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LOCATION 

The San Xavier Mine ot The Eagle-Picher Mining and Smelting Company 

1s located in the Pima Mining District twenty miles southwest of Tucson, 

Arizona. The milll. is lo~ated ten miles east of the mine at Sahuarita on 

the Tucson-Nogales line of ~he- SouthernPaeific Railroad. 

EARLY OPERATIONS 

Before the turn of the century to the end of the first World War, 

high-grade lead and zinc oxide ores were mined from the upper levels and 

shipped direct to the smelters. These ores were mined mainly by open 

stope and shrinkage methods. During this time six shallow shafts were 

sunk on the property. Five of these shafts are in the eastern part of 

the mineralized areas. Most of the production was from this area and 

from the 270-foot level to the surface. The bottom level was 340 feet 

from the surface but only a small amount of development work had been 

done here. 

The Number 6 shaft in ... the west ern part of the . mineralized area ex-

tended to the 250-foot level and this was operated as a separate unit from 

the eastern area. The ores from the western area were copper and zinc 

oxides. 

EXTENT OF OPERATIONS 

The present mine workings extend horizontally a distance of 2700 feet 

and vertieal1y 660 feet. At the present time production is obtained from 

six levels extending from the 200 to the 660. Sinking of the Main shaft 

1 Crabtree & Parker - T. P. No. 2193, July 1947 (Short Cut to Metallurgical 
Accounting) • 
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has again been resumed be~ow the 660 level. Of seven shafts sunk during 

the life of th.e mine, only five' are in use at the present ti.m.e. Of these 

f .ive shafts, one is used for hoisting and four for emergency ex! ts and 

ventilation. The hoisting or Main shaft is now equipped with a new 72-foot 

steel headframe and three steel ore bins. Hoisting is done in counter bal­

ance, and this new shaft saves one additional hoisting and tra:mming which 

obtained under the old setup. Natural Ventilation is aided by the use of 

one 24,000 OD{ exhaust type blower placed on the surface. 

PRESENr OPE:RATIONS 

In 1942 'rhe Eagle-Picher Mining and Smelting Company acquired the prop­

erty and, after rehabilitating the mine, began production on a modest scale. 

Until 1946 they mined the sulfide ores that had been 1eft above the 340-foot 

level. In May of 1946 a new vertical shaft was started from the 340-foot 

level and eventually sunk to the 660 foot level. In J'anuary of this year 

this shaft was brought through to the surface and is the one used for hoist­

ing, ,as mention.ed above. Four levels at interva1s of 83 feet were started 

from this shaft. Altho-qgh the level interval is 83 feet vertically they 

a r e approximately 100 feet apart as measured down the average dip of the ore 

bodies. 

Electric power for the mine is generated on the propaMiy by five '2-eyc~e 

Fairbanks Morse diesel engines that develop a total of 1200 horsepower. Each 

engine is directly connected to a 3-ph~se, 60 cycle, 200 volt generator. At 

the present time, all of the electrie power is supplied and used at 220 volts. 

In the near future, step-up transformers will be installed to furnish 2300 

volts for three new 150 H. P. centrifugal pumps to be loeated on the 910-foot 

l.evel. 



Approximately fifteen tons of water are punped for every ton of ore 

hoisted. For this reason 40 per cent of the power that can be generated 

is connected to the present pumping plant. The addition of the three new 

pumps will increase this percentage by a considerable amount. 
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Compressed air for the mine is supplied by two Ingersoll-Rand Imperia1 

Type 10 compressors. 

One-inch round lugged steel is used exclusively for all drilling equip­

ment, sO .t hat it is unnecessary to have several kinds of steel underground. 

All of the steel is threaded far jack-bits. 

DEVELOPMENT 

After the Shaft level stations are completed, a cross-cut is driven 

from the station through the favorable limestone beds. From this cross-cut, 

drifts are driven east and west through the ore zones. A considerable por­

tion of the lateral development is in ore. Af'ter a reasonable amount of 

development work has been completed, raises are driven to the ,level above. 

As the ore bodies have irregular outlines, th,a raises are not driven at 

standard intervals. Wherever pOSSible, they are located near the center 

and on the footwall side of the ore shoots. . 

Approximately 1000 feet of size EX Diamond Drill holes are drilled 

every month undergro1.md. 'fhis drilling is done for geological information 

on existing and proposeci levels. On the lower levels these boles ~re used 

to ~Qw!9r the water table gradually so that la~er8.l. development will. not 

cause ,a sudden inflow of water in quantities :) too great for the pumps to 

handle. 
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DRIFTS AND CROSS-CUTS 

Yntimbered drifts and cross-cuts are usually driven 6 feet wide and 

e feet high. When blocky or otherwise heavy ground is encountered, they 

are tL.1Jlbered with e by 8 t ,imber as shown in Fig. 1. When it is necessary 

to timber, the drift dimensions are -increased one foot each way. 

Seventy-five per cent of the drifting is on a contract basis. This 

is paid at the rate of $8.00 per foot with the co,mpany furni·shing all of 

t -he supplies. 'filn.ber is paid f!lr at the rate of $12.50 per set. Most of 

the mucking in the drifts is done with Eimco mucking machines. In the 

contract drifts, the contractor places the track and a company pipeman 

keeps the pipe near the face. 

RAISES 

The raises are approximately 7 by 5 feet in section. The chute side 

1s separated from the manway by 3-inch lagging supportea on 8 by 8 stulls. 

As the raises seldom exceed 100 feet in length, supplies are hoisted by 

hand. 

-Approximately 50 per cent of the raises are driven on contract -at a 

rate of $10 per foot. 

STOPING 

The mining methods are not standardized but are adapted to the exist-

iug conditions in each ore zone. 

Most of the ore comes from flat back cut and fill stopes. After a 

raise is ,campleted through the ore shoot, the stope is silled otf 20 feet 

above the lev~l. .A seven-foot horizontal cut is taken through the entire 

. ore body using drifters mounted on vertical bars. 

4 
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It t4e horizontal area of the sill exceeds 1000 square feet, another raise 

may be driven from the level to the stope floor. This raise will be carried 

up with the stop'e.After completion of the sill eut, a floor o~ 3-inch lag­

ging is la~d on 8 by 8 stringers Which have been placed on 5-foot centers. 

Fill material is dumped into the raise from the level above and spread over 

the floor with small air-powered ~lushers. After the fill has been leveled 

ott within 2 1/2 to 3 feet from the ' back, a 2-inchfloor is laid. The cycle 

is then repeated, except that the 2-inch floor is removed befor e the next 

filling cyele beings. Whenever necessary, a stull or crib is used to sup­

port the back. If the back becomes too heavy, square sets may have to be 

resorted to. In the smaller stopes the broken muck is shoveled directly 

into the chutes. In the larger st.opes the ore is transported to the chutes 

either by slushers or in wheelbarrows equipped with pneumatic tires. 

Square-set stopes are silled Off on the level and are carried up with 

horizontal cuts the same as the cut and fill stopes. , Usual.ly a cut can be 

completed before it is necessary to till. If the back becomes too heavy, 

the sets are tightly filled leaving one row open for access to the working 

face. Square-set tLmbersare shown in Fig. 2. The floor pillars under the 

cut and fill stopes are mined out by square setting after 'the stope froDl 
I 

the level be10w is completed. Vertical pillars of ore are not lett between 

stopes. 

In t he Number lore zone 200 feet west of the Main shaft and on the 

toot wall side of the mineralized limestone area, a few open stopes have 

bee. used. In this area the ore occurs as pockets of considerable lateral 

area and may extend a short distanc~ above or below the level. When one of 

these areas is encountered, it is silled off on the level with a dritter 



6 

and the broken ore mucked into cars with a mucking machine. The ore lett 

i ::h the back is then drilled with a stoper and blasted. If , a third cut is 

neoessary, it can 'be drilled from the top of the muok pile. It the ore 

e:x:tends a short distance below the level, it is taken out with jack-hammers. 

It it should extend several. feet be10w the level, a raise is driven from the 

level below and the ore mined by cut and fill method. 

Stopes are filled mainly with waste material obtained from ~evelopment 

headings. When the supply of waste that can- be obtained from .the devel,?p­

ment headings is insufticient, a power shovel on the surface loads 'waste 

into a dump truck. This is then hauled and dumped into a waste pass extend­

ing to all levels with discharge chutes as reqmred. 

Occasionally sand from a nearby arroyo has been loaded for filling i-n ' 

the same manner and dumped into an. a-inch churn drill hole. From a chute 

under this hole the sand is trammed to the places needed. The sand makes 

the best f'illi:ilg, as it is easy to spread in a stope. However, it must be 

very dry in order to pass through the drill hole. 

TRAMMING 

Underground tramming is done here by hand or with two 1 1/ 2 ton Mancha 

locomotives. The Main shaft hoisting cages are of sufficient size so that 

these locomotives are quiekly moved from one level to -another during the 

shift. The Eimco mucking maohines are readily moved in the same manner. 

Cars are of' 16 cubic feet capacity, turntable mounted, end dump, with roller 

bearing wheels. 

Ore is transported frOIp. the mine bins to the mill in IS-ton dump trucks. 
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WATER CONDITIONS 

, -

After the mine was punped out in 1943, water produced amounted to 

appro:x:imat ely 35 gallons per minute. As development work · was ext ended 

on the then lowest level, or 340, additional soUrces of water were tapped. 

As new and -deeper levels were opened up in the new shaft, a considerable 
- . 

quantity of water was eno.ount-rered,. Some of these sources, when struck with 

a diamond drill, produced pressures estimated to be as great as 200 p.s.i. 

At the present time the mine is making approximately 730 G.P.M. 

/ 

• 
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FIG. , 

Standard drift sets ··:'. rnade with 8 by 8 timber. 
The 8 foot post goes on the ditch side- of 
the drift. The 2 by 8 cleat is nailed to th~ 
bottom of· the cap. Standard batter for the 
posts is Ii inches per foot. 

.\ 
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standard timber fraining with post butting cap. The s~ts are 
5 : feet center to cepter horizontally. 'The stope posts are 6 
feet long betweefi' th~ horns or 6 feet 8 inches over all. 
Sill posts for square set, timbering are 7 feet lOIfg between 
the horns . 
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~\'!SAL. l)1BmO':1'~j~·t AT~;KE SAN XAVI.lIl }!1:N..&l 
,. . 

~b.&r. are th~t. 014$sC,!.o'l 1a.t·er&1 d,velopm ~ntworkt ll ·/Jlmk:te-ddrlfts. 2) Uat lmb.t~~4 
dtifts. Z}, Su'b-lev:e1, dr1tt, • . ~ld$ ;rG:po~t d, .. 18 , w1 th the tlrat 'We) $. .t1d lsecM.erbed 'w-I tl). 
tt~~$': he,,:41ngsdrlvtfl hl'.lng ~.he p.'rlod J·ue ·l . 1951, to hbruarrl. 1952. on the 500 Le,." .1 
-.nd. ''ti'e:;tow. Suftl01.nt 111f,orlri4it1on w ... no·t r ecorded tor al l dl,"lf1u, driven on the 340 i"ind . 
420 lev.ls 'On' two luaa.dlnl.lli.y.e· b •• n aho$~it te1.'oom'P&ratlve purposes • 

• • , ~ \ ~1 " " _ _, • 

~hl's analll ·is ot dev.l0~: nt wQ'rk 'has, bfUHl ro~(1,· (i. ~ ':ttlemlne the reason tor the excessiv. 
oost$ and to $uggfH~\ .&~ 8~ep$ ehould 'be: taken to reduce them,. 

As . rula art it 8S zt,s . re -.s foll ()W'$' 

tlltt 1mb.rec! 
f.1!Dbtrea 

6ft .• wI d, 
, 't It. wlde 

'It tt . hlgb 
8t t.t. hip 

'or the purpQ$e ot this r&-porto.t.b.e rook ha s l;u.uua 01 $sl!l,. 1n four cattlor! a re·l .. '1ng 
to b.ardna,s fOrd-rlllSn, purpoa'$ $\. wfll tl.$ ln~eak.lng qu .. litl~uh Listed opposlte 1s the 
ay·tlra.,e number ot- hol '8 \1511.117 re·qulr-ed pt r ran. . " 

~ 
V,.'I:1- soft 
sot, 
M.<il~ 

."JI'd 
13 

16 .. 19 
22 

i:W&ll. 
9.12 

15 
1$ 

Th ': h.m1'll .• '~~t round 1$ ·u$e.d in most e.- ses b'ut ooo'&$1onil, V"'*Cut or burn cut 1s use4 
when dlffloulty in. br.e*.lflf; the groW,'ld Is el1(\lounteted~ Round.s f)r6 drIlled to o'b t a in a n 
advanoe of flve f,.1h 

Fot tll~ l!fil.$\s ya.r bo·th leJtner's ~nd Jackleg eoltt'b Ina'1 0;0.$ h-a·ve. b@$'n used tor d.r1lling,. but 
. the j aCkle,s h&Ve not· pro." completel, a-.t lstaotQ17 ttl 1l,~u·d roolu W.b.e n used. in th·e sotter 
tn's, and optra.tied bl til. tnlnett 6x,perl&.nced in thlJ lr us., t.h,er tl$.ve proTed to b both 
pOI)ular ~nd ~lfit).leJl'. In . tbe 1.tter pa~, ot 1,951. hot.ml11ed bIt$ av r&gllt,1 - 5/ S"f 
"'lamet,lI' t'.'prO¥lded tor us. wJth Jackleg" . ·lon 1ncr·.&sed their etfiaiellC,'.' . ~Aese · blts 
were the eri t.-rl~ul In deo·ldlng whlt)h of t .h& two drl111ng methode should be used, It Oll. 
ot tn.a. 1>1 ts wi ll ttot drIll & 7 I.t.· hOl t 1 l'l .. re&8onabl(a time or has to be dls~ .. rde·d 
before the llole i .$ oOMplet.ed.. the j $.~kleg Qomb In.,, tloD 1s re:plaeed bya leyner, 

. Up to Junt 19·50 4tlll stefl was praY/lei.a 1ll lGDgtM of *, 4. $i~ ft. "hloh :pro?t,les tn. 
l6'ft eha.nge ~.qu1rlJld f 'o:r .::~s~op~'_ ~t tll ·t t 'Jm.,. ,_ . ~'e.l.l ~a$ lntrQ~\1ced t 'Ol! use 1~ drlll­
i ng bUl'Jl;-ent rou'.d.$ I\nd h.a's, 'beet! a.vallable e"er.' slme. ltt DeQember 1961 .t the J*e'qu,stQf 
tbe shift, bOs •• , .• drill s1;.,l 1n 'i and4i· ft. l&.n, 1;hs we,.. supplied for U8e with leyotl'8, 
. nd by ta.ktng · full a.dvant.age of . the leyners · 24U Ch&12,' , It 6- tt.h,ol. could be d~ 11164 

' ,vi til three leng4ba of sttel . Blts ire supplied In r&.clts of 18 bIte In fihre. 8,lz"h. start·-
lng .at 1,.,7! St'- Qt 2" and c1(t~r •• slltg \1 l / sn p~.. . . 

In. soft and very soft ground no 41ttlaul t, h.s be.a exper1e'ne'0d ttl bt'til~ lne; tlle glf.oundlld 
.. e8rt~ ltl amount ot ovetbreak 1s In1j!a.:r1abl , ch!e.ed.ln these 0&8$ it 1$ ot little 
eOllsequellee wh,ther Qu1$ holes •. b.re~at hole's, lifter, •• to. a r the e_I. length sln.oe ~o 
boot.legglng GeCUrth Rowever , 1n the hard~~ \1];;08 of roek it 1$ $S$fUlbl"~ tha t 0ut holes 
be drilled t -t50 and th&t theV 11. 1. ,4X the· length of ' ·tn. fl .... helelh Thereto ... . it ., 
fl ....... too1 l"<J1lnd lJ destrd, the out h,Oles must hayea. m1nimtml len,tb of 7' . !blt 1s 
not possible, s1noe .about: 6'" of the 7" $.t e~l .1s l ost in t:he · chuck &\00 tour bit ~lz.$ art 
required. 'hfaret~re., w1th bi ts and. , sttel ~T_l1Q.ble In tht $i2$$ men'! all ed . t he 10,10 1 
round would Q·onsls' of flt bol es ,t long wlt.b $11t (Jut ho,lsa. This is not Q,; all &atls­
taotol7 in a t -lmbereo. drift vAlet'. med ium. g round ' 1$ enooUl'lter(lQ.,. since drl It ~"s are 
spac·ed lit it· 1nte~ .• • 

-~~---~--- .. --.--.. -- ------- -. - --.------.----.-------------~-------~------------- . 



Bla.t.lng 1$ u$u&llyc'*,rrlea out a t lunch time and quittlng tlme 'but lnS15me aaae •• _,.be 
ca.J;trl d QU~ earlier at tilt dlscretioftet t.ll e sAIt1: f,H).' whtn ~ondltlons &l l ow. Th, ' 
pro<led'Q,' 1$ .. s t 'G1IO\1litu P'rimer. " ,X" preJ)*.red ' first · an d p,laced 'ln 'the holes • . '!Ills 
.re.inIAg" pO"lder 1$ ofte,n s.pl1 t wIth a knlfe, ' loaded -.nd t1lJnptHi, ,,'one Qrtwo $t:lok8 at $. ' 

tl.m •• U8~llg' 'wooden t mplnr stick, Fuses a.re Ctit a Dd spit 1n the orae, 01 firing. Wooden 
spacer. txs are used to d lstrlbate the powd.r to'l/ maximum etf.at Ito tld oconom, 1n burD-ont 

. , rounds bQt . are not useA in thehemmet-ou. rGund SlM. a c·()t'lc&ntrat ion of 'Powder 1 s re-
I , . qulred wbere th~ burden 1s greatest . 1 ••• • at the bottom of the hol.. The rook produced 
I i by 'this me thod of blaetltlg trequt'ntl,- contains a large perc.nta'fb of boulders and 

oeca..lotlal11 of' suoh. slz$' th&t the, must be bro'ken \'t ltn.. a hammer before loading. 

. ~ ! 

lngonertl •. th order of tiring the holes is sUoh tha t the lifters a re fired I_st.. In the 
ha nd mucklnr era. this W(t.6 highly d(9sirab,le 1n ()rder that tl.8 muoh mutrk 8.$ l'osslble be 
th.ro • . baCk Q,,n the mueklng floor to rea;aler s.ho'Yelllng. Ifh1$ 1s not a t Ql l sa. t 1 staotf.lry 
Wben a muck lng macb.lne Is ,used for th e following reas.onSt 

1 ) t ·nt muck 1,$ so&tt:eX"eu fo·l" , a 'dlst&noe of .15.-2f5 '; &tslGplng anile ., Ith .. 
m&3tlmum blight ot-5-4' at the fao • • 

2 ) ixcess!., time 1·$ required. to muok out this flat shallow pile·. 
3), It. Is dlft1(Jult tQfl11 the dl])pe .. on " the mue'klng roaoll1ruh: 
.. , lAte to th,e e)tC.({# stl;l"tte crowding act! Oli requ1r.4 . Qompr~UH~e(i ai' CQllSUlnpt lon 1 s high • . 

In some" ses,· shift \to sst£; 'have changed the ord.r of t iring so th l the lif,ers Q.re . 
blasted as seOft a s possible "fter the (lui n. oleth Thls curtails the scattering of muck 
and produces a. muck pll. 5- :6 t hiBh'ftd .. bout 12 it . long. 

' ~It1Qlt 'Nl? .anq . f!y~iM.l~$ 

All mucking lsdOtt-e with 'muck lng ·,, $LQ·hl!i.e.... !,tot&:r. ar·' used exell.usl1'el, on 340. 500 a.n4 
660 l&.,el., coc:;asl0lualy on :~20 and 580!. (!Lnd tnft~t'Jquentl,ol'1 ot.her l.evel s. ~fh. lo.a.ded 
oars "1". uaualll . trimmed to. the 8. ta. '1 OD but In 80m eases, the oa.rs ma, b d~ped at 
1l 18$8 for t~usfer or '-or tl111nB A stope· • . !h. proo.dure was·n using m~tor 1s as '· 
'Qllo-wSI the t.notor ort",de,llYers tmpty e·,af',8 to tht mucking ~ \ ohlria a,nd remove them when 
'loCi.de·. unt1,1 a tuta1n lo~h4;lti been ,:tSlled. Ithe number of car$ oomprising a traln load 
wl11~ ... r,. i ,rom three to e1tJh.t ears de endln« on 'the condi tl0.n of the ba.ttefY. trac grade 
over whioh the to- a must be h. u1 6d (l:tdUDlplng tor tIll the g;c:·tl.dtrn-ay be adver$e) a:nd , th6 
a'v . l1a.b111 ty of empty c(\rs_ Whll$ the motor 18 gone t , the drift ' crew trams the oare f~rom ' 
the nea.rest s-w1 ton to th$ mucldfl~ m~hl:ne and 'back. . . 

!ha hand trMlJfl illg prOO$Gure is QS t ol1o~ls, The muck ing mach!'!'!. o.p.ra.tor trams the empty 
,~, and lo_d-e4 oar \),stw •• n the m~kl1'1,g machin, rtJlld UH~ nearest $·wl tah,. ''IU a l' rtner t:rams 

from tht swItch flo th$ s:t Qtlo1h " ~h'$l"e r'Alses a.re the final destIna tion of the muCk. fii/!l . 

ext:t man 1 $ genera.lly prov Ide<i, $1 noe oars are e tde dump'd ntl one Man In y not be Qa.pa.~ l a 
0'£ handl1.ng ·th~ j'lb. Ooc~:SlontaJ.ly the car 111.,.' be trammed to the r. i8$ by both the 
mUO.ldngmaohlne opera,or '&Ulu his partl)er ~en, a.n extra 1'luf.t l'll1as not Df-en pt'oyided. Itwo 
ca.rs are in oonstan' use. one art th$ muoklng machine \llhl1e the other is b61~ dump.ed.. 
\Vhere exoess!". tra.mmlng d istanoes are involved, 'lion extra muclcer 1s usually provided &nd 
ea.ch· -tranmer oover " h~lf of' the total d l $ t; a.oo. be·twelll the awl toh nearest 'tilE muoking 
ma.o,h1ne and the eta:tl on.'l!h,1'6G cars. are In QOnstan~ us •• 
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~tamm~n, del yet whttht,r by hand or motor" are l 'a-equan1 a.nd dallsed. \1, .; 

' 1 ) i xc,ss.iY6 tr~lng d ls,tanoe: f,o. the nearest Gwl tch to tile muoking -chln •• 
2) IJ1s.utfle1.G~t aumbGt of' cars on the level. · 
3) No empty ora on :t 'he $ tat! arh 

. 4) llr-ta.kll'lg bo'ultl·t}l!"s on the· gr .llizly wh :, n t1lapln.g 1n a r~ ls •• " 
,S) ':')1)01' track (tondi tiona. such· as defee'l ... · awl tohes. sharp (HlrYee. a.nd "&J7111g 

. track srad..,. 
$) E~c, 8s·1 •• t .rwnming dt sianoes vill n hand 'ttinmlng. , ... .c,·.· .. 

" he bi ggest t}m loss In.~·~V'e$ 1) an.d 0) and the,; rea.8onst01: th(t: latter are as follows. 

,,' ' .) Oars mal' MV. been lett; lQ.cled on bIle station by the pr-a1'1ou$ shtft an'Q thera ' 1s ... 
hotti 'llng de 1 a, ' 01 one to three lto,urs on a.11 shl1~ t$ depending on the amount ot '€lols or. 
t 1mb tJ' to be low$'re'd,. 'ox- '. " . , 

bJ l .tlure, of the shttt' boss 1n arr&JlB lng t ,o h 'T' th 'cal'S p111104 fran the I*l"tlcular 
level on which .. drlit ere,w' 1s.· mtilCk1aC. (fhe t,@lldency Qcea.slona.lly has 'oeen to holet ore 
tnpr.terel'lce to clevelopmGftt _st • • ) 

oJ ttam'meu!',' pullSl'l3cbut$ Otl tlBG same level Viere t\. ,r,o\uld 1s bting mucked. 
4, Failure or the tramel' to notlf1 the eagtr ,.tore all tM 0"" hAY. b •• n pulled; 
.l 'r~etlc. of th~ cage". ,hol.$t.lng all lOt.o.ed cars from one leve']; before ttlOYln,to 

the IUlxt otlt;. . " , ""'. 
t) two or mo:r-e dX"lt',J b·eing mucked at the S$.tl$ time QU 4i,t'teran' levels . 
g) \VIlen dev.elOp%l n' wir.et. 1s bel DB 1lrtNnsfeJ'lZ'ed w11lblll the mlne tor Dacltflll . the time 

to dump the e .. rs m$W exae8,d th , required to till a.nd .tarn the ca.rs from the' drtft htadlng.' 
h) Oaca'slona.lly Gil graye,ard, the waste bin hQ.s b·o.a f111e4 and there 18 nO c. otb.er 

provision tor dumplng themuo~~ , 

fhe time r.qulr'ed. to f111 d ' 18 'OU' ft. oar w1 th fA mucking machine .,az.l $ trom 1~ to 2) 
mlQu,e$ trt\en ope, ted b,.n $lC.t>erl$,noed me.11~ The time: requlr'ed. to 1"111 the oal'- 4e-ptuul8 on 
th,' '81 ~e 01 the muck (the smtfl;ll .. " the oetter) f th (l height of the muck pile., whether tb 
round 1$ 01 ng m1JJ.oke4 on "cur". a,nd , th:ii olear-.nc.e betwe.~ the timber ~nd the traQk 112 a. 
t lmlr:r:ed 4rStt. 

'. ~he muoklng ~cbln6 iodvanees iO\'llar48 ' the fa". on $lid '. ralls which ,a.re 1&1d Oil ed.ge so ',' , 
tha' the ·ba.ll Of thE! sllde .. ral1 11es "'pins t the web " nd be'iw"l'lthe ball and fl a.nge of 
til . up;rl , ht ri\tl:4 fhe $11~eral1$ a.reheld in 'pl~0. by traCk spikes driven l~to the tl • 
• pins, tbetlange.6 ¥ 6 trok ties ar. lQ.'ld a.t 30'·' center &s the sl ide ralls re ' 
&d:vaaee4 .• 

Most altha dr-ifts art not d.riven Oft line but (ftU·Te t ;,o t 'ollo:w ~$'6 01og1,Q&1 tOl'DlatlODs \-;h1Ch 
I ." p,rla$ente~.'ral dravib.&oks to the (AbO'y. method 13f .. dl'~l1o 'lng track. B&11s art n1)w -prov1ded 

1~ 15 fi. length$ b~,t at one time tlta:v were ' 1n v&.rlous lengtbs from 12 to 20 ft. 
fIle ,,,.'back$ ,and Qornmot'l dela" resul tinr .re . 8 followe" 

1) Lack of proper leftgth .elld. ralls. Depending on where the permanent track ende 
and the ,degree of Olln&ture of the heading., the le..ngth of slld.e ralls required will va.ry 
from~18 tt. .. Md th~H'J.e- ' 612e$ , are, net. alway s avalla.'ble. Hhen slide rQ,11s ~efturvedand 
used temporarily in an upright 'Position,. :a.nd then later replaoedbr permanent ttack,%Jlttoh 

:, tlm,a Is oOl18umed in, s 'ral4rht,enln~ tbGm for satlsfil.oti:)l'Y use e.ssl1de ralls ~ln. 
2) lail'lre to tilt traOk properly beto.re bl2.G.ln~. 
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" . 
3) MuCking mohtnes freqtlent11 de~s.11ed when operating on sharp (tUNes &'s the sl.1d 

r&11s may be easily pu'shed out of posItion. . 
4) 1611u~e by the mu,oldng Qrew to' pla.e trtaQk tIes QS . t.qulr .... 4 btfor·$ dvanclng the· 

slIde ralls .. 
5) Sborta,e ot track suppll;ItI , tl shpl&t.es. track $p.lY~es ,t nut" ~nd bolts. 
e) Use ot SQ,lYfit,gGd rail ~1cb must be st.ra.lghtslled. and the at teIn:pt to use traok of 

dliterent sizes. 

In. the early p "rt 01' thIs 1e&r. traok, S6cblo12S for u.se tn ourv~d d1!lft$ were maode up In 
themQ oh1n.ahQP, A set of thea see tl OIlS cons 1 sts of six 2, tt. eee tl ons of track an~ 
wedges of 'V&ry~llg size$ whioh glve c the curvature requlred. fi. nU.leldng maCh ine elAn oleAn up 
2j: ft,. abe."d and wblll th1s has betn olcui.ne,d up, ~ tra.ck seot ion 1. s l ll; ld &lld bolted 1at,o 
place~ !h~a system was ~dopted &8 a r.sult of discussions held at ~ satetl Meeting In 
Decem'ber '51, . Ild ha$ pro'Yea bot:hst..fet . nd mOrt' eftl01Gl1t than thQ.t us d formerl,. 

TlfOIlIIG; 

Dr!!t sets are ma4e from 8ltS tlmber~rld Qonsist of three pleaes; & oa.p 62 '" .lOll" w1 th 
scab 2xSx46 cellt red on the 'W'lder slde, one pas' S' lo·n~ a.ndtll ~ other post 8'$ ' long 
wh,1o.11 is p'laced on the dltoh. s1de., Tbi$ ' eombllH~tlon Is. used t~cl'Us1.61y on the 660 1$'-81 
"nd below bu' two 8' pos.ts are used on tne uP:P$'!' levels where Q, la.rge dl ton 1s not 
lleoeas"~ sinoe water 1-$ pot e$lQ OtUlterec:1. Dl1nensions fox' pltll.Clng tIle tImber are s 
tollows. 

Dlstanee f'Fom top of ra11 to und,' or sid,. of Qi,p-_ ........................ _ ..... 7· 
Spread .betweelJ ,posts aerOS8 bht top ot r&11s--... ---: ............ • ........... --70n 

DIstance on ditoh side outside of r 11 to post-------------.- ZO" 
1H $tanoe 'other side outsIde raIl to poe t--............. ---· ....... ---..... - ...... 20" 

v;rhan$t .. rt1n~ a llew tlmba:reCl 4rit·b from ano ther. timbered drift, theproCe~ure Is 
general l, the $wn,~ 'Phe turnout oOb$lsts 0 f three sets, on. with a £3 or 10' oa.Pt o~ 
wI '11 "or S- . cap anci " V-set. in Wb.lon the oa.ps are 1'1ot standa.rd and are cut to 1'1 t. 

". fbre~e slab rounds tdl;r. tak,O:fl out to prov1de room tor this t1mbr &nd. in bl st1ng them, 
~rl tt pOB tA ~re often knOckeci ou1; or broken whlob ca.uses tht& Ooll$)l.psa of one or more , 
4r-l it sets. li'requen tlywben tJh..ls has ooeur' red bo oms must be used to re-t irnbe,r th is 
a0dtlon. st,noe 'the switcb' '18 not put in untll t.b.e V- sat . ha.e 'b~en oOl1'lpleted, som. hand. 
muckl1'lg 1; necessary. .,;," , 

One. the turnout b*-e been oompleted. ,: the dr 1ft 1s drIven on instruotIQns from 'the rQl116 
forealf.i;n... . · n ord r to change the dritt bear·lug m&1 be given ill one of two ways. a) turn 
a specIfIed numbtrof dee;rees or 1:>} reduoe the length of a part1oul l1 11 oollar brace. The 
me.thod of drl1'.1ng 'the roulld is l$tt to the dIsoretion of the shift boss who Itl turn ~y 
l, e~:v. ' the d.ec hrlonto the m. in t" :l 't 1s <lou btful whether aq two $hitt ·'bosses would give 
tbe Slllne : ll'.sttr tlotl tU$ for ' -drilling the l"oun4. · Oom8quently. NAan the round has been 
drilled. 'blfi.stec! and muck$d out. there mi.Y not be GuffiCient oleiatl'Ci1110f. for the tltnbe~ .• 
nGCfHHJi tat1ng · dd1 tl011~1 'Clrl111ng, blasting ot8lo111n{h 

1t~ quen'IJ ,ben driving a. timbered dritt 1 t 1s MCeS$&r, to plu, lhe bottom to 1" the post 
h1ta,hss ~nd when t.hIs ooours, approxlmate'll 2-4 h~nu'$ lost time may be InTolTed. For 
eaxnple, 

A round bla$ted by graTeyar4 is mucked out 'by d~ shIft.. Uternoon shift will star, off 
their shIft by digging t hG hi tahes for ' the timber and Irui.1 i1 nd, th.a t tll~ cannot dig them 
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dee.p 8110U«h withQut dr'1111:1lif and blaattllg. If t;b.-a . d1:1ti ' 1$ 'being dt1.11ed with Q J$Okleg 
combln&t.i O!1t ' Sa· Jaokhanme:r is readl11 Q;ya.11aba. e aJ'lt); the!- ' hoile's requlred are drilled arid 

\~pre~re4. to;: b1 s~iltS in. i - l hr. S.imtla .. lY,~ if tht back or wull ole,a.railco' 1 1nsuff't{) len t. 
'~ddltlo:nal holes must be dr 111ad,. Rowe .. ,r. 1f' this drlft 1s 'being d:riven wi th a l$,.Rt .. , 
threG ma.chln s ~;r0 :req\1$l'ed and 1 tis not u noommOlt t 'ot' Ind tbi"'ee maehiftee 1n a. headln,. ' 
leymu:. stoper ~. oo3aekberrn:r.t ·r. It· they are not in the heading. con$lderabl Er t 1me 18 lost. 
1n lookil'l; tor ~nd br1ng.1~g th.is equl:pnent t.o the foe. Sinoe the$e, holes OQtltlot be 
bla.sted Wlttl lunch·· t1me. ;:' thire m~y be a oons1dera.ble IIUUCl,1nt of' lost t1me, R rely will 
the se' be Qanple'ted by the ella ot' tht; shift. !nu$O',raYty-g.rd , ~rew must ~~plete the set 
and. drill the nea1r rQu11d. With the. reduoed amQunt of time a.V:~l.:~~ble tor drilling. It 1s 
llrtllke17 tbat tbeu will blast at. flne end of tht$hlf'. ifhe "r9..p.nd will 06 COlnplet.,d br 
,day shitt a»d theX" tv·ill probab11' be Q' fu,t'lher 4ft,la1 when' the7 must -1 t until lulten t1$1 
to blast. , Th . menre lns,Jl'ucted tha1 when there 1,8 a. 4el. In normal workl~llg proced.'utf.' 
ther tare· to cls6l!l t.raok. ~1.,tcht, '4\lld . scrap tlmlHlr. and tin!s time "laoha.rged O'Jl the time·, cards 
t. 0 C lean~:p. ' " . . 

' f.)r~'t deal of this trouble is due to the inexpe,lence. l&Ck of s Quad JU4pmen '~ on the 
l*rt of 'both shltt bosses an4 mlnere. 1u timbered dr1fte. overbrea.k 1$ the rule rather than 
t!'lGe;xaeptlloft,nd it Is oObmoa bell., awt10Dl4rltt crewe thatthls Qverbr :&k will res.ult In 
glvlng th$ requlre<l clearancle reptdleS8 of how the dr'lll holes may be dr111ed or spaced. 

\ Oooasionally, e:xotJls,slve overbre· k mf.\Y cecUf' requlrlng back or'lb'b lng, ,epl11ng or 13h .. ,. use of 
b·aOl'ns., ' 

When ohang1ng the drift bea~ing, tbcare 1 s n 0 stahdard metboQ used,. ' fhe reason fo~oh&ng1.f,li' 
n y beQfJe .of t,wo re< SODS; to follow a O\'UltaQti Qr reach e. 'Predetermined obJeot Ive . 'lb •. 
usual proth,. is ,CO drill all holes pa.rall e1 wit.h respect to the ne'l1l1 desired bea rl:ng 
12'1h.1oh does not ~QducesutflcieJlt Q;learanc .... ,peolQ.lly \vh&2l ttlrnl11g' to the 1$£'. for ·the 
muek1ng maohlne Qperator. Thus j t 1s necu1seary to drop b ()k iondtake out Olle or more $1 b 
rounds whiM .. recharged to stoplng.t 

A'b most ml",tnll properties. the Engln6$,~lng Dep ·rtment produces Ol'.l papa.r the deta.lls of all 
proposed developulGnt · 'fl/Of'lt ~nd t.hl.s 1$ dis.ou8lea ,among 'he d.epa:rilnen, .. l heQ,ds OOllo&rned so , 
th t 11 the taetors in'Volved and q,lteJ'tl.&t.@ rnethods to aeoQmplt$h the object!",. ean '00 
oon&id red. 'before fltl& deoision Is reaC.hed. !hls requires coop$~tloft and adyane <l 
pl<nnlng.. Oliot t.he work h. been oommenoed. a f:re:qunt and oQ,ns 'tant oheCk on progress Is 
ma1nteinOd by the .illngiMerlng Dep · tment pe rs·onnl and such servloe as lines, t Unb,fu: 
detG.11 sdltnd tr: 'e.'k 1}dtep:ts checks 1"$ p.rovld-ed, . 

1'tl, not unOQfnmOn he~e for Q, membe,f of the Englne.tlng Dep~ .. 'tmel\lt to give lnstr-uotloas Fe­
prd1»g oh~nges to' ~lthel' t.he drift orew or ~he shitt boss. Vory frequently tal $ In£ormatl011 
1$ not e·oF.:rp~et$ly "tltlderstood and trua \\'Ot"k. 1s not 0at.rr·i <11 out sdes1l"td , 1"0su.l t1n, in un-

, ! lJ$cea·sary. work. del&1s · tld· ex"Pendt turefh 
I: 

The Ell#&lneerlng Deputltu!hb he.$ not been S6t up or administered to ~oh.1eve 1ts maln ftUlotlon 
as sEtvi ce d pa.rtment £01' production., ~nd the qu~11t1 of s rvlee provided 1$ pOQ;r. 
Oonseque.ntlv,;, tb.er Is very lIttle oocpera.tion a.tld a iTsat u$al at friction 'between thIs 
dap rtmellt» .. and tIl ~ production d$pa.r'ment. ' 
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$'h OOtt, per toot of .d ·,velepme nt as de·term!t;le.d by tho Pl"vHHHi,t sY'stem does not gtve a. tru 
p1otut$ ot the '~otflal costs for s:Gveral re ~t SOlu.;U 

,) 1) .vtlopment footage a s listed in the montnly repol."t oovers both drIfts and sub ... 
-drIfts, yet la.bor oh4Wr,e$ in n~Q.r19 all $ub-,drlt~s ®ore oharged to ete'plng. 

b) When sta.rt1ng '" new drift. s1 &b ron -.1. &r.t ",harge4 to stopillg and it 1rober1nc 
turnouts l'e oharsed ~.galnst drIft ' r.l~l'r,: ' 

c) AtIt slG.b round f , quir d for Q oha.nge, In direotion or for a dIamond drill '$ta tlon 
1s obarged to stoplng Q.lthough. footage roe.1 be credited to the drift. 

4 ) TImbering oharges ental1\94 when $I S •• haebeen blasted out are made a.'nst drIft 
repair. 

e) Sh-Ol't headings vm.loh m~l b drive» otf a ma In heu,dlnaJ but where nQ traok 1s la.1,d. 
· 1 s . fr$quently charg d to til toping aol thOugh the fQot.a.re Is oredi ted to 40v61oprDEtlt·. 

t) ,,.aole la.bor oharges are not made agalns' de'V&lOpnlGnt. 
g) 'he time , involved in dGla.ye »4 waiting to blast ~ round are made a~lnst oleanup 

while other dela.1s due tQ t ,aulty Gqul~nt, l a.ck ef oars, etc •• aFG oharged to 
develQpme nt.. 

h) fremm1ng am.rges. ~lhre a, mo,tor ()rGW or &n extJ'& trammel" 1$ 'used. lore m(tl.ue tA. ~~lnst 
s'toplng..' 

1) !lmbetlng Chi.rge's involved in t1mber1ng t4 drift that has 'been driven and oompleted 
8.B ~lin u.ntlmberaddr'lt, are made &g8.1nst. drift rep"!r. 

fhe lniol'tt'Atlon lIs ted ll-.$ b'een o'btalned Ira shift ", nei daily development re porta, fhe 
time ttl hours s ll$~td refers 'to crew hours., &. c.rew ' oonsistlng of onG miner and one 
mucker. stnos the dvel opnent reports a.eco \lIlt :'or only the aeT 1'l working hours . the 
tot 1 orew hGurs were dlYlded by sven t Q obtal!1the flumber ot Ol'$W shltts. 

,In det mining the costs ~'a listed. oon.slde ration was ta.lt n of th& ~xlst l·f!~f'P:Y ra.t • 
shl ft dlffE'rent1a.l t nd ,also 1»c,lllded overtime 'based on a. 4B-hr. week. Thus th! vera.ge 
erew shit' wages arooun' to ~2e.GO. 

" Powder oonsumption has been baSEHi on the a.·ssumpt1on that 180 otlc '8 welih 50 lblh 

P!'ha e.dva:nc·e p r r ,ound in most ease$. 1$ less ,han fIve feet dtAe to the Inolusion Qf slab 
roulld.fh, ,1low$v_r. In the C3.£3G of 680 · 2$-1 Dr. ilI.~. advance exceeding five ft. per round was 
o'bt&ll'1ed. b1 drillIng seven toot rounds. ~h (If ground wa.s of' medium hardness 'bu.t beoause of 
the excess'.? . burden on the out holes. three extra holes . tour feet lont and dr l11('d ff.. t 
~60. were used. 

In the case of seo 10-3 Dr,. unu$ual conal tlons we-r . enoountered" tfhe ground v;Il.S hl.!l .. rd nd 
dlf£loult to bl'eak. fhe pres no. oj;' w~ter hind,fred lo~ing a.nd bla.sthlg. Ve ntl1atl on Vtta. $, 

poor ,. oausing eilC'El sslndel&'1s tor smoke a.nd ps. !he I)re,Senoe of water eourses reduoed 
blast1:ng ef:flc1enoy and requh~edcll·lft sets and cribbing. ;fhes6 ,sets ware trequen.t11 
ktlocluad Gut wben a. rou,nd tV s bl~st$d ~hlch req\lllred an excessive amount of tImbering 
t ':tne-. 

900 2-1 Dr. 't}& s d:rlv~ n 1:0 an erratic ma~.tt the 4r1f't bearing being frequetl t11 cha.ngeCl. 
This faot. plus the utJe of pooJr d1'1tt crews, resulted 1n higher oosts, pa.:rt1oul rll ' Oi!J 

traok work.~he cos, of th1s drift lain oontr~st wI til tb.a.~ of 740 A ... 1 Dr. wille!l was 
driven by the bea; drift erG\Vs Q"al1,~bl'h 

J2E~At§$ 

flhe cos, of delays for the drIfts lis t ed aV$raged $l.32!ft. 500 2-1 Dr. when arl ven on 
contra.ot 11d the lowt1 st del.,. co st amounting to $0.35/tt- 'l!his was du to the fact that 



the drlt. 0'8"8 req:u.e'$t.d f;.nQ r<iQQ!ve4 1;becomplet. oooperation of the shift b()I&8el In 
provldtng tlle · baat poesibl e equipnen.' :i,\nd servia ' . 

~h . tollowlng, In order of lmpol'ta.nCG. Store the moot canmOfl delay.: 

. ) L,Q.Ok ~tIQ1t taul t1. equlpnent. 
b.J Lao ' Qt· car$ wh~n mu.aldng. 
c) ·SmOq. . 
d) Lovi &.1 r ;prtHlStU~e, 

) \, !tln~ to \ra,~~. , (When, not oharged toolean,up) 
f) P1D$\~~k. 
g) No Cl1G.W. t Oeo\J;rs wlient).re-ws ·r$ shit t ed. due to a b $ ell t o e 1 sm ) 
11) En~lner~ survoylns. 

From the .figure," Qbt~ lned. the av'srage tlme$ required :1'01' the vra.r1oue ' eperatl ons for a. 
fi"'$.foot roulld are; 

;1)r .1110$ 7.10 hr'$~ 
Mue tng 5.'10 
Tlmbsri,IlB 7.60 
i) 'lays. 1~19 
'l!raek 1,63 

'lQtQ,l 2-3.22' brlh 

The r son £Q,' th S$ exaess!v$ times ls pa:rtl31 due to the eurrett.lt Pf&Ot lee ' of substl tutl!lg 
Mother mif)..t}·.ro:r muekar h l a he dine 'whsn the r egular miner Is ·· b$ent. fh1.s 1s done for 
0 .0$ of two re~softs; to get the m.uQk ~nd to ttempt to obta.i1'l d$l'elollUent footage. 
Frequently. these a.re. notexperlenced 111 th.e type of work involved and "' a.re slower iJ'a a ll 
ph $e$ of ·the ;ork. (lhe t~ct tha.t) 1 t Is not tbeir usu" 1 working place a.n.4 that theSt' &re 
tlO~ $xpeotlld to .trut out eUtu.eh work as the regula.r crew. lWl1 r$$ ul t In the aooompl.1ihment 
of much l ' as "110 rk thaa they are able to do, 

'tb . m jor. f .. ot01: oontributing to the high costs is the l.~c k of lno.entlve' pau. ~her Is 
no WJJ.1 · to etU"oree the eompl t10ll of a. 0 ~ rt In amount of work 'on preel tetm11led sohedul t 

. 'n<l no prl d . 10 p ·rsoua.l ' oeompll$m0tl.tt_ Th1$ 1.$ st,1k'lngly sbOVJfi by eonlpa.rison ot the 
fi gures all th. swma17 Sll e'_ 500 2-1 Dr.. the onloy heading on e()ntt~ct during ti~ 
period u.nder re-..16w. wa.s driven .'a.pproXlll1ately bli).lt tile oost of the ayerage. 



340 G·:: 1)B. 

! 420 5-4 DB. 

f 5QO~lcont • . 
f 500 ~!-,1 

500 12~ 

P~580 4c-l 

S80 10 .. 2 
/:.'-:; 

if fl£O:e-l · 

Pf 10-1. 

T 19-2 

T .2Z-1 

T '.to a-1 

Pf .&. .. 1 

1>r 10 .. · 

900 %-1 

f ~ 

6-3-1 

., 
$ 

, ..... 
o 
~ • ~fiD 
0,.,.. 

I""t ...... 
O~ 
JE; A 

4.40 

~ 

3&1 
·595 
634 

1M 

276 

691 

685 : 

~'B .~ 

,2:56 

276 

495 

1051 

296 

66S 

240 

• cD .,... 
tIO~ 

!l • 
r""f,' . : 
M ' -.a ...... 
A ·~ 

l8S 

11&.5 
152.5 
293.0 

td 
CD • • Pcyfoif 
co.c: 

"""-' ,...­
rlCD 
...... f"'t 
",0 
~= 

2J4iO 

.• 
3~30 
~9 
2.1& 

St1.5 2~~~9: 

12Q.O 2.30 

40~ .• O 2.22 

3a1,.~ 1.'11 

325~O . 2.5' 

1()'~.5 ~.:38 

118,.0 ·2-.,34 

191 .• 0 2,..69 

445..0 2.$ 

l~.O 2.11. 

2.6.5,.5 2.51 

87.5 2.7,.. 

.'":":-::.-; .... ::::...:..~ ;.:..~::--

e· 'd o (0 
~ Jt..p 

«f(l.a 
.. ~d 
~ ,~ 
t:J 0) t:Q 
kc .1""'4 . . 
J-oo-d 
~ '~~' 

l'~' 
'.:1-4.3 

14." 
11.5 
19 •. 7 

'd 
e­a. 

CJ,)cQ: 
..... ~ 
OM 
~, JQ 

CD .... 
~ 
o 
~~. 
oe 
~ eo 

O~ 
~~ 

408 '104 

774 14;52 

376 
3.49 
6:51 

'&15 
DiQ. 
602 

16 .. 30 1?9aS·2 

16,.9 27'03J8 

1$.5 

26.0 

16.3 

19 .• 6 

14. '" 

15 .. 0 

945 1564 

909 Sri 

699 1'10 

236 426 

2&5 616· 

421 851 

17.2 1050 1146 

16.0 

1.5.0 

.14 .• 8 

2'12 342 

.601 128:3 

20.., ·'34$ 

• e 
~~ 

!~ 
~. 
o .ill 
~ ... 
~~. 

.• 
-*" "A ..... , 
IJ(m 
0'" 
a~ 
....~. O 

! 
t:r::: ." m 

= (.') 

~ 
eI 

r""f 
Q,l 
A .. 
~ 
~ 
~ 

"138.0 5·.10 25.0 33,.5 

* * . 2.?· .• O ~~*.,= 

ta ," Sf_ 
' ..... ~ : 

t~ 
~3 .rt ......, 
G-lt;.t 

• 

• .p .. 
t"'l 

~ 
o 

• '0 a 

... -
sa 

.p 

• CD 

" • 1O' 
k 
t= 

"" fi) C4 
moW 
::sO' ... 
,k.to:t 
Q)m 
td 

ftti 
~$i!; 

22&0 

$ 3698 

9'$.5 
11?~·5 
lM..·O 

S~3 '.,;" 
3~·'O 

· 31.:35 11.0 
2~ .• O 9..-5-

70·.0 
1?2~5 

25 2 •. 8 2046 

2Q~ '7 4:5.5 ,."'!It" 
1" 12.3 191-8 

~ 2M1 

65. :5 ~.~l ~.:6 49 .• 5 60.5 . 8 ." 1.6 890 

lQl .. O 3.·35 21 .. 1 24 •. 0--- -- ..... 148.5 

301 • .0 5,*20 25..5 53.0 285.0 . 50 '· 6.8' 4580 

159.5 . 4 .• 14 16.5 '''·.0 80.0 3 2&."6 : 4i18 

533·.0 5.14: 39 .. $ 64,.0 :374~o. ' .« 8.S · 4M4: 

90.5 4.70 35-.4: ' l~.O 112.514 -~.O _, 998 

122.,0 5 .• '05 34.2 . 4~G 15S.fL 19 ~.3 1265 

149.,0 01t'1Q 30.·4 24.06i3.( .. O 11 6.3 2083 

238.0 4.S~ la~.a. 9Q.O'~ 167.5 11 14,. 35897 

89.5 3. .. 82 20,* 1 ~o ~-' ....... 1414 

329.5 3.89 32.1 52.5 286.0 34 s.-! 2869 

~.05.5 3.30 2& ... e 1}...o lO: .. ~ 1170 

, P! 12-1 

Il 
61·8 

B.~iii 
~ 

3 .• 660~.5 
.&il 
2.35 . 

16.:g , 690 . Zll ;aa.o 
1 •• 6 9 •. 2S1 1«46 2 .• 862.0 

2.,93 
4.54 

11.9 a 7 .. 5 4& .. 0 .1, J...§ .3566 
25.8 &84-.'Ob1794.0b 231)7.6 47142. 

I 

::' • N:O lNFORMA!IOE AVAILABLE 
f' DrIlling tlm& In.e·lu-d$,s -s .eti-lng up andl)last:inC_ 
r Uueklng t :lma- lneludes ${,ultllng and wet.-tln.g ·Q,OW.1l muck pl1.~ .' . 

a4, .aeplacl,ng timber ill &djacsnt 
4r1.ft. knoek&d :out bt blastin« __ 

''taek wo.rk include.. 'Q·end.lng .. all .• laying ties;t, 84ftact~· sll.4e· r&11s. b 1 660 10-5 DR. ~Gt;. included- unusual 
e.ondl~lQllS" "(tring' t!me imludfUJ; tramming'. t.lmbeJ" ta f-ace. 4-r tIling o.r mo1l .ing .hi tenes,.,: 

Delqss ~o .. ·~·· ~~,~~,,~qui;pm.el\tt .. , la.~k cit e&r:8.. smoke· .. 
<t:ilUJP .;.. :~~:iJawork:" ,. s;li~ltlt!. >lCw ai'~ 1lte.s.ur.,~ 

c) 4·20 ,5-\ ·Jllt. not lnc·luded. 
.y~ }~fff~-

.1:. 



• ~ 
k~ .,'"' <'0 • 

. ~ $it 
0.0 
~M 

4.98 

5'.26 

~.45 . 
5.72 
5.95 

~.50 

1.00 

-5.22 

lfu.20 

5.64 

3:. 00 

.t.12 

. 4.12 

9·. 31 

1.''15 

·4 .. 00 

5.00 

a 
",,.;f 

o 
o 
~ . . .p 

"0 $ 
~' !rq 

126 

194 

126 
91 

109 

55 

59 

2« 
90 

199 

73 

Sf) 

-1+1 

176 

51 

200 

65 

~ .17 
5.00 ' 2.2-%~ 

Ji~ 
CD¢) 
Pi 4> 

:-
0 ·"'" 
$la.l g. 
!1~ 
~;wo.t 

' -."~;.'. 
.. -: ~ 

~o 
4&M 
.s.. w-
0; 

'm 
I""'f,.p. ~ 
cd ··\.;to 
+it~ ~ 
0.s:ts;. 
G-t'(/lE4-

M 
-PO-. 
W ' ~ ~ 
o lot ~ r 
O ' lEf 0 J 

~2 
1'"'i .. (! 0 
G I""t -l 

~ ~ v 
t ... II) 

:. .. 
.ft!' )A . ,... 

rw3 ~~ 
.... k; ~*", 
fj)~ ':) 0-
Pt 0 >- Cfj 

• I!)..J ~~ ~ 
of> r-:i '(~ " # ~ 0 
lP-O -J ~ ..... oJ 
o x - o . .d k. 

o~ ~(t){lt4 

... 
4lt' $ 
Vi 4 ...... 
.g) ~ a? 
OE-t ~>-

0-1 
PI .. to:2 
tJlr4 <;( 0 
pc -J 
OQ'­
e-& .~ 

;~ 
~-~ ~. ~ 
4)<P ~~ 
P4 0.1 

• tf! 4! 
.;p. ~ <t () 
we .j 
O~ ~ 
Otor't 

e· 
,q' .-
~ tiD 

--- ~ .... ~ ~ re; .. u:) . 'd. 
SA ~ Q >- '\of l;V 
~ 10-10 .­

.p. ~: <( ij lD 
{j) -1 .. -as 
O~ '-' <1tl"'i 
0. (') ~ .~ 

~.-. '-. -------:d.----
....0 . 1; 
*t$ , ~ A V . 
. ·0 ..... 0 r};::: h L .. ~ 
~~ ~ .~..t' :H-'-'J ",... 
~ li!t .0..,:; ~ ~ ¥J" r ' 
'"~ .... til ~V<T. 

I tl .E -..p Qt ,..t, - . ", : ,#". E ,<&!J tij \u ~ ,.,. , -i-.':' 
~., .~ tt.J :::> ll:, .tC'f '0 

J;t~~ k ..... O I:.'T~ ~ r-
~ m tH E'-i""\:1"" ..... r 

~ 

:j 

4.56 5O,~M $1.420.-00 $11..28 55.~5 .1LlSO.'OO . , $12. 89 . $1 •. 11 2& '90-216 *' 
,S f 

3.60 

4.9-2 
4. 65 
3.40 

5.00 

--... '* 

41 .• fO 1. 19a.CO 
:&4.60 . . 18~ '1.00 
" 5~OO 2145.00 

54.90· 99 ... 00 

3. 59 4-'9 •. 30 1410.00 

4.0() · 149.00 (,260.-00 

2.,51 97 • . 66 2790.00 

4.63 ' 15$.,60, MSQ-.QO 

4.104-',60 15SS".OO 

'.72 • • Ot) l$O()'OO 

5. 04 , 6~ .• 9·Q .. "· 1770 .. 00 
:. " 

2. ·8.8 155. 10 3800.00 

3 .. 00 35.4~ 1035.00 

5 .. 00 ' laa-.. 40 31320,.00 

. ~64 '- an.so 676.00 

~.19 86.99 ~a2.go 
5.9-8 1..,309 .• 93 ' Z7'45!i.Oo.o 

lti 

9."3.2-
;19."85' 
19.,10' 

19.10 

197 • . 15 5402.00 

44. ,20 
69.40 
t'5,.·iO 

37. 85 

1213.00 
1960.00 
2440.00. 

1062 •. 00 

2'1. 90 

9.88 
21. 30 
22 • .tO 

19.J10 

*' 54 

,0 .. 6a26 
1·. 45 26 
2.70 32 

1.60 11 

23. 85 54.~O 155:?:.OO' 2G. 35 2,.50 16 

17.50 164.{} %90;00 . 19.18 1. 10 &1 

31.00 105.00, 3000.00 53.;40 2. 40 35 

22.40 16·&.70 4-S15.QO 

lS~30 '9.00 1400.-00 

21. ro &8. '0 1,915,.00 

12.55- 67.50 1930 . .-00 

21 .• 60 14:>. 50 4170.00 

20 .. 5044..50 127~ •. O'O 

19. 10 142.S040SO.,OO 

13.45 Z4. 55 95ti.OO 

1:$ • . 10 '9&.20 21Sc) .• 99 
18.:440 i630 .. " 4624&.,00 

M.2O I.S·C 43 

19.18 ·O.90 12-

23. ·10 1.90 18 

151t70 1.15 26 

23.&0 ·2.00 '01 

26. CO 4.70 17 

20.40 1.aO 40. 

14l.10 1~25 14 

.12-19 
20.79 

2.4:0 ~ 
1.&' 559 

0-190 

0- 120 
0-90 

· 0 ... 105 

0-55 

0-45 

0- 210 

0- .255 

* 

120 
215 
735 

540 

519 

360 

750 

0-195 15~O 

0-60 1680 

O- S5 125 

0-155 

0- 175 

0- 50 

0- 200 

0-65 

Q- 135 · 

240 

610 

"200 

540 

630 

900 

qr 

bO Ito 
+{ ,,{. t) 
(" fH? I 
~ oJ " 1 

zS I1D 

1 , ~ o{j 

JO~' L.f-tS 

i2S <l7f 

q1.' f~~6 • 

30 1110 

*~ Ihn 

13 jl~ 

~ R 16'0 

~()( 

1tf6 talO 

33 ~S 

~g i1'W 



Note on Rock Identifioations 
.t the Sa n xavier Mine, Arizona 

by 
William R. Jones 

C~$1iaoaQU8. Beds " Ark~se,argill~~e, eiio. 

The Cretaoeous depoei ts 0·£ southeastern Arizona trl4y be 25,000 feet thidk 
and. are) Qomposed of red and purple sh$.lQS :# white to r-edd1sh·b;rown f).rkoaa , dra t-k 
gFeeniah gt'ayw& oke, 'V'oloan10 flows, thin, lentioulaz- dark gray to blaok very 
fin grained limestone$~a.nd limestone oonglomentes, 61.1,,0 oo~r.sa quartzite 
oonglomerates usually wi'bh abundant red inter!lOoobble ma-berialt argil11t s of 
all 40101"8, and qu~rtz1tes. In short .. nearly every type ·of $,edimellt$.l"Y r ook . 
It is 1mportant to reali~e thi$ and not to depend on always having a hanging 11 
formation at the mine of arko... True, it usually 18, but it 1$9.180 quite 
often a donse, soft, graenish.gray muds.one or arg1111~e. In the oentral part of 
the m1neand in the hanging 'WaD 11 at the #4 o.ro :Zone. arg111it$, has bean noted 
most frequentlye It is usually ravally grou~, prbably beoause it has been 
erushEtd in the bending ,of thE) syncli.na 'a.nd 8.011011ne. It i8 ·soft and $Qratehes 
easily wbioh probably means it oontains Qlay. . 

. Within the mine ar(ta. especlially near the ore shoots the OOl'ltaQt between 
the limEtstone(wh1ah may have bean e.lt~red to garnet orothQr 1110'-\'bes) and 
the arkose or arg111i te is _often marked by fa. e -12 inoh bancii of high grade Ol'e. 
Upon -pasling throughthi. band, the ,arkose may not be ~GeQgni~ed fai" 100'1' 15 
feet. Whether due to alteration or to oJ:igina1 depo 11110,n 1r~gularit!.e.; th~ 
intsrwning gtound may be a f1ne .. grain~d. 11gh~ greenish tlqua,rtt i te?" or the 
softir8.velly at-gillite,. It is often neoa,ssary to examine a faoa with graatba're 
in order to find one spot, 1.2 inQhes in diameter-, whioh you can dafinitely say 

' is arkose . I usually look first fora pink OT salmon colored spot" th$~ 
e:x:amine thi,$ spot for the typiQal arkose ttlook", wh1Qh beat$some ;reserribla~oe 
to fine-grained tapiooa pudding. 'The pink matrix urrounding the duil gray 
qut.r'b.c grains isorthoc1as:8 Or' miorooline , r.ldspar. If the, quaMt grains are 
lesa 'bhan 0.5 mIn, I 01.11 it fine or vary fine gnined.if g:re-atQr than 0.5 mm 
but 1$8s than 1.5 mm.,I .:li it :_d.ium g1'aiX1ed. Anything 6oar8erthan 1.,5 JllIll 
I l:law (Jalled -Qoar'$ grainad, but this i8 :rArely oDse,"sd. For th$J mOI'b part • a 
n1t1, pQfre~ hand lena .is ~eoess.ry. to a'G'a the texture and to make aure: th, 
interstitial materia~ ;l. fe ldSpElr and not ju~t o,rushed ' O~ f:iner gt'ain~d quart •• 
Unfortunately" not all pin ~ spots are d'afinite1y a'rkose, butrra"1 be al'tGts'd 
limestone. These pink $PQt~, ra$u1ting from the alteration. 'o'f limestone are 
dens. a.nd no grains are visible. The pre.'noEl ()f garnet or' lineatQne in or near 
these dense pink ... colo~ed altered area. will help establish thi-. mata,t"ial 'as altered 
limestone. '!he 10-15 feet of light S*' n quartzite? found before en*erillg true 
arko.e (as in diamo~-dr111 holes, 'on th. 420 level) may we·ll be a , 11io-Q ted 
1i:rne$tona into whioh hydrothermal qu-.ri; .. hae been introducEld.The $dges or these­
bleb., 'or q~artlare serrate and ' they look I$om$wha t like' iSand. g~in. whiah have 
been .tretohed out and oorroded. A m,.orosoopio t!rxamln8.tiOxl' ofth1s me.t~ria.l 
has no,t , been do'ne, but $hould ' ba 1n 'the futUF$·. 



K\ilin desoribed nume.rpus s€HrbiollS -of tl;I"k01$6 and, flonc luded t.M. t 0pidote1 

oomruQl'lly replaoes, the inter?titiB:l fQ,ld$p~li'S an4 tE),, ~ muoh leSS0T. de ree , t he quart~ gte.1ns. In ~ $peoiman whiohshow8 quarte , grains imbo(,1 da d i n an e pi dote matr1~ , one oannot be $Ur6 that he is not, dealing with~ust an ordinary poorly sorted :quartzite, the mati"~ of' whioh ,ha.$ be~n oonvarted t.o e pidote. I n case of doubt, it would be' advisa.ble to take' another Dound ' out ahE;)t:td, This would not be neoes sarY if quartzite beds did not ooour within the f$.v'Orable lim$ tone4J atl~~st in the limesto.n. under ,the "17H f?e.ult on lihe weat halt of the mine. ',: Quatrbz1tG b'e'ds al{3o '~ocur in the $0 os'lled dense silioious beds. The danger 1$ in stopping e. ' orO,ssout ha~ded for ,the arkos~ iJ;]; an, ~lte~e,d qu.a.rtz1t~ mamba!' Qf thet f'e.,vorahlQ li1lJ,a,stone or. t}1e , even 10ftX'" dan)~ aillioiou$ strata.. ."".,· .. The ' re$E)mblano~ betwaep the tense silici,Oju~ beds a.nd "the Creta,oEt<!)Us ,a r gillit ie unfc;)]:·tqna,t$~;,' :~ej a:rgil11 ta, U$u~lly wi.lt. k1ve wa:l to, ar.k;~s.a ~,th1n. ,10 , f <::tttf)t in ·.a~ ,d1rootion.', at le~u~t tell1pora.ri~y ,,~ O~ Ji b~l:ld. of' arkose v.,.ill , :Q~ " OQi$6<:r.V6 in the argillitEh~ ' " , .. '" ,', ; " ';,' , ,'~ " ..... , ', I~ , ,~h, viof,n1 tY' of th~ , ~ ,'she.:,ft working$~.'both ~ ~ the SUrf~HJ~ '~~,d ulldsrground, th ·,e,rkote ha.e a ,~d.if fere.nt look ~ It · is ·.li.ghter in q,01.or 'lanq, ;'q~.~se.~ I, gra :\nedj,t ., " Megas~9P~Q~11y. it: often l*$s'embl~_s apala.skite gr.~Al~ .. It i,al'l(J,t . howe~er'j,> £or . at · i;~ .· stif)'"-!loe", b~dding haa bee.n observad , in. it, and unde' l'gi'ound :~, :o!1:.oae t ,othe liPl~Qt,~nQ,. oori:1ie.ot~;, numerous large ~gg",,:shap$d p~b :r les have be.ep. ,ob,~'e.·~ed(. ';, ,Be1'tate of th~ · ~'.mblSrl;'lQ6. be'bWaen poot'lX sorted grit found in lihs 10.W$r Permian becla and the 'arkos.e' ,{the, a~t~Qeoul ,ser,1EUJ". '.: r ",I: ' ~ ( ) . "'" . 

: "::' :A : fl ';; ~he. ' ';tilDt9 "stone' , within th'e ' ~!f1me41.a tEl mine, ar&a are --'~nQ.Q~:t'e~~pt:> ~ :j~ .f .... ,;'/ " p~'rm!$,n ilge,. ,The lower<Pe,rmianlime&t,on~$ '~~e sof.;ta.,~tl :usuall.y ~~lt~ 'alf~' d!3l!<$s, an,d",J'or'm part , Qf a $er~e8 made ~P . of rnar~a~: .~,ortl!'e 1 , (1mpu;r.e ~:tt~I'aG 1:Lln€H~t6n~H~);, ,hales,,:, tindgJ'p.s:unl. bod'~7 Ab,Clve thes@,., ' th~;r$ "are, ~hl".~t you~e. r.e,~~~. "lim.e.t.¢;)~$r ~~d8 ,.~epa~t~d 1)y ~o., qua.MZ'i,te bed,e.,., Th~ ,~p:per que.rt~,iW ;1 ' abo.ul 2~~~'90 feet thiQk ,and, the lower about. 400 f~~t , th1qk. ',Tti<J ~e8t J~xp~l\JIr~~ of\ 1ihis ,J~efifb;lol\ , tl1".t ,j;, 19lOW ·Of.i$. "in ' the Satl;t$. ~ita "Mount~ins,.: An 'bh~ eliff ~bOWI, 20~ feet ea$t o'~ 'the Coppe,~ Wpl'ld M.ine , Helvet:1a distriq:t., ,An exposure 'ol.osE!ft., ,t ;o tho m,~n$ , :. Qan be: stud1$d in the ftHelmet p,a~n 'Ei.,rea 4000 feat east ()f' th:a aan ~v1$I'M~n$ . ", ', Forinc,rlyonly t}j.$ V.Q.plime,stOne member. was Qalled" t)1eSnyde.~<H1).1 ,- format,ion. but:; tb,a te~denQY~ at the Unrvar'$~ty ,of Ari.z:.Qna, is to' US~ Lthe n:~l'I!e .sQ. a.' ; to .. ", t' inrilud~. , a.:L1' th~ bed\$", ,, ~.d ,., tho . three linlf;ratones and ,,:~he:'two q,uart!'~~~tt,~~ t:rhe upper l~me,~t,one :1$' by , f.a~ i;he mo. 'I:! , fOIUll11fer,ou$;" in faqt ;!1 Q~r'~'inbedl!l, th. \ " , ' , ",\ • )'mo .tly oOral$ ' and. braobiopod.' ,), a,ra e,bundaril~? In the HG"lv~t~ Ell"e,~,.\" at ,J.~,u;.t , . the on~y; ~os~il beds;£:' ever found ·j.nthe: two ~ower. lime.ton. bada~Br~ ' praq:ti,~·e.llY' ml(!),r(),,.e,~p"o , in sfz ;e~ and i ,fl ,reoa11 co.rre,ctlYi , the ~ss.eni~l~g~ ~~:om1na. '4.ed .. ; , by:d~lioat. GPiled gastropod , ,and eran,Qid: .plate8. ' Oh~rt noclulta ,are abupdant. i~, ee:rtai~: 1.yers Of thtl up,par ,limestone -me-mb~i7:~. " . , , ' " " ,', '~ , ~lt, thr$~ lim~l!l'bone b$d.~ , a~ .dark b lu~,~g-ra'y. ~o 9't~Qk,~,: , In Plage ~',.~. thi~ .. hi 'be an~. blaok be~. a'lt,ern9.,te,." Unc1o,r ,(lertain" oqnd1tiQns,: the limestone. a 1"0: hle~eh~d , and , re~ryst~ll~,Ied.. t{ " ' ,. . : I. . A ,~e~i l eds'budy, 0,1 ~a ,ol:). liJnes~op.e. mewbex: might :reyee.~ :,~rl·t~~p~dd d Jfl1'l$~. of .~ndy or o1ayey. l!m~·~ton8 beds:,. , El~N4 Wi:l$p~. , AtiZ'ona BUl'f~U ()f Mine,s geolo 1st; $t~tea that tho pre$enoa' of .impure sandy beds' in the Snyder Rill it typioal . , _ Hernon and others(Kuhn an~ ,Jone$) hllieve" that the l1m,a,ston, b¢l>ll,e!\th th~ " ar.'t1a~eou. (arkose) and avO'V'e the tt11" fault bi the San ~,.lQr MIne tathe ' top , llmaston" memb.r· .... the Snyde~ Hillaa orlg;lonally defined by A. A. stoya.now. Thlaoonolusion 18 supported by the :abtmdanoe of fO l3 sils, the presenO(;)$ of layer,s 
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of ch&~ nod~l!~ .• .. ~nd ~.Y th.~ fa.Qt . tp.~ t .~~t ~?e . s,ur~aoe ,and ~~nde rgrour1;d , ~xt <the east 
hair of ' the \ iu:ine, the 'limeatQtie 'rests on a thin b~d of quar'tzite, 'whieh is . 
neV'er ' over ,100 feet 'bhi<3k ·and · u&u~lly ' muo.h ' lees~ "It mi~ht 'be argu~d ~hat the 
l~$tone is the iniddle ' lima,, ·tone (a.$ 1 believe Me. yuga hald) Qnq. that the 
~~:rt£ite ~s , the,' l~we.:r thi,Qk (4.00 feet) quartii~e , mo,re , that 3/4 .(?£ \~Th~{)~ haa been 
QU11 out of ' the seet10n. by ' faulting'. " '. . . , ' 
. '. , 1il~ :' questiort t , aoa.demio; Prat~Y' IJ,ure.ly, the ~im~s '~op.e is either th~ ~op or 

n;tig.dlQ inember. Fo~at1 e'V"den~e la, \U'l~e, 11 .. ble as ev,olut1on b@twoen tha. ~gos .of 
~l?. twQlimes;tone$ progre~sed imperQept~b+y~ " , , ."', \ 
, . lh. · l.,im~)8t~ne found. w?- thin ·the m~ne •... above the "17u fault ,and the, broWnish .. 
g~y,. , ~e4i'tUti gta1~ed , quart~,1te;, and be1o-w: ~he Gre~aoeous -'beds 1s.,q~th J th~41f ~nd , 
.. n,d thin b.ed.d~d ,. and 110arly blaak in the 'loqr 'part. An ' ir~egul(;).rlY 'tl iok bed 
of· g 'ree~l~p.~gl"l\Y · ~~~~n~~: ,6il~.oiQu,,~t .fO~k 1$ f'oun.~ i~ about the mfddl~ ~f , th1. . , 
lima: ·· tone .• , Kulili ~4, a '.War-yot '8e\t~raj' 1. ' thin~'eo:!ii6n. &'l:1d, dlasa~~!~d t;he )"odk 
&; " ., .~ 'ttry .f'i~e grained sOO,ly qUB:ttr;1te • . ~~r'a 'hasalWa,YB bean : t~ ' f~\efin~ th~~ 
thU1a,y~~ "lIUiy 'be nothing more' than ',an alteration of the limestc})j.a •. ·, Tho 'trre aend6 
Of the "10;' 'fault tone along its lowe r oon1iiao-u pT0Vided the neQ.$$sa.ry Q~lannelwaY' . 
for the' , olll~torts (fQpable . of the" metamo~phl$m-·1f'·th9.t :tS .'Wh9;b , it; is~ ", ' 
Pe'rso~allf ; .: r~V?,r , the: ide~ that it wt1~ de~osite,d ,a,~ til lhuddy . S~ltg-~ring 'an 
int~trUpt'1b.t(or '~ ~he ~inl~ ' deposition, Naturally it 119." . be~n nia~a:morphoa:ed by . heat 
and 'magma tlti ' so+uticna~a;n~ has anirrared de :'otnutttQ~ fA long With the ;'9~her beds 
ab ave. .~n"d ,t>, 10ir(' it • ,'" .' '.' , 

,I n.-q:e rtt.~~·t · s.e~ 'any ' b~a.dirig I)l·~n~~ bt ' the ". lime~rt/onae.b~'V'e thiEfshaly ' 
quan., 1't$~ E!the; itMs. been des'troye'd 'b,y !n~enae, folding and reorystallipt1on' 
0.'" it \'nlS ,.or~gl~ally' ,vQ1:-y t.hiok bedded • 

. On~: ',t'li.e'.,.t: 'id. of t , he mina" beneath the a~ko.e and the '·17" fault." the 
.$t1?at6.0Qn6,i~t ,Of _lp~rnat1ng bed.s ,of white :"nd d,ark gray limell,tone a.nd .. ' 
tYden,. ; 'j,:lieloul'" r94~ The lnq:ivJg:.u~1 beds l'8:uge in th:tQ~a~is:t:'~tn 35, '~9 190 
rf3>~:t, \' To ,dti,te .,,only tl1e t()pmo~t , l'iniest'9~~ membe t ' l:ia~ oeetl, pro~uQ,~iv~ . ,: alt~qu,t,h . 
ma~rO\V zin~ ,,, $ulp~idf) ' m1riera'~1~a tion has. ' lie~n penettfatEadin ,sa~tS;l pl':'d~(s .·'~ri ';, 'lihG 
ne,xt 10~~ ' · li~".ton.e, ~, The .0;. oali$d. ftdense ail~Qt,ou8tt b_ds ~" . ~ i>1.i·o~,; . " '.' ~. ' .. ' 
de,r~~l~Q'lY , ~~ar.~:z, it.e .,' hut for; 'the ~.o~~ ' :,~rt, ,. no g~in!. o,an ,, 1>$~,~,a~~~ .~ 1C~ , ~9~:l(1 . :~\ 
them to 'Qons~,'t of . tilubangular gr-a.;ua ,of qUQrtz with l.n"ti.~rs}titia.+ r,elay'~ , Ttl. ~09k, 
1s Vatio'U~ '.nade.a of g '~en.,. f~orp. 11ght' t,o 'darl(, it ibleaC?hed to ~1gh:b· 15r<1wn~ ' , 
and t~ pink,:along fn,.oture .fSl, lt. 1·s .$'OratQhed ea..ily Vi'ith ' 8, ' pick 'b·e. C)au.~ ,Of'" the 
int$rs~~~t't,.'~~ l ol~yJ It hreaks , in a l'"at~ar ' \tni9-ua ,mQ.n~tJ , o~~()1?(}r1.$·i1!~~1.11 '~t ' 
Qgnt$.~$ m1rili:~e .. ·.'grains of pyrita . d:i~s~mi,ne.ta{,l t~r9~ghou"~1 (T!i1lPy.t-,~~e J,!l'S' roo,at 
pt,Qba~ly '~~inl <j.rpt~llized < tr0.m i'r0n.-:ri,gli "sfJdimant dep6~t! ~ed':' ·~Jnultt;ln(!)·o\i'ly , " ,'. 
wl1ili the "mud, a;nd 8$,ri.d~) In ,eom,(f Q.,r13~",: the " t')outaq1f Of a ', ~~~lar ·appee.~tng rock ' 
"11ib. th. _' l~~stQne ' i~f und~n~Qb.~Y ,typ'1c,.il' 6f rtlpla:eei;n$l'l.t altQ.ratid~.~ 1h. ' bull,(; of, . 
~!la e'\tt.d~n;~e , ~t , pre".,nt l)lg$tsi), t~t ~1'ti'tu~at1on . i .e '. ~d m~:n6~ ' il.nP9rt4nQ~" ,:h~ver~" 
' .. :, ;ni.tho~t ~o~n:f!; i~t.~ ~nyd~,ttll1ed "~t'~6~ing. I W11l me n'b i6n" t¥ t 1 .e.:w: ,' n()~ ",, ' 

'09nv~nd$d: " th~t ~he produo;tiv, '· ~!ma~tons. ~ lfl.ehib'et' ~n tij~ .r.ook .,.er!~$ ' ;r,oulld '~ 'tho' we .. t 
~r1Jo'~ .th., mtne,~. beneath tho nlV,"fault is.'.ldehl't;ioal 'with theproduo'tjiVs' ," 
limestone ,''in th.e , hang!ng'...wall ·blbQk of ifu$ ' i'17fl f~ult. ' " 
, ' . pi':: rn.,oetit .· pe~~t:~, 'ion ;~f 'Q J~;Y~'uin 'b:ed i~ .. D~'amo#4;"'drl1' h~le 238($60 '~$v~fl 
west 'aldo) il::"',,lrilost posItive" p,toOf that th~ b~s ' d'1reo'tly ,abdV~' lind b.elQW' '1if 
$.re old,6't. .'thllnSnyder H111--what hafJ been oalled the. Y$sQ. formation .... ,alaa ' 
P.ennt~:."·! At ~i~ "t~ath. " p,~a6hdfj" o~ $. ' 'tnB.ill0.'rfa:ult . ir not ey!d~~t ~~"'eip,iain t~he 
a ppe~ra~o~t 'ot ,t:n. ' Ye·. ,O·. aq olose to ,the p~od,uo1i1w 'lima$1f;ona 'Wh.1oh)uas ba$n .., 
oonsid~~:t~~ ),l~ ~h$ ~.,t to '.be ?n~tlr I}11l~:_,." " , ' 

, . 'l'he , Ya~.() ' rorma·'ti1~n inneA~by A"8.$ ~'Ll,b6~t '1500 ~() ' 2~OO f'<;tat . th~olC .. n(l 
it 1.pred.omtnEl~fly made up :o,f , ina ,ompet~~~ bed.. Thtt'$ Mi(ba(t'n E\ .~~ed :.tend'eno)' 

. ' ... ' . • . .... ' i, . : '. •• . ,,/, 
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_ wherev.~r' t~tru.$;t, fa.tilVing i$' 'in evida·no&.' tor . the q,ompetet1,:b upper , Pe:nn;t$.n beds ' 
(th,$ Sny~er Hill li~eJs,~oties . and qU~l;'"tiz1te8) to. override the inoempetent beds 
of the ,Yeso. · ,, !hi" appEl'ren11~ ha'pperied in ' the' San Savie;1' ~:ra-~. ' : 

'; "t' J • ,\- 4" • I 

Ai~ra ti911 "of the . L~~atGne: J 
~ 0 00 o . • <l • • ~ 0_ ._ F 

.. W'her! . th$ lime$tone is s:ltared. the Qrigi()n~l chamcter Qt . the .'bed i,. usu"lly 
oblite~t~·d • ." G n.erall~at·i:ons on the tYI* .$£ alterati-on 'and. a . desQ.r1ptiOrl · . 
the1"~pfha' .bElJ$·n ! p.reYi0ttsly 'vlri11ten .lUPi and: $hould be easily obtained fr'om 
M~. DUff' $ ·file • . " ' 
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ABSTRACT: 

The San Xavier Mine is located in the ,Pima Mining District approximately 

18 miles south of Tucson. It is reported that this mine was worked for lead 

and silver by the Spaniards and the Mexicans in the 1700's. 

The original San Xavier Claim is the first recorded surveyed claim in 

Arizona accor ding to the Surveyor General's files. This was in the year 1872. 

At the time of patenting in 1882 five diamond drill holes had been drilled on 

the property. 

Although production was ceased in 1959, this mine has been one of Arizona's 

large zinc and lead pr oducers. 

The San Xavier lead-zinc-copper-silver ores are within sediments in the 

upper part of the Andrada formation of Permian age~ These rocks have been 

folded, broken by faulting and fracturing, and intruded by narrow dikes and 

irregular apophyses of quartz diorite porphyry or granodiorite. Metasomatic 

alteration apparently was later than ign,eous intrusion, accompanying are 

deposition. 

The principal are de~osits are situated near the axis of a major synclinal 
. l 

structure along the crests of smaller synclinal folds. The most important are 

shoots occur as pipe-li,'f~ to locally tabular bodies which · plunge with the 

bedding and generally follow an arcuate contour around the folding. 

Dominant are controls appear to be steeply plunging folds with zones of 

fracturing and shearing, cross folding and flat shearing which locally deform 

the steeply plunging folds, metamorphism and alteration of favorable limestone 

beds prior to ore deposition, and selective r~placement of garnet and heden-

bergite along favorable beds and structures by metallic minerals. 



INTRODUCTION: --------
The data included in this paper are based mainly on a study of the 

San Xavier Mine which was made during 1958 for the Anaconda Company. 

At that time, prior to the final closedown of the mine, a geological 

lnapping program was carried out on the 660, the 770, and the 820 levels , 

and mine records including maps and drill logs, wer e examined and 

studied in detail. 

The purpose of this pa~er is to bring together information from 

the above study and t,o supplement this with information that is available 

from other publicati~ns, unpublished data from theses, mine company 

reports, and personal cQrnmunications. It should be stressed that the 

conclusions derived in this paper are the result of a detailed study 

of only a small portion of a large complexly faulted and mineralized 

district. It is 4oped, however, that the data as presented will contribute 

to the general knowledge of the geology of the area . 
, ~ 

HISTORY AND PHODUCTION: 

The San Xavier mine is located within S~ctions 2, 3, 10, and 11, 

Township 17 South, Range 12 East in the Pima Mining District, about 18 miles 

to · the south of Tucson, Arizona. The mine was first discovered by Spanish 

soldiers and Jesuit priests and is reported to ' have been worked by the 

Spaniards and Mexicans during the early l700f~. 

According to an unpublished history of the pioneer Contzen family, 

the San Xavier claim was first located in 1856 by Fred Contzen and his 

brother, Julius, shortly after they had established the Punta de Agua 

Ranch on the Santa Cruz River about three miles to the south of the San 



Xavier Mi ssion. 

The or iginal survey of the San Xavier claim vIa s made in March of 

1872 by S. til . Forema.n, aU . S. Deputy Hineral Surveyor. Two claims 

called t he San Xavier were surveyed at th i s time. One measured 1200 

feet by 396 fe e t, a nd the other mea sured 3000 feet by 396 feet '\~ith 

the larger completely overlapping the smaller one . Appar ently in 

antic i pa tion of a cha nge in the mining laVl~ the mineral surveyor recorded 

both surveys . . These are for Lot No. 38, and both were accorded General 

Land Office Number I for the firs t mining claim to be r egistered in the 

Arizona territory. The claimants were M. B . . Duffield and I. Q. Dickason. 

Neither of the above claims were patented. In September of 1882, 

six claims in the San-Xavier mine area were surveyed for patent by Solon 

H. Allis, Deputy U.S. Mineral Sur veyor. These included the San Xavier 

claim (No. 415) and the Western Extension San Xavier claim (No. 412) 

which covered the approximate area of the original 3000 foot long San 

Xavier claim, together with the Patterson claim (No. 411), the Arizona 

King claim (No. 4.14) ~ the Arizona Queen claim (No. 416), and the 

Democrat claim (No. 4.17). All six of these claims \.Jere patented to the 

Santa Rita Land and Mining Company, the claimant of record. 

The patent survey for the Wes t ern Extension San Xavier listed three 

shafts with depths of 145, 275, and 75 feet wi.th unmeasured drifts and 

winzes, and two diamond drill holes of 280 and 275 foot depths. On the 

San Xavier claim~ shafts of 90 fee t and 10 feet are listed along with 

three diamond drill holes with depths of 75, 100, and 150 feet. It might 

be of interest to note tha t underground workings intersected one of these 

holes which appeared to be about four inches in diameter . No record is 
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available of the type of drilling machine used or the drilling results. 

In 1877, Colonel C. P. Sykes purchased the San Xavier property and 

organized the San Xavier Hining and Smelting Company, vJhich operated 

intermittently until 1893. From 1877 to 1882, the mine produced mainly 

argentiferous ~ead carbonates and sulfates which were estimated to average 

$65 in silver and from 40 to 65 percent lead per ton of are. Reports list 

that over $100,000 in silver was taken from the mine up to 1882 when 

the near surface silver ores became exhausted. 

After 1893, the Manning~ Goldsmith~ and Zepeda Mining Partnership 

operated the mine on an intermittent basis. In 1897, General L. H. 

Manning reopened the mine, successfully utilizing ~Jilfley tables for 

concentrating purposes. 

From 1899 to 1906, a Wisconsin-Minnesota group formed the Meyer­

Clark-Rowe Mines Company and performed extensive development work. By 

1903, they were reported to have shipped 50,000 tons of oxide ores to 

the El Pasa smelter for treatment. 

The Empire Zinc Company purchased the ptoperty in 1912 and continued 

producti.on through 1917, closing down in December of that year. In 1916, 

the No. 6 shaft was started and sunk to a depth of 250 feet with levels 

at the 100, 150, and 250 foot depths. These are the workings that have 

recently been donated by the Anamax Mining Company to the University of 

Arizona for use of the College of Mines as a mining laboratory. 

No authentic production records are available until after 1912. 

During the operation by the Empire Zinc Company, information published by 

the Arizona Bureau of Mines (4) indicates that the San Xavier mine produced 

6,000,000 pounds of lead and $200,000 in silver. No figures are given for 

copper and zinc. According to Ransome (13), the ore shipped in 1917 
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assayed up to 6 percent copper and 6 ounces of silver, but the average 

was lower in grade. 

The mine remained idle from 1918 to 1942 when the Eagle-Picher 

Company took a lease and option on the property& Eagle- Picher exercised 

its option in 1943 and constructed a 175 ton per day concentration mill 

near Sahuarita at the site of the old Pioneer Smelter. In 1944, the 

capacity of the mill was doubled and later increased to 400 tons per day 

to handle custom ore along with mine production. During Eagle-Picher's 

operation, the No. 7 shaft was completed from the surface to 924 feet 

vertically in depth with st~~ions cut at the ~40, 420~ 500, 580, 660, 740, 

820, and 900 foot levels. Development and mining was carried out on all 

levels '<lith the 340 and 660 levels being driven westerly to a point under the 

No. 6 shaft where a connection via raises and stapes was made to the 

250 foot level from the No. 6 shaft. 

The San Xavier mine from 1943 to 1949, was one of Arizona's important 

producers of lead and ' zinc with its output ranking third in the state in 

1948. Production figures for 1948 and 1949 ,(Duff and Kumke, 3) were 

reported at 450?90l ounces of silver, 18,255,006 pounds of lead, 32,125,070 

pounds of zinc, and 1,708,481 pounds of copper. Eagle-Picher ceased 

operation in 1953 with only a skeleton crew being retained for repair and 

maintenance work. 

McFarland and Hullinger of Toole, Utah,leased the mine and concentrator 

in 1955, and later in 1956 negotiated an option agreement covering the 

property and facilities. From 1955 to the c10sedovffi in 1959, mining and 

milling operations were conducted at a rate of approximately 100 tons per 

day. During this time the mill heads reportedly averaged about 8 percent 

lead, 10 percent zinc, and 1 percent copper along with some values in 

silver and gold. 
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The property was later sold to the Banner Mining Company. It is now 

part of the Anamax Mining Company holdings. 

GENERAL GEOLOGY:. 

The general geology of the Pima Mining District has been described 

previously by several papers and only a brief summary is included here. 

This district is underlain by rocks which range in age from Paleozoic through 

Mesozoic to Tertiary. The San Xavier mine is in the upper Paleozoic within 

a thick series of Permian sediments. Older formations including Cambrian, 

Devonian, Mississippian, and Pennsylvanian strata outcrop to the north of 

the San Xavier area. To the'south, younger Permian rocks and Cretaceous 

sediments and volcanic extrusives are exposed. The stratigraphic sequence 

for the district is sunnnarized below: 

Upper Cretaceous 
Arkose,· shale, and thin lime~tone 
Shales, sandstones, and conglomerates 
Undifferentiated volcanics, arkose, sandstone, and conglomerate 

Permian 
Naco Group 

Rai.n Valley formation; dolomite, dolomitic and cherty limestone 
with local narrow limy sandstone layers near the bottom .......... 470 ft. 
Concha limestone; cherty limestone, som~ fossi.ls .................. 350 ft. 
Scherrer formation; sandstone and quartzite, dolomite, alter­
nating.thin beds of quartzite and dolomite, quartzite and 
sandstone 150 feet thick at base .........•....................... 369 ft. 
Andrada formation; dolomitic limestone, and a heterogeneous 
sequence of limestone, sandstone, siltstone, and marly beds 
with at least two beds of gypsum in the upper part ..... ~ ......... 1500 ft. 

Pennsylvanian 
Horquilla formation; thin bedded, cherty limestone and shale ..... 

• • • • • • 0 •••••••••••••• 0 .......... 0 • • • • • • • • • • • • . •••••••••••••••• ' ••• 7 50-9 0 0 ft. 

Mississippian 
Escabrosa limestone; massive, granular limestone, local 
chert nodules •...•..•.••...•••...•..•••..•••.•.••....••.•........ 350 ft. 

Devonian 
Martin limestone; limestone with thin calcerous shale near 
the bottom ...................................................... 100-350 ft. 
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Cambrian 
Abrigo formation; fine to medium grained quartzite in the upper 
part of the forma tion vli th a1 ten:lating limestone' and shale in 
the lower part ............. ~., .• ~ •.....•.••••. ~.~~ .•.•••.•.•..••.••. 350 ft. 
Bolsa quartzite; suba ngular to rounde.d 7 fine to coarse 
grained quartzite ............................ ~ •.. ,, ·o •• · ••••••••••••••• 600 ft. 

Bryant (1) divides the Permian into four fOTInations which he named, 

from oldest to youngest, the Andrada, the Scherrer, the Concha, and the Rain 

Valley. In .the San Xavier mine the lowest strata exposed are correlative to 

the middle and upper part of the Andrada formation. Rocks · lying unconform-

ably above the Andrada, previously referred to in previous publications as 

the Cretaceous, are believe~.by the writers to be equivalent to the lower part 

of the Scherrer formation of Permian age. 

The Andrada form~tion is typically a variable series of quartzose 

siltstones, sandy shales and claystones, and quartzites with interbedded lime--

stones and some gypsum. The close similarity of many of the rocks, the lack 

of any definite marker bed, the deformation and metamorphi~m of the strata, 

and the numerous faults and shears make correlations difficult v.lithin the 

formation. Consequently, .interpretation of the structure is sometimes 

puzzling and determination of a stratigiaphic sequence with definite 

thicknesses 'is virtually impossib·le. 

Sediments unconformably above the Andrada consist chiefly of argillaceous 

quartzites with some intrastratified maroon to green sandy shales and silt-

stones. Locally, some coarsely granular quartzites are noted at the base. 

Above the argillaceous quartzite member, interbedded limestones, quartzites, 

and dolomites are reported in diamond drill hole intersections. Comparisons 

of these rocks with Bryant's (1) description of the Scherrer formation show 

a close similarity. 

Intrusive rocks are largely confined to the area west and northwest of 
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the minee Here an igneous body~ commonly referred to as the "Sierrita 

granit.e" outcrops at the surface at a radius of 2000 to 3000 feet from 

the San Xavier N05 7 shaft. This body widens and extends below the 900 

level to the east under the mine area and has been encountered beneath 

the sediments in drill holes as far east as the Mission pit (Lacy, 10). 

This rock is generally light gray in color, consisting of coarse-grained 

quartz, plagioclase, and microcline feldspar cemented in fine- grained 

matrix of the same minerals. }1afic minerals are rare s ,seldom exceeding 

three percent of the rock constituents. The microcline phenocrysts vary 

in size from 5 to 25 mm averaging about 10 mm ~ The grain size of the rest 

of the rock ranges from 2 to 0.2 mm. 

It should be emphasized that this rock is .not a typical "porphyry" 

and that the porphyritic texture is caused by the late growth of rnicrocline. 

Alteration is slight and the rock is quite fresh appearing on a broken 

surface. Thin sections prepared from drill core below the 900 level, 

indicate no evidence of introduction of hydr,othermal fluids of an are stage. 

The age of the Sieriita granite has bee~ the subject of some controversy. 

Mayuga (10) regarded the granitic body to be Post-Cretaceous in age, probably 
, ' 

early Tertiary~ but later work dates the intrusion as Precambrian, with the 

overlying sediments representing a thrust block. 

Underground in the western workings of the 660 level, several small 

dike~like to sill-like apophyses of quartz diorite porphyry or granodiorite 

are exposed, also cropping out at the surface in several places to the south 

and southwest of the mine. These porphyritic rocks definitely intrude both 

Permian and Cretaceous rocks, and are regar~ed as late Cretaceous or early 

Tertiary in age. 

Generally these rock types have porphyritic texture with euhedral 
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,phenocrysts of plagioclase, biotite 9 and hornblende set in a fine grained 

matrix composed of plagioclase, quartz and orthoclase. Ratio of phenocrysts 

to the ground mass average about 76:24 with the grain size of the phenocrysts 

ranging from 4 to 0.4 mm. These rocks have been hydrothermally altered, 

evidently by t he same processes which altered the surrounding sedimentary 

rocks, and where observed underground contain minor amounts of pyrite and 

chalcopyrite. 

STRUCTURE: 

The granite-sedimentary,' contact to the west and northwest of the mine 

is marked at the surface by a strong fault, named the San Xavier Thrust, 

which strikes about NlOoE and dips flatly to the east. This fault zone 

apparently forms the contact between the granite and sedimentary rocks 

below the 900 level, extending eastward under the San Xavier ~ine area. 

Cooper (2) r~gards this fault as a la~ge thrust having a displacement 

of about 6~ miles with the sediments above representing a thrust block or 

klippe over the urtderlying granite. Age of this faulting is indicated to 
, ~ 

be of post-mineral age. 

The strata in the mine area generally dip steeply southward, averaging 

about 60 degr~es. The beds are folded, faulted, and locally intensely 

deformed. The numerous folds occur usually as broad to locally tight 
" ;,~:f, ' 

rolls and crenulations along a lar.gir~ ' ~outherly plunging synclinal structure. 
- , 

These individual folds also plunge southward with trends ranging from 

850° - 60° Ein the western part of the mine to S 0° - 20° W in the eastern 

part~ Thinning of the beds usually is apparent on the limbs and thickening 

is cornrnon on the crests and troughs. 

Along many of these steeply plunging folds, flat rolls with generally 

8 



east-west trending axes locally deform the steeply-dippling axial planes~ 

possibly indicat~ng later deformation. Harry bedding plane slips and weak 

shea rs are associated with the folding~ probably produced by the same 

compressive stresses. These fol10y1 the limbs of the folds parallel to the 

bedding and sometimes cross the beds at low angles. These structures are 

pre-mineral in age. Other pre-ore fractures and fissures, with little 

~ ';'i s~pparent displacement, strike between NlOoW to N30° E. 
~.~:{': * 

; ;,'7:"£ I;¥. Numerous faults occur throughout the mine area. The most prominent 

of these structures, named the 17 fault~ is well-exposed on the 660 level 

south and east of No. 7 shaft where it strikes S70 0 
- 800 W and dips 3S Q 

-

70° southeast. To the west, the probable extension of this fault swings to 

5100 
- 4Sc W, dipping from 35° - 60 ° southeast. Further east, this fault 

zone jOins or terminates against a N35° - 45°W trending structure that 

. dips to the southwest~ A N-S section through No. 7 shaft indicates, if 

the 900 level geology is correct, an approximate throw of about 300 feet 

with the hanging wall moving up to the north. Movement is expressed 

by a 2 to 4 foot sheared zone with developmeht of serpentine, gouge, breccia, 

and ~ to 2 inches of black to brown clays. 

Other smaller thrust and reverse faults, trending generally east-west 

to southwest, occur as either splits from the 17 fault or as parallel to 

sub-parallel structures. One of these faults, called the No. 10 fault, 

shows little apparent offset. Displacements along many of these structures 

and particularly along the 17 fault zone, appear to be post-mineral, but 

may reflect later movement along pre-mineral shear and fracture zones. 

Local brecciation and crushing of the incompetent beds, as a result of 

the folding and deformation, are co~mon occurences. Other breccias occur as 
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.> irreguldr- ~ steeply-dipping zones with a heterogeneous assortment of angular 

to sub-angular fragments of the different sedimentary rocks in a soft clayey 

and limy matrix. Many contain fragments of mineralized' limestone and quartz, 

indicating a post-mineral age. 

MINERALIZATION: 

The mineral deposits occur as replacements of metamorphosed limestones 

of the upper part of the Permian Andrada formation lying betw'een clastic 

beds and along zones of folding and shearing that ro~ghly parallel the bedding. 

The principal ore bodies lie' to the southeast of No.7 shaft and are situated 

near ~he axis of the major synclinal structure along the crests and troughs 

of the - :~rnaller folds., To the west)\ other mineralized bodies are exposed on 

similar folds along the westerly limb of the synclinal structureo The are 

shoots occur as pipe-like to locally tabular bodies, plunging with the 

bedding and generally following an arcuate contour around the foliit~~~ Along 

the plunge of the ore,shoot, mineralization is often limited by flat cross 

folds and flat-dipping shears (see Figure 4). Commonly, along these 
'. 

structures where the bedding flattens, the' ore shoot thins, becoming either 

a narrow seam or pinching out altogether. Above or below these "flats" the 

are shoot usually again thickens. The deposits are generally small averaging 

15 to 20 feet wide with local widths up to 50 feet. In plan, the lengths 

are quite variable~ 

A few narrow vein-like replacements occur along steep NIOoW to N300E 

trending fractures in both the Andrada and Scherrer(?) formations, becoming 

pyritic in the clastic sediments. 

The sedimentary rocks surrounding the mineralized zones are highly 

altered and metamorphosed. In the limestones, garnet, hedenbergite, and 

calcite are the chief metamorphic products with lesser amounts of epidote, 
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wollastonite ? serpentine, and tr~nolite* In the clast ics, development 

of serpentine 9 sericite , and epidote a long with other , lime silicates is noted; ' 

and chondordite, kaolin and orthoclase have been identified in thin section 

studies of various specimense 

The principal sulf ide min erals are sphaler ite, galena~ c ha lcopyrite, 

and pyrite.. Small amounts of hematite , ma.gnetite, and bornite a r e sometimes 

present. Silver is an important accessory, p r<?bably occurring in solid 

solution w'ith galena and s pha l er i te. Gener a lly galena is more abundan t 

in the ore deposits to the east of the No. 7 shaft becoming a minor consti tuent 

in the ore zones to the west. In the wes t ern part of the ~ine, sphalerite 

is most prev alent together with spotty concentrations of chalcopyrite and 

minor bor nite. 

The metallic minerals occur usually as massive replacements in the 

metamorphosed ~imestones, replacing the garnet a nd hedenbergite; however, 

locally the mineralization makes out i nto the crystalline limestone as 

irregular pods, blebs , a nd thin seams. In certain areas, glassy quartz 
, . 

with good blebs of sulfide minerals occurs as irregular small pods and 

narrow s t eep dipping stTingers. 

At the surface , a con spicuous iron-stained gossan marks the outcrop of 

the ore deposit. The l ower limit of oxidation is irregula~ , extending 
, 
, 

locally to as deep as the 420 level, but gener ally the mos~ extensive 

development of the oxidized portion is above the 200 level . Here the ore 

minerals consist mainly of cerussite and smittsonit2, usually associated 

with limonite, jarosite~ and goethite. Local occur ences of wulfenite, 

hemimorphite , copper carb onates, and native copper toge ther with some 

chalcocite a r e also reported (Jones~ 6)0 
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P J!..Pili.GENES IS: 

The paragenesis for the hypogene minerals have been determined by 

Mayuga (11) as follows: 

garnet, epidote, and other silicates 
primary magnetite 
hematite 
pseudomorphic magnetite (after hematite) 
hedenbergite 
quartz 
quartz 
pyrite 
sphalerite 
chalcopyrite 
galena 

His report lists in some instances that quartz was deposited later 

than galena 'vhich may reflect a later quartz stage. 

S~ARY M~D CONCLUSIONS: 

The San Xavier mineral deposits are considered to be within sediments 

that are equivalent to the Andrada formation; the mineralized bodies, however, 

are not limited to one stratigraphic horizon but occur in several different 

limestone bedse Rocks above the Andrada are believed to be the Scherrer 

formation, also of Permian age. 

}~jor loci for ore deposition appear to be as follows: favorable 

limestone beds; steeply-plunging folds with zones of fracturing and 

shearing; cross folding and flat-shearing which deform the steeply-plunging 

folds; metamorphism of favorable beds prior to ore deposition; and selective 

replacement of garnet and hedenbergite along favorable beds and structures 

by the metallic minera'ls. 

The selective replacements of garnet and hedenbergite by lead-zinc-

copper sulfides in the San Xavier deposit are suggestive of a contact 

metasomatic or pyrometasomatic type. However, when the deposit is viewed in 
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relationship to other nearby mines in t he district, its alter ation a nd 

metallization sequence is reflective of the zonal arrangements characteristic 

of many other major porphyry copper deposits of the southwest. Alteration 

and mineralizat ion must be considered district-wide with the San ~Avier 

deposit being peripheral to the extensive copper deposition which forms the 

Pima, Missions. and Palo Verde mines. Richards and Courtright (14) consider 

the , mineralization processes 'Vlithin the d.istric.t to be hydrothermal-

\ 

. metasomatic rather than pyrometasomatic. Diffusion evidently played a 

part of major importance with the hydrothermal solutions moving outward 

from the loci of mineralization along faults and fractures, selectively 

replacing favorable wall rocks away from the feeder channels. 
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II. GAR n I~ T T - -------

Cc lox,·do 
194 0 

I 'Went to the San Xevl er ~'o: lne In l'~roh 1916, and I'c~alned there 
until 1/:e.1'oh. 1~917. !.~ 1n1nr \:¥Oc started 1'11th the inter:.tioD of toJdng ed-
venter e of the tuvorable .;::.ar i::.ct tor lead and oop;Jex. . 

~hti ter in the f11r...c ~~tocd a short O.is'toI;. oe e.ho1rs the 200 foot level. 
Tbe old boiler at !k). 1 shs:tt V:88 fired end a 6:-.":e11 6ar.\eron pu::~p using 
s t ear: fer 110'wcr rcc cVed t he iNater in 10 de:re . to two l',.;eeeks . After uncoverlnC 
the 200 toot level n-o atte.L: . .pt ~rac !r:.ode to un'l'lnter de e per ,"v'Orki ngs . ..~ .. 

I St~_. a. ll deer;; v1611 , ~um, operated at fl .:crt intervals en ol: day s erved to keep 
I 't!ater. oft the 20;')' l eval. 

I 
I dl'ift en 
I \'i&S also 

Drln.king WEtter ViSS ot.,ta.ined fror--: a. SJ:£! ll inflo~, in an u!11,1sr.d 
the 200 t lovel. This water \'\'8.2 toiatc r3 i n ke r .s. DrinkinG Ti'iater 
brouzht f ro!';} tl~e ::= loneer Sr::e Iter by 0 1'6 truokS. 

It ls :report6 d the:t the , eo ' le.ve l o f' 110 . 1 shaft produces much 
l"'~o '1"e 't~;Jft..r.-:If:} r ~nd t'-; ,«.; .IS, o' ~: T , ; .~ 41.e ~1· ~k~"":~~ t;7..., t. Ir!Ihcf-*- 'f.:dftrt!"! _n.r. '-'~nt-..lv r;o' to ~.... " ... ~ l. "-i ~ . L#. ~ .1...... ...; . ' .& ~.... Q .. .-4 . ~ ... L.lAoV "'<-,..f'. ~ g':' .4L..-i ·· l.t "'i!~~ ,... V U{;4.i.} U' , 

60 ~a ln ocr ~inutc at 100 ' dsnth. 
~ . ~ ~ 

1.',· intnr.; opernt i ons ~;·rcre confinod to o:zlJ ize6 lead. and lead-co ::::Der 
ores. Production v;ao 20 to ;0 tens per dey. Tl'~ e e;~eater portion of t his 
ore carne from th$ area ea.st of ne . 2 ut~r.lft en the 100 ' level, trot:1. the 
surface between Ho. 1 and Iro. 2. SO& 8 very Good lead carbonate nea.r Ne .3 
staft on the 100 toot l evel , e.nd lnttH: quit. e a lot of cop.yer ora frOf'). the 
surface in the vioinity of !~. b sheft . Ari attep~pt V1S.5 r:ade. to get Bon:re 
produotion fron no. " shaft 'but I don't th'.nk n;;ore then one truck load 
~'Y1S ho1sted . 

I :~t..l1e :r \~o tl1axe . no . 6 ~hsft wus startGd and e de 1ft extended 
I on the 100' (1) level to the w@st for probably SO'. This drirt e ncounte red 
f .20 or' 30 teet or low Greda zinc sUl.?hide . The rook was n~r6 or less brolten 
f but did not appear vex~ ~avorablG for ore. 

I No nttc rrot was made to r.~lne or develo~e the sul phide ore bodias 
I and no oor:~r: . .ents I oould !:lake would add to intornat lon f 1~en by others 
11.7hO have !TiGUe B thorou51i e eologicol study of the !:'~1ue end vioinity. 
I 
I 
I 

T.E. Ge.rr:ett/ft..'E 
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;;;d- T?~R ;r ~41!en tbe ChlE 'WOe in oper!\tl·on in 1917. t .he l\1l~ or at. ;./2 
"St art ·~s k.a pt Ju~t ~~low tl:1o 220 leval. To he ld the \';~ltGr tb6re 
'V1~ pl..u::p~J shout 10 f s llons o! w~~ •. t er per t'llnute . 

J~t !!6 ~)!:nft \?}:!.].e slr~kltl(~ \\iQ enoc;untered vJater fit about 
l eO ft. b~l('tw tho ~hart cOllat· and the flo'ft' inoreat1od crad~lly 
l:11th G5Dth. On th~ 250 lev'e l the tlow. of water l"if·es \:;etw~-:. cn :50 to 
60 callons per e: inutG U, to th~ t t !f:6 the J(-)utheast 1~ et;ul1nG tIt the 
lir;.\3~'4t. (~!le-t:r fi.::ltc ,:ontact . 'tfhen tl:~ t lotV inoro.a&ed to ~'ell ovor 
100 .f;el lC'J.lls l.:~r fJinute. t(';~10ve I' t this tlo'tl'l rmy ueorenfHl rnr~ 1dl:r 
oueG t hn BHr'ro~ndlnl! oountr'Y is· ar u inod. . h1s!) t!~ e flow ~J3.7 ver7 
con3!e~er~lblG. f\fl the lit:.;u- Cl"G!:.1te contsGt r un!: {!Ot1'D tilO &xroyo bed. 

f£-hc ollurn drill he lt rj~~:t iiC?-1Il tor d e:: e s t 1e wst€1r . proved 
to bQ ~ "$u~te r . ~ 

level T ~" ''''''It­
t .:)+.. ~; 

( 

).\.ocordiue to l'H~c.\ rt~~l Y· tb~ flo~~ of t~t (; :r {,n 
~'bout 75 t::Gllo!u~ pel~ 1;11.nute . · 

Tht t:.;.'.T1t]l,' t;, llz'{Hl tlu rftl .e abc~'i1ri[~ or~ the :tl.ttBr~on. 
eno(f'..lr-i\~: 1n:: f '..;f all orct)ody t.c e": !ut tt:ore . 

fi ith the e ;~cept, l':Hl of tr.s ",;'-1 ~haft or·~bod:r t he ore 
shoots nyc flrr"all nnd ~r:r~t.1.o ~flt11 a deore-ce6 in of'one section with 
~1G;!th . 

in part , 
~ tl'U.:'};ber 

"fhG t l . ana }'4 o~~.ht.:dleotii1.1 neet~ to he c.ln.t\-tl et le&~t 
by u nicthco-.! retpJ!.rlnc. e!'OtU~{1 6'U,r,pert.· Thes e {~ re.boo l~s heve 
o f" 51 ~_~~C fUl.d fe\ult3 runn!lie th.tottt L tl~ r-;=: and. Glso e. ~e$!:: 

~'JLe otter orehn1 !.~ : o-nn ~J (~ r::lnod t y o, 6n stoDe t".5t!10ds . 
:,nE~ i ':J ly v:t! 1n~:t $cr.'~ !) tt.!l.l~ at t1r:~~ s. 

~~C' . 6. ;T~. :~:.. : ;-O-T : Ttierf~ \ ";"$.t ; .c.t,J ore rOu%!1 0;;· t he 2;,0 tt level. TL~ hana­
l !:.:":£: irare i n 1!::;s5 t.cne !\!Hl ,%~l'-e dr 1 "re~ und e r knownors 011 the 100 
e.nd l S0 f t l{;vG18. In tact tnt1 () res 'f:i~.rlt just a'bout. (; ft. bolow the 
l.5D ft . l evel , else the ( 1Xe orcr::e $eet1on t1'UJ} rf.Jloh ot:sll.u:r: (In. the 
15[\ tt l evel th&n en ti-;6 1 00 ft lC~lGl . 'There ~r(:; ~-C!:.Ea BhcH7in!:!S or 
z :1 nc e!.ll.:7;: 1.dG. on t he l~)O an d 1.5(:; rt le~a"ls, but t hese S..hb1!:L.f1G5 . e:rQ 
rattor v;~a!~ u nd one ",:7o u lt! not $:S-.:-.eet muoh 'tonnaz,'':'s to oor:e:r~£i thar.:.4. 

T ·~ 5 0,."f- }"'!';il "";4, !r .. e~~ ti ·! ·...., .. ...., "~:\"' l i~\;- /I"~'~ ""IO:·~~t.tll!.,.. 'S,'f; t l ' ~ "\ l';'t')'- J;:.- 4', t: low 
~ ' . ~-...' ....... ~ ~ 1;1 . .. ~ . ~ ... ;;..;,o. _ :L. ;. _ I l' ... ;J...;, -.,..;~ ~ .. -..~ ~JO lJ,;J..~ .",:o.-.. """ ,.~~ "~·"" ~.l ·~ . 

of water on t ho 250 tt l eve l ,~ . :t" !'~ t~ rt . the acr,;, t f4 ct 't~her~ th!;; r-lo Of 
oo!",e fr o;;: loo.ked 111t f! t1 11;-" f~s tcne-grenit~~ eo:,·, tnct ena ootthe so­
eallfJd IGr:aell~ eonplez. or n!'k(:' ~lfj . Iicrr::cvcr , I W~ 8 l tt}; 1s t du.€ ~1 in wate r 
snd. in 0. tU!""Tt' to ~~et out t eo ~y observations r~ftY l: erve been ta.-u.lt~7 . 
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