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THE MINERAL PARK ORE DEPOSITS 

by Harrison Ao Schmitt 

ABSTRACT 

Like the Esperanza Mine and of course many others, Ithaca Peak and 

the Mineral Park area had a long if not very productive mining historyo 

At Mineral Park four different attempts were made to develop porphyry 

copper ore p two of these were on and around Ithaca Peako 

The regional setting of Mineral Park and the Kin8J1l&n mining area 

is of possible interesto I place the area on the extreme west side of 

the Wasatch-Jerome orogenic belt and just north of the north side of 

the Texas orogenic belto Ajo, as I read it, is also on the west side 

of the meridianal belt but on the south border of the Texas belt. 

The extensive sampling work done tends to support the "rule" that 

the bigger the sample the more nearly the assay approaches the average 
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A CASE HIST'ORY 'OF C'OPPER AND M'OLYBDENUM GE'OCHEMICAL 

PROSPECTING AT THE MINERAL PARK MINE 

'OF DUVAL C'ORP'ORATI'ON 

By Donn M. Clippinger 

ABSTRACT 

At the outset of the exploration program at Mineral Park, Mohave County, 
Arizona a geochemical survey was planned. It was decided that this prospecting method 
might aid in delineating the areas of highest metal concentrations and reflect the 
ultimate potential area. 

Methods chosen were sampling of rock outcrops, and of shallow soils. 
Geobotanical sampling, under similar conditions, had been found impractical so was not 
employed. Copper and Molybdenum, the economic metals concerned, were selected for 
analyses. 

A 400-foot equi lateral triangular grid . pattern was sampled over an area of 
approximately one and three- quarter square miles. At each site the samples were taken 
as follows: (1) About one and one half pounds of soil was taken at depths not 
exceeding one foot. (2) Approximately twenty-five pounds of rock was obtained, by 
blasting, from the nearest outcrop with in a radius of fifty feet. (3) A few ounces of 
rock chip specimens were selected for identification and reference. The minus 65-mesh 
screen fraction of the soi I was used for soi I analyses. All sample preparation and analytical 
work was done by laboratory methods. Analyses of both copper and molybdenum were 
determined colorimetrically by means of an electronic colorimeter. 

At Mineral Park the distribution of molybdenum in either rock outcrops or 
soils serves as an excellent guide to exploration. Molybdenum does not migrate significantly. 
Rock samples are nearly as high in tenor as the underlying sulfide ores. The orebearing 
areas are found to be overlain by rock containing >300 p.p.m. and residual soi I 
containing >150 p.p.m. of molybdenum. 

Copper distribution in rock outcrops and in the residual soi Is is misleading. 
Factors such as structure of contemporaneous minerals, permeability, pH, soil development, 
and petrology infulence the migration and localization of copper. More data are required 
concerning the behavior of copper in the form of oxidation and soil development. 

The combined molybdenum and copper rock analyses show a pattern ( >400 
p.p.m.) that can be used as ore guides in the Mesozoic (1) intrusive rocks. 
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DlTRODUCT!ON 

Duvd Corporation ti s :'U:."!eral Park property is lo~,ted in the Wallapai Jofining 

District approximately 16 rrlles j·.crth 0'1' Kingman, Ari~o:w. and 24 miles west of the 

Gran~~ lvash Cliffs . The td.ll,!!'Jircte of quartz lll\)nzoni't::~ intl11sives, Ithaca Pea-I<, 

Gross Peak, and Turquoise Hountain, fornl the core of the elliptical district whose 

axes trend 5 miles northeast and 20 miles northwest. 

The earliest milling 1n :·:hnt is no';!] the 'valle-pai !'.i-rlng District was for tur~ 

quoi~;e by Indian.s. CharlO!fJal 3.ud st'~r_e hmmncrs are still found in workings on Tur= 

quoibe Hountain. 

Gold ·Aas discoyered .:n t8G3 al:1d concerted effcrts to !!line gold and silver bc= 

gan in the 1870 l!S. The rIch o.ri( (; ~one silver chloride lS were nearly depleted by 

the turn of the century and "ttter-tion lTa.S diverted to J,rgentiferous galena and 

sphalerite ores at depth. 

Ap~rox:i.mitely $24,000,000 ,.,orth of gold, silver, lead, and zinc were produced 

through 1946. The Keystone I~lne in Hineral Park was the last of over 225 mines and 

1 tOOO prospects to cl,')se in :!.9 .. !.8. 

L 

Th~ PDl;'Phyry' copper""l1lOlybdemmt mineralizatlon at :'47i.neral Park was first drilled 

in 1906; the first production, hO'llever, was in November 1964 by Duval. 

l'h€\ present m:ln:1ng operation is '~onf'ined to Ithac2~ Peak, which was the highest 

at 5,200 \1 and the easternr..lOs·:; of the above mentioned t'r.urmvirate of intrusives. 

This discussion will also be ccnfi:ned to Ithaca. Peak n.la. mIl be concerned with the 

petr'ology, theory of origin, miller~dization, alteratioll, and structure of the Ithaca 

Peak intrusive. 

ACKNm~1!:DGEMENTS 

The speaker wishes to errrphaslze: the fact that the majority of the surface maP=' 

ping lms done by D. Clippinger an.:! J. E. Frost . K. Martin,!. B. Gray, R. Sayers, 

and E. H. Le·wis also contribntec.:o the e~rly mapping .w1.d logging. Dr. H. A. Schmitt 
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supervised the exploration phase. Discussions ~nth J. E. Frost, D. Clippinger, 

H. A. SChmitt, and H. J. Roper have influenced the interpretation presented in 

this paper. 

GEOLOGY 

General. 

Quartz monzonitic ~gmas have intruded the Precambrian chlorite=biotite schists, 

amphibolite, and gt"all.ite gneiss l'lhich comprise the Cerbat Complex. The copper"" 

moly.)del:'.lXDl miner-.w.iUl.tion is confined to the intrusivoi!.s and their iJIInediate environs. 

The contacts of' the Itlmca Peak stock with the Cerbat Complex are steeply dip= 

ping. The quartz IOOnzonite magma. was not chilled and i s not foliated at the contact. 

'l'he Cerbat Complex Letaseilirents lvere deformed at the contact. These facts indicate 

that the quart~ monzonites "fere forcibly intruded and t hen differentiated and crystal-

lized in place. 

The quartz monzonitic Ithaca Peak stock was extetlsively deuterica11y altered; it 

was then shattered and mineralized and. altered by hypogene and supergene solutions. 

Finally, northwest trending vein=faults which are characteristic of the entire district 

~re formed. These silver=lead .. zinc veins also transect the Ithaca Peak stock. 

The intensity of the deuteric, hypogene, and supergene alteration bas made it 

impossible to obtairt modal. analyses to date. 

GroLOOY 

IgJ.1oous Petrology: 
Quartz diorite (1) 

The quartz diol'ite (1) consists of small discordant injections into the Cerbat 

Complex and of a 5 tCl 10 foot rim containing inclusions of the Cerbat Complex. l{eath­

ered exposures of the quartz diorite (?) have been exposed at the north and northeast 

contacts of the Ithaca Peak stock and the Cerbat Complex. It should be emphasized 

that the volume of' the quartz diorite (1) is very small when compared to the volume 

of the l~haca Peak stock. 



·.:.'he ~.'Jart~ dic:.~te ('l) }i;'l:~ 1: l':1ed.~_um grained, subhedral granular texture. I t 

1,) !\.,:n.posed of red~- rl'nm bic 1'.:i.te .:J-.nd/or hornblende, calcic plagioclase, and minor 

rl?h :L ~neOllS te. (.,I,.e} t1.c presence of euhedral aceessory minerals character-

J.1.t.i . .! L :i.gn~ous roclr~;, aild tl: p::.~es .I.ce of inclus::'ons of the Cerbat Complex attest: 

to he: lZ!leo-us (Jr":".~5..r.: of ~b: q1:al'-;;Z diorite (7). The compositional differences be<= 

"Ii the (11...ti'.:"~~ :WJn~on:lte that 'lfaS conta.m:i.nated by reaction with 

G:";OLOf-;Y' 

I:' .~('j':S Pet'~;)l .~,.: 

C.u.lr~ z 00::- wnit,;! ;mc'. ql:t!.rtz m.c:.i~~oni'Ce pOrp~i"lY 

:0' 1·.:;' q~rt~· L~m :mit~ ('J~d C!UC.l·tz niI.Jn ... onite porphy:i.oy form a continuous interme~ 

':'h:!~ e ar-a 1 I) si.g,ufi.cant. tc}:tural cU.f'ferences between the quartz diorite (?) 

·ar.d the quartz mcn~cc ·te. ',i'hE qt.nrtz Jli..or ~onite and quartz monzonite porphyry are 

el~.ui:a1E. 'l't anits but due to ;;t'btle w.rim!ces :in grain size, they have not been 

'I'h~ qua~·t~ l:-':Onz..:mitc: a~d tl.c quart;;: porphyry (described below) contain seri-

cit;:; rS!.'!ll,,~~m::J:""'Phs after GtllGdr-al rr-1.cas and sericite (JIf:./or clay pseudoDlOrphs after 

Sl7.bh·~~.l·n.L plagioclas~ in ~ tn;'1.t:.~i:_ of £in:~ grained , anledral quartz and orthoclase. 

P ··r....,.t"s.!::"' ~ seI'iei tiz3 cji on and arg51H.zatiou has replaced all t he primary plagioclase 

al,d l' •. ca i 1 ·thE c:ua~nt· mor~on'!.:eL> anrl in the quart z porphyry. 

1':. ~1':otite f[!.ci'~.3l of th,,,: qu.:g,i:tz lllOnZ(.nite occurs adjacent to a large xenolith or 

septl;, (,:f' Cerbat COIITph!x metasedi.nlents near t he north end of Ithaca Peak. This facies 

::r 0I', Gut for' < dis'C'u'ce of .Z ';0 200 f~e'_ normal to the contact with this xenolith. 

fhe 1,1.') ~:.tc :':ilcies 0" ':'::h~ qu~~r.i::lJillOn~o.lit·.:: is similar in all respects t o the quartz 

3. 
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L10l:,zonite with the ex~ep'don of the presence of red=bro"ln biotit e and somewhat s tronger 

arg:D.lh>2.tion. The 11 (oti':e e. tlnr is disseminated throughcut t he ~uartz monzonite or 

i~ :".~at:ri.cted to the lunrp'in~J t:f v'ail~s leaving in'i:ravein areas that are void of bi otit e . 

':a.'hi:. r(!str:tc':;icr .)1:' the b."o"i:l.te to -vein margins in some cases and its occurrence 

i.:n tae pro}:imii':y of the em-bat C.-,mplex suggest that th~ stability of the biotite may 

b{;! d'le in part to conca.n.irw.t.icn by the Cerbat Complexo 

Acees80ry miner' s ill the,:; q la.1't:r. ruon~onites are l~atile, apat i te, and zircon . 

GIDLOG:l 

It,'D.cot:s PHtrol(l~: 
Quar';z POI d.1Yl"Jr 

In cor.tra&t 'idth the :SIcmet:L.~s vaguely porphyritic quartz monzonite, the quartz 

pcrphYr:T' fe-".ns the' ii.Jtin :tLy po:tphyritic core of the ~thaca Peak s t ock. The cor e i s 

rcughly elllp-e1.cn.l ,.i :11 a llcrthes.st trelld':'ng major axis of 2,0001L and a northwest 

tI'en' irI,g n:i.(1or rods :):{ 1, (00 \) . £toughly in the center of the quartz porphyry is an 

el11,Jtical aret. 700 u by 500 P "'hich cortt..'llns nU1l1erous (uartz, aplite , and orthoclase 

pods ani ir:Ngu!ar ~ ;!: 11S ~.s well as crel1ulate quartz veinlets in a matrix of quartz 

The quartz; l:'Crp.lyry J,S ch3.racterized by quartz phenocrysts "Mch range in size 

from 2 mm at the con t<~ct 'ittl. th the qUc1.rtz :monzoni tes tc 15 DIm, 20 ~ to 100' from the 

con~.ct. The sel'iciti,zed ami/~r argi1l.i.zed plagioclase phenocrysts range from 5 to 

10 Ir!\! and the seric.1.:t;i~ed. mica p~enocrysts are somewhat smaller. The grain Size of 

~;hese phenocrysts is greater than that of the quartz Jr~nzonites. The phenocrysts 

are r.:on·:al:ned jn U lli.ltriJ .. of fine grained, anhedral quartz and orthoclase. 

~;o small bodie) cf a biotite facies of the quartz porpl~ are similar to the 

biotite facies of th'~ quartz m:mzonite. The similarities suggest that these bodies 

may l.e almos"t conip1e':Eoly C'iges .:ed xenoliths of the Cerhat Complex metasediments. 



T:l!!~OnY OF DIFFERENTIA'rION ANV CRYSTALLlZA'l'ION 

The considerati:m of the di'~fel"'ent:tation and crystallization of the Ithaca Peak 

s coe: is necessarily b~sc(l. u.pcn ,vidc!':..ce gathered from eJ..-posure s in an es sentially 

hcrif,ontal plane th-;:':mgh i·']:w. • ';n.s the t.PpCl' portion or a much l a r ger igneous mass. 

This di.scuss:!.on is, tl!er.3for~~. 1'" .stri"ted to a closed, plw..ar sys t em. No mobile 

c(jm.o':.Jne~lts are assu;r.J t·) have b en :1.ntl:"oduced into thIs system tmtil the late deu­

ter.,,!::' and hyp(.,gene J ,ages. ':'h"', uccess.-.Yf"; igneous units are considered in the order 

in \i::i~h they Cry~)t.L l.i~e0. :~rom \ he !:.eriphery tm-rard the center of the stock. 

'r~le lack of sig '!lfi(~.nt di .... arity in grain 8ize between the quartz diorite (7) 

.::Uld th~ quartz IOOnzo, ~eLj in1icates that the quartz d1.orite (?) was not chilled at 

5. 

the: I:!(iutact ,dth the ~erbat 0o~~,-,lex meu' sediments. Significant r eaction between t he 

metaced.in~k'lts and th-! melt res..u ted In the disparity in the compositions of the quartz 

cli·;:r("i te (7) and th~ {l'l"'.ari;z m.,:..uonites. 

;'\;.J.lo~,ying this i)eriod of' reacticn '·"_th the Cerbat Complex, the melt was encased 

.it.. a solid quartz diorito (?) rin, and. uri.clcn-;ent normal differentiation following 

n(~vrell ns ::,eacti~n sel'·_e..~. Th3 compositicn of the qua:.."'tz monzonites, disregardi ng the 

.:£'l'l'o300.g.'lesian compCl!l~nts la:r \rith:h"l the system Or=Ab<.An<-Si02 . The micaeous t exture 

of t:h;; tOme grain.ed lCl"h-:ite -pse do iJ:Orphs after primary mica indicate that only hydrous 

f<'Yt"';r(JU'ilLgL1Csian pr,ase ,l)rl'~il'i ta ted. As biotite and calcic plagioclase crystallized, 

";he Ijel t 't'las gradually enric~,?;d 1:<1 pot.ash, silica, tmter and other low melting con­

sti:;;:uent9. The va-po;' pressure within the melt gradually increased as the concentra= 

ti(j:'l. of volatiles wall inc.reased ill the remaining melt. 

!}\U ..... :ng the latE:: stages i):£' quar':;:Z mon~onite crystallization, the composition of 

tb.?: .nul t ap,?roa-=h(~d 'j!'7 8ystcm Ah-.Or·· 3.i02o~H20 and the melt became supersaturated with 

respect "'<;0 sUica.. r:1)unded qu.[,rt~ pl10l1ocrysts precipitated with alkali feldspars 

tcomr<)sition inferred due to the ~lt\.'1!:;e alteration of the fel dspars) and biotite. 

~.'he :;:.l,~.r.;!:. phel':.ocAY~< · I; in{':reased 1.11 d~c as the melt Wd~~ enriched in si l i cao A cry-



• :<.1 !L. 'il CI.·<WC<._IJ CoL 11 •. .:h.J.l L!,.U·1..,. ~;ol;ld. ~ua:rtz lto .. ;l.;cni'te shell. 'rne compositi.on 

('!I 1 th.e : .. ' f, ' . t~ ":'11..1 ';.",1 .,./:01 <.~1c1 lriUsh contaL.'lcd llithin the solidified 

( ~~ 1':::~ :'-,n~('ni';t! fhc J. \1<lS .n )1'0 .:il.:lltef-' ~?:1, th~ '"7ap:n.~ pr,~ssure exceeded the load 
rt';:.;;,·mrc 

(1. 1 l" ('''(!:dyl!.! <u [ . m .'JU::.~ri:'Ilg C'1~: ;X\t r,((.!ltple:-:. :,netas~di.m":ItS . The quartz DlOnzon:t~ 

6. 

'1', i. Ls ::i,:1 t!1e;r ~tall ro::::.:; \nth. n t,l.E: 'Jicinity of lthnca Peak. Movement of the semi-

!·,.111 }J=,< .. r. .. ·.tite 1 aSSC.l creB,tee rr.: rgir!al leucoc:i's:::ie gn:dsses along the pegmatite con-

~3,' t.J. 'l'b; :rh~ o~ it:. (~ik2:J '.:;hu·,~. Y{n: ... .:t.ic 0-(" the westC'll portion of the \vallapai :m.n= 

ir.; H.E;tdct rr ... y ,:'epcc'se'!\t cbHLd f1~~.idf of th;:: sarr.e ',rigin and composition as the 

deutbri:,: crystv.lli~.:L~.on :;'n in~erfIiedia1_e and silieh! icneous rocks is defined by 
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FollcMirlg the crystal11z.,tion ot" the quartz=orthoclase groundmass of the quartz 

pUT'phYY':r at Ithaca Peak, an a,c,ueous _ntev'grallular phase existed in equilibrium lV'it h 

l'!,ockcto II of Tem8 inil1f":~ trappe.:. 1 iquid . '!'hese "pockets II of" liqui d crystallized as 

.1.sr.-,l:,!.'ted n~,';ses of c~~,rSel}' cl'Yst..r,.11~,ne qu.a:£'''f.',~ and or'i;;1oc1ase with va~e altered con-

The iri.teTgranul.B':~ Hluts dea'~et'l~l'l y al ~ered the quartz porphyry ~oundmass 

_forming oikocr'ysts or PC.:l~::'2:rOi.:ndJl1.aS~ cteu-::-el"'lt! :pol"phyr(lblasts of orthoclase which 1.11-· 

\':luded i;1"OUlld.mass (!"4l...'\c"tz ,n,.t c. rt !~c1ase, and the mica _'nd plagi oclase phenocrysts. 

'i'b::s~~ (',iiCOCTysts hnv\,; s1rjgl(~ clm.msi-:"r:-s as grce.t as 6 inches. 

Optically cCtntinur.Jus quartz oV\:"1"'g:oorths en the primary quartz phenocrysts are 

also c01.sidered deut0i:ic. 

~~;}~ large amount:.. of ::;i1ica in the .::entral porticns of t he quartz porphyry may 

rel:.'ese:l'C the fi.rst mobilo COll'pOller,ts if! ..;roduced from below t he system being con­

sidered. or silicic nHid~ that ~\'er:: th.~ _inal dH'ferentiate in place of the planar 

~lysten! clo:!sc:·ibe:d. 'C1(' COt.:.cc;:r~·v'ad.on of "he grC:Y-1fhite quartz at the center of the 

,~mn·tz ')or-phyry seel:,'j to la.yer the] 'i.ttel" expla,1at ion. The pod=like and irregular 

con:tigul.·ation of tIw qua::tz. ltY1S3-eS su~~.;st[~ intrusion into l.l'hat may have been seJr.i­

I!on diitat,~d quartz pc·:rph:lry. 'I'h.=! d.tm.f~r- •. .tens of the tJ,l.'artz masses are tens of feet. 

':~h= qUb.1'tz ·.,:cnta.lns l:race aJ\~;,tnts of rryT:' 'te and molybd':!nite. 

SiJ.lt;;n, ..:.n the '<ricin),ty c. ~ i.he ,~ua.r~.~ ma,ss~s was ,also apparently injected into 

the quUl'-:::~ \)cn'phyry ns st',h~pa.ral1~l, 1 = 3liiill thick , creml1ate veinlets. These vein-

1et~' ~~] ~o su~gest the.t the qua. '1:~, porphyry n'l3.Y have been serni-consolidated at the 

-:..iw;; (jf 'their incept.:.o'1. rn::e:~~:ranu;.,n' l'ecryst a..lliza tion within these veinlets, 

she:1rin'; of iY'regu!a:i' "I:C'O. ru::r,wns t'ro;Hl the veinlets , slightly biaxial quartz, and 

rl,il'!r(lfa.~·l ts Q;re all ev::.denccs ()f st~ri!SS applied dur ing and after the fo1'1l18. tien of 

the creLulate texturc:s. The pl"oxi .. :mit:r of the c renulate quartz to the gray quartz 

il1aSSea .~uGgests that tiley '1l~3~' have had a COMmon origin by post differenti ation in­

jectJ:r!'l, 
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fIYDROTLr.UNAYJ MiNE'RAL_.?.ATION ..turn .U,TERATION 

Tht: low'er t~mpera.ture deutel'ic ~hypo~ene boundary "is defined by the change from 

a st<..b~e~felaspa:.~ assembla~C! \0 an unstable-feldspar as semblage involving the alter­

a~ iO I • of ieldspa:" to ;;;el"idt:e a.nd cl~y H'inerals" (Robertson, 1962, p. 1264). At 

I \:ra'~a P -aL the change from s. stt.ble to an unstable ol"'thoc1ase assemblage is coinci­

dE'nt \:lith t~e '·lrst rllp·t;urjng of th~ Ithaca. Peak s tock as a unit yielding a stock~ 

w( rk of '''l).roughg()l.rJ~ vein] ets . 1'110 l€:uteril;;.-.hypogene )oundary at Ithaca Peak is, 

t}-·,Jr,,):fort·, both whelJU.\;.& E:,11~ ~ tn' :l..,u'al • 

11 rec t-Jpes or h~'Pog "1 e 1l:lnera~.l.zA.tion are r ecognized. Each succeeding type of 

lrtir.r.:n·a:l1:-.atBn occurs in i'r-at.tl res i<:lllch transect the preceding type. Each succeedil'lg 

type oJ rniner;?Ji~atim~ lias prestlliably pracip~tated at a lower temperature. 

First 'rype: (Pyrite, replacement quar tz) 

F<.\l1ol-.':"ng the If te<~deu' .. erlc precipitatJ.on of 1l'.inor amounts of pyrite and molyb­

den.t'te i.:l '}l ;?rtz pods and rraSS'3S, yaper 'Oressures a,e;ain exceeded the load pressure 

.;cnd ellt;; .ow ~xpo", d ord 1n c)'! the Ithaca Peak stock ruptured, forming the first 

lh ~3e e"l-r-liest vejn' ets C mvain n:..Ulimetcr thick :;,..yrite which filled the entire 

)'pe~l Sp(l·~e and 1S enclosed ~1i. t lin bands of replacement quartz or soak silica a.nd 

:lex- d.'te. Orthoclase adjacvnt tC'} 'the pyrite veinlets {;as replaced by sericite, prob­

a.bly yil:;~.dlng most of the re·~ld.ce-:nent que.. tz. Some potash was introduced and li.Jm 

aud. :3cdn lrere ramoved froD the quartz D".onzonite and the quartz porphyry. The primary 

mic'~4~ 'm:'~ alrered to white mir.;a ~ontaining prmry rutile and hydrothennal rutile, 

Sph~:Ilc, ilJnen"te and quart.z. 

Thererr,£ivul of :.TOi.1 11'0111 the prima'tj" micas provides a probable source for much 

of ··;;he .~.r"n ~n the pyrite vein:'ets. Part of the iron JIl.ay, then, have been syngenetic 

nnd Liay ~lave reacted with introdu'.:ed sulfur. 

L Ci11'! rnolyb1enite an '. prob .. bly s"':,me chalcopyrite were precipitated during this 

,H.iJ.~st pe!'loo of miner:ulzt..tion 
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'h.: seccm: fPC.):: f"'uct r:;.; cO~·ib.il1 qucu' ';::;; and ;)~1Titc. Quartz fonns crude 

ac}wc! :i'.~i~,1 '::Le stCC~{ and suli'..u· :md. potash were introduced. 

. . 
~ :_t:.'1 !~~ ... :/ \1t1\"'e l"{%/'l 0(1. with introtbced sulfur as suggested by 

tb-, ; .. 1'':: v tj"~e 0:: ;i .. ',.,'~·c;::.L.' ,::.ticm. f~rri'te t'lidch \fas Ie ,.: S soluble than calcium sul.~ 

<.'.l._, (' ·l':l;'. 'n.~[g.h.:. (t~...,cc • .J'l.~·':; ~I;,U':"S ,v: lIu.uute lC.cbs and veinlets lIithin the 

~ I;::; dl<:<:.L! c ',.i!rl 1:,' i'le",ll -'1':'; fit',t and 38,cond type~; of mineralization may be 

;:,;t:;~t:JQ .un.ng L( '::h "0 r.~.ol.~ 0.: .n',tKJ."c,Li ~.lt.hu . The C1...tent and intensity of the 

\:3;' )''';.W.: jd ilterD.e5.f;. dOt;'i cb::,:.t~r be·i.\~eal the tiro type s of mineralization. The first 

,ria v.i.ns f mn1.'.~f.. 70;.~~: 0.': fr·uC~f.:ure fUlings with varied thicknesses of replace<.-

ne.I,L }.w r'f~z <:.QJa,o'f;l.1i.: to the tr.v::tul'CS in contrast to t.he nmch larger volume of f'rac~ 

:::m'-, ; .!.:-. .!.11lg:1 '1dth ue ~ibJ.e replacement quartz adjacent to the fractures of the second 

t '-:: . ·,,~s'" "t,.d ~l:' ,: tl.: ~J.f ce"" n:.;;"" oc c~reen th~ :first two types of mi.ner~Jiza~ 



tion n:q be a f'unCt~_Nl ef t:l~ r e3.ction time of the hydrothermal solutions with the 

w~.l..''''..l 1'".!:<:s. A lack uf i.nte:l,31.Ve replc.cmnent, therefore~ raay suggest throughgoing 

si)ll1ti~l:ts, ,,;hich die>. not ru,::v:: ti lie to rea.:t 'with the .,,,all rocks. 

If[imJ'l' :': . .tUL r·llN .... PJ.LtZAT1.m-r MID '!..'LT1HA'I'XON 

'Ilj'._:"~ '1'ypc: jJ.·.!~geutlf.3i·\ us gal~na, cuplfcrous sJ.lhalerite) 

10. 

'1'-(: tll.ll"d t~nK' ox' Ilttael~~ . .:l.zHti"u occurs lnthin t . .l_ Ithaca Peak stock as well as 

t lrc~g::.C:it the il.:'.llt.l'ai IHn_~"lr D.:st~~lct. 'IVithln the :tpaca Peak stock several north­

W\~:.:t t::vl1dll1g; yr~.l.ns eOllte.ln '1J12 .er.Lc "lith exsol'V'ed c~~18.lcClpyrite, argentiferous ga= 

lima., l!~ao:' co"!ellite, and pr '.t-!. ~:h€; 'tains , L"l general, contain brecciated pyrite 

W;.J- t ~OGt~,breCC_L tion sphale:··:.te .and gal(;:M ; they rep,:esent the lOlfest temperature 

aud latest hyd.:,"{·~herlYi.al minnrLli'~at:"ol1 ~n_thin the Ithaca Peak stock. 

'Ihe \·lalla')B.i Min..l.ng; Di~:'.l·ict is !'oW:hly a laterally zoned district with a per~ 

ipl'eral zone 0:: gold and sU" u' lIi.noralh;ation, un int ermediate zone of lead, zinc, 

s ~ vel' cr..c. minor geld minera] i~ntion <mc. an intrusive core of copper=molybdemun 

mJ.nel'" jj ~,at:lon -.' til sup&r:.mpoLed lead=:d.nc·~copper=sU or lIdneralization. This zonal 

di.tb· bl'tic,n sug~ests tha.t th~ l!l1.nol'aH.zation of the nortl1l1est trending fissures was 

c(.ntr'olec: by tl ermal -"ra~Ler.t~ al d tha.t 2S temperatur-e~' decreased later, lower ten'l= 

perature lea&=:ilinc •. .-iuer.a] :h. ,tio! Wf.re sUi-~er1mposed upun the earlier, higher temper-~ 

a tllr:; copp(;r4i101ybd~.1UlJ1 min(,l~a li ~a tic-n. 

StPZ GE\~ ENRICH1Il!~1' 

l.ate movemcnt b."ec.cw:t-en the pyrite in some of tl"oe vehls and veinlets in the 

ll(.rtr.el-.a and s(lu1-;her I po _ '!;ions o~ the Ithaca Peak stock, exposing a much greater 

surt'3.c~ area of pyrH;~j to s'Upe1."gt:.ne solutions , than. in the veins and veinlets which 

suffo,;;red no movement. The chalcccite lihich coated pyrite surfaces is, therefore, 

the r'.c71est in the areas c-t' br !cciated pyrite. 

F~arly all clw.lcopyd.te 1~as totally replaced by chalcocite ldthin the blanket 



T!' (;! supergene enrichment has formed in irregula r blankets, the top of which 

ruu.1:hl~" confc)lN.lii to t.he topography 0:;:' Ithaca Peak. 

11. 

Rot t:;lliy horl.zontal bal'l'eIi z.:mes between t hin blankets perched approximately 500 

f(;.::·~ aco\4e the p. 'esent water table iuwe been explained by Schmitt (1962, p. 6) as 

"'.r;, rptt' by th~ blank(~t to reach equnib~~ium during uplift . Schmitt (1962, p. 7) 

t~4 tr>t~VE:ly correlated the il1i.tic~ enricl:nent to a peridd of Late Miocene and Early 

P~ . .I.0C;,LC qmesc.;;nce and the uplift tCt the E3.rlJr l:7J.. ioccne t o Pleistocene uplift of the 

C(llol'udo Plateau. Da.roon has suggested (1964, p. 1 ) that similar porphyry enrichment 

'I\:;'.m'r-ccl during Don Early Tertiary qul.escent period precedinp.; mid~Tertiary orogeny. 

'1'1· y.ossibility :::-emallls that the ore body was exposed tlri.ce, which may explain some 

of the irregularl.ties in the enriched. zone . Erosi on has di ssected the initial blan­

.cet :-.hd the blanket m..i.grated do\m~"ard. as evidenced by the thinner blankets now pre­

sont. The fact '~hat the blank~ts are nO·.T perched i s evidence that equilibrium was 

!leV'e~ :lctained. 

SU~OI~Sl;) OF SThUC'l'UF:l 

TM: ! :haea Peak, Gross Pea.1.c, and 'l'u .... quoise Mountai n intrusives may have been 

}~\,,;g.l':m3.11y contL'Colled by 'the inferred Grand \vash fault 24 miles east of Mineral Park 

01' b:f :l ');:.ral1el structu ~e or structures. They may al so have been influenced by 

oth'~·.~ llI!jor La.!'aIl!ide lineaments . 

Lt .i.tneral ,"ark the ir.trusiyes may have been locali zed by the intersection of 

(")rr~J l:-:.l:~::: I.y nor-tm:-est trending folia Hon and northeast: and northwest trending faults. 

701d 8.Jm in the Cerhat Complex n;etascdiucnts may also have locDl.ized the intrusives. 

~h!3 "l1trusioll an . tnl,) crystallization of the JllOnzcnit i c intrusives took place 

.:., n .i~ill··,mlc enyirO!1I.Lnt of regIonal stress. Local stress, however, developed during 

.1<.(': .. tl.c intrusion unO. .tel. tel'" during crysta11i za tion due to increased vapor pressures. 

i''': .. J'Jl..i.ng t. e monzonit ic intrusions, rhyoli te intruded regional NNlY'-NNE trending 

. ~.".I~ :O'i':S in tl ~ ·:e.;tc.n: par.t of the di8t.rict. Aplites and pegrnatites discordantly 
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and concordantly intruded the Cerbat Complex metasedinlents in the vicinity of Ithaca 

Peak. 

The Ithaca Peak stock itself was probably ruptured by stress developed by the 

cryst.allizing magm. The resultant stockwork is comprised principally of steeply 

dipping NE, Nlv, and E\v trending veins and veinlets. The movement on the veins and 

velnlets in the northern and southern parts of Ithaca Peak was predominantly vertical. 

The central part of the intrusive underwent little movement. 

The nortm.~est trending vein-faults which occur throughout the \vallapai Mining 

District continue through the monzonitic intrusives. The vein and veinlet patterns 

of the stockwork are displaced by these vein=faults. These facts indicate that 

following the hydrothermal "healing I! of the stockwork, the monzonitic intrusives 

and the Cerbat Complex metasediments reacted as a unit to regional stress. The 

pre...existing northwest trending stnlctures in the Cerbat Complex were reopened, 

extended through the monzo~ttic intrusives, and then mineralized. 
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AFSTRACT 

\VATER RESOURSES OF THE KINGMAN AREA, }fOHA VE COUNTY 9 ARIZONA 

A ROO S RE RT 

Craig B" Bentley~ U,SJG.S~ 

A project by the Water Resoul~es Division of the U. S. Geological Survey, 

financed on a matching fund basis by state and federal funds, is undel~Y in the 

Hualapai and Sacramento Valleys, }10have County, Arizona. The purpose of t he project 

Is to determine the quantity and quality of ground water in storage i n the two valleys, 

depths to water, hydrolo~ic characteristics of the aquifers, amount of water bein~ 

addc::! to and. t:i.kcn :.. reIn the a.:;u!fcr-s t!ll'ough natural rcchar.r::c dild out.fio,", resnee'tivel v-. 

and he amount and charaetertsti<..S ot surface4/ater runoff In the drainage areas of 

he (..wo va11eyso To date, a ~r.:ltmd water i.nventory o.t all known sprl.n~s dnd wells 

has heen (':ompleted~ water 1 evel ret.;.:lr1ers have been 1nstalled on four key wells; 

straam ~a~es have been install ed on sfyveral streams ~'-rashes) in the area~ and ."\ re­

(;onnaissance study' of the gel)log-y, ln~~1udlng some scisrUc work, is 50 per ~;ent com 

plete. 

The ~eolo~ of the area ~S tYPJ.{,al of that of the Ra.sln and Ran~e Province, w~th 

tl J ted faul t blocks of Pre<::arnbnan granite and metamorphic ro~ks form.il1~ north",~outh 

tl'endtn~ mounta:ms. The Intermcmtal.lle Hualapal and Sa(..ramento Valleys have been filled 

with Tertiary and Quaternary alluvium to dep~hs in excess of 2,000 feet. Valcanics up 

to several hundred teet thitk are present in the m(nmtal.ns and are interbedded with the 

al1uvlum m 'the valleys. Several hundr,~d feet of saline deposits have been found in 

the Hualapa.l Valley. ero nd "'eter \.') {u:s in minor a:.mounts in the volcanics and Pre-

amt>r Ian rod~s and at shall ow depths in the all UV1Utrl on the pediments around the moun­

taws, but most of the ~round I'fater 1H:s m the alluV'.1.um in the valleys at depths of 

ZOO to oyer 1,200 feet In the C:Mramento VaJ 1 ey and fro.ll 250 to bOO feet in the Hualapai 

Vail ey. 'If .he ..:: 10 we> 1 " .~ arer., tost are f'tr.all stoel' < • iomest.1.c · ... eJls in the 



mountains and on rre TH"ctlJ11('nt"c FI",.r,...t these 'l\'f"1l<; prc,t1llce (Wf"l l, "1'" -I,d,\1 '/ 

sornf' plodut'E" UT) t("o 100 ~ll Af'p~(\x ... 111iit('I~. 1 c:; d,"E"p \-If>lls r!'od,~ 'c W'~n'r' fT"r)tr HlP 

valleyalluviUllln YIelds from tht'Sl~ we-I t!' Vliry fC.I)m .roO t("o ("over 1.0('10 "T'1n 1 JtHe 

is known of the quality ("of t.he ""at.er e:n:ept. tl"tat 1t 1S qU1te hard, ('st'l~c)all;' in 

the Sa('ra.mento Va.lley. .Sal t W'aiC'r has been found in one or two deer lojpJ 1 <;, q'l t-h~ 

HualapaI Val1evo Arldlt.<"t!d.l "'C'{'!o,...n., ~t"lStnJ(', dr'xll h(\le, and t'I1M f'"f ~"fa "" 11 

suprly infonnatt n "n tht" 'PiCKnP<.;<; (,,,tent, e.n·j transnussih1htles ,,! thF <lett-por 

• r.\ 
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ZUJ\:!k Type 1\% 
40 

.Ar
4°ct° Ar409.tmoS % Apparent Ref'erenee AI' radiogenic 

8~l1ple ~ x lOlOmles/gl'mn x 10· Age in m .. y. 
lo~t10n 
i·U.neral 

~~jl'J.°io~itHao~en1.te 7c70 8,,13 3.50 29.7 5B.5 t 201 This work 
~'cck 11 1K-4-64 
. ·f:. Colorada Ore Boc1;y . 
30058.9'~~ 1100 17.6'W, 
Carlanea., Semora, Hex1co 
pblogopU. 

2 6.91 80 39 b.02 2205 6702 ! 202 Damon at. al. qrun-tz . dlor1 te 
PED=39..60 1964 
To!T8OtlaOlDanea Road 
300 S7 .1811, 1.100 34.73'W., 
Sonora, lfalico 
biotite 

quartz dlor1te2 + 
t~i8 'WOrk 6.26 7.2) 3.83 17.3 6).9 "" 2.0 

R!-r",,70::6.3 
Patagon'ia Jfount~ . 
310 23 0 211., 110 4301a~1., 
Santa 0J!u Co., Ari~" 
biotite 

grancd1arite 
V'" 7.13 B.76 4.07 lB.) + 6709-2.1 This work 

RM-6..o3 
Smta Rita Mountains 
31° 4209111., 110052eS IW., 
Santa (Cm1 Co". .Ariz. ,.' 
biotite ~O. 1.21 x lO~'/gram K 1 

)..8 • 4.76 x 10'" ,,-1 Constants used to 
Ae" 0 0589 x 100 m;;. e -1 calculate results fr<ll11 

10 conta1ns copp~ su1f'1des the Univo of Anzona Lab. 
2" on Cananea .., Kin{pium zone 



~, . , . 
r 

(2) 

. 12 
q1UlZ'tz moruronito ' 

"/~69 7 .. 41 28 .. 7 53S;t 109 I{KiJ.., 3~4 . 3&>19 This work 

J~~Aa Co~ Property 
'l'w:J.n DIttes A!'es. 
310 55aN.,l11 02' 'H., 
Piliw. Co .. , Al.~iz .. 
~iotite 

'l)hloe-opi te...seriei'tie roell, 2 8.37 9.46 3 .. 75 19 .. 1 62.6 : 2.0 M l!)6~ !AUgor, ~, 

RM..,1c:62 in pl'ep" 

Espsrruma. P:l:l;, Duval Corp II 
?win Btilii-bes A!'Ga. 
310 52.0VN., 111~ 07.7 1W., 
P1ms. Co.. Ariz. 
phlogoplte 

. . 1,2 
lnu8eev1tec::quartz vGirJ.et 7.74 8.47 3.62 10.8 

.. 
60.6 .., la8 II tr 

PJ{c,3c:62 
Esperanza Pit, Duval Corp. 
~ ar~tes Area . 
31 ~2.0aN., 1110 07.7 9Wo , 

Pima Co. Al~izol1a 
muscovite 

STaM4Lori to2 7~71 8.11 3S1 9.4 56.7 ! 1.8 Damollt. ctl alo 
PEIP8~2 1.96 
'ivan ~ttes ArGa 0 . .. . . 

31 5309,oNa, '111 06.95 Wo , 

Pima Co. Ariz. 
bioM .... ile 



• . 4r" , ~ (3) 

alM.te~~m.te~z"" 8.99 8,,2, 2,,96 7.1 ,10 0 : 2c7 Maugor J 196" 

:pagmat:f.te 
in prep 

RM-9-63 
'li"in Buttes Quad 
31° ,9 0 1 uNo, 0-

11.1.00'1 e B ' w 
Pima 000 p Ar1Jsona 
musoov1.tEt 

2 6.66 8078 4,,46 1200 + B11cerman and 
granodiorite 7209 "" 202 

PEl).:.ll-6 ; 
Damon~ 196" 

Tucson M.-NntalnB 
in press 

32°017,,67 sN., 
111 090 "t7 tW., 
Pima ~ .. ~ Arlso 
b:LO'tite 

granop~'il'.t'e 2 7 0 08 9 0 63 4.,51 '03 7'01 ~ 202 " " " 
PElP12.:r :3 
Tucson Mmmta1ns 
320 17 0 63'1., 
lllo 09.,n tW., 
Pima Co" 9 Arl.o 
b1ct.ite 

granitf/ '01.6, 6036 4008 3406 J + 

PEDc>3-64 6 099 4 .. 49 27.8 
71.4 0:> 303 avoo 

Tucson Mtnmta1ns 
,.16, 

32° 160.3'1'1., ~ BUamnan and 1Uo 120371W., ... 
Pima Co .. 9 Ar1zo 

Damon 1965 

biotite 
in prep 

gr~crl.te ~ 7.34, 9012 4011 1902 6806 ! 202 B1kerman, 196, 

MB=10...6h 
in prep 

Cocoraqu.'J Bltte, 
Roskruge Maunt~ 
32° 13010'H., 111 20c62 1Wo, 
Pima Cbo, Jr1z 0 

biotite 
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(4) 

alaSld.te 2 6.26 7.)1 3~87 28.8 64.6 ! 2.$ Mauger, et. a1 
1965 

PEJ}:.22oaS9 
Silver Bell D1str:tct 
320 24.82 GN., mO 33.l0'W., 
'P:l..roa 00., Ariz • 
bIotite 
-

quarts !IIDnZOnitG 2 5.$4 6.72 40 02 3$.3 67.1 ! 2.7 \I \I II 

PED-21eoS9 
Silver Ben Dl'e1irlct o ° .. 32 23.87'N., 1l! 31.17'W., 
Pin'.a Q)., Arizo 
biotite .. 

quarts monomLtel , 2 6 .• 88 8.1S 3092 19.7 6,., ! 2.0 " U tI 

PED-3-63 
Silver ~n m.str1ct 
El Tiro Pit ' -
320 2S.61 0Ho , 111° 32.22-W., 
'P:i.ma Co", ,Arilb 
biotite 
, . 2' 

7.6~ 9.rti 3.9S 66.5 6$.9 ! 6.6 
quarts · monzord,te 

This work 

PEJ):,2O-<i4 
Slate MountainS 
3~ 32.6'N., Ulo '3.2'W., 
P:tnal Co. Ariz. 
biotite 

1 2 6.81$ 8.82 4.2S 
+ 

quarts ' monzonite ' 
21.9 1.().9 .,. 2.3 Tbis work 

PED-17c:6h 
Bagdl4' ~per 00. open pit 
Bagdad, 

yayapa1 Co., Arislt 

)40 3.) 0 0 880, 113° 12."W., 
biotite 



.. -

. - nit 1,2 
'r,~tl2.rtz 1f»DZO 9 
Rtle:>~-6S 
!'0.naral Park Pit 
~:'wal Corp. , 
;"'~""O'Ml'n"I ......... 
• 1. ...... !:;i" ....... J A601.i.U 0 
}~;o 22070'Ne, llh 08o~5~Wo, 
Y~l~ Coo 
"lliLte ~pl, tie 

1 
(:lta-rlt 1DODZonite 
2:YE!>=4c:64 
:~:bne Star District 

GT3hsm Coo , Arizona 
plagloolue and serieite 

'l'..la:rtz=Ul"thoclese<=>b1ot1 tel 
,egmat1te, RM~2-62 
lk.--w Cornelia Pit 
• ~ A-.lI __ 

A ... l ~'J AI:.-..una 
32" 210520No, 112° $2'y-009WoJ) 
Pima Co" 
biotite 

Schultze Granite 
Gl~ba~ D1striet 

Gila Co ~, ~o 
biotitEl 

(S) 

7070 9096 4029 29.,2 7105 ! 2.6 This 'irork 

3 .. hl~ 
; 

5c97~ 
;; 

60 81 3077 28(16 
+ 6301 "" 2,,2 Dsmm, st.alo, 

1964 

70.32 7077 .3 .. 41 not l1sted S8 Creasey and 
5'7.8 -L'liI·".("If·l2.... Kistler, 1962 



., '-!t" 
(6) 

Schultl8 Orate 7001~ 7e31 3045 19.7 57 0 8 ! 1 .. 8 Dmnon, et.al .. 
PED ... 5."S9 1964 
2 miw, west of Miami, 
Jl.':'izona on tJ. S 0 High1rq 
60Q70~ ' . . . 
33° 23.00gN., 111° Sk .. 17 RWo, 
Qd.la Co. 
biotite 

I.~ ot Odch Qua....-tz Mtm.son:t. te 1 7 a 24 80 36 3G7 not listed 62 , Creasey and 
Miami Dl.striat K1stler 

G:tls. ~o, AriSe 
11iatite 

~:,anite Mountain PorpW 60 86 7 .. 96 3072 notl1sted 63 " " " Ray D1Itr1ct, 
Plnal ~ 0, .Ariz" 
biotite 

quartz cI1or1te ~ 6 .. 49 7.,39 30 66 " " 62 It " " Ghr:l.Btaa D1str:1.ct 

Gila Co 0, .Ar1z c 

biotite 

quartz monzcmite1 6 .. 77 7076 3076 " II 63 Schwartz, 
~o, New' Maxico . 1959 
.32 47osuNo, 108° 04020W'o~ 
biotite 

bioiite-augite monzonite 5.67 5.00 2090 24 49 +7 Amstroog, 
PO~ .. Btngbam stock =2 196)** 
atngham, utah 
4 0 0 o 31.17 BN., 112 rn .. OOiW., 
biotite 

M Argon anaJ.ys1s by ne\1tron activation 
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