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ABSTRACT 

Geochemical soil sampling led to the discovcry of illterestillg Ilwlyl)(I(·llitt· 

mineralization associated with an unexposed porphryry illtru~il't· . TIlt' 

area of interest is not marked by hll'al'hill)!: !II" lilllll:lilit· dii"oloralillil hili i" 
outlined hy the IO-pplII Mo COlltoUr. '1'111 ' 11I1I1\,hdt 'lIl1ll1 <lIIIlIllal )' a" 11111 -
lined by soil samples coincides IVt:1I with allonlaloll ~ IlIol yhdl'IlUIlI \',lilll'" ill 
Ilt'drock. The gent'rally low-Iel'd ,ulOnlaloll~ vahlf'''_ 111I,~ 1 III' II'hi..J1 a 1'1' 

undcr 100 ppm Mo, were obtained frolll the IlIillll ~ : :;'-Illt'~h fradillil of IIH' 

~oil samples. 

A cOlllparison of results frolll soil and I'IlI'k ";1111,,11'" illciicall '" 1111111' 1,,11 " 

nU1I1 leachillg; where,ls, 1111<1.:1' lilt' sli)!:hlly ;wid "II I'lIllIlili"",, "rl'\'ailill C!_ 
(1111: wOllld expI:d 1I11l1ylllll '1I11111 vallll'" III I,,· .~ I · 111'I' ; 1i" liwci ill "ilii. Oil 

Ihl: hasis of StiliII' lal)Oratory 1t'~1 II'lII'k. 11'1' """1"'1'1 Ih ;11 Ihi ..; II '; lI'hill!! i- elIII ' 
III II shifl ill the 1Il0Iyl)(II'1I11111 slahilily fil ·leI 1': III"I·d ,I'I " i ~ lIifil ' ;1II1 a llllllllli..; 
IIf 1·lIkilllll. 

This l'aSll history SI'I'VI'S to illuslratl ' thai Ihl' lIH'ril _ III' ;) """_1"'1 '1 1';)1111,,1 
III ' 1,\,(\llIal .. d Oil 11111 hasis of gl ·(lc ·III'lIlical \'ahH'''; al"llI' . II ;Ii"" I'"illl - 11111 
Ihc l llI'c,d for lIIonl kllowlc·tlgl: (If f<ll'l(lr~ !~,,\c'l'lIill!! lilt' ~I'I ... llI'lIlil ';l1 11I1I1,ilill 
IIf lIIolybdenulll. 

PURPOSE OF I'AI'I,:n 

The intent of this paper is twofold: fi 1',.:1 , 10 ~IIt>\I' Ihal a IIIII"-lc '\'c'l 

lIIolyhdenulll anomaly may he inlcrl'slillg; :lllei. ~c·c 'olld . Ihal 1111'1'1' i~ 1I1 'I,eI 

("I' IlIOI'I! work Oil the factors which affc·t:! Ihc: IIlohilil y of 111"1.1 hell'lIl1lll 
ill Illc wealhering l':one. 

SETI'I N(; 

Th(! Ibid Bullc' Ilwlylull'lIilc· pl'Il"pI"'1 is :tillllil :!:: Illill '''; I" ,,";111 ,,"rlll 

II' C:,lcriy frol1l lit-lelia, Monlalla, .lIul ;tillllil ·1 IIIi1c',,; ~"IJIII "" 1\1;)1'\''':1 ilII '. II 
is 011 tlt(: sOllth siell' of 11111 lopographic ' rl ';IIIII'I ' kllll\11I ;) "; I\;dcl 1:11111 ' 

,./lIIeric(/1I Ald(/l. (:Ii/l/(/:r, /tl/'" I>/'II/ !I'/', (:010. 
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FIGURE 1- TOPOGRAPHIC CONTOURS 
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between 6,;WO and 7,000 feet above sea level (fi~. 1), Mining aetivily ill 
Ihe Bahl Bulle portioll or the Marysville lllinjll~ (listricl was almost ''x· 
elusively for gold, principally in Ihe Bald Butte golfl mine. 

'1'111' :-;Iop"s on lIald BIlIIt~ al'l' gl'llI'l':llIy qllill~ 1'OIIIlIII'd 1111(1 \'Oven,,1 willi 
('ilher till1b!'r or grass (fig, 2), Outcrop is lilllilt~d 10 ,,!lout :~ percellt but 
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4110 QUARTEHLY OF TilE COLORADO SCIIOOL OF MINES 

most of the ('XjlOSUI'I'SlIre outside the IIl'1'a nllOI1l11lollS in molyhdenum. 
It should he noted that the 111ya of inten'st is not visihly discolored hy iron 
oxides. 

GEOLOGY 

In and near the area of interest on Bald Butte, three rock types are 
exposed, These are hornfels, irregular sills and dikes of mierodiorite, and 
a major dike of Belmont diorite porphyry, 

The hornfels is a dense, very fine.grained rock with light- to medium
green color bands that follow the original bedding. The hornfels WIIS 
derived from impure flolomitic Helena limestone of the Precambrian Belt 
series and is considered to be the product of very strong metamorphism 
associated with the Marysville quartz diorite stock which was probahly 
emplaced in Late Cretaceous or Early Tertiary time. Though not exposed 
on Bald Butte or immediate vicinity, the Marysville quartz diorite is in
ferred to underlie part of the nearby area at geologically shallow depths, 

Microdiorite, so named by Barrell because of its fine-grained nature, 
comprises ahout :1 per('ent of the outcrop area exclusive of the Belmont 
porphyry. Tlw mi(,l'Odiorite was intruded, prnlolllinanlly as thin sills 
hut also as narrow dikes. into relatively unaltered Preeml1hrian I1d('lHl 
limestone prohably in Cretaceous lime, Metamorphism assoeiated wilh 
Ihe Marysville quarlz diorite changed hornblende phenocrysls in the 
microdiol'ile to very fine-grained nests of hornblende. The miel'Ocliorite is 
.1I0t shown on Ihe illustrations, 

A dike of BI,IIi101l1 diorile porphyry, I(wally known liS the "Ilig Dike," 
('uls holh lilt' 110 I'll fpls nncl alt(~red mierodiorile 011 Bald Bulle. This dikl' 
tn'luls 11"0111 N . .')0" W. and dips SO" ·(iO" SW, 

Thl' Big J)ikt' i~ 11 major feal\ll'll in Ilw old Bald Bulle gold lIlitw, as 
Ihe wins whil'h \\'t'I't~ lIlinl'd l('!ldl'd to follow frw'lun's along Ihe IlHngiu~ 
aud fool \\'all of IIH~ Big J)ik(~, This milw workt,t! rdaliVt'ly 11111'1'OW, t'pi. 
IIll'rlllal-lypt'. vuggy quarlz veins whil'h ('onlain t:alt'ih~. nllorilt~, pyrih', nutl 
millor alnounb of sl,lwll'rilt', dHllcopyril(\ galt'IUI, nntl gold, S('vI~rnl wins 
of Ihis Iypl' ('ul Ihrough lilt' WIW of Illolyhdt'nlllll lllilll'l'Hliznlion 10 lilt' 
Houlh. bill Ilwy nn' 11OInl,l)' IIl1·king in golt! nutl silVt'r t:0lllt'1l1 ill Ihnl ZOIlt'. 

The I't'lalionship~ noh,d ill I~OI't~ frolll lilt' tlrillllOl('H HllOw Ihnl IIII! l'pillll'l'Iuul 
veins are lalpr Ihan the 1Il0lyhdenilt~ lIlilwralizatiolJ. 

In nlHl ('Iww 10 Iho 1I101)'htlt'1ll1111 1lI101ll1l1y, IllI! hOl'llft'ls nud III iaotliOl'ilt, 
hnve hl'('n h)'drolllt'nnally altl'n,d. TIlt' horllfds, originally rkh ill diopsidf'. 
has I)('('n altl'n,d 10 a I'Ock ('oIllIH,.'wd of IlOrnhll'lul(', IpllIrlz, l'/·ddish·hI'OIlIl 
bioLilt" nlld K.rt'ldspilr. nil or whi"h are very lil\t~ grailit'll. TIll! reslillill~ 
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USE OF GEOCHEMISTRY AT MOLYBDENITE PItOSPI';C'1' :11·1 

rock is usually dark grecnish·hla('k 10 hro\\'uish-hlat'k. Thl' ori"inal Ilt'ddiu" 
in ~Iw l'n'(,Hnlhriatl ro('ks was pn'sP1TI·d ill IllI' hlll'llfl'k 1111; il has hl"'~ 
obliterated by lhe lalel' alteratiou. 

GEOCHEMICAL EXPLOHATION 

Our interest in the area started when we noted a iJrid rd('wn('(' hy 
Adolph Knopf (1913) to the presence of nlOlyhclenile in lIlt' Bald BUll;' 
gold mine: Knopf reported that molybdellit(,I~'as associated with lIarrow 
quartz vemlets in the Birr D'k h t I I' I " 
• to> I e, u Ie (IC not mentum lIs prest'nce 
111 the country rock. 

All of the mine workings were caved or in very poor condition; there
fore, only the ~umps and glory hole exposures were of any help to us. 
Even though eVIdence of molybdenite mineralization alou" Ihe Bin· Dike 

• • n r'I ' 

was ~ot ,Iml:resslVe, we de:ided to undertake a geochemical soil survey 10 
seek mdI:atlOns of a pOSSIble target area. Tlw survey was laid out with 
parallel Imes N.4.0· E., initially spaced at intervals of 4.00 feet. Samples 
were taken at slope intervals of 100 feet alolllY the lines Tile B 11 ,', h' ,... . 01lzon. 
W Ieh was us~ally enco~~tered at depths of Il to ] g inches. was ~alllpl('(l 
whellever posslhle. AddlllOnal linl'" 11'('n' Illlt I'll 1'111'1' '11 ')()() fl' 

• , l t __ 00 !-'pa(,JlIgs 

to help define the area of inlerest. 

All soil I'<amples w('n~ l'<i('Vt'd. and fill' l11illll~ :I;'-Illl,,,,h frad ion fmlll 1';Jeh 
was 1~naly~ed for Illolylidenlllll Hnt! coppn hy Ihio('Yilllilll' alld J,iquinolilw 
culorllnetnc methods, respcelive/y, usill~ fusion I'xlrat"i iOlls. 

. Ol~ Ihe h1~sis of lhe frequeney dislrihuli,lIl, ha<'k~rolJllIl for soil sampl,'''; 
III thiS. area IS less than 2 ppm Mo. Accordillgly, all vallll'''; of 10 1'11111 i\'1o 
I1IH] IlIglwr were conloured as slron~ly .lIlOIIl1llou,.; (Ii;..;. ::). 'I'll<' l'I'slllis 
define a rougltly circular arm ahOll1 1.::00 fl"'1 ill dial11t'l('r iu whit'h lilt' 
~lIolyl](lenllllJ eontcnt of Ilw soils is slrong/y .1l1OIlla/oll";, Of parlielll'lr 
wlt'n,st is Iht! low I(~vd of Illt~ lllolyhd"llllll1 '1IIIIlIlall'. 

,The pll 1lJ('asurcnwnls \\,('W Ill.HII' on Ilu' luillll"; ::;'-1II1'S" fradillll of lilt' 
SOil smnples l(~ oht:lin an idea whC'lllt'r lwol),h"I'lIl1111 (·"uld Ill' ('xllI'd('" I" 

Iw 1t'1lt'Ilt'd or /Ix('d III IIH' w('allH'rinp. wn(', Till' rangl' ill pll \,;dll,',; ,,"Iaillt'd 
from Ih~~ sO.il slllllples is .').1 10 7./. TIlt' :1 I'il 11111<"1 iI' aVl'I',,;,,(, pll of .ill 
sntnpl(,,.; 1" ,..,ltglilly Il'ss Ihllll h,l. Tilt, IlI'I'I'IlP,C' Jill lOr .. "I ~'lIlIfil,·s fro II 1 wilhill 
Ilrc' '1-101'11111 Mo isognul is (,.w, whi .. h is 1""""lIliilU, lilt' .o.;:IIIlC' :I~ III<' III I'!' 
I1I111Vl'nlp;(!, Tllt~ tlistrilHilioll of sumpl('s wilh pll valll,'s of (),() or II'ss alld 
~': I (~r 1ll0~'(~ is SllOWII in /iglln~ ,I·, whi .. h illl/slral"slhal 1111'1'1' is 1111 1IfiJl:1n'lIl 
IdatlOnshl/, hdlV(~(!1l pll vahlt's alld 11lC' Illolylldc'lllllll allOlllaly. Till' 
anomalolls coppel' values showlI ill liglln' ;, apl'('ar 10 h(, din'clly' r<'l<111'd 
10 lire pll pallern as Iriglwr eOpP(T valw'H an' ill lilt' highl'l' I'll "I';'as. TIlt' 
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FIGURE 3' MOLYBDENUM GEOCHEMICAL ANOMALY- SOIL 

copper distrihution also reflects the presence of copper in epithermal Veills 

along the Bi~ Dike. . 
Selected samples of soil profiles are illustrated in figure 6. These sho~I' 

that the nlOly!>cll'lIullI valul's are conc('nll'lltetl 10 sOllie ('xl('llt in Ihl' A hon: 
1.On in profiles:i and (): in IIIP B IlOri~on in profiles I alld ,I.; 111)(1 ill tIll' <. 
"ori~OIl. just IIhllVI' IlI'dl'o('k. in pl'o{jlc'~ 2, II" (), IIllcl 7. Tit!! hmlnll'k v/lhll's 
an! higher 1111111 IIII' A til' II hori1.01l valul's ill prolilc!s I HlIII () HlHI 111111'1 
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EXPLANATION 

~ pH 6.0-

o pH 6.' + 
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FIGURE 4· SOIL pH 
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I 

in profiles 2, 3, 1" and 5; however, it should hc! n'ml'm!>I'I'('d Ihal Ih .. valu('s 
hl'ing compared lire r<J('k againsl lIlinlJs ;1[')-III1'sh soil fr<lI'l illil. 

Molybdenum has )>eell sonwwhal IIlOhill! in I!II' wl'allll'rillg WII" al Bald 
BlIlI(~. This Illohilily is evidelJ('c'd lIy gl'llt'ralll';wllillg of 1Illllyhdl'lltlill frolll 
Ihe soil nIH) "I'I'c'r r\!lv red or I II'dJ'lII'k. LI';lI'itillg ita,.; lakl'lI 1'1:11'" ill "pill' 
of IIII! ral'! Ihal Ihp pll or 1111' "oil ill nlll,'11 of IIII' an'if i.~ I,·~~ Illall /t.O, IIII' 
Ih('orl'lil'ul lilllil (according 10 Ilml"ldd) 111'1111\' whidl 11111,,1 lI\id,' 111111) h· 
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FIGURE 5-COPPER GEO(HlMICI\L ANOMALY-SOIL 

Ilellllllll'lhOllhl IH' lixc'cl. Molyhc\Ptllllll hll~ appan'1I1ly IWPII lixed to some ex
kill ill urCHS \\'Ill'rc' CIIIII'C'lIlrlllioIlS of iroll oxidc's an' fOllllcl, pllrlil'lIlarly ill 
Ilw vicillily of slI"-olll(~rops of C'pillwrmal wills_ Valllc's ohillillnl fwm SIIIII

plt's of Ihe lop fpIV inches 10 I fool of hc~dl'o('k wen' !cllv----W·lwl'ally aholll 
half of Ihll values ohlailled from tlw milltl8 :{5·m('~h fraction of the soil sam
ples. SOllie of llw pills :~S-IlH'sh fnll'liolls WC'I'(' lIIH1lyzc·cI lIucI fOllnd, as is 
cOllllllOllly llw ('lise. 10 c'olilaill Ipss lIIolyhcll'lIl11l1 Ihall IIII' milllls :lS'!IlI'sh 
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FIGURE 7 MOLYBDENUM ANOMALY IN BEDROCK 

fntctiolls. UnforltllHltdy, wc do not hllvc the weight pm'ecntllgcs of plus :lG 
nnd lIIinus :\1) nll'sh. hilt Ilitl wllOlt! soil Hlllllpit's will prohnhly nV(:rnWl Hom:). 

I ~ II ' I" If 1)('IIroek IS shown III whnt less, Tlw anolllniolls IIrea liS I ('IIfWI Iy slimp CH I . . I I' 

Ii .. ',7 In HI lite' of tilt' flld that lIIolyhdellulII is IWIII/!, lilliI'lli'll fl'Olll tl 
It"oUIL , . II I k I" 111'1' 

,"t'!llht'l'ill" ZOllt' tilt' IIrt'lI~ til,finl,d hy soil ~lIllIplt'S /lilt H'I 1'01" slImP
l
u,', I 

• - t"o • I' I' ,II I (' 1I1t'1 
ill dosll IIgn'I'IIIf'nl; 1101\'I'v!'r. lilt' Iwdl'tll'k 1111011111 Y IS 110 liS WI 

IU!l'lluSll f«'II'I'1' I'IIt'K !4!lIl1plt,S \\'t'I'I' IlIkl'lI. 

U~;J': OF GI-:OCIIEMIS'I'IIY AT l\,IOI.YBIIENITE I'IWSI'ECT 

Notieeahlc weathcl'ing dfee/s in tlw bedrock fadl' Ollt qllickly wilh tlt'pllL 
In general, there is only minimal oxidatioll below 20 feet, although limonite 
liaS been found on fracture surfaces at depths of over 200 feet, The valtws 
obtained from rock in the interval from I foot to 20 fl'd below the top of 
bedrock average about 6 times higher than -thc top fell' inches of bedrock, 

Additional evidenee supporting the illea that 1ll0Iy!J(bIlIlJl is Iwillg
leached from the weathering zone at Bald Butte is found in the water 
samples taken from drainages in the arpa, Definitely anomalous value". 
from 10 to 12 ppb, were obtained next to Bald BUill'; however, tht'se fall 
off fairly rapidly to 4, ppb at a distance of 2 miles downstream, The hig-hl'st 
and, for the ]lUrpOSes of this discussion, tilt' most sigllificanl valuc ohlained 
was 6,000 ppb Mo from water with a pH of 7,1 draining out of an adit in 
the anomalous area. The water samples from the streams had pH values of 
7,1 to 8.0 but average about 7.7, 

Much of the rock in the area of interest has hairline veinlets of calcite 
which may be related to the period of g-old mineralization, On the has is 
of some of our experimental work, we Sll~PP('t that Ih(' :lppan·nt "hifl in 
the molyhdenum stahilily fidd to 101l't'l' I'll ('()lldil i"lI:-; ilIa), h., t'all";t,d hy 
calcium ions; however, more work is IH'l'd .. d III 'IlIalllif), lIlt' I'fTI't'/" Ihat 
calcium and other ions, sueh as iron, have 011 tilt' nlOhilily <If nllllyhdt'lIlIlll, 

A peculiarity of the results is that very fl'IV of thl' salllpll's IIwr or Ilt'ar 
the Big Dike were anomalous in molyhdelllllil. ('\'('11 1IIOligh Ihe prt'st'lIt't' o[ 
molyhdenile ill this dike was the caus!' of 0111' illl'l'sl igat iOll, ;\ po"sihll~ 
explanation for this situation may be leaching- pronlOlt'd in part hy a higher 
carbonate content in and neal' [he mnjor epitht'rmal I'l'ill" which an' lo
calized along thc dike, 

FOLLOWlJP WOIH-.: 

On llltl hasis of: (I) tlw p;t'tlt'llI'lIlit'al ill["l'Il1ali"lI. l:!) IIII' 1'!'t'.~('III'" 
of lIlolylult'lIilt! ill r:tlitlollll), orit'lIlt'd \'I'illl.,,,, ill hI d,."lh"l'lIlall.l allf'l"'d 
hOl'llfds 011 SOIlIt~ prospl't" tlIIIl1P,~, (:1) sillliiar sllll'kll'''l'k-h IH' qllarlz 
\,('inlt'ls ill ')('t/)'ol'" I'xpost'd hy 1",lIdozt'r t'liis. ill It I I I) IIII' PI'I'S"lIt'I' III' 
IIUtIWI'OllS 51111111 fragllH'nts of silllilar-I,I'!'I' Vt'ill qllarlz ill tilt' :lIIOlllalolls 
lIn'lI, we postlllnlt'd Hli 1Il1l'XPlIst'd illiri/sil't' IIlIdt,), Ihc' alloillal,,"s a!'t'a, \\'t' 
d,.illt,d tIlt, 111'1'11 lIlId [ollnd that II qllarlz porp"yry illlrllsil',' t""lIpln IIl1dt'r
lips ,lIP ,,"onllllolis milt'. (,>tllIl'lz 1'111'1'11) r\' Iras t'lIl ill "lit' drill h"I,' ill a 

tll'!'I" of tlO ft't" '11'1011' sllrfll(,(', El'c'lI '''"111',11 IIII' iln';I hilS IlI't'lI 1I1:1I'IH'" ill 
t1t'lnil, lVI' kllllW IIf 1111 01111'1' plllt't' 1111 Ihld B"II,' 11'111'1'1' Ihl' qllal'lz 1'''1'1'''1 n 

i~ I'IIISI'I' 10 sllrf/lt'I', Tht' hlllk of IIII' illll'lI~i\,' li,'S ill d"pl" .. "I' :_~1l0 f.,t'I III 

1I1t11't~ lIlIti is ofT-t't'lIlt'l' 1'I'llitivI~ to IIII' 1I101yl,dc'''1/1I1 1"'lwlll'lIlil';1I illllllll;t/)" 
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The plnn outline of the intrusive nt 6,000 fl'el is shown in figure 8. Inh'I:' 
esting molyhclenite milwrnlizution is eloHdy a!;soeiated nJl(I gellemlly pen· 
phernl to the quartz porphyry intJ'lIsive; howt'Vt'J', WI! eon:>itleJ' tlw vnltlt'.i 

encountered in our drilling to he low grmle. 
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USE OF GEOClJEMISTHY AT MOLYBDENITE PHOSI'ECT I I,t) 

SUMMATION 

In summntion, points of interest are: 
1. Soil sampling defined nn aren strongly anomalulls in lllolyhdenulll 

content, though the lower limit defined as :;trongly anoJllaluuH is only 
10 ppm Mo. 

2. The molybdenum bedrock geochemical anomaly agrel's clos,·l), ill "iz(' 
and location with the soil anomaly even Ihough ~{)1lIl' lllolyhdl'Il111l1 is 
mobile in the weathering zone. 

3. In spite of some pH conditions lower Ihan G.O, Ihl'n' IHls 1)('1'11 leach. 
ing of molybdenum in Ihe w('alht'ring ZUIl('. parlil'ularly ill 1111' Itlp 
few inches to ] foot of hl'cl/'()('k. 

'I,. Some of UUI' pxpl'l'illlelllal work. ('Olldlll'lI'li I" .I. A. I I a 11"11 1«1. illdi· 
cates thal the apparent shift in the molyhd('11I11I1 ;:Iahilily fi"It! 10 IOIII'r 
pH values is caused hy calcium ions. hut fllrth('r work should 1)(' dOlII'. 

5. We feel that geochemistry was ollr "lOst llsdul 1001 ill d"I('I0l'ill~ a 
picture of sullieiellt inlerest to justify drillill~ Ihis prosp'·('l. 
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