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INTRODUCTION 

'The Mission mine, located in southern Arizona near Tucson, is orecentiy 
deve loped*Open p j t wh i chproduces ' 15 ,000 tons per day of copper ore, The 
mine i ies on a wide and gently sloping bajada sW':!eping northeasterly 'from 
the Sierri t~ mountains. It der 'ives its name from the nearby Kission San 
Xavier del Bae, bui it circa 1700. 

, " 

The ore body is everywhere cov'er:.edby "bout 200 feet of alluvium, as are ' 
the adjDcent Pima and Palo Verde mines. The geo~ogy of the Mission depos~t 
is known pr i nc i pa lly "through the s tudy'- of d; amend or iII ho \ es spaced 150 to 

,300 feet apart. The open pit rs in an infant' stege and has not yet reve2Jled 
• much of the deposit, althoughinforrr;ation obtained there by the oper8ting 

'. staff, and from a few thousand fe-etof ex?loratory underground workings, has, 
added significantly to ' the general fund of knowledge. ' 

Permission to publ' ish was gjanted by the Americ~ i'i S~lting ~ nd Refi n ing , 
Company. I am indebted to"Kenyon Richard and J.' H. Courtright for ' criticism 
of this paper and for their directiof) during theseverQl years in which l 

t , " 

studied the Mission deposit. Ackno~dedgmer.t is·given to cOii$ultent in pt;;:tro9~ ' ;' 
raphy, Robert L. DuBois 6f the Univ~rsi ty of Arizonc. 

The or;iy previous pub~ication pertai n ing directly to the geclogy of the 
Hissioh dc?osit appeared in 1959 (Richard ~nd Courtright), and may 'not be , 
everywhere readi ly avaIlable. CoopE:r (1960) has publ ishcd a short paper on 
the dis t ric t " 

SUHHARV 

In the clo5e vicinity of the Mission ore deposit. the ~)rlnc.lr:>al ,rocks 
a re sedIments and small bodies of ir:trusive 'igneous porphyries, ad 1 of which 
~re pre-ore in age. The bedrock surface is a ~uried p~iment, and only '.0 ' ,j 
few small outcrops protrude from tht:: alluvi~l pl .:i n. These smell and isolated 
knobs, wh i ch are the tops of bedrock hill s'. 1 i e wi thi n a '~rga <lV-eat of perva-
sive alteration and constituted one of the. princ.ipal exploration leads. The 
very simplified geolo9ic sketch in fi9ure 1 sho~'$ these features. 

Alteration --- the formation of new miner~ 15 or textures and the de!!itr,uc-
: tion of the original rock character --- is perv~~ive wit~in the ~Ission ore : 
d~pos it, and extends a cons i derab 1 e dis tance beyond the 'pr i nc ipa 1 area o f" " 

~, ~r · .. 

. ", ' . , ' , 

copper concentration,.' The 1 imits of the Hi ssion' al tered ~one. al though ' ~ , . " l' 
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".' gr.adational and by no means srar-;)\y (j~fine::i, are sr,(.wn approxim~te~y in risure 
1. ~he ' altered zone is rOu9~lv 3 x 2 mi les in ~~e~1 d:mension, whereas ore 
or ~O~.S iblc ore appears to tJe 1 i :ni ttC to an area net much larger than \~. bv 

."~' ,~\ 1 m i \ e. 

Copper and iron sulphides Z1re <..iSS(! f) .jniHeo ,!.rrou9hout all r(', cks h'ithin 
the altered zone, and conversely, there ar e no epigenetic ~ulph~oes d;ss~mi­
nated outside of the altere~ Lc ne Tnis r~ j ationship is so singularly con­
spicuous and without e;(cepti~n, that O:le i~ of nece~sity Obliged to regard 
rock al teration and sulphide irr;~reqra~icn CIS a pr'ocess which was integra t ed 
in time as well as spa~~. T~ e ~ ; S5 ; O~ Q ~ e bcdy represents only that portien 
in w~ich the ~opper concentr~ticn i~ ~uf f iciently ~reat &na which occurs in 
such position that it m~y be m i ~ed by ~n op e~ pi t cperBtion. The average 
ore grade is typical of southwestern ~i j~ em ; nated copper deposi ts . 

. Alteration of the feldspath;c sedime nts and igneous rocks produced seri­
cite. clay and !r'ltergrowths of meto~, omatjc quartz-ort.hoclase. whereas tnt! 
alteration r:f 1 ;;n~stones, ho~ fo rmed a!l assert d:;\u'3e of '1 ime si 1 icates, such as 
g~rnet and diopside. Both ty~es of al re r at icns occur in a mutual environment, 
a nd all are ve i ned and i mp r e 9;1 C : I; a \0,. i th :. u 1 phi ci e min era 1 s . Th e en vir on me n t 
as a whole ;5 so typical of porp hyry copper' deptisi ts throughout the Cordi lleran 
re.9ion that the occurrence or the c.ommercial ore bodies within ~ilicated sed­
iments .instead of within the porphyry itself should offer no detraction frOtn 
,the cl.assification of the Mission are or:posiCas ' g "porphyry copper." 

GENERAL GEOLOGv 

rn brief summary. the geoicgic histcry r.as been as follows . . " PaleoLCiic 
sed i ments total ing an estimated iDOe feet were deposited on pre-Cambrian 
granite. These formations are dcmiGantly 1 imestones ~r marls. with the 
exception ,of Cambrian and Permie:n quartL:te leyel-s. A thick sequence (500·0' 
pius) of clastic ~ediments-- arkose and si I tstone's '-- of Cretaceous (1) C'! ge 
d ; s ~o n for mel b 1 y 0 v e r lie s the Pel eo Z 0 i c roc k s . F 0 1 \ ow i n 9 0 r d uri n 9 La ram ide 
folding, thick sequences of unscrtec and very poorly bedded stlts and vo )cen;c-

. pebble conglomerates w~re deposited on an eroded surface of Palepzoic ~nd 
Cretaceous(1) strata. A second ~eriod of JT'..ajor erosion.separated these rocks 
from an overlying formation composec of and~sitic breccia :and welded rhyol ites. 
Volcanism was followed by the intru~ion of ~ large plug ' of bio~ite-bearir,g 
rhyolite packed with .foreign inClusions. large granitoid plutons ·of "laramide" 
age form the core of the nearby Sierrita mountains, and are separable int o 
pre- and post- volcanic units. The young~st pre-ore intrusive is a quartz 
monzon i te porphyry wh i ch j s emp 1 aced, genera ll y, as s i 11 sal oog bedd j n9 l :nd 
structurally weak zones. 

Folding and th,rust f~ulting ere 'the ' dc;11inant pre-ore structures. ' ;\Ljor 
post-ore structural dislocations are also evident. 

ROCKS OF THE ALTERED ZONE 

Not all of the sedimentary formations kno .. rn to occur in the Mission' 
vicinity are found wi thin the altered zone. Those which are recognized (and 

. .. ' .· 0.51 
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this is \"ith some uncert~inty du~ ~() alteraticn t-:ffects) are l.lS f-:>110'",~: 

Paleozoic: Si 1 icated 1 imestones. marble. and altered 
marl, silt, and qua r t2:lte are the dominant ho~t rocks 
for coppc r ,su'} ph i de ore. The~e rocks rf\OS t P robab 1 y 
repre~ent the ?ennsylv~nian and Permian section. 

Cretaceous(?): tnter~edded arkose and sfltstone crop 
out in two isolated r.i lIs soutn .of the Mission pit. 
and mo~t 1 ikely are of Cretacecus age. 

Tertiarv: Two units which consist cf unsorted silt 
and voicanic-pebble conglomerate are present within 

. the' Mission ore body. T~ejc rocks are dense and 
fl int-l ike in character, a ~ld are referred. ~c ~s 
argillite or conglomerclte ';or purposes of mine map­
ping. The oldest, the Pap:lgo formation, consists 
dominCln'tly of orgi 11 i te, whi Ie the younger Kino 
forma t i on I wh i C:h cons j s ts dom i nan t 1 y of CO!1g 1 cmera te, 
1 i e s ben eat hap r e -0 r e . t h r Ij ~ t fa u 1 t . 80 t h are as­
signed tentatively to the ~arl~ Tertiary on·the basis 
of district and regions1 goologic mapping. 

The youngest pre-cre igneous rock withln the altered zone is a qu~rtz 
monzon i te porphyry of Str i ogham IS (1960, p. '162 3) I'~phan i tic porphyry" 
'class -- a type almost universal \y present in prophyry copper dis t ricts: 
This rock may originally have mo~e closely apprcxim~ted a dacite porphyry, 
for its present mineral composition includes. much introduced ortho-clese., 

. . ' . 

The porphyry is seen to form s j 1 1- t ike bod i es wh i ch have tntruded th(~ 
unco:-, for~b 1 e con tac.t be tWeen the PD I eozc i c recks and the over 1 y i r:9 ~3p~gCl 

rorm8tion. ~nd also have intruded in a horl;Lo~tal fashion ~bove ar; ci, below . 
this cont~~t. The sills are thickest near the west m~rgin , of the porpt'lrv 
mass, and widely-sp~ced d~ill hole ir,formation suggests that they m:;y ~r~,e 
into a thick dIke or piug. which may be inferred to be the princip&l sourc~. 

or magma vent. 

A large mass of intrusive bioti te rhyol i te torL4%s the host for the sOl~ th· 
ern part of the altered zone. RegionalmbppinS sU~90·S ·ts this r:ock to be ~:O$t 
close~y allied to ea~lyTertiary volc~nism.· 

Ncrrow dikes of post-ore andesite ere present. 

A breccia dike crosses the pit I n a northerly di ·rtiction. 1M 'cHke C(;·n- ' 
.sists of various rock fragments set in e mi»trix of flnely-ground r:)ck pe:rticles, 
the whole of which h~s been altered. ~t ' differs from the, sur-rol..mains rock in 
that, it contains less chalcopyrite anj locally cor-U~iris much galt!tnl. spht!!l~ritte. 
~nd Qrgentiferoustetr~hodrite. 

Pervasive alteration ~~y be here grouped broadly in two catGgories. T:~ 

first. causing the most obvious chcngt's in the rock Qulk, Jnvolve~ the fOnll8tion 



of n~w si 1 icata miner.ls ei ther 1 i,, ~:a or pot~s~it..E':'I t'l/?CS ctependir,g on the 

host. Tho second i5 the formsticm of copper,-'!nd ire., su;phid0S. 1",'1 exception 

is the large area of marble in the Mi~·· ~jon pit are~. in ~!'1icn the only evic:ence 

of ~\teration is the c.oarse·g.&in si~.~ of tfV~1 c.?;\cit~ crystals, reprG$tmtlr.g 

rlfcryst<illization ~ith trilces of sulph;dc ir.<tpre9n~tioll" ~ gener~l distri­

bution of .1 ter.i~tion in the pi t vicin,: ty is (li8~i~!'rur.~tic[jl \y $hown in FigUiC 2. 

~~ich $il~o ~hows th~ principal structured fe~ltur"es. 

Fe!d~P~thic ~ocks: 

Altertttion products in 

q~rtz. bioti le, ~nQ cl~r. 

argillito, ~"d quartzite. 

th.e ftj 1 d ~. p.~ th i c roc3:'l. ~I"~ $er i cite ~ or tooc 1 ~ S~ , 

Th~ rock~ ~o iff: : ter:...·.: il:rc Ct.~nZGi'\ i t~ pOfph}~ry. 

The ITDfi.i:Ordte pc;rphyry consi~ts ,)f I':-uh~d ;-~ ~ to zuhhedr~l phe."ocrysts c)f 

plegiocl4Use 31,d rc::orbed que.:--tzp hofl:M":rysts I 5Ct in a recrystall i2 (:~d MtltrLt 

of fine.-graineci q~~rtz-feidsPeJr. n:~ 9 '~ci \.~ i :lp::, of biotite are usu~ kl'l pres,e;nt. 

The ro-::k is f}otXied by irrC9Ul~f' bleo" £!.1'IC.i i(!p\£Cf,..~,;..,t v.:elniets of pink. ortho-

clase ~nG q,,"~rtl.. The piag\oclU>56 ph!:n.O(;ryst$ t.:"C . r"·p\~:.:(~d by sericite in" 

voric'bie ciegree~. and to a 1~s~~r el{t ,~nt C'1f c!ity m:ntzf£!ls. The rrl$~.ts~~tic 

intergrowth'!. of qu~rtl snd orth()cls~e repi.~cf! hath th~ r..6trix ~n<1 j)'~910-c .\!lse 

phen,)c"'y~t~. P~lrlt(!, chtl!copyrit~, ~0d n"!ro1y 1':"!.)1), bG~nite occur ~:~ (!.iscrete :~ 

9r~;n~ ~c~ttered tkroug.." the rock. ~: l"Id elto in vei:-liets 8sSQ.{;i~ted with bcr-

ders of qv:Zirtz 4I\"ld/or ortho<:l2i$~"" The tor..;:)r of c(YA'~r Is typical of chlalc.o-

pyri te protora iii rn~:"Iy porphyry C~;'P~H,:,r' min~r... T~fln~ i's only Ja few f~t of 

c~.:ll cO': i te enr j ch!~n t bo~& th .is th; ;"1-1 each~d zcr.t;. 

lug; 1 1 i tc. bo~h tho t of th~ ?~:}~ ;>\.') roro'l.'J t l ~;I ~tld the th i!~ ~~(h \rQ i th i n 

tho Paleozoic ro-:ks. is ~lmcst to~[,lly eitcn:.~ to a \~>1try fjne''''9rc~d '~fed ~~9i"e-

9!ite of ~er;ci tc enG/or a :ccrysted; j'<~!la I!"::>sc:c of q~la~tz-f:.1\cs;>..or. S~ipr.icie 

'.re;nie~~ b()rd~rGd by ¢ :l.i\r"n.~'O'iI zo~e cf ~u"rt2 i.in.:! f~1c:ipar glv~ w~y ~t th-+.:l 

o:...tcr eC9\:s, fir~t.to s.ericite iil1d t~: e"l tel f::".e-~F~in~d biotite:. ?yrit~ £nd 

Cf:.s: 1 ;:.cpyr i te v.;cur ~oth as d i 5 iC,",i: MltH:! r,Vr; 1 ~f; [;rj~ in ve in lets. 1he Cbtl,g i~ .. 

(.:n.:::e of u)S hir~ fo'r"~tiO:-j. 'oott1ich c.c ,n~~ is.t~ of peb~:t7s 1,'1 a M~trix of 4lrgiilitc, 

:1~~ ~~':!n fpimi lar-ty a! tared. ~Ithcu~~ c!'",Q1\cC';'yritl:! is virtl.~ity ~bi~f'lt. ~n'~ 

~yritc ;~ the pr;nclp~l ~ulph!~~. 

Q'.JiJrtzttef. in the p~l~oz()ic $.~cricf1 ... :·~rQ 9ct,,-cr.~11y q-.JI te pur~ ct.~\'f,rtz· 

~Mcl~. Th.eir ~~tsr&tton !!: It:'\lii,·h::. n~':·G(~ ~jy fie.:·;',')! (.(~i~~;- ;&t~ ro(,riJ zte.~ji:(3c:i~ 

~.f th~ qv.~·.ru.: 9.ail"l~, t()geth'~r ~d th ':.~,~ f0~'Ji.~ C~01'1 of $8r!ci te ff"("~") & ~i~{'" 

:lit fr&c.ti~~·l. :. lJt~hid~~ otTo::: ~pi:r:~ ~ ~# d;~; se,",,;1 i~~,t~d, ,:.nC 6'~~O o,~cv!," es ~: ;,:iel)'­

ipbceci 1/~5; L", ~ ~5 t £ • j 0 C4 r til: f; ~ r(,~~ T hc,{~'c\,t;· r I ch.:.J C,,?y r ~ t~~ j I'f ~ i t ~H,~· t ~....c t~d form 

~r~des u~ to 0.6% Cu. 

Tt·tti i\:!~O~i:i. of r.(~t~c(",.::· (..iS en e~~J h,.:;,!~ ~~~{;,;) .::·I'i'~f'~; d ~o th~t th~~ c\~'Ztlc • 

~~,;...;.}rt:"i $reins erE:: ~at in ~ ~(tft f~';;\:lj I?.str j" cf s- \:: rlr.lt$ ; .. n·J c~ay. ~f~ th.~ 

f~b;ri1;. ::t t,dnse~t~)d by sIJl9h:(;;~ ;,!ei;-d$,~t:~ l:L?rd'~r~ ,j by gll!~tf:!~dng t>h:ta bt; j e~ 

of (.),.:.tArt;~ ~ ... (d sericite. r"'Yfi~~ ~):'\C: . :.h;3~C·::·-;::, \:~:-;t:~ {In:. toe;' dis,sf~dr"~:~d ~n ·.1 

C.~i~'" tr-c; t~~ in th&: i itt 1 ~ W~ i r.~ . 

Th.-.:~ bt ,)t itt'! rhyo' i te ! n t~;,;: ~r"U : :-; ·e ;-ft j) J :-'~ ~f ;iJ\~ ~~ tC;~I~ ~'~~~ it. ,d t -u'6d 

tQ ~ 16iy, :.~ ric i t~. a nc m i r..:s. C4iS ;-~ :; .).r ... .:;. ·~ 11. 7;~"'~ t; .:i t i t~! i 5i ~'$ trc!:~.!d to for.:; 

!.:::(:c:t~. Fe'c~pzH" ~h'~r~ocrys~~, !\, rc:i ;e~s· ~1;.~rc;~ ~b nn tt."O/~ I'("~tr'ir: . • ~~ .. ~(;h :'-"J....'i$ 

c,igjf')lIl~y gi~~tYt ~rtO :d!'-c iess. ¥:lt~r~d '~~,:.:~ .i :~t;':l ~t c1 lh~ f(u'~ign inc~usi ;~j~. 

~r!tc i~ dis.s&-m;n·~t~d thrCIj~;t-~yt~ p .... inc :[.'·~ t\v b~ ~;icret/.i} gr3ifts-, ~nd CM1C(i­

R."rite oc'.~r~ in ~ir.or ~~unt~. ~.s3.:ry~ $.~JO~ tr;.(2t 5.o:r.,;)l \ ~~"t~ of le0d, zinG, 
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and sitver are there widespread. 

Limy Rocks: 

The Paleozoic s~dim~nts, which are principally cherty limestone. pure 
1 imestone. ~nd marl, have been con,vr-rted wi thin tht!: Mission ·a1 tered zone 
to various 1 ime si 1 icate minerals. Two general gro~ps are domin~nt: These 
are (l} tactite, which consists chi e fly of garnett and (2) hornf(ds, wni(.h 
consists of diopside and calcite. i n the'we stern portion of the ore body 
a silicate zone separating t-....o qu~ rr: z ,ltes ;5 almost entirely of the diop ~~ ide 

hornfels type, suggesting the rock \{ag ori9 i n~11'i a dolomite. E'se~'here 

both sharp contacts and broad grad') '~. ional zones between the two types sU9-
gest a more complex history, p05sib . y involving migration of Hg~ A third 
variety, which I cOr1$iocr to repre5( ~ nt '#eak alteration, is represented by 
white coarse-grained m8rb\e wi~h me,"ely triKes of disseminated sulphide 
grains, This type possibly has fO:-!"ICd from black thick-bedded Permian 
1 imestone. as s~ggested byresiclL!z\~ , of bli~ ck 1 imestone of tha't type. The 
con tac t be tween ma rb 1 e and tac t ; te/Lorn f (:: i 5 is co:rmiOn 1 y sharp; ° bu ti n p 1 ,:Ices 
is marked by the prese:nce of woi ic;~ <onite. 

The tac.ti· te type consists n~e9a ~~ ccpicaily of ~ss1ve ~tr~tureless Y0. 11ow­
bro\Ow't"l garnet. of yellO"...., or brown euhedral friable m5sses, o,."~ of " o red-brown 
garnet. Spectrographic analysis and refra~tive index place all the types of 
garnet so far tes ted j n the" andrad; t e group. A fa\-J 'gsrnets sh~d sma 11 
amounts of alumina in the spectrogri1ph. Soft \A.ili~e material co=-cmly BP­
mixed with the garnet was in early stages of exp'oration mistaken for a 
c1ay alteration of wha t ~S, at,tha t time , thought to be gros5ulerite .. "rh~ 
alumina content of the tacti te iJppelJlrs too low to ellow the prestmc-e ' or 'f':mch 
clay as an alterati·on prcduct, and the soft ~*hitc miner.el has bef:~n identified, 
in numerous s~mples in thin-section , as fine':'gr~ined diopstce.S.ul:phide:;, 
occur as small di!;semin~ted grains. in t h in irregular ve inlets, in narro~:). 
replacement fissures, and as l~rge pods ofr..as~lve sulphides ~ich'lOCQl l y 
assay 5 to 15% Cu. 

The hornfels type is com~n' ly c~-r.posed of. a hard ~r soft, ' white ftn"!!­
gra ined aggregate. \Nhich iR thi~-section'Proves to be equi-granu1ar dicp :~ide 
with vari~ble amounts of cslcite (up to 20%). A variatiOn is a hard gre·,:mi:th 
variety which ;n thin-section is seem to be compoSGd of stubby pri~tic crys­
tals of diopside. The , refr~ctive ind~x ,of. the wh(te granular wrlety ' Ii 
~1 ightly higher than that' of pure d io·pslde. e'nd the prt"smetic f;rystel, rmngc 
about mld~y between the indices of hodenbe rgite and diopside. Thus Iron. f 

metasomatism is obviously ~ r.wjor YC:-ictor in the 'foim®tion of botb the horn­
fels and the andradlte-tactlte deScribed prGvicusly. ' · 

In the western portion of the ore body a ch~r~cteri$ti 'e f~ture of t h-3 
hornfels is the pr@sencc of small vn inle t s or blue-green actinollte, i/& ~; to 
1 inch in width. most COl'm'.only, but not everywnorc. hayIng a medially dt !:ipased 
stringer of . pyrite and ch~lcop'yrite , ThQ: a c tinolite is (;~ly i1ttQr~dslig.:tt­
ly to chlorite. Sulphides fire distr-ibuted In' the I"-tO,"nfels In tho S~~ ltV.lnn&l" 

as in tacti to. 

As a group, the limy rocks - tnctite nod hornfelso-'ccnstitutc' the ~ (\ajn 
source of cc;~PGr c1lnd h&ve a higher nVSrGg6 srade then oro 1ft argi 11 ite, \iehic.h 
i$ the second pri~cip~l cO?per host rock. 

' 0 
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Sulphide impregnation: 

A discussion of hypogene sulphide mineralization is inc1uded here un~er 
the gene.ral heeding of alteration, because it is from an economic viewpoi;o-.t 
the most important change, or alteration, of the host rpcks'. 

Figure 3 sho\,l/s the distribution of copper grading plus 0.4%, as a di&­
grammatic Illustration of copper-grade var:,iation. ~I.en viewing the figure, 
bear in mind that the white areas (with the exceptton of marble units) mzy 
ccnta:n about 05 much total ~ulphide as do the .shaded(plus 0.4% Cu) Q:"e~s 
.. ~nd only sl ight}y less copper. The reduction in copper content, in SCln".e 

cas~s. represents ~ sl ignt d~crcdse in tbe tot~' 5uiphide content, but mere 
generally it reflects an increase ~p the pyrite:chs1copyri te rDtio, or a 
combination of both. 

Total sUlphide content obtcir.eC: b\l calcu1ations bas~d on chp'_llical 
analysis of comppsite s~~plcs cf dri 1\ core is sbown in Figure 4. it will 
be noted that: (1) the tota1 Sl; \ph i de content is higher in the east part 
of the pit area. (2) In anyone sam::le loc.l!tion. the total sulphi ,ce contt·nt 
is llC0ut the same in the clrg; 11 i te of the Papago forma t i on, as i!"~' the tac.-
tite and hornfels zones below. The volwnetric percentage is given (Figute 4) 
because the difference in specific sravity between tactite arid argillite 
introduces an error ~'\rhen cornpiiring ;'-Jeight percento!g~ to the dr::grf-e of su1phide 
replace!ne:1t. (3) ihere is no patt~"'ii of total sulphide content v.!tth respect 
tq the area of porphyry 51 lIs. 

Tr.~;e is a paucity of pub~ished 3na~ytic~1 inforrn.ation en the totl3i 
sulphide content of porphyry copper ore bod;e~ as a group. Spencer (1917, 
p. 1\O) reports the sulphide cor,ten : of three se'1!lples from the E1y district, 
case;d on chemical anJ.l\ysis, whic.h appears to il;present sulphides by wei£ ~ !t. 

Son-Ie assu:n~tio:'ls and calculatior:s o f mine yie.1d the rough figure!i. of 2.8, 
4.0~ Zlno 4.9 p~r c~nt sulphides by volum-e for the three samples, \;k.lch i ;.; 
comparable to tr'.e sulph~de content ilt Ki ss ion (Fi gure 4). 

All rocks within the Mission altered zone Bre rccrystall izecl and/or 
metasomatized to various silicate minerais, and ali are impregnated with 
sul~hjoes. The uitimate source, or feeders, is not yet knovm. Hitnin thi5 
altered mass, the Mission ore zone displays a few local ore concentrating 
structur-es, but fer the bulkof cop ,)er a~d iron sulphides. the met~\Od of 
implacemcnt ciearly did not de?~T")d on open channels of circuiating hydrc­
thermal solutions. 

Referring again to Figures 2 a'ld ), the unconformable contB ;:t bet\r<.:'C :~n 

the F3pago.for~tioi' and the underlying si I icated seciimel'''Its of the ?il!ec.:z:oic 
~e~tion has served uS a loca1 iL.ing feature. Sulphides. follow th i s cor.t.:l::t 
in grea t~r qu~n t i ty and more un; forrd y graci~ j It excess of 0.4% Ctl tnC:!1 i; 
the case ot distances above or b~io · .... the cc.nt~ct. Ev~n the qu~rtzitc ~js 
~re ~ll miner~lized ~:here they abut this surfa~-:c. Simii~r'ly; t :)~ tottc<1'l 
sides of quartzite beds act as local contrci~. A high-Qn9ie feuit is sc~n 
to cause even the unfavor~le m~rbl~ unit to cO(..Q:moe converted totactlte 
~nd hornfels and chargad with sulphides . 

.',. ··f· 
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tn the eastern portion of ' the ore bod y certe ,,, 'ow-lmgle fa eJl ts of ' thrust 

aspect contain thick (to":40 feet} bl:'1ds c f 1 to b% Cu above thew;_ The vertica1 
faul t on the far east t 'erm:inates the ore body (but not sulphide dissemioatior:), 
and along this fault are~6ncentrations of massive sulphides. C~rtain pods 
up to, several feet in diamete'r seem to be related to mineral ized fissures. 
And throughout the ore' zones thin fissur~s of northeBst strike contain sul­
phides, but there is no concentrDtion of dis~emin~ted sulphid~s ~djacent to 
these fissures. 

That all of these structura l features are local sulphide concentr~t~r~ 
is undisputed; however, the ,gre.et bulk of copper ~nd iron su'phides lie, at 
great di$tlln~es from these structures, Frcm,this, t draw the ' conclusion, 
that the met~sornatism whi.c.h intrcdu c. ed sre,:a 'quiOntities of iron to forrll 
iron-lime silicates and iron sulphides, a1esnS wi th $ulphur, possib 'ly fT".agne­
sium, copp~r and other minor metals" invo1ved iortic diffusion as fA principal 
process. Conduits of open circ",lation ~re widely spaced and are reg"rded 
as fc~tures which were iinport~nt only in the';r local environment, and not 
necessarily as principal ore foed e rs. 

The porphyry, rather than being the direct source of mineralizing 
solutions. is itself most obviously a host rock, for it w~s altered and 
impregn3tcd with sulphides &fter sol idific~ tion. The porphyry r,..;sy have a 
genetic relatior'tsbip to mine/al ization to the extent that it fnIOy have be'!!.n 
intruded from a deeper source of ma3n~, ~~ich leter furnished tha elcme~ts 
"'<hich \I'.-ere introduced into the al tered lon-e. 

CONCt US f ON 

The Hi So s ion e 1 te r~d zone i s a lone of poror.y ry cO';>per - type ;>erv<ts hi~.a 
alteriAtior, 3nd sulphide dissemLiati ;jn. TI~ e p .. ~posaJs p~esei'lted i n prec~~dlng 
sections of this p~per ~re that sul?hide mlneralizctJon ~nd alte~a t ; on w~r~ 
,,1 1 , broadly speaking. a cOilternpo" ~ :'leous p"vcess . The minerai izecl monzc"d ta 
;J\.)r ph!'ry does not show a spa~i~1 rel~t;on~;;!p to the altered ZO~J 6$ @ t~/,ole 
or to the cOt)pe r ore depos i t'5 . 

Pen;(-.rsive iii te • .atioi; cf the p() .-phy,-y ,~:::,p'~c;e, ! 1),. ~rrd , ~l$c o f the 2d t ~tlfJd 
clastic sediments (~rk?se and arg~ liite) and of :he rhyolIte a{ : he sou t~e rn 
,olid of the alt~!"ed zon~. is. of a tYi}~ wh;c~ r~',,; 0 ~() ! ocdst5 "''<Iuh:i cle~~I f/ 
~s other than nydrottre;r..aL 'To go ~~~.J(th ~ i, t~ e .; i nei~~s s e ,-icite, c~ ~y; c ~ r­
bor,ate. <1;)0 pyri te-chQ,copyri te, I3r.~ cCiir1'1C>Ii ly pfc:ced in Llnd9r~nis n~sot ~'~e~-~1~1 
cat~gory. eut at Hiss-ion thE; ho st '::0;- mG5 t ~f th a: ~:cpper rnhH:~r£; : iz~tjo ~~! ~ £ 
tJ cQr.,~pl~x of andradite g~rnet and d ~ op;;';~e"he:!e :", ~ :~ r,~ itet ~1ono W,;'; th frdno .-
~mounts of ectinolite o:1d.~~! ' : ~s tc.Pt ~ . Ti12 S(:' i!l :n e ;~~s. t.7~ich ~ I~O trac!!.:i .:)n -
ill 1y placf;;d in a $~pajata c'at~gory ~l "Jci~ P- S q~ .. VTC~ .:t ~temorphic~' ? HC=r:t~..:: t 
n;.':!t~so:r,Cjtl~I!} or Hptrv:no::tasom,2:t:.:,rt, .:u· ~ (~e r ;'_! i0l1 )' thOllcht o 'f .::it5 '( '~n::\lnc ,:,~ t 
high·temperis"ures and undt!r. S!)(,,: ci,;~ i cc,r:or t i t) ;;!; I ~!;",d of-being 1~~ h'? te:r.~ S? ~';:~ ~'d l'l 
to ~i'I ig;')eous intrusive c.o/itact ; f r r •rn wh ~nc'--:, u'~ (':: : :-, !rl~r;;:\i=inc;l f1 u ids C ,Ji~;~? A 
C:G.~rdy 5tE:lted 1J~ ~ ~.ptiIJn i!, t h a::, \in:::~ :::10 S~ \?tl\Ci:;5 in s~ch 6cpo$it~ a ,:-e 
~~erl to rep12ce the si~~c.ate$r ~)'::' ~ ' ~!~ph i Cc ~, .;;;;;;y b~': erf s.G~P, l~t e f' P'~I~::,e~ b~ii!";g' 
f Crri\ed ~t lC".~l:;r te:tl.p~ratu;-W;'~ cr~ 'fj i: t · b!c5 v. ! t.: ~ '~ h~ t, irdgn;\1 cj.J$!j;.~fic.atio~ . Th~ 
s i 1 ; c.~ t es) i t \ hen i s he.. d~. f ()p!'>C d . , : ~ r I, 'I' :'\," ,~'.:i - .. r'·; " ' ~ -, .... ,,~,,'"".,.. .. ~ ·" I' r"'~~ , .... - ~.. . , ~!!. ~ ~.;....l .• "~' ___ ( U t. ~ ~ ~ 4iI 

At Mission. as stat~d 

..• ~ 
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. ,p: of ' silicated limestones with 5ericitized feldspathicrocks, and 
the ' s'sociations with sulpbide mireral i zation. admits of no other conclusion 

. tha~,,:,th~i all rock al teration including sulphide irnprcgnati 'on was more or less 
(,onte.n'po·raneou~. The temperatures existing ina11 r<-..cks must have been similar, 
~t~~i~~ion the sulphides. as rnig~t be exp~cted, replace si 1 icates -- both 
po:tas'sic and 1 ime varieties. Th~:>re is n(' evidence, such as pre-sulphide. post-
,sil .icate brecciation, to sugsest that any appreciable time gap existe~ As 

. ~ ,. cOO1parison; the sulphides at Butte, aitrough they (:) 'early r.eplace the altered 
r6ck. are the result of a cont:nucus and conte~por~neous process, as so excel­
lently proven by Sales and ~eyer (I S~ 6 ) 

SU9gest that the cri reria o f gec logic temperature indicators involving 
1 ime si 1 icate minerals requires reap ~r a : ~al The inescapable ~on~lusion at 
Mi5s'on is that ei ther i ime si 1 i :. a tc 5' fo r m at lOyl(:~"" temperatures than commonly 
bel ieved, or else the ternperztur e ra~ge o f seric: te-pyri te-thalcopyri te must 
be considerabl~ higher !han genera l ~ y adm i tted .. 

Simi tar conclusions were reccnej ~any' 'Years ago by Spencer (1917) in his 
study at £ly, Nevada, whIch is a porohyry copper deposit more sim i l~r to Mission 
than most others, in that extens i ve mineral ization in sediments is there preseQt. 

In the Ely district'an alte r ed l one about 7 mi leslong a~d a mile wide 
c.ontaIns numerous separate porph y r ,:' 'na~.~. e s whi ~ t-- have intruded a sedimentary 
series_ The following quotes are ~e~ resenta tive of Spencer's conclusions: 

"The changes in the ll:nest .)nes cOmiJr;~)e (\) loss of color" 
and recrystalJ izatlon to w~ite fine ' grained marble; ~) 
sil icification with ~pc fC- :-li.<ltion of jasreroid usually 
carrying large amounts of i.)yri te; C}r)d 0) the development 
of 5 i 1 i cat e mine r 0 1 s, ; n c 1 ~ din g 9 a r "e t, t r emo 1 j te, p y r oxe ne , 
and scapo 1 i te. II 

"The a I tera t ions of the po:-phvry . ccmp rise. in different 
stages, the progressive de)~ruction of kornblend, cf plagio­
clase, and of magnetite , a ,d the formation in their stead of 
.... sericite and a brown ~ariety (of mica) all ied to biotite; 
the deposition of pyri t e dnd chalcopyrite, and of calcite." 

liThe distr.ibution of the a 1tered sedimentary rocks is so 
de fin i te 1 y 1 i m i ted to a ZO f/ e comp r is j ng the med i ~ 11 y dis­
posed in t rus i ve rna S ses tha ~: no ex t e nded a rgumen t j s requ ired 
to support the conclus i on : hat the metamorphism is caus~ 11y 
re 1 a ted to these igneous rod,s. HO"oNcve r. ' .. ~ the re 1 a t ion 
is not a direct one as regdros the bodi e. s of porphyry which 
appeor at theprese~t 5urruce; for j t is held that the 
a 1 t era t i on s we r c e f fee t ed by he t sol u t j v n s exp ell cd f r ~ 
deep-sea ted mas·ses of j gn(:ou$ rna ter i a 1, of wh i ch the ob­
,served intrusive bodie~ arc off-shoots. '1 

"Though the different reck s nave y i elded to chemical re­
organ i za t i on and to me. ~oSOi ja tic n~p \ a cc me n t, each i r. a 
m.!nner depending prim.arily or. i r s or i gina l composition, 
yet the res~ltin9 prod~cts are al I heavily charged ~ith 
pyrite, and in the r.~ i r th : $ minerai is zcc~~anied by 
minor amounts of chalcopyr ; te." 
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.';notht:>r ctYnp.)rison may ~)e . r,) .:~ d.;; wi:.r the t incnburg mine, Nelri :1exico 

(Titj~y. ijS1) . H2U' a lone of 1ime-5i 1 ;cate minerals of classical 
"pY;C;:: .. ~tdSOi';"l:1ti c ll (lr 1! ( onta .:t'l type, occurs along the Linchburg f~ult. well 
away from a ~nown igneous m~ss. 

He stCitt."S, In pdrt: 

1 iN f. i ~ Ii e r 0 f t.. h e a ~ t era ~. ; 0 n :~ ~ ,; 9 e s ~ d n b e fix e d ; n t. i :T.e • 
pOI e r ~ ~ C, no <.i;:- e c t ~ v i rj en;: .;- t c i n: i cat e e j ~ rH: reo n t: i n u i ~ 'I 
or deoosl t io n or a tim~ ~r 'e 3k ;~ t~e d 0p csit~cnel proc~ ~ s. 

C~r:6in 6 r gGm~nts. hcw~ver . suggest t~~~ a time break, i f 
one existed, ~as of su(h s~ort duration as tc be jnsis· 
nificant." 

' i Tr.~ a hei at; on, tbere·;-c .. re . i ~ cOr)S i £!erec c1~ a cont i i'r\.l i :19 
~ro(c~s in w~;ch Lhe or e -~ ~ ari~9 fluids, although chang : ng 
s: : c;htly ;11 their cr.c01 ; (;j l ;:Jro~' c i'"t;e~, ,"f."Je more inf1uc 1-,ced 
bv L~;e r.a:ure of t~eir ei"'V:r(· r;; Tie j"l~ cf de~o~ition.th~n::'v 
any S r 0 S.;) C han 9 e ; r. C L:I i:P ·Y:'. : r i c" 1 I 

i; t '; ~ y (~r l r i L":..: t e 5 l 0 n ' n '3 h d ,; " t') f ~ i t. t? ,... .J t ~ 0 nan -0 SCl \ fJ h ; cJ e 5 ; n t r. eLi I) C h b U ,. 9 

:nine to ":C.Hi~;r.i..l;r~t? S.-::"h,ith o~ r~C ~ ';j ): .. t!1"3tic·", r.c)C dw2.y f rc:n fi!ed(~r-vein$ ., with 
the i r n e: h a ; <.) s e ) p ,i : I d ; i; ~~ a : l d r e;:'l j ~~:- ; '-I J t ~ . e to: c; i (,, ' .:-;d J .a c en t . N 0 t e :. Ii e s i :11 i 1 a r i t Y 

to t he $cdes-H'::yer pi'"0~05cIS fl." ~he f Crj:10~; .. ~·n c-f ~e(; c i :e-c~a" l:f: !Iv~lc.;:>c~.11 

at Sunc. Ti t:~;y !s car;..ful ,,<:)rk ; li~:(:2t pS (~ ' ')Q :i--':::r : i~i~:.!-S: 1 iC03~e ~7; ~sC'.mbla ·Je in 
w~;ch, .:..ornrar\' !>~ ccm:non ~ssurn;- ~ i f)n- oi ear;v <);: ica-:icf) f011c~eG by. fro ·:tvr­
ing anti 5.;~ph;~.:e r,:::· ~aCement. t he.: 5 ; ; iCnt;on =.nd sulp r ioe fOimati:,n are c u ntem­
p 0 ~ a r. e 0 ~ S. 2 :-: car e a lit'" e t f: S. L.i : ~_ c r .a r; \' r (1 ,~ j i' 'i C (C :: ~ e r m ~ J pre c e s:: . 

I. Th e m-:-J Ii z. 0 n j t e p () i tJ r: 'r' rJ ','to i t h i 1"', 'C !-- e a. I t ere d 4l rea r, a S I ' j $ P e,= i :-. ! c 
spati.:i rt';~tion5h ; p to either ore 0: ' alteri\~_ ion. 

2. 
;:>orar.eous. 
of I i -ny has t 

A1 tt,otio:1 ane ~U1?rf;dL 

Alteration, as used h~re . 

rocks. 

i!'1'pr(:9n~t;on W{;:re more cr l~~ ss c.ont ~ ~m­

inc lU(les the S i 1 i CoS t i or. of i a rge rr.a~. ses 

3. D1ff~s:on was u prOi.':es~ . of major im::>crtance~ r.a.ajor chaiinel!; for 
''::'~ e n c ire ~ i d t ion 0 f h y d rot Ii e rrr.<) 1 flu : d 5 we r e \OJ ide 1 ':I Spa ce d • 

4. The Hi ss ion mine is a I iporp~'l yry copper'l dcpos it. 
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GENERALIZED MAP - SHOV/ING D1STR'BWT}O~J OF SEDIMENTS, 
:Gf\J.EOUS ROCKS AND - ALTER.~T1C'N BENEATH THE ALLU'vJAL 

PLAIN AS K~JOWN THROUGH DRILL DATt\ 

Figure - ,J. E. Kinnison 
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Chenllu.l1 Re.~~nrdl D!vi~I(}n 

To; B. Hancock 

Location; Bountiful 

From: J.E. COQ 

L.ocatlon; Stamford 

Exionaion: 2653 

Sybj ... .;t: COPPER AND ZiNC OCCURRENCES 
IN A F~NAL TAILS SAMPLE FROM 
ASARCO'S MISSION UNIT 

INTRODUCTION 

Copy to:; A .. VI Carlson 
S,D. Flaming 

The purpose.of this study was to deterrnlne the copper and zinc occurrences In a 
1991 five month composHe flna! taiis sample frl"im ASARCO's M1ssion Unit. This sam~i6 
contained 0.11 %) copper and O.19{'/o zinc. 

SUMMARY 

Chalcopyrite was the major copper minerai ObSf)Ned In the AS;lRCO final ta;:s :.;ample. 
The chalcopyrite observed in the +200 (iH~sh rractil)ns IA'aS predmiiinantly !(Jt;ked 'Nith greater 
amOunts of non .. copper minerals; tha 111051. commcn CGCU ~'(Of\ce being chalcopyrfte locked '.Nith 
greater amounts of sUlceous gangue. 

TtlG chalcopyrite was predomlnantiy locked 'wlth g ~'eate i amounts of non-copper 
n1iosrals in the -2001+400 mash fractions. As the par1:J I~'d Siz$ ,j&creaSHd in the ~200 mesh 
fractions, the amount of free chalcopyrite increased, in trH, -400 mesh fra.ction· the 
cha!copyrlte was predominantly baU, free and locked 'Nlth gr6&ter amounts of non-copper 
minerals. 

Sphalerite was the zinc minerai obsar/ed In lhf~ final tails sample. The sphalerite 
observed tn the final tails screen fractions 'Nas prf.;idomlnantly observed to be locked with 
lesser arnounts of chalcopyrite: the chalcopyrite oc(;urnng as (nlnute blei)5 and attachments. 

No free sphalerite iNas obs,erved in the +65 m~sh fractions, The amount of free 
sphah~rite fiuctuated in the -65 rnash fractions. The mo;t free sphaleritijl approxlrnately 26~~, 
was observed in the .. 400 mesh fraction. 

s.8':t1PLE PREPARATION 

A representative split of the final tails sample 'Nas S{)feened on 6S, 1 no! 200 1 ~.l25 and 
400 rn~sh U.S. Standard sieves. The screen analyse:!; e,n; llst{;:d 1:1 Tabt'f) 1. 



B. Hancock Page 2 
April 28, 1992 

Qe .... ta~· ontat'·'ll ft r"llt' .... ~ · . i:i \'(' 1:Id .'. -.. '1:': .... ''''' ." '\.-1 H'::3 ~!'" .... r:: 1 1(···.... ~Al·" · " '0 0 2(V",,'r'~j 
'I +'l'-J~"" , ! .i'If.;" !)~ .. '''~ i.JI' .... lk~~ I;)~LqJ!~ cil )'" iJi~ +0;,). "O' ';i '1' 'fJ, ~ : V 1/ .... .(." iv," w L!/~~-1+.;i 

0"ri .400 !·"'t'\ech Ir ...... "'>t!'D" ... ~("o (,4 !h"e 1 ~;-,: · .-:- 11.., ''' t{.l ~ - ' "Ub'1""" ""·,-.l 1""" .. ·.,....r··r .... ,...' ........ , ... ,'-1 -"! r ' " a"f"-"I$ /" ·:d r: :t i tid" : f' . ~l>~$' a~~. J! "I~ ".,l ~,. , " .~(J., \(~H';; ~'f~.,, : ·i ~: ·-,.~l _ • . j L~t~\.A' ~ t ..J; \.;\.;)J;-1c..:~ ai~ :ui ll{ ,' ...... :. ~" '::... t.)_~ • ~!~lt.~ 

soluble copper; iron anj sulfur (1$S&YS WerB gJso done ;C) ;' H12 he~c1 sarnpi/J - Tiles€: 
metallu rg!cal results afa ijst~d ;n Tabie 1. 

Representative splits Df ths > 100 mesh final !£t"ils scrf;BrI 1 (acH0r~s \,vt;",rG l':.;n on a 
~ .L;;q ;l"~!n ~llpefT}anr.Ar' in "v"d~r tn 0 fOduf':Q h~o;;.\J1y fl1j'nr.,rpl " 'on,',:::lT l~tH '- \~·~> ",. ·, · ,v """,irle" -'I ll....,..,. · :P~\.-r\. ~ ~ '" ' rr -- .1=ar i . \)1 ¥ \Vp- . v~ It ·"~· '1' , r . \;· \ ..... 't VY ...... \t- . fL ,...,t.,.., ;:L ,:<:0.'1, ,!q. ~ ~ 

concentrates Vlere not prodUC9tj for the + -1 00 rnesh frd:::tiollS bt)CaUSf~ ~or U"lG coarser sIzes, 
the size of the particles interleres with the nea'lY iYj!neral 3ep;Ma~, ; Qr:s , 

Representative spiits of the finai tall~ .;. 1 00 ffi6Sh fr:-tt'tlor.s and ~ 1 C:) (riesl. I I e:2 VY 
mineral concentrates \N€!rS mixed with epoxy to fOHn grS1(j mounts, TI~8 pcli:; hati grain 
mOunts 'were exarnlned under an ore !"nicroscup~ In 8,)(l,a1l / (el!ei~~e!:: light. 

T~le non-opaque minerais wert-) id&(,:Wl6d u ,~;ing >:-ray CliHraction anai/s
'
3s c~r,d ;draGtive 

index oils. 

MINERALOGY 

The non .. opaque gangue in this final tails rra,:;;,!on cons:ste(~ 0: n13.Jcr drnounts of Qual1z 
and potassjum Te!dsp~(, minor amOlmts of cak;~te; dc!cm!~t;~ . o!ac;loclas6, (N(C;XGU8, and mica 
a~ nd trace ~m.cl tt\ts ... ~J .'+"\\1- '" ! . J.'lrll'ff~r'ent!~h:~d\ '. oJ • , , 

"II W..i ..... w. w.u/:: ,t..H ~ ...... 1 ~Qlo~~/. 

In the chalcopyrite occur'rences' descriptIons, the f'lt)n-Opa~u9 gangue predominantly locked 
with the chalcopyrite 'lias quartz, 

Chalcopyrite was the major copper ffiirlc)la! -obS~iVlyi in tt~ '3 ilnal tai!s sa rnple, The 
d )aicopyrHe OCCUrrf.H1CdS f,{re described in detail i \'l U~,i~ .s~). '~~~10n, Cuprite l borni1.e , chai -~ocit8, 

c\-lvellite, dlgenit.e and native copper were obs'mveu In traGB amounts in one or rnora of th" 
screon fractions. 

In the +65 mesh fraction, the chalcopyrite wtiS predominantly both f!'Jlly ~.nd partially 
iocked. In the .. 65 mesh fractions) all of the iocxed cha3copyr1te, except fer th ai locked with 
sphalerite, was predominantly par1iaiiy locked, In ~ll Of the ·65 rnes:iffactlons, the 
chalcopyrite that was observed to be !oct~ed "with gphaierite wa~ predominantly (uliy locked as 
minute blebs. 

it should be notdd that particles raffJfred to as "1~ 'ee!l pa(tlcl(~s ~~nJ' those whi~t'i appear 
10 be free In the pOlished cross section examined. StatisticAlly, ti!e propOi1!on cf truly free 
minerai grains in any sample is generally siYialier tll&n the proportion ObSE:fV€ld as "frAg" 
particles in polished section. 

tt should aiso be note(j that very few pf.\ttldas cO(ltaln:ng spha!elitB and/Of chalcopyrite 
were observed In the ·.,,65 mesh fraction and H\erefore· "the ~)bS$fvat~or;3 fnay not be statistically 
representative of that traction. 
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cllalcopyiite J:;cked war. greg~e( nor,- opaqLl~ £longue 
(pred. quartz) . -

12~S chalcopyrite locked \Vitl'l grf?atef amOunts: of 
non-opaque Gengue/r1Jti!e 

5~'b chaicGp,.'(lte loci~ed wIth greater nor"GPa-:~ue 
gangue/hematite 

3% free 
3% chaicopyrHe locked wj ~h greatt}r non~opaque 

gangue/pyrite/rutile 
'12% chalcopyritfi locked wiU-) iJreater sphalerite, 

cha~copyrlten)omite loCk(-td INlth greater non~opaque 
gangue, !OCk8ti with greatt~r sphB!6iita~ locked with 
greater rno!'tbdtioite/non~cpaquG gangue, locked 
with greatfJ r pydt€/nO:l~opCiqua gangue, lockod with 
greats( f,;uprite!nonQopaQue gafiglie/pyrltei locked 
wltf) iassar n()n~opaque gangue/hematite, locked 
with leSser pyrite, locked with borrdte/diQAiiitel 
coveliii€.fnon-opaque gangue and locked 'lIvith 
bomlte/non-opaQue gangue 

chalcopyrite locked viHrt gr9ater iimounts of non­
opaque gangue 
free 

870 chalccpYlite locked with greater amounts of sphaler;; 
Ita 

20/0 chalcopyrite locked 'with lJreuioi amounts of rutile/ 
non .. opaQue gangue 

2°/a chalcop}'(He lockod with greater ~mounts of 
hematite/non-opaque gangue 

i 07~ chalcopyrite locked with greater aml1unts of 
magl16tltaihernatite/pyrita; iflngnetlte/non .. opaque 
ganlJu8; pyrlte/r\on .. opaQue Qangu8, magnetltel 
hematlte/nOil-opaQue gangue, ncn~op3que gailgue. 
pyote and magnetite 

C~i(.r.!capyrite lock.ed with greater amounts of 
lion .. opaque gangue 
chaicopyrite locked wltti gra8ter amcunts of 
sphalerite 
chalcopyrite locked 'uitri greater amounts of pyrite 
free 
chalcopyrite locked with greater amounts of 
hematltelno!1u opaque gangue 
c;haicopyrite !ocked with greater amounts of 
pyrrhotite/pyrite 
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Screen Fraction 

~ 100/-1"200 Mesh (COOL) 

u200/+325 Mesh 

-325/+400 Mesh 

Percent 

230/0 

t 2'}o 
8%~ 

35% 
150/0 

. ~ 5% 

15'% 

90/0 

OcctJrranCC6 
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~halcopj'!t(f iC'G~~8d ·witf~ y/::;iite! amounts of 
hema!itB/rnagnetlte/~ion'Qpaqu0 ga.ngue 
Ch8.!COpYiit$ I;,::;;ked wilh gr6ate~ all'lcunts of 
spi~akJfit~/hti t~latiit:., pylite/magnt1m6/non~opuqLle 
gangt;a, mADnt~tit8/f':Ofi .. opaQwo gangue, 
r~tHe/r .. on<ipaqu8 gangue, ::ov€l!lto!nc,n .. opaque 
Qurgu8', py ,fite/h~m2.~\tf.' i pyrHH/nC\laOpaqUtj gangU8, 
rlon ... cpaqllf: gangue a~ld sphai(;Mtfdn or>opaqu6 
gangue 

free 
chalt.>Jp)"rita locked '.vitl~ greater 2.mounts of 
sphalerite 
chalcoP'Yrlto :ocKed wi!h gt"sah?r amounts of 
non-opaque 
gangue 
chalcopyrite !ocked with greater ~mounts of pydte 
chalcopyrite !ock.6d with greaJer aniCI~nts of 
hematlte/non .. opaque gangue 
chalcop)'r1te li)cked with gfl;:atf~r ;~m:)unts of 
pyrrt1otlte/pyrtto 
chaicopynte lock0d with greater arnOJnts of pyritei' 
non~cpaque ~angJe; magnetite. pyrite/hematitel 
non· opaque gangue, sphttie:1ts/noo"upaque gangue 
and rutilefmagnetite/non-opaque gangue 

free 
chalcopyrite icck'.ed witli gre·ater amounts (if 

non .. opaque gangue 
chaiccpyrite IDcked wIth greater amounts of pyrite 
chalcopyrite locked wiH) greater amounts of 
sphalerite 
chalcopyrite locked with greater amounts 0'1 
hematlte/ncn .. opaque gangue 
cha~copyrHe locked with lesser amounts of 
non-opaque gangue 
chalcopyrite locked with greater amount.s of pyrite! 
hernatite/non~opaQue gangue, pyritelhem atlta! 
magni?tite. magnetlteil1emaUte, hematite, gaienal 

spha!erlteinon-opaqut? gangue, pyrits/pyntlot.ite and 
galena 
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Screen Fraction 

-400 Mesh 

Sphalerite 

+65 Mesh 

.. 65/"l' tOO Mesti 

.. 100/ +200 Mesh 

.. 2001 +325 Mash 

Percent 

45~/o 

660/0 

34()/" 

74% 

160/0 
70;~ 

Occu rrencss 

free 

sphalerite 
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cha.lc9PVTHa rucked wij;'j !j:B8tJr ar"r':HJnts of pyrite 
chtilcopyrHa !.i)ckt'd wi th less'or arne-L.lnts d pyrite 
chalcupYliie locked wiH, It:sser amounts (}i non-
opaque gangue 
ci1al.x)r:ydt2 !o\~ked ~,Ivlth gtoat~r J,rnounts of 
~F'Jh:..:.lo~!tt)fll-·Y·iVLopaall ie n!;lr·," Iii l~ hl-4m~tlt.~ p·y·rif;:./ ·t....Jp' ... \..i'*"i ~ r"...\' ., ... Ik.> I ..... JUc ~ ... ..J""" ~V u .:1.~ .\.J. 1 . '~, 

non-opaq!JO gat;gue. hf.Ai!~titejmagi'1eme, 
hematlta/nor: "Op~iqU0 gangue; pyrite/hematite/ 
non-opaquf; gangue; bornite/dlgenlte, 
calencJspha!t)rlte ard li)(;~ed with lesser 8.rnoun~~; 
of sphalerite 

sphalerite ;ock~:d wi',h lesser amounts of 
chalcopyrite 
sphalerite locked with lesser amounts of 
non-opaqlJe ga"Gue/chalcopyrite 

sptialer~te loclced with ieSGer amounts: of 
chalcopyrite 
free 
spha!eri~::~ lOi;kBcl 1/iith less6f and gn~ater amounts of 
non-opaque gangue 
sphalerite locked with grea.ter 
amounts of chalcopyrite 

sphalerlt6 locked 'with lesser amounts of 
chalcopyrite 
free 
locked with lesser and greater amounts of 
non-opaque ganguelct";alcopyrite 
iacked \''Vit!i lesser amounts of hetnatl!a/cha!copyrite 
locked 'Nlttl greater amounts of chalcopyrite 

sphalerite focked with lesser acnQunts of 
chalcopyrite 
free 
spha!erlto locked wIth lesser amounts of 
pyrite/chalcopyrite an.d chaicopyrl1elnon a opaque 
gangue 
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700/0 

260/0 
4%. 
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sph8!erlte locked vvitt'j !0sser ~mounts of 
chalcopyrite 
free 
sphalerite locked \!i;~, h lesser amOu ~1ts of 
non "opaque gangue/chalcopyrite 
sprlaleilte locked 'wittl lesser amounts 01 
gaiencJchBJcopy:/telnon-opaque gangue 

spilalerite lockt.~d with !esscr amounts of 
chalcopyrite 
free 
sphalerite lo~keij with lesser amounts t)f gaiena, 
chalcopyrite/nen-opaque garlgue Gf vvittt greater 
amounts of cha!copyrlte 

Minerai Idemlflcation VVaB conducted by dIrect microstoplc eX8.miQaUSf\ no~ bjl 
photomlcrograpny. The colors of t~IQ mineralS in tt-,e phot0mlcrogre.D~js C.&i l !jevja~e from their 
tn~e colors due ~o the degree of reflectivity~ a=undance of liGht or dan.: partic,!es, rnagnificatiun 
ana/oi printing, The daiK br{)wn to ollve·colcred backgrounci bet" ... '1een ~~t e griiins is the 
therrnoplasUc mounting mete rial. 

The size ot the panicles in the photomicrographs is dependant en the plane of the 
section pOilShrJd and photomicrographad. 

SOrTie of the major paI1!c!es and their Inclusions have been labeled on the 
pr.otornicrographs to IdentHy the various mll'l t?ra!s. Ii the majority of par1 ~ cle$ in a 
photomicrograph are the same mineral, only a f(iW have been labe/ed. The abbreviations arE) 

as follows: 

cpy • chalcopyrite 
gao - non·opaqua gangue 
hem • hematite 

CQNCLUSIONS 

py .. pyrite 
qtz .. quartz 
spl • sphalerite 

Approximately 500/0 of the total weight in the ASl~\RCO Mission final tails sample was in 
the +200 mesh fractions. Approximately 740/0 of the copper was pres~nt in the +200 masr, 
fractions. The chalcopyrite observed In ~he ;+65 mesh frat,;tion was prad(~rnlnantly both fully 
and partially locked. In the .. 65i·}>200 mesh fractions Ute chalcopyrite WAS pr9dominantly 
partially tocked. It appeared that a finer grind would free up a $;gnlflcant amount of 
cClalcopycite in the +200 mesh 1ractioTis. H appearad ~ howeverl that finer grinding \'\IouJd not 
liberats mucn, If ally, of the ctlalcopyrite associated with the sphalerii& in any of ft"le screen 
fractions. 
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p.pproximately 26°/c of the copper In the final ta.llS\V~~5 presBnt i:l the -200 mE\sh 
fractions. The .. 2liO mf;S[~ fractions made up ;;~pproxir;;at0ly SO~r~ (J! the '{otai Itveighi, A 
significant amount of free chalcupyrHe vvas GbsE;rved in ti-ir; ·2:)0 mesh f(a<.~ti()ns, especially in 
thr-. d"~'O"'O l'[l J::;q;h t#r~t·t:'"'ifl wFi'~r· ·Q J.r;Ol~ .... ,f ir-,~ , .. :-..::l;, ..... .. ..,p.uPI.{, 'n ~hr:,r ~t .. ~/"il'\-:r'l ( ·I" C ( · .... ",id a'~' 1. ·'{'6 
I!: ..".: ~ -' . • '.Jy ll (,\ .. ,.iv 11 • • ~ . v ·~ ,t,Jl i 'J.u ~ ttl"",,, :w : J."" tv ·..)J ),t _~ ' !,,'(il "ti l,#-' \ ..,,1- -,J y ;;..41 1,rJ';'" --.,' .l .... 

particles. 

Tile sphalerite observed in the final tal:; ~ fac t! Ons was P(-3C0f7li'1t1(,tly iockjd in partjdes 
VJith iesser amounts of chalcopyrite; the chaic;.)pyrih:;: (;ccu(dng ~)1edomln ani!y .as minute blebs. 
"'r},ClI ~ ' u(·r· D.~<:" tl1 Ph~rQtl'rln tJ.;I';;;' ,-.hkljc"~!0'y' ri!. t.:" ti{-;rr, th~";t '·'r.} . ~~i l: ~;'f ·j(.-) -;If:.1'''\ e.:'i''~' [1 u' i li:;~!:.I"" 

) t.W -.::> W i.# 'J .. \I!J)'tJ!.oJ1 ~~w\o,Ji\'i.' ~ ~c1 .., 1,\.;1 ""'! t\.-4 . ".,v,.". . 5 -,. -...) !f .: : 1 .. ti..., 3~J Jtt..4 , . .,. I '\'V \.,o;.~ .fi'.i i. ...... r:r~ '4'. ~~'l '~ J j 

Jennie E. Cae 

11.015 
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Table . A.SUeO Hi $S i OD Screen ~Dd ~&t~llut~ic~l AD~lyses L. 

ASkJiCO Mi S $ i OD f' ilU 1 Tails 

Screen Si2te ".eight life. i.gbt Wei 9'ht Weiqbt C'u\ Zn\ Acic1 Sol Fe\ $\ 
{g} Cum. (9) \ % Cilia Cu\ 

.. E~ Mesb 129.9 129.9 16,. 9 16.~ 00.20 LUl 
-6~/-.lO(> Mesh 69.S 219.1 11.7 2i.5 0.1 S Q.18 
-100/+200 Mesh 1'>.4 385>.1 21 .5 50.C 01.09 0.21 
-200/+'O~ K&:sb 12-G.6 ~(J~. i 15>. l' 65.1 0.05 0.29 
-.IlOO , K&sh 2&4 . 3 770.0 14.3 100.0 a.os 0.16 

CiIllc . B&ild 710.0 1 GO. iI O.lG 0.20 
As.s~}' aead 0.11 o . I 9 Q.Ol " .1 i 1.57 

DISTllIlH1'l'I05S 

Scree~ Size C.u eu Coa %D %n Cu. 

-+65 Mesh 15.3 35.3 t.t! '.6 
-t:5-/+100 )\esh 11;.3- 51.6 10.1 19.3 
-lc.O/ .. 200 Jtesh 2£0 • 2 73 .8 29.6 48.~ 
-20i)!;+4 eO !t&sh &.2 12.::> 2$.2 72.0 
-400 Mesh 13.0 10>0.0 28.0 lOD.O 

C~lc. Beaa 1o-0.~ lQG.~ 

ASARCO KissioQ Flot~tion F.ed 

St,;reetl Si'Ze Wei Slit: Wjo\igbt W·.iSh-c We.i<}bt C'u\ :tc\ Acid Sol P'e\ S\ 
(9 ) C,: •• l q) '\ , <: u.a Cull 

.. fi5 "esh n.l S1-1 1-4.3 14.3 0.12 L09 
-f.:S/l-~OO J'!esh 1t.6 1,5.~.1 13.9 2'.2 0.;7 Q .19 
-1 00/+200 Mes~ 126.~ 26-6.1 22.3 50.' g .82 0.31 
-2;)1)/+325 !'\~5h S 9 .1i 3l4~.7 lO.~ .:'.1 C.!t5- 0.36 
- ~4:S/-+400 ~a~b 16.2 3'71.9 4.6 65.7 G.Y1 0.36 
-1UO 1"le~h B'4.G ~6 >.!J 34.3 100.0 0.76 CL 27 

Calc. Bead S~ ~ . 9 lOa.D 0.11 0.26 
Head 0."10 rt.2S 0.02 4.76 2.46 

DlSTJllBOT:OBS 
'rotal eli Cua. :0 CUlIO. 

+o!> Me:; b '.4 ~-. 5.0 S. D 
-65/tl:)(? i"est'l 11 .1 1.7.5 1"'.3 15. f 
-H::n/,+luu Mesh 2'>.7 4)',,2 2;.1 42 . 4 
-20C/+125 ~esb 14.0 57.2 1 to a 51.3 , 
-12!>/+4CO l1~~h '.1 6~.5 6.S 'La 
-fo.O Kesh :H .s lOO.~ 36.2 100.0 

Ca.lc. fie;)d l(![LO 160.0 

, 
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