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The Sunrise property consists of 152 mining cla1ms ly1ng 
about 35 miles northwest of Tucson,Ar1zona, and a few 
m1les west of the town of S1lver Bell. 

On the bnsis of severa hours pent on the property and 
general kno\'Iledse of the RCa stripm1ning operations 
at Silver Bell and the geology of the area, the following 
observations can be made: 

. \ 
\ 

.\ 

l. The claims lie just west but in contact with the 
western boundary at the ASARCO Silver Bell m1ning 
operation; 

2. The claims lie just south but in contact with the 
southern boundary of the B •. S. & K. mine now 
oNned by Duval but currently inactive; 

3. The claims lie just east but in contact with the 
eastern boundary of the newly discovered El Paso 
Na~ural Gas Company Lake Shore copper are deposit; 

4. On the northeast end of the Sunrise claims copper 
mineraliza t10n is found· in the form of extenslve 
copper oxides in granltlc rock; 

5 • . A fault cuts the above mineralized rock off and 
to the west of the fault \only fault breccia and/o~ 

. alluvi'um has been found but some of this alluv1um 
adjacent to the fault has been mineralized by 
secondary(?) migration of the copper; 

6. Holes drilled west of the fault to depths of 160 
feet have not reached bed rock; 

7. -No bed"\ rock exposures ''1ere observed west of the 
......- fault except in the hill at the extreme south

west corner of the claims, the entire area being 
flat lying and covered w1th alluvium of unknown 
th1ckness. . . 1 
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', " ' '.: " On the basis of the i above information 
" . ", <;" the claims be acquired since 

it 1s recommended that 
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Copper bearing rock is exposed ln the northeast 
co'rner of the clalms, ' and 

The clalms occupy the open g round be tween the 

I ! . 
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ASARCO S11ver Bell open plt mine and the large . 
ore body discovered under the El Paso ~atural 
Gas Company Lake Shore .prospect, the Ilmlta 

. " 

of which , ore body have not yet been determined; • : . : ,f 

. ~ . 

the claims' also lie south of the B. S. " K. mine. ·' , ', ., ' . 
. : :' 

. ' ~ : . " 

. : .:';: ' ·.A l t h ough from the few hours spent on the property no 
. :',:: .. evidence of mineral,ization wa s observed underlyine; the 

.' , .. ulluviu lD \'lhich covers most of the cu.aims, yet based upon 
oese rva tiona elsewhe re · in the copPGr mining areas adjacent 

" to Tucson, it is a 600d possibility that the minerallzntion 
will be continuous &cross the eround between the ASARCO 

. ... . " 

, . " 

I . ' 

" ,.. '. 

"" , . 
, \ .' Silver Bell mine an;d the El Paso Lake Shore mine. itlthough . 

" . . ' .. : at the moment this 'continuity cannot be proved, the probability ', ' 
' . ': ,' is such that the r~sk sbould be taken. " ',,: :' . 

'. ' The are deposit, if present under the claims, will be found '.'-:' ", .. : , ,;' :" 
..... .' . ' at a depth of seve rial hundred feet since it is known that ,' . ..... ,.,' .. . . ' . 

, . . ' .. '. adjacent to the fault drilllng has not penetrated the base ".' :. ". ·c ,.': : ", .' 
, . ' ., ,'. of the alluvial fill at a depth of 160" feet and the Lake ' , ~ " :: ' .', .;;' ... '.' '.',.' -: 

Shore deep ore body is found at over 700 feet depth. .... '/ :<:' ..... ,::: ., ... ..... ' 

.. , . .' ' .... , .. 'X~ explore the ' property the property should be 
'~ ," ', : . . . 
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I .~, , " ' 1. '. l>1apped geologically . using aerial photogra.phs; 

' . ':. . .. '" . . 

2. I.P. or other geophysical work should be used 
• " I ' " 

to determine · the locality of any ore bodies; and 
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3. Deep drllling should be lni tia ted to' test geophY'sical :' ./. '. ':. :,:: 

anomalies or geologlcal work. " . . ,' .".'.:: ~: .', : ',:: ' . ' .•••. 0, • 
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H'''' WC~T ICING COWARO AVCNue 

, VANCOUV£R Q. OAj'l'15H C:O~VMOIA 

THE SUNRI SE , PHOPEfITY, AR! ZONA o', 

of ' 
l1M'TLE MINERALS ~ LTD.' (N.P.L.) ' , 

" ' 
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Property Examination S~pte~ber 20, 1967. Report Written Octobe 
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I ~'TH(X)UcrI ON . , 
The Sunrice propert~ of ~~ntle Minerals Ltd. which adjoins the Silver 

Bell Mine is in ii,out-hern Ad zona, an area noted for larze-scale oren-pi t 
cv~per-molybden~~ mines, and where several new mines and pro~isinG prospects 

" :-'ave recently been discovered. ' Also the area is ,one whore l.~w-grade oxidized 
' c~pper depositd may be · profit~bly treated by leaching. 

Information for this report is based on a personal examination of 
the property on September 20,1967 in canpany with R.G. Hawley (Gool~ist) and 
L. Cox (prospector) and on various reports, including: "Stx:uc:turc and Miner
al1zu.tion at Silver Bell, Arizona" by j<'E~ Richard and J.H. Courtright (Mining 
EngineerinG, ' Novc;nbcr '1954); "Porphyry COPtlcr Deposits" by ' S.E. , Jerooe 

, ( Western Miner, February 1963); , "Southwest Copper" by ;J. V. Beall (Mininb 
Engineo.-ing, Octob~r 1965); , and in particular on a pr1 vate , ~'eport~nd maps 
o! tho Sunr1oe' propel",ty by R.O. Hawley (April 1967). ' 

LOCATION ANn ACCESS 

Tho SunriGc property is about 35 . ml1es , W.N.W. of Tucson, Arizona 
and adjoins the Silver nell Mine of Ame:rican 'SmeltinG and RefillinG Co. and thor 
'old B.S. & 1<. (.line, which is 'now owned by Duval Corporation (se~ location map, 
in pocket). "rhe prop~rty 'is acc~ssiblc by 38 miles of paved h1iihway from 
TucfJon to the SLlver Dell townsite and thCliCC by 1 miles of ~raVl"l ' rO<.1.d to 
the Sunrlno ohaft. Moat of the claims area c~n bo, rea~hed by ~ocond~ry trails ' 
01' without trails by uain~ 'a 'i-whool drive vehicle. ' 

PROPERTY 

The Sunrioe propefty of ~~ntle 'Minerals Ltd. ' is ' in the S1J,vcr Bolr 
l.an!nr: oi",t,ricL of Arizona ,and consists of 152 m.inin~ 'claims 'named and .',' 
numbered as folloWG: 

Sunriso 1 - ~1 , ' . , ' 

Gunriao Extension 1 - 58 

, " 

Tho Su;)rine pro;)('rty ir: in a. sC:'Oli-arid cUr:late ar.d 
conr.lntn r.latnly of 1I\r(;0 to cl:l;~11 (";"eU .11iU, 10· ... thorn bUGh. 
un n\'l~r.'::;o clcv'lotion of tibvut 2,SGO [cot .\bo\'o SCi'\. level ."I.r.d 
fnlrly ru~~cd ~cutDrn [ooth111co{ the Sll~er Doll mountQino 
lyin~ ovcrburdon~-covorcd pli\inR; 

tr.f~ v('[;ctnt1 on 
'rhc Cl.'\ir.1H oll'e Qt 
C.'(\C.'lid {rC',":'. the 
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HI51'ORY 

"Extenoivo mininG deve~opment has been carried out in the Sllver Dell,. 
area since the openin~ of the first major mine in 1865. Intermittent selective . 
mining had produced about 100 million pounds of copper by 1930. In 195~ ' ~ 
Americun sTIelting and Refinin~ began production at the rate of 18,000 tons 
of co:.>por annua"lly. A molybdonum recovo,ry plant was addod in 1957 and a 
lcachinG plant in 1960." (Hawley, 1967) T,he present mining rate at tIll:': Silver 
Bell mine io about 10,000 tons per day of milling ore plus about 20,000 tons 

' per day of waste, to produco (l965) ' 23,600 tons of copper per year in combinpd 
, concentrntc~ and cement copper (from leaching). " ' . 

,/ '7he Sunri 60 Group hus re;:>orted 1y been held for ,10 years, duri ng 

'\ . .. : . ~ 
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. . ', " ~ 
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" . 

which timo vary little exploratery work ' was carried out. A small pit about 
10' by 10' by 12' deep has been sunk ne'lr the north boundary, on a ~5° incline 
£iunl~ about .; ,000 feot to the south," (Hawley, 1967) Recent ly, geochemical 
so11 aampUna, geolog1cal mapping , and percussion drilling ' (using a wagon drill)" 
iave been carried out, and the property has been carefully ro-staked and claim 

' location holes ha,ve , been drilled. 
.. . 

Gr:OUXiY MID MI NERALI ZATI ON ' 

The geolocy of moat of the property is not known due to a cover of 
sandy ov~rburden, however a reconnaissanco geochemical , !lurvcy has shown that 

,' , 

copper anomalies exist throuzhout much of the claims area. The geology and . 
mineraloJY of the northern part or the.,claims area is ,concisely given by R.G. ' . ' , ,' . :, .. 

. . ' 
" 

Hi\wley < 1967) aa followa: ' : " . , 
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' 'The host ' rocks for the ' porphyry copper deposits on tho adjoining 
property of American SmeltinG a,nd Refining are alaskite, dacite porphyry, and " 
monzonltp.. Controlling structures are a northeast fracture dnd dike system 

,. 0. 

at the El Tiro pit and an east-west fault at the Oxide pit. Tho Duval ore body . , 
is a ,contact deposi,t occurring in 1 imestone along the northern extension of the ' . . 

, , Sunrise fault. 

"On the Sunri fie Group) mon4':olli tes ' wi th mi nOlO diab<\R~ and andes 1 to , 0 
dikes have been cut by a major fault strikin~ N 20 E and dipplng 50 W which 
has been traced for, 5,000 feet south from tho north boundary of the ~laims 
b~fore being covered by 'overburden. , 

I 

"A mineralized breccia , has been exposed in several sh~llow opon 
cuts along the hanging wall of the fault~ The full width of th~s breccia 

' is not known althouCh it has,bee~ exposed for an average width of ~OO feet 
from the faul~alonG a strjke length of 1',000 fcet, before pass1ng under 

' overburden. ' 

"So'uthenst of the; shaft: in tlw footwa 11 monzoni te mi ner,d1 zed 
northeilot fractures similar to ann on ' strike with the El Tiro structure were 
o~B'erved • 

, ''The copper oxine tennod to (0)" melanocha lci te) forms th(.' mai n , 
copper mineral throuGholit the brccclCl. zone, where it occurs as a bl'lck stain 
on fracture planes and cemrintln~ the breccia fracments~ At depth inc reanini 

· .4\rnountn of /l\a)<\ch1tc, azurite nnd chrysocolla appc<\r. These, to~ethor with 
,.ino .. tennnri to af.co\ occur in nOl'tlW<l£it' trendint;' gouGe 'and shear zones 1n 
tr.o footwall monzonitoLl. 
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"Molybdenum oxide · WaG obsorved at several points .1n the altered 
~onzonite , alon3 the fault. · 

"AssaYG for s<:IJOlpleo ta~en from exposurea along the fault varied fraOl 0.01 to 3.57~ copjJor. In the best exposed area ncar the shaft 3 chip G~ples acrOOG 140 fcpt avcraC~d 1.35% copper. Values increasc conG1derably with dOj)th as indicated fran s<l1Ilpling in the inclined shaft where a . sample frctn the bottoll assayed 3.57'70 copper ... . 
, j 

ORE ~OSSIBILITIES 

Geochemical 6nmplin~ ha s shown that copper mineralization 1s \ddeojJrcad in the claims area (see enclosed "Geochemical Survey" map) and · . samplinG of the SUnriDe shaft and of bulldozer cuts along the known part of the SunriGo fault have yielded encouraging copper values (see enclosed "Geol~y and TopOGraphy" map). The percussion dry-drilling canpleted so far has been unsatisfactory due to rods sticking (caused by caving) and to 
. \' " I the water table being reached at <,_bout 100 feet 60 that (Iepths of the nine 

.' 

., , 

. . ~ 

" .. ., .' 
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: , 

.,J. holes drilled were seldan more than 100 feet. Values obtained were considerably less than those obtained by channel sampling the ne;.rby shaft and open ' cuts, possibly because recovery of the secondary cOtlper oxides was poor, however values were generally best at the greatest depth penetrated, for 

. ' . " 
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" , 

.. .': ' . :: ., exnmpJe: hole. No.2. averaged 0.1070 cOjJper fran 0 - tlO ft., and 0.'i3'70 froOl . ... ~O - lIS ft. (and the deepest ~ssay was 0.S1% copper); and hole No.8 , \. averaged 0.2s10 copper from 0 - 90 . ft. and O.S~ fran 90 - no ft. (At the 'I,J' • 

' : adjoining Silver Bell mine a leached surface capping genurally containing : \' ~ . less than 0.170 copper covers t ~e ore bodies to a deptli of about 100 feet, . , ., re Richard an,a Courtright (1951!). A sc\.!ondary cnri Chf.!d copper . zone may ·· ·· ' . 
\' 
. 

. \ .. 

... . I' 

exist in places, especially aldng the Sun.rise · fault," below the oxidized zona. ' ... . ; . I ' .' . Slot-nmarizing, at prescnt there is not- sufficient Infol"lTlation to calculate ore rese·rve grades o t tonnage,' but there is a 'reasonable possibili ty of" finding sutficient . ore 'oxide and/or sulphide) .. for large scale 
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I · LEACHING or SU~RISE ORE ..... 
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'~fhe ore 1n the breccin zone wi 11 brenl< finc er\l)uj.{h to Give largo' GurCacc aroa for Golutlon contact and t~e mineral .lennoritc is one of the . ,,', mOrit soluble of the copper'minel'a.ls. FO,r these reasons thi.s ore is very . amen<l.blo to leaching treatment and one of the fastest . l,mching <'r.es 1n At"izona." O!awley, 1967) An explanation of leaching is given in' the appendix to this report. 

CONCi.USIONS AND RECmlMENDAT1.9~S 

Sufficient work ha s been done on the ·Sunriso pro~,erty, which 15 in . an arca of numerous 1a rfjC mines a nd wr.ich it s elf adjoins . O,~t-! 1.:lrGe produ~cr, to indicate the pos sibi 11 ty of locnt,in~ enou~h ' oxide are I ()I ' :\ lea ching C'iethod of production on o.n econcATlic scnIe, nod · enouGh orc 1Il;IY exi s t (in·cludin~ oXidea and sul;>hi<los) for lnrgc-scale mining. Thel'.!fore a methodical and ,d .. e_tiliJ~cl __ cxp.loratiol) pro~r(lI.l should be undcrtCllwn to d(ltennine the amount -· '- -'·- o.n<1 t;r;ldo of ore~- ·an<.l ' ·ic·achinG tes i s ~.hould be carried out. to determine tho 
pcrcentC1.:;o ot coppor that Can be recovered, the amount of acid required per ton, etc. 

\ , A pror.ounccd p.'lrt of the economic r.eolo~y ·of the ' proporty 1s tho Sunr1oo ·lault tl~t oxtondo rouchly north-Gouth , Cor 'Moro thAn 1 milo ad · . -~-
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;:>oSl>i41y for 3 miles, within the claims area. Copper minerilUzation is 
associated with the fault, and the e'ntire 1C;1~;tll of the fault should be 
prospected by trenchinG and/or drillinG. A preliminary geochemical survey 
has found a number of pronounced copper anomnlies and 'detailed exploration 
work should be done on thcs b anomalies. The property appears to be ideal for 
leachinG 0.0 oXidized copper i occurs in a brccciate~ rock, toough somo calcium 
carbonato may be prescnt, e~pec1~11y in near ·surface rocks. 

I , 
A G~~~cot exploration proGram is as follows, but it Hhould be 

reOl.lizod that this pro:;r.l1il 1s an out11no only ,and that chanGes . in th{J program . 
. I . 

may bo necessary as work prpcrcsses: 

1. ' .' Establish a ' trailer camp on the property <to avoid the: expense and 
delays of basing personnel in Tucson,' which is the only alternative). 

2. , ' D~ill a well to ~ depth of about . 400 feet and equip it with a diesel
pm,ered pUllP to supply wate ·r for the trailer camp, f,'r drillinz, anu " 
for leachinG t.NltS. Also the well hole should prov1.:Ja valuable ' . 

3. 

4. 

s. 

, :;eoloJical and assay' i nformatio.n. 

Complete a detdl1ed geochemical survey over 'the anomalous ZOlif:S 
discovered during the reconnaissance geochemical 6urvey, and have 
the sample,s ' teste.d for copper in parts per million. 

To LeGt t~e reliability .of percussion drilling with rAGnrd to assay 
results; drill 6 percussion holes within a small section, each to ~ ' " 
depth of 20 feet, and c<lrefully sample the holos, th".:)n trench anu " .; 

, bulk sample t he same section to obtain the' true assny value. 

> • 

" 

: ' " . ' 

., 

" , 

. ' . ". 

Test anollalous Geochemic~l zones and the zone along the Sunrise 
fau,lt by 'tren(:h1ng and/or f,crcusG1 ,Oli dril'ling. Bulk t\ample the 
trenches. 

. .' . ' . : ~ 

6 • 

. '., :,' "." ,' : .... 

, . :. : 

Pk-iVC an inducnd polari zution geophysical ~urvey carl"icci out over . . . ' 
. the area of the Sunrise shaft unfj p<lrt of the Sunrise 1.\u1t t.o 
test the e[fectivcne~s afthe m~thod;and '1fsuc~essful, use 
f ~rther induc,~,i polarization 6Ur\'eys along ' the SunriRe r.tuit and 
over geochcm 1 ca,1 anomalies. 

(' 

Have leac~ling tests ca!"rled out both in the laooratory and '4llthc " 
field. 

, " 

. : . \ 

8. If trenchlnr, and percussion drill1nG nnejior ' induced polariw,flon 
surveying hav(' given encoura ging results, t.hen diamond drill 

poasible ore zones to · obtain .their depth an.d grade at depth • 

" ' ',',', "" :"', , I 

\'/hen the . above work has bC0. li COt';lp1 ct<'lI, aSSliUli n~ encou raG I f\ l ~ r,'su1 ts 
have becn obta ined, a fea s ib1lity study 's hould be:: undertaken to detl!rminll the 
most snt1 s !'actory e)(tr.)ct.ion me t hod and tl'C<ltmcnt scala, or, to decide will', her 
further ' dr11~1ng 1& nec~fis~ ry. 

!ollowo: 
rfho cotimntcd cont. or the CXpl('lri~aOIi proarrun ' outline d tibove .1s as 

. ",.", 

'fo buy nnd eot.;~bll ro/) a 6m ... 1l t l'ti11cr cnrnp' 
on tho proporty , --__ __._ SG,OOO.OO 
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Dri11in~ .and eGuip~in~ a water well 
,carryinG out a detailed eeochemica1 survey 

includin~ cOut of aosays 

' : . . 

.. ,'.' • '. :' ' I 

" . : .. 

, .... . ', . ~ 

'. . ~' . 
. ~:. , ." . 

.. ... 

' .. 

7,500.00 

5,500.00 . Trcnchin:; and percussion driliing including . 
bullt DnJi1i>l1nG and aooaying 25,000.00 Inducod polarization gcophyolcal surveys 3,000.00 

Diru.lond drill1nz, 2,500 ft. at $10.00 per ft. 25,000.00 
Suporvioion. travel. office overheid and contingencies 

15,000.00 .. 
Total $87,000.00 

.,:: 

. , 

.; , .. . 

Further funds w111 be nocoeoary, .of course, if a 1arge-ocale diamond-drillln6 '" prozrarn. bocoiuoa warranted, ' or if the property is put into producti.on. ·: ... . 

Roopectfully Gubm1tted, 

' .. , . /0/' ~~~,J27' 
Allan P. lawley, d.A.Sc.,· 

. M.Sc., Ph.D., P.Eng. · . 
Consulting Mining and CeCll~ical Engineer 

.. : V~ncouver, a:c. 
.' " Oc~ob'3r 17th, 1967. ' 

._ ... ...-Jo-~----. 

CERTIFICATE 

I, ALLAN PRIEST FAWlZY, of the City .of Van<!ouver, in the Province ot British Columbia, HEREBY CEirrIFY: · 

. , 
•• THAT I am a Consulting Mining Enr;inccr and Geolo,",46t, and my address is . 1917 West King Edward Avenue, Vanc.ouver 9, B.C. 

. ; 

, . 

.' . 

' . . 

~ .. .: 
. " ' 

. : . ... " , . " . . : . 
: ' .. ... . 2 •. THAT I am a ~raduate of the University of British Co1unbia with the 

de~ree of B.A.Sc • . (1937) in Mining En~inecring, of Queen's University with the deriree of M.Sc. (19';6) in Geology,' and of the University of California with the degree of Ph'.D. (1918) 'in CC·l)logy. 

.. ;' . .. ... 
. .'~ .. : . ' ..... 

:~~.~ ' :--:-'. .. '3. _._THAT I aJl'. a reGistered Pr'ofessional _Ent;ineer in t.he province of Bri tish . . -.... , \ ·Collt.ilbia and' in the' Yukon Terri tory, and- 'als'o '-a mP.ffiber of the Society , . . ~ .": . 
,' . ~ . ., .. ... :.,,:. 

. ':. '--' ... .. . I: . of Econo .. nic Ceolo~ists,. of the Canadian Institutuof ~aning and Metal'''; '' -' .-. -_... . lu'~bY ;=anci--of the Ceochc·mi cal ._.Society.· .• ' . ~ . .. .. 
. . THAT I have practi6ed my .profession as ' a-' £:eolo(;1 st. {or rr.ore than twenty " ': .. " . ... 

... .,. .. 
· yeara. 

5 • . THAT I have no direct int e rl)st or indirect inter('~t, nor do I expect to ... . . , have any interest iri the Sunrise property or in M·,ntieMinnrals Ltd. 
\6. " ?HAT I have no direct 01' indirect interest in any comp."l.ny acquiring control' or intendinrr to acquire control of theSunri6~ property or in Mant Ie Minerals Ltd. 

7. THAT this report on the Sunrise property of ManU ... Miner~16 ·Ltd. is based , on (,'y ·;>eroonal examination of the 'property .on Scp1.rmber 20, 1067. 
8~ ~IiiAT I have examined the ntilkin(; of til.) SlIOrifiC pr'opcrty of :'L,ntle -- ' ~incralo Ltd. and found it to be in accordance with the staking reGuirementa of tho State of Arizona. 

, . 
OATEO thin 17th duy ot October 1967 • 

. Al.T ..... N ~'. ) ..... Wt.l·:V, "".D ..... .: ...... . , 
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, DUMP LEACHII'\G-AN EXPANDING SOURCE Of COPPER 

On this ~a;;c lind Ihc sur.cc~din:: two ;>~tC3 ot photo· 
.:rili'hs attcntion Is focused on Ihe :coch1n;: of low. 
::r.lde co~per ore on mine dumps, 'rhil praclice Is ex- , 
;>~r.dinc r.1,-,ldly ~ntl OlDy ullim.llc:ly lead 10 lor.:c 
.c.llc '·c~cmk .. : millin,," 

unchin(! Is still in th~ "nrt" ,taC'e bcc;:us~ there is 
lil:le prcci3~ i<nowlcdcc ot the chcmis:ry, AlthCl\lCh 
L'Ic prJctice II not new, it is only rcc.:nl:y th~t in lcn- , 
,l\'~ eXj)~rlment ;ltion h.11 becun Wilh n view to li:llOl;:: 

, minerai~ to soluble cop;>er s·ulta lc, Whcre thcre Is sue· 
, " ficienl ;Jyri!e In Ihe w.lHe dump, leach in.: m~ y be ;>er· , 

formed Wi lh naturill watcr, th c Olc iet bcine tormed by 
rc,1et ion wilh pyrilc. 'rhc Gcner.ll c: qu ~liom e,v·n 

, below ;lp;>ro;.:imalc the reaction, wh ich arc thou Ch i 
to Inke p l.1 cC for Ihe miner;lls Ihat ore Qmcn ~ul c to 
the prvcc:' ; , Chalcopyrile, on imj)orlnnL ore min era l, Is 
not sicnil1canlly leached by thc solulion" Certain 

' oJcleria, uti lizin c iron and COilpcr In their mcl.1bo
)ism, arc oxidizinC :1I:enls which c_talyze the leJchine 
proccS5. Other c.1taly~ll and so lvenll Arc com ln;: on 
tl'e market which m ay cconon\lc.ll ly Incrc.lse Ihc em· 
ciency o{ le.1ch ln,i, rrecij)ilalion oC cOj);>cr lrom the 
prccnanl solution n1.l)' He a chano;o In method due 
to lhe hieh cost ot Iron sera.,. 

VIC i)rOCCH out of the cOller,ory ot II m inor ;lddine cnd 
.;:j~\'illir.c It to cn Intq;r;ll p~rt 0: cop;>cr produciOli: 
o.,~rillion~, ;,'or cxnmplc, r.t Chino ICilchinc has been 
dO\'CI.l l ied Inlo ovcroll fl1lnln:; planl by cl,;;Jandin:: the 
lc ~ chin;; o;'lcrntlon. putt ln:: hi:;hcr o:radc mAler ial on 
t)IC Ic;:,lIln;; ciur .. v~, lind ra isin;: lhe cut-on .-:r.de 0' 
ore thaI b .cnl to the concenlrator, .' Azuri te 
,'- " • .. : Cu.{Oi-I) • (CO ). + 3H SO _ ~CuSO + 2CO + (H.O 

At Il Qulle i1035l u l~ Ihnt tll oxr>~~ln, cnl;,: woro< ;>ro. , .". • , ~ • . 
,"; (C:3(:, clUn\;'Il wili be Ihattcred by c):;>loslvc chOlrccs , Chalcocite .. ' " '; 
tv: contro:l ed .. crcoiet ion ot ,0lul1on3 that m:lY be 
ln jccted lii".der ;>.c~:uro pnd ~ortiticd with cala l y~ts 
lind ,01\,enI3 \0 r.chlcvo creoter fl:oC:uctlon in ~ Ihorle( 

, perlod ot l ime. it 13 prob li b!c' th~l tn(: tuture will ,~c' 
morc Icnchln, in ;>Iac~ lniln .. I ;>rcicnl. 

Current leachlnc pr~~tice I~ lin Dp;>rox lmn tion oC 
ii;llur;: prOCClSe~. In ..... hich old dumps or low zraclc 
ore, cOOls ld crcd wiul.:, Is irricated with Willer, In lo me 
Cd SCl souj)cd \I;> w:th acid, The WQtcr pCi'colo;cs 
throu,h tr,c dum;> dilSolvinc co,,;>er u i t desccnds 
unlil t:.e solution is \rappcd ill the bottom whe:e ' 
it d r.in~ 10 c~tchmcnt reservoirs and i~ lhcn delivered 
to lanks where it re;>l;icc~ Iron "hced there, to precipi-

• loAte the: co;>;>cr, Opcr .. linc dala r. iv cn in I.oie below 
,how variations in dilTercnt orcbodics. 

For aU pr.1Clicdl purpose3. leachine is per:ormed by 
lulluric acid and tcrric ,ultilte 01 oxiditlnii co;>pc:r 

CU,S + 2Fe.(SO,>. - 2CuSO, + "'eSO, + S 

Covcl1l1c 

CuS + &c,.(SO,>. - CuSO, + 2FcSO, + s, 
,. ~up r1 tc ' 

Cu,O + H,SO, + Fe,(SO,). - 2CuSO. 
+ H.O + 2FeSO. ' .' Chr:;~ocollJ 

CuSiO, • 2H,O +: H,SO, '. 'CuSO, + SiO. + 3H.O .. 
:-1alachite 

Cu,(OH). 'CO, + 2H.50. - 2CuSO, + CO. + 3H.O ' 

Pyritc 

2FcS, + 2H,O + '10, - 2FtSO, + 2H'ISO, 

:/ 
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\ INTRODUCTION 
. '" 

. \: .. , . 
. t' . ' . 

" . 

The ·.recent discovery of a very large copper deposit at 

the Lake Shore property of El Paso Natural Gas Co. has greatly 

. , .. ,.. ' -, . . incrcas'cd cxpl.oration activity throu'ghout tho Gasa Grande - Silver 
:...- .. ---: --

,,: :" .'. 
1 " 

' . Bell ar·ea.. ~he Lake Shore deposit co'ntains 150 million tons with ' . 

. ; a grade ' of more than 1 percent copper;' the deposit lies at a depth .. 

of mor'c than 700 it. and is' cappcd bi sub-marginal copper oxides 
' . . 

which are too. low g~adr to be econon1i'c at present. Tho. Sunrise . :. 

Property of Ma.ntle Mil'l.crals Ltd. lies between the Lake Shore 

, . " ,' . 

: "'::-:.:....;. -< ' .. : . property.and the large :producing Silvel' Bell Mine, of American 
'p-, -: p . : .. - -\....: . -~:. ~ .... --:-- .~~,... . . ' -'---. ' 
.' ~ " .... ,.. . . <" . . . . Smelting and Refining Co., and hence'-is -well located. 

. . '--.~ '. ' . l ' 

" . - . 

.. - - p .. ' 

:: -': _. -' . ---
"" . ,, :'- ~-. ~ :~-... -:.. ., -~~:-Exploration d~illing on 'the Sunrise Property that has been ' 

: . -. 

':.";" ';.:::. :: ~>.' .. : .'=.-·.·· .. ·undertaken to dat~ has ' been restric'tecl t~ relatively shallow drill 
. . . . . . . ~ .. . ' • - . . . , , .' ! . .' . - . . • 

.. ' ' . .. . , .. 
' . . ·····.' ·holes but, in view 'of" t~e El p~~o discovery, 
. ' . ' . '. I . . . 

consideration may now " 
, . ' . .. 

'. ' ' .. . ... 

': . -. 

~ ., . . 

,-: "'I 
, . 

- ".-:' . : 

, 
, •• j 

.• t 

. " ~ . ~. ! . 
' • • ' t 

,': ' : .: i ":.: ''' .' : ·be given to some deep', drilling. . .... . .' .-: .... , i 
~ : . \ 

.- " -' ./ . . . ' -'.. •..... '. . . . 
. .' 

I,' • 

,- : . . :. Iniorma.tion for this .report is . based on va:.rious publishe.d '." .. 
. .. 
:: ". reports, on a geological 'map prepared by the Ar.izona Bureau of 

, '. ' . . . . : .' I 

, . .. : . ;": ;. Mines (1960), on reports and information 5~pplied by R ~ G. Hawley . 
.. ' . 

.'.; ....... (resi~ent geolog~st at the property), and on' examin~tions in September '1967' ' . 
. . 

. . ::.: .... ... .. ... ". and No~~mbcr i96'S of ;- t~e Sunrise Pro~erty and' of oxi~e cop~~r mines ' . .. : :, ' • . I . ' .: . ~'.,' 
":.,:. :': .. :--' ' ::-. ' .. : . .':" . · , :.wher~ c:'opper is' .r~co~ered"by the le~'c:hing' method. ".' '. ,'.... '... . ~ ',,: ~ .. .. : .. .. .>:<. . ... . . ' " ..... ,. . ", . ~ . . ' : :' ' . . , ,. ' . . . 
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LOCAT ION 'AND ACCE SS 

The Sunrise Property is about 35 miles W.N. W. o[ Tucson, 
• 

'Arizona and adjoins the Silver Bell Mine of the Americ~n Sme~ting 
. . . 

and Refining Co •. and the old B.S. &' K; mine, whi~h is now owned 

. by D~val yorp~)l'ation (sec Map No.1) • . The property is ac'cessible 

by 38 milcs 0.£ paved highwa y from Tucson to the Silver Bell townsite 

. and thonc.c. by 4 miles of gl"avcl road to theSunriso s·ha.ft. Most of. 

the claims area can be reached by secondary trails or without trails 
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The Sunrise. propcrty of Mantle Minerals Ltd. is in the 

Silver Bell 'mining district of Arizona. and consists of .l5Z mining . . . . 

. claim~ (Map NO.' Z) named and nu~ber'~d ~ 's £O~l~·~S·(,. .' . 
. ' . . . 

Sunrise·' 1 - 94 
, . 

. 
Sunrise Extension ' 1 58. 
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", .1. , ' .' ' The Sunrise property is in a semi';'arid climate and the 

· :;'~:" ' " ' :> ': . .':', '\' :.. ... ... 'vegetation consists mainl'y of larg~ to small cacti and low thorn 
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HJSTORY 

"Exte~sive mining development has been carried out in the 

.' . . ' . 'Silvel' Be;l area since t,\'l.e opening of th'e : first 'major mine in 1865. 
• . . , . ,: ' . . . ., I . . 

Intermittent selective ~ining had produc~d about 100 million pounds 
I . . . . ' . 

o! c~pper ·by ·1930. In 1954 American Smelting and Relining began 

production at the l'ate of 18,000 tons 'of copper annually. A molybdonum 
. ' I '. " . 

rcc~very plant was adde'd in 1957 and a leaching plant in 1960," . ... 
'. . . , \ . , ' " . " . 

.. ' ' .' (Hawley, 1967). The 'p~esent mi~ing ' ~~t~ at 'the Silver Bell Mine is 
. . .' . i ' . . ' . 
about 11,500 tons por day of-sulphide milling oro plus about 5,000 ' 

i 
tons per day of oxidized ore, mixed with some sulphides, for tho 

leaching dumps. . 

'The Sunrise Property has be.en held fc:r about a dozen 
. , 

years. 'Very. little exploration work was carried 'out during the 

carly. year~. During 1967.68,' geochemical' soil sampling, geological 
I . 

mapping induced polarizati9n 'geophysical surveying, trenching, and . . ' '. . . 

. .. . . , 

' . . ... 

'!' " 
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i , , 
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. '>:- .... ;rotaryand percussion drilling have heen carried out" . and the property . 
• '. .' " • j . , :j 

' . . ' ' . has ' bce'~ c~refullY r~-s~aked and 'claim ~ocation holes h.a~e be'~~' . . ', . , . ' 
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.GEOLOGY AND. MINERALIZATION 

[ . 
.', ' The geology of most of the property is not known due to a 

," " 

.. . , .. . , .. 
.: . . . , . 

' . . '. 
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cover of sandy overburden, however a. reconna'issance geochemical . 
. . ' 

"' ,.' . ; , . I 
" , I 

. ' . ' . . . . . 
.' • • :' . • . , ' • . • I • : • • • ' 

~ . '.:, survey ha.s shown .that · copper ·.anomalies e~ist througho~t much of 
I '.', :.-. ' :, 

, '. 
, , 

' : t ' :: . • ,' 

1 .. ' , the clairp's ' area. The geology and mineralogy of th~ nor'thc'rn part of .' 
' . . . . " . . :' .. ' 

; ,thc C:laims area is ' concisely giv'en by R.G. Hawley (i967) as follows: .. .. 
' . . . '.1 .. : .. . , ' '. :, ' I . 
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liThe host rocks for the prophyry copper deposits on the 

adjoining property of Arne rican' Smelting and Refining arc alaskite. 

dacHe porphyry, and monz·onite. Controlling structures are a no-rth-
. . . 

: ..... .. east fracture and dike system at the El Tiro pit and an caGt-west iault 
" . . 

. .~. " . . :' .. 'at' the Oxide ·pit. The Duval ore body is a contact deposit occurring 

• 
', ,, '.: in limestone along the riol"thern extension of the ~unrise fault. 

liOn the Sum'ise Group, monzonites with minor diabase and 

.,. . 

, . I 

' " andesite di1<ef! have bpen. cut by a major fault stril<ing N 2.0 E and 
. , ' .~ ." : 

-' o' : • " 

" ... . ..: 
" . 
' : " 

, '. 

, " 

. dipping 50 0 W which. has 'been traced ~or 5, 000 [eet south [rom the 

nortl1 boundary o[ the claims be[ol'e being covered by ovcrbu~den • 

. ,"A mineralized b..-eccia has .been exposed in several, shallow 
-~ . . \ 

open cuts along the hanging wall .. of'the fault. The full width of this 

breccia is not know .. although it has been exposcdfol" an average width 

.. , of 200 feet from th~ fault along .a s't~ike length of I, 000 feet, before 
. \ 

passingoundcr overburden • 

. "Southeast of the 'shaft ' in the' footwall monzonite mineralized 

. northeast · fractures . similar to and on :strlke with ' the El Tiro' structure 

were observed • 

. "The copper oxide tennorite (or melanochalcite) forms the 

. . 

:' ...... ~ 1 :'. -:- ... ::. '.:., maincop~er .mineral throughout the br~ccia zone,. whe 're it occu.rs AS . ... 

. ' 

: ': . -. 

" 

, ' , '. " 

" ' : . 

. ' , 

,' -

,.r ' a black stain on fracture planes and cementing the br'eccia fragments. . ," , . . -: . . . ~ . 
, . 

At depth.increasing amounts of malachite. azurite and chrysoco~la 
" .. . . . I . . . 

, . 

. . . ',' . : appear. These. together with minor tennorite also occur in northeast 
' . . ' '. " . . . ' . ' . . : .' . . ". ~ .: .. : ,. . ' ... :, 

"or •.•• • • ' j ' • •• •• • . . .. ", ". · .. · :·t:rending .gouge and shear zones in the footwall m~~~·o~i~es. . " . 
! • 

''': . , 

,' " . 

. . 

. ' . 
' . '.'Molybdenum oxide was observed a~ several.points · in the 

. . . ' . . ' , , ' " . : . '" . . . 
', ' ," 

, . . 
. . . ' . ; . . : : 

.' altered 'monzonit~ along the ~ult. II . ', .. .... ' ., ,-: .. , ' 
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EXPLORATION wol'U( AND RESULTS FOR 1967-1968 

\ 

The first work carded out by Mantle Mincl'als Ltd. was a 

geological and gcochemica) s~rvey, ' and careful surveying· ar.d re

'. , staking and claim location ho~e . ddlling for the entire property • . 

The geochemical sur.vcy located quite a number of large . 

' coppe;" anomalies (se,c Map No.3) and helped outline part of tho ' 

' . 

. " . .. .. geological structure. 

.;"-:- :.: ..• . 

, , 
\ 

" ' . . .. 
" 

• .. 0' 

. ', ' . , 
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• : ; 

. ' . 

" " 

. Percus sion drilling, using an air-trac drill, was then 

: .. ' ·undertaken. This type of'drilling proved only partially successful 

as h~les co~ld. seldom be drilled to a depth of more than 100 ft. due 

to a combination of caving and the ,water level being reached at about 

that dc?th; however this percussion drilling did obtain 'some sections 
" . 

of more ·than 0.5~ercent copper and in general proved that the 'ore . . . . 

: .. .... we~t to· considerable depth· as the best sections were~ in general, at 

or near the bottom of the holes. 

J. 

" " 

, ' . ", :', ' 

.. . ... . , ' . ... : 
The next stage was trenching and stripping, using a bulldozer. 

. . . :', . . 
• '0 • 
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e
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' Several n~w copper-bearing 'zones were found' by this 'method, other 
. . ' . . ... . ' . . . '. . 

zones ·wer·~ . extcnded, and channel samples at depths of 6 to 20 it • 

. ... 

. , , , ." ,; "I .:,' . ' . ' .... < :. were obtained (three o[ these samples, assaying' 'irom 0.37 to 1.22 percent 

· .. . . 'j :. 
... . . ';/ . 

: '~ " ( . : . '.Y , 
. . : ':" .; : .. ... 

.. ". :: ' . . ,' : . copper over 'lenJths of 20 it. each, a,re shown on enclosed Map No. ~) • 
. . " . . . 

'. , ' . . ~ .. 

" . '. In the summer of 1968 an I.p. (induced polarization) geophysical 
· .' 

. ': ' . : ', . ; 
. • I 

, ':, ... .. survey was carried ' out over the entire property by Seigel Associates 

, , 

. . : " . 

" 

, . 

.. :. -", 

.". : .... .. ' ." :' " .... . : '.".' :. ': L .td. ·· The results. were dis.appointing but not entirely 'unexpected as .' . .. >.:. 

. .' . ., .. , , . : ~ .... ' : . . ' . . . I . . ." .' '. .' . . ., . : . .. .... '. , 

.' : . .. ' , .. " ' . oxidized ore does nO,t give a response [or I.P. surveys and sulphide . : ' . .' 

":' : ~ ..... : ".':: .. :':." ore, · i£ .pre~ent· b 'elow' the :oxi'd'e ' capp~ng, ' ~~y be' at to'~ " great 'a de'pth' ':'. ' .:.\.: 
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for detection. Pos S,lblY s om'~ of tho minor anomalous zone s • hown 

. by the .. I,.P. survey t di,cate ,sulphide zones at depth • . 

. A. rotary dnlllng program w .. s undertaken during November 

and December 1 ?63 to test ' an ore zon.e previously partially outlined 

by trenching and percussion drilling. Twenty holes' were 'drilled 
. . 

, (including one drilled as a water well test hole) for a total of 4,281 ft. 

The rotary .drilling method is quite satisfactory for this prope r ~y 

. although there was some trouble obtaining representative ~amplcs 

whel'C large volumes of watel' ~cl'e encountered. So~o of the rotary 

drilling results were good such as at drili' hole location R 13 where ' 

•. a llq it. section (from 50 to 160 £t.) averaged 0~71 percent copper. 

.. , . 

The rotary drilling also showed that individual o~ezones aro more 

. .' localized than originally sUPt>osed. and in ~laces there appears to be ' 

. .. ' a rather rapid ·cut";oif • . Theora controls are not yet known~ but are 
' . . . .. . . . . . . . 

.' .' ' prob~bly . at leas t partially duo to 'faulting ~ 

, , . . 

CONCLUSIONS AND RECOMMENDATIONS " 
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'. ' '. :,' .. ..... ' , ' .. . . , Only a small part of the large Sunrise Property of Mantle 

. . I . .. . . : 

, .. 
" . " .: I I' I . , 

. Minerals Ltd. has yet' been tested by drilling and ~nlythe' section in 

the shaft a.rea and to the west O~( the Sunrise Fault has been explored 
. . ' 

·i~·. :.:;..~~·>:· '>.\. ;,: -::~ · ·.:':-bY a grid drillingprogram '(seeMap No ~ ' 4) hence overall ore reserves .. ... 
. " '.. . , '.'. . : .. 

. " , :'. .: . . :: .are not yet·kn~wn. Prior to the last drilling pl·o~ram. M·r. R.G. Hawley ' 
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" e~timated the. res erves' for half a dozen separate zone's ~ . on the ba~is .. . . ' . o. :. ,: : ' • 

"0£ trenching and minor percussion drilling,to be about J.l million . ' .. : ,.':.':':: . 
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. economic i! amenable to lcaching). The rotary drilling program just 

completed has not increas ed toe a bove tonnage but for the zor.c drilled 

. . the gradf has been increased to about 0.5 per cent cop?cr. Grid 
. . 

,. .. .. driiling of the othe.r krlown ore zones might greatly increase the above 

, ' ,tonnage ' estimate, and other ore zoneS probably occur. 

Leaching tests, both bottle tests and column tests, on 

material o~tained from the drill holes are imperative as' the rate of 

.. copper extraction by leaching and the amount of acid needed to leach 
. , '. 

. . . . 
a ton o~ ore must be l~nown bciore the econ~mics of the project can bo ' 

, calculated. 

A satisfactory valley £01' the operation of a copper leaching 
. . . . . 

. ' dump lies within 1/4 mile, ,of the ma.in known .ore zone, which is' in 

. the s haft area • 

. Water is generally scarce in this district but several of 

. . . 
' .. " 
.; 

:. , . the Clrill holes, including hole R 20 which was drilled to test for 

; ', water, encountered considerable volumes of water. (Tests for , . . • i ' " 

.. " 

. . 

capacity were n~t made, but the flow' of water caused by compres.sed 

air during drilling of hole R 2.0. was' estimated at' about 30 gallons pe~ 

minute.) 

. A ' reconnaissance drilling "rog,ram, using the inexpensive 

percussion method .. should be carried 'out over the entire property, 
, . 

and a gt:id drilling program should be undertaken over the known . 

'mineralized zones and ove; any new zones discovered during the 

, . 

'. 
.:: .. .. . 

I \ .' ~ • of ' 

" ..... 
., ' . . ' . ex?loratory drilling to determine the grad~ and tonnage' ~ , . '. . . , 

A rc~onnaissance drillingprogra~ at 2.00 ft. inter~als along . .... 
the pick~ted lines on the property which are thems'elves 500 to, 1,000 ft. :,, " , 

' . , ' ", . 

~:-.. 
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· . . \ .. . 
'. ~p:l.rt, would rc~uil"o '.68 ddll holca , I)OWC Vcr thc '-C(iuircc.: r,ur,.'u c :c 
• . '1 

.' . c~n prob~bly be ~educcd to about 150 holes by the U$e vf [;cvlo~ic ... l 
, 

!. .. . ' . ~nd scochemic~l d.:l..t j ' These holes should bc dr illed 01 t ,'jC pC~cu:i::;.or • 

.': ..... ,' .. ;:.: ... . . method to a depth oi /about 100 it. :or .. l5,OO~ it. of drillir.ci ...... 0 sr,ould 

":' . . . ' .: . ' ... '. bo assayed a.t 10 it. lntervClls. Where copi)cr oxides a.rc r.v~iccabi c . ' . . '. ' . . . . I . 
• . ' , . ' . ... • t 

. ~ ' >. the rczular· copper alssClys snould be obtained,' otherwi6e a.ssai's shoulc 
-. ~ ~- ~ ... -.! . 1 '. ' . . . . . 

• ' .. . bo ~bt.~incd in parts pel" million oi coppel", to guide in further 
/. 

: ' " exploration. 

u ' . 

. . 
. . . Grid dl"illing of both tho l~nown ore zones Clnd zones discovered 

· . ...... . 

.. . 

durin~ the l"cconnaiss .... nce drillin~ should bo started using the ;>01'-

cussion method, ~ut whol"? clepths 'greater th~n about 100 it. arc 

l"c'luircd the rotal"Y methoc should be ·used. The amount oi drilling 
I 

-'" . that will be rC'luircd ior this program will depend upon the results 
. ~::-:- .. ;--'--

.. " .' . - .. " '.- .' .. . .... obta'i-ncd; a rough estimate is :h~t Cloout 10,000 it. oi pel"cus 6ior. 
! '. . 

.' : dl"illing.and-~2.0, 000 it. of rotary drilling will be ·needed. 
. . 

" .... .. ... ' " 
When . tho ;..bove ,?l"oc;rams have b~en completed., consiC:~"Aation 

. . ~' 

f f ~ ; '· $ho~ld be given towClrds testing someo! the minol" I.P.· anomalies by 

l 
I .. -. ~ . 

• to' : ' , • 

. : .. : ' . .. . 
' . . · . " 

,f ' • •• • • 

. . . . . .... . . 

" 

' . .' 
ESTI}I'JATED EXPLORATION ZX?E~SES 

.' Drilling costs by both the ,?cl;'cussion and rotal"Y mC.tnods a~ 

" ' . the Sunrise ?l"OPCl"ty Cl.l"e very low by compal"ison wi.th ciamor.c. dri::i~g . .. ,' 
' . 

. costs 'in Bl"itish Columbia. Clnd ti10 di'rect drillil1~ costs will range irom 
. ' . 

.' 

' . 

• 
' . 

. ' . 
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• "0 ' 

. . ' . ~ 

. '0 . 
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". 
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However there are additional' costs of site and trail preparation 

with a bulldozer, sample collec~io~'l. and assays, engineering 

. "'- .. : . and admin~str<ition expenses ~ etc. Roughly the costs, includinrr 
. . 0 

• • t , 

".:': .. ' ... .... :. >. -;..:.-:;.~ the above item s ', for the rec'onnais sance exploration drilling ' 
. _ . . .. . :"",:_ '. -' -.t-----:-------- -· -- - , . '. . . . . " . 
I. ; (about 15,000 ft.) plus the grid percussion dri~ling (about 

. ... .. . ', .. . ' . . - . . 
10,000 it.) will be about ~30,000~00, and the rotary grid " ,. , 

-- "--:...... i' ' . 
-.... ', ' .. drilling program ' (20, 000 it.) will be about $ 60,000.00. 

Hence the dl'illin'g' and 'associated drilling costs will be 

I • 

," . 

approximately ....... ~ ..... ' ,' ... . ' ., ...... . $90,000.00 

I 

, . . ' 
• I . 

" , 

., ' 

. , ' . 

.. . . 
Leaching tests cost $30.00 fO,r a bottle test and 

,about $200.00 for a column test. The 'number oCtests that 
. . 

will be nec~s sal'y will not be known until the drilling is 
: :. 

, .completed, bu't tests of all ore zones shOUld. be made, . The 

e,stimated cost for this work is 
, ' 

. e' .. . . , , . . 
. WhC4~ the drilling and le,+ching tests havo been 

. completc'd a feasibility 'study should bo ' made, £01" .which . 

. ' the ore grade, tonnage, rate of leachin'g, acid cost, trans

',' . • . portation costs, .etc ~will be reG,uired, to dete'rmin'e the 
'. \ 

economics of the project. The cost of this straight!orwa~d 

. . ~ , ' " . ;. . . feasibility study will probably: be in the $2,000.00 to . 
" " 

", " ' · .' 

. ' . 
$ 3,000.00 . ' . . ' ,. 

." 

· . · . ' 
: .. '" .' . 

',' 

. ' :.. 

. . ', "1 " ";.' .' . 

. " , .' '. . . ' . . I ' . . ' 
$5,000.00 range, say . , •• ' ••• . •. • . ' ' ••. , '. ~ ••• .: .... $ 3,000.00 . : " . ' . . " , . ' 

" .' A contingency funo should be available in case . .. .. : '.,' 
.. ' • , ' . '0' . ~ 

. " . . . , . .. . : . . . i . 

. " . . .: . .: deeper.drilling is .required, for possible deep ~renching ., ' .', 
. ' . ... . . ~ . :., . •.... ; " 

. ' . : .. ' t~ obtain 'co~rse' material 101' leaching ;cst~ ~'to ·equip· a.'~ '. ',. :: : .. 
• I " 

" '; . I ". • " #. ~ .. :: . .... .... .... :. 
. . ' 

.. 

, . 

" . ' 
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"" , · · · wa.t~r well, . etc. 'T'he 's~m ' suggc~ted' £01" this purpos~ 'i'a:' " : $15 ', 000 ~OO : ~ .. . : ~ .. :,.'.:- :' 
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STRUCTURE AND MINERALIZATION, SILVER BELL, ARIZONA 

Kenyon Richard and J. H. Courtright, Geologists 

AMERICAN SMELTING AND REFINING COMPANY 

A paper to be presented at the annual meeting of 
THE AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGlltEERS 

New York, February 17, 1954 

ABSTRACT 

Replacement-type ore bodies in tactite have accounted for the 
Silver Bell District's production of copper in the past. In the near 
future, substantial production will come from porphyry-type copper 
ores occurring in two deposits spaced two miles apart within a north
westerly trending zone of hydrothermal alteration several miles in 
length. This zone lies along a major regional fault which is believed 
to have formed initially in Paleozoic and Cretaceous sedimentary rocks, 
and subsequently to have been the locus of repeated Laramide igneous 
activity. Alaskite followed by dacite porphyry were intruded first. 
Then, after an erosional interval marked by basal conglomerate, a 
thick series of dacite flows and pyroclastics was deposited. Intru
sions of small stocks of monzoni-te and related dikes were preceded 
and partly controlled by: (a) regenerative movement along the major 
structure and (b) development of cross-breaking fractures. Renewed 
development of cross-breaking joint systems along the main zone provided 
the principal control of ensuing hypogene mineralization. Post-mineral 
andesite dikes were emplaced parallel to the major structures. Lastly, 
enrichment by supergene chalcocite formed the two ore bodies. 

Features considered significant: (a) The belt of alteration 
and copper mineralization coincides with the inferred position of the 
original major fault. (b) The systems of close-spaced parallel joints 
were most favorable to deposition of the primary chalcopyrite. (c) The 
intensity and extent of supergene enrichment are reflected by the 
quantity of limonite-after-chalcocite in outcrops. (d) The erosional 
interval between alaskite and monzonite may be a useful means in age
distinction of Cretaceous and Tertiary igneous rocks. 
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INTRODUCTION 

Purpose: 
At Silver Bell the mineralized zone and a number of structural features trend 

west-northwest. Yet, mineralization is controlled in detail by northeast, cross
trending fractures. The purpose of this paper is to present interpretations of these 
and other relationships. 

Previous Work and Acknowledgments: 
The first scientific study of the district was published in 1912 by C. A. 

Stewart (5). Considerable field and laboratory work has been done in more recent years 
by several groups and individuals, including the writers, all reporting privately to 
the American Smelting and Refining Company. Roland Blanchard conducted leached outcrop 
studies in a portion of the area. Harrison Schmitt with H. M. Kingsbury and L. P. 
Entwistle mapped structure and mineralization in the central part of the district. 
Paul F. Kerr studied the alteration features, and later published a comprehensive 
paper (3) on the district. Thomas Mitcham mapped structural features in the surrounding 
area. The writers have drawn considerably on unpublished data, particularly in compila
.tion of the geologic map. The high quality and usefulness of the work of these men is 
gratefully acknowledged, but unfortunately it is not feasible to give specific individ
ual credits. 

Thanks are due the American Smelting and Refining Company for permission to 
give this paper. 

Location: 
Silver Bell is situated 35 airline miles northwest of Tucson, Arizona, in a 

small, rugged range rising above the extensive alluvial plains of this desert region. 
Its geographical relation to other porphyry copper deposits of the Southwest is shown 
on the inset map in the lower left corner of Plate 1. The climate is semi-arid. Alti
tudes range within 2000 and 4000 feet. 

History: 
Opening of the Boot Mine, later known as the Mammoth, in 1865 was the first 

event of note in the district's history. Oxidized copper ores containing minor silver
lead values were mined from replacement deposits in garnetized limestone and treated in 
local smelters. Copper production had approached 45 million pounds by 1909 when the 
dissJminated copper possibilities in igneous rocks were recognized. Extensive churn 
drill exploration was carried out during the next three years and resulted in the partial 
delineation of two copper sulphide deposits, the Oxide and El Tiro. Although the then
submarginal tenor discouraged explOitation of these disseminated deposits, selective 
mining of ore bodies in the sedimentary rocks continued intermittently until 1930, pro
viding a production total of about 100 million pounds of copper. 

The American Smelting and Refining company began exploratory and check drilling 
in 1948 and subsequently made plans for mining and milling the Oxide and El Tiro ore 
bodies at the rate of 7500 tons per day. Production will start during the second 
quarter of this year at a rate of about 18,000 tons of copper annually. 

GENERAL GEOLOGY 

Formations ranging in age from Pre-Cambrian to Recent are exposed in the Silver 



-3-

Bell vicinity. The more erosion-resistant of these, Paleozoic limestone and Tertiary 
volcanics, predominate in the scattered peaks and ridges comprising the Silver Bell 
mountains. The porphyry copper deposits are located along the southwest flank of 
these mountains in hydrothermally altered igneous rocks. These are principally in
trusives which cut Cretaceous and older sediments and are considered to be components 
of the Laramide Revolution. 

For three-fourths of its length, the zone of alteration strikes west-northwest 
(Plate I). There now is no single structure which accounts for this alignment. How
every, indirect evidence suggests that a fault representing a line of profound structural 
weakness existed in this position prior to the advent of Laramide intrusive activity. 
This line will hereinafter be referred to as the "major structure". It was obliterated 
by the Laramide intrusive bodies, but it affected a degree of control on their emplace
ment, as evidenced by their shapes and positions. The influence of fault structures on 
the shapes of intrusives in other porphyry copper districts has been noted by Butler 
and Wilson (2), and by others. 

As shown on the inset map on Plate II, a fault of parallel trend and consider
able displacement lies to the north. This fault is now marked by a line of small 
Laramide intrusive bodies. To the south is a third fault of large displacement. 
Evidence of its age in relation to the Laramide intrusions and "mineralization is not 
recognized, but its conformance in strike with the other two major faults is signifi
cant. These three breaks establish a pronounced trend of regional faulting. They 
are high-angle, and the southerly one may be reverse. Stratigraphic separations on 
these faults are of the order of several thousand feet. 

The local Paleozoic section is about 4000 feet thick. It is composed predomi
nantly of limestone with a basal quartzite member. The Cretaceous section appears 
to exceed 5,000 feet. Conglomerates, red shales, and arkosic sandstones (the youngest) 
characterize the three prinCipal members. 

Intrusion of alaskite marked the beginning of Laramide igneous activity. It 
was emplaced as an elongate stock with one side closely conforming to the major 
structure line throughout a distance of nearly four miles. The alaskite was at one 
time regarded as a thrust block of pre-Cambrian rock (2); however, its intrusive re
lationship and consequent post-Paleozoic age has been established by inclusions of 
limestone found in outcrops north of El Tiro. It is believed also to be post-Cretaceous 
although conclusive evidence of this has not been found at Silver Bell. 

The next event was the intrusion of a large stock of dacite porphyry into 
Paleozoic sediments and alaskite, The stock was some three miles in width and at 
least six miles in length in a northwesterly direction. It was sharply confined 
along its southwest side by the major structure line. A number of large pendants 
of moderately folded Paleozoic sediments occur within and along its southwest edge. 
Thus, the inferred, original major fault between PaleOZOic and cretaceous sediments 
became a contact between alaskite and PaleOZOic sediments and then, a contact between 
dacite porphyry and alaskite. 

Andesite porphyry may have been intruded later than the dacite porphyry, but 
relationships are not clear; it may be simply a facies of the latter. 

The intrusive activity was at this stage interrupted by an interval of erosion. 
The erosion surface probably was rugged as there were local accumulations of coarse, 
angular conglomerate. Subsequently, a series of volcanic flows and pyroclastics 
several thousand feet in thickness was deposited. A similar unconformity has been 
recognized elsewhere in the Southwest, particularly in the Patagonia Mountains 
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near the Flux mine, same 75 miles southeasterly. Here, as at Silver Bell, volcanics 
were deposited on an erosion surface cut in cretaceous and older sediments which bad 
been intruded by alaskite. 

Though no evidence is offered which closely defines the age of this uncon
formity, and proper analysis of the problem is beyond the scope of this paper, it 
is interesting to speculate that it may mark the close of the Cretaceous Period and 
provide a distinction between Tertiary and Cretaceous igneous rocks within the 
Laramide Revolution. 

Subsequent parallel faulting along the major structure line sliced the vol
canics and Cretaceous sediments into horst and graben structures. These faults are 
remarkably persistent southeasterly, extending several miles beyond the map. It is 
not clear if they originally extended through the northwest part of the district; 
they may have terminated against the earlier east-west fault shown on the inset map 
on Plate II. The formation of these faults indicates at that time a still-eXistent, 
deep-seated zone of weakness along the major structure line. 

Monzonite stocks and contemporaneous dikes were then emplaced along and near 
this line, obliterating portions of the faults described in the foregOing paragraph. 
The stocks are elongate parallel to the major structure line. The dikes are dis
tributed along this line but trend across it, for the most part, with an average 
east-northeast strike. Systems of close-spaced, parallel fractures then developed. 
Like the dikes, these fractures are distributed along the major structure and strike 
across it. Alteration and sulphide mineralization then took place. The deposition 
of sulphides, particularly chalcopyrite, was controlled in detail by the cross-trending 
fractures. Although these were distributed along the major structure line as a 
narrow band, it is notable that throughout much of its length there are now no fault 
structures to account for this trend. 

Post-sulphide dikes of andesite represent the last intrusive activity in the 
immediate district. Curiously, most of these dikes parallel the strike of the major 
structure, although it would seem that the cross-breaking fractures repre~ented 
available lines of weakness. This serves to emphasize the major structure line as 
being a profound, deep-seated zone of weakness persisting through a long period of 
time. 

Uplift and erosion of the region during late Tertiary or Quaternary time 
exposed the lean primary mineralization to processes of weathering and enrichment, 
resulting in the accumulation of the two chalcocite ore bodies. 

Small plugs and flows of basaltic lava occur in the flats surrounding the 
Silver Bell range. These are later in age than the Gila conglomerate and mark one 
of the more recent events in the geologic history of the region. 

STRUCTURAL CONTROL OF HYPOGENE MINERALIZATION 

As in the majority of porphyry copper deposits, the principal primary sulphide 
minerals at Silver Bell are pyrite and chalcopyrite. Although occurring as dis
seminated grains, they are more abundant as narrow veins or seams which are usually 
near-vertical in attitude and persistently parallel. Varying in thickness from 
paper-thin to several inches and, in spacing, from inches to several feet, these 
thin sulphide sheets occur as groups of various sizes throughout the narrow, 
northwest-trending zone of hydrothermal alteration. (Due to the small ' scale, a 



-5-

single line in the pattern of "Mineralized Fissures" on Plate I usually represents 
a large number of parallel structures, rather than an individual.) In detail the 
average individual fissure appears as a thin quartz-sulphide seam encased by a 
rather uniform band of sericite. The fissures are predominantly oriented in the 
northeast quadrant; a small proportion strike northwest and a few are random. From 
a broad viewpoint there are, among these systems, or groups, no intersections of 
consequence. Within groups, changes in strike occur gradually and result in curving 
trends. As noted earlier, these groups of mineralized fissures are distributed along 
the major structure "line, and it is assumed they were formed in response to deep
seated, uniform stress related to this line. 

At least a few hundredths of one per cent copper is present nearly everywhere 
in the altered zone; better values occur where there are mineralized fissures; and 
the best values, where the fissures are close-spaced. The two comparatively large 
groups of these close-spaced structures coincide with the positions of the two ore 
bodies (Plate I) . However, the actual structural, mineralogical, and lithological 
distinctions among these and other, smaller groups are minor, and the factors that 
controlled the position and size of these two groups are not clearly evident. The 
strong east-west fault which terminates in the Oxide area may have influenced the 
concentration of fracturing there, and at El Tiro the sharp bend in the alteration 
zone and the group of northeast-striking dikes likewise may indicate a cross
trending line of weakness that localized stresses. Nonetheless, the importance of 
these structural conditions is not clearly demonstrated, and no good evidence is 
found to explain the structural cause of the more intense fracturing which localized 
the two ore bodies in their present positions in preference to other locations along 
the major structure line. 

Outside of the zone of alteration the dacite porphyry is finely fractured and 
jOinted throughout most of its large exposed area. In sharp contrast to the systems 
of parallel fissures in the alteration zone, these breaks in the dacite porphyry are 
almost completely disoriented; parallelisms are rare and traceable for only a few 
inches or feet. They appear to be pre-mineral where they are found in the alteration 
zone in the westerly and southwesterly portions of the dacite porphyry. It would 
seem that in physical aspect this formation was exceptionally well prepared to be 
mineralized---perhaps better than the rocks of the ore zone proper. The fact that 
it was mineralized only to a minor degree may be accounted for by the absence of 
systematic fractures. That is, only the systems of parallel fractures were con
nected with the deep-seated source of mineralization, and the pervasive breaking 
of the dacite porphyry did not alone qualify it for mineralization. 

Excepting the post-mineral andesite dikes, all igneous rocks within the 
narrow northwest-trending zone shown on Plate I are hydrothermally altered. Varia
tions in the intensity or in the completeness of the process, have been subdivided 
by Kerr (2) into five stages. His analysis demonstrated, among other things, that 
the known ore bodies occur within the more strongly altered areas. 

The area outlined on Plate I includes all degrees of alteration, but no 
differentiation is made It merely represents the areal extent of bleached-appearing, 
igneous rocks showing evidence in the leached outcrops of pre-existing disseminated 
sulphides---principally pyrite. The transition to relatively fresh rock is quite 
sharp in many places, particularly along the contact with sedimentary rocks and on 
the faults in the southeast portion. However, along most of the southwest margin 
the transition is gradational, and the limit is an arbitrary line. 

Tactite, composed essentially of garnet, quartz and lime-silicate minerals, 
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is confined to a narrow belt along the southwest margin of the limestone pendants, 
except in the vicinity of the Mammoth and Union mines where it has replaced the 
full width of the sedimentary block. It has been suggested by stewart (1) that 
the dacite porphyry and monzonite are responsible for this "contact metamorphism". 
The areal distribution of this tactite is such that, if it were to be considered 
strictly as a contact phenomenon, the alaskite would be as related to it as the 
other intrusives. Without going into the problem in detail, it is worth noUng 
that the tactite occurs along the major structure line in such a manner as to 
indicate a close genetic connection with it. Supporting evidence in the form of 
well-defined structural controls of individual pods of tactite is not recognized. 
An occasional mineralized fissure cuts toe tactite in the Mammoth and Union deposits, 
.although the primary chalcopyrite ore bodies have little obvious structural control. 
Elsewhere, fissures in igneous rocks terminate abruptly at tactite margins. 

SUPERGENE ENRICHMENT 

The two ore deposits consist of rudely tabular accumulations of chalcocite 
from one to two hundred feet in thickness. Lying beneath about one hundred feet 
of leached capping, they were formed by two- to threefold enrichment of the copper 
contained in the primary mineralization. Typical ore is composed of altered rock 
and sulphides in a ratio of about 10:1 by weight. 

Most of the capping over the ore bodies contains less than one-tenth of one 
per cent copper as cuprite, or other oxidation products, mingled with the limonite. 
Occasionally, somewhat higher values occur where copper has been precipitated as 
silicates and carbonates by reactive gangue material present in less altered rock. 
Within the ore bodies, where alteration is strong and the gangue is non-reactive, 
the upper limit of the sulphide zone (or, the base of oxidation) appears on open
cut faces as a sharply defined, highly irregular line. Only rarely is there a 
transition zone of mixed sulphide and oxidized minerals. In general shape the 
base of oxidation conforms to modern topography, even though local relief exceeds 
200 feet. The water table for the most part now is well below the chalcocite zone. 

Some of the irregularities of the base of oxidation are caused by displacement 
on post-chalcocite faults, but most are due to variations in rock permeability. This 
is evidenced by the dense siliceous character of a few sulphide remnants occurring 
well up in the leached zone, and by leached indentations of the sulphide zone along 
some of the fissures. 

It is significant that the base of oxidation shows general conformance to the 
topography, but that in detail it is a highly irregular, sharply defined "front". 
Its present shape may have been produced by modification of a pre-existing base--
one which was established during relatively moist climatic periods of the past. 
Under such conditions the water table wo~d have oscillated at uniformly shallow 
depths and thus would have served to limit the depth of oxidation, thereby deter
mining the shape of its base to some extent. Otherwise, under conditions involving 
depression of the water table---principally those of dryer cl1mates---it appears 
that the oxidation process proceeded in the vadose zone independent of the water 
table, and that it advanced downward on a sharply defined front whenever oxygen
charged meteoric water reached it. 

Opinions vary as to the role of the water table in the deposition of chal
cocite and as to the reason for the chalcocite's distribution through a consider
able vertical range. At Silver Bell pyrite and, preferentially, chalcopyrite are 
only partially replaced by chalcocite immediately below the line at the base of 
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oxidation as well as on down through the zone of enrichment. This condition appears 
to be an argument favoring the theory that chalcocite is deposited at or below the 
water table. That is, the dissolved copper on its downward course by-passed available 
chalcopyrite and pyrite until it reached the vater table where it formed chalcocite. 
The partial replacement of primary sulphides by chalcocite and its vertical distri
bution, as now existing, may then be explained as originating through the numerous 
cyclic fluctuations of the water table position • 

. LEACHED OUTCROPS 

In the formation of most disseminated chalcocite deposits the enrichment process 
takes place progressively---copper is repeatedly dissolved, carried downward and pre
cipitated. It has been well established by Blanchard (1), Locke (4) and others that 
under these conditions "limoni tes" of certain color·s and textures are left behind in 
the leached capping as evidence of the pre-existing chalcocite. 

The Silver Bell district provides exceptionally good .examples of this phenome
non, but limonites of chalcocite derivation are not confined to the outcrops over the 
ore bodies. They are widely dispersed through the zone of alteration. Proper in
terpretation of their significance in respect to ore possibilities rests mainly on 
quantitative rather than qualitative appraisal. Mapping of the Silver Bell outcrops 
on this basis provided a valuable guide in exploration drilling. Results have 
demonstrated conclusively that the pattern of relatively strong copper mineralization 
at depth is reflected in the outcrops by the distribution and abundance of diagnostic 
limonites. 

It may be of interest at this point to mention the ancient excavations which 
are numerous in the outcrops of the mineralized zone at Silver Bell. There is evi
dence indicating they are several centuries old. These shallow open cuts invariably 
follow close-spaced, parallel fissures containing the dark maroon limonite-after
chalcocite. Since there are no precious metals or visible copper in these fissures, 
it is plausible to assume that this limonite with its particular hue was considered 
valuable in the past as a pigment, perhaps for pottery or war paint. Thus, in the 
history of leached outcrop investigations, it seems that some early Arizona Indian 
tribe deserves at least honorable mention. 
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ABSTRACT 

Replacement-type ore bodies in tactite have accounted for the 
Silver Bell District's production of copper in the past. In the near 
future, substantial production will come from porphyry-type copper 
ores occurring in two deposits spaced two miles apart within a north
westerly trending zone of hydrothermal alteration several miles in 
length. This zone lies along a major regional fault which is believed 
to have formed initially in Paleozoic and Cretaceous sedimentary rocks, 
and subsequently to have been the locus of repeated Laramide igneous 
activity. Alaskite followed by dacite porphyry were intruded first. 
Then, after an erosional interval marked by basal conglomerate, a 
thick series of dacite flows and pyroclastics was deposited. Intru
sions of small stocks of monzonite and related dikes were preceded 
and partly controlled by: a regenerative movement alo the major 
structure and (b) development of ractures. Renewed 

\~1 develop cross-bre the main zone provided 
\ the pr nc al contro 0 e s ogene mineralization. Post-mineral 

an esite dikes were emplaced parallel to the major s ructures. Lastly, 
enrichment by supergene chalcocite formed the two ore bodies. 

Features considered significant: (a) The belt of alteration 
and copper mineralization coincides with the inferred position of the 
original major fault. (b) The systems of close-spaced parallel joints 
were most favorable to deposition of the primary chalcopyrite. (c) The 
intensity and extent of supergene enrichment are reflected by the 
quantity of limonite-after-chalcocite in outcrops. (d) The erosional 
interval between alaskite and monzonite ma~ be a useful means in age
distinction of Cretaceous and Tertiary igneous rocks. 
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INTRODUCTION 

Purpose: 
At Silver Bell the mineralized zone and a number of structural features trend 

west-northwest. Yet, mineralization is controlled in detail by northeast, cross
trending fractures. The purpose of this paper is to present interpretations of these 
and other relationships. 

Previous Work and Acknowledgments: 
The first scientific study of the district was published in 1912 by C. A. 

Stewart (5). Considerable field and laboratory work has been done in more recent years 
by several groups and individuals, including the writers, all reporting privately to 
the American Smelting and Refining Company. Roland Blanchard conducted leached outcrop 
studies in a portion of the area. Harrison Schmitt with H. M. Kingsbury and L. P. 
Entwistle mapped structure and mineralization in the central part of the district. 
Paul F. Kerr studied the alteration features, and later published a comprehensive 
paper (3) on the district. Thomas Mitcham mapped structural features in the surrounding 
area. The writers have drawn considerably on unpublished data, particularly in compila
tion of the geologic map. The high quality and usefulness of the work of these men is 
gratefully acknowledged, but unfortunately it is not feasible to give specific individ
ual credits. 

Thanks are due the American Smelting and Refining Company for permission to 
give this paper. 

Location: 
Silver Bell is situated 35 airline miles northwest of Tucson, Arizona, in a 

small, rugged range rising above the extensive alluvial plains of this desert region. 
Its geographical relation to other porphyry copper deposits of the Southwest is shown 
on the inset map in the lower left corner of Plate 1. The climate is semi-arid. Alti
tudes range within 2000 and 4000 feet. 

History: 
Opening of the Boot Mine, later known as the Mammoth, in 1865 was the first 

event of note in the district's history. Oxidized copper ores containing minor silver
lead values were mined from replacement deposits in garnetized limestone and treated in 
local smelters. Copper production had approached 45 million pounds by 1909 when the 
disseminated copper possibilities in igneous rocks were recognized. Extensive churn 
drill eXploration was carried out during the next three years and resulted in the partial 
delineation of two copper sulphide deposits, the Oxide and El Tiro. Although the then
submarginal tenor discouraged eXplOitation of these disseminated deposits, selective 
m~n~ng of ore bodies in the sedimentary rocks continued intermittently until 1930, pro
viding a production total of about 100 million pounds of copper. 

The American Smelting and Refining Company began eXploratory and check drilling 
in 1948 and subsequently made plans for mining and milling the Oxide and El Tiro ore 
bodies at the rate of 7500 tons per day. Production will start during the second 
quarter of this year at a rate of about 18,000 tons of copper annually. 

GENERAL GEOLOGY 

Formations ranging in age from Pre-Cambrian to Recent are exposed in the Silver 
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Bell vicinity. The more erosion-resistant of these, Paleozoic limestone and Tertiary 
volcanics, predominate in the scattered peaks and ridges comprising the Silver Bell 
mountains. The porphyry copper deposits are located along the southwest flank of 
these mountains in hydrothermally altered igneous -rocks. These are principally in
trusives which cut Cretaceous and older sediments and are considered to be components 
of the Laramide Revolution. 

For three-fourths of its length, the zone of alteration strikes west-northwest 
(Plate I). There now is no single structure which accounts for this alignment. How
every, indirect evidence suggests that a fault representing a line of profound structural 
weakness existed in this position prior to the advent of Laramide intrusive activity. 
This line will hereinafter be referred to as the "major structure". It was obliterated 
by the Laramide intrusive bodies, but it affected a degree of control on their emplace
ment, as evidenced by their shapes and positions. The influence of fault structures on 
the shapes of intrusives in other porphyry copper districts has been noted by Butler 
and Wilson (2), and by others. 

As shOwn on the inset map on Plate II, a fault of parallel trend and consider
able displacement lies to the north. This tault is now marked by a line of small 
Laramide intrusive bodies_ To the south is a third fault of large displacement. 
Evidence of its age in relation to the Laramide intrusions and mineralization is not 
recognized, but its conformance in strike with the other two major faults is signifi
cant. These three breaks establish a pronounced trend of regional faulting . . They 
are high-angle, and the southerly one may be reverse. Stratigraphic separations on 
these faults are of the order of several thousand feet. 

The local Paleozoic section is about 4000 feet thick. It is composed predomi
nantly of limestone with a basal quartzite member. The Cretaceous section appears 
to exceed 5,000 feet. Conglomerates, red shales, and arkosic sandstones (the youngest) 
characterize the three principal members. 

Intrusion of alaskite marked the beginning of Laramide igneous activity. It 
was emplaced as an elongate stock with one side closely conforming to the major 
structure line throughout a distance of nearly four miles. The alas kite was at one 
time regarded as a thrust block of pre-Cambrian rock (2); however, its intrusive re
lationship and consequent post-Paleozoic age has been established by inclusions of 
limestone found in outcrops north of El Tiro. It is beli'eved also to be post-Cretaceous 

4, although conclusive evidence of this has not been found at Silver Bell. 

The next event was the intrusion of a larg~ stock of dacite porphyry into 
PaleOZOic sediments and alaskite. The stock was some three miles in width and at 
least six miles in length in a northwesterly direction. It was sharply confined 
along its southwest side by the major structure line. A number of large pendants 
of moderately folded Paleozoic sediments occur within and along its southwest edge. 
Thus, the inferred, original major fault between PaleOZOic and Cretaceous sediments 
became a contact between alaskite and PaleOZOic sediments and then, a contact between 
dacite porphyry and alaskite. 

Andesite porphyry may have been intruded later than the dacite porphyry, but 
relationships are not clear; it may be simply a facies of the latter. 

The intrusive activity was at this stage interrupted by an interval of erosion. 
The erosion surface probably was rugged as there were local accumulations of coarse, 
angular conglomerate. Subsequently, a series of volcanic flows and pyroclastics . 
several thousand feet in thickness was deposited. A similar unconformity has been 
recognized elsewhere in the Southwest, particularly in the Patagonia Mountains 
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near the Flux mine, same 75 miles southeasterly. Here, as at Silver Bell, volcanics 
were deposited on an erosion surface cut in cretaceous and older sediments which had 
been intruded by alaskite. 

Though no evidence is offered which closely defines the age of this uncon
formity, and proper analysis of the problem is beyond the scope of this paper, it 
is interesting to speculate that it may mark the close of the Cretaceous Period and 
provide a distinction between Tertiary and Cretaceous igneous rocks within the 
Laramide Revolution. 

Subsequent parallel faulting along the major structure line sliced the vol
canics and Cretaceous sediments into horst and graben structures. These faults are 
remarkably persistent southeasterly, extending several miles beyond the map. It is 
not cle~ if they originally extended through the northwest part of the district; 
they may have terminated against the earlier east-west fault shown on the inset map 
on Plate II. The formation of these faults indicates at that time a still-existent, 
deep-seated zone of weakness along the major structure line. 

Monzonite stocks and contemporaneous dikes were then emplaced along and near 
this line, Obliterating portions of the faults described in the foregOing paragraph. 
The stocks are elongate parallel to the major structure line. The dikes are dis
tributed along this line but trend across it, for the most part, with an average 

~east-northeast strike. Systems of close-spaced, parallel fractures then developed. 
Like the dikes, these fractures are distributed along the major structure and strike 
across it. Alteration and sulphide mineralization then took place. The deposition 
of sulphides, particularly chalcopyrite, was controlled in detail by the cross-trending 
fractures. Although these were distributed along the major structure line as a 
narrow band, it is notable that throughout much of its length there are now no fault 
structures to account for this trend. 

Post-sulphide dikes of andesite represent the last intrusive activity in the 
immediate district. Curiously, most of these dikes parallel the strike of the major 
structure, although it would seem that the cross-breaking fractures represented 
available lines of weakness. This serves to emphasize the major structure line as 
being a profound I deep-seated zone of weakness persisting through a long period of 
time. 

Uplift and erosion of the region during late Tertiary or Quaternary time 
exposed the lean primary mineralization to processes of weathering and enrichment, 
resulting in the accumulation of the two chalcocite ore bodies. 

Small plugs and flows of basaltic lava occur in the flats surrounding the 
Silver Bell range. These are later in age than the Gila conglomerate and mark one 
of the more recent events in the geologic history of the region. 

STRUCTURAL CONTROL OF HYPOGENE MINERALIZATION 

As in the majority of porphyry copper deposits, the principal primary sulphide 
minerals at Silver Bell are pyrite and chalcopyrite. Although occurring as dis
seminated grains, they are more abundant as narrow veins or seams which are usually 
near-vertical in attitude and persistently parallel. Varying in thickness from 
paper-thin to several inches and, in spacing, from incnes to several feet, these 
thin sulphide sheets occur as groups of various sizes throughout the narrow, 
northwest-trending zone of hydrothermal alteration. (Due to the small scale, a 
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single line in the pattern of "Mineralized Fissures" on Plate I usually represents 
a large number of parallel structures, rather than an individual.) In detail the 
average individual fissure appears as a thin quartz-sulphide seam encased by a 
rather uniform band of sericite. The fissures are predominantly oriented in the 
northeast quadrant; a small proportion strike northwest and a few are random. From 
a broad viewpoint there are, among these systems, or groups, no intersections of 
consequence. Within groups, changes in strike occur gradually and result in curving 
trends. As noted earlier, these groups of mineralized fissures are distributed along 
the major structure line, and it is assumed they were formed in response to deep
seated, uniform stress related to this line. 

At least a few hundredths of one per cent copper is present nearly everywhere 
in the altered zone; better values occur where there are mineralized fissures; and 
the best values, where the fissures are close-spaced. The two comparatively large 
groups of these close-spaced structures coincide with the positions of the two ore 
bodies (Plate I). However, the actual structural, mineralogical, and lithological 
distinctions among these and other, smaller groups are minor, and the factors that 
controlled the position and size of these two groups are not clearly evident. The 
strong east-west fault which terminates in the OXide area may have influenced the 
concentration of fracturing there, and at El Tiro the sharp bend in the alteration 
zone and the group of northeast-striking dikes likewise may indicate a cross
trending line of weakness that localized stresses. Nonetheless, the importance of 
these structural conditions is not clearly demonstrated, and no good evidence is 
found to explain the structural cause of the more intense fracturing which localized 
the two ore bodies in their present positions in preference to other locations along 
the major structure line. 

outside of the zone of alteration the dacite porphyry is finely fractured and 
JOinted throughout most of its large exposed area. In sharp contrast to the systems 
of parallel fissures in the alteration zone, these breaks in the dacite porphyry are 
almost completely disoriented; parallelisms are rare and traceable for only a few 
inches or feet. They appear to be pre-mineral where they are found in the alteration 
zone in the westerly and southwesterly portions of the dacite porphyry. It would 
seem that in physical aspect this formation was exceptionally well prepared to be 
mineralized---perhaps better than the rocks of the ore zone proper. The fact that 
it was mineralized only to a minor degree may be accounted for by the absence of 
systematic fractures. That is, only the systems of parallel fractures were con
nected with the deep-seated source of mineralization, and the pervasive breaking 
of the dacite porphyry did not alone qualify it for mineralization. 

Excepting the post-mineral andesite dikes, all igneous rocks within the 
narrow northwest-trending zone shown on Plate I are hydrothermally altered. Varia
tions in the intensity or in the completeness of the process, have been subdivided 
by Kerr (2) into five stages. His analysis demonstrated, among other things, that 
the known ore bodies occur within the more strongly altered areas. 

The area outlined on Plate I includes all degrees of alteration, but no 
differentiation is made It merely represents the areal extent of bleached-appearing, 
igneous rocks showing evidence in the leached outcrops of pre-existing disseminated 
sulphides---principally pyrite. The transition to relatively fresh rock is quite 
sharp in many places, particularly along the contact with sedimentary rocks and on 
the faults in the southeast portion. However, along most of the southwest margin 
the transition is gradational, .and the limit is an arbitrary line. 

Tactite, composed essentially of garnet, quartz and lime-silicate minerals, 
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is confined to a narrow belt along the southwest margin of the ~imestone pendants, 
except in the vicinity of the Mammoth and Union mines where it has replaced the 
full width of the sedimentary block. It has been suggested by stewart (1) that 
the dacite porphyry and monzonite are responsible for this "contact metamorphism". 
The areal distribution of this tactite is such that, if it were to be considered 
strictly as a contact phenomenon, the alaskite would be as related to it as the 
other intrusives. Without going into the problem in detail, it is worth noting 
that the tactite occurs along the major structure line in such a manner as to 
indicate a close genetic connection with it. Supporting evidence in the form of 
well-defined structural controls of individual pods of tactite is not recognized. 
An occasional mineralized fissure cuts the tactite in the Mammoth and Union deposits, 
although the primary chalcopyrite ore bodies have little obvious structural control. 
Elsewhere, fissures 1n igneous rocks terminate abruptly at tactite margins. 

SUPERGENE ENRICHMENT 

The two ore deposits consist of rudely tabular accumulations of chalcocite 
from one to two hundred feet in thickness. Lying beneath about one hundred feet 
of leached capping, they were formed by two- to threefold enrichment of the copper 
contained in the primary mineralization. Typical ore is composed of altered rock 
and sulphides in a ratio of about 10:1 by weight. 

Most of the capping over the ore bodies contains less than one-tenth of one 
per cent copper as cuprite, or other oxidation products, mingled with the limonite. 
Occasionally, somewhat higher values occur where copper has been precipitated as 
silicates and carbonates by reactive gangue material present in less altered rock. 
Within the ore bodies, where alteration is strong and the gangue is non-reactive, 
the upper limit of the sulphide zone (or, the base of oxidation) appears on open
cut faces as a sharply defined, highly irregular line. Only rarely is there a 
transition zone of mixed sulphide and oxidized minerals. In general shape the 
base of oxidation conforms to modern topography, even though local relief exceeds 
200 feet. The water table for the most part now is well below the chalcocite zone. 

Some of the irregularities of the base of oxidation are caused by displacement 
on post-chalcocite faults, but most are due to variations in rock permeability. This 
is evidenced by the dense siliceous character of a few sulphide remnants occurring 
well up in the leached zone, and by leached indentations of the sulphide zone along 
some of the fissures. 

It is significant that the base of oxidation shows general conformance to the 
topography, but that in detail it is a highly irregular, sharply defined "front". 
Its present shape may have been produced by modification of a pre-existing base--
one which was established during relatively moist climatic periods of the past. 
Under such conditi ons the water table ~oULd have oscillated at uniformly shallow 
depths and thus would have served to limit the depth of oxidation, thereby deter
mining the shape of its base to some extent. Otherwise, under conditions involving 
depression of the water table---principally those of dryer climates---it appears 
that the oxidation process proceeded in the vadose zone independent of the water 
table, and that it advanced downward on a sharply defined front whenever oxygen
charged meteor~c water reached it. 

Opinions vary as to the role of the water table in the deposition of chal
cocite and as to the reason for the chalcocite's distribution through a consider
able vertical range. At Silver Bell pyrite and, preferentially, chalcopyrite are 
only partially replaced by chalcocite immediately below the line at the base of 
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oxidation as well as on down thro\~h the zone of enrichment. This condition appears 
to be an argument favoring the theory that chalcocite is deposited at qr below the 
water table. That is, the dissolved copper on its downward course by-passed available 
chalcopyrite and pyrite until it reached the water table where it formed chalcocite. 
The partial replacement of primary sulphides by chalcocite and its vertical distri
bution, as now existing, may then be explained as originating through the numerous 
cyclic fluctuations of the water table position • 

. LEACHED OUTCROPS 

In the formation of most disseminated chalcocite deposits the enrichment process 
takes place progressively---copper is repeatedly dissolved, carried downward and pre
cipitated. It has been well established by Blanchard (1), Locke (4) and others that 
under these conditions "limonites" of certain colors and textures are left behind in 
the leached capping as evidence of the pre-existing chalcocite. 

The Silver Bell district provides exceptionally good examples of this phenome
non, but limonites of chalcocite derivation are not confined to the outcrops over the 
ore bodies. They are widely dispersed through the zone of alteration. Proper in
terpretation of their significance in respect to ore possibilities rests mainly on 
quantitative rather than qualitative appraisal. Mapping of the Silver Bell outcrops 
on this basis provided a valuable guide in exploration drilling. Results have 
demonstrated conclusively that the pattern of relatively strong copper mineralization 
at depth is reflected in the outcrops by the distribution and abundance of diagnostic 
limonites. 

It may be of interest at this pOint to mention the ancient excavations which 
are numerous in the outcrops of the mineralized zone at Silver Bell. There is evi
dence indicating they are several centuries old. These shallow open cuts invariably 
follow close-spaced, parallel fissures containing the dark maroon limonite-after
chalcocite. Since there are no preciOUS metals or visible copper in these fissures, 
it is plausible to assume that this limonite with its particular hue was considered 
valuable in the past as a pigment, perhaps for pottery or war paint. Thus, in the 
history of leached outcrop investigations, it seems that some early Arizona Indian 
tribe deserves at least honorable mention. 
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