. of Fl8 thorite 

1-foot channel 2 feet Altered amphibolite, stained with dusky-

N. of Fl8 brown and yellowish-orange limonite 

cut by pale reddish-brown siliceous 

veinlets 

1-foot channel 3 feet Dark yellowish-brown and light-brown, 

N. of Fl8 brecciated, altered amphibolite 

1-foot channel 4 feet Dusky-brown to nnderate yellowish-brown 
l!l 

N. of Fl8 and dark reddish'-brown altered amphibo-

lite with slickenside surfaces 

1-foot channel 5 feet Moderate yellowish-brown, silicified 

N. of Fl8 altered amphibolite 

eU 

630 

50 

60 

40 

260 

930 

540 

1-foot channel 6 feet Dark yellowish-orange, altered amphibo- (6,300)~ 
N. of Fl8 lite 1,400 

1-foot channel, N. Dusky-brown vein filling and amphibolite (18,000)~ 

wall of shear zone breccia, with local spots of moderate 

7 feet N. of Fl8 red to dusky-red thorite (?) 

1-foot channel, wall Moderate yellowish-brown, altered 

rock 8 feet N. of Fl8 amphibolite 

Grab sample, prospect Light - gray, moderate-brown, and dark 

pit E. of DDH 8 reddish-brown vein breccia with 

bladed texture in some fragments 

3,800 

40 

(127,000)~ 
36,000 

Mn Fe'jj Zn Pb Cu 
Analysesy 

Ni Co As Sb Mo v 

50 I 70 15 30 10 2 32 300 7,500 230 

200 <10 70 50 <10 30 1 <1 1, 500 1, 500 82 

180 20 70 40 <10 20 1 <1 3,000 1,000 88 

150 <10 130 30 <.10 10 <1 <1 1,500 1,000 88 

500 100 70 60 10 30 <.1 3 600 2,000 72 

800 500 70 50 <.10 40 1 1 1,500 1,500 60 

400 2,000 50 30 <10 30 2 6 600 1, 500 96 

200 500 100 30 20 60 3 1 600 1,500 52 

400 2,500 100 30 10 40 2 1 600 1,500 105 

100 50 70 15 10 <10 <.1 <1 3,000 1,000 96 

150 50 150 <10 <10 80 <l 600 ·- 500 90 

!/All analyses qy H. E. Crowe, R. F. BuFour, s. P. Furman~ J. N. Rosholt, J. L. Siverly, and James Wahlberg of the u. s. Geological Survey Denwer Laboratory 

?:/In parts per million 

2/ In thousands of parts per mill ion 

~Fi~res in parentheses are chemically determined thorium 

.2/For petrographic description see Table 21 
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An expJo,ratory diamond d.rill hole cut the shear zone at a depth of 140 to 160 feet beneatll the 

exposure from which samples f'18~F26 were takeno The core from this hole was analyzed spectrographically 

by Go W o Boyes of th~ Uo So Geological Surveyo Table 1 '7 indicates the concentrations of the same 

elements in the drill core for which goechemical assays were made on .samples from the outcropo The 

corrected sample lengths and equivalent uranium concentration of drill core samples were taken from 

Circular 290. table 5. Po 14 (Christman and others, 1953)0 

The variations in concentration of equivalent uranium and selected elements in the 9-foot 

horizontal channel sample taken at the outcropo are shown in figure llo Only those elements are graphed 

that showed significant changes in conceptrationo 

Clf:)rrelation coefficients were determined fOf zinc, lead, copper. nickelo arsenic, antimony. 

vanadium. and manganese with respect to equivalent uranium in all eleNen samples for which geo­

chemical assay data are available(table 18)o 

Table 180 --Correlation coefficieJ1ts. Haputa Ranch area. Custer County, Colorado o 

Zn 

eU 

xx probably significant 

x = possibly significant 

Pb 

(11 samples) 

Cu Ni T" As Sb 

Conclusions 

v Mn 

-0.11 

Much of the quanz has a rosy color due apparently to submicroscopic particles of re<;t hematite 

or thoriteo The theory that these submicroscopic particles are rcidioactive is substantia_ted by the 

cemparison of a polished section of high-thorium material from locality F25 with an autoradiograph 

made from the polished section (figo 12) o 
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Figure 12. Photograph and autoradiograph of polished section of 
sample containing massive thori te (T), quartz VIi th 
dissemin~ted thorite, and limonite, from radioactive 
Shear zone, Haputa Ranch, Custer County, Colorado. 
(X about 3. 7) 

fit J:t. 
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The apparem dispersion thmugh quanz of a thorium mineral in submicroscopic particles in some 

' of the samples suggests that thmhum mar_have been inuoduced in solution by hot silica-b~aring waters 

and that some of it precipi1ta1ted simul\l:aneously ~ith the quartzs The high positive correlati(!)n between 

~q_uh:alent uranium and leado copper. arsenJi.c. and antimony suggests that either these elem~nts are , - . . . I 

l 
present in the tholl'ium minerals OJ[' 1that they form other minerals. probably sulfli.des. which are closely 

associated wH:h 1the thorhnm minerals" The form.er hypothesis appears to be partly substantiated by the 

relatively high concentrations of lead and copper reported in the analysis of the pure tholl'ium ... bearing 

mineral. and by the high correlation coefficients coupled with low concemrations of antimony and 

arsenic. Y A comparison of the assay data fmm the drill core samples indicates a tendency toward 

enrichment in lead. vanadium. and manganese near the surface but little change in the concentration 

of equivalent uranium (which is directtly proportional to thorium in this area). copper'. nickel. cobalfo 

molybdem.llmo and iron from tthe surface to a depth of 150 fee to 

P o w d e r h o r n d is tr i c t ; G u n n is o n C o u n t y • C o 1 o r a d o 

The Powderhorn district is in TQ 47 NQ, Ro 2 Woo GWlnison County, Colos o at an average 

elevation of about 90 000 feeto Thorium occurs in sceij.lttered pods and lenses in prominent northeasterly-

trending siliclified shear zones cuwlng P]['ecambdan schist and gneisso The surfade ex!>osures of these zones 

are heavily stained with hematite ~nd limoniteo and the country roc~ near them c'ttmmonly has a bleached 

The IPrelc~mbrian rocks of 1this area are described by Jo F o Hunter (1925). and the thorium peposits 

have been sll:tRdied by Olson and Wallace (in preparation)o 

11 These two elements Gamnot be detected by ordinary spectrographic methods in concentre~;tions 

less than 500 -1.000 pans pel!' mHlion. so it is not surprising that they were not reported in the spectrpgraphic 

analyseso 
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San1ple data 

Twemy~two samples were collected from three locali1tlles in the Powderhom district as shown 

in table 19., Some of the samples ~f radioactive vein material contained irregular finely powus areas. 

Examination with a hand lens shows that many of the individual pores consist of tiny, nearly square pi~-.. 

'!his probably reflects the former presence of pyrite., 

All 22 samples were analyzed geochemically for zinc 0 leado copper 0 nickelo cobalt 0 antimony, 

arsenico molybdenum, vanadiumo manganese 0 and iron0 - They were also analyzed for equivalent uraniump 

and two of the most radioactive were analyzed chemically for thodum ~ttable 19)o 

The variation in equivalem uranium and some of the metals in samples taken, across the Little 

Johnny vein and in the more widely spaced grab samples at the Jeanmie Noo 2 claimo is shown graphically 

in figures 13 and 15. The sketch section (figo 14) illustrates the location of samples from the Jeannie 

No .. ~ clai_m relative to the vein., 

Conelation coefficients were determined for zinc, leado copper, antim?RY, arsenicll molybdenum, 

vanadium, manganeseo and iron on al122 samples (table 20) .. 

Table 20" '"~Correlation coefficients. IPowserhmn district, Gunnison County, Colorado. 

Zn Pb Cu 

eU 

xx probably significam 

x = possibly signifilcam 

(22 samples) 

Sb As 

XX 
+0.,6.1 

Mn Fe 



Table 19. Description and analyses1/ of samples fran the Powderhorn district, Gunnison County, Colorado. 

Sample Number 

F27-TL-53 

F28-TL-53 

F29-TL-53 

F30-TL-53 

F3l-TL-53 

F32-TL-53 

F33-TL-53 

F34-TL-53 

F35-TL-53 

!J/ F36-TL-53 

F37-TL-53 

F38-TL-53 

F39-TL-53 

F40-TL-53 

F4l-TL-53 

F42-TL-53 

F43-TL-53 

WF44-TL-53 

F45-TL-53 

YF46-TL-53 

F79-TL-53 

F85-TL-53 

Location arxi 
type of sample 

1-foot channel across 

Little Johnny vein 

2,000 feet W. of ridge 

crest 

1-foot channel l foot 

S. of F27 

1-foot channel 2 feet 

s. of F27 

1-foot channel l foot 

N. of F27 

1-foot channel 2 feet 

N. of F27 

2-foot channel of Lit-

tle Johnny vein 25 

feet E. of F27 

1-foot channel 2 feet 

N. of Little Johnny 

vein 250 feet w. of 

ridge crest 

1-foot channel l foot 

s. of F33 

1-foot channel of vein 

2 feet s. of F33 

1-foot channel of vein 

3 feet s. of FJ3 

1-foot channel of vein 

4 feet S. of F33 

1-foot channel of vein 

5 feet s. of F33 

1-foot channel of wall 

rock 6 feet s. of F33 

1-foat channel of wall 

rock 7 feet S. of F33 

Grab sample 20 feet N. 

of vein, open cut on 

Jeannie No. 2 claim 

Grab sample 5 f~t s. 

of F41 

Grab sample 10 feet S. 

of F4l 

Grab sample 15 feet s. 

of F4l 

Grab sample 20 feet s. 

of F41 

Grab sample of vein on 

Jeannie No. 2 claim 

25 feet s. of F41 

Grab sa~le of country 

rock, Little Johnny 

claim 

Grab sample of vein 

in upper pit, Jeannie 

No. 2 claim 

Description of sample eU Zn 

Dark yellowish-orange, altered quartz- (5, 500 Th) 200 

bw tite gneiss 1,200 

Moderate reddish-brown and black, silici- 50 180 

fied quartz-biotite gneiss 

Lignt-brown and pale yellowish-brown 40 130 

altered quartz-biotite gneiss 

Moderate yellowish-brown, quartz-biotite 100 

gneiss with dark yellowish-orange frac-

ture coatings 

Altered gneiss with dark yellowish-orange, 180 150 

dark yellowish-broW1, and dark reddish-

brown stains 

Fractured, silicified gneiss with dark 40 200 

reddish-brown and light-brown stains 

Light-gray gneiss with dark yellowish- 50 70 

brown stains on fracture surfaces 

Moderate-brown silicified gneiss 40 150 

Moderate-red, light-brown, and dark yellow- 400 250 

ish-orange, sligtltly porous vein material 

Dusky-red vein material with dark yellowish- 1,300 sao 

orange coatings, sane are slightly porous 

Sane as F36 (16,000 Th) 600 

3,500 

Sane as F36, F37 1,800 500 

Li~t-gray silicified gneiss with light- 20 150 

brown to moderate yellowish-brown coat-

ings 

Medium-gray to dark- gray gneiss cut by 20 70 

dark reddish-brown veinlets and coated 

with ligtlt-brown stains 

Yellowish-gray, altered biotite g;~eiss cut 20 100 

by ligtlt-brown veinlets, altering to mod-

erate yellowish-brown 

Similar to F41 rut veinlets are moderate 10 60 

yellowish-brown 

Light brown to moderate brown stained, 20 50 

silicified gneiss 

Moderate brown stained gneiss 70 

Moderate reddish-orange, black, dark 170 60 

yellowish-orange, arrl brown silicified 

gneiss arrl vein breccia, sligtltly porous 

locally 

Mcxierate reddish-orange to moderate red, 950 150 

siliceous vein breccia in a moderate-

brown, sli~tly porous matrix 

Medium bluish-gray, fresh quartz-biotite 10 . 200 

gneiss with light-brown to rooderate-

brown fracture coatings 

Moderate reddish-orange and dusky red, 130 

silicified vein breccia in porous, dark 

yellowish-orange to moderate-brown matrix 

Analysesy 
Pb Cu Ni Co Sb As Mo 

400 20 10 <..10 3 80 32 

<10 20 <..10 <10 l 20 l 

<10 40 <10 <10 <l 30 <l 

<10 20 <10 <10 1 20 l 

100 20 <10 <10 l 80 <l 

20 <10 <10 l <10 6 

<10 50 <10 <10 l 80 2 

50 70 <10 <10 2 40 8 

500 50 <10 <10 1 60 8 

300 70 15 <10 3 150 12 

400 50 <10 <10 3 200 12 

300 ~ <10 <10 3 150 l 

i 

<10 100 <..10 <10 <l 10 <1 

<.10 50 <10 <10 <l 20 <l 

<.10 20 <10 <10 <1 20 1 

<10 20 <10 <10 <1 40 2 

50 20 <10 <10 <l 40 6 

20 20 <10 <10 1 100 20 

<10 50 <10 <10 1 200 12 

20 100 15 <10 3 20 2 

50 150 <..10 <10 <1 <10 l 

20 100 15 <10 l 40 l 

1/All analyses by H. E. Crowe, R. F. DuFour, S. P. Furman, J. N. Rosholt, J. L. Siverly, an:! James ' Wahlberg of the U. s. Geologiml Survey Denver Laboratory 

,VIn parts per million 

2/In thousands of parts ~r million 

WFor petrographic description see Table 21 

v Mn 

1,500 500 70 

300 500 

600 250 37 

600 1,000 51 

5,000 1,500 72 

<300 500 46 

300 500 56 

300 500 39 

300 750 40 

600 l, :DO 50 

1,~0 69 

600 1,000 51 

1,000 49 

300 500 40 

300 2~ 27 

600 500 26 

300 500 26 

600 500 36 

<300 2,500 39 

600 1,~0 80 

300 750 45 

1,000 31 
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Conclusions 

The abundance of red qua,rtz in the high~thmium samples again indicates the possibility of 

submicroscopic thorium ~mineral pad:icles ·disseminated through the quartz and formed contemporaneously 

There is a crude relationsqip · between limonite colors and thorlium concentrationo lin general, 

the limonite stains change fro~ ;,re,}l,pwj.~J:l ,~no grayish brown through light brown and rn<;~derate bll'Qwn as 

the vein is approached~ to a characteristli.c moderate m dwky red color in the high-thorium vein material. 

Petrographic studies reveal the presence of hematite pseudomorphs after pyrite in the high~thorium parts 

of the vein., This suggests a genetic relatiooship between the thorium me and sulfide deposits at ~epth, 

which is also suggested by the relatively high correlation between eU and iron, zinco leado arsenic, 

and antimony., The arsenic and antimony appear to be present as mitior constituents of the thorium 

mineral rather than f()rming separate minerals associated with it., U this were so 0 it would explain the 

high correlation of arsenic and antimony with eU. combined with their low concentrations. 

SUMMARY 

The results of this study indicate that preliminary sampling of radioactive limonite outcrops and 

geochemical analysis of the samples, followed by the determinati~n of correlation coefficients from the 

assay data, may reveaJ important relationships between the radioactive element sought and other elements, 

which may be associated with ito "I:-?ese correlation coefficients may be used in two ways: (1) to 

eliminate randomly distributed elements and place emphasis on others that seem to show high correlations 

in further geochemical ·or ge'~botanical studies, and (2) to aid, by supplementing petrdgraphic examination, 
i 

in interpreting the origin and paragenesis of the ore depositso 

The results of petrographic studies of thin and polished sections cut from selected samples are 

summarized in table 21., 
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'i'~ble 21. Petl"'I!'&Mic d~a~ript.i9A or tt)in and polished sections cut fran selected sanples 

$U1ple NUIIber 

Luck7 Break iron mine 

F2-TL-5.3 ~o. 

FJ-TL-53 do. 

Fl4-TL-53 Dian!ond J Ranfi:h 

Fl6-.TL-53 do. 

Fl7-TL-53 Haputa IW\ch area 

do. 

F25-TL-S3 do. 

P~erhom d~trict 

F44-TL-53 do. 

F46-TL-53 do. 

F49-TL-53 Our!!f laot springa 

F51-TL-53 do. 

FS7-TL-fJ Yellow Cat area 

F58-TJ:,-53 do. 

SUver Cliff mine 

P'/5-TL-S3 do. 

F78-TL-S.3 do. 

Oescript ion 

Grains or steel-gray hanatite surrounded by red hematite rims in band~d colloform 

glethite. Numerous small angular quartz fragJre~s in goethite, also cavities tilled 

with chalcedony 

Similar to FlA but contains less goethite, boundaries between red and gray hematite are 

gradational. undulating toundaries, suggestive of replacsnent, coiDIIon in hematite 

Contains ITDre steel-gray hematite than F2, gray hematite is early, followed by .massive 

quartz which is embayed by microbreccia of red hematite \o.ith quartz frat'1'1ents cut by 

late quartz ve~lets 

Angular fragments of quartz, orthoclase, and micro cline in matrix of dark-brown goethite. 

red hematite, and black wad which tills voids in iron oxides ,arxi is cut by late quartz 

veinlets 

Fewer fra~ents than Fl4, wad predaninates over hematite and g:>ethite in matrix; some ot 

goethite repl.aces red hematite, some stains fractures in quartz and may be older than 

hematite 

Small euhedral apatite crystals in ea~ly quartz cut by veinlets of late quartz contain­

ing voids fille:i with colloform goethite. few rounded grains of gray hematite in quartz 

have goethite rims 

Biotite, hornblerrle,quartz,and pla~~:ioclase with accessory magnetite and apa~te are cut 

by vein lets of rosy quartz atd later goethite 

Altered feldspar frat'1'1ents in rosy vein ~artz cootaining ff!lll grains of tb:>rite;quartz 

is cut by veinlets of red hematite arrl later goethite 

Deep-red quartz with numerous Sllall isometric pseudomrphs of hematite· after py!'ite; 

late veinlets of clear quartz cut red quartz 

Ff!lll large quartz grains wit h lal;e quartz overgrowths iJ'l 111atrix of fine-grained quartz 

alternating with bands of biotite; goethite coats some quartz grains; few tiny specks 

of red heJillltit.e or thorite in groundmass 

Red quartz cut by clear quartz veinlets; small hematite pseudqmrphs after pyrite in 

both red and clear quartz; microbreccia of clear quartz and fPethite cements frat;nent~ 

of early red quartz 

Nodular masses of psilomelane with colloidal banding are cut an;i partly replaced by 

dense massive hematite 

Calcite ani goethite with subordinate psilomelane; goethite is younger than psilo­

melane; Sll&ll cavities f'illGCI with late quartz or barite 

Subrounded ~rains of quartz, d!ert, and limonite-stained, altered feldspar in a matrix 

of dark-brown fPethite and cryptocrystalline quartz 

Quartz grains smaller atd more anguJar, anlf chert less abundant than in F57; few grains 

of chalcedony; g:>ethite cement more localized and liltlter bro11m, sane red hematite 

grains. gypsum fills fractures 

Small rourxied grains of quartz ani orthoclase cemented by cryptocrystalline qlBrtz, cut 

by veinlet of brecciated red hematite altering to goethite cemented by late quartz 

Fine- to medium-grained rounded quartz grains in matrix of yellowish-orange goethite 

replacing calcite; few grains of 11\!lgnetite and irregular masses of sooty chalcocite 

Similar to F74 with calcite predominant over goethite; quartz grains are stained red, 

and a few grains of red hematfte are scattered throl,lgtl the matrix 

Large angular quartz grains enbedded in a JJBtrix of yellowish-crange to light-brown 

goethite and green lllalachite which is younger than goethite; Microbreccia of chaloo-
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No single element fq,r which geochemical analyses were made showed consistently high 

correlations with uranium in all of the areas examined; however. in most of the uranium districtso at 
I 

least one other element appeared to IShow a significant correlation with uraniumG Both thorium districts. 

on the other hand, s!J.owed high positive correlations between thorium and lead, arsenic. and antimcmyo 

A larger number of thoriuiJl deposits should be studied in order to determine whether this as$ociarcion 1is 

widespread or merely an acc~dental result of the choice of areas for examination (table 22)o 

If an element such as copper, manganese, or cobalt, which has distinctively colored alteration 

products. shows high correlation with uranium or thorium in a given area, then those colors may be useful 

~s field guides to the prospectoro The limonite colors observed by the authors did not appear to be 

particularly useful field guides for uranium. In general, the limonite stains on uranium-bearing outcrops 

were some shade of brown from a light yellow brown through mrderate brown to dusky brown--rarely 

' were red iron oxides associated with uraniumG This in itself does not, however, constitute a useful 

L 

field guide in most areas because of the prevalence of brown limonite stains on barren outcrops. ln the 

thorium deposits on the other hand. samples high in thorium commonly exhibited a characteristic red 

coloro In some of the deposits, such as the Jeannie NoG 2, the color of the limonite stains changes . 

from yellowish or grayish brown through light brown to moderate or ·dusky brown as the thorium deposi~ 

is approachedG 

Small areas of porous limonite were noted in some of the high-thorium samples from the 

Powderhorn district and examination with a hand lens revealed numerous tiny square pits. which were 

thought to indicate the former presence of pyrite cubes in these areaso No sponge or boxwork textures 

were apparent in samples from any of the other localities examined. 
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Table 220 ~=Elements showing significant and possibly significant correlation. with radioactive material 
in the localities examinedo 

Locality 

Yellow Cat aurea. 

Grand County. Utah 

', 

Snow~Bonniebell claimso 

Uintah Coui1\ty , Utaho 

Silver Cliff mineo 

Niobrara County. Wyo., 

~!den Gate Canyon area. 

Jefferson County. Coloo 

Diamond J Ranch. 

El Paso ~ounty. Coloo 

Ouray hot springs, 

Ouray County. Colo. 

Haputa Ranch area, 

Powderhorn distrkt 0 

Gunnison County. Coloo 

Type of correlation 

Probably significant 
I 

Possibly significant 

"=- P.';oba. bly significant 

Possibly significant 

Probably significant 

·Possibly significant 

Probably signifli.cant 

Possibly significant 

Probably significa.nt 

Possibly significant 

Probably significant 

P_ossibly significant 

Probably significant 

Possibly significant 

Probably significant 

Possibly significant 

Elements• 

Mo-+
0 

Mn= 

+ 
Mn 

Fe+ 

. + . + Zn 0 Cu 

Mo 

Mn 

+ - + + sb+ v~ Ph ° Cu o As o , 

+ + ' + + ,· + + 
Zn ofh D A.s • Sb 0 Mtt ofe ' 

"' The sign following: the element symbol indicates wh.etther the correlatiop is positive or negativeo 
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The .value of indicator elements in prospecting for radioactive deposits could be tested in one or 

two of the more promising areas. such ~s the Powderhorn district {for thorium) and the Silver Cliff area 

(for uranium)o This could be a~c01nplished by 1) thorough outcrop sampling of both radioactive and 

barren material. (at least 50 samples slJ.ould be collected and analyzed in order to provi.de a representative 

sample); 2) calculation of correl~tiep coefficients on the assay data; 3) soil sampling of t~e overburden 

in the area surrounding the outcrops of radioactive material; 4) goech~mical analysis of these samples 

for any elements that gave significant correlations with eU or U in step 2; 5) plotting anomalous con-
- I 

centrations of these "indicator'' elements on a map; and 6) physical exploration consisting of rem9val 

of .the overburden wherever such anomalies appearo 
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