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DRILLING

As the early drillihg was comparatively shallow, holes 8-1in.

A1l drills arc now operating.
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in dismeter were started, reduction to 6 and 4-in. holes thén being

pogsible. \Then it became evident that déeper drilling would be re-
quired, with the vnossibility of having to'cuse and réduce.size of

ﬁoia severul times before reacbxnﬂ bottom, the starting hole qas in-
ereased to 10-in. and finally to 12-in. dismeter. This permits run-

ning 10~in. casing followed by 8-in., 6-in., and 4-in. casing when

- necessary.

_There has been considerable discussion regarding the advisabilw
ity of staruing noleb with 12-in. bitsa It was thougiit that the
larger diJmcter hcle ana thc greater uhOCk produced by. heavier tools
would.increasa.cav1ng.in fractured ground. Tue drill oontrrctors

preferred the 8-in. bit because a larger bit would probably slow

-the‘drilling speed in the upper porticn of the hole, where contract

prices per fooc are rulatively low. It has been our experience,
however, that the, 1arger sized hole does not decresse speed of
drilliny greatly, and thut caving would be encountered at about the
same place in the hole regardlcso of size of bit used. The larger ‘

hole glves one better asgurance of, ueing able to.drill to the depth

required. The 12-in. hole is never carried to more than 1200 ft»,

and casiné is usually required before this depth is reached. The
10-in. hole 1s carried to 1500 or 1600 ft. if possible, allowing =
the ‘hole to be completed with either an 8-1n, or 6-in. bit. The

~

deepest hole,: whlch was 2600 ft., wasfinished with a 4-in. bit
after ndving set a 400 ft. liner of L -in. pipe at 2,00 ft. Some of ;
the ground seens to stundxwellw as three holes, the deepest,of whioh'
was 2200 ft., have been drilled without the use of any cauing.

- prill locations and access rdads are coﬁst:ucted to mest the

Arequirements of the type of machine thut will occupy the sitc. T.e
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‘Bucyrus-Erie machines dump the sludge on the left slde, faolng the -

.‘ ' maehine, ‘while the ¥t. Yorths dump on the right side'; thus neces~

I W I g

Js:tuting a different type of loocatiom. ALl roaﬁs.uhd'locatiéns
‘have been made by bulldozer cnd Serlfler, on nontr¢ct no drilling
and blssting have been required. : |
Fishing for lost tools is taken care of by the éontractbrs,
‘with the exception of sbme long difficult jobs below 1000 ft., in'
which case thse company has.assumed part of thc burden of cost.
This situation has not come up often. | . ‘
. Unless casing is ordered Dby the field engineer to shut off
possible 0qvin” and the resultunt contumlndtlon of &amples, espécim
ally in or near the ore zone, its use is usually left to the dis~
eretion of the contractors. The contractor is required‘to make
every effort to recover all of the casin;, but there are times when
several joints have to be cut off the bottom in order to sulvage |
'any. This is accomplished by setting off a bomb, fired electrical-
13 at a coupling near the bottom, or by uuing a "ecollar tuster®; a
‘device lowered on the string of tools to a Dredetermined depth,
‘which punctures and slits the pipe until a collar is reached and
- eut. The bombs are not too satisfactory because they tend to swell

the casing in one or more places, miking withdrawal of the pipe aie~

ficult. G hdn e
' The use of any drilling muds or Aguajcll is, 1h general, »ro-
» hibitedo The»exceptions'to ﬁhis rulc are. to permit the uée of
Aquajcll,_plaétered on casing couplings when being run into thé
hole to miake later wifhdrawal;easier, and during fishing dperutions
in caving ground., In crooked holes it is occasionally necesuary to
T ' drop surfacc rocks in the hole and redrill in order to straighten
_ 1t°‘ In any of these opératibns the'ﬁ}iller is ;equiped to thoroughly
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clean the hole before sampling operations are resumed.
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In order to accurately estavlish the depth from which sas

are coming, the holes are measured frequently with a special
suring device consisting of a reel of 3/32 in.galvenized airco
marked with lead buttons every 10 ft. The 100 ft. marks are

fled by a code of elonguted buttons. The measuring cable wus

identi-~

culi-

brated by attaching a 7-lb. lead welght to the zero end; lowering

it down a: vertical shaft; und marking off the units on surface.

When measuring, a very definite jerk is felt when the weilht

-

pulled off the bottom of the hole.
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Frequency of measurement varies. Holes are msasured when tuey

near the contact of the conglomerate and monzonite, so this poiant

can be closely determined. After that, measurcmcnts are made

about 200 ft. intervals, and again when the hole is completed
Equipment
impL ng eauipment conglists of a dump box, a 6-ft. laund
‘sample splittex, and 5=-gal. milk cans to catch the samples.

The dump boxes are built .of 2 in. by 12 in. plank, lined

er, a

with

1/4 in. steel plate welded at the joints. The boxes are 12 in.

wide, 36 in. long, and 24 in;‘high~~inside dimensions. The

launder is constructed of 1/8 in. steeliplute, and designed to it

seéurely, with a 3-in. overlap between the steel lining and wood

exterior, at the open end of the dump box. The-discharge end

the launder lies on the upper edge of the splitter unit. The

of

siope .

of the launder is'adjusted to insurc an even flow of sludge to the

splitter, which 1ls a modification of the Ray uOUSOlletsd Company

splitter5. It is, cs”cntiallyl 3 or morec Jones splitters arranged
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in series to facilitate gravity flow of the sludge through-the suc~-
cossive individual units. The upper two tilers of slots of a four
cut spliﬁteflare_lul/a3ine widé, and the lower two tiers ure 3/4 in.
wide; the slots beiﬁz stéggered by 1/2. The sample portion of the
sludge passes stiuighﬁ.dbwn and is discharged at the front. The
rejects gather unlerncath and are disoharged aﬁ.the\sidé° » >
- Personnel ' ' | ;

It is désirablefto hafe as sampleré young cngineers or geolo-

gists. This type of help has not bgen availablc, so it Lus bLeen
. necessary to employ less skilled men, which in turn has meant
special training and supervision for the sampling Crev. " avery doe-
tall of catching, prevuring, washing character sumples, and panning
-for oqneentrates had t& be taught in most casés. Samplipg is supere-
viged by ‘shift bosses ahd'engineers who visit the rigs periodically
during sampling crerations. : ’

Technique |

The ohurn drill holes arc sampled ot 5-ft. intervils, from the
contsct of the conglqmarate and the monzonite, to the bottom of tﬁe
hele. Character samples are taken at 20;fto intervals in the don-
glomerate, |

The sludgé 1s dumped from the bailei.into the dump box, und
flows through the splitter. The driller is cautioned o easé the
bailer into the box to avéid surgé and'splash;‘ Theﬁsample portion
is caught in a 5-gal. milk canﬁqnd a bucket of rejects is caught;
& portion of whiech is washed free of slimes ané suved as a4 charac-
ter samplc. A uniform volume of rcjects from euch 5—fte,inter§al

is panned tc obtaln a concentrate which is dried anc sucked. An

engincer examines both the .character samnle and concentrate to de-



ﬁérmin@, megascopically, the rock type, slteration, kind, and';eia; \ ]
-$1lve amounts of miﬁermlizatiwnb . The thracﬁer'sampleé are filed : i
for fature'reference, and the concentrate is sent to G. 1. Schwartz
of the United States Geolo:ical Survey for selected 'samples to be
polished and examined by microscopic methods. .
The sampler Iills out a #Churn Drill Report",'ﬁdting the. depths
. at which the samplés are caught, color of sludge, condition of hole,
depth at which watér was encountared, fault zones as eviaenéed by
gouge, and any other nertincnt data relative to the hole. The
spaces for rock type and mineralization are filled in by the engl-
neer who examines the character and copcentrate sampiesc
The size to which the sample 1s cut depends largcly on the.size
of hole belng driliéd, and 'f drilling is under water. A 12-~1/2 in.
hHole may require a cut to 1/256 of the total vdlume‘of sludgé bail=-
ed, and a 4 in. hole is cut to 1/8 or 1/4 of the original volume of
sludge. The sample is cut so there is a minimum'of about 15 lbs.
of dry solids. i |
Drillers are required to bail holes clean. This is relatively
simple above the water table; and takes about 3 or 4 trips into the. ;
hole. However, after the holes are undor water, it is never pos-
sible to get a really clean hole, as there is always a certain amount
of slimes in suspension. In tpis_case, a feﬂ tests are made‘to'def
termine how many bailings:are gequixed to pick’up'thevlargest pért‘
of the sample, and leave the holc relatively clean for thc mext run.
On numerous occasions it has been possible to obtain samples of the
slimes in éuspenbion by carefully bailing a hole after it hdd been
shut downAfor periods of 21, to 48 hrs. Assays of this material have
&greed very closely with the agsay of the.lagﬁ run made, éo that no

serious errors are introduced by leaving.this material in the hole.



Lo attempt is made to shut the water off by casing.

’

Drying & Preparing Pulps

\
The ssmples caught in milk cans are gathered up, usually at

T
31

the end of the shift, and hauled to a centrally located drying room.

y are dried on a serié¢s of 9 heavy stecel drying tables, sich

¥
LU

about 3 ft. square.- Steam, which is generated to 20 1bs. gauge
. pressyre in‘a\manuallynoperated vertical fire tube boiler, using A
diesel oll for fuel, supplies the heat for the drying tables.

Other drying room equipment consists of a Jones dry splitter,

2 Braun type UA pulvcrizers, small platform scales, and a table for
rolling pulps.

The opﬁrating personncl of the drying room consists of a fore~
man on day shift, with.three dryers and grinders; and lead men on
afternoon and graveyard shifts, with 2 ér 3 helpers. The ﬁrying
room operates 24 hrs. per day for 7 days a wéeka

Qs samples arc brought in from the rig;, they are lined up in
sequence and dried on the steam plates. Since there is such a large
amount of sludzge to be dried, the time éf drying 1s more than an hour
per sample, and may extend to 3 hrs. Tfor eiceptionally heavy, slimy
samples. After drying, the sample 1s seraped off the table into a
large pan and quarted by means of a Jones splitter. Three of these
cuts are put in paper.sacks; the fourth being set éside for pulver-
izing. @GZach of these cuts will weigh from 2-1/2‘t6 3 lbs. Paperv/
tags are‘usad, designéting the sample number by hole as well as by
foot.ge. The cut which is pulyerized end then thoroughly rolied,
is divided between five dicferent pulp sacks holdiﬁg from 150 to
200 gms. each. One of these pulpé is sent to the assay offiée of

the St. Anthony'Mining and Development Company for field control.
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The other four are gent to the Meagika Copper ( myw“y jw perior whers
‘one pulp is assayed directly for tobal and oxide copper; tuo are naed

in making ‘up compoSites for total copper, oxide copper, gold, silvex

'

+

and molybdenum u=t€"m1h4,i ng. The fourth pulp is held in rese

< AP

Two of the three sacks of rejects aré»sﬁored'iﬁ thnnels at San
Méﬂuel, anﬁfone is stored at Superior. These are held in reserve
f‘ar'possiblé future examinations, or .for fu¢ther assay. :

_Records of thc holes, 1iéting Gth individual sumplp numbexy,
depth of'foot&ge, daﬁe of sample, weight of cut, number of splits

made to.obtain this cut, and the name’ of the sampler are kept in

the buckine room. Thess records are all .filed.

ASSAYING !

~
/

-The pulp sent ©o the St. Anthony ﬁining and Development Com-
pany 1ls assayéd for total and oxide copper. ‘The mﬂthodvof assay
used is a modified procedure of the short lodide method, wherein
the end point of the starch~iodine blue was made much sharper,'gnd

‘gives reéults close enough for field control.

At the Magma Copper Company the total’ copper content is deter—'

mined by standard eleotrolytic methods; oxide copper is determined
by the long iodiqe mzthod . Results of these as:ays check very
'closely with those of Ledoux & Company and Union Assay Office.

Gold, silver and molybdenum are determined from oomoositesc

4

These composites are made up of pulps rcprescnting portions of the

hole of the sgame general mineralizatlion or assay character, but do
not usually exeeed 100 'ft. of hole. '

If the average of individual assays of total copper checks

W1thin 0.03 perceat with the total’ copper.detcrmination of tue com-.

R
]
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posite by Hagmﬁ Copper Company and an umpire es szjcr, those values

are accepted as being correct. ¢
In the offige_at Superlor, records of'eadh hole are‘oompi}ed:

showing all determinations made on inélviﬂual and cbmposite samples,

the accepted assay, roc F typc, and mineralogy‘

TONUAGE & GRADE . . -
‘ Churn drilling to lMay lst has blocked out approximately
- 119,170,000 tons of ore, whlch will average O. 80 percent coppero
" This total contains 14, 600 000 tons of low grade oxidized muterlal
which averages 0.65 percent total copper, u¢36 percent oxide; -
29,640,000 tons of mixed oxidized and svlphide ore which averages’
0.82 percent total copper, and 0.58 percent oxide copper; and
74,930, COO tons df sulphide orc which averages 0;82 percent total
conper, and O O) percent oxide COoppeEr. _
These tonndge and grade figures are of a preliminury Lature.‘
and are kept 'up to date with the drilling as closely as (the re=-
quired checking of assays allows. , :
The following procedure.is used to cdmpute the tohnﬂge and -
grade: it . | ‘ i _‘ v
Tﬁe dnillihg érea is divided.into rectangles ‘and triangleé as .
the spacing of drill holes demand, with a drill hole at each cor-
ner of the reclangles, and at the apices of each tridngle. Caie
is taken to arrange the pattern of geomctrioc figures 80 that one
drill hole is not a common corner for more figures than necessary.
Thc area, calculated from the horizontal distance between holes,
is multiplied by the average of the thickness of the columns of

ore encountered in the holes making up the corners of the figures.
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Twelve .and one-half cu. ft. per ton is ‘the factor usec to convert

m
i
P S

b \
thie volume to tonnage. he. grade for each block is the welygited

averege of the ore.-colummns of the holss used.

5
.

The bottom sample, or in some casé, more than one saaple is
thrown opt aé a‘praoaution_against salbinﬁ of marginal aaterial by
hﬁgwér grdde cémples above. The eut back at the bottom of an ore
column depends on the condition of the- hole, grade of ore, and

whether there is a gradutional change in copper coatent ot thc boi-

~tom of the column, or a shurp break. The tomnagze is calculuted from

drill hole datu with no allowances for an extension of the ore body
beyond the boundaries of completed holes. This eliminutes the nec-
essity for comnstant révision of such an estim:ted extension of ore,
duc to tie continually changing drilling nut.crn.

At intérvals.tonnagé and grade calculations qré coaputed by
two other methods as checks. In the second method, .the average
arqa‘of ad jacent cross sections is multiplied by the distance be-
twesn the sections to compuﬁe the volume. The grade ic computed
from the weighted avefage of the ore columns of holes in the two
sections. The ore colummns are adjusied as intthe first method.

The third method involves plotting‘the area of influence of

each hole, and using the adjustéd ore column for thickness, to com-

pute a tonnage and grade figure for each area.
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ning 10-1n. oAsinp followed by 8~-in., 6 in., and h=in. oaaing uhon

neocassaxy. ; :
~There hué been noneidérable'diqoqqgion.pegqrdihg the udvisabile
1ty of aturtipg holes with 12-in. bits. If\wus thouglht thut iLue

larger dlumcter ho]e ana tpc greater shock produoed by. heavier tools

would incrcude cavinb An rractured ground. Tue drill contrrctors

prcrnrred the 8-in. bit beoause a 1urgor bit would probably slow
“the drilling Jpeed in the upper porticn of the hole, whore contruct

prices perﬁfogo are relatively low. It has ‘been our experience,

. however, that the,langer slzed hole-does not decreqse speed of

drilling groatly, and thut,cuving would be enoounterod at about the
same pluce in the hole repurdlcss of size of bit used. The larger
hole glve one b;tter ussurance of ueing able to drill to the depth
requlired. The 12-1n. ho]e is. never oarried to more than 1200 ft.,
and casiub is usunlly required before this depth 13 reuched. The
10-in. hole 1s carried to 1500 or 1600 ft if poesible, allowing :
the ‘hole to be rompleted with either an Boin..or 6-in. bit. The
deepest hole, - uhioh was 2600 ft., wusfinished with a L-in. bit
‘after hqving set a aoo ftu,liner of 4 1n. pipe at 21,00 rt. Some of
the ground deemn to‘stund well, as thrée holas. the deepost of uliich
was 2200 ft., huve bcen dJilled without ths usc ‘of any ouuing.
Drill’ 1ooutions and uoOess rouds are oonstruoted to meot the
requiremanta of the fype af muohine thut will oocupy the sibc. T..0
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Bueycus-idrie machines dump the sludge on the left slde, faoing the -

miachine, ‘'while the IFt. Vorthp dunp on the ﬂight side; thug nécos~

'situting;u different typo of| looution. ALl roads;uhd‘locutiéns
have Leen made by bulldézer hnd qouriflcr,‘on_oouﬁruotﬁ Do drilling
and blsasting havc been required h

¥ishing ror lost tools s t!ken care bf by the contractors,
with the exception’ of sbme lonn difficult Jobs be:;w 1006 £6:5 10
which case the oompunv has ﬂSaumOd purt‘of thc burden of cost.
This\situation has not come up often. '

Un*ess casing is orderéd by the fleld enaineer to shut off
‘poﬂsible caving and the reqdltunt contuminutlon of 8umples, cspecl-
ally in or neur the ore aonq its use 1s usually left to the ¢ls-
cretion of the contractoro.i The contraotdr is rcquired to moke
every effort to recover al]iof the' caslnu, ‘but there are timeu when
- several joints have to be cut off the bottom in order to sulvage
any. This is accomplished bj setting off a bomb, fired electrical-
iy A u coupling near the bottom, or by using a, "collar tuster"; a
device 1owered on the string of tools to a predetermined depth,
‘which punctures and slits the pipe until a collar ia reached und
- eut. The bombs are not too satisfavtory becuuse they tend to swell
the casing in one or more p»aogs, mmk;ng‘withdrawal of the pipec dif-
ficult. |  ~ B e i '-; :

! ; L. "
; The use of any dri]llng muds on Aquujcll 19, in general, )ro-‘
: hibited,‘ The exceptions togthis rule are to nermit the use of
uquajcll, plastered on oasihg couplinbs uhen being run . into the
hole to miake 1atLr wi€hdra&a1 easiex, and during fishing operutlons i
" in cuving ground’ IR croomed holea lt is oocasionally neces.ary to

dron surfacc rocks in the hole and redrili in ardcr to straighten

it. In any of these opefutions the vriller 19 re1u1red to thoroughly
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n order to accurately
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mirked with lead buttons ef

flod by a code j'
- brated by uttaciiing a 7=1b
1t down u.vertiéul shaft;
|
pulled off thev%ottom of ti

When smeasuring, 'la very def
Frequency éf medsurem<
_near the contac# of the ooy
can be closely hetermiqed.
abcut 200 ft. ;htervals, al

Equipment

uampang equipment col
'snmpla splitter, and S-gal

The dump boxes are bu

1/, in. atesl plate welded

wide, 36 in. long, and 24 iu.'high-—inside ‘dimensions.

doevice cqnsistln@ of

13~

Ing operationd

are resumsed .,

1leh samplos

Wi

eStublish_the,depth Trom

iensured frequontly with s speolal mea-

a resl of 3/32 in.gulvenized alrcord
o ! .

pery 10 ft. .The‘lOG t. marks arc identi-

f elongute? buttons..'The measuring cable viug cull-

. load we‘ght to the zero cnd ; IOJQLLHP

gnd marking of f tuc units on surfacec.

lnitc'jerk is felt when the wcisht is

1¢ hole.
bnt varies. ‘Holqs are measured vhen tuoy
Hglomeruto_und monzonite, so this noint

i :
After that, measurcmcnts” arc made at

nd again when'the'hble is completed.

nslsts of a'dumﬁ.box, a 6-ft. launcer, a
. milk cans to catch the samples.
j1t .of 2 in. by 12 in. plunk, 1lined with

at the Joints. ‘The boxes arc 12 in.

The

launder is constructed of 1/8 in. steel plate, and designed to it

. securoly, with a 3-in. ovcrlap between the steel lining and wood

exterior, at the open endfbr the dumo box.z

the launder 1ies on the upber edpe of the splitter unit.

of the 1aundar 19 udJusted
splitter, uh%oh ls a modif
splitterﬁ.

It 1is, essentit

The -discharge end, of
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to insuro an even flou of bludge to the
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An nﬂrle' to fqoilltutn uraﬁity flow of the a]udpe thxough the guc-
coamive Jndlvijuu] units. lhe\upper two tJers of. alo?a of a four

cut aplluter are 1. 1/u 1na'vlde, and the lower two ticr ure 3/L in.

wlda; the w10tP boinp‘stdg pred by 1/2. Tho sumple poxtion of\tho

sludge passes struight down{and 1s didchurrod At the rront. The

rejwcta batherfunuerncath “Ld are: aisohurged at thc side. s
Personnel ! . ' . |

It is deairublo'to hava as saﬂplers»yoUnv cnuineers or geolo~

'gia,u; This éypc of help hats not bgen availublc, so it Lus Leen ’

: nbcessary to émploy less skllledfmen; whicﬁ in turn hes meant

]

spacial training and superV1sion,fof the shmpling erew. ' Avery do-

i tall of cutohing,'prapupinp, washing churacter sumnles, und panning
.for oonuentraﬁes'hud'ta be luught in most caseg. oumpling 18 supere-

viged by shift bosaes und eﬁgineera who visit the rlgs DériOUi"dllY
durine samplinp operations. i"l. ; .

Teohnique e -

The ohurnAd?ill‘hoLes are sampléd-uf Seft;-ihtervhls, from the
contnet of th; oonglqheratefand the_honzonite. to the bottom of tﬁe
hole. _Churac#sr samples are taken‘qt zo;ft;‘interfula in the con-
¢lomerate. f : b } | ' r :

The siudgé is dupped fxém theibailef.inﬁd.the dump ‘box, und
flows throuph the splgttor. The drilier is oéutioned to casoc the
bailer 1nto the box to avoih surge und splash. The.suﬁple vortion

‘-s cauuht 1n a 5-gal, *milk can und a buoket of rejeets - is causht;
'.g portion of yhicL is\wusheL free of slimes and suved as u charaoc-
ter samplc. A unifor& volume of rc1eotn fgom euch 5-ft. intcr\al :
is panned to obtain aleonoentrate thioh 1s dried anu sucked. An |
engincer cxum}nea,bothithe-bhuructar aumpLe ahdlsenobnErats: to de-

it day T A
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‘k£<ﬁ amounto of mineralizat

ne, megascoplicully,: tl

formi

me\iQturo referencea, and t
of the\Unlted States Geolo

polishoed and exumfned'by m i

The sampler t'ills out

at wbioh the samplbs are caught,

depth at which water was e

gouge, and any other nertl:

spoces for rook type and mi

neer who examiheé the"ohure
The size to which the
of hole beling drl]led ~and

liole may require a cut to 1

ed, and a 4 in. hole is out
sludge. The sample is cut

of dry solids.

1otk

b

f
g
|

& - 2 (
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<) rock-typo, Qitorution, kind, tnd :cia—
lonﬁ.fTheiohvrQoﬁer'samplea ure filed
havnoucantrubells'sout to' G. 1. Schwurtz
ical Survey for éclécted'suhples to be -
croqconic methods.

a "churn Drill Report”, notinb the dop sths
éolor of sludge,,coud;tion of hole,
Ldountonédumfaulf'zones'Qé ovidenced by
ont data relative to the hole. The
noruiizat}on dre filléd in by the engl-
loter‘und'oonoentrqto éampiea;

sumplé 1s cut depends largcly on the size
‘f drilling is under water. A 12-1/2 in.
, tp.l/S or 1/ of the original volume of

so there is a‘minimum‘of about :3=1bs.“

\

Drillers aré.requiredlto bail holes clean.

slmple above thq'Water,tnb

hole. However}[after the

sible to et a ﬁeall& clean hole, as there is always a certain amount

: |
of slimes in éuﬂpenaion.?

This is relatively
e, and takes ubout 3 or 4 trips into the

oles are undor water, it is mever pos-

N

n this case, a fe@ tests are made to do-

termine how many bailingsj re require& bo biok'up the largcst pért

alimes in suspeﬁsion by ca
shut down for n?riods of 2
ugreed very olozely with tl

serious arrogs re 1ntrbdu<

efully bailing a hole after 1t had been
to L8 hrs. ’Aasays of this muterial have
18 assay or the last run made, ao that no

oed by 1eav1n3 this muterial 1n the hole.
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S0 ettempt 1g mouesto shut

Drying & Preparing Pul

i 6k
1

the woter off by casing.

The sumplos oaught»jn

tha a:uf] of the ghlft, and h

They urc dried on a serié¢s

about 3 1't, squure.- Steam

prossyre in~u\munually~opel

dicsel oil for fuel, Bupplj

Other drying room equ]
e

L3 ;
milk vuﬁs ere éufherad 1, qunlly ut
1uled
of 9 heavy stoel drylnw tables, s.ch

which 1is generuted to 20 Ibs. gauge
~uted vertical firo tube boiler, using
&8 the.heut«ﬁor‘the drylug tables.

| pment consiuts'of a Jonqs dry splittier,

2 Braun type UA pulvcrigerﬁ,.small plutform scales, and a table for

rolling pulpse. f

The opprating perspnnc
man on day shif%,'with.thr<
afternoon and,g}dveyard sh]
roon operates 2& hrs. per ¢

As samnles arc broubh1

secquence and dried on the %teum plates. Since there 1is such a lerse

.1 of the drying room consists of a fore-
e dryers and g:inhers; ana lead men on
Ifts, with 2 or 3’helpcrs. Tire drying
lay for 7 days a wgék. ' :

in from the'rig;; they arc lined np in

amount of sludre to: be dri

per sample, and muy'eXtend to 3 hrs.

samples. Aftdr-drying, th

large pan und!quurted by méuns of a Jones gplitter.

for eiceptionally heavy,

sample 1s.scraped of { the tuble into a

to a centrully lOOdeU uryin; rO0m.

slimx

Three of these

cuts are put 1n naper sacks, the rourth beilng set aside for pulver-

dzing. puch oF ‘these outs
tags are usad, designating
foot ge.. Thefout which is|
is divided be%ween five di
200 Zms . aaoh. One. of the:

the 5t. Anthony Mining and

will welgh from ?-1/2 to 3 1bs. Paper
the sample number by ﬁole as well as by
pulverized end then thoroughly rolled
"ferant pulp saoks holding from 150 to
56 pulps 15 sent to the agssay office of

Development COMpnhy for fisld control.

!

d, the time 6f drying 1s more than an hour

~
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_ not usually excecd 100 ft‘

|
Records of tnc hol(s,

db“th of footu%e, date of
made to‘obtoin:this‘qq%,

the bucking robm. 'Thése r

f
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ASSAYING e 0

e o

The pulpfsent %o‘the
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: : | w) e

Lo : b R Bl f j p o
The ether’ four gro.dent o thﬂ-MﬂnMu Coppwr Comyany la superior wher?d
ons ;nlp ils é:sbyeé.dlreﬁtly 1or Poha1 und oxide BOPPOr tﬁn S8 AT ded
in making up r.zuvrpcv"ltu" [01" totM <,oppwr, orida coppor, r01d, stiver
el aviyhdouum +atn:min.»i)nd. T)Q fmurbu pu]p i9 held in 7?3?;”

o of the,three ‘sucky of rnjoota HEo Jtorod in Lunns;s at Lan’

AMoituel., and -one iq atored ut -uperlon._ Theqe aro held in r;geriu
.fur'ﬂussiblu fumuro examindbions, or ixor fuﬂther ass ay |

liqting eaah in@iviuvul samplc number,
bample, weight or cut, number of splits

hd thc nume of the Sumnlcr ur kept in

ecords ara all filed

4
. !

5t Anthonyﬂmining and"Devolopment Com=

hnd oxide coppcr. 'The method “of aqaay

pany 1s aasayed for ‘total

I
used 1s a mcdified prodedu&e of the short 1odide method. wnnrein

‘glves ro¢u1ts c]ose enough
At the Magma COpyer 0
mnned by standard eleotrol
by the‘lopg-iodlde m thod ,
closely with’thosé of Leda
Gold. silver and moly

S

Iheae composites ar made

; the end point of bhe sturch iodine blue wus ande maoh sharper, and

for field oontrol.

ompeny the total oopper content is deter-"

ytio methods‘ oAlde oopper is detcrmlned
Results of Lhesc “e ays oheok very

ut & companj aha Uhion Assay Ofiios.

bdenum urr determincd from com)oeites

up of pulps rcprcaenting portions of the

hole of the @ume general mineraliaation ‘or aSsay chuructcr, but do

l \

If the average of 1nd

of BELUE. GRS Rt

!

1v1dua1 assays of total 0opper checks

within 0. 03 percent with Lhe total GOpper detcrminution of tue coa-
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pouitc,by Hugmn.copper_Comrany und an umpire usaqyer, those valuen

ere acoonted as beint; éorrecb.A o : Sl .
la the offloce. ut uuperior. reoo do of‘eadh holé nrr'oompilnd
'uhnuiuc all detorminutiona mudé on lnélvldual und oompoqite aample 3,

the avceptod assuy, rook typc, and minernlogy.

TO! mmn, & GRADE .. -~ .

Churn drilling‘to May lst. has blocked out approxiautely

l .t«

. 119,170,000 tons of ore, whioh will average O 80 peroent coppcr.

This total contains 14, 600 000 tons of low, prade oxidized m&terial
R S
which averages 0 65 percent totul copner, 0. 36 percent oxide,.
29,040,000 tons of mixed ‘oxidized and sulphide ore which averages’

0.82 perccent total copper, and 0.58 percehtvoxide copper; anu

74,930, 000 tons éf sulphide orc which averages o 82 peroent totul
copper, and 0. 05 'percent oxide oopper.'.;.- :
Thesc tonnuge anu arpde figures are of a proliminury uature,

and are kopt up to date with the drilling as clogely us the re-

/

A

; quired checking 6r assays ailows. L
The followiﬁg prooodura is used to oomputc the tonna’e and
I y

- grade: |

The dri]lin éréa'ié divided:into reétangles'uﬁd trianglos as
tha spuoinb of dfill holos demand,\with a drill hole at each cor-
ner of the rec angles,‘and ut the - apices of each triungle. ‘Care.
1s taken to arrunge the patbern of geomctﬂio flgures 80 that one
drill hole is not a common borner for more figures than necessary.
The area, caloulnted from t]e horizontal diadanoe between holes,
is hultiplied by the avéragt of the thiokness of the oolumns of

~ ore enoountared'in the hole making up the oornera of the rlgures.‘




M™velve .ond one-hdlf cu.t £t.
thie volume to tonnage. Thel,
aveeepras of the r) y(eile s} § U.mn

”hw ’~1tom!dumple, or
Lhr)vu ouL as u}precqubion
en grode ﬂd)lts above.
columﬁ<deyends ¢n bhe'pgnul
whethgr‘there ié a grad@fiq
't0m of~the.oo3uRn. or & gho

. drill hole datu with no all
| ‘beyond the boundarieg of co
essity for constant ré§isio
duc to the.oontinuully charl

At intervals.tonnagé d

'...lg..~ .
por'tbn la the fuctor usec to sonvert
gradeo Tor atich _blo.cla lé the waluted 443

of the holos nsed.,
J.n somoe, cape, c':itvj:'r; than 046G o aplo is

ugainst galting of marginal “wterial oy
s o b i ‘
The out back aut the bottom of an orc

tion of the-hqle;fgrudejof ore, and

nal chqﬁgpmiﬁ;édbper.EOAtént «t thc bot-
rp break. _The.touane 1z calculutcd from
owances for an éxtehaion of the ore body
mpleted hoies. Tﬁis eliminites thc nec-
n .of suoh‘ﬁn estim:ted exiension of oreg,
cing drilling §Qtycrn, .

nd grddefculculations qré coaputed by

two other methods us chocks

area’ of adjacent érosé secﬁ

tween the sections to compute the volumc.

from the wcighted averuge o

The ore oolumnsi
The third method 1nvo#

sections.

In the second method, .the average

ions 1is multiplled by the distanco DE=
‘The grade (¢ computed
£ the ore columns of holes in the two
are ad;usted as. 1n ‘the first method.

$oud

ves plotting the areu of influence of

each hole and using the a Justed ore column for thickness, to com-

-,pute a tonnaae and grade fipure for edach area.
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New York, February 17, 1954

ABSTRACT

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

Features considered significant: (a) The belt of alteration
and copper mineralization coincides with the inferred position of the
original major fault. (b) The.systems of close-spaced parallel joints
were most favorable to deposition of the primary chalcopyrite. (c) The
intensity and extent of supergene enrichment are reflected by the
quantity of limonite-after-chalcocite in outcrops. (d4) The erosional
interval between alaskite and monzonite may be a useful means in age-
distinction of Cretaceous and Tertiary igneous rocks.
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INTRODUCTIONR

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

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

Previous Work and Acknowlegggents:

The first scientific study of the district was published in 1912 by C. A.
Stewart (5). Considerable field and laboratory work has been done in more recent years
by several groups and individuals, including the writers, all reporting privately to
the American Smelting and Refining Company. Roland Blanchard conducted leached outcrop
studies in a portion of the area. Harrison Schmitt with H. M. Kingsbury and L. P.
Entwistle mapped structure and mineralization in the central part of the district.
Paul F. Kerr studied the alteration features, and later published a comprehensgive
paper (3) on the district. Thomas Mitcham mapped structural features in the surrounding
area. The writers have drawn considerably on unpublished data, particularly in compila-
tion of the geologic map. The high quality and usefulness of the work of these men is
gratefully acknowledged, but unfortunately it is not feasible to give specific individ-
ual credits.

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

Location:

Silver Bell is situated 35 airline miles northwest of Tucson, Arizona, in'a
small, rugged range rising above the extensive alluvial plains of this desert region.
Its geographical relation to other porphyry copper deposits of the Southwest is shown
on the inset map in the lower left corner of Plate 1. The climate is semi-arid. Alti-
tudes range within 2000 and 4000 feet. ‘

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

event of note in the district's history. Oxidized copper ores containing minor silver-
lead values were mined from replacement deposits in garnetized limestone and treated in
local smelters. Copper production had approached 45 million pounds by 1909 when the
disseminated copper possibilities in igneous rocks were recognized. Extensive churn
drill exploration was carried out during the next three years and resulted in the partial
delineation of two copper sulphide deposits, the Oxide and E1 Tiro. Although the then-
submarginal tenor discouraged exploitation of these disseminated deposits, selective
mining of ore bodies in the sedimentary rocks continued intermittently until 1930, pro-
viding a production total of about 100 million pounds of copper.

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

GENERAL GEOLOGY

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

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

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

The local Paleozoic section is about 4LOOO feet thick. It is composed predomi-
nantly of limestone with a basal quartzite member. The Cretaceous section appears
to exceed 5,000 feet. Conglomerates, red shales, and arkosic sandstones (the youngest)
characterize the three principal members.

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

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

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

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

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

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

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

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

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

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

STRUCTURAL CONTROL OF HYPOGENE MINERALIZATION

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

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

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

Outside of the zone of alteration the dacite porphyry is finely fractured and
Jointed throughout most of its large exposed area. 1In sharp contrast to the systems
of parallel fissures in the alteration zone, these breaks in the dacite porphyry are
almost completely disoriented; parallelisms are rare and traceable for only a few
inches or feet. They appear to be pre-mineral where they are found in the alteration
zone in the westerly and southwesterly portions of the dacite porphyry. It would
seem that in physical aspect this formation was exceptionally well prepared to be
mineralized---perhaps better than the rocks of the ore zone proper. The fact that
it was mineralized only to a minor degree may be accounted for by the absence of
systematic fractures. That is, only the systems of parallel fractures were con-
nected with the deep-seated source of mineralization, and the pervasive breaking
of the dacite porphyry did not alone qualify it for mineralization.

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

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

Tactite, composed essentially of garnet, quartz and lime-silicate minerals,
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is confined to a narrow belt along the southwest margin of the limestone pendants,
except in the vicinity of the Mammoth and Union mines where it has replaced the
full width of the sedimentary block. It has been suggested by Stewart (1) that

the dacite porphyry and monzonite are respomsible for this "contact metamorphism".
The areal distribution of this tactite is such that, if it were to be considered
strictly as a contact phenomenon, the alaskite would be as related to it as the
other intrusives. Without going into the problem in detail, it is worth noting
that the tactite occurs along the major structure line in such a manner as to
indicate a close genetic connection with it. Supporting evidence in the form of
well-defined structural controls of individual pods of tactite is not recognized.
An occasional mineralized fissure cuts the tactite in the Mammoth and Union deposits,
although the primary chalcopyrite ore bodies have little obvious structural control.
Elsevhere, fissures in igneous rocks terminate abruptly at tactite margins.

SUPERGENE ENRICHMENT

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

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

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

It is significant that the base of oxidation shows general conformance to the
topography, but that in detail it is a highly irregular, sharply defined "front".
Its present shape may have been produced by modification of a pre-existing base~~-
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