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n. ~ larter Mine baa produoed l .. d.-aino orea, nth. a@t1d1.17. 
UIOUnta of fi11ver and copper, 8inc. 18S0. Th. data- 1acl1oate.tbat. tM 
IId.nerel1zat1on 11» probab~ tJ1(>other.l, and tozwd -••• npla~t or 
PerDd.an l1Metone, anc1 quarta1tea. Aoee" tor the •• oeJld1n& 1I1.rJera11-11\I 
.olutiona wae provided by the •• at-west atrik1ft, -17- and -10" Iult 
ayatem, whioh were au_d by acijuat_nta re.ult1~ troa tol'Qf. to~ 
the synclinal .• nd anticlinal told» oJ." the area. W1tb1n tbe '17-.-10-
fau.lt 8yatem, -rl7 minor 61ipaot tat to JAO<lerat,e Q1p NI1.11t.-cl,.D4 : ' 
l1meatone-quarta1t.- .... 6 replaoec1 by ore •• the riaing aolGt1oDa wre ' 
dalGMd by t.n. tlatter alip', reault1n& in trequtUlt ..u aDd 1neplar ' 
ore bodiea ot high ore oontent. ' Tn. lead. oor.tent deOl'N'''' dowmfard, 
alt.bouih &ino remaill6 fairly oonstant., in the _in ON soDi. In_ 
~o. 6 bbaft area to the weot, "U,d Qon1.ent 18 almlt nil, '~"i.a1'..l1li 
tb8 p0611b111t1 that • zonin& ~rc1 MT exist with r.lat1on ~ 'tbei 
• a6terly dipping ~anite aurtaae alnG"ly1nl the prgpert.7 • . with • leM 
cone tonnerq overlying the No~ 6 ~tt ana btiq el'04ed •• y. 

. Tn. _iI. ore lone hae been nearl,. aiM4 out, with oDly aJl)r~te17 
JO,OOO tons nua1nin" •• re~erv8. ~_ on QIldou,bted.l1 uiat. ." aboYe, 
and below the 900 lAy.l. 'lb. ,..tern area baa, beea _U"'.~"d, 
exhibit. spotty ciePQaite of high linc oont.ntj and doe, not apppr ' 
lavorable. . ' 

The ea&tern area baa been onlJ' 11"htl¥ explor.d. 'lba ta~le 
Permian •• qu.ence 1. pH •• nt, aDd the "17" 'Milt appaNntlJ -eNDd.l " 
thrQL:ih the ar... In addition, beddi'llI .ttltA1de, and. toratl_ OQ~ 
orape indicate tJle pr ... ne. of anoiber .)'DC~ tolcl a1.t.lA" to tbat. 
in wb1cb the ban laYier or •• rOnald.. C»t.cropa and driU-bolei bave 
not abowo ore in tb1. ar .. to date, bu\' it aineraliuUon 18 telatecl\O 
the un<ierl¥ing grant te, ore -1 Wit. t greater Upth Ckl. 'to \be . 
Mst.rly dip of tbe iran1tMaurraoe. . 

L1tJ101opc and .tnlctual oond.1Uona 1Dd1oate t,bI&~ tur\ber uplor •• 
Uon in the ••• tern area 1a j"atiI1eci. howeftr, .xplont1oo would be 
of a "vildoat" nature, With 00 det1n1te1nd1catlona i:.bat o~ ex18tfi. 
'lbe spar&e 8~rt.c. an4 drill-hole .how1ni~, the ep11 t ot prqt1 Y )Ii .... 
another OOllp&ny 1~ the preoar10l1. b ... -_tall 1nckletr1 j uG the laok .t 
-.,re ·t&ni 1blA ore cu1ciea calla ... to oonolude that Heola MT t1_ -."tMr 
opPQrtun1t1 •• ale.where, 
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bJ McParlana..Hc.1linaer, Tooele, Utah. 1. _jority of the ~ ",. apeDt, . ' 
in abetraot.inl data tro. cOllPa~ reoord •• boweyer, the ,oo.;~ 5e9; ~~, aDd 
140 lAvel. vere vi.1teci. The principal exploretort Lev~, ·W 660, va. 
tnnrleci tor its· entire~. Th. l'-lrlao. O\1t,orop. and· de.-lop_n\ . 
"ere alao examined. ' . ' . . ' , . 

DeOlillM the potential of the property appear. to li. ill the udeftlopecl 
are& of the holding., rathe:J' than .in the .-lne area 1uell, vh10h 1-

. approachilli a worked-out e~w., examnat10n va. dlrectad ~rcl oeta1D1,. 
a broad pololic p10ture ot the property, the effort be1ni to deteratM . 
Whetner ieoloilc condi tiona similar to tbOEC in the _ned or •• one Cpt. . 
exist elee'Where on the prOperty. ' Lit.tle or no ceoloalc 1nveet1sat1on 
18 being conducted. by the pre.ant operators} how.ver, Ea&le-Piober'. 
record. and ape pr06ent end.nee Q! &0_ excellent work by riernclon 
ana Jones. . ' 

A claim map, 2<JO-eoale Burrace l~oloQ' map, lao-leale longitudinal 
.action, atruoit;.re interpr.tat1on overlay, JO-soa1. repr •• ontat1ve ftn10al 
OrO&S-Motion, and cOA1pOa1 te ot mine world.nga are included in tbe _p 
pooket. In a sepante paoket &1'. 30-aca1. _pe of the )40,660, 140, 
520, and 900 Levels, the 100 and ~50 Levell of the No. 6 Sbaft _,,, •• , 
and three ,O-Eioalo vert·ioal aro86-.oct1on&. Thee. are iDOlu.ded W .bow· 
the ~xtent ot development, inoluding underp-ound dr11l1ni, and looaUoo 
ot varioue aa~ .nd lIall aanpae taken cb;r1na deftlop_nt. . 

All .ayailable reaords were ottered tor inspeotion b7 WiJll)7 Ifellon, · 
mine Il:perintencient, and Jerry Ind.n, engineer. Mr. Irwin aooollpaa1ec1 
me in inspeotion ot the ndne and 8Urta~ •• 

Property 

Th. San Xavier holdings oonsist of 16 patented caima (underlined 
in green on olaim Jlap) . ·nd 32 unpatented oaime. or the .mpatent,ed 
ola1me, three, tne ~i11Bh, Igcana, and Red Oxide ~o. 4, are .~bJ.ot 
to .tate royalty pS7Mllte, as they were staked attar Section 2 beCUII 
a Sohool Section. 

In addt tton, the property inolude. 22 unpatented ola1N held undar 
lease. 

Inprov..-nt6 oona1lit ot the mne plant, employee housing, and a 
400 tpd flotation 111111 <.located at. Sab\1ar1~, e milea d1atant.). 

, The banlavier ola1_ are located in the rim M1D1nl mltrlot, . 
18 miles SoQthveat ot Tuoeon, Arizona, in bect10ne 2, ), 10, ll .. and , 
12, T 17 t, ~ 12 E,santa Crus Cluia. Meridian. Tha- propU'trJ 1 •• ~o •• liblt 
trom Tucson rla tne paved Twin butte. Road. . ' ~ .' . 

It 1. bordered on the nQrth b1 lJanner Mining CoapaD7 hold1n,. and 
on the north_a t and ea at by \ho_ of toe Pi. Kinina COIIIp&rl7. ~. area 
1. u.ndergoing extend .. deftlopment and produeUon or copper ore. bt toe 
above two GORpard •• , and by AMrican SMlt1ng " ltet1n1nc ~'1\1. A ., 
DUJlbex: ot _lea to tbee'.l .~r ~Qvr de it, or low an", 1 a be1:01 d4aftloped by f .O • t ' , 
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Topop!pb,t 

The propex-ty 1. located on tn. flank. ot, a ..u poap of btU, 
vb10b ril. 200-400 te.t .bov •• ptc11_nt .lop1q lentJ¥ ... twa" tl'OlQ 
the S1ern tal Mountains to the Santa CN. R1ver. ileftUop :;,..t the 110. 1 
Shat\ oollar 1- J$JO· t •• t. 

The c11_ta 16 ot the 'em1-ar1d cleeerttnle, vitA oorreepond1aa 
1'1&etat1on. Opent1one are con<h1oted. thr<*&hOUt tne 7ear. ' 

Hi8toq: ~ Produotion 

the San Xavier 611ver .. lead depoe1 t5 were known. and 1forked. t,o a 
amal1 dear •• , by the early Span1ardl, prior to 1675. ' In 1880, ~ 111_ 
was pcrcha"ed b)"a Colonel C. P. by'kea, and worked1nterat tten\l1 until 
1893. 

In 1891, aone ore was .hipped from the property 'b,y L. ·H. ~,. 
In 1912 the property vas purchased b,. Eq>ire Zinc COlll>aD1, aNi Pb .. Zn..Aa 
ore we. ahippecl until 1918. 

The mine was purchaeeci 1n 1942 DY Eaa1e-P1char M1D:i.n& OOllJ.'any, . an4 
operat.ed by that co~.1V until 19$3. In a report by Fcnr1er,pl'Oductioa 

. trom Septe~r 22, 1943, to Lecember Jl, 1946, 11 described.8 ~S2,117.lS 
dry tone, .,,,aying 3.47 A&, 6.01 p~, 11.87 2.n, and 0.70 C\l. M1ll1nc 
,..a halted in Au~et, '1952, and. t~e next lev months were .pent iD 
rebab111 tat10n ot the No.: 7 ehatt, at a reported. ooot ot IlSo,OOO. Upo~ 
cOIlplet1on of 6haft repair6, t.he mine remained. · dormant unUl F.\)ruary of 
19S5, when Mol.rand-Hullinger was granted. a l .... -purcba .. option on 
the property. 

KeFarland-Bullinger rea~med operation, utilizing a bonua I1ltea and. 
a much .,..Uer crew than the pri or opera tors. Cirade w.. iDpron4, and 
a 2500 ton per lQC)nth rate or produotion wal prot1 tab 1, _intained in 
1955 and 1956. 

. 
Produotlon slowed to a rate ot 1500 tone per IGIltb until .fUM ot 

1957, when the mine WI lbut clown. In NovenWer, bGaau8t ol tnt.. oODt1n&11q 
aintenanoe oOlta, "'he ndne was reopened, and hal .ince prodCc\:ud at, the 
rate ot 100 ton. per day_ Aver.~ evade at the KoFarland-Hulllnpr 
production 1, eaUmated by Ne110n at 2-3 01, Ai, 7-8J Pb, lS .. l~'~, a~ 
1-2~ Cu. , ' 

Mill oonoentratel are .hipped b7 rail to American S .. ltiDi and 
Retin1D1 Co,.,_ny, LJ. Palo (lead), and to American Z1nc~ ru.1, Tna. (.1DO). 

Total product1on troll the ban X.avier Mine, tor ill. period 1897-1958, 
18 •• tl_ted at 688,100 tone. " " 

Geoloq 

'lb. &enan1 po1011 of the f1_ M1n1nl D1strict baa beea Maorlbe4 tn 
. • prenoul report. In the v1cin1t7 ot the San laYie!' Hine, a "PMtH 

aerie. ot reaistant p~el1@a~r.~. . torop a. low 
hill. above • ped1_n . ~ u ~ . OGtor0p8 of 

' .. ~~~~~ ~k~~~ and de te ~ 0 r.. ti,Dlt and poet-on 
1/ 
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tear faulting have occurred. The mineralization, consisting ot argenti­
fero~6 galena and sphaleri te, 'with ohalcopyrite and pyri t~, in a gangue 
or 68J:'net, q~artz, hedenbEJrgite, calcitE., hematite, ma~6tite, ana ep1dote~ 
occur&) in tne tro,gh ana on the flank. of a sou th-plungin" syno11nal 
!olti, 1n asaociation with a zone of reverse ta~lt8 which are essentLally 
parallel to the bedding. \ 

fowler Qebcribes the mine aD containin*, small ore bodies with M&b or. 
contclLt, ctJpecially in zinc, which have been localized in adjustment 
zone& ill a cOlnplex. ~eolog1c environment. He states that tne known and 
prospective ort; shoots are related to structL:rsl detormation which is more 
intent;e here than for maXV square miles or 6,rrounciing aI'ea. 

A. &tra tigraphl 

Jor.et:~, u~lt:-f'ich€:r Beolo~ibt, in his notes on rock 1dentificot1on 
in the Lan Xavier i1ine, c.ie~cX'ibec the formations as !'ollpwel 

Cretaceous a In surrounding districtc, Llp to 2S,OCO feet in thick­
ness. Compo6ed of varied sediments and voloanic flows. In San Xavier 
81'ea, cOlTpofied of arkose and argilli tc. The 8rkoee is identified by a 
salmon-pink color, anJ a textL)rE similar to fine-grained tapioca puddilli. 
It lOOy Le confu.seo with pink alwred 11meftone (difl'ereht1ateci by dentie , 
appearance, no vibible ~rains), or with the poorly sorted gr1tti of' the 
lower PermianYeso formation. . 

In the mine area, tile or€; i~ usually separateo. from the arko~e by 
lO'-12' of iine-graineu, lie;ht green quartzite or soft argillite. A 
6".12" bane. or high t;rade ore 1e frequently found on the foot-wall of 
the arb'i.lli te-quartzi te band. 

Permianl 'l'he Perman sed.iments have been divio.ed as follows, 

\. 

(Concho Ls. Ctih lOO'-20C' 
( 

. ( 

Bl~e·gray tv black ls. 
Fossiliferous. Chert nodules. 
Thin and tnick beds. 

bnyder Hill 
Formation 

le50 F'ormation 

(~cherr(;r &aries 
(upper ~te, Cmq 20'-100' 
(Intermed. LSI em! 10'-100' 
( 
( , 

(Lower ~te: Gsq 4oc' 
( 
(Lower La, C~l 70'-300' 
f ' 
\, 

C1 1500'-2000' 

brown-.ray, med. grained. 
bl~e-~ray to black (alt. 
black and waite, welt part 
of mine). . 
Jreen-gray, very tine­
grained, ShalE:Y quartzite 
Bl~e-,ray to blac~ 

lJypSUlll, marl, ahale, 80It ' 
whi te o.ellbea, hornfels 

Ore has been found :to occ~r 8S replacement&; in the Concho li ... t.one and 
in the upper mEmbers of the ~cherrer series. 

. A. 200-scale map of the surfaoe geology ot a major pOl'tion of the 
San Xavier area wall prepared by Herndon, Jones, and others. Outcrop. 

" were mapped by rock 't\Yp~e., tZ1~~tt,0it oetera but 
the variol.1S Pt!rmian me .. rt llr ' ot fit ate ·:/1J11ng the Creta-
oeoos arko,se and lerDlia . um rl' &, ~ 8S, I h • interpreted. the 
Permian ,sequenoe as ano the ace -'reology .. The i te 
t10n is 1~ general agreement wi th one sketohed by Jo:.e.. n rpreta-
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As seen on theaurfac. _p, DIlen ot the .authem San Xavier area i. 
oovered with Cretaceoul arkose, argillite, and .and8site. Through the 
central portion or the property, Pernd.an l1._tone- and quartz!~. OICltorop 
in an eaet-w8st trending belt, off-eet to the south in the weeterly 
claims. To the north ot the western are •• a thiok aeri •• ot faulted 
M1S81ls1pp1an and Pennsylvanian liaeatonee outcrop. In the north central 
portion or the property, the Permian ler1ee 18 twice repeated by taultlnl 
in a triar.gular wedge bounded on the northea.t b.1 a down-dtopped block ot 
Concho limestone. ' 

Grant te outcrops to the .et ot the property, the oontaotdippinc 
ea sterl:r under the property. A tongue of the main JD&6B apparently trend8 
eot:theasterly into the so"thwe.stern portion ot the alaiN, outoroppina 
60cth of the Hoofi1er claim. In the rn1ne area the granite 11ea at approxi­
mate 2460' elevation in the plane of the long! tlldinal eeation. · Conalderable 
variation in the grant te surface 1s evidenoed by two hol.a drilled tro. 
the 900 Level. Hole 42h encoU.ntered granite at 124 te$t vertioal depth, 
while Hole 566 encountered it at 349 feet. The .ge ot the granite 1n 
the vicinity or the mine has not been determined .a yet. It 18 de.cribed. 
as a medium to ooarse-grained, biot1tio granite. 

B. Far,l ting 

A oomplex system or east, northeast, and northweet trending fault. 
exi5ta in the San Xavier area. In addition, many Dd.nor flat Ilip •• xiet, 
in the mine zone. 

or the various faulte, the major oontributor to mineralization 1s 
the -17" Fa~lt, and its 8ubs1diarJ -10- r.ult. Theee taults trend .. ,t­
weet, and dip $0°-70° to the eouth, essentially paralle11ing the beddln,. 
They do not oocur at the I1mestone-4rkoee cont9ct, but are within the 
P erm1an eeq\\enoe. The "17" 1"a1.':1 t, on the cpper levels, i8 characterized 
by 41t-6" ot green-gray gouge on the , rootwall. It ie ocoasionally mineralised, 
~8~ally in 1-2' ot brecoia overlying the gouge. The "10" Fault parallel, 
the -17 M, end 15 in it! hanging wall. These are oonsidered to be revere. 
faults, and are pre-mineral. within the rault zone, many 8mQll flat 
to moaer3te1y steep &11p~ important in localizing ore ocour. Thes. are 
beet il14;:tr~lted on Seotion HR, eno1oeed •. 

• 'hilt: the 8ur.taceexpreS5ion 18 indefini te, a major north trending' ." 
.rault if ,~el"med to pas! through the central portion of the property, to the 
west of the nain ore zone. The a66uJr4)t1on 11 _de to account tor the 
relation 0,1' the Pennsylvan1an-!'11eeie&ipptlln limestone. in the northweetem 
area.to ln~ nermian sequences on the .east, and ie probably reepons1ble 
ror the ~ff!»et or the Permian-Cretaoeous conti at to the eoutq in the 
we$terl~,' pa.r't of the ol.rl1m gro!;p. This fault J!lay be evidenced onth. 
660 Levt:l OJ. a caving zone of N-S tault1ni dipping 45°-,5° .a.terlr in 
the vicinity of 99,800 E. coordinate. It has been nan.d. the lA11lOcrat 
Fault by Eagle-richer geologists, and 1s considered tN be post-ore, 
and. a tear fault in na ture.. . . 

A little o'~er one halt mile to ,the aaat, a probable fault 01 eimler 
nature, and parallel t~ De .. F.~~8 ~d1~ by a topographic 
low between Hellllllt PE.ff an~.' th (Sari) a'1€~1.1-\'7 -, aooount tor 
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relatione or the tormation. in this .~.. Mention wall _de by Mr. Irw1n 
that this iault may be the same as that poatulated al oIt-~.t,t1n" the 
Fima Hineral trend trom the il1neral Hill trend (.ee PielA Minini ~&tr1ct 
report, map). 

A third f8~lt, apparently of tne .me eyatem har been mapped by 
Mayuga 8bout a mile west or the lAmocrat ltl.~lt, where it Mru the contact 
between gram te and 11me:;tone. 

In add! tion to the two above described &ysteru, • third system ot 
tau.lting 16 noted, with a northwc8t~rl.y strlke. The l*>st pronounced 
member o1~ this system 18 the Xavier Fa~lt, which atr1\.(ee about N 4,° w, 
anti dips 6outh~efjterly 55°~60o~ Th16 tault 18 alf:o later than the e.lit...., •• t. 
eystcm, &6 i t Orr6~te -the "17" taLllt to the eouth on the •• at .ide. It 
ha6 been encounterec underground in drill-holes, and the pre6ent cast 
face of the 660 Level 15 in a caving zone attributed to the .'~v1.r Faclt. 
No mineralization has been enco~ntered along 1 t, and it 1. B&8U_d to b. 
post-ore_ . . 

The "17" F.,lt bends abruptly to the 60uth in the w.stern Dd..ne area, 
where it p8rallele the Lemoora t F.w 1 t. '!be change in trend 11 beet aeen on 
the 900 Level, lrbcre the £a\.11 t has been followed 60\.4 thward tor .evertl 
lu:ncired feet. Tbe eaatt;rly trend curVC$ with the bedding until the 
Xavier r'scIt 1s interf;t:cted, wt~re 1 t 1& oI£t,et • 6hort distanoe to the 
south, a,nd then contlnue6 easterlll

, marked by tor:national olte.te. 
Stll1 conforming to tne bedding, it probablY 1nt~r6ect& the aeaumed 
tear fault to tile ea~t. 

The "10" li'aL:lt, in the han~'ing wall or the "17", apparently exist. 
only between the Lemera t and the :tavier F'sL'l te. 

c. ~trllcture 

JJedd1ng atti tu(ies suo. formation cont1gurat1on 1n the mine .rea 
snow tne mineralized zone to occur in a rather open synolinal fold plunaiDI 
5So-600 to the flOl.~th. A similar open synolinal told involving the aa_ 
formations ie indicated by bedding and ol~tcrop8 to the ealjt, eeparated . 
trom the tir~t, by a small anticline. A relatively narrow anticlinal told. 
1s 1nci1cateci to exist upon the ea6terl~ flank of the easterly syno11ne. 

To tbe north of th~ mine area, relat19na or the Permian sequence 
indicate the preaenc·e of a small synolinal told, repe.ted by taultin,. 

In the wef,tern pOl"tlon or the claims, minor irregularities in beddini 
attitudes .and formation con1'i~uration are noted, but no major structural 
features are evidenoed. . 

A structural overlay has been constructed tor the 2OO-ecale rap, 
showing principal faulting, etructure, and formation ~8lat1onship •• 
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D. :l1neralization 

The ore mineralization at the tan Xavier Min. consiats largely or 
aphaler1te, a letser amocnt or galena, minor q\:,llnt1tiea of chalcopyrite 
and silver (1n ~nldentir1ed form) and pyrite. Gangue minerals are princi­
pally ~arnet, hedenbergite, quartz, and calcite, tbe ore most often . 
being 8Sfociated wi th garnet and hedenber c;lt.e. It. ocours in bunches, 
pOd5, and di~~em1nations as replacemente of the Conoho limestone, the ~pp.r 
limestone of the Scherrer ser1e5, and,to a leeser .xten~ct the upper ~ch.rrer 
quartzite. 

Tho principal minerali1,~tion occurs alonJl, and tn, the hanging wall 
of t~ "17" li'ault, extending to the Fermian-Cretaceous oontact for a width 
of 50-150 feet. \"11 thin this zone, oreOCct1.r:e in the hanging wall (vicinity 
ot Perndan-Cretaceous contact, intf'rmediate lone (between "17" and P-C 
c:>nt~ct), anc rootw~ll (~lon:~ nne. in "17" ·Fault). Four main ore shoots 
were developea b;{ £,agle-Picher, and a tifth, in the 12 Stope Area, waa 
developed and :rq.ned by !~c; !'arl~r;d-Hr llinger. The 6hoote; show a greater 
contin\.i1ty dowrt\tfl.rd than l~t(:rally (see lon~. bectlon). 

As shown in f 'ect1cn H!-f; thE' mineraliz.at.lon tends to build up under 
thin, fIst or !noderBt~ly di.p!':tng 51ipe wh:tch intereeot the major ,faults. 
t;hoots are irregL1lar, and where lim! ~d upward by such slips, mineraliza­
ti on may follow the slip for ~ short · distance before breaking free . to 
form another pipe-Ii ket pod 01'. ore. blocks have rbeen moved back and 
forth on th~ flat slips, ~nd as 8 con6eq~ence, the Permian-Cretnceoul 
contact 1s q\~.1 te irre r,lllar along the dip. 

Exsmin1.ng the lons1 tLldtnal section, mineralization eeeml! to become 
more restricted below the S~O Level, although the 3rade remAins fair to ' 
the 90(: Level. t.arrrlin c~ on the 9CO Level indicates that the lead content 
15 decreafilng downward. The present reserves, in the neighborhood of 
30,CGO tons, indicate th1lt 11 ttle addi tional or~ has been fO\.1.nd on the 
lolo1er 1eve 18 • 

~:o ore has been cut in the 660 East exploration drift, beyond the 
12 btope Area. 

To the west, a second 6n~11 center of mineralizationJ beneath a 
strong garnet outcrop, has been develored by the r·Jo. 6 shaft, ~nc:t. tilree 
levels., Some stop'ln,:t WAS aCOdrrq-:lisheci on the 100 and 150 Levels, but 
exploration on the 2~0 Level failed to reveal ore. This ore zone is in 
the Permian eeqcence, but ooccrs well in the foot'''All of the "17" Fao.lt. 

The .340 and . 660 Levels were dri.vcn ~ou thw~sterly to explore the 
grol~nd between the mai n ore zone and the :,\0. 6 thn1t are3, and to effeot 
a oonnection between the work1n~~s. Some stoping was accomplished above 
the .340 1n the 29 area, and t50me sto!"ing on the 660 Level 1tselt was 
done in the 21-23 areg~Ore in these areas wa6 princ1p~11y sphalerite, 
with minor oopper and s11v~r, ;!lnd low lead content. borne add:'.t1onal 
zinc ore my exist below the 340 Level in the 29 \rea" and above and 
below the 660 Level in the 21- 2.3 Area. It s~lould be noted tnat the 150ale 
1a incorreot on the lon~ecti~n st 0fj b~kf".ne nlane of 

, r>ection; aocording to r., an f~ 2y.~ a actuallY' develop 
the ore shown in Holas Ui- an IillH 8. ::::::J 
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·Slorat1on 

. The Id.ne ar .. NaB been rather ,thorouih17 explortd.. a. lbo~ b7 ibII 
underground 4r1111n. on the vanoul lQvele. A total ot 60S no~.. ba •• 
been drilled unc1trground in explorina the potential :itneral zona. While 
other or~.~od1 •• -1 Ixt.t, nunain10' hid.den 'cWe to tnelr _.11 irr.",.· 
lar .1ze, the .mc1erf,;rounC dr1ll1na ' to date haa not been too ',co.aml. 
Dril11nS below the 900 Level b.aa been mnor, Qona1.Uni ot tvo "rtioal 

, hole. and two inclined hole.. Of theal, Hol. 516 .nOWl 10 t •• t of l8~ 
line 20'-)q' below the level. 

A total ot 34 chL,rn drill · holes and 44 diamonc1 drill hole. ~ve 
been driUed hom tile I-.:rtace, t.he maJori tv or which have o.en plaoec1 ' . 
between the t~o. la and No. 6 5ha.rta, and in the No. 6 ~hatt ar ... , tr1ll1Da 
here hal shown Ipotty mineralization ot hi&h sine content, and" •• , ' 
tollowed k7 cnderground exploration and developmant 'by' the No, 6 ~ba!t, 
and levels, and by the 3LO and 660 drifts. SOJIB ltopabl., ore va_ ' tound, 
and lome p~obably remains, but the hiib line content, spott1ne •• or tbe 
ON, andth. large numb~r 'ot barren dr111-holes presen\. an WlfavorablA 
outlook tor the v.a tern area. 

To the east ot the , mine .. rea, a J...~rg. area ot the favorable Perm1an 
eequence 1, ev1denc&d byoutoropp1n~e. while little ore m1neral1 .. t100 
has been noted, a pyrl tic goaf-an ia pre'sent on t.be Patterson olaim. 
Holea drilled to explore tf~ grocnd below thi8 ioa-an hayS r~v8al.u 
pyrite and spec~l.arl te, but l'lO ore. Several other nole. have been dri.Ued. 
in th. eas~m area, mo6t or them relatively ehallow, with the objeot 
ot testing maanet1c hi ~he disoloted. in an electromagnetic survey ad. 
by Un! ted Jeophyeical in 1953. !~one' ot the holes disolotied Dd.neral1aaUon. 
Axes or the principal hi~e; nnd lowa clieclosed bi" toe ,eoptly81oal 8urvey 
are shown on the claim :nap. 

Although pl"ebently halted, the 660 Level was being exten~d ... taN 
to el'p1ore this .. sterly sone at depth. Atter leaving the 12 Et,ope ANa, 
the dritt pafJsea into hard, banded blaok and wnite lime.tones, oCQ&e1onall1 
cut by open f1sltree. No ore VIS encountered between the atope ar .. 
and the drift intereection with the Xavier Fault. A ahort croll-Out 
60U th, a short di&tano6 west ot the ra~l t intertieotion, val dr1 yen to 
explore below loma reportedly rich shallow world.ng6, but baa not dilololecl 
nz1nera11zation to date. . 

Churn Drill Hole 20 wai clr111ed at Coord1na~. 99830 N - 101.610 B 
(ott up), atta1niIli • depth ot 136c teet. Lin.etone vas encountered 
trom u3S' to 1275'. Althouc;h considerable pyrite "a, no~d thro\liho~t t~. 
aeation, only traoe. of oha 1 eopyri te, galena I and sphalerite "ere in 
evidence. Lack of arpreciable ore m1nera11saUon in tJl8 presence ot 10 
Rloh pyrite .. y indicate conalclerable dietanoe tro. tne center ot ftd.neNlJ.­
ration, and -y ev1denoe the r&1~ ,Iontng noted by }layup (Pta Liatr1of, 
Report). . 
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Reserves 

R •• ervee of approx1.nat"17 SO,OOC toos have been maintained at the 
ban Xavier Mine during 1 to operation. IrrelUlar1tie8 of the ore b.odiea, 
and the nec8£t11 tyo! continuing exploration have _de the emtabl1.bment 
0.1" r8serV8b dl£ricult~ In beptember,' 19S4, reserve. 1rom tne 250 u"el 
to tbe 660 Level weru estimated at 41,337 tons averaging 3.1 Ai, 4.) Pb, 
l2.S Zn, and 1.08 C.:. Rebervee at> of Jan\iary 1, 1756, were 5l, 7'92 .'~ ton. 
ot pos1 ti v(! and probable ore, grade not cietcribecl. it.serveD on . the 900 
lAvel at that time were estinateci at .3225 tone pOI! t1ve, and J969 ton. 
or probable ore. . , 

The present re6erves, on a thumbnail altimat. by Neleon and Irwin, 
a~e approximately 3C,OC() ton£, .vera~1ni 2-3 oz. AC, 7-8~ Pb, 15-16% Zn, 
ano 1-2;' CLi.. The 9Cu Level ha~ not been unwatered by McFarland.Hullinier'. 

Acquiti tion 

licF',ilrland-ilullillJer have made an 8.ree;n.ent wi til Eagle-Ficher to 
pa.rchaee the ::-an Xavier property for a total pric. of ~3S0,OOO, palina 
110 000 per. IJ¥)nth. They are pr~sently negotiating for a monthly payment 
of ~.sOOC ~ (''With in$urr1~1ent funds to continue exploration, they are 
1ntere6~d 1n making an operating agreement by whioh the eastern .rea 
can be explored, 81 ther by d.r1ll1ng, extena10n 01' the 6f:IJ drift e •• t, 
or both. No terms have been mentioned. An arraniement S\ligestecl b1 
Mcr~.rland would. be that if ore e~trt1cient to j-';tt1£y a seo ton per clay 
~erat1on were found, the lar~er eompaqy wocld be the operator. It a 
lel.er amo~nt were !~nd, M-~ woulQ'continue as operator. 

Conclu51oM 

The geoloiY ot the ~·an Xavier Mine 1e fH~rruQar1z.d 1n the Swrary, 
Fage 1. AlthoU6h tc.rther exploration by the operat1~ comp.~ appean 
justified, it 1e concluded that more lavorable ofPortunitiee may exist 
eleewhere for fkola, tor thereaaons stated in the Summary. Therefore 
it 1& recommenCieQ ttlAt we reject .~ intereet in the property. 

Respeotfully Iubndtted, 

J Louglas Bell 
Jeoloe16t, Exploration 

tncloburee a :::'ur!ace geology l·;'p 
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"Geology of the San Xavier District" Arizona U. M.8. Thesis 

Page 1 7 - Mineralogy 

The mineral deposits of the district as a shole are of the typical 
contact metamorphic class. They are concentrated along fractures and 
at the contacts of different sedimentary rocks. 

Page 22 - History 

The main difficulties of the district in the past seem to have been 
inadequate transportation facUities, lack of efficient mUling equipment; 
scarcity of water, low grade of the primary ores, which 1s partly due to the 
amount of wall rock it is necessary to mine out and finally, the spotty 
character of the ore is unfavorable to cheap production. 

Character of Ore Deposits 

The commercial deposits all occur as small replacement shoots and 
pipes in limestone • Most of the copper output has been from replacemebt 
bodies along fissures and faults and almost wholly within the oxidized zones. 
In addition to being small, the ore deposits are discontinuous and frequently 
widely separated 0 

l\/Iost of the evidence points toward contact met~morphls m as the type 
of deposit, and it seems probable that an intrusive rock 1s relatively close 
to the surface throughout nearly all the dis trict • 

Page 28 - Genes is of the Ores 

As stated previously, most of the fact collected point toward an intrusive 
body at a relatively shallow depth. MineralIzation has been noticed in all types 
of rocks outcropping at the surface, independent of type or locality. The 
sediments in general are very much squeezed, folded and faulted. The mineral­
bearIng solutions are considered as the last phase of the magmatic (??) materials 
resulting from the crystallization of the intrusive. These solutions have penetrated 
the strata through nurnerous channels and deposited their loads under a variety 
of physical and chemical conditions. 

Limestone was the most favorable rock for the formation of commerctal 
orebodies so received a greater percentage of metal than the other rocks. 
Localization has been influenced to a great extent by the relatively impervious 
nature of the arkosic and quartzltic sedimentary beds. These arkosic and 
quartzitic strata, especially where badly shattered, are somewhat miners ized. 



Manuel Nlevo Ivtayuga ~942 

It Geology a nd Ore Depos! ts of the Helmet Peak Area II Ph • D. Thea 1s 

Page 93 - History & Production 
Mineral HUI Consolidated Copper Co! 

1898-1918 Production: Cu == 8,000, OOOi, Ag= $50, ODD, Grade of Cu 
approxlma tely 12 % 

Character 'of Ore Cepos its 

The copper depos its of the Mineral HUI Consolidated Copper Co. are 
of the contact metamorphic type. The ore bodies occur 1n limestone close to 
granite intrusive. The largest ore bodies were deposited along the principal 
fault zone (Mineral fault) and in an irregular zone of contact metamorphism near 
the intrusive. 

Page 99 - San Xavier Mine (Empire Zinc Co). - History 

Production: 6,000,000# Pb, and $200,000 Ag. Total value = $500,000 
No figures for copper and zinc. 

Character of Ore Depos its 

The ores of the San Xavier mine belong to the metasomatic lead-zinc 
sUver type. 

The shape of the depsits below the #-2 and #5 shafts 1s an inverted 
elliptical zone with the base close to the surface. The are bodies are not 
continuous but are made up of lenticular masses lying one above the other. 
They occur as replacements in the Permian limestone near the main east-west 
fault. Localization of the ore shoots is controlled by two systems of fractures 
N45°E and N70 °E. 

Page 108 - Olivetti Mine (Olive Mine) - General Statement 

Production estimated as high as $750, 000, largely sUver. 

Character and Extent of Ore Deposits 

The ore deposits of the Olivetti mine are typical of the silver-lead­
zinc ore in narrow fissures, which are numerous in the Olive Camp sub-area 0 

Page 112 - Helmet Peak Mining & MUling Co. - General Statement 

The Helmet Peak Company claims ore deposits are 1n the complex silver­
lead-zinc ore type in brecciated volcanic rock (andesite). The ore bodies occur 
as replacements in the zone of brecciation. 



Page 115 - Extent of Development 

Shaft *1 on Camden claim is 600' Jdeep, 3500' of lateral work between 
shaft *1 and #2 which 1s 400' deep and lles 500' S. W • of shaft *1 • 



Harold A. Whitcomb - 1948. M • s. Thes 1s 
"Geology of the Iv10rgan Mine Area, Twin Buttes, Ariz 'I 

Page 70 - Economic Geology 

Est. Production of 11ines: Glance =: $2,186,126 
Morgan = 2,035,306 
Queen :I 1,747,852 
Minnie - 1,339,803 
King += 215,000 

The mineralization of the dis tr1ct is typically contact metamorphic in character, 
the direct result of the invasion of the sediments by a large intrusive body. 

Deposition has been controlled almost entirely by faulting and 
fracturing of the carboniferous limestones near the intrusive contac~ and 
is confined to belts or zones of altered rock 1n which pyrite and chalcopyrite 
are intimately assolcated with garnet, amphiboles, pyroxenes and other 
silicate produc '~s of contact metamort>hism 

Page 72 

Browns work at the Queen and Glance mines further revealed 
that the ore bodies are characteris tically irregular in outline, somewhat 
tabular and of limited extent both vertically and horizontally. At depths 
~ of ~700 feet the depsits b(!carne too low grade t.o mine. 

FREDERICK N. HOUSER - 1 ~4S ivI. S G Thesis 
"The Geology of the Contention Iviine 

No details of interest 

Twin Buttes, Ariz" 



E. B. Eckel, 1930 M.S. Thesis 

"Geology and Ore Deposits of the Mineral Hill Area" 

Page 25 - -General Character of Ore Depslts 

The ore depss its of Mineral Hill are of the replacement type 
associated with the intrusion of igneoul rocks in limestone. They are not 
"typical contact deposits II in that they are not corilned to an area close 
to the contact of the intrusion with the sedimentary rocks, but are for the 
mos t part localized by zones of fractures. For this reason much of the 
Ol°e is found several hundred feet away from the igneous rocks. 



Roaald L. Brown, 1926 M.S. Thesia 

"Geology and Ore Deposits of the Twin Buttas District" 

Page 39 ... Conclua 10ns 

The ore deposits at Twin 8uttes are clearly contact metasomatic with 
the development of such characteristic minerals as magnetite, pyrrhotite, 
chalcopyrite, hedenberglte, andradite, dlopside, epidote and actinollte. 
They were formed tn limestone at or near the contact of an intrusive igneous 
rock which furnished the solutions that caused the mineralization. 
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PYROMETASOMATIC DEPOSITS AT SAN XAVIER MINE 

G. W. Irvin 
MacFarland &t Hullinger Co. 

HISTORY 

The lead-zinc-silver deposits of the San Xavier mining district were among the earliest of Arizona's lead-silver producers. They were known and worked by the Jesuits and early Spaniards prior to 1875. Production from the San Xavier mine has been sporadic -- under Col. C. P. Sykes from 1880 to 1893, the Empire Zinc Company from 1912 to 1918, and the Eagle-Picher Mining and Smelting Company from 1943 to 1955. Since 1955, it was first leased and then optioned to the MacFar­land & Hullinger Company. Production during the past few years has averaged about 100 tons a day. 

GEOLOGICAL SETTING 

The principal geological feature in the vicinity of the San Xavier mine is a series of arcuate thrust faults dipping 20 0 to 55 0 to the south (fig. 44). These faults are cut by north- to east-trending vertical tear faults. In the western part of the mine area, a wedge of Paleozoic limestone, forming West San Xavier Hill, lies between coarse-grained Precambrian granite on the north and Cretaceous (?) arkose to the south. In the easte rn section of the area, which includes I-Ielmet Peak, the C re­taceous (?) sequence lies on both sides of the wedge of Paleozoic limestone which is folded into a tight southwest-plunging anticline. The limestone in the Helmet Peak area appears to have been, at least in part, thrust over the Cretaceous (?) sediments. Lirnestone klippen are found east and south of the peak. Tertiary granite and andesite plutons that intrude the Cretaceous (?) beds are located inunediately south of the mine area. 

Within the mine, low-angle thrust faults that dip 15° to 20 0 south are parallel to the arcuate thrust faults that dip 20 0 to 550 south and offset them to the north. 

ORE MINERALIZATION 

Ore in the San Xavier nline is composed principally of lead and zinc with sub­stantial value s in copper and silver. The ore is characteristic of pyrometasomatic deposits although it cannot be related directly to contacts with any known intrusive body. 

Developed ore bodie s are of two type s - - steeply dipping pipe s and flat-lying ore shoots. The pipe deposits are localized principally in breccia zones along the inter­sections made by the "No. 10" and "No. 17" faults (fig. 42A) with tear faults, and the flat-lying ore shoots occur at the intersection of the steeper thrust faults with the flat thrusts. Ore mineralization has replaced the brecciated zones within the Paleozoic limestone, particularly where earlier metamorphism had converted the limestone to a hedenbergite tactite. Ore bodies have been developed to a depth of 900 feet below the surface and drill holes indicate that the mineralization continues below this level. 

Galena, sphalerite, and chalcopyrite constitute the principal ore miner411s and are usually accompanied by specularite, magnetite, pyrite, calcite, and quartz. The minerals are clo.ely associated with and replace silicates such as hedenbergite, 
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30-Irvin-San Xavier Mine 

garnet, and chlorite. 

Although locally sulphides are encountered at depths of 30 feet below the surface, 
the oxidized zone extends irregularly to depths of about 400 feet below the surface. 
This depth corresponds closely with the surface of the water table in the nline. The 
usual assemblage of oxides, sulphates, and carbonates of lead and copper are found 
in the oxidized zone. 

196 
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A. Generalized geologic map of the vicinity of the San Xavier mine. 
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FIGURE 42. Generalized geologic map of the San Xavier mine and diagrammatic 
cross section of the Pima mine pit, East Sierrita area (fig. 44), Arizona. 
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General Description 
Of The 

San Xavier Nane Laboratory 

The San Xavier Mine Laboratory (SXML) is located approximately 23 miles 
south of Tucson, Arizona in the Pima Naning District. Access to the ndne 
from Tucson is gained by traveling south on interstate, 1-19, to the Valencia 
Road exit going west, proceeding west on Valencia Road to Nassion Road and 
turning south on Mission Road. The mine is located near the intersection of 
~tission Road and Ocotillo Road. Access from the Tucson International Airport 
is gained by traveling west on Valencia Road to Mission Road, etc. Figure 1 
shows the general location of SXML in relation to Tucson and the major open 
pit mines in the area. Figure 2 shows the surface features of the mine site. 

SXML consist of three working levels: the Adit level, the 100 level and 
the 150 level. The Adit level consists of approximately 650 feet of 8 x 8 ft 
drifts; the 100 level consists of approximately 650 feet of 4 x 6 ft drift and 
the 150 level consists of approximately 600 feet of 4 x 6 ft drift. In addition 
the 100 and , ISO levels are interconnected to large stopes and to abandoned 
workings extending beyond the mine property. 

Access to the 100 and ISO level is through a shaft and through a raise 
between the Adit level and the 100 level. The 100 and 150 levels are also 
interconnected by a raise. The attached map shows the general layout of the 
levels in relation to each other and the surface facilities. 

The shaft is not equipped with a cage consequently, materials are lowered 
to either level with a small air driven tugger hoist. 

Ventilation to the Adit level is provided by a fan located on the surface 
near the Auxiliary Shaft and connected to ventilation ductwork on the two 
main drifts. Ventilation to the 100 and 150 levels can be maintained ei ther 
by natural ventilation or by use of the large 10HP fan located on the surface 
above the raise connecting the Adit level and 100 level. TIle fan can be used 
in a downcast or upcast mode. 

Water, compressed air and electricity is available in all areas of the 
Adit Level and at the shaft station of the 100 level. 

From a geological point of view, the mine is situated in a group of small 
hills rising steeply from the alluvial plain. TI1e surface rocks are mainly 
of sedimentary origin. Limestones of various ages comprise most of the 
exposed sedimentary rock with some quartzite and textured, intrusive, igneous 
rocks - mainly granite and granodiorite. In places, porphyry dikes cut 
through the sedimentaries . TIle mine workings are in the limestone sedimen­
taries where the mineralization occurred. Galena, sphalerite, chalcopyrite, 
and pyrite were the main minerals extracted and these occurred in small and 
discontinuous ore bodies . 
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