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LOCATION

The San Xavier Mine of The Eagle-Picher Mining and Smelting Company
is located in the Pima Mining District twenty miles southwest of Tucson,
Arizona. The mill:L is located ten miles east of the mine at Sahuarita on

the Tucson-Nogales line of the Southern Pacific Railroad.

EARLY OPERATIONS

Before the turn of the cemtury to the emd of the first World War,
high-grade lead and zinc oxide ores wers 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 western part of the mineralized area ox—
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 zine

oxides.

EXTENT OF OPERATIONS
The present mine workings extend horizontally a distance of 2700 feet
and vertically 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 crabtres & Parker - T. P. No. 2193, July 1947 (Short Cut to Metallurgical
Accounting).



has again been resumed below the 660 1level. Of seven shafts sunk during
the life of the mine, only five are in use at the present time. Of these
five shafts, one is used for hoisting and four for emergency exits and
ventilation. The hoisting or Main shaft is now equipped with a new 72-foot
steel headframe and three steel ore bins. Hoisting is donme in counter bal-
ance, and this new shaft saves one additiomal hoisting and tramming which
obtained under the old setup. Natural ventilation is aided by the use of

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

PRESENT' OPERATIONS

In 1942 The 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 left 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 January of this year
this shaft was brought through to the surface and is the one used for hoist-
ing, as mentioned above. Four levels at intervals of 83 feet were started
from this shaft. Although the'level interval is 83 feet vertically they
are approximately 100 feet apart as measured down the average dip of the ore
bodies.

Electric power for the mine is generated on the property by five 2-cycle
Fairbanks Morse diesel engines that develop a total of 1200 horsepower. Each
engine is directly connected to a 3-phase, 60 cycle, 200 volt generator. At
the present time, all of the electric 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. ceutrifugal pumps to be located on the 910-foot

level.



Approximately fifteen tons of water are pumped for every ton of ore
hoisted. For this reason 40 per cemb of the power that can be generated
is connected to the present pumping plant. The addition of the three new
pumps will inerease this percentage by a considerable amount.

Compressed air for the mine is supplied by two Ingersoll-Rand Imperial
Type 10 compressors.

One-inch round lugged steel is used exclusively for all drilling equip-
ment, so that it is unnecessary to have several kinds of steel underground.

All of the steel is threaded for 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. After a reasonable amount of
development work has been completed, raises are driven to the level above.
As the ore bodies have irregular outlines, the raises are not driven at
standard intervals. Wherever possibie, 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 underground. This drilling is done for geological information
on existing and proposed levels. On the lower levels these holes are used
to lower the water table gradually so that lateral development will not
cause a sudden infloﬁ of water in quantities too great for the pumps to

handle.



DRIFTS AND CROSS-CUTS

Untimbered drifts and cross-cuts are usually driven 6 feet wide and
8 feet high. Whén blocky or otherwise heavy ground is encountered, they
are timbered with 8 by 8 timber as shown in Fig. 1. When it is necessary
to timber, the drift dimensions are increased one foot each way.

Sevehtybfive per cent of the drifting is on a comtract basis, This
is paid at the rate of $8.00 per foot with the company furnishing all of
the supplies. Timber is paid for at the rate of $12.50 per set. Most of
the mucking in the drifts is dome 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
is separated from the manway by 3-inch lagging supported 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-
ing conditions in each ore zone.
Most of the ore comes from flat back cut and fill stopes. After a
raise is completed through the ore shoot, the stope is silled off 20 feet
above the level. A seven-foot horizontal cut is taken through the entire

ore body using drifters mounted om vertical bars.



If the 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 stope. After completion of the sill cut, a floor of 3-inch lag-
ging is laid on 8 by 8 stringers which have been placed on 5-foot centers.
Fill material is dumﬁed into the raise from the level above and spread over
the floor with amall air-powered slushers. After the fill has been leveled
off within 2 1/2 to 3 feet from the back, a 2-inch floor is laid. The cycle
is then repeated, except that the 2-inch floor is removed before 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 stopes the ore is tramsported fo the chutes
either by slushers or in wheelbarrows equipped with pneumatic tires.

Square-set stopes are silled off on the level and are earried up with
horizontal cuts the same as the cut and fill stopes. Usually a cut can be
completed before it is necessary to fill. If the back becomes too heavy,
the sets are tightly filled leaving one row open for access to the working
face. Square-set timbers are shown in Fig. 2. The floor pillars under the
cut and fill stopes are mined out by square setting after the stope from
the level below is completed. Vertical pillars of ore are not left between
stopes.

In the Number 1 ore zome 200 feet west of the Main shaft and on the
fobt wall side of the mineralized limestomne area, a few open stopes have
been uged. In this area the ore occurs as pockets of considerable lateral
area and may extend a short distance above or below the level. When one of

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



and the broken ore mucked into cars with a mucking machine. The ore left
in the back is then drilled with a stoper and blasted. If a third cut is
necessary, it canm be drilled from the top of the muek pile. If the ore
extends a short distance below the level, it is taken out with jack-hammers.
If it should extend several feet below the level, a raise is driven from the
level below and the ore mined by cut and f£ill method.

Stopes are filled mainly with waste material obtained from development
headings., When the supply of waste that can be obtained from the develop-
ment headings is insufficient, 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 required.

Occasionally sand from a nearby arroyo has been loaded for filling in
the same manner and dumped into an 8-inch churn drill hole. From a chute
under this hole the sand is trammed to the places needed. The sand makes
the best filling, 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 dome 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 quickly moved from one level to anobher during the
shift. The Eimco mucking machines 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 from the mine bins to the mill in 18-ton dump trucks.



WATER CONDITIONS

After the mine was pumped out in 1943, water produced amounted to
approximately 35 gallons per minute. As development work was extended
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 encountered. Scme of these sources, when struck with
a dismond 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. |

Stendard drift sets-made with 8 by 8 timber.
The 8 foot post goes on the ditch gide of
the drift. The 2 by 8 cleat is nailed to the
bottom of the cap. Standard batter for the
poste is 1% inches per foot.
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FIG.2

Standard timber'framing with post butting cap. The 8éts are
5 feet center to center horizontally. The stope posts are 6
feet long between the horns or 6 feet 8 inches over all.

811l posts for square set timbering are 7 feet long between
the horns.



CROSS-SECTION TYPICAL FOOTWALL

CUT & FiILL STOPE

S00 LEVEL

. ORE IN PLACE

LIMESTONE ARKOSE

F

SILL PILLAR

"DENSE SILICEOUS"

580 LEVEL




CROSS-SECTION TYPICAL HANGINGWALL
SQUARE-SET STOPE

340 LEVEL

"DENSE SILICEQUS" LIMESTONE

3|
£

S e o 3

= [s==v]

h,{(\)
SEEWE:

TN | e e [ R | A
\ O T 2 o

\ N\ “EXTRAGTION DRIFT

X5
ey

420 LEVEL




VA SA Tt

a:gi.x

LATERAL DEVELOPMENT AT THE SAN XAVIER MINE

There are three classes of lateral developmsnt work, 1) Timbered drifts, 2) Untimbersed
drifts, 3) Sub=level drifts. This report deals with the firet two and is concerned with
those hesdings driven during the period June 1, 19561, to February 1, 1952, on the 500 Levsl
and belows OSufficient information was not recorded for all drifts driven on the 340 and
420 levels but two headings hsve been chossn for comparative purposes.

This analysis of developms nt work hes been made to determine the reason for the excesslve
costs and to suggest what steps should be taken to reduce thems

ag & rule drift sizes are as follows:

Unt imbered 6 fto wide 73 ft. high
Pimbsred 7% f£to wide 8% ft. high

For the purpose of this revort, the rock ha s been c¢lassified in four categories relating
to herdness for drilling purposes as well as bresking qualities. Listed opposite is the
aversge number of holes usually required pe r round. :

Very soft —— Jml2
Soft 13 15
Mediurm 16-19 18
Hard 22

SRILLING:

The hammere-cut round is used in most cases but occasionally & Vegut or burn cut is used
when difficulty in breaking the ground is encountered. Rounds ¢re drillad to obtain an
advance of {ive feete

For the past year both leyners and jackleg comblnations have been used for drilling, but
the jscklegs have not proved completely satisfactory im heard roscke UVhen used in the softer
types, and operated by a miner experisnced in their use, they have proved to be both
popular and efficiente In the latter part of 1951, hot-milled bits averaging 1-5/8"
dlameter were vrovided for vse with jacklegs, which increased their efficiencys These bits
were the criterion in deciding which of the two drilling methods should be useds If one

of these bits will not drill a 7 ft. hole i n a reagonable time or has to be discarded
before the hole is completed, the juckleg combination is replaced by s leyners

Up to June 1980 drill steel was provided in 1lengths of 23, 4, 53 ft. which provides the
18" change required for & stopers at that time, 7' steel was lIntroduced for use in drill-
ing burn=cut rounds and has been avallsble ever sincee In December 1981 at the request of
the shift bosses, drill steel in 4% and 6% ft. lengths were supplied for use with layners,
and by taklng full advantage of the leyners' 24" change, a 6=ft« hole could be drilled
with three lengths of steel, Blte are¢ supplied in recks of 18 bits in three sizes, start-
ing at 1-7/8" or 2" and decreasing by 1/8" gauge.

In soft and very soft ground no difficulty has been experienced in brewking the ground and
a certaln amount of overbreak is invariabl y achieveds In these cases it is of little
consaquence whether cut holes, breust holes, lifters, etce are the same length since no
bootlegging occurss However, in the harder types of rock it is sssential that cut holes
be drilled at «45° and that they be 1l.4X the length of the flat holese Thersfore, if a

five~foot round 1s desired, the cut holes m ust have & minimum length of 7'. This is

not possible since about 6" of the 7' steel is lost in the chuck wnd four bit sizes are
requireds Thersfore, with bits and steel available in the sizes mentioned, the logical
round would consist of flat holes 4' long with 63' cut holess This 1s not at all satis=
factory in a timbered drift vhers medium ground ls ensountere¢d, since drift sets are
gpaced at B' interval ge
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Blasting 1s usually carried out at lunch time and quitting time but in some cases, may be
carried out sarlier at the disecretion of th e shift boss when conditions allow. The
procedure is as followss Primers are prepared first and placed in the holess The
remaining powder is often split with a knife, loaded ard tamped, one or two sticks at a
time, using a wooden temping sticks Nuses are cut and spit in the order of firing. Wooden
spacers %xa are used to distribute the powder for maximum effect &nd economy in burn-cut
rounds but are not used in the hammer-gut round since s concentration of powder is re-
quired where the burden is greatest, l.e., at the bottom of the hole. The roeck prodused
by this method of blasting frequently contains & large percentage of boulders &nd
occaslionally of such size that they must be broken with a hammer before loadinge

In genersl, the order of firing the holes is such that the lifters are fired laste In the
hend mucking era this was highly desirable in order that as much muck &s possible be
thrown back on the mucking floor for easier shovellinge This is not &t all satisfactory
when a mucking mechine is used for the following reasonss

1) The muck is scattered for a dlstance of 15-25' at & sloping angle, with a
max imun helght of 3-4' at the face.

2) Bxeessive time is required to muck out this flat shallow pile.

) It is difficult to £111 the dipper on the mucking machine.

4) Due to the excessive crowding action required, compressed air consumption is high.
in some cases, shift bosser have chunged the order of firing so that the lifters ure
blasted as scon as possible after the ovut h oless This curtalls the scattering of muck
and produces & muck pile 65-6' high and about 12 ft. longs

UGKING and PRAMMINGs

All mucking is dore with mucking machines, Hotors are used exclusively on 340, 500 and
660 levels, cccasionally on 420 and 580, and infrequently on other levelss The loaded
cars are usually trammed to the station but in some cases, the cars may be dumped at
raises for transfer or for filling & stops. The procedure when using & motor is as
followss The motor orew delivers empty cars to the mucking machine and remove them when
loaded until & traln load has been filleds The number of cars comprising a train load
will vary from three to eight cars depending on the condition of the battery, track grade
over whiech the load must be hauled {if dumping for f£ill the grade may be sdverse) and the
avallability of empty cars. 7Thile the motor is gone, the drift erew trams the cars from
the nearast switeh to the mucking machine and backe

The hand tramming procedure is as followss The mucking machine operator trams the amply
and loaded car between the mucking machine snd the nearest switche Hig partner trams
from the switeh €0 the statione 7here raises are the final deatinatlion of the muek, an
extra man 1s generally provided since cars are side dumpsd and one man may not be capable
of handling ths jobs Occasionally the car may be trammed to the raise by both the
mucking machine operstor and his partper when an extra men has not been provideds Two
ecars are in constant use, one at the mucking mechine while the other is belng dumped.
Where excessive tramming distances @re involved, an extra mucker ls usually provided and
each tramuer covers half of the total distance between the switch nearest the mucking
machine and the statione Thres cars are in constant use.



Pramming delays, whether by hand or motor, are frequent and caused by:

1) Excessive tramming distance from the nearest switeh to the mucking machines

2) Insufficient number of cars on the levele 5

3) No empty cars on the statione

4) Breaking boulders on the grizzly wh en dumping in & ralses

5} Poor track conditions, such as defective switches, sharp curves, and varyling
track gradee

6) ixcessive tramming distences vhen hand tramminge

¢he biggest time loss lnvolves 1) and 3) and the reasons for the laiter are as followss

a) Cars may have been left loaded on the statlon by the previous shift and there is a
holsting delay of ome to three hours on all shifts depending on the amount of tools or
timber to be lowered. ; :

b) Fallurs of the shift boss in arrang ing to have the cars pulled from the particuler
level on which a drift crew is muckings (The tendeney occasionally has been to holst ore
in preferance to development wastes)

o) Trummers pulling chutes on the same level where & round ls baing muckeds

d4) railure of the trammer to notify the cager before all the cars have besn pulleds

¢) Practice of ths cagerss hoisting all loaded cars from one level before moving to

the next onee ;

£) Two or more drifts belng mucked at the same time on different levelse

g) When development wiste is being transferred within the mine for backfill, the time
to dump the cars may sxceed that required to fill and tram the cars from the drift heading.

h) Ocoasionally on graveyard, the waste bln has been f£1lled and there is no other
provision for dumping the mucks

The time required to fill an 18 cue fis car with & mucking machine varies from 13 to 3
minutes vhen operated by an experienced mane The time required to fill the car depends on
the size oi the musk (the smallsr the better), the height of the muck pile, whether the
round ls being mucked on & curve and the clearance betwesn the timber and the track in a
timbered drifts -

ZIRACK

The mucklng machine advances towards the face on glide rails which are laid on edge so
that the ball of the slide rail lles agains t the web and between the ball and flange of
the upright raile The slide ralls are held in piuce by track spikes driven Into the tle

sgainst the flanges 4 x 6 track tles are 1 aid at 30" center as the slide ralls are
advancede |

Most of the Arifts are not driven on line but curve to follow weological formations which
present several drawbacks to the wbove method of advancing tracke Ralls are now provided
in 15 fte lengths but at one time they were In various lengths from 12 to 20 ft.

The drswbacks and common delays resulting are as followss

1) Lack of proper length slide ralls. Depending on where the permanent track ends
wnd the degree of curvature of the heading, the length of slide ralls required will very
from Be15 fte and these sizes are not slway s availablee 7hen slide rails are gurved and
used temporarily in an upright position, snd then later replaced by vermanent track, much
time is consumed in straightening them for satisfactory use &s glide rails againe

2) Fallure to fix track properly before blastinge
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3) Mucking machines frequently derailed when operating on sharp curves as the slide
ralls may be easily pushed out of position. : :

4) Pallure by the mucking crew to place track ties as required before advancing the
glide railse

5) Shortage of track supplies, fishplates, track spikes, nuts and bolts.

6) Use of salvaged rail which must be strailghtened and the attempt to use track of
alfferent sizes.

In the early part of this year, track sections for use in curved drifts were made up in
the machine shop. 4 set of these sections consists of six 25 ft. sections of track and
wedges of varying sizes which glve the curvature required. A4 mucking machine can clean up
2% fts shead und when this has been cleaned up, & track section is laid and bolted into
places This systen was adopted as @ result of discussions held at a Safety Heetlng in
December '5l, and has proved both safer and more efficlent than that used formerlye.

ZIMBERINGs

Drift sets are made from 8x8 timber wnd consist of three pleces; a cap 62" long with a
scab 2xBx46 centered on the under side, one post 8 long and the other post 85' long
which is placed on the diteh sides This combination 1s used exclusively on the 660 level
and below but two 8' posts are used on the upper levels where & large ditch 1s not

. nagessary since water is not encountereds Dimensions for placing the timber are as
followss ,

Distance from top of rail to under side of cap S

Spread between posts across the top of rails 70"
Distance on ditoh side outside of rell to POSteecemmmcecum~wemFn
Distance other side outslde rail to post -2

Then starting a new timbered drift from ano ther timbered drift, the procedure is
genarally the sumes The turnout consists o f three sets, one with a 9 or 10' cap, one
with & 7 or 8' cap and a V=get in which the caps are not standard and are cut to fit.
Thrae slab rounds «re taken out to provide room for this timber snd in blasting them,
drift posts are often knocked out or broken which canses the collapse of one or more
drift setss ¥Frequently when thls has occur red booms must be used to re-timber this
gections Since the switeh is not put in untll the Veset has been completed, some hand
mucking is necessarye. Lk

Onee the turnout has been completed, the dr ift is driven on instructions from the mine
foremans An order to change the drift besaring may be given in one of two wayss @) turn
a gpecified number of degrees or b} reduce the length of & particular collar brace. The
method of drilling the round is left to the dlserstion of the shift boss who in turn may
leave the decision to the mlners It 1s dou btful whether any two shift bosses would give
the seme instrnotiors for drilling the round. OComsequently, when the round has been
drilled, blasted and mucked out, there may not be sufficlent clearance for the timber,

. necessitating additional drilling, blasting or molling.

Frequently whah driving & timbered drift it ls necessary to plug the bottom for the post
hitehes and when this occurs, spproximately 2-4 hours lost time may be involveds For
exanples

A round blasted by graveyard is mucked out by day shifte afternoon shift will start off
their shift by digging the hitches for the timber and may find that they cannot dig them
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deep enough without drilling and blasting. If the drift is being drilled with a juckleg
combination, a Jn.gkhamnor is readily available and the 2-4 holes required are drilled aund

‘prepared for blasting in $~1 hre Similarly, if the back or wall clearance is insuffigient,

additional holes must be drilled. Howsver, 1f this drift ls belng driven with a leyner,
three machines are required and it is not u ncommon to find three machines in a heading,
leyner, stoper and jackhammere. If they are not in the heading, considerable time is lost
in looking for and bringing this equipment to the face. Since these holes cannot be
blasted until lunch time, there may be & considerable wmount of lost time. Larely will
the set be canmpleted by the end of the shifts Thus graveyard crew must complete the set
and drill the next rounde With the reduced amount of time available for drilling, it ls
unlikely that they will blast at the end of the shiftes The round will be completed by
day shift and there will probebly be & further delay when they must walt until lunch time
to blaste The men are instructed that when there ls & delsy in normal working procedure,
they are to clean track, ditch, and serap timber, snd this time ls charged on the time oarda
to cleanups

A great deal of this trouble is due to the inexperience, leck of sound judgement on the
part of both shift bosses and minerss In timbered drifts, overbreak is the rule rather than
the exception, and it is common belief among drift crews that thls overbreak will result in
glving the requirsd clearance regardless of how the drill holes may be drilled or spaced.

| Docasionally, excessive overbreak msy occour requiring baek cribbing, spiling or the use of
booms e

Vhen changing the drift bearing, there ls n o stendard method useds The reason for changing
may be one of two reasonsy to follow & contact or reach e« predetermined objectives The
usual practice is to drill all holes parall el with respect to the newly desired bearing
which does not produce sufficient clearance, especiaully when turning to the left, for the
mucking machine operators Thus it is nececssary to drop back and take out one or more slab
rounds which are charged to stoplng.

AR]

At most mining properties, the lingineering Department produces on paper the details of all
proposed development work and this is discussed smong the departmentsl heads concerned so
that all the fectors involved and alternate methods t0 accomplish the objective can be
consldered befors a final decicion is reecheds This recuires cooperation and advanced
plannings Once the work has been commenced, a frequent and constant check on progress is
maintained by the Lngineering Department personnel and such services as lines, timber
detalls snd track gradients checks are provideds

It s not uncommon here for & member of the FEnginearing Department to glve instruetions re-
garding chenges to elther the drift orew or the shift bosse Very frequently this Information
is not comnletsly understood and the work ls not carrlied out as desired, resulting in un-
necessary work, delays and expendituress

The Engineering Department has not been set up or sdministered to achieve its main function
a3 & service department for production, and the quality of servies provided is poors
Congequently, there is very little cooperation and a great deal of friction between this
department and the production departments



§0STS AND AGCOUNEING.

The cost per font of development as determined by the pregent system does not glve a trus
pieture of the actual costs for several rea sons:

a) Development footage as listed in the monthly revort covers both drifts znd sube
drifts, yet labor charges in nearly all sub-drifts are charged to stoplng.

b) When starting & new drift, slab rou nds are charged to stoping and timbering
turnouts are charged sgainst drift repair.

e) Any slab round required for a change in direction or for a diamond drill station
is charged to stoping although footage may be credited to the drift.

d) Timbering charges entailed vhen & s et has been blasted out are made against drift
rapairs

@) Short headings which may be driven off a maln heading but where no track is laid,
is frequently charged to stoping although the footage is oredited to development.

f) Track labor charges are not made agalnst devslopmente

g) The time involved in delays and waiting to blast & round are made against cleanup
while other delays due to faulty equipment, lack of cars, etes, are churged to
developme nte

h) Tramming charges, vhere a motor crew or an extra trammer is used, are mede azainst
stopinge

i} Timbering charges involved in timbering a drift that has been driven and completed
as an untimbered drift are made against drift repalr.

SULLRYs

The information listed has been obtalned from shift and daily development reportse The
time 1n hours as llsted refers to crew hours, a crew consisting of orne miner and one
muckers Since the devel opment reports acco unt for only the seven working hours, the
total crew hours were divided by seven to obtaim the number of ¢rew shifts.

In determining the costs as listed.'eoneide ration was taken of the existing pey rate,
shift differentlsl, and also included overtime based on & 48-hr. weeke Thus the average
erew shift wages amount to $26460.

Powder consumption has baen based on the assumption that 180 sticks welgh 50 1lbse

The wdvance per round in most cases 1s less than five feet dve to the inclusion of slabd
roundss However, in the case of 660 23-1 Dr. an advance exceeding five ft. per round was
obtalned by drilling seven foot roundss Th ¢ ground was of medium herdness but bscause of
the excescive burden on the cut holes, three extra holes, four feet long and drillrd al
=80, were useds

In the case of 660 10=Z Dre. unusual conditl ons were encountereds The ground was hard and
diffieult to breaks The presence of water hindered louding and blestinge Ventilation was
poor, causing excessive delays for smoke and gmee The presence of water courses reduced
blusting efficiency and required drift sets and cribbings These ssts were frequently
knocked out when & round was blasted which required an excessive amount of timbering
timge

900 2«1 Dre was driven in an erratlc manner, the drift bearing being frequently changeds.
This fact, plus the use of poor drift crews , resulted in higher costs, particularly on
track works The cost of this drift is in contrast with that of 740 A=l Dr. which was
driven by the best drift crews avallables

LaYSse

The cust of delays for the drifts listed averaged $1.32/ft. 6500 2~1 Dre. when driven on
contract had the lowset delay cost amounting to $0.35/ft. This was due to the faet that



the drift orews requested and received the complete cooperation of the shift bosses in
providing the best posslble equipment and aservice.

The following, in order of Importence, are the most common delays;

a) Lack offor faulty equipments

b) Lack of cars when mucking.

¢) Bmoke.

d) Low alr pressures

e) Walting to blasts (When not cherged to cleanup)

£) Pipeworke

@) No crews (Occurs when orews are shifted due to absenteelsm)
h) Bngineers surveyings

From the figures obtained, the average times required for the various overations for a
five~foot round ares

Drilling 7410 hras
Hueking 5470
Timbering 7460
Delays 1419
Track 1483
Total 23422 hrse

The reason for these excessive times 1s pertly due to the current practice of substituting
another mirar or mucker in a heading vhen the regular miner ie absente Phis is dons for
ona of two reasons; to get the muok and to attempt to obtain Gdevel opment footagee
Frequently these are not experienced in the typs of work involved and are slower in all
phagses of the worke The fact thet i1t is not thelr usual working place and that they are
not exnected to put out as much work ac the regular crew, may result in the ageompl L ghment
of much leass work than they are able to doe

The major factor contributing to the high costs 1s the luek of incentive paye There is
no way to enforce the complstion of & certa in smount of work on vpredetermined schedul e,
and no pride in personal accomplishmente Thls is strikingly shown by comparison cof the
figures on the Jummary Sheete 500 2~1 Dre., the only heading on contract during the
period under review, was driven ot approximately half the cost of the RVOragss
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Note on Rock Identifications
at the Sa n Xavier lMine, Arizona

by
Williem R, Jones

Cretaceous Beds: Arkose, argillite, ete.

The Cretaceous deposits of southeastern Arizona may be 25,000 feet thidk
and are composed of red and purple shales, white to reddish-brown arkose, dark
greenish graywa oke, voleanic flows, thin, lenticular dark gray to black very
fine grained limestones, and limestone conglomerates, also coarse quartzite
eonglomerates usually with ebundant red inter-cobble material: argillites of
all colors, and quartzites. In short, nearly every type of sedimentary roock.

It is important to realize this and not to depend on always having a hanging=-wa 11
formation at the mine of arkose. True, it usuvally is, but it is also quite

often a dense, soft, greenish-gray mudsbone or argillite. In the ecentral part of
the mineand in the hanging wa-1l at the #4 ore zone, argillite has been noted
most frequently. It is usually ravelly ground, prbebly beeause it has been
erushed in the bending of the syneline and antieline., It is soft and soratches
easily which probably means it contains clay,

Within the mine area, espedially near the ore shoots the contaect between
the limestone(which may have been altered to garnet or other silicates) and
the arkose or argillite is often marked by a 6-12 inch band of high grade ore.
Upon passing throughthis bend, the arkose may not be recognized for 10 of 15
feets Whether due to alteration or to original deposition irregularities, the
intervening ground may be a fine-grained, light greenish "quartzite?" or the
sof't ravelly argillite. It is often necessary to examine a face with great care
in order %o find one spot, 1l-2 inches in diemeter, which you can definitely say
is arkose, I usually look first for a pink or salmon colored spot, then
examine this spot for the typiecal arkose "look", which bears some resemblance
to fine-grained tapioeca pudding. The pink matrix surrounding the dull gray
quartz grains is orthoclase or mierocline feldspar. If the quartz grains are
less than 0.6 mm, I eall it fine or very fine grained, if greater than 0,5 mm
but less than 1.5 mm,I eall dt'mediwm grained. Anything coarser than 1.5 mm
I have called coarse grained, but this is rarely observed., For the most part , a
nine power hand lens is necessary to see the texture and to make sure the
interstitdal material is feldspar and not just orushed or finer grained quartz.
Unfortunately, not all pink spots are definitely arkose, but may be altered
~ limestone. These pink spots resulting from the alteration of limestone are
dense and no grains are visible. The presdnce of garnet or limestone in or near
these dense pink=-colored altered areas will help establish this material as altered
limestones The 10-15 feet of light green quartzite? found before engering true
arkose (as in diamon-drill holes on the 420 level) may well be a silicated
limestone into whieh hydrothermal quartz has been introduced. The edpes of these
blebs of quartz are serrate ard they look somewhat like sand grains which have
been slretohed out and corroded. A mioroscopic examination of this material
has not been done, but should be in the future.
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Kuhn deseribed numerous sections of arkose and conoluded that epidote
commonly replaces the interstitial feldspers and %o a much lesser degree, the
quartz grains. In a specimen which shows quartz grains imbe’ded in an epidote
matrix, one cannot be sure that he is not dealing with just an ordinary
poorly sorted quartzite, the matrix of which has been converted to epidote. In
case of doubt, it would be advisable to take another Bound out ahead, This
would not be necessayy if quartzite beds did not ocour within the favorable
limestone, at least in the limestone under the "17" fault on the west half of
the mine. Quabtzite beds also oceur in the so ealled dense silicious beds.

The danger is in stopping a crosseut headed for the arkose in an altered
quartzite member of the favorable limestone or the even lower dense silicious
strata.

The resemblance between the dense sllicious beds and the Creteceous argillite
is unfortunate., The argillite usually will give way to arkose within 10 feet
in some direction, at least temporarily, or a band of arkose will be observed in
the argillite., ‘ : , ; ‘

In the vieinity of the #6 shaft workings, both at the surface and underground,
the arkose has a difrferent look. It is lighter in golor and coarser grained,
liegasgopically it often resembles an alaskite grepites It is not however, for
at the sufrace, bedding has been observed in it, and underground, olose to the
limestone contaot, numerous large épg=shaped pebhles have been observed.

Beware of the resemblance between poorly sorted grits found in the lower
Permian beds and the arkose of the Cretageous series., o 4

The Limostones of Permian Age:

A 11 the limestones within the immediate mine area aye undoubtedly of
Permian age. The lower Permian limestones are softer, usually white and dense,
and form part of a series made up of marls, hornfels (impure altered limegtones),
shales, and gypsum bedss Above these, there are three younger Permian limestone;
beds separated by two quartzite beds. The upper quartzite is about 20-100 feot
thick and the lower sbout 400 feet thick. The best exposure of this section
that I know of is in the Sante Rita Mountains, in the eliff about 2000 feet east
of the Copper World Mine, Helvetia distriet. An exposure elosep to the mine
can be studied in the "Helmet Peak" area 4000 feet east of the San Xavier Mine,

Formerly only the top limestone member was called theSnyder Hill formation,
but the tendeney at the University of Arizona is to use ‘he name so as to
inelude all the beds, 1.6, the three limestones and the two quartzites. .The upper
limestone is by far the most fossiliferous, in fact in certein beds they. =
Jmostly corals and brachiopods) are abundant, In the Helvebis area, at least, the
only fossil beds I ever found in the two lower limestone beds were practically
microscopie in siz 8, and if I recall correctly, the assemblage was dominated
by delicate coiled gastropods and erenoid plates. Chert nodules are abundant in
eertain layers of the upper limestone membet,. ‘ ,

All three limestone beds are dark blue~gray to black, In plages, thin white
and black beds alternate, Under certain conditions the limestones are bleached
and reorystalliged.. : :

A detailed study of each limestone member might reveal interbedded lensed of
sandy or clayey limestone beds. Eldred Wilson, Arizona Bureau of Mines geologist,
states that the presence of impure sandy beds in the Snyder Hill is typical,

Hernon and others(Kuhn and Jones) believe that the limestone beneath the
Cretaceous (arkose) and avove the "17" fault in the San Xavier Mgne is the top
limestone member--the Snyder Hill as origionally defined by A, A, Stoyanow,
Thisconclusion is supported by the abundance of fosgils, the presences of layers

-



of chert nodules, and by the fact that at the surface and underground in the east
half of the mine, the limestone rests on a thin bed of quartzite, which is

never over 100 feet thick and usuelly much less. It might be argued that the
limestone is the middle limestone (as I believe Ma yuga held) and that the
quartzite is the lower thick (400 feet) quartzite more that 3/4 of which has been
out out of the section by faulting, _ ’

The question is academic, Pretty surely the limestone is either the top or
middle member, Fossil evidenee is unreliable as evolution between the ages of
the twolimestones progressed imperceptibly. :

The limestone found within the mine, above the "17" fault and the brownish-
gray, medium grained quartzite, and below the Cretaeeous beds is both thidk and
& nd thin bedded, and nearly black in the lower part. An irregularly thick bed
of greenish-gray "dense silicious" rock is found in about the middle of this
limestone, Kuln made a study of severa 1 thin-sections and classified the rock
8 8 a very fine grained shaly quartzite. There has always been the feeling that
this 1az§r may be nothing more then an alteration of the limestone. The presence
of the "10" fault zone along its lower contaot provided the necessary channelway
for the solutions capable of the metamorphisme--if that is what 1t is. '
Personally I favor the idea that it was deposited as a muddy silt during an
~ interruption of the lime deposition, Naturally it has been metemorphosed by heat
and megmatic solutions, and has sufrered de “ormatikon along with the other beds
above and below it,

I have never seen any bedding planes in the limestone above this shaly
quartzite. FEither it has been destroyed by intense folding and recrystallisation
or it was originally very thick bedded,

On the west side of the mine, beneath the arkose and the "17" fault, the
strate consist of alternating beds of white and dark gray limestone and
"dense silicious" rodks. The individual beds range in thickness from 35 to 100
feets To date only the topmost limestone member has been productive, although
marrow zine sulphide mineralization has been penetrated in soveral places in the
next lower limestone., The so called "dense silicious" beds are in places _
definitely quartzite, but for the most part, no grains can be seen, Kuhn found
them to consist of subangular grains of quartz with interstitial elay. The rook
1s various shades of green, from light to dark; it is bleached to light browm,
and 1 pink along fractures; it is seratehed eagily with a pick because of the
interstiti& 1 olays it breaks in & rather unique manner; characteristically it
contains minute grains of pyrite disseminated throughout. (This pyrite has most
probably been orystallized from iron-rich sediment depostited simultaneoudly
with the mud and send.) In some corecs, the contact of a similar appearing rock
with the limestone is undeniably typieal of replacement alteration. The bulk of
the evidence at present suggests that alberation is od minor importance, however,

Without going into any detailed reasoning, I will mention that I am not
convinced that the productive limestone member in the rock sories found in the west
part of the mine, beneath the "17" fault is #denticsal with the produc tive '
limestone in the hanging-wall bloek of the "17" fault. :

The recent penetra tion of a gypsum bed in Diamond-d#11d hole 238(660 1level
west side) is almost positive proof that the beds directly above and below it
are older than Snyder Hille-what has been called the Yeso formation, also
Pormian, A% this time the presence of a mafjor fault is not evident to explain the
& ppearance of the Yeso so elose to the productive limestone which has been
considdred in the past to be Snyder Hill,

The Yeso formation in nearby areas is about 1500 o 2000 feet thiek and
it ispredominately maede up of incompetent beds. There has been a marked tendenoy

-



wherever thrust faulbing is in evidence, for the eompetent ﬁppar Permian beds
(the Smyder Mill limestones and quartzites) to override the incompetent beds
of the Yeso., This npparéntly’h&ppened in the San Savier area.

Alteration of #hoAldmgstanai

. W here the limestone is altered, the origional character of the bed is usually
obliterated. Ceneralizations on the type of alteration and a description
thereof has been previously written up, and should be easily obtained from
My, Duffts file. : : '
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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 Spazniards and the Mexicans in the 1700's.

The original San Xavier Claim is the first recorded surveyed claim in
Arizona according 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 om
the property.

Although production was ceased in 1959, this mine has been one of Arizona's
large zinc and lead produce;g.

The San Xavier lead-zinc-copper~silver ores are within sediments in the
upper part of the Andrada formation of Permian age. These roéks 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 igneous intrusion, accompanying ore
deposition.

The principal ore deposits are situated near the axis of a major synclinal
structure along the cresfs of smaller syncii;al folds. The most important ore
shoots occur as pipe—liyg to iocally tabular bodies which plunge with the
bedding and generally follow an arcuate contour around the folding.

Dominant ore 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 replacement 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
mapping program was carried out on the 660, the 770, and the 820 levels, -
and mine recérds including maps and drill logs, were examined and
studied in detail.

The purpose of this paper is to bring together information from
the above study and to supplement this with information that is available
from other publications, unpublished data from theses, mine company
reports, and personal cqmmunicaﬁions. 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 hoped, however, that the data as presented will contribute
to the general knowledge of the geology of the area.

)

HISTORY AND PRODUCTION:

The San Xavier mine is located within Sections 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 firsp discovered by Spanish
soldiers and Jesuit priests and is reported to have been worked by the
Spaniards and Mexicans during the early 1700's. |

According to an unpublished history of the pioneer Contzen family,.
the San Xavier claim was first located in 1856 by Fred Coﬁtzen 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 Mission.

The original survey of the San Xavier claim was made in March of
1872 by S. W. Foreman, a U.S. Deputy Mineral Surveyor. Two claims
called the San Xavier were surveyed at this time. One measured 1200
feet by 396 feet, and the other measured 3000 feet by 396 feet with
the larger completely overlapping the smaller one. Apparently in
anticipation of a change in the mining law, the mineral surveyor recorded
both surveys. These are for Lot No. 38, and both were accorded General
‘Land Office Number 1 for the first mining claim to be registered 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
M. Allis, Deputy U.S. Mineral Surveyor. 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. 414), the Arizona Queen claim (No. 416), and the
Democrat claim (No. 417). All six of these claims were patented to the
Santa Rita Land and Mining Company, the claimant of record.

The patent survey for the Western Extension San Xavier listed three
shafts with depths of 145, 275, and 75 feet with unmeasured drifts and
winzes, and two diamond drill holes of 280 and 275 foot depths. -On the
San Xavier claim, shafts of 90 feet 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 that underground workings intersected one of these

holes which appeared to be about four inches in diameter. No record is



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 Xaviér Mining and Smelting Company, which operated
intermittently until 1893. From 1877 to 1882, the mine produced mainly
argentiferous lead carbonates and sulfates which were estimated to average
$65 in silver and from 40 to 65 percent lead per ton of ore. 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 Manning3 Goldsmith, and Zepeda Mining Partnership
operated the mine on an intermittent basis. In 1897, General L. H.
Manning reopened the mine, successfully utilizing Wilfley tables for
concentrating purposes.

Frém 1899 to 1906, a Wisconsin-Minnesota group formed the Meyer-
Clark-Rowe Mines Company and performed extensive development work. By
1903, théy were reported to have shipped 56,000 tons of oxide ores to
the El Pase smelte? for treatment.

The Empire Zinc Company purchased the ptoperty in 1912 and continued
production 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 éo 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



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 tock 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. 1In 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 stations cut at the 340, 420, 500, 580, 660, 740,
820, and 900 foot levels. Development and mining was carried out on all
levels with the 340 and 660 levels being driven westerly to a point under the
No. 6 shaft where a comnnection via raises and stopes 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 staté in
1948. Production figures for 1948 énd 1949 (Duff and Kumke, 3) were
reported at 450,901 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 tﬁe
property and facilities. From 1955 to the closedown 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.



‘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 extrusiveé are exposed. The stratigraphic sequence
for the district is summarized below:

Upper Cretaceous
Arkose, shale, and thin limestone
Shales, sandstones, and conglomerates
Undifferentiated volcanics, arkose, sandstone, and conglomerate

Permian
Naco Group
Rain Valley formation; dolomite, dolomitic and cherty limestone
with local narrow limy sandstone layers near the bottom.......... 470 ft.
Concha limestone; cherty limestone, some fossilS......eevceee.... 350 ft.
Scherrer formation; sandstone and quartzite, dolomite, alter-—
nating .thin beds of quartzite and dolomite, quartzite and
sandstone 150 feet thick at base....eeeeeerssceecennaneaceassesss 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.....
o b AR BB YRS R e e s ena e wkus T I0=900 TE.

Mississippian
Escabrosa limestone; massive, granular limestone, local
Chert BOTU BB snnam e mmss punne aasofsssssuais uansuwasnnwnnenennnnrne 390 L8

Devonian
Martin limestone; limestone with thin calcerous shale near
ERE BOEEO x s ox ainn o b bds bbb @issnisseshes Musanhnss gy senas vxesslio—sol .

-



Cambrian

Abrigo formation; fine to medium grained quartzite in the upper

part of the formation with alternating limestone and shale in

the. JoWer Parl e sie st b e 6o niebed si s s 5 8 8 enlnes § 5 e 50w s s soe s 30 Lt

Bolsa quartzite; subangular to rounded, fine to coarse

grafned quarteilB..icovrsosssmivsasisnsarsasissvanesnsensnevsnane 000 L

Bryant (1) divides the Permian into four formations which he named,
from oldest to youngest, the Andrada, the Scherrer, the Concha, and the Rain
Valley. In_the San ¥avier 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 believed.by the writers to be equivalent to the lower part
of the Scherrer formation of Permian age.

The Andrada formgtion is typically a variable series of quartzose
siltstones, sandy shales and claystones, aund quartzites with interbedded lime-
stones and some gypsum. The closé similarity of many of the rocks, the lack
of any definite marker bed, the deformation and metamorphism of the strata,
and the numerous faults and shears make correlations difficult within the
formation. Consequently?,interpretation of the structure is sometimes
puzzling and determination of a stratigraphic sequence with definite
thicknesses 'is virtually impossible.

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 diamoﬁd 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



the mine. Here an igneous body, commonly referred to as the "Sierrita

granite" outcrops at the surface at a radius of 2000 to 3000 feet from
the San Xavier No. 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. Mafic minerals are rare, seldom exceeding
three percent of the rock constituents. The microcline phenocrysts vary
in size from 5 to 25 mm aver;ging about 10 mm. The grain size of the rest
of the rock ranges from 2 to 0.2 mm.

It should be empﬁasized that this rock is not a typical "porphyry"
and that the porphyritic texture is caused by the late growth of microcline.
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 hydrothermal fluids of an ore stage.

The age of the Sierfiﬁa granite has been the subject of some controversy.
Mayuga (10) Fegarded the granitic body to be Post-Cretaceous in age, p?obably
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 regarded as late Cretaceous or early
Tertiary in age.

Generally these rock types have porphyritic texture with euhedral



phenocrysts of plagioclase, biotite, and hornblende set in a fine grained
matrix composed of plagioclase, quartz and orﬁhoclase. 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 the 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 N1O°E 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 mine area.

Cooper (2) regards this fault as a large thrust having a displacement
of about 6% miles with the sediments above representing a thrust block or
klippe over the underlying granite. Age of ?his faulting is indicated to
be of post-mineral age. |

The strata in the mine area generally dip steeply southward, averaging
about 60 degrees. The beds are folded, faulted, and locally intensely
deformed. The numerous folds occur usua%}y as broad to locally tight
rolls and crenulations along a langéf; éZ;therly plunging synclinal structure.
These individual folds also plunge ;outhward with trends ranging from
$50° - 60° E in the western part of the mine to S 0° - 20° W in the eastern
part. Thinning of the beds usually is apparent om the limbs and thickening
is common on the crests and troughs.

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



éast—west trending axes locally deform the steeply-dippling axial planes,
possibly indicating later deformation. Many bedding plane slips and weak
shears are asscciated with the folding, probably produced by the same
compressive stresses. These follow 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

apparent displécement, strike between N10“W te N30Q°E.

} 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 shaét where it strikes S70° - SOAW and dips 35° -
70 ° southeast. To thé west, the probable extension of this fault swings to
S10¢ - 45°W, dipping from 35° ~ 60° southeast. Further east, this fault
zone jéins of 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 approiimate throw of about 300 feet
with the hanging ngl moving up to the north. Movement is expressed
by a 2 to 4 foot sheared zone with development 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, calléd the No. 10 fault,
shows little apparent offset. Displacements along many of these structures

appear to be post-mineral, but

may reflect later movement along pre-mineral shear and fracture zomes.
Local brecciation and crushing of the incompetent beds, as a result of

the folding and deformation, are common occurences. Other breccias occur as



irregular, 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 between clastic
beds and along zones of folding and shearing that roughly parallel the bedding.
The principal ore bodies lie-to the southeast of No. 7 shaft and are situated
near'Fhe axis of the major synclinal structure along the crests and troughs
of thélghaller folds., To the west, other mineralized bodies are exposed on
similar folds along the westerly;limb of the synclinal structure. The ore
shoots occur as pipe-like to locally tabular bodies, plunging with the
bedding and generally following an arcuate contour around the foldii Along
the‘plunge of the ore.shoot, mineralization is often limited by flat cross
folds and flat-dipping shears (see Figure 4): Commenly, along these
structures where the bedding flattens, the ore éhoot thins, becoming either
a narrow seam or pinching out altogether. Abéve or below these "flats" the
ore shoot usually again thickens. The deposits are generally small averaging
15 to 20 feet wide with local widths up to 50 feet. 1In plan, the lengths
are quite variable.

A few narrow vein-like replacements occur along steep N10°W to N30°E
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,‘hedenbergité,vand

calcite are the chief metamorphic products with lesser amounts of epidote,

10



wollastenite, serpentine, and tremolite. In the clastics, development

of serpentine, sericite, and epidote along with other lime silicates is noted;
and chondérdite, kaclin and orthoclase have been identified in thin section
studies of various specimens.

The principal sulfide minerals are sphalerite, galena, chalcopyrite,
and pyrite. Small amounts of hematite, magnetite, and bornite are sometimes
present. Silver is an important accessory, probably occurring in solid
solution with galena and sphalerite. Generally galena is more abundant
in the ore deposits to thebegst of the No. 7 shaft becoming a minor constituent
in the ore zones to the west. In the western part of the mine, sphalerite
is most prevalent together with spotty concentrations ofvchalcopyrite and
minor bornite.

The metallic minerals occur usually as massive replacements in the
metamorphosed limestones, replacing the garnet and hedenbergité§ however,
locally the mineralization makes out into the crystalline limestone as
irregular pods, blebs, and thin seams. In certain areas, glassy quartz
with good blebs of sulfiée minerals occurs‘a; irregular small pods and
narrow steep dipping stringeré.

At the surface, a conspicuous ircn-stained gossan marks the outcrop of
the ore deposit. The lower limit of oxidation is irregular, extending
locally to as deep as the 420 level, but generally the most. extensive
development of the oxidized portion is above the 200 level. Here the ore
£ cerussite am
with limonite, jarosité, and goethite. Local occurences of wulfenite,

hemimorphite, copper carbonates, and native copper together with some

chalcocite are also reported (Jones, 6).

11



PARAGENESIS:
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 which may reflect a later quartz stage.

SUMMARY AND CONCLUSIONS:

The San Xavier miqgral deposits are considered to be within sediments
that are equivalent t;f;he Andrada formation; the mineralized bodies, however,
are not limited to one stratigraphic horizon but occur in several different
limestone beds. Rocks above the Andrada are.Believed to be the Scherrer
formation, also of Permian age.

Major 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 ana hedenbergite along favorable beds an& structures
by the metallic minerals.

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

12



relationship to other nearby mines in the district, its alteration and
metallization sequeﬁce is reflective of the zonal arrangements characteristic
of many other major porphyry copper deposits of the southwest. Alteration
and mineralization must be considered district-wide with the San Xavier
deposit being peripheral to the extensive copper deposition which forms the
Pima, Mission, and Palo Verde mines. Richards and Courtright (14) consider
the mineralization processes within the district to be hydrothermal-
metasomatic rather than pyrometasomatic. Diffusion evidently played a

part of major importance witb 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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I went to the Zan Xevier l'lne in lareh 1 1216, and rezeined there
until ¥Yerch, 1917. ’1n!n" vas started with the inte;tien of taking ade
vanta~e of the favorshble rariei for lead &rd copper

wnter in the nine stood & short distonee shove the 200 foot level,
?be o0ld boiler st lNo. 1 shaft vas fired end a prell G@ameron pump using
tear for power rercved the water in 10 deys to two weckse After uncoverin
t“e 200 foot level no cttemnt vac pnde to unwater deeper workincse A
srall deen well pump operated et short intervals esch day served %0 keep
water off the 200" lovele

Urinkinz weter wes obiesined from a snell inflow iIn an unused
drift on the 200' lovel. This vmter was holste’ in kerss Dricking water
was mlso brousht from the “loneer Spelter by ore trucks,

It is zeoported thet the 38010 level of o, 1 shaft produces gmeh
rore water ond the flow while ¢ clinking llo. & shaft was probadbly 5C to
60 rals per minute at 100°¢ éagnh. :

¥inin~ opermticns were conflned to oxiiized lead and lead-conper
ores. FProduction wac 20 to 30 tcn per day. The greaier poritlon of this
ore came from the area cast of llce 2 urift cn the 100' level, from the
surfaee between lic. 1 and lice 2, sone ver good lsad carbCﬁate nesr lices
teft on the 100 foot level, end later guiie & lot of eopser ora from the
surface irn the vioinity of It. & shaft. An attempt wus npade to get sorme
production from Tiee 4 shaft tut I don't think more then one truek load

wes hoisted.

“41e I wes there lo, & zhaft wus started and e deift extended
on the 165' {%?) level $o the ws=st for probebly C0V, Thie drift encocuntered
20 or 30 fest of low grade zinc sulphidees The roock was more or less broken
but &4id not appear very favorable for ore. .

Fo otterst was pade to zine or develone the sulpkide ore bodias

and no corrents I ceuld make would add to inforrstion qi?en by others
' who haeve made s theroucth reclogical study of the oine mwnd vieinity.
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HATLRS “hen ths rime woo in operetion in 1517, the water &t .2
Tlaft was kept Just below the 220 levele 7o hold the vater there
we purped sbout LU pellons of wnley per rminuts,

4t A0 Sraft while sinkine we encountered water st sbhout
150 f1, “elow the shaft eollar snd the flow Increased sradurlly
with dapthe ©n the 250 level the flow of woter wos betwoen 50 to
4G ~allens per rinute up to the tire the Jdoutheant readins hit the
1irgztone-nronite contact, when the Iflow increussed to well over
130 rellons per ninutes LOWSTVET, thie flow may degremsco yanidly
once she curreusding couniry ls dreiped, Also the flow may vVary
sonsiderable &8 the linsecranite contael runs down tha arroryo bed.

wie sturn &rlil hole put down for dooestic weter, proved
t6 bo & "ducter,.”
y

avpar the flow of watsr on the 350 £t.
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surfn e showviins on

The winerzo

‘ 1izal 3 n ¢
2igi ks enacurans Bev o Fioan o mee sy See & wf md &3
~1eir Books enccuranins for an orohody to exisl LlheIce

with lkhe gzeention of the .1 shaft crebody ihe or
ohoots nre soall and erretlc with o decresss in of¥ons scetion wi
derthe

e 1 end 4 orstodies will nesd to bs nlned at lesst
1n rart, by & zethod reguirins ground SUNNCIl. Thase orebodies hove
s pupber of sliss end feults ruanlng throwh thex end wlso & weak
tprodns wnlil in »plodcSe

. + greboiie: ean be rined Ty open stope msthods,
e ptulls ed tires.

e, 6 AT There wae no ore found on th 210 ¥4 level, The head-
rore in iicestone ond wers friven undor Enown oIt on the 1400
£ £ 1evelo. In fact ihe ors went just about & fte below the
» level, elsc the ors Croud scetion was cugh srmliler on the
1ovel {han on the 100 £t lovel, There werg s0IG ghovinzs of
enl=hids on the 100 end 150 £t levels, but thess shewings, are
rathor vealk and one would not expeet nmuch tomnars to asone fropm then,
Irn Soutteast Les ~y which cnsountersi the large flow
o7 water on the 250 £4 1svel 6 shalt, the goentaet whers the flow
enne fros looked like = 1i-zstcne-pranits cortnet and not the so=-
called icnsous eomplsy Or GrECDRG. However, I w2s woist dael in wate?

sné in a rurry to -st out, so my observations nay Lave been fauliye
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ADT AN TRLTUATYL If the ore docs pet ©o below B0 £t lovel en

tha cornany property, 1 bollieve there iz 5o aovertere in senuirine
edcitionsl wdizcent cladrae The extension of ore with Certh should
e Gatorrined eo soon es possidle, as this will detarmineg whether
Sarn Yevier iins oan beoore a p 1”‘ sdne for tre Conpeny and whether

LEReL]
adiacent property should be a ;virﬁ&.

Tre kistory of the surroundisg eards &asns to
roint @&‘ ¢hnt the orye bodies cis gub off by granite et e depth of
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