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BASED U,~ ON DI~u:~D Dz,zu!, ~u~= 

By F. D. Maet<enzie 

X ~ ' ~ R D D U C T I O N  

T h e  ~ a ± o  Ve~de Mlne~ o~ned and o ~ e . ~ a t e d  b y  t h e  Banner Mining Company~ 

Tueson~ A~igona, is located in the P~m Minin~ Dist~iet~ Pima Coun~od~ 

A~izona~ appmoxi~mtely 20 miles south of Tucson along the Twin Buttes 

mead. The mine is bounded on the no~th by the San Xavae~ ~ Pa#ago Indian 

Rese~wation and On the west by Barme.%,'s Mine~,al Mill~Daisy a~eao The 

~ene~al locale of this mining a~ea is on the ~entle sloping alluvium 

eove~e~ pe~i~ents on the nem~heas% flank of the $ie~ita Mountains ~ The 

alluvial eoveminK averages 200 feet in\~:he vieinity of the shaft with the 

closest bedrock out~oppin~ ~ ~ ° ?~ o _  ap~ux-~mte~,y %200 feet to thm southwest~ The 

elevation above sea level at the .~aio Vez~de Shaft ~oliar is B2W2 feet~ 

°~ with only a meager? a ~ u u t  Of ~ude~ou~ud This mine i8 ~latxvely new 

~o~kings te usa zo~ Zoological s~ut~¥. This pa#a~ was w~itten almost 

enti:~.~ly on the stmenzth ef the geologic intei~pzetation based upon diamond 

d~ill holes spaeed ~50 feet a p a z ' t  in an equilateral t~iangula~ gmid syste~no 

Duming Se~tem~e~ 1959~ a five eompa.~ne steel and eone,~ete shaft 

was sta~t~o Pmiem to th~ shaft sir~king a eh~n ~ill hole ~as d~i!ied 

$ 5  feet to ~-~ of ~ ~' t~e south the shax~," and no watem was hit until the hole 

~eaehed below the liGO foot level° Snax~ S.~/<in~ pi-o~eased ~ ° ~ xa~m~y ~api~y 

in ~elatively @my ~mou~d . . . . .  ~ " ~  " , • . wa~e~ ~as tapped at the 9GO 

foot level Stati~-~s have been out at the 700~ 800 and 900 foo'~ " - " .. o ±e'~e±s with 

plans fom fut~'a ex~amsion hele'~ ~ese. 

Plans f<~z ~ a thousand 9_on_pea.ode}- ~ ' ,  ~ v  p~edt~tion have been ma~ ' ~  end wo~k 

is now in, p~o==.~e.ss unde&~tu~d on all levels ae~o~/.n Z %:0 seh.edule~ DiaT~on,d 
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~iilin~ is still in progress as the outeP limits of the Pals Ve~e ope body 

have no% yet been del~neated in all di~ectiOnSo Approximately ~0~000 feet 

ef diamond d~illing plus eev~ral thousand fee% of churn ~lling have 

constituted the explemation and development p~am in this a~ao 

The basement complex in this amea is p~esumably the Pmacambmian? 

"Sier~iTa e gmanite which is an unminemalized and slightly chlomitlzed 

light ~Teenish g~ay~ medium to coarse ~ained. ~ani~eo X~ is exposed on 

the sumfaee 1% miles to the west of the Pale • Verde shaft and in the 

he,tom of .several diamond 4~ilI holes in the vielnity of ~he shaft° The 

surface of the ~Tanite 4ips unif~z~ly at a low angle to the no~th and east 

in the a~ao 

I n  ad~i~sn to the Si~mmita g~anite we have othem intmusives such. as 

quamtz monzonite po~phy~,j and anti, site ~dikeso The i n t P u ~ l  hast recks 

ape limestones and qua~zltes of Paieezoie age and amkose, ~Taywaek~ and 
: 

amg£11ite o f  C~taeeous aEe~ 

Th~ qua~ monson~e p~Pphy~y consists of qva~tz~ ~eldspaP and biotite 

mi~a, minemal~ge~ w£%h manning amounts ef pymite, ehal~opymi~e an~ 

mlyb~nlteo The size of the fel@pa~ pheno~ysts ~ange f~m m~c~scopic 

te % inch, with an oc~asi@nal p~nk phenoemyst up %o 3/W inch in length~ 

The Zeldspam pheno~mysts c~mise app~ximaZaly 6 ~ ,  'of %he ps~hymyo The 

biotite mioa flakes ape small and 8pamsely disseminate~ thmough the 

pe~hy~yo Gypsum is pmevalent tha~u~hout as small rainless and eoatinSs 

en  t h e  exposed sumfaees in the f m a e t u ~  The poPphy~, has been 

extensively c~issc~ssed with snmll 1/15 to %" velulets of late quartz 

containing pyrite and mslybdenite as a ~ule~ The pe~phy~y fe~ms a massive 

sill=like bo~y somewhat antieliual in n a t u r e  with its a~i8 dipping to the 
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west a% a low angle. This sill is vemy extensive in ameal eoverage with 

the outer limits extending beyond %he seope of this paper° A major portion 

of the top of the pomphyPy sill and ~elated o ~  bodies have been ~e~ved 

by emosiOno Numemous small finEemiike apophyses pmo$:mude fmom the mass 

into the sedi~entamy host rooks. 

The andesite is in the form of ~ela~ively "thin d/kes . intruding the 
J 

limestone and arkose east of the shaft but have no% as yet been found in 

the quartz monzonite porphyPy o The dikes a~e no doubt post mineralization 

in age but their respective age with %he thmusting is u_nknown as yet° 

The sedimentary mo~ks have been meorystallized and hydrothermally 

altered so that the original chamacter is faimly uncemtaino It appears 

That only the Paleozoie and Cretaceous (?) mocks are represented in the 

i~e~diate area of The Pale Verde Mine° 

The ~Paleozoie mocks ape-limestones~ quar%zite~ maml~ gypsum and 

hoPnfelso The limestone is ~ey to blue~fine-~ainedpimpure and re~ 

crystallized in part° Assooiated with the limestone ape lenses of relative~ 

ly pure quamtzite suggestive of the Permian Sohermer fo~mtiono The topmost 

portion of the limestone has been largely altered to tsotite~ ~hereas the 

lower _DOmtion has been meemystallized to mambleo Underlyin~ the limestones 

and quartzite ape faulted slivers of the Pennsylvania~hoPnfels and the 

Permian marl and gypsum beds° Gypsum f~m these lower beds has been 

-dissolved and oarried both laterally and upward into overlyin K fo~tiOnSo 

The Peasen for stating that %~e gypsum oame almost en%i~e!y from the ~ndem~ 

lying gypsifereus sedimentary ibeds ra~heP ~han from ehe oxidation.of pymi%e 

a=e as follows~ (1) an abundant su~@ly of ~pSum iS p=esent below~ (2) the 

watem has a hyd~ostatio head (B) the ~ypsum is pPevalen~ in all Peeks below 

a oemtain undulating horizon and almost entirely absent above° X~ is 

assumed that %he large amounts of extremely hard wate~ tapped in %he Pale 
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Verde shaft and drill holes followed extensive water courses in the 

gypsife~ous beds and limestones. 

Resting unconformably on the Paleozoic formations are units of pre~ 

sumably CPetaceous arkose~ ~eywae]~and argillJ.te with thin lenses of 

tao~ite and oon~iomePa~e inte~beddedo All these units have been acceptable 

to mine~alization with the exception of the dense cow,pact siltstoneo 

ST~UCTU~ 

The ~rue stmuctumal conditions prevailing at the Pale Vemde Mine area 

are not entirely deeiphemable fmom the limited aB~un% of info~ation 

~evealed by d~ill holes° Certain indisputable s~ruetumal relationships, 

howevem do exist and from these a measonable geologic pietume can be pieced 

~oge~hem 

A low angle thmust fault separates the P~eoamb~ian (?) Sie~i%a gPanite 

fmom the overlying pomphymy and sedimentary fo~mations~ ~ypi~al of most 

thmusts~ a gouge and breceiaTed zone up %o 16 feet in thickness has been 

found wheneve~ dmiilin~ penet~a%e~ the fault° The ~ou~e is usually gmay 

to green gray~ containing small s~ang,ula~ ~o ~ounded f~a~n%s wi~h no 

discernible mlne~a~xza~lono The ovemlying competent: mseks ax~ in~ensely 

fmactumed up to 50 feet shove the fault su_~faCeo 

The~e a~e measons %o believe %hat this me join th~us~ faul~ is the sam8 

one tha~ Coopem (1) has na.~ed the '~San Xaviem" th~us%~ and which he pmediets 

has lateral movement up %o 6% miles~ If Coopem~s hypothesis is oommeet~ 

~hen the moots of %he Falo Vemde and adjoining o~e bodies a~-e in the T,~in 

Buttes Ameao The~e are e~m~esponding similaPities which leads the wmitem 

ef this papem to agree with Coopemo Thmustin~ and no~al faultin K 

definitely oeeum~ed a~ %We .~n~ pobs~bi~ mo.~ ~_n~e~va~ 0f:~o ~l~Tbe pine= 

mxne~a! fau!txn~ ~gas probably ~e!a~xvel:~ steep dappxng and ~t was he~ lh 
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~hese zones of weakness that "~.he minemaliza%ion took pJ~.0~e" ~ ,~ 

Post=mine~al faultin~ ~ ° ~ ~ ~- ~ - - . _ ~ .  evzd_nee~,, u~nde/ez~ound ~-- u2 o~e boa~e~ De!n~ eu~ 

off and displaced by both %h~.usts ~nd'~ nomtheas%e~ly shears~ '~:¢h~." ~ faultin~ 

above ~- ~-~ t~e aan Xav3.em %h.~.~us% was eon~plLi~enta~;,y to i9 and ef ~'ela£ively 

small maojnitudeo ' In the east Pale Verde a:~ea these steep dipping shea~*s 

• a also as ~ " andes!to dikes %0 follow° Minom semve_ ehar~nelways fom the ~a~e 

beddin~ plan~a siips~ small thmus~, faults and leee~ i-ells a!on~ %he bedding 

a~e indicative ef pmevious compressional stresses in the a.~ea~ The 

abundant s~eep di~pin~ quam%z and s%dfide veiniets in the quam~z monzonite 

porphyry also indieate pre~minemal fz-aetumin~ D~i!l tore infom~atien 

pmohibits the intemp~etation of any definite fmaetu_~e pa%te.~n in the a~ea~ 

bu~ future unde~2~ound develop~.en'ts ~.~i!i do doubt disclose one om mo~e 

pattemns o 

A!te.t-a~ion of the z~oek types in the P.a!o vat, de A~ea has been very 

intense wie.h very lit'~le ~emaining "that did not ~uqdemgo tn~= hydmother~l 

p~oeesses ef ~ee~%=stallizae_ion and me~asemaeis~o - ~'-= ~'-" All,mama.on ~s memo pmO= 

~eune_@ in %he vieinity of %he int~usive pe~,phy_~y , ~ . l ~  but e~ends well 

seyond the beun~amies of %he ~alo Verde a~eao ~e zones o f  al%ema'~ion in 

z~espee.t to %heim spatial r~ia~ionship %0 ~he po.~phy~y ar~ ~l} Kaolinization~ 

{2} Silieifieaeion~ pyi~itiza%ion~ and ( ~ >  Ree~ys~ai~.xza~on' .,~ e ~ "  ~ " ~ - "  of the lime~ 

Xn %he quaz~tz mmnzonite p0~,phymy hy -~othel~al ai~e~ation has 

kaoiinized ovem 75~ of the feldspars and biotite miea~ Quamtz and small 

quantities of semieite also mesul~ed fmo~ this al%ema'~ion~. The e~ystal 

st~uetume of £he quamtz phenoe~;s~s has been mostly ~biite~a~ed by 

~eso~tion of %he siiiea~ ~he ~innin~ planes and emys~:al fates of the 



Fo Do MaeKenzie 

feldspams a~e also obseu~ed by the al%ema%ion p~eesSeSo Se~ieite and 

ehlomite a~e present in the porphy~y in small soattePedam~un%s of a 

minor i~po~tan~eo Zn %he sedimentary ~eks pa~ti~damly %he ~ra~waek e 

and aPkose adjacent to the porphyry seoondary feldspa~shave been fo~aedo 

Spidotization ef "~he amkoses and ~maywa~ke has ~aken plate ov@r a wide 

spread a~ea and whenevem encountered in quanti~i~the pyrite ~onten~ 

i~el~ ases o 

In ~he taetite©~a~net zone a% the Pale Verde the aitema~ion produets 

are gamnet~ clay gamne%~ hematite~ ehlorite~ and ~y~oxenes such as diopside 

and wollastoniteo The clay~gamnet is undoubteelly the p~duo~ of some 

breeeiation and hydmothermal altemation of the garnet and epi~te ~oekSo 

Xt consists of smal~ ~ded and s~b~ansulam f~.~aE~n%s of ~arnet and 

epido~e in an ar~illaoeous matmix with ~6ha~opymi~e and bomnite sppeamin~ 
/ 

as small blabs ~hmou~hoUto The unaltered ~amnet m~ok is ~eddish brown to 

damk g~een in eolom~ dense and extremely hamd. The ehaleopy~iee and 

bomnite favo~ this meek pamtieularly in the lower limits ~here i% approaehes 

the ealeium silicate zone where ~he pre~om.~nan~ si!ieate minerals a~e 

diopside~ wo!lastoni%e and t~emolite. 

In ~he talc-silicate zone damk brown to b!a~k sphale~ite p~edomina~es 

with bemire and ehaleopyrite intermixed ~o so~ ex%en%o Where.vet ~haloo~ 

pyrite is fo~md with the sphale~ite it is usually as small blabs speokled 

thmoughout~ The s~halemlte usually serves as a line of demarcation 

between ome and waS%to Sm~ll a~ts of it a~e found in the marbleized 

limestone isolated fmem %he ore bodies by waste~ The limestone ~ades 

from ~he eale=siliea%e zone into barren mamble and bleached iim~sZone ~hen 

into g~ey=white ux~aitered li~s%one wheme few unrecognizable fossils a=e 
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pmesent? ~aphite is rar~ but does oeeum in the limeston~in assoaiation 

,~ith a fault zone° 

Minom bleaching and alteration of the host Peeks is found wheme the 

late andesite dikes have intmudedo These andesite dikes ape ~minePalized 

definitely being post mine.~alization~ but whe%he~ • they ame p~e om post 

thmus'~ing is p~oblematical and do not semve in any usef~ geologic manner° 

OP~ DEPOSXTS 

The known o~e deposits in the Pale Verde Mine area are classified as 

py~o~tasoma~ie in type~ occurring in the limestones and contact silicate 

zones ame replseements and in the porphy~.~'~ amkose and related elastia ' 

~oeks as disseminations° The mineralizing solutions appeam te have entemed 

the ~oeks fmom the sou-~h and west in proximity to %he po~phymyo This 

assumption is based pm~amily en the zonal ammanEemenT of the minemal 

assemblage o The hitcher ~-~ade 0re bodies formed in %he taetite, below the ~ 

quamtzite~ in gentle rolls pl~nging do,~mward to the nomth and northwest on 

dips manging fmom 2~ de~ees to ~-2 de~z, eeso 

At the Pale Verde Mine we have %~0 %~jpes of ome bodies ~ the fimst and 

most extensive bein~ the iowe~ ~ade disseminated type~ and the seeond 

Type of"o=e body is of eonside=able hi~he~ ~made bein~ located in the 

taetiTe zone° Althou~=h diPeetly melated to the minemalization~ the qua!~tz 
a 

monzonite po=phy~y ~onTains no appreciable m~ounts of eoppem sulphideSo 

The bulk of the sulfide minema!ization inThe poPphy.~y is il~)n pymite, wi~h 

ehaleopymite avema~in~ less than e.~.~e ~made~ Mo!ybdenite minemalization 

is confined alr~oSt entirely to the porphyry and quamtzite su~estin~ 

favo~ability fom the mo=e acid Pocks° 
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A definite melatienship exists between the intrusiVes and the ome 

bodies in the intruded host rocks~ Varying with distanoe f~m the quartz. 

monzonite contact the deEmee of~etamoPphism and intensity of minemali~ 

zation de~reaSeSo Paragenetieally the minerals appear to be melated in 

%he following mannem~ 

Silioa%e minerals developed early ~ the al%e~ation p~oeess with 

sulfide minemals being deposited last and ~ep!aeing silieate minemals in 

pam~ Appar~ntly some ree~ys~alliza~ion of the silicate minemals has 

taken plate duPing the time of sulfide deposition~ 

~wo o~more stages of minemalization are associated with %he porphyry 

intrusion an6 a.~e pro ~'San Xaviem" thrusting in aKe~ The first s~age 

intmodueedThe bulk of the opt minemals whe~as the seeond o~ iateP stages 

for~ed the small velnlets of quamtz~ pymite and molybdeni%eo 

MinemalizsTion has been intense in %he more favomable tektite zone 

where the higher ~Padeof o~e is assoeiated with the imen Pith Peddish~ 

brown ga~net rocko The pamagenetie sequence and spatial relationship 

outward f~mthe intrusive quamtzmonzonite pomphyry consists ef pyrite, 

~91ybdenite~ ohaleopyrite~ bo~nite ~ a~gentifereus tetmahe~ite and 

sphaleriTeo Ma~aetite is eonspieuous by its absenee in this immediate amea, 

but is abundant h0wevem on the south flank of %he quartz menzonlte 

pomphyry sill in the Daisy Mine° A small [6 inch) vein of argentifemous 

tet~ahe~a~i%e and quam~z euttin~ the pomphymy was dis~overed in the shaft. 

at the 350 foot level but ~st of the tetrahedmite isfound in the lowem 

taeti%e zone inte~minEied with %he bomni%e and sphalePiteo 
\ 

OXXDA~XON AND ~IC~NT 

~he zoneof oxidation and seeonda~y enmiehm~n% in the Pale Verde a~ea 
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avemages 30 feet in thickness with a maxim~ thicluness of 70 facto The 

deepest supemgene sulfides bottomed at 382 feet below the ground sumfaeeo 

The lack of an appreciable blanket of enriched ehalcooi~e indicates that 

leaching and migration of ~oppe~ f~em the oxide zone was mbsento Small 

~m~un~s of eoppem oxi~ies weme eneo%~temed in the ealichs ~apping i~edi~ 

atel.y above the o~ebe@y indicating a slight upward migrati@n of the eoppe~o 

The principal minerals mesultin~ fz~m th~ oxidation and enrichment 

a~e ehmysocella~ ehaleocite and vamious iron oxides° Malachite and azumite 

have been noted Only en ma~e occasions in %his zone~ In the lowe~ pop%ion 

of the oxidized zone bla~k aoppem oxides are not too infm~quently found 

i~e~iately above the ehalcoei~e eoatedpymites of i~on an~ ~oppe~o A 

melatlvely shamp line of dema~ation is fo~med by the ehaleeeite with the 

unde=lyin~ hypo~ene sulfi~es~ 

Oxidation has obliterated the @~i~inal texture and ohamaetemisties ef 

[the mo~k ~jpes fo~d in the uppem p~mtions of the oxide zone° The la~k of 

k 

oxides at depth in any of ~he intensely 'f~a~tumed mocks indicates that the 

supply of oxygen was cut off ae a very ~efinite and uniform li~ito This 

is s~stive of %h~ permanent ~round wa%em level at %he %i~e pmio~ ~e ~he 

fo~ation of the ealiehe conglomerate ea~pin~ 

CONCLUSION 

Pending ~demg=ound development an~ confirmation of the geologic 

pietume~ a~ mepresented home bY d~ill ~omes~ it appeams that the follewin~ 

coneiusions and pmedietions ~sn be made~ 

i~ Chemical favomability ~ath~m than stmuc~u~e was the oontmollin~ 

faets~ in the localization of the ome bodies. 

Zo The hi,hem ~ade o~e bodies can be located by the use of wall 
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, 

rock alteration and the zonal arrangenmn% of the ore minerals~ 

The bottom of the ore bodies can be expected once the sphaleri%e 

zone is reached. 

Additional highgrade ore bodies will be found in the tsctite 

zone beneath the porphyry sillo 
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A N A M A X  M I N I N G  C O M P A N Y  

P, 0 .  B O X  127, S A H U A R I T A ,  A R I Z O N A .  B 5 6 2 9  

s o a  - s s 4 - T e 4 5  

September 5, 1975 

MINIf~G N. AMERICA 

SEP O ~975 

Mr. Norman Visnes 
General Manager 
American Smelting & Refining Company 
Mining Department 
1150 N. 7th 
Tucson, Arizona 85703 

J. H. C. 

SEP3 0 1975 

Dear Norm, 

Enclosed is Jim Kelly's recent report on the 
drilling of the Palo Verde area. Prints of the drill 
logs are also included. 

If there is any other information required, 
please call me. Jim Kelly will be back from vacation 
Monday, September 8th. 

Sincerely, 

Edwin J. Eisenach 
President 

EJE:vm 
Enc. 

cc: Mr. A. J. McDonell 

Mr. Jim Kelly 



PALO VERDE HOLES 

Twin Buttes Coordinates 

Hole No. 

1357 

1358 

1359 

1361 

1362 

1363 

1364 

1366 

1368 

1369 

9/5/75 
EW/vm 

North 

157,107.9 

157,438.4 

157,328.2 

157,328.0 

157,328.8 

157,329.1 

157,328.2 

157,217.1 

157,217.9 

157,107.96 

East 

117,108.8 

116,799.9 

116,490.0 

116,609.2 

116,735.2 

116,860.3 

116,985.9 

116,931.4 

116,679.9 

116,361.31 

Elevation 

3227.7 

3229.4 

3236.9 

3237.8 

3229.9 

3227.5 

3225.2 

3225.7 

3236.9 

3241.69 
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RECENT DRILI_.ING AND ORE RESERVES 

O]? . . . .  ' ihl:~ I I IGt t  GRADE COPPER MINERAL ZONE 

AT THE PALO VERDE MINE 

ANAMAX MINING COMPANY 
Pima County, Arizona 

July 1975 

INTRODUCTION 

The Palo Verde Property of Anamax Mining Company is 
in the Mineral Hill District seven miles north of the Twin 
Buttes Mine. It is a rectangular area one-quarter of a mile 
wide and about three-quarters of a mile long, the mineral 
rights of which are held by Anamax through mineral leases from 
the State of Arizona. The property is bounded on the south and 
east by ASARCO's Mission Mine and on the north by San Xavier 
Indian Reservation land leased to ASARCO. 

The Palo Verde orebody is part of an extensive mineral 
zone now being mined in the adjacent Mission Pit and nearby 
Pima Mining Company's pit. ASARCO recently started stripping 
operations on Indian Reservation ground immediately north of the 
Palo Verde property and it has notified Anamax that it intends 
to start stripping and open pit mining into Palo Verde ground 
under terms of an agreement between the two companies. 

A plan map and Sections H, I, J, J-l, K, K-I, L, M, 
N, O, and P, scale 1 in. = i00 ft., accompany this report. The 
plan map shows drill hole locations with widths and grades of 
the high grade zone, the high grade ore reserve block, the 
ore reserve comparison block, etc. Vertical slices of the high 
grade ore bloc]< with widths and grades in the drill holes are 
shown on the sections. 

GENERAL GEOLOGY 

At the Palo Verde property, moderately inclined beds 
of lJ.mestone and quartzite are overlain by a thick section of 
argillite, arkose and conglomerate intruded by quartz monzonite 
porphyry, all covered by 200 feet of post-mineral alluvium. All 
rock units are mineralized with copper, local zinc, minor molyb- 
denton and some silver. Better grade copper mineral is found in 
garnetized and calc-silicated sections of the limestone beds 
(skarn zones) and the best grade sulfide copper occurs at or near 
the base of the skarn horizon in the lowest limestone bed. 
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Chalcopyrite, bornite, sphalerite and pyrite are 
scattered throughout the skarn in indiscriminate bunches, bIebs 
and stringers. Copper values are very erratic with assays of 
core samples ranging from less than one percent to more than 
ten percent copper° The hanging wall or top of the high grade 
band is an arbitrary assay cut-off to give a reasonable thick- 
hess of the best possible grade. The footwall, for the most 
part, is marked by a sharp contact with barren crystalline 
limestone° 

The erratic nature of the copper mineral in the skarn 
zone is also demonstrated by results from Hole A-521, drilled 
i0 feet north of Hole D-265 (Section J) , and Hole A-522, drilled 
12 feet west of Hole D-133 (Section I) as part of the early 
drilling program. In Hole A-521 the high grade band averages 
1.34% Total Cu for a 34-foot width and in Hole D-265, i0 feet 
away, the same zone averages 2.68% Total Cu for a 50-foot width. 
The high grade band in Hole A-522 averages 1.92% Total Cu across 
37 feet and in nearby Hole D-133 the average grade is 1.28% 
Total Cu for a 45-foot width. 

The inconsistent, spotty and erratic Copper sulfide 
occurrence in the skarn was readily apparent in tl~e Palo Verde 
Mine where a face of good ore would abruptly give way to a poorly 
mineralized or barren face. In some, but not all instances, this 
resulted from fault off-sets. 

The base or footwall of the high grade zone is about 
500 feet below surface at the south edge of the Palo Verde prop- 
erty and reaches a maximum depth of approximately 1,400 feet at 
the north boundary. The upper reaches of the zone, at the south 
side of the property, have been mined through the Palo Verde 
shaft on and above three levels at 700, 800 and 900 feet across 
a strike length of 1300 feet. Production totaled 472,585 tons 
at an average grade of 2.23% Total Cu and 0.69 oz. Ag per ton. 

RECENT DRILLING 

Initially the Palo Verde ore zone, including the foot- 
wall high grade band, was developed by vertical drill holes from 
the surface on centers of about 250 feet. The eariy drilling 
indicated that the shoot of better grade ore extends down-dip 
to the northwest from the 900 level stopes. To check grade and 
mineral continuity between~Qld drill holes and give better 
ore definition in part of this ore shoot, ten drill holes were 
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recently completed near the north side of the property. This 
is in the deep part of the ore zone where an underground mining 
operation might start. 

The ten new holes are Numbers 1357, 1358, 1359, 1361, 
1362, 1363, 1364, 1366, ].368 and 1369 circled in blue on the plan 
map. Total footage drilled is 12,569 feet with hole depths 
ranging from 1085 to 1370 feet. 

ORE RESERVES 

In this ore reserve a factor of i0 cubic feet per ton 
in place was used for tonnages as dictated by specific gravity 
determinations of new hole drill cores. 

Acid soluble copper and silver assays for all the old 
drill hole cores, as well as moly assays for some of the old 
drill hole cores are not available. Acid soluble copper and 
silver assays assigned to the total ore reserve are proportionate 
to the total copper and acid soluble copper and silver average 
grades of the tonnages represented by the new drill holes only. 
The moly grade assigned to the total tonnage is the average grade 
of the tonnage represented only by holes wit]] moly assays. This 
tonnage 84% of the total tonnage. 

Tonnage and average grades of the entire high grade 
block as shown on the plan map and sections are: 6,596,000~tons 
at 2.32% Total Cu, 0.05% AsCu, 0.011% Mo, 0.92 oz. Ag___ per ton. 
This block has a minimum thickness of i0 feet, a maximum thick- 
ness of 118 feet and average thickness of 41 feet. 

For comparative purposes, ore reserves in the small 
block directly influenced by the new drill holes have been com- 
puted using the initial drill hole data only and also using both 
initial and new drilling data. The comparison bloc]< is outlined 
in green on the plan map. The results are: 

Initial Drilling Only 

Initial & New Drilling 

Difference (lb. Cu) 

Percent difference 

Tons % Total Cu 

1,384,370 3.263 

1,420,8~0 3.164 

Lb. Contained 
Copper 

90,343,986 

89,913,286 

430,700 

0.48% 
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The close check of pounds of contained copper indicates that the 
reserves in areas of wide-spaced drilling only are reasonably 
valid. 

SU~H{ARY 

The 6,596,000 ton total reserve at 2.32% total Cu, 
0.05% AsCu, 0.0].1% Mo, 0.92 oz. Ag pe)_ ~ ton is a geologic or 
in-place reserve regardless of mining methods or limitations. 
A close check of contained copper in the two reserve computa- 
tions for the small block of new drilling substantiates the 
validity of the total reserve. 

For mine planning and actual mining, small to moderate 
fault displacements and abrupt changes in grade along strike and 
dip must be anticipated. The exact locations of these off-sets 
and changes cannot be accurately predicted at this time. Close 
definition drilling from underground, careful geologic mapping 
and projections of structures, as well as a flexibility in mining 
procedures, will be required for a successful underground pro- 
duction of high grade copper ore from the skarn zone. 

James L. Kelly 
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