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EVIDENCE INDICATING THE HYDROTHERMAL ORIGIN
OF A V'CONTACT METASCMATIC" MINERAL SUITE,
_ MISSION COPPER DEPOSIT, ARIZONA

o

John E. Kinnison
Geolcgist
American Smelting end Refining Company
Southwestern Explcration Department

INTRODUCTION

‘The Mission mine, located in southern Arizona near Tucson, is 3 recently
developed open pit which produces 15,000 tons per day of copper ore. The
mine lies on & wide and gently sloping bajada sweeping northeasterly from
the Sierrita mountains. 1t derives its name from the nearby Kission San
Xavier del Bac, built circa 1700. '

 The ore body is everywhere covered by zbout 200 feet of alluvium, as are” "'~
the adjacent Pimd and Palo Verde mines. The geology of the Mission deposit
is known principally through the study of diamond drill holes spaced 150 to
300 feet apart. The open pit is in an infant stazge and has not yet revezled -
much of the deposit, &lthough .information cbtained there by the cperating
staff, and from a few thousand feet of explaratory underground werkings, has
added significantly to the general fund of knowledge. I

Permission to pubfish_was granted by the Anerican Smelting end Refining.
Company. | am indebted to Kenyon Richard and J." H. Courtright for criticism
of this paper and for their direction during the several years in which |
studied the Mission deposit. Acknowledgment is'given to consultent in petrog-
raphy, Robert L. DuBois of the University of Arjzona.

The ornly previous publication pertaining directly to the goclogy of the
Mission deposit appeared in 1953 (Richard end Courtright), and may not be.
everywhere readily available. Cooper (1850} has published a short paper on
the district. ’ 8, )

SUHMARY

in the clecse vicinity of the Mission ore deposit, the principal .rocks
ere sediments and small bodies of intrusive 'igneous porphyries, &ll of which .
are pre-ore in age. The bedrock surface is a buried pediment, and only ¢ #
few small outcrops protrude from the &lluvial plain. These small and isolated
knobs, which are the tops of bedrock hills, lie within a large ared of perva-
sive alteration and constituted one of the principal exploration leads. The
very simplified geologic sketch in Figure | shows these features.

Alteration --- the formstion of new miner2ls or textures &nd the destruc= =
‘tion of the original rock character --- is pervasive within the kKlssion ore :
deposit, and extends a considerable distance beyond the principal area of
copper concentration. The limits of the Mission altered zone, al though
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gfadational and by no means sherply cefined, are shcwn approximately in Figure
1. The altered zone is roughiv 3 x 2 miles in areai dimension, whereas ore
or possible cre appears to be limited to an area nct much larger than 'y by
1l mile.
L]

Copper and iron sulphides are cisseminated throughout all rocks within
the sltered zone, and conversely, there ére no epigenetic sulphices dissemi-
nated outside of the alterec :zcne  Tnis reiationship is so singularly con-
spicuous and without excepticn, that one iy of necessity obliged to regard
rock alteration and sulphide impregration &s & process which was integrated

in time as well as space. The missiocr gre bedy represents only that portien
in which the copper concentraticn i¢ sufficiently great &na which occurs in
such position that it may be mined by an open pit cperation. The average

ore grade is typical of soutnwesterrn diiseminated copper deposits.

3

"Alteration of the feldspathic tediments and igneous rocks produced seri-
cite, clay and intergrowths of metasomatic quartz-ortnoclase, whereas the
alteration of | imestones has formed an assemclage of ‘lime silicates, such as
garnet and diopside. Both types of alteraticns occur in @ mutual environment,
and atl are veined and impregnétes with sulphide minerals. The environment
as a whole is so typicel of porphyry copper’depbsits throughout the Cordilleran
region that the occurrénce of the commercial ore bodies within silicated sed=
iments instead of within the porphyry itself should offer no detraction from
the classification of the Mission ore dzposit’as a ''porphyry copper.!

GENERAL GEGLOGV

in brief summary, the geoicgic histcry has been as foliows. Paleozcic
sediments totaling an estimated ;00{ feet were deposited on pre-Cambrian
granite. These formations are cominantly |imestones or marls, with the
exception of Cambrian and Permien quartzite layers. A thick sequence (5000
pius) of clastic sediments -- arkose anu siitstones -- of Cretaceous(?) ege
disconformably overlies the Psleozoic rocks. Following or during Laramice
folding, thick sequences of unscrtec and very poorly bedded silts and volcenic-
.pebble conglomerates were deposited on an eroded surface of Paleczoic and
Cretaceous (?) strata. A second period of mzjor erosion. separated these rocks
from an overlying formation composec of andesitic breccia and welded rhyclites.
Volcanism was followed by the intrusion of & large plug of biotite-bearing
rhyolite packed with foreign inclusions. Large granitoid plutons .of *Laramide!!
age form the core of the nearby Sierrita mcuntains, end are separable into
pre- and post- volcanic units. The youngest pre-ore intrusive is a quartz
monzonite porphyry which is emplacec, generally, as sills elong badding &nd
structurally weak zones, :

Folding and thrust faulting &re ‘the dcminant pre-oré’structures. He jor
post-ore structural dislocations are also evident. :

ROCKS OF THE ALTERED ZOWE '

Not all of the sedimentary formations known to occur in the Mission
vicinity are found within the altered zone.  Those which are recognized (and

- .
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this is with some uncertainty due to alteration wffects) are as follows:

Paleozoic: Silicated limestones, marbie, and altered
marl, siit, and quartzite are the dominant host rocks
for copper sulphide ore. These rocks most probably
represent the Pennsylvanian and Permian section.

Cretaceous (7): Interbedded arkose and siltstone crop
out in two isclated hiils south of the Mission pit, .
and most likely are of Cretacecus age.

Jertiary: Two units which consist of unsorted silg
and voicanic-pebble conglomerate are present within
‘the' Mission ore body. These rocks are dense and
flint-like in cheracter, and are referred te as
argillite or conglomerate “or purposes of mine map -
ping. The oldest, the Papago formation, consists §
dominantly of argillite, while the younger Kino
formétion, which consists dominantly of congliomerate,
lies beneath a pre-ore thrust fault. Roth are as-
signed tentatively to the carly Tertiary on-the basis
of district and regiona! geologic mapping.

» . .

The youngest pre-cre igneous rock within the altered zone is a quartz
monzonite porphyry of Stringham's (1960, p. 1623) "aphanitic porphyry!
class -- & type almost universally present in prophyry copper districts.
This rock may originally have more closely appreximated e dacite porphyry,
for its present mincral composition includes much introduced orthoclase.

The porphyry is seen to form siil-iike bodies which have intruded the
unconformeblie contact between the Poleozcic recks and the overlying Papagw
formation, and also have intruded in a horizontal fashion esbove arnd. below
this contact. The sills are thickest near the west margin.of the porphyey
m&ss, and widely-spaced drill hole information suggests that they moy merce
into & thick dike or piug, which may be inferred 1o be the principal scurce, ’
or magma vent, ; y T '

A large mass of intrusive biotite rhyolite forms the host for the southe
ern part of the altered zone. Regicral mspping suggests this rock to be cost
closely allied to early Yertiary volcanism. ' L

Narrow dikes of post-ore andesite are present.

. A breccia dike crosses the pit in @ northerly direction. The dike cen-
sists of various rock frogments set in @ metrix of finely-ground rock perticles,
the whole of which has been 2ltercd. It differs from the surrounding rock in
that. it contains less chalcopyrite and tocally contains much galenz, sphalerits,
and ergentiferous tetrehodrite. ‘ o :

ALTERATION

Pervasive alterction may be here grouped broadly in two catscories. The
first, causing the most obvious changas in the rock bulk, Invoives the formstion
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of néw silicate minerals -- either lire or potessium types depending on the
host. The second is the formation of copper and iron sulphides. An exception
is the large area of marble in the Micsion pit area, in which the only evicencs
of aiteration is the coarse-grain size of the calcite crystals, representing
recrystallization with traces of sulphide impregnation. The cenerzl distri-
bution of alteration in the pit vicinity is disgremnatically shown in Figure 2,
which &lso shows the principal structursl features.

feldspathic Rocks:

Alterction products In the feldrpathic rocky are sericite, orthaclase,
cusrcz, biotite, and cley. Ths rocks so s'tarad ere wmonzonlte porphyry,
argillite, and quartzite.

] :

T™he monzonite purphyry consists of suhedral (o subhadral phenncrysts of
plagioclase and resorbed quartz phengoryste, et in 2 recrystallizod matrix
of fine-grained quartz-foldsper. Ragged wisps of bictite are usuaily pressnt.
The rock is flooued by irregular blabs and replecenant vainiets of pink ortho-
clase and quartz. The pidglocidse phondirysts sre repluced by sericite in'
varicble degrees, and to @ lesser extsnt by cley minerais. The meigsomaric
Intergrowths of quartz &nd orthoclase replace both the matrix and pizglioclzss
phenocrysts. Pyrite, chalcepyrite, 2nd racaly relybdenite occur &3 discrete
greins scottered through the rock, &nd &lso in veinlets associsted with bor=
dare of quartz snd/or orthoclase. The tenor of comper ls typical of chalco-
pyrite protore in many pCrpnyry copper mires. There is only & few feat of
chalcocite enrichment bonesth & thin-leached zone. ‘

P

~
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Argillite, both that ol the Papago formation ond the thin dady within
the Paleczoic rocks, is almost totsily sltered to & wiry fine~grained aggre=
gste of ser.cite encd/or a recrystaliiznd moseic of quertz-feldspar. Suiphide
ve.niets bordared by & narrow Ione of guaryy end frlidspar glve wiy &¢ the

&
cuter cdges, Tirst to sericite and tren o ¥
chzlcopyrite socur Doth 8s disscwminated grel
crzta of the hino formation, which consists
has puan similarly a2ltered, a&)though chalcopyrs
ayritc 15 the principal salphice.

fine-crainad biotite. #yriie end

end ip veinlets. TYhe conglow-=
pebdies In & motrix of argillite,
te 18 virtuaily absent, ane

Quartzites in the Paleczoic secrion ward sencrelly Qulte purg qubriz
sands. Their alterstion iz evidencsd by noasly compiote resrystetiisation
of the quartz grains, tegether with the formntion of sarlcite from & minodr
Sile fraciinn.  Suiphides ers sporsery dissewminetad, and Biszo ooour &S widely-
speceds veintatls. 0N certa:p eress, howeves, chileopyri iy i digsominsied Form
srades up o 0.67% Cu.

b @ hose Of Ceetpcasus (1) suu has been olicred se thel the clasric
CuRTLE GrRINS ere &L N 3 sofy wisico matrin of saricito and cidy, end tha
isbric (s transectad by sulphide veinlets bordered 2y glintening vhite helils
of cuartz ond sericite. Fyrite ona chatcoowrite pre both dissemindkted and
concontrated in the 1ittle wns.

The hiotite rhyelite in tha souinere picl af the alepred xone 1% olierad
to cley, sericite, and mingr CETLINLIN. The Liotite (& dostreyed o form

ol " 3 $

ricite. Felospar ohanolrystis are less aliepsd thna the mateir, which wie
iginaily gisssy, end alsc less 2leared thi i of the Torsign Inclusians,
rite is Cisseminkied throughout, principaltly &u screta graing, ond ch3lco-
pyrite ocours in minor emounis. Assyys show that saall &mounts of lead, ziec,
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and silver are there widespread,

Limx Rocks:

The Paleoczoic sediments, which are principeily cherty limestone, pure

. limestone, and marl, have been converted within the Mission -3l tered zone

to variocus lime silicate minerals. Two genzral gropps are dominént: These
are (1} tactite, which consists chiefly of garnct, and (2) hornfels, which
consists of diopside and calcite. in the-western portion of the ore body

a silicate zone separating two quarvzites ;s almost entirely of the diopside
hornfels type, suggesting the rock w&s originally & dolomite. Eisewhere
both sharp contacts and broad gradavional zones betwsen the two types sug-
gest a more complex history, possibiy invoiving miqration of Mg. A third
variety, which | consicer to represent weak alteration, is represented by
white coarse-grained marble with merely traces of disseminated suviphide
grains. This type possibly has forred from black thick-bedded Permian
limestone, as suggested by residuzls of black limestone of that type. The
contact between marble and tactite/rornfeis is commonly sharp; but in places
is marked by the presence of wollac.onite.

The tactite type consists megascepicaily of massive structureless yellow-
brown garnet of yellow or brown euhedral ff'able masses, or of red-brown
garnet. Spectrographic analysis and refradtive index place al} the types of
garnet so far tested in the andradite group. A few garnets showed small
amounts of alumina in the spectrograph. Soft white material commonly ad-
mixed with the garnet was in ezriy stages of exploration mistaken for a _
clay alteration of what was, &t that time, thought to be grossularite. The
alumina content of the tactite appears too low to &ilow the presence of much
cley as ap alteration product, and the sof¢ white minkrel has been identified,
in numerous samples in thin-section, as finc«grained diopsi€e. Sulphides
occur as small disséminated grains, in thin irregular veinlets, in narrcu
replacement fissures, &and as large pods of m3°f=ve ,uiphedes which’ 10caz:y
8ssay 5 to 15% Cu.

The hornfels type is comwonly composed of a hard or soft, white fine-
grained aggregate, which in thin-section'proves to be equi-granular dicpside
with varieble amounts of calcite {up to 204}, A variation Is a hard greonish
variety which in thin-section is seun to be compose d of stubby prismatic crys-
tals of diopside. The refractive index of the white granular variety is
slightly higher then that of pure diopside, and the prismatic crystals range
about midway between the indices of hedenbergite and dicpside. tThus lron . ¢
metasomatism is obviously & ﬂd)Of factor In the form@tion of both the horn-
fels and the andradite-tactite described previcusly. ‘

In the western portion of the ore body a charecteristic festure of ths
hornfels is the prasence of smell velnlets of blus-green actinolite, /15 to
| inch in width, most commonly, but not everywhere, heving & medielly disposed
stringer of pyrite and chalcopyrite. The actinolite is commonly altered slight-
ly to chlorite. Sulphides ere distributed in the hornfels in tho sess manner
as in tactite, ' ; : v

As a group, the limy rocks = tactite and hornfels - 'constitute the wain

source of copper and have & higher average grade then ore im argillite, which
is the second principal copper host rock. _ e pma

: ' - ¥ .
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Sulphide {mpregnation:

% discussion of hypogene sulphide mineralization is included here unier
the general heading of alteretion, bzcause it is from én economic viewpoint
the most important change, or alteration, of the host rpcks.

Figure 3 shows the distributicn of copper grading plus C.L4%, as & diz-
gremmatic Iliustration of copper-grade variation. uhen viewing the figure,
bear in mind that the white arees {with the exception of marble units) mzy
contain about 8s much total sulphide as do the shaded (plus 0.4% {u) aress
and only slightly less copper. TYhe reduction in copper content, in some
cases, represents & slight decrezse in the total sulphide content, but mere
generally it reflects &n incrcase :p the pyrite:chalcopyrite ratio, or a
combination of both.

Total suiphide content cbtzined by calculations based on chenical
anzlysis of composite samples of drill core is shown in Figure L, it will
be noted that: (1) the tota! sulpnide content is higher in the east part
of the pit area. (2) In any one samgle locetion, the total sulphide content
is asout the same in the argillite of the Papago formation, &s ir’ the tac-
tite and hornfels zones below. The volumetric percentage is given (Figure L}
because the difference in specific cravity betwsen tactite and argillite

introduces an error when comparing weight percentegs to the degree of sulphide

replacement. (3) - There is no pattern of total sulpnide content with respect
to the area of porphyry siils.

Thera is a paucity of published analytical information cn

the total
sulphide content of porphyry copper ore bod‘e: as @ group. Spencer {1917,
p. 110} reports the sulphide cortent of three sempies from the Ely district,
based on chemical analysis, which appears to regpresent sulphides by weight.
Some assumptions and calculations of mine yield the rough figures of 2.6,
4.0, and 4.G par cent sulphides by volume for the three samples, whlch is

comparable to the sulphide content at Mission (Figure 4).

GRE CONTRELS

All rocks within the Mission aitered zone are recrystallized and/or
metasomatized to various silicate minerais, and all are impregnated with
sulphides. The uitimate source, or feeders, is not yet known. \Yithin this
altered mass, the Mission ore zone dizplays a few local ore concentrating
structures, but for the bulk of copner a~d iron sulphides the method of
implacement ciearly did not depend on open channels of circulating hydro-
thermal sclutions. :

Referring acain to Figures 2 and 3, tnhe unconformable contsct betwesn
‘the fapago-formation and the underlying silicated sediments of the Paleczoic
section has served as & localizing feature. Sulphides follew th:s contac
in greater quentity and more uniforaly grace in excess of 0.4% Cu than i:
the cece at distances above or below the contact. Even the quarizite beds
are well minerziized where they abut this surface. Similariy, the bottom
sides of quartzite beds act as locs! centreois. £ high-angle feuit is secan
to couse even the unfavorable marblze unit to becoma converted to tectite
@end hornfels end cherged with sulphides.
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the eastern portion of the ore body certzin dow=-zngle faults of thrust
aspect contain thick {(10-L0 feet) bands ¢f | 1o 6% Cu zbove them. The varticel
fault on the far east terminates tne ore body (but not sulphide dissemination),
and along this fault are concentrations of messive sulphides. Ceartain pocs

up to severa! fe2t in diame€ter seem to bz related to mineralized fissures.

And throughout the ore zones thin fissurzs of northeast strike contain sul=-
phides, but there is no concentration of disseminated suiphides adjacent to
these fissures. '

In

features are iocal suiphide concentratars
is undisputed; however, the great buik of copper &nd iron sulphides lie at
great distances from these structures. Ffrom. this, | draw the conclusion:
that the metasomstism which intreduced grest quantities of iron to form
iron-lime silicates and iron sulphides, along with sulphur, possibly magne-
sium, copper and other minor metels, involved ionic diffusion &s & prlncspel
process. (onduits of open circulation are w.de‘y spaced and are regarded
as features which were important only in their locel environment, &nd not
necessarily as principal ore feeders, ' i ;

That al} of these structura)

The porphyry, rather than being the direct source of minerslizing
sclutions, is itself most obviously a host rock, for it was altered and
impregnated with sulphides after solidificetion. The porphyry may have s
genetic reletionship to mincralization to the extent that it moy have besn
intruded from a deeper source of magma, which later furnished the eiements

which were introduced inte the altered zone.

CONCLUS IO

ovm

The Mission sltered zone is a zone of porfbyry copper-type pervasive
‘teration snd sulphide dissemination. T%e proposals presented in precead ding
Sections of this paper are thet sulohide minzralization and alterstion ware
li, broedly speaking, a contemporanecous procsss.  The minerallzed monzesite
siphyry does not show @ spatial relationshic to the altered zone @s & whole
r to the copper ore deposits
Pervasive &iteration cf the porphyry zszscielly, and 2lee of thae 2itercd
clestic sediments (arkos= and argiliite} and of the rhyollite a{ the southern
snd of the sltered zone, is of a type which few gcotog}cts wouid clessify
&s other than hydrothermal. To go “urther, the ninerals sericite, ctay, csr-
borate, and pyrite-cheicopyrite, are comwonly piaced in Lindaren's mesctierasl
category. pBut 2t Hission the host “or most of the copper minera!ization iz
@ complex of endradite garnet and dlopside~nedendorgite, along with mino-
amounts of ectinolite snd wollasion te, These minerals, vhich 3re traditions
aliy placed in a separats céteanv such &s “‘comiact meten i teonteat
melasometic!t, or fpyrometasomatic!t, are genersily thoucht of as forming at
h:gn-tgmpera: res and under speciai condlt ons, and bf'baing releted spsuially
to an igneous intrusive contact, frum whonos the mineralizing fiuids cams. A
ccnmaniy stated sssumpilun is that, since the scinhides in such cendsits are
cezn Lo reglace the silicates, the relphides auy be of some leter phRsE, being
formed a2t lower temperatures c0a@et-nfe with the Lindgrea classification. The
silicates, it then is held, formed carly apg 3o nigh tuevperdlures,
At Mission, &s stated under summary in vhis paper, the intisata spalial



relationship of silicated limestones with sericitized feldspathic rocks, and
their associations with sulphide mireraiization. admits of no other conclusion
than that all rock alteration including sulphide impregnation was more or less
contemporaneous. The temperatures existing in-all rocks must have been similar.
At Mission the sulphides, as might be expected, replace silicates -- both
potassic and lime varieties. There is nc evidence, such as pre-sulphide, post-
silicate brecciation, to suggest that any appreciable time gap existed  As

a comparison, the sulphides at Butte, altrough they clearly replace the altered
rock, are the result of & continucus and contemooraneous process, 3s so excel-
lently proven by Sales and Meyer {144a)

] suqaest that the criteria ¢f geciogic temperature indicators involving
lime silicate minerals requires reaparaisa The inescapable conclusion at
Mission is that either iime siiicates form at lower temperatures than common!y
believed, or else the temperzature range cf seric-te‘pyrite-Chalcopyrite must

be considerable higher than generally admitted.

Similar conclusions were reached many years ago by Spencef {(1917) in his
study at Ely, Nevada, which is a pcrohyry copper deposit more similar to Mission

than most others, in that extensive mineralization in sediments is there preseat.

In the Ely district an altered zone abcut 7 miles long and a mile wide
. contains numerous separate porphyrv masses which have intruded a sedimentary
series. The following quotes are resresentative of Spencer's conclusions:

"“The changes in the iimestones comprise (1) loss of color’
and recrystallization to wiite fine-graired marble; (2)
silicification with the Tormation of jasperoid usually
carrying large amounts of pyrite; and {3) the development
of silicate minerais, including garnet, tremolite, pyrcxene,
and scapolite.®

"The alterations of the porphyry . ccmprise, in different
stages, the progressive destruction of -~ornblend, cf plagio-
clase, and of magnetite, 21d the formetion in their stead of
.... sericite and a brown variety {of mica) allied to biotlite;
the deposition of pyrite and chalcopyrite, end of calcite.!

""The distribution of the altered sedimentary rocks is so
definitely limited to 2 zone comprising the medially dis-
posed intrusive masses tha: no extended argument is required
to support the conclusion that the metamorphism is causally
related to these ignecus rocks. However, .... the relation
is not a direct one as regerds the bodies of porphyry which
appear &t the present surfiuce, for jt is held that the
alterations were effected by hot solutions expelled from
deep-seated masses of igneous material, of which the ob-
served intrusive bodies arc off-shocts. !

“"Though the different rccks have vieided to chemical re-
organization and tc meiasonatic replacemant, each in &
manner depending primarily on its driginal composition,
yet the resulting procucts are all heavily charged with
pyrite, and in the mair th s minarsl is gucvmpanzed by
minor amounts of chalcopyrite.¥



incnburg mine,

Another comparison may be made with the L Hew
(Titiey, i961). Here & ctone of lime-silicate minerals of classical
'pyrcmetesomatic!! or Mfeontact! type, occurs along the Linchburg fau
AwWay Trom a knownh igneous mass.

He states, i1n part:

‘Neither of the alteration siages can bz fixed in time.
There ‘s no direct evidencs to indicate either cont Uity
‘ .
of Jdeeosition or & time brask ie the depcsitienal proces
Certain srguments, however, cuggest that & time break, |
one existed, was of such ssert duration as te be énsig-
nificant.
“Tre sircration, therefore, ic consicered as a continuing
process in which ihe ore-vearing fluids, slthough chang:n
siightly in their chemical proporties, were more lnf.uc"”
bv Lhe nature of their envircrment ¢f deposition. than by
3Ny Qross CHange in Cumpasition U
Titley eftribuies on-ng ha ov of 2iteration and suiphides in
¢+ mine 10 conlinuing orowtn of each siieraticn halc away from feeder
the inper haios Cﬁsﬂud:ng and repiaring the meir adjacent. Note h
to the Sales-Meyer pruposas for the formatioa of :erECE'e -clay ten
atl Butte. TYitiey's car=ful work inuicates anotrer Lime-silicate os
which, Lontrary o ;Gmﬂon assumplions 0f eariv silication follewed
ing and sulphicve replacement, the silication and sulpride formation
porasreous, &nd are all the resu L or 2 norea! nydrotier mai preces:.
iC relepilulate my majOr CONCi., ionsg-
I, The monzonite porphyrv witnia the zitered area has ra
spaticl reletionship to either ore o altera”ion,
2. Alteration anc sulphide impregnation were more or les
eous. Alteration, as used here. includes the silication of la
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INTRODUCTION

The purpese.of this study was to detemine the copper and 2ing occurrences in 4
1981 five month composite final tails sample fram ASARCT's Mission Unil. This sample
conigined 0.11% copper and 0.193% zinc.

SUMMARY

Chalcopyriie was the major copper mineral chseived In the ASARCQ final tails sample.
Tha chalcopyrils chssrved in the +200 mesh fractions was pradominantly locked with greater
amounts of non-cappar minerals, the Mmos! cormmon goourrenes being chalcopyrite lucked with
greater amounts of slifceous gangue.

The chalcopyrite was predominantly locked with greater amounts of non-copper
mingrals in the -200/+400 mash fractions. As a8 particle size decrsased in he -200 mesh
fragtions, the amount of free chalcopynte increassd,  in the -400 mesh fraction the
chaicopyrite was predominantly both free and locked with greater amounts of nen-copper
mingrals.

Sphalerite was the zinc minera! obsarved In s final tails samgplz. The sphaierite
ohserved In the final lails screen fractions was prsdominantly observed o be locked with
esser amounts of chalcopyrite, the chalcopyrits oceurding as minute blebs and attachments.

No free sphalerile was cbeerved in the +85 mesh fractiong. The amount of froe
sphaierite fiuctuated in the -85 mash fractions, The moat free sphaterits, approximately 26%,
was observed in the -400 mesh fraction.

SAMPLE PREPARATION

A reprosentative split of the final tails sample was screaned on 85, 100, 200, 32% and
400 mesh U3, Standard sisves, The screen analysss are isiad In Tabla 1,
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!‘ +33, 654105, -100/-2G0, -200/-~400
for SCpper and zine assavs. Acid

: » 4 e L InY s
na head sample. These

Also listed in Tabls 1
kilssion flotatlon faed 5:,..-,3
time.

Representative splits of Jxa "(\, mesh final talls soresn fractions were fun on a
i

RFLE ‘t:xin Qs,;per;.,am ef in order to groduce heavy mineral concantiates. Heavy mineral
ot ;,r;d;,‘cgr'! G{; the +100 megh frooi ¢ or the coarser slzes,
th he yar’fm 25 inlerlares wilh the heayy ndnera! sepai

Representative spiits of the final talls +100 meash fractions and - 100
minaral concentrates ware mixed with apoxy o form grain mounts. Tha oclishad grain
mounts were examinad under an ore microscup: in exla_u; reflecied ;{gh_.

o
D
n
o
I
4]

-

~§ e

ne non-opaqus minerais waie identifiad uaing Y-ray diffraction analyses and (wlractive
index oils.

MINERALOGY.

2

The non-opaque gangue in this final talis fraciion consisted of major amounts 'i quanz
and potasgium feldspar, minar amounts of calshia, delomite, plaglaciase, pyroxene, and mica
and trace amounts of clays (undifferentiated).

In the chalcopyrite oncurrences’ dascriptions, the non-opague gangue predominantly locked
with the chalcopyrite was guartz,

Chailccpyrite was the major coppe' mingrat pbiseivini in 1? final e semple. The
chaicopyria occurrences are gescribed in defall in this sechion. Cugrie, bomile, chaizocits,
covellite, digenite and native uapper wera obsaryad in irane amoeunts in one or mors of the
scraen fractions.

in the +85 mesh fraction, the cﬁaicsz&yﬁia was predominantly both fully and partially
locked. In the -85 mash fractions, all of the locked c:‘zaf’* oyita, axcept for that o cked with
sphalerite, was predominantly parlially seﬂe«“-:: i &l of the 68 mesh fractions, the
chalcopyrte that was cbservad (o be locked with sphalerite was p acsﬁmdm:y tuily locked as
minute blebs.

it should be nelad that padac ss refeired o as "vee" paniclas ary those which anpear
o be free In the polished cross section exsrmnud Stalistically, the propoition cf truly frea
minaral graing in any sample is generally smaller than the proponion obesived as "frea”
particles in poiished saction, i

it should &ise be noted that very few paiticlas containing sphalgdte and/or chalcupyrite

wara observed in the +85 mesh fraction and therefore the obssrvalions wmay nol be statistically
representative of that fraction.
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Qecurranges

chalvopyiite locked with gresler non-cpaque gangue
(pred. quartz)

chalcopyrite incked with greater amaunts of
non-gpaque ;enn--e/n'ti'o

chalocpynte locked with grealar non- spague
gangue/hematite
free

chazw,.,yr; : locked wildy greater non-ogague
gangue/pyrite/rutile

chaicopynita .ac:»\ed with greatsgr sphalente,
chaicopyrite/bomite lockad with greater non-opague
gangue, locked with greater aphalsiite, locked with
greater molybdenilenon-cpaque gangue, lociked
with greatar pyrite/non-opagGue gangue, locked with
greatsr cuprte/non-opague gangué/pynte, lockad
with igsser non-opaque ganguahamallle, locked
with lesser z:yr!te. ocked with bomite/diganite/
covealiite/non-opague gangue and locked with
bomite/non-ppaque gangue

chaicepyrite togked with graatar amounts of non-
opague gangue

free

chalcopyrnite locked with graater amounts of sphaler-
ite

chaleopyrite locked with greaier amounts of rutile/
non-gpague gangue

chalcopyrile iocked with greater amounts of
hamatite/non-opaque gangue '

chalcopynte locksd with greater amounts of
magnstita/fhemalite/pyrite, magnetlle/non-opagque
gangue, pyttefnon-apaque gangus, magnetite/
rematite/non-opaque gangue, noh-opaque gangue.
pynte and magnetite

chalcopyrite locked with greater amounts of
non-opaque gangue

chaicopyita locksd with greater amcunts of
sphalerite

chaicopyrite lockad with grealer amounts of pyrite
free

chalcopyrite locked with greaier amounts of
hematite/non-opaque gangue

chalcopyiite facked wilhh greater amounts of
pyrrhotite/pyrite
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Scraen Fraction

-100/+200 Mesh (Cont.;

-200/+326 Mash

-325/+400 Mesh

Percant

20
Ee)

25%

28%
20%

18%
12%
8%
3%

14%

36%
15%

180

1270

15%

&7

e
3%

9%
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Qccurrances

: P amounts of
hematite/ mag'\c : & gangue
chalcopyiils Incked will graaler amcunts of
sphaisriteshemalile, pyitaimagnetite/non-opague

gangue, magnatite/non-cpaqua gangue,
rutllefron-cnaque gangue, covallite/non-opaque
gargus, pydtefhemalile, pyrile/nen-opague gangue,
non-cpaqua gangue and sphaiente/non-opague
gangue

free

chalcopytite 1oCked with greater amounts of
sphalerite

chalcopyrite focked with greater amounts of
non-opaque

gangue

chalcopynte 'ocked with greater amounts of pyrite
chalcopynie locked with greater amounts of
hematite/non-opaqus gangue

chalcopyrle locked with graater amaunts of
pyrrhotite/pyrite

chaicopynte locked with grealer amnunts of pyrite/
nc:r%cpaqus gangus, magnetite, pyrite/hematite/
non-opague gangus, sphaigiilgnon-opaque gangue
and ruu.e;magnaute/non opagque gangue

free

chalcopyite lockad with greater amounts of
non-opague gangue

chalcopyrite ‘:\.ﬁ:d with gieater amounis of pynite
chalcopynite locked with greater amounis of
sphalerite

chalcopyrite locked with grester amounts of
hematite/ncn-gpaque gangus

chaicopyrite lockad with lassar amounts of
non-cpaque gangue

chalcopyriie locked with greater amouris of pyrite/
hematite/nen-opague gangue, pyrtehematite/
magnatita, magnetite/hemalile, hemalite, galena/
sphalerite/non-opague gangue, pynte/pyrrhotite and
galena
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Screen Fraction

-400 Mesh

Sphalerito

+65 Mesn

~68/+ 100 Mesh

-100/+200 Mesh

-200/+325 Mesh

Percant

45%

20%

34%

74%

16%
7%

3%

80%

8%
5%

5%

2%
80%

18%
2%

bt it g
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Qocurrencas

frea

chalcopyrite iogked with graalar amounts of
sphalerite .,
chalcopyrite leoked with greater amounts of
non-opaque gangue
chaicopyriis ucked wi Lar arrounts of pyrite
chalvopyilta locked with lesser amcunts of pyrite
chaicopyite locked with wsser amounts of non-
opaque gangue

chaicepy iz locked with gieater amounis of
sphalerite/non-cpaque gangue, hematite, pyrite/
non-opague gangue, hematite/magnetite,
hemallta/noc-opaiue gangae, perte/hemalitel
non-opaque gangue, bomite/tigenite,
galena/sphaisite ard locked with issser smounts
of sphalente

sphalerita locked with lesser amaunts of
chalcopynita

sphalerite locked wilh lasser amounts of
non-cpague gangue/chaicopyrite

sphalerite iocked with lesser amounts of
chaicopynte

free

sphalerita locked with lesser and greater amounts of
non-opaque gangue

sphalerite locked with greater.

amounts of chalcopyrite

sphalerite lockad with lesser amounts of
chaicopyrite

free

locked with lesser and greater amounts of
non-cpaque gangue/chalcopyrite

iockad with iecser amounts of hematite/chalcopyrite
locked with greater amounts of chalcopyrite

sphalsrits locked with lessar amgunts of
chaicopyrite

free

sphalerite incked with lesser amounts of
pyrite/chalcogyrite and chaicopyrite/nen-opaque

gangue
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Screen Fraction

-325/+400 Masin

-400 Mesn

A

/0

26%
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Qccurrences

sphalerite locked with lesser amounts of
chalcopyrite

free

sphalerite locked with lesser amounts of
non-gpague gangue/chalcopyrite
sehalerlie locked with lesser amounts of
gaiena/chaicopynite/non-opaque gangua

sphalerite luckad with lesser amounte of
chalcopyrite
froe

4% sphalerite lovked with lesser amaounts of galena,
chalcopynie/nen-cpague gangue or with greatar
amounts of chalcopyrite

HOTOM| AP
Mineral identification was conducted by direct microscopic examinalion, not Dy

photomicrogiapny. The colors of the minerals in the pholomicrographs can deviate from their
true colors dua o the degree of reflectivity, abundance of light or dark narticles, magnification
and/or printing. The dark srown to olive-colored background between the grains is the

thamoplastic mounting material.

Tha size of the particles in the photomicrographs is dependent on the plane of the

section polishad and photomicregraphed.

Some of the major pardicles and thelr Inclusions havs been iabeled on the
photemicrographs to identity the various minarals. If the majority of panicles in a
phictomicrograpit are the same mineral, oy & few have been labeled. The abbreviations are

as follows:

cpy - chalcopyrite

gan - non-opagque gangue

hem - hamatlite

CONCLUSIONS

py - pyrite
gtz - quanz
spl - sphalerile

Approximately 50% of the lotal weight in the ASARCO Mission final talls sampla was in
ihe +200 mesh fractions. Approximately 74% of the copper was present in the +200 mash
fractions. The chaicopyrite chserved in the +65 mesh frasticn was prademinantly Soth fully
and partially locked. In the -65/+200 mash tactions the chaicopyrite wasg predominantly
partially locked. 1t appeared that & finer giind would free up a significant amount of

v

chaicopyrite in the +200 meash fractions. it appeared. however, that finer grinding would not
liserats much, If any, of the chaicopyrite asgocialed wilhi the sphalarita in any of the scresn

fractions,
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Table 1. ASARCOC Mission Screen and Metallurgical Anmalyses

ASABCO Mission Pinal Tails

Scresn Size : Weight Weight Weight
L9k Cun.(g) %
4+€5 Mesh 129.8% 125.9 1€.9
~§5/4100 Eesh §3.8 219.7 11.7
—-1056/+2¢0 Kesh 165.4 385.1 21:5
-200/+400 HMesbkb 12¢.6 50% .72 15.7
~-400 #nesh 264.3 F70.0 34.3
Caic. Bsad 736.0 109.0

Assay Head

DISTRIBUTIONS

Screer Size Cu Cu Cus in
+%5 Hesh 35.3 35.3 8.6
—-£5/+100 Resh 15.3 $3.6 10.7
~100/94200 Mesh 20 .2 F3.8 2.6
~300/3400 NMesh 8.2 $2.2 235.2
~430 Mesh 1%.9 108.0 2B8.D
Calc. Head 196.0 106.8
ASARCO Mission Flotation Feed

Screen Size wWeight Waight Weight

{(g) Cum.(g} E
+€5 Mesh Br.1% g§1.1 14.3
~65/+100 Mesh 8.6 159.7 13.9
~-109/4200 Mesh 126 .4 286.1 22.3
-209/4325 Mesh £9.8 2145.7 1Cc.3%
~325/+400 Xa=h 26 .2 371.9 4.6
-4G3 Mesh i%4.90 565.58 34.3
Calc. Bead 56%.93 162.0
Bead
- - - BISTRIBUTIONS
Total Cu Cuzm . in

+65 Mesh 6.4 5.4 5.8
~85/6323¢ fHesh ir1.1 r3.5 1¢.3
—-i€h/ /4290 Xesh 2%.% 41.2 27.1
-200,+4325 Mesh 14.0 57.2 16.8
~-325/+400 Mash 5.3 $3.5 (PP
~400 KMesh 14 .5 160.0 36.2

Calc. Bead 1¢0.0 109.0

Weight
3 Cum

1.9
28.5
58.6
65.7
100.0

Zn Cum

8.5
19.3
48.9
72.0

100.0

Weight
3 <um

14.3
28.2
S0.6
61.1
€5.7
1990.0

Cul

¢.29
0.1

¢.09
¢.05
¢.05

Cul

0.32
6.57

0.76

Zn%

.10
0.18
.27
0.29
0.16

Zol

g.c3
0-18
0.31
¢.36
0.36
¢.27

Acid Sol
Cul

Acid Secl
Cul

Fel

Fol

s3

s3
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