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ABSTR4,Cj'/ 
V LPf:>t:--

Seven urani\Ull mines in "the Temple }iountaiD. area of Emery County, 
-tc d . .ci;;.vt-"",;---e I~~ 

utahl were mapped iP"~~~""''''''''b ,?a.'Ii' .t 

.m:URa;;:ofu.it8;",gettest:F~ eontr01~:iaftueElUds'~ ,ee distrib11Moft. o£ 

I fj , / ' ) j . ! U ! "" 'A I 
ll.ra~j~r...ftftfJ=::y~ -tJ..R.. I-e-fC,-,f'/ OP" .l>A t: , Pe.. I~ctfi..>",,- ~. "~",,J"'h""' l ~'tfA~(t.- a.--.-d .1\f",o(~ r",Y ~ ? 

J'V\ e. A. ~'c. 'i' . t"1.. /" S' S'~ i / e. .s~ I;u~t·e,. · ,,'( t ·", -e '" rtl.4', ,'u.,.,"t~ • 

The mines in th:::~.t:~~t fer va~:~~ the s~:;:he 
~.raniu!!J0re bodies, ~l!"_.~_~~e ._~im~~~-i~ mos~~.~~~!:~ .. A$g$ t . al:~ 
~ ore is found in the lower one-third of the Upper Triassic Moss 

, ~re 
Back member (i)f the Chinle formation. The larger ore bodies eeW2: in a 

t~ C>. t is 5 
thinly to thickly cross-bedded sandstone" t!!vj. to 1, feet thick and 1, 

to 2, teet above the base of the Moss Back. /'Yh; ~ I: 

, 5iYY>a. h~J, ?,. ..... iR-. 5tv>-y.;les i:..~/.:.aj a ~,,::-'<~i:-'J.."J~ ' of 
All of the ore is asphaltio. tilt! r&Rgea-t~r..aQe..4p~t.A16 percent 
lAo ? ro.ic. pf 

'30S.A¢re shippee has averaged approximately 0.19 percent U;OS. Ore 

grade-thickness contour maps have proved llseful~::O:r8 ~ il"l f,' v. dt' "'r Ore I 

The asSemfblage of lIliICerals aDd elements ~. K9lUli;~ is 
+~ ~+- "d ..... . 0 

similar tOil typical uraniferous vein depos1ts~&rti--as:!fem~ 

'w. a ~8~ low temperature-pressure hydrothemal type. 

Deposition and localization of primary minerals froll hypog~~e 

hydrothernlal solutions was eontrolle~sedimentar.r features, tectonic 

strnctures, and variations in chemical environment in the most rocks. 

Pa'ragenetic studies suggest that uraninite;.aA<i montroseit~~ 

galena, sphalerite, native arsenic/and marcasite were introduced prior 
r~+roteCl..m~' 

to othe~ minerals and aSphalticA jracti~ns. Humic hydrocarbons appear to 
bee ¥\,.. 

ha.eA~plied si~es £er ~e1~taion aDa we~the principal precipitat-

ing agents of uranium. The hsphalt acted as a solvent on metallic sul-
~ 

phicles in the presence of uraninite,.oand was polymerized by alpha~, altO' 

beta :paJjt~clec,bombardment -amd gamma radiat1~n in the immediate 

vicinity of ursninite. 
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During the latter part of 19$$ and the early part of 1956~ 

seven mines were mapped: the Lopez Incline, North Mesa Ne. 9, Calyx 

No. 12,and the Vanadium King No. 1 Portal No. 2 mines on the ",galyx 
;tp'" 

J!ench; tae Vanadiwn King No. 7 and Oampbird. No. 7 mines on North 
:::::~ 

Temple Mountain; and the Black Beauty mine an the southwe at side of 

South Temple Wash (Figs. 1 & 2). 

lOCATION '-~ -'-··-'"--·- ·--"--·- ··~- '·-~ -·-7 <\ 
The Temple Mountain mining area, on the eastern flank of the San 

3 
Rafael SWell in Emery County, utah, is approximately 41 .-1 miles south-

west of the town of Green River, Utah ~. The area is reached. by 

traveling ~ miles west from Green River on U. S. Highway 6 and 50, 
7' 

then 32 lDiles south on utah Highway 24, and then 8Mi8Il miles northwest 

to Temple Mountain <Ag.1 ~ • 
.a--

The San Rafael SWell, a northeast trending anticlinal 11a, is 

1 Ltd in the western part of Emery OQunty ~ is bounded on the 

norlih by the Book Cliffs, on the south by the Henry Mountains, on the 

west by Castle Valle~ and on the east by the Green River and San Rafael 

River Desert~Fig. IX>. 
PlJRPOSE OF REPORT I.- ~ --':'7<' 

The purpose or this investigation was to determine faotors 

in.fJ..uellcins distribution of uraniferous asphaltite 6Jliitj to gather 
tTYV t · h e ./. ~ 

evidence ~3T~~Eib.J:l;d;;.p"Ml f;'!eae_r2BJZl.J0rigin of the vaniumf ~ 

~ mmea were ... al"ScHrfll:d4:ed-~erJto detennine possible ore guides 
- " ~ ~'J (~"~"' " ... " 

and ~"tf.II'''_Q •• ,~ aW,' zonal relatiomships between the ore bodies and 

the collapse strnctare at Temple Mountain ¢~_ .;;. .f 3). 

-2-
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HISTORY AND PRODUCTION L~ 
<-r- / 

1 ~ e J1rani\1JD.-vanadillJJl deposits of Temple Mountain are believed to 
was ~-1(" J 

have been discovered prior to 1903. Mining .-begQR/~ in 1910 and oon-

tinued iIltennittently untU 19h8. Since 194~ the mines have eeen in 

continuous operation. Production from 1948 until June 1952: exceeded 
of "re t;Jdi ~ g.~ of 

50,000 tops "'Aaverage_AO.19 percent U
3

0a and 0.54 percent V20,. 
_,It(1.1-'~ <- l",~,-(....,t-~ 

Since that time the oalyx mines .... opened and production has averaged'a' 
I ) 1\ 

6,000 tons per month. Most ore bodies &.e~ mined during this investi-

gation were discovered ~ drilling cQnducted b7 the United states Atomic 
f, 

Energy Commission from December 19,1 to May 1952 (Keys and White, 19 ~ • If 
PREVIOUS WORK 1- C/ - -, 

Early r eports on Templ e Mountain ores wer e made by Boutwell (1905) 

an d Hess (1913 ) . Early rep~rts on t hf' geo~ogy of t he Swell 1-J'ere made 
~,CtQ. £' .... ~ 

by Gil1uly and Reeside (19280 2nd Gilluly (lS'29). Many report~f an 
6t1+~~ \;-- e ls. • fc 

economic or geologic nature madeAin recent years are listed in the r~ c~e~ees. 

FIELD METHODS 1- ~ 

Detailed lomgwall sketches were made; ...- liDeation trends, fract­

ures) eel other geologic features were mapped in each mine. The workings 

were mapped by un of a hton alidade on a plane table; distUlces 
~ 

were measured 1:7 tape. For .f."urther control, critical stations in the 
e.;t~ {, · ,~ ej 5U.~ve...l 

mines 'were1 mea~' by" transit,{_ Nearly" 700 chemical and radiometric 
~y~-d-. !-r7

/'''' / 

assays were~. +c pmp@ accurate ore -grade-thiclmess maps (11gs. 
'f l$~t.), , 
_ . Petrographic and X-ray ana.l7sis of selected samples were made by' 

the Petrolorcr ud Mineralo'"" Seotion *( ~I e lA (' Ai ~, t r." 
O/Jl ~ ~ 1\ ,J • - ' {Jhl /C C j !(> t' U V COlA, ' , 

(J I . " ~tIS'>, ()n. 

/' 
b .51_ 



gE!T~ G~OL9Gl . 

STRATIGRAPHY j,.... c-/-----.. 7 '( 
I 

strata cropping out in the Temple MOlUltain area range in age from 

Permian to Jurassic ad have a total thiclaless of about 2,80e! feet. 

Included. are the Coconino sandstone ad Kalbah limestone of Permiu age;: 

the Moenkopi. formation, Chinle formation, and Wingate sandstone of 

Triassic age; the Kayenta fom.atieD of Jurassic (?) age) and the Navajo 
fJ(.r'j(-(L;;l. 4J.~.t:--' ( }'; ) C0, ... J~ ---./. . 

sandstone or'1 Jurassic age (;ng. 7). lJrani~ is mined from the Chinle 
w~ic:, h t'S 

for.mation~ described 1m detail below. 
-~ 

.. CHINLE FORMATION '- (L, ------~-·-';7 \; 

In this area the Chime fomatioB :Ls subdivided into three units. 
+k e 

In aseendillg order they are X 1\ Temple Hc)'Wlta1n, Moss Back ,ancii Church 

Rock JleJlba rs. 

c?'Temple KollntaiD. member, The TelllJl1e Mcnmtain _ber ot the Chinle 
Mo>t-d ~ 

caDsits of siltstone, mu.dstol'le) and sandstone.", the siltstones ill .e'Mli7 

light ... gl'qctb1mEittled or banded purple ana white. MlI.dstoneso,el a_ are 

pvplishred~ _ttled p\tppl~\mite. Be !andstone ~'light-grq ~r/ 
dark-Dl'OWJ1, cearse-graiJled, caloareolls, ~~seJUld--i~;~:r;;~s-
bedded. The member may- be differentiated from the Moenkopi by lack of 

-t~e 
11... t7 ,pare.tt+ bedding, rolDlded ledges of light-gray to dark-brown sandstone¥, presence 

f 1\ 

of abtmdant ql1artz sand-grains and pebbles, lenses of jasper, purple ud. 

r5 ~!.\~t2o ..r e-:: 
0('" 

,~ -
q tA nw-t z-'+: ,," 
I'rd -e. ., d ed ~ 

white colo~ iren-oxide pebbles) and bmnic matter (Robeck, 1956) • . ft. ~ /~JHJ" 
a'4-4~~ . . 

varies from a knife edge to abel1t 35 teet in 1;Aicknessfi:B3 appe.rs 

te grade :inte the underlyimg MeeIlkopi :in plaees ~hlIr plaees." 

G!;~~~. d~:~:r~~bi~~~~----------------- ) . 
~ '··""'"'""""'·"·'''''''~O''.''''''''''~''''''~··-~-' C Moss Back member, The Moss Back member of the Chinle is predomin-

-6. 
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? . 

ately a fiuviaf4.l1 sandstone with l'm.mer0US laRSes of m:u.d.stone and 
~. 

conglomerate." ..!.andston~ u light,..,gray to broWll, poorly sorted, 
. ~ ~ 

calcareo'Us}amd prominently uro.sa-bedded. Sud gra1n.sA!! •• ,.,"8!! fJ.n~ 
1:f,-?t.,4'f?'t.r;;T'f." 'I.,;t14,,#~,.et/ 

to coarse, __ amgp:lar to well-rounded, and J I "~~quartz with 

soae cheri; aad feldspfF and mi:noramelmts of accessory minerals. 
main 

Calcite is the"oementing ageD.t in. this member and is very al:nmdan.t. In 

uraniferous zones nearly all calcite cement has been remove~ and abnUl­

dallt secondary q,uart.z overgrowths are present. Interstitial clay (illite) 
.>om e. '''? 
("--·--·---- .... - .. ,.'t 

is present in varying amounts in (r811do~) saadsteme lenses. Gray-green 
...... .. ..... --.~ .. -.,.-.. .. ,/ . 

mu.d1ilton~ in the fom. of seams, splits) and scour fills, occur" through-

out the member. Conglomerates consist,) of' suba.ngu.lar to well-rcnUl.ded 
\ IfAJ ,--pw'Wi'-"d.tJ..4 .3 

pebbles of limestone, qaartz, quartzite, clay." and chert lip ~ .tftpee 

inohes in diameter. Ohert pabeles, many of them replaced by uraniferous 

asphaltite, predominate. Tne matrix of tneX conglomerate.~ ih some lenses 
\J. 

oonsists entirely of olean \artz sand; im others as much 40 percemt 

clay is present in the form of mud.stone galls, seams and interstitial 
/ 

fillings. 

Fossil plant remains are found throughout the member. This material 

ranges in size from minu.te discrete flakes ef carbonaceous material J / . I, .•• /: .• . 1 
C$.A blTH/t e I a~~<'t'/(')t"" ,,;,1, CI rl eel 

disseminated throu.gb. the sediments and alollg bedding planesl toAlogs .., M -J'1A4A#C£dAI 

~ 
t. ~WBr feet in diameter and over 20 f~:t long. {~et 

{ , At Temple MOlll'ltain the Mass BackA II 9 a • •• SO to 125A _ thickA' 
VoJ/f,t a , #' \ . f-4 ,c","ess; Df . /tf'?J.. 
~ne.IJJ"" averageNAabout GlUt · .'7'''cui feet. It grades upward into the 

Gharch Rock member. The top of the Moss Back was plaoed at tme bottom 

of the lowermost siltstone above the color change from'light-gray to 
/t /J r~Jtt LI '0 h ~/ 

red-brown. This color changej~I.'Cs · ~. in a cross-bedded, fine-

-8-



grained sandwt()net~t..~ lithOlOgiC\~lxlg~; ' '{OrM
, 

-? 
( Ohurch Rock meaber. The 6lmrch Rock member of the Ohinle consists 

of varigated red-brown and JUPP.le shale, siltstone, .... fine-grained sand­

stone, and a discontinuous conglomeratic sandstone litmologically 
?1/;) /)1,ItA,l.-~ /C/i) ~ 

similar to the Moss Back. This conglomerate is~"" 20 feet thick..- and 

lies about 75 feet above the Moss Baek-ohurch Rock transition zone. At 
r..'.IM'~"'~ It:~ .. ~"k.j 

Temple M01ll.Iltain the member is about 350 feet thick. 
1 

c. i-
Several groups .t high-angle normal faults sam withm the Swell. 

These strike predominantly northea.st in the northern part of the SWell 

. and predominantly east~ Ul the IIP.then part. The b@lUl~ between . A 

these two fault sets is along an east-west line approximate~ o~ 
TieJ-.::J... ,,! e... af if 

mile north of Temple Mountain.~iSPlaoement on the faults;1l'luge from 
, :3 t1,..~ 

less than ... feet to a maximum of till •• htmdllnt feet. Joints ,s~ M dS-j-- f) '{ f t7f2. 

J4 ;~l5 parallel these faults. 

Temple Mountain is situated in a small synclinal warp within a zone 

of minor subsidiaI7 fiexures on the eastern nank of the im' a.C';7Swell,n--­

apprcxi.mately 12 miles sou.theast of Straight Wash~Q betWeeJl SiriPaa,ght 
0111 

Wee. ad 'R;- ;Kllddf: a1"'~-(fig.'f)~ North Gf , ~trai;ght Wash~ the flank of 
-f~-e. /;;lea S ,{.,) O ,; ~ \. ; t{." .It../ ~-<A e ........ ,rr 

the SwellA diP~Ol 85 degree'l'-~ south of the Wash -t, 

there is a general flattening of the beds( with dips a OJ 8 from .fWe- oS 

-9-



to si_t.en degree~. _ ,utheast of Temple Mountain on the 
I I ~ rb.i119 

calyx bench~Qips steepen markedlYAto the southeast. ' 
k;33 (1_S0-4 £ , 

In tlae '.Iemple Mount aiR mining area beds strike and 

dip from ~. to 12* degrees southeast ~g. 2). Average strike of tke 

near-vertical falllts in this area is east~. Throw on these faults 
y'"~ 1c1 dC"c~..rt' 

ranges from a few feet to several tens of feet with/l ' ~laHge~ in ar 7A~ c?~cI.;- .. - 7",.. ~ HI • ~ 
diSPlacemen~~ -;1 n many places displacememt disappears 

entirely; and the fault becomes a joint. C01llJJlOn.l1' a fault is paralleled 

0n both sides by prominent j aint- sets'., 

A unique structural feature at Temple Mountain is the Collapse. 

In a 500- '1' 1,50o~oot area between North and South Temple peaks, Moss 

Back, eminle , and Wingate roeks have been dropped as IIDloh as 300 
, 561 ~ -\1 ""'" I 

feet. This was accompanied b~plastie flow, alteration, and brecciation 

vt the rocks. strata surrounding this disturbed area dip inward as much 
81 #~ N/v/t<.J ~ 

as " degrees (Keys, 1955) g.). 

-10-



GEOLOGY OF THE ORE DEPOSITS 
I>' CJ2 t>- Ci>"'Wz 4 --

NATURE OF THE ORE BODIES ~ 7' 
=--

l~ s\2.e of 
A )rranil1Dl deposits i.Jl the Temple Mountaim mining area rangesfrom 

small pods a rew feet in lateral extent and a few inches in thickness 
/D ::< 0 / o ;?O 

to large ore bod.ies ..... to 'i,ua.,. feet thick, ... to Qj 8 .... y reet wide 

IA ~d/a/ ~!) tJ j J i., 1hes~ ----!.·s __ .i!t.~ 
and 11, .t ............ fee. long. ~ ~ani~AdepositsA,~-

os 
til uranif'erous aspbaltite. Smaller depfts are found throughout the 

lower one-third of the Mess Back in both sandston~ ana conglomerate 

lenses. The larger ore bodies occur in a thick sandstone unit, ver.y 
wh \~ ~ i~ 

thinly}ross-bedcled trL;yeq thiclcly bedded, f 1$ to )0 feet above the r- \, 
base of the Moss Baok. Individual ore bodies are Bot con.fined to single 

-i.t .(,1".-4-1 > ~t, , ~;( 
lithologic units of the llost r())c~but, f.kte::l~ complex faotors that 

controlled deposition of the metmbbi-e minerals, they maY encompass 

parts e>f two 01" Jn0re distimctly separate sedimentary units. This is '.; .. 2, 

discussed further UDder factors influencing deposition~ Ore bodies. 

be _I . Q 
appear to- pesse. aD appr(l)ximat~~ra.llel4:em t(i) "tvo prominJPlt joint 

~re ~p.l~ .... e'1i' I-L :J... 
sets that appeal" in the rocks exposed at tae surface (.Iig. X). 

(:1 ~ t" 
Within uraniferous r.one8~!'ea oiJ concentrations of high grade ore C l) Y1 f-a I VI; ~ J 

H..J C{r; C()VlC.~-l~'(.:r..,\S 
10 percent or greater. 'ftlese~ appear to be linear in the direction 

, /\ I !L ~ -+~ 
o_f the maj0l" joint- sets ~rtgs.~, hf). 

Grade and thiokness of ore bodies are shown in figures 4 to 6. 

Oontours represent ore thickness and gr~de. ?~ressed as ~he equiv-
...P.1- ''' ' t;.,v~~ 

alent number of feet ~r 0.20 pereent '.u30~~. These maps show apparent 

size, shape, grade, and orientation of ore bodies) andddistribution 

of high.grade ore wi thim. them. 
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?-fL i 

~ 

'"81 ~ n{~,... ". e-J frf)/ e,Jl~S: ~I o,..e. .;z.,OI>1e.S 0 C1rt //heJ 

~[!- datii"ta±Jle~t\by ~~l.!ll" SUrv-~~_~~:: NO~~~ 
tfte-1Jl~ "eDgiBeep was aOl~·",establisli/rour new ore headll1gs,i 

"""'~4'~ J 
These new ore bodies had n~ver ,bepn penein:"8fGQQ. bf: drill~, but i J ; . 

t-o"k Jj/Lce"'l '{ u 1'Ie..w.... In)e rr~c,td~Y ' t.t t _ J 
, (J e 6P -b -~~ 

miner~~ had beenAdrilI,,: . the information"frolll the holes 

was~lize~£or the oonstruction of grade-thickness contours. Long­
I',..,fe rt"'~ d. 

steel drilling in th~ di~ection of the ~tii-eetei ore substantiated the 

validity of the maps. Further. ef~"_ random drilling into the back 

and floor of the mine supplied information for discovery of additional 

ore bodies by plotting the assay values as contours. 
~,..e e s ()f 

Within the 0re bodies uraniferous asphaltite occurs in all Aconcent-

ratio~ from discrete particles disseminated interstitially through 

sandstone to maSSive,X~OliijbotryOidal concentrations tl>f asphaltite up to 
2. . , 

--tw& feet in diameter. Between t hese two ex:b'reme s are ~ nodules of 

varying size disseminated in. sandston&f' long, thin (a fraction of an ineh 

to ~ imches thick)):' concentrations ar 1111''':-:3 ea-· tlill &op4ia!t:tta. along 

bedding planes{ and ura.trl.f'erous asphaltite :halos of variable thickness 

surrounding logs and other fossil plant remains. 

NumerQus ore rolls are evident throughout the area'. They are normally 
USJoc/(:; If"? cf- tc-c-.' 

concave toward the ore -and have a zone of t110 secoDdary vanadium mineral 
~ ~ VI 

(l..AY"',4~ 

pasooite/adjacen.t to tme convex side of the rOll l!it.!i) a zone of ~ 

chromium miea, mariposite, beyond. Certain fractures controlling ore appear 
ko nJ ~\ / ' t;; f 

to ~ rolls (figs. 8 ~') f but do not have the paseoite and mariposi te 
; ,-.... 

zonas. Thill seet~on s made across a fracture ( reveal a ,lOnal dist-
f!> v\ 

ributiom of u~aniferous asph.altite&djaeeftt-~ eacla s:1.de of the fraotllre/ 
(,...liTh. /A~ .4~It~~ .. t- (,"t!J~tt'" .. , -{ ...... --.>l l a, . • .!) ,./ u.vet.-..~ ,~ _ &c6e.t"'f'f'- i"" 7At" /V-t:1"C' -;: •. ,.. ~ , 

/\ and a mna of hard.;, nan-uraniferous aspbaltite gradimg into liquid 
011 eif-J,er $//e. ()f 'i.t..e. -(nlcllA r~ 

asphal;r. Ore rolls are normally confined te the edges of mineralized zones 

-12-



Lr- . 
~. ~.~Ter.mination of black ore at fracture in North 

Mesa No.9 mine. Fracture strikes parallel to plane of photo. Pick 
lies on fracture. 
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Lc~j.' 
1f~W'9. MFracture control of ore in Campbi!M No. 7 mine. 

Curved line above geology pick is fracture. 
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Z-(}-(.)Y _ >f., .. t:f,--(J.f... t 

and 'Usually contain , only itlrgJilrtie deposits of llranium. 

CALYX NO. l2, A TYPICAL TEMPLE MOUNTAIN ORE DEPOSIT '-- (( 7 
'4s/:..('" of · ' . . 

;vSre bodies in Oalyx 10. 12 nne rang,es from small pods and lanse s 
CJ<)"" )\, ... '''' .... <:t~ ~q II) 

a few inches thick and up 'Ie 'ieB feet in lateral extent to bodies 20 
~ I)-a 

feet thick, 40 reet wide ; &nd over .... , ......... fee'\; 10111. These large 
f-h e 

ore bodies aocount fer perhaps 90 to " percent o~'l production. Large 

ore bodies average approximately e.l' peroent U
3
0

8
; small pods and 

lenses an DlUch higher in grade and average apprOximately ~.O percent 
.t I( J lofl d 0.1'1 ~ <f~ 

U3 OS. t?Sre shipped trom this ~e .eB:~&iA •• It O~ 27 perceDt 1J.3()8 H~~~:~- . 
___ .-1 , " ._~.__ ' ~.4./ ~ 
imately 18,500 tOilS . .JDa,vo.1dabJ eiBP'l'liL •• ef waste lIi1J:a I. accounts 

-~:IIJl~~~~_~ .. .-.:;N'i"lr." .~. ~ 

for the discrepaacy. The average uraium-vanadium ratio for this mine 

is 1 : 2.65 (T~I). 
M~ 

Tlle Calyx No. 12 mine is stnctUally~lowest of the mines examined) 

aDd, except for the Lopes Inclille and the Black Beauty mines, it is 

farthest from the'remple MGUDtain collap.se. Ore in quanti t,y was mined. 
, F"\ Q ytl 

from. the s()llth-_~piDehout of two "iNpe:riBlpoS&ii samdstene lenses 
I 3 . / 

separated by a conglomerat1e unit eRe to ~. teet thick (.7iIS. 10 
q-", /ttlses 
,. il) .. i'heseA1I.,dno, __ ramge ill thickness fro. a knife edge on tlle 

I~ 
southwest to ~e feet on the Dortl1east side of the vorkiqs. The 

/':;- . 

base of the lower sandstone lens is approxiaately t1 .... 8 feet above the 

base of the Boss Back. Tb. appear t~ De a:alt~ithiD the 
· 0 

Moss Back. They tread approximately NO' ,q( W, .......... ttlRHRR=-..ats_ 

.... _ .. t at_ ~ ~ 
! .ef1 :f 

1be lower saDdstQne ~is light-gray, aoda;rately to highly cross-

bedded, q\iart lOse, tiMi to aediq-grained, su~ang\11ar to 8l1b,Erol1Bd,e d 
(,(l-td ' ?ct",d ~,:~0. ~IJ c. . 

poorly sorled'Awell-eell.8Jlted to rria'bl~ ..... "secoualT quartz over-



TABLE I 

URANIUM-VANADIUM RATIOS FROM 

THIR'rEEN MINES IN THE 'rEMPLE MOUNTAIN AREA 

Mine D ! rs.1 Uranium-Vanadium ~ 

1. Bla.ck Beauty 1 1.89 

2. Calyx No. ; 1 2.6; 

,. Ca1xy No. 6 1 ;.76 

4. Calyx No. 8 1 ;.22 

5· Ca1y.x No. 10 1 : 2.74-

6. Calyx No. 11 1 .. ,.4, . .. 

7. Calyx No.' 12 1 a 2.65 

8. Carnpbird No. 7 1 2.26 

9. Lopez Incline 1 1.47 

10. North Mesa No. 9 1 .. ;.0; .. 

11. Vanadium King No. 1 Porta.l No. 2 1 ,.20 

12. Vanadium King No. 7 1 8.69 

1:;. Young's Eagles Nest 1 ;.62 
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Ie, YlS S P.MS 0. /7 
growths. The .... contains,," ' FilA dissemiDated flecks or liquid asph-

alt, creenish..gray mIldstone galls Jand rragmeJlts"b:>d.7arholllaCeOllS .teri­

al. Bear the pinehollt margia .r the lens~ a tni~ I J 1 I a_)(C0nglomerate ;, 

__ splits the sandstone. This is local h occurrence and oons~8 of 
0..,,'/ P e- b b I ~ ! (j f" . ' . fi,(j tf'/1,1""'-C'/',/ tf.,/oJ ;;;. Y.z. 

mudstone pelletsXAcl1ert and Cluarlizite .peelties 'tap .0 twe .. i: • all t beBes 

in cliameter /in a matrix of subBugular to suD':;oUDded., fiBe- to aedi'W1l­

graiaed. sand. The urpiferolls asphaltite .... iD the sandstou occllrscas 
'..-~ 

" 'Iiterstiti&i~artIcl!) .ad along beading planes in rich C.DCentratiOD.S':~"¥ 
.-- .... -~.,. """'--~-- . . ~ • 1A1'I1'i 

" '!'he th ; •• " comglomerat_"between the two sandstone lenses consists 
d/C ~ t1,A :;. I:z.-

of SIl~lar~~roullded pebbles "p to - -~ e AaH iDches in r 
diameterr~~sed '0£ flUartz, quartzite, i8Il chert, and greenish- , 

~,.,...A~-,~ 
gray audstone galls

1
- a Jlatrix at coarse \U1sorted , CVIarts grai~ and :7.XI, 

o{ + 4') c 
!nterat! tial clay. Where the unit is mi._rali I8d, :nearly all" chert 

1 0(- ~ 0, " 
pebbles have been re~laced by asphaltite. This bed is onl7I\""H8!:O.lny -
. . t4osi - ~t .. i-he . ,'~ ,. . I S-
mineraliaed , Ud"ore .. 1I .. lap oeeu;ts eQ lenticular pods OM' to "-'e feet 

in diameter. The 'Upper half of these pods ~ anomalouslY high in 

vanact:i- content. A struoture contour map was cODst:n1cted on the base of 

this cOlllglomerate ¢g. 12). 
, tfu-

The l1pper sandstone is lithologically siJBi.lar 'tol\lower except that 

the l1pper sandstOl1e~~~~~~~_~.~~~. d one pell.ts~ along 

'beQciiDg planes ...... is more illtricate17 eross-baciaed.. Distoneei cress-
---.".-~. =. -~-... 

beds are MIllIOn Mar -:;'U ~:r Doth 88DdlrtOMS <,rigs. l}~ 14), aDd f""-/ 

maY' or _~ot 'be uraniferous. This is discllssed further lmeier ~seciime-
f12--"--tu r e!l; f ve or ~ 

ntary 4Jt=1. i. Both sandstones are friable ed -4\1"- ,emf_b1e in ud 

adjaoent to ore 'bodies. 
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FNW13. ,fnistorted cross-beds. Calyx No. 12 mine. 
Dark bands are interstitial uraniferous asphaltite. 

E$6~/ 14. LDistorted cross-beds. Calyx No. 12 mine. 
podjlike structure above drill hole near end of pick 
handle is an end view across apex of fold. ?I--

I 
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COMPA.RISON BETWEEN CALIX NO. 12 AND OTHER MINES 1.. U 7 
Calyx No. 12 mine, the largest and most productive of the mines 

mapped, \rrliiO-srpli~ typic~~~ th!_.lIhQ.~~_g~ Major ore-bearing 

uni ts in all of the mines are sandstone and conglomerate beds similar 
~ ~OI'\...J(.... _~1_3/~ ff!e. f I()~) . ', . is I;' rI"It,,( IfYl r,4.~ d,;" a. ..... s/~ --

to those in Calyx N~~e bom=e:s; 'in Calyx No. 12,, ___ largerAt~ 'i",.I.':. 

, () f In c/I tJi 'luA I Qr e 1-0 cit ~.JI' 
those of the other mines. In the~ the maximum dimension,Ais 

approximately ofte/~i'ed feet. ~~h Me~a-N~~~-~~~~~,~~; 
t.1'-~.-~· ..... ...w~--"'!--l><>·~'If ... ••· .. ~ -(.",.· ....... ",,=- .r.. ... ./o_""'''-Io~~V' .ot'o'\"';'' :-:' •• :;.r.' ." .. of'Of. :_ ... ...-, .... ;';"'O' . ....... ,.:.> ..... ..,...,.....-'Io. ........ .. " _ ... .... -..-.... _ • .,." _ ...... ' .,.... •• r' ..,,..· .. L .••• •. ,_..... - - _ . ..--'-

and Vanadi urn King No. 1 Portal 2 minesj) 
.-~~,---~.,-~ ...... >-">,...,,'~"~'''- ~" .u_~'-·~·-r--~-- IA ' 

wcal f!ract=ij. control! by fractures ~"';riXeh no apparent movemel'l; f e ,",71 ,''it,. "f 

~!: ob§er5·ci7e~ linear zones of concentration of uranium miner~) 

~za biotlwas observe~_/ in all 1hiines except the mack Beaut,... In Calyx 

No. 12 mine, a fracture ~g.lS) is the locu~ of Ilany fragments of 

humic matter replaced by uraniferous asphaltite in an otherwise barren 

sands-tone. In Campbird No.7 and Vanadimn King No.7 mines (rigs. 9 ~ . 

~ 16), fractures are filled with uraniferpus asphal ti te in sandstone 

and conglomerate that otherwise contains no uranium minerals. Uraniferous 

asphaltite ore is conce~~;~~ in and adjacent .to~ fracture~ch 
apparently, contrOls th~r!1 of a small ore bodyl Pin Vanadium King No.1 

Portal 2 mine ~g. 17). In North Mesa No.9 and Lopez Incline mines~ 
4:' l fract~es (l1gs. Band 18) cut off ore~o~partl~ delimit! the size 

_ _, ~e).., ; Yl{ $ ,D lilt 't"4 nS' 

of these ore bodies. }~ this la{e!:-~_~s~ __ ~~~1lIIiA we.fe,n&t introduced 
(!'.$ r ! ' I-~C'/ 7 ' ""Or-r? ~'::" '() (,) //1 ($, • 

along the fractures but w~ pro a ~,f y an impervious filling in 

the fractures. Ore bodies in Calyx No. l2)as well a.s other ore bodies 

in the Temple Mountain area, parallel two major joint-~ as seen in 

the exposed Chinle roeks (jig,2;). Average strikes of these two joint 
~ o · 

sets are N~ 45 W.and N.10 E. Although these joints 

-1'--



R~15. 

SCALE: 1 120 

o,t?E Le:-.AJrt?S A.r ...... ·j 
B~<:IJ,-~ ~~A_~. 

£ngwall sketch showing fracture 
Calyx No. 12 mine. 

control of ore) 
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FZiiro.R}il 16. 6 racture control of ore, Vanadium King No. 7 mine. 
Shaded area is ore. 
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OR IFr ovt L I'lliE. 
(t: ... ,.ss- s~c.-f-,· ... J 

O,?:E 

: .. ~~.I'~~·':··"':f 

jiY{C:P,'--=- C;:~~;/: ;~. , c 

SCALe:.. .- /: 1,20 

FI~17. (Longwall sketch showing relation of 
ore in Vanadium King No.1 Portal 2 mine. 
Ore confined to area adjacent to fracture. 

-22-
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Ft0U~18. l Fracture control of are in Lopez Incline mine. 
Dark band is are. 
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were~} lloted. in the other mines" DOne were seen in Calyx 10. 12. 

This may be attributed" in part" to the fact that Calyx No. 12 is a 

considerable distanoe from the Moss Back rim amd mot subject to slump­

ing and other surface influences that would make the joiats disting­

uishable underground.. This fracture control is diousaea. further 1Dlder 

tectono. contro7*'~/A- e. f~Y"'S'. 

Stokes (19k7) recognized. what appeared to be a northwest-trendisg 

ohamnel, approximately as vide as the calyx benob, in. the Moss Baok. He 
eJ\.lJc.. 

based this idea on a general thickening &f the sediaeDts. ~n ordeiJ~o ;t,eri 

t.his theory a st.ract.ure CG.t.our map( base~ OD. drill logs do. Ada<:: 
) 

~ . B 
mapping~ was dran on the base of the Moss . aek. After correoting tor 

regional dip, no ehanne~~. omJ.y .10.Ca1Scours ;:~~ ~~~areant. relatioJl­

ship t.o t.he ore bGdi~~~!G~~' Tha;,'fsmp'I;e' Il1i1~area lies 

in a synclinal warp ~ appears to be channel-like. Sedimentary trends 

in this aNa, 'based. en meanments o~ cross-bed directions,average~ 

nortllwest. Stnctur8 contours ~aW'l'1 on the base .f a coaglomerate in -) 7 
~ j " J ~ te / . ,t,. , 

Calp: No.. 12 ~. 12) also .~ l.iJIe at. 1ci>u. in a I!.Grtlmlst directiGD, \ 6,.. , ,~, e.,-, "'" 
I1vJJd 1./..v...t,. IS .nih €. A.ftFlAJ\~ re./~ .. L ;A S J.~ be '-'H .. e""" ere Ct. . I·'~ (J I:" ( " 17 .... ~.s at sa..vJsf~ ·""e.. / £I-~\ U .f \ tj/(!~ .. j , ?Jcd, 
flntt no apparent :relationship to ore lias Jloteci~ '::" /"" '-'5 i/.. /~ t r e .... cI . .-J fJ·:"'{/l, ·1 s cf ;lw 
~ J. ' ..• ) (I 1 r ';'~c!.".f H I~ .:s(<;. 

- 'YA..a ~ ~(.,..-v'.A/t.A.-yyv . t1 

OreA from Oalyx No. 12 averages, as llOted. earlier, 0.21 ·perceat 

U.30S- TAis vallie is slightly higher than the average grade of ore shipped 

from the Temple Mountain area." which is approxim.ately 0.19 percent 

U.308. In this oaloulation.) the average grade of ore bodies eanmot be 

aocurately determined since some waste unavoid.ably dilutes ore. The 
IE 

average uranium-vanadium ratio!:. for t.ilineefl mines in the Temple Mountain 

areat<:sed on ore shipped alId !EG assqs. is 1 : 3.26, whereas the 

average uranium-vanadium. ratio from Calyx No. 12 is 1: 2.6S (T~", I). 

There appears to be no zoJ18l relationship between ~ ~~ . • 1-
uranilU1l-vanaciil1ll ratio W ere tNDl the variou.s mines and. the proximity 

of these mines to the collapse. 
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Uno::d.dized uranium .and vanadium ~ minerals found at Temple 

Mountain are uraninite and montroseite. These minerals are accompanied 

by galena, sphalerite, native arsenic, chalcopyrite, tennantite, 

enargite, pyrite/and marcasite. Spectrographic analYses of ore show 
je.. // e._vQ./d'1--11 be I ' it 

the presence of cobalt, chromium , and selenium_ns ill 'Wbiuh 
the; ,6 i~ 6~ ~ ; t--t"") 

r- these olem€mte -appeail~ eryt~ri te (?), mariposi te (?), and cobalt­
~ 

--- --·· --~ omenite. !I Microlcopic examination of the ore by" the writers and the 

Mineralogy Section of the AEc~as shown the following paragenetic 

sequence: uraniniteJ ad::8~wi.b llontros~ite, sphalerit~, . galena, native 
G\ ( y-o fA r eo WI p n S I V\ ( 

arsenic) and marcasite followed .. c~~~ely bYi\ pyri te, . enargi te, chalco­
~ ",,I ;.Al ·{ ({l l ./:,;{..!;.,I 

pyrite ...e. teDJlantite...(TABLE II). There may have been some overlapping 
) , '1\ 

between these two assemblages, or the series m~ have been continuous. 

Similar mineral assemblages with identical paragenetic relationships 

have been found in core samples from deep drill holes in the Temple 

Mountain collapse area. ~gene origin for the metalliferous comp­

onents in the collapse area is supported by the identification of 

tennantite and enargite. Tennantite occurs typically in hYdrothermal 
a..--nJ 

veins of copper, lead, zinc MIl silver minerals formed at low to 
(Pa/ach e ~r4/ /7~-J) 10 

moderate temperatures. Enargite occurs typically in veins and replace- f r~ 
A J 

ment deposits formed at moderate temperatures; ~t is also found rarely 
(P.t1/~c.4t' , ~~ 0 II I' :)-) J 

as a late mineral in low-temperature deposits. It can reasonably be 
1\ 

assumed that the metalliferpus components in the collapse and in the 

North Mesa ore bodies have a similar origin. 

llLaboratory confirmation of identifiaation of the e~thrite and 
- mariposi te has not been recei ved,-at tail: daate... 
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TABLE II 

PARAGENESIS OF TEMPLE MOUNTAIN MINERALS 

MINERALS (talJe .-) ~----.--.-... _-..... _-_ ... TIME-----------,>-> 

Uraninite 

Montroseite 

Sphalerite 

Galena 

X,Native Arsenic 

x: Marcasite .-~--- ...-,.. -

X Pyrite 

Enargite 

Chalcopyrite 

Tennantite 

Asphaltite 

Secondary Uraniferous Vanadate~, Arsenates, and 
Oxides of Vanadium and Arsenic. 

$'"LfJt'" t "~,,.,L' 

city".r;~. 0 

-26-



T ~ wtJ~ 
.>;,J /f I ' ~ 7X~ yL /,// . 
JC/3;4/ ";'RE - 7"'--:;/~ ~ 

~~} .~..G) / .;11/ z .~/~ 
" 

7-" ~'A-' 



A close spatial and genetic relationship between the collapse and 

the North Mesa mining area is apparent. Primary mineral assemblages 

common tb both area;:.are uraninite, m~ntroseite, sphalerite, chalcopyrite, 

galena, native arsenic, pyrite and marcasite. There is a zonal"..dist!~ decr- e 1\5e 

-bution- of arsenic away from the collapse, wita the grea:tt::!"st-''"C<5nc'entration 

is the G9l1apae-ar~ Several lalge nodules of native arsenic~th a 
f), i / ';1..., 

m,;~ximum diameter of we Mie efte ~eJ:f inches were found in the collapse 

area by the writers and by Jesse Abernat~ of Consolidated Uranium 

c 
Corp;tration. Numerous small nodules of native arsenic were found in the 

Campbird No. 7 mine. The age relationship between the arsenic and the 
f'll ;rtfh e 

other mineral SA the collapse area and;,Temple Mountain mining area is 
'" ' \ . 1i 0"1- "" By--f,-

somewhat confusing. Some nOd~es of native arsenicAfound in the collapse 

and in Campbird No.7 mine / !:icontain marcasite intergrowths of the same 

appa:t:'~;rrt age as the arsenic. 

~ - - A dir:~t{r~t~t~onshiP appears to exist between uranium and arseniC:; The 

'-'PflQt--=i:::4 arsenic appears to be concentrated only in uranium ore zones. 

As the distance from the collapse increases)the amount of arsenic dimin-
__ sf t\ii CI} ~ Vl d q ""o~+,.-t-b. tl \ ' e _w '"'"l 

:i.shes) but the uranium-arsenicl\ relationship continue~ Keys and If 
Whi tex (1956, pt. 295) observed that arsenic minerals appear to be related 

genetically to uranium in the collapse. 

Numerous secondar.y minerals were formed subsequent to erosion and 
7N-

weathering of the ore zones.~CFation PIOd~~inCIUde B~e!oas 
uraniferous arsenates and vanadates and~Lexides of arsenic and 

vanadiu.m.. Seco,ftary minerals found at Temple IVlountain (Gruner and 

Gardiner 1952) are metazeunerite, torber.n1te, metatorbernite, carno-

tite, tyuyamunite, rauvite, corvusite, metahewittite, realgar, alunite, 
4-

erythri te and brocrwti te. In addition) Weeks and Thompson (1945) list 

I 
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uvanite. Hated by Kery;et al (1955) were orp1ment, pintadoite, balo-

trichi te, copiapi te,pascoi te, and celadoni tee others, identified by the I!~) 

AEC Mineralogy Section through X-ray analyses are: bay-leyi te, hummer-
. Mel poss: tly) A.~ 
~teJ. -.i roscoelite) S 11 Ii' :&. ?~ __ iron analogue of bieberit%> __ 

C:t rl'Yl i..,i t e. ..,vA. ,! blA.<t-
A identified by the i1ineralogy Secti0Il;Aonly by chemical and microscopic 

analyses. Cobaltomenite, a cobalt-selenium miner~ has been identified 

~rom this area (Weeks, 19.56). Fonnulas for these minerals are given /(/ 

in Table III. 

URANIFEROUS · ASPHALTITE AND ITS RELATIONSHIP TO URANIUM 

'Studies made by the 1oJI"iters and the -Mineralogy Section indicate 

that; following the crystallization of the uranium, vanadium, and sul-

fide minerals, asphaltic petroleum fractions were introduced into the 

Moss Back sediments. The petroleum fractions penetrateJall permeable 

a­
beds observed by the writers. Examination has shown that barren asp~t 

is more widespread than the~~li-i~-UG~raniferous asphaltite. One 

striking feature evident throughout mines in the Temple Mountain mining 

area is the marked absence of carbonate, both in ore zones and in sedi-

ments saturated with non-uraniferous liquid asphalt. It is presumed that 

carbonate was removed by mineralizing solutions. Its removal would have 

increased permeability, a factor certain to facilitate movement of petro­

leum through the sediments. All primary ore minerals ~a:ve been co-rrod-ed 
I ~ .eveJ\t!w be At 

~-by-'·asJ~l:laltit..e.. llJ II •• ~-ob-s~. 
(J..)....t.... 

ore llrl:ne!a~,,~r8 ,c:tt. either completely or partially replaced by asphalt 

by an apparent solvent action. This solvent action of the asphaltitex 

on the earlier metallic minerals caused their nearly complete oblitera-

tiona Early minerals appear to have been almost entirely dissolved by 

w~ .. J~ if: wAS the asphalt ..etI!l:ng the hardening.procesoi' Submicroscopic granules of 

-28-
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Table III 

Minerals of the Temple Mountain Area 0 y-(!-s 

Uranium Minerals 

Uraniferous asphaltite 

Uraninite 

Torbernite 

Metatorberni te 

Metazeunerite 

Carnotite 

Tyuyamunite 

Uvanite 

Rauvite 

Bayleyite 

Hontroseite 

Corvusite 

U02 

CU(U02)2(P04)2e8-l2H20 

Cu(U02)2(P04)2e8H20 

Cu(U02)2(As04)2e8H20 

K2(U02)2(V04)2e3H20 

Ca(U02)2("v04)2enH20 

U2V602le15H20 

CaU2V12036e20H20 

Mg2(U02)(C03)~e18H20 

Vanadium Minerals 

VO(OH) 

V2V12034enH20 

sy (-'---- Metahewettite CaV60l~e9H20 

Pintadoite 

Pascoite 

Roscoelite 

Hummerite 

Ca2V207 e 9 H20 

Ca2V60l7ellH20 

(Al,V)2(AlSi3)(K,Na)OlO(OH,F)2 

K2Mg2Vlo028e16H20 

Associated Minerals 

Native arsenic As 

Pyrite FeS2 

Marcasite FeS2 

Covellite CuS 
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Table III (Continued) 

Sphalerite 

Galena 

Realgar 

Orpiment 

Enargite 

Tennantite 

Chalcopyrite 

Bornite 

Erythrite(?) 

Carminite(?) 

- Bro chant it e 

Bieberite 

Gypsum 

Copiapite 

Halotrichite 

Celadonite 

Cobaltomenite 

Mariposite(?) 

Alunite 

Montmorillonite 

Kaolinite 

Illite 

Calcite 

Dolomite 

Siderite 

ZnS 

PbS 

AsS 

As2S3 

3Cu2S - AS2S5 

(Cu,Fe)12As4Sl3 

CuFeS
2 

CU5FeS4 

C03As20S_SH20 

Pb~As208-10FeAs04 

Cu4(S04) (OH)6 

CoSO _7H ° 
4 2 

CaS0
4

_2H
2
0 

Fe4(S04)6(OH)2-20H20 

FeS04~~2(S04)3-22H20 

Silicate of iron, magnesium and potassium 

Cobalt selenite 

Chromium mica 

Alteration and Clay Minerals 

K2Al6(OH)12( S04)4 

(Mg,Ca)O - Al203 -5Si02 - nH20 

2H20 - A1203 - 2Si02 

(OH)4Ky(A14-Fe4-Mg4-Mg6)Si8_y-AlYo"20 

CaCO] 

CaMg(C03)2 

FeCO] 
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uraninite, galena, native arsenic, and chalcopyrite are dispersed in 
~ ,. 11 e", ~ I! · 

halos around the borders of larger spheroids of the metalli~1\ These 

fragments (diiiu~~way from their common center. Thus their appear-
lS \, ,/ 

ance)q\ that o{'--a solid being dissolved in a liquid (fig. 19). Hardening 

of asphalt to aspha1tite apparently terminated the process of replace-

ment of metallics. The range of diffusion of the particles is so slight 

that there appears to have been practically no movement of asphaltite 

after its contact with primary minerals. These metalliferous granules 
, *h t 

possess a lattice-like orientation~tel1ec~ the woody structure of the 

humic material they replaced (Hausen. 195~. IF 
Uraniferous asphaltite appears to be extremely corrosive. It 

etches sand grains .. ' an~in. ~reas of gre~test~oncentration of uraniferous 
: !-~II?> ~2. ~~:J 

asphaltite) only minute,we ill olows of ~ are left. The corrosive quality 

of asphaltite appears to be directly related to the amount of contained 

uranium. Thin section examination shows ~ z6ftal 1 eiat10nmllp bet DIeM 

aapd. traaei:li~eftt, fl:eRliPana.f8F9li8 aeplialt1te and opaqae al Mi£el oas ae 
;Z,tlHU5 0 f SlMrro IA-Y'!J"'1nod Ikt e.s tt- .... d I ~s: of 

~~"translucentJ hard asphaltiteA1J18sIJSS opaque-in bill ".laity 
~Sf;""j.;-lfJ. #.A.f ~ft~ flVvtlAIIj- '. ' . , ? 

tItt':replaced uraninite grainse.n,t6,1181 . • , ."bmiMO~~1'8!fJ4: - - ()~ , +, 
re4\.(ltd +? 

40lea • -J In the zone of translucent"hard asphaltite there is littile·" ' 

or no corrosion of sandE grains, and alpha track plate studies'~~o 
uranium content. Bombardment of the asphaltite by radioactive emission 

particles from the uraninite possibly rendered the asphaltite corrosive, 

but the amount of Si02 in the asphaltite is too small to account for the 

quartz sand grains that have been removed by corrosion. Thus the possi-

bility exists that before the asphalt was introduced, some of the primar,y 

minerals, or the mineralizing solutions in the presence of uraninite, 
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FlGanE' 19. ~Corroded uraninite nodules in asphaltite. 
Light areas consist of high concentrations of submicroscopic 

granules of uranini tep- X /,J-tJ 0 • 

( Ci/T-If"I"V /--/PUf€",'-' ., /~'~.) "7) 
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became corrosive and the Si02 was carried away in the mineralizing 

solutions. This is evidenced by the great amount of quartz over-

growth on sand grains in the vicinity of ore zones. Some chert pebbles 

were partially or wholly replaced by uraninite and other primary min- J 

a,,,,J wi ere t~~fltJel,t ,..ef lace d) 

erals. These were later corroded by asphalt)Ato form asphaltite"pebbles: 

These asphaltite pebbles are extremely brittle; therefore, it is ver:r 

unlikely that they are syngenetic~-i-8"'=n~-.p.~a*e4fra4.,. . .",_ ... ,~4j ~.s -fAe, 
, hot 

§:spha1t,: pebfjl~ couldAsurvive the grinding action of those fluviaJjl-Jlt} . 
Tilt-rf... ~ no S'c>fl:. r-..sfJlt....-l{; p e.1.6/.eSJ e,.ve.n, ,'", c~n~/()I'YI;:Je f"'~ "'~I'>1~IIc..J f-~ tJ~e.. a..-I w~'- tA/1 (MI/......l~ ': 
sediments a~;ime of deposition. A Another striking feature , is the :bun- hi"'" 

dance of metallics in the uraniferous asphaltit~ and the;rapparent ~re 
II ' l' f -

of them in areas -e:eu~r~ only -by:- the non-uraniferous liqUi~~es~haltw6J" & PS'erv~tI. 

Two generations of 'asphalt appear to exist x in the Temple 

Mountain area. This is evidenced by liquid asphalt in fractures cut-

ting hard uraniferous and non-uraniferous ~ asphaltite. Gypsum veins, 

cutting asphalt-saturated sediments and asphalt-replaced humic material, 

have been fractured and are now filled with asphalt (G. W. Caase, oral I1F 
communication). However, if liquid asphalt continued to exist and re­

mained mobile € t~ M~~~£tnrom the tim~ of its initial invasio~) . 
/:L f l!1- '" lrucl(A.;J,~~ I;' ·A, 

it would undoubtedly appear as more than one generation by!EHX @~tb~ 

these post-invasion fractures. 
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F6Wl5t::JN~Irmc~§p2.SJIEON .. 

The factors~ influenced de;~sition of uranium at Temple Moun-

tain aret ~ /edimentary features~ chemistry of the minerilizing solu­
~t 

tions and host rocks(~ tectonic features. 

Sedimentary Features, ------7 
Certain characteristics of the sediments appear to have had a major 

influence in controlling distribution of ore. The most important appears to 

have been permeability. Pinchouts _,~and truncation of permeable sandstone 

and conglomerate by impervious sediments)and the nature of the bedding planes 
d.e.fe,.n? ,;'/;"'; 

~ls91 played a major role in l1imit~ Or ~ancin.iJ the extent of the ore bodies. 

Variations in permeability undoubtedly had more influence upon move-

t L_..J ~~~---n f' 1" 1 t' th J,.td th f t P men ~...c~~UI1Il1C:;.1~ 0 IIlJ.nera lZl.ng so U lons anA any 0 er ac or. er-
q 

meability variations are both ~k7tJ and induced. &-~~~ permeability 

depends on at least three factors('amount of calcite cement, of interstitial 

clay, and the degree of sorting ,--in a gi¥eDc-nni-b. In general barren and , 
non-asphaltic sandstones and conglomerates of the Moss Back are fairly uni-

formly cemented by calcite. The content of interstitial clay varies among 
diffe\"e",t £(,11 its ye , 

(tQe va:riou~ sandstone~ and conglomerat~. Some are ~- clean with little 

or no clay/and others contain clay in amounts to make them ~ practically 
, IV] 'tln '/ > ---'-- . bre d 

impervious • . :or-Ln a}:ong bedding planes ~ both horizontal and inclined, ~ mtt e 
, C. ¥\ J ~ '/ ' : - , u v '"-- J,< 0 ' c " h " ' , 

co I') J }>' ~~Q:at sf ed:~ ~igh~green to gray-gree~' aQk~8 1geeiEH;H~ me~e 8:fl1fi9:P9Bi; ey 
. __ , Zones ' 

gGntya~t~ is 8el~Arich in clay, either interstitial or on bedding planes 
'r'~I&t""e-ly w ·fl.,-~ b.+fe'fed by 

are ~A impermeable ,and -ecnl:ia!:ft little eY aoljminera~ization. Sorting con-

trols permeability to a minor extent, but few if any of the sandstones have 
1+ "n'1.--ItA.,~ ..... 

A~~r ' "~ sorting to~de~hem completely impermeable. 

Original calcite cement rendered the sandstones and conglomerates 

fairly impervious. However, it is conjectured that ore solutions removed 

S. _-JI~_ 
~ 



Y1 e.a..r if A.-II ~ 
gI eat ame:cel&t; of I\calcite from uranium-mineralized zones and adjacent areas. 

is . I' '1 son, e, ~~CI(1;J thd:(-
Such removalx/usually complete ., but ~Qa8ieBally iA~~now contain~ 

liquid asphalt ,smaU) isolated" nodular ~ant~ on& iiat to ~ inches in 

diameter)~:calC~~. The material was carried by the solutions 
... , 

and redeposited in abnormal concentrations of calcite ~ort e.i~tanee~ beyond 

zones of metallic mineralization. These concentrations parallel mineralized 

fractures and bedding planes and lie between ore bodies and permeability 

barriers. 

Pinchouts and truncations of ore~bearing lenticular sandstones and 
~ (::.DJ111'Y10 ~ f 

conglomerates .e-eetU' £1 8qG-e~ throughout the Moss Back ore zones f ';an9; in , 

many places . are important factors in limiting the extent of ore bodies. ~. 
) 

;. tQ- the flrrvial 01±-g1n ei!. .. the Mo.ss· Ba.~e-S'e""""f'ec1t'f1-res-are ijii-qurrec -ommaEJ 
'where the pinched-out bed lies between impermeable sediments) too-·rnin-erali·za-

v/'6.5 
tion 'im confined to the permeable bed. ()B. ;&fie ·· G-LhIiU'ii \'9 '1&, .!;pe pinchout ~ 

~ may not be a limiting x factor if ~t is boundect by permeable beds. ~Beds 
' . tt. mud$"+o~-fj II e.-d 'Sa. d ~ ~ I ~~ ~ 
may be truncated by .m~~<Al4~il1ed rita sandatone and eengd:eHitH"ate. bnt 

meaDai~ M8F8 2@;aip, permeability of the truncating bed is the control-

ling factor for mineralization (fig. 20). 

( ledding plane7~ lim:bt -e.p...:i.ncrease udpA:t:aJizatiQad If tae planes 

~pen, ~ maYl-t;;e as channelways for~era3::illa'6iel"l is .... 

;i;H8!ll pa:d;iebila,p ... get. ~.!ft!..~~neralizing sOlutions~~-"a.'i'Orrg b~~@l p] axva~ 

_nate cem~l remov:.t il'l ~!1!Ji~. ~;om rock several inches 
~------.-~~.-.'" , ~~ p".?~", 
on each side of the bedding plan~g..a.~:ins:tannH the bedding plane 
~vt.{A._A.it'r 1 ::!J ~-

is
1
mineralized. Where mineralized,bedding has been partially or completely 

obscured by subsequent invasion of asphalt. 
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Features shown in figures 13 and 14 have been identified by a series 

of thin sections as distorted cross-beds. The thin-section study of the 
over f"u--n ei 

folded cross-beds revealed that the upper portion of these beds ax is kpstae 

~. This was evidenced by ~e gxxtx gradation of coarse to fine sand to 

silt grains from bottom to top of individual cross-beds. This distortion 

or folding of the beds was apparently accomplished prior to or contemporaneous 
Mess )?,,,,?t( 

with consolidation of the~osnd&. In the above figures, uraniferous asphaltite 

occupies many of the overturned bedding planes shown as curved black bands. 

Barren cross-beds of this type have also been observed. This feature has 

also been observe~_~,._~~ commonwea~~,~ ", .~91, :&i 
~ ~6o'.cn. ........ .o.c~~t>CT..!h.J,!oot!j''''J;!'~''A.>:l'rJI''''· 

..in ~ ..... Mos,s" Sa~" -( fig.,. 3).) 

Chemical /a:tors'-;---"" 

Chemical environment and local changes in it~~infl~enced depo-

sition of uraniUIlJ. and associated metallics. Marcasite is most commonly @ 
,x.. f,.e c;:Ni~l~ -fr o""" , ' '~ ' ~ _ 

product oilAacidk.:solutions I and its presence is &E:terpreted ~indicative of 
~~\'d 

o,n ~ environment. ThEiS supposition is supported by' the absence of calcite 

cement~ ~ t?8 collapse) and from mineralized portions of the Moss Back 
GcJc1 te .L'; I t ' 

from which . .a..I1 is believed to have been removed by ~cidi<f>0lutions. LocaJ.J,a±~ iJa I i~r" Y 

hb"e 1?i ~~~~~r~~·;;li~ht to have been supplied by decaying humic material. 
p / ~ <:e ~ 

}f.tany ore pods have centers of fossil wood. This "wood" has in most ~:)heen 

~ MI~-r If ""h.'d ') . ..{:. 
...<I ~ • ....... ~"' Y() l 

replaced by asphalt . Ais not ~y -uraniferous. -9f=t;CR \oiurroundlngl\ th~se 

centers are concentric~\{~zones of marcasite, uraniferous asphaltite and 

non-uraniferous asphaltite, in that order (fig. 2~). This is discussed 

further urrl er "Role of Humic Hydrocarbons". 
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:ndtrftE 21. {concretiOnary uraniferous aspbal ti te p0<7 Marcasite 
core surromding asphaltized twig. (t:i/"~,- Hd~.r~~ ~ If J~) 

a. Twig replaced by aspbal t 

b. Marcasite 

c. Hassive uraniferous asphaltite in sandstone 

d. Disseminated non-uraniferous asphaltite 
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Illitic clay may have been effective to some extent in precipitating 

uraninite and other primary minerals~though the nature of .the reaction, 

chemical or :ghysical, is not known.' The possibility exists that &!::rf.a-ee 
~?~;~r;,~ ,.. . ' . 

-aetiJTi±i7adso~y uranium. Small po~s and botryoidal masses of. uraniferous 

asphaltite are found in scattered loc~lities iakita intimately associated 

with and/or within illitic mudstone':l:lrlits-. Microscopic examination shows 

th . t k f h It °t Th b bl vv e-rC -fdr{ , (>trl b_y •• t o er nunu e· spec s 0 asp a 1. e. ese pro a ~pepPoGeQ; ~e -preClpl. a-

tion of uranium o~ pollen and very- small bits of woody ma~erial Jb~~~were 
later replaced ~ by asphalt. Illite was apparently formed from[a]kaolinite 

I'll 
or montmorillonite Ltype claiJin an acid enviro~ent. 

An increase in pH caused by the neutralizing effect of carbonate 

upon the mineralizing solutions may also have facilitated the deposition of 

-nef""~ I ~) 17 .... hJ...-' 
metallics. I) Jiowever, no direct evidence of thij e at ha:a,.i1 andC?er efor~ 

e.-
th~ statement is offered only as a suggestion. 

Tectonic Factors ,.--.----
The role of ~ tectonic structures in localization of the Temple 

Mountain uranium deposits is not fully understood. Similarity between 

mineral suites of the collapse and of the principal mining area, as well as 

other factors noted under "Origin of Mineralizing Solutionst~ lead the writers 

to believe that the collapse structure~Simportant. Also, as noted under 

t~deology of Ore Deposits~ a parallelis~ exists between elongation of ore 

bodies and strike of major joint-systems seen at the surface in the mining 
Elt'" tf" 

area. ~v e~aaa:t;~8-'Seent 'Va1:tct:+ ..... (-3jA1h~ parallelism is merely coincidental, 
or- . 

~ld (~~zones of weakness and/or indistinguishable fractures persist at depth, 

serving as zones of increased accessibility for the mineralizing solutions. 
II-.ller-

The writers feel that the . ~eeonCB· explanati~:m l is the more applicable. 
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'- {;F -;": 
\ I sA f (' C1- ,,{ :. -( 4 r Ow 

I 
J 7 

5 M bl i " 
Two "~ normal faults (fig. ~) not associated with the collapse 

'r r:co~nl7...:I.l ( e. _ 

ar~t*near the Temple Mountain mining area l'~nd appear to have had 

little or no influence on ore deposition. ~h strike approximately east;4"'-
f) V\ stu 

.. ~. and are downthrown 1l0] the sout~. They are located at the northern and ; 

southern extremities of the calyx bench.. The northern fault passes through 

the Vanadium King No. 1 Portal 2 mine and has about 15 feet of vertical t,;:.:< 

throw. The southern fault passes immediately to the north of the main tunnel 

of the Lopez Incline mine and has 68 ,feet of verti~al displacement. In the 
w t ,c: 1, i'.f /¥\ ~' .. . " 

Lopez Incline, ~c?~ed on the downthrown block, numerous am9~~ faults : of 
fJ. S-?) tl .. ··~ 

.six· ineh".g to t~ feet displacement, cut the ore. The presence of ore 

as drag on. the f ault y1anis indicates post are movement (fig. 22). 
tJ J1(J.u(t.ll...tr·~wJ W ITi. k ''''(/ S cT . eX{fCi t:Je.. .' 

C;- - --- ~ the . cal~. ~ ,NO ; ~2 4~~e~ a set, of lilif a~gle i@(lO to ~ deg! ee5) 
\rh b t · J. /11- 2. e ~ e 5 ;p //; Lt- () - ~ 0 G- ' c..fr.A.cJ-~, h~ 

... --- ractu:re~ ~ riking",,,,~(~t-~E. These fr~~turesAcofitroJl~neralization. In 
-~h ~ 

one mineA(fig. 15) they cut a sandstone unit about~t feet thick. The 

lower half of this unit contains abundant interbedded carbonaceous debris. 

In every place where one of these low-angle fra ctures cuts through a particle 

of ~carbonace6us material, there is a small pod of high-grade uraniferous 

asphaltite. Onlyth~ carbonaceous material cut by the fra cturesis min-

eralized; carbonaceous material away from the fractures contains no uranium. 

/"7 
In the North Mesa ·No. 9 mine, near mine survey station ~~¥@t"le8esn (fig. 5)) 

a fracture dipping 83oJ. cuts off a small ore body. A strong concentration 

of rich ore occupied the hanging-wall of the fracture while the foot-wall 

contained only isolated specks of uraniferous asphaltite. 

In Vanadium King No. 1 Portal 2 mine~' vertical fracture striking 
/1. t/ /,f> /)) . 
~~ppears to control the ore in the upper stope ~ in the vicinity of mine 

4./ 
survey stations' 5b4 and 5b6 (figs. 6 aM 17). This fracture is filled with 

• . I'S .L*,.. • • h . h t t high- grade uraniferous asphaltlte and oeeu~le3 a ~O~Lb~on In t e rlC es par 

of the ore body. -39-



F;Wi;r¢flj ' .t-fo.. faUlt in Lop.z Incline Min •• 
Dark banda are uranium ore. 



In Campbird No. 7 mine )the drift from mine survey station 1 to mine 

survey station 10 follows a sinuous, vertical) or nearly vertica~mineralized 

fracture~. . This fracture terminates at a stope from which considerable 

ore was removed. Figure 18 shows a portion of this fracture. 

In Vanadium KN King No. 7 mine, low-angle fractures effectively 

control ore. At the west portal a fracture cuts an impervious sandstone 

unit, and only along the fracture is there any uranium. Above and below 

this sandstone unit)ore occupies two separate lenses of conglomerate (figs. 12, 16 
Y ' r. ... 
~ 23). ~No apparent movement was observed on the above ore-controlling fractures. 

-l-~f2 J~};:J.;' v(! f"; c-(H1f..<1~ J!' 
From~data . ' j it can be ~~~ that certain local pre-ore frac-

tures exerted some control of the ore ~ .x.imxD: It appeaPs, .,.,Qowever, ;fJ1a"b' 

bth:;:-· ~~~~e,",,_ sedi~enta~~~ :~~af;;;ere~rr;cl:~.}~ localiz~lfOVtl 
- j ...... fl toP'-~'--'?'Z~ '- /;- I- -~~'~- _/?-t"(.-",o/. --ot , #t_~ -C-tA/,"a..';/-', .,;j -- -,=,--" -

the are. be west iHl}3sclab t facj:,Qr was tlJ.a....pa.s.sageuB:;'fB a-long major jOill'frS 

('i.~allowed the mineraliz~~_,",,_~9.!~!.j._<'.l},,~ _,..~<?,_~~?y_e into the ~:;e!r.r j 
"""'~-... ".,,"5"""" "-~'" 'v' '" . .-..... - .. _ ....... " ••. _""'. ">" '~""">':,.,...-~., . ~." ..... . -,.. ~" -
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The first report concerning uranium and vanadium deposits at Temple 

Mountain was xe:x 'made by Hess (1922), who suggested that uranium and vanadium If 
might kxE have been leached from other rocks and precipitated by asphaltic 

fractions in a shallow sea or lakeland that "hot water" had played a minor part 

in ore deposition~ Murphy (1944) stated that the Temple Mountain ore-deposits 

were attributed, in part, to a selective impregnation of sandstone and in part i ~ 
;:: 

to a sedimentary. origin. Webber, in the report by Murphy (1944), stated that 

the ore deposits were of hypogene hydrothermal origin, which he related to 
' / '1 

igneous intrusions. St~kes (1947) assumed that the origin of uranium and vana- ~/ 
(). /ldwed To be, 4ep"$,~J \ 

dium was through an aquifer which de~esited the uranium and vanadiumAon carbona-

ceous or organic material (asphalt). Bain (1951) suggested structural as well If 
as sedimentary influence upon the ore. He felt that this structural influence 

indicated that the distribution of uranium and hydrocarbon occurred after the 

joint-systems were established. 
!-7 

Sheridan (1951) suggested a low-temp.erature /r 
. :~) 

hydrothermal origin1for the ore. Brooke (1952) postulated that the ore was de- r( 
Ivy..d 

posited from hot aqueous solutions rising from fault-feedersA~ migrat~I~; 

laterally along fractures or through porous~ strata. Wyant (1953) . believed y\ 
that the uraniferous asphaltite at Temple Mountain is the residue of weakly 

metaliferous crude oil which was introduced into the more permeable sandstone 

and conglomerate after the formation of the San Rafael Swell ~ielifte. Kerr and 1f 
Lapham (1954) tentatively J:~:.~~~eJa hydrothermal origin for the ore on the 

basis of the. similarity of the ore to thucholite (Ellsworth, 1928) and the asso-ff 

ciation with xxx· arsenic. Kez:s and White (1955) recognized a belt-like arrange- ~? 

ment of ore bodies on the calyx bench. They attributed this arrangement to an 
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oil-water interface in an unbreached anticline. Hausen (195~ reported that the r\ 

ore was deposited under reducing conditions of low temperature and pressure. 

The ore-bearing solutions were probably hydrothermal and moved upward rather 

than downward. 

According to Hausen (oral communication) contemporaneous mineralizing rr 
solutions in both the collapse and the Moss Back appear to have been responsible 

for deposition of uraninite,E base metal sulfides, native arsenic) and sulfarsenide~ 

andf~simultaneous removal of carbonates from the roc~ Mineral assem-
I rl ~t . ~ v-e. 

blages ~ Temple Mountain area ~typical low-temperature hydrothermal types. 

McKelvey, et ale (1951) (point out numerous mineralogic similarities K) 
. \ 

between uraniferous deposits at Temple Mountain and typical uranif~rous vein 
~e'--~-orU I C?A/;I/.r- ..",. .. -) 

deposits • . Metals mos~ abundantly associated with uranium in veins ar~pg;-eu, 

and &.4--;~on ~Yoccurs ~ pyrite and/or marcasitehrequently associated 

with 19a~ ~~ giBe i~ ~galena and sphalerite. Marcasite, pyrite, ~ spha­

lerite, and galena have all been identified inC!!~Pl~~ ufrat;ITerou; o r;J'I-()~" 
/4-<--&.-cr::u ... "~" ···· ,r-· 6; ·", - . c.. /(tZc{ _ 

According to McKelvey this is an assemblage similar to that found in theAS~Fe Ph 

type veins in many parts of the worldt. McKelvey also states that copper is 

possibly the second most common metal associated with uranium in hydrothermal 
6.f )/ 

deposits. In the Temple Mountain mining area n~~rl~ _~~~.~~~~.~~~fides and:mh "( ,-¥-" 
sulfarsenides have been noted, some of ~tCB. H9l!L@found in cores from asphalt-

,i free sandstone in the collapsed area. Chalcopyrite, tennantite and enargite, an 
',.t~, 
~ f : JItlDIJm!: assemblage ~ commonly occurs in epithermal vein deposits~a'isociated 

'~'M~ with uraninite~~re mutually intergrown in the sandstone interstices. No such 
--e N F, 

:;: -: ,: syngene~~ l~~~:;:;' ~~._~~,:~:e~~_~:c.'_. ~ ,t'u~ ~_., 
C<4- Nj) Ao, ..!Fi,-a:n~ are additional metals whi ch McKelvey states are 

associated with uranium vein deposits, end each of these has been detected 
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in abnormal amounts in the mineralized sediments at Temple Mountain. The 

hydrothe:rynal characteristics, that is, the physical and chemicaliJli;~ifi 
necessary to precipitate vanadium mineral~are little known~t pp89~. 

YD-Y\~JI'I/\ V'1 I? 
Rankama and S~hama (1950) list~ as an accessory ' constituent of uraninite in 
~ek .- Q-I,e;-A,J!...,rI- ,- "~'r-l1I;~l'<V<'''''''''~U ~ 
Iii · a ~r ~ type veins. The role of montroseite is not understood ~ plesenj'. 

Further similarities between the Temple Mountain deposits and typical vein de-

posits may be pointed out by McKelvey's citation of the occurrence of amorphous 

hydrocarqon in widely scattered vein deposits. Some of these hydrocarbons are 

/i') 

tained thorium, uranium, carbon, hydroge~ and oxygen. McKelvey also notes sig-
" 

nificant amounts of carbonate gangue concentrated in uraniferous veins that cut 

metasediments. Most common gangue minerals are dolomite, siderite, and ankerite. 

A close parallelism is seen in the concentration of large volumes of dolomite 

and siderite transported and ~ redeposited in the .overlying Wingate, probably 

by mine~alizing solutions, at Temple Mount~:"---"'J'--'--- (! 

~ . ~~ t V . L"t~ supports'the theor~ fIi ydro erma mineral assemblages 
_______ --"~~~~'m:I~~1.;,I~~~i:f.lr""-~ 

direction of the ~olutions in the cOllapse~a~e~ ,v~!e upward rather than down-

warctj Removal of large volumes of CaC03 from the Kaibab and Sinbad limestone? 

and deposition of compensating amounts of dolomite and siderite in the Wingate~ 
.s'~~/~ 

below and abov'~~ollapse respectively~must surely be more than£pap~oincidence. 

That mineralizing solutions came up along fissures associated with the 

collapse and spread laterally into permeable Moss Bac~ is supported &- the above 
"r edlslrl,J~ 

o\qaoaee mittfurther by field observation of carbonateAin the mines in the area. 

The redistribution comprises x removal of carbonate cement within and adjacent 

to ore bodie~ and its redepositionEX in abnormal concentrations from a few 

inches to a few feet away. The metallic compounds, presumably from a deep seated 

source, were precipitated under low temperature-pressure conditions from very 

dilute solutions. 
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Many forms of carbonaceous debris xu discussed unde.r ngtratigraphyJr' 
~I i • 

, u.:.epr.!: ) 
are present in the MOss Back sediments. Th,~~range5 from microscopic pollen 

to logs 4 feet in diameter and 20 feet long. Much humic material has been 

partially or completely replaced by asphaltite and exhibits no recognizable 

cellular structure. Humic hydrocarbons appear to have played an important role 

in the precipitation of uraninite. Plants absorb uranium~ut not in sufficient 

quantity to account for the amount present in the fossil humic matter. ;rhere-
) 

fore, other processes must be responsible for the introduction of uranium into 

II/is l 
the carbonaceous deposits (Breger and ~, 1956).A Qre pods @8mme~ enclose rr 
1 · . ; 1'\3: 0 ~, Vt e.. e. V'"". -I-~ • +~ b d h · ogs and tWlgs, and ore zones are e ose~ s.SSOCJ.eI~Jea li3:uu e s aVJ.ng an origi-

C6h-tf'!"it~' lf 11 ls_ J 
nal high" humic hydrocarbonS'.sontremt. Uranium~precipitatea under reducing 

conditions. At Temple MOuntain Breger and ~ (1955) obtained specimens of ~ 

humic hydrocarbon which they called coalified wood. This so-called coalified 

~ wood contained both £xxi fusain and vitrain. They found that fusain, which is 
-~ \ 

\ 
v ' f~\''1 h . 11 yT?,(}\ \ Ii c emJ.ca y inert, contained no uranium. Vitrain on the other hand is chemically 

reactive and contains functional groups which are x capable of combining with 

uranium. The vitrain was found to contain uranium. If uranyl ion u02tt comes 

into contact with H2S the reduction reaction 

u02tt t H
2
S -?- Ud2~ 2Ht t S 

will take place. One of the best reducing agents for uranium and vanadium in 
- ~ ... e I: P~""a-rQd dlJ1r, '~£ +-he. f-

nature appears to be H2S or S-'" iol"lJ which "'3:& commonly asaQoi&teti--wi:tJHAdecay..ed- 6 

organic material (Gruner, 1956). An anomalous amount of free sulfu7~ present If 
in uraniferous asphaltite)~ may be ac:ounted for xx by the above reaction. 

MI h~J" h.:'t 
H2S from freshly broken ore samples fromATemple Mountain minos can be readily 

detected by x its noxious odor. 
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In some cases the reducing action was so strong that ~ uraninite~ 
. ;:;:;'[,~/ M ,'), tV-& ~~.J _,........,A. ti.",-jij 

~glig wi~other metallic'IA~precipitated dJa a halo around the carbonaceous 

matter. The reducing action was continuous throughout the time that the mineral-

"t sa 1m til < 4 izing solutions were present) and exerted enaugh ~eriQP influence that the 

carbonaceous portion was never replaced. Figure "Z)J illustrates the accretion 

of uraniferous asphaltite around a twig replaced only by non-uraniferous hard 

asphaltite. A halo of marcasite surrounds the twig and is in turn surrounded 

by massive uraniferous asphaltit~ which becomes less concentrated away from the 

center until only disseminated flecks are present. 
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Previous papers on Temple Mountain uranium ore have propos~d essentially 

four explanations for origin of the uraniferous asphaltites: (1) )3';~rngenetic; 

(2) introduction of uraniferous petroleum derivatives with concentration of 

uranium by fractional distillation in situ; (3) precipitation of uranium by as-

phalt; XNOC (4) asphalt prior to uranium; (5) hydrothermal origin of uranium; 

(6) uranium prior to asphalt. 

The writers favor a hydrothermal origin for the primary minerals of the 

Temple Mountain ores. From evidence supplied by laboratory and field work it is 

concluded that: 

1. Uraninite, montroseite, sPhay'erite, galena, native arsenic, and 

marcasite were introduced by hydrothermal solutions in advance of 

all the other metalliferous components and the asphalt. 

2. The precipitation of uraninite was controlled by carbonaceous debris, 

certain chert pebbles, illitic clay, pre-ore joints, and permeability. 

3. Most of the asppaltic material migrated into the sediments after 

deposition of metallics; it has served only to obscure original min­

eral relationshiPsland did not introduce' or contt~~ i;~i~~":~J of 
i i \ 

vanadium. Rather, the asphalt was polymerized and immobilized by 
4i'4d o;r f(;...- ,. CJHd ..9"'''' "'" c:... ...... .tt. d" tt. -;"~"" 

alph~particl~ bombardmentAfrom the earlier uraninite. 
ff.-v- i 

~ 'Ehe mines that were mapped are all ~i4;& similarjand the only zonal 

relationship between the collapse and the mining area i~~he percentage of ar­

senic found in the ore. 

The nature and trend of ore bodies on the calyx bench suggest fracture-

control of mineralizing solutions, but more work should be done to check the 

validity of this hypothesis. Certain local fractures control ore, but many 

other fractures observed in mines appear to be post-ore and have had no control. 
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(r-. f;. J~ 
Ore grade-thickness contour maps illustrate size, El~±:i:;,~and the trends 

~....- . 

of the .ore bodies[: ~h. ~ ?yj .. a.rean asset to mine operators because ; they can help ,'tt 

, .f . ¥\ d (.:z~t.,,~f' ,fI."'."-".! f 4 e. . 
SOlv~~ome protlem~~ finding~ore bodies without expensive drilling. However, 

the information from additional drill holes is desirabl~ 

In summary, organic debris was present in the Moss Back in ample amounts 

to provide sites for precipitation of ore from the mineralizing solutions. 

Replacement of carbonate, che~~and quartz by the solutions appears to have 

been contemporaneous. After ore deposition the Moss Back was invaded by petro­
) 

liferous fluids. Access to ore zones was facilitated by induced permeability 
-t~t. 

provided by prior removal of interstitial material by..., mineralizing solutions. 

Those portions of petroleum that came into intimate association with uraninite 

were polymerized into asphaltite. Since the polymerization-stage, weathering 

and erosion have altered the deposits in varying degrees and have resulted in 

formation of secondary minerals and partial breakdoWn and leaching of some of 

the asphaltites. 
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