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GA LE NA AND CHALCOPYRITE li'ROl\1 THE 
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SU)(MARY. - GldeUlI nnd ehn1cop~'rito from the skarn.su11)hidO deposit c Vnlle 
del 'reml)eriuo J. (CampiKlia Mnrittim:t , Tu~e:"'y ) were studied by optionl and 
clcetrou l)robo analy~s. 

T he textural re latiollshi l" cI' idenee the ehalcop.vrite·SI)lmlcrlte·gnlena para­
genesiB nttonl ing to a crystallisation from a metal'Bull)hur eom l)lex 81<11e. 

The thal«Jpyri te~ from the iuner and outer Pltrts ot the dellOllit SllOW a 
remarkable compositionaJ hOmogeneity, t bus IlllggOl!lting the II>I IlIC temperature ot 
formntion. On the olher h,,,,,\ the eom positional dishOl11ogcncity ot g:tlcna and 
itB rlifl.()()uiJibrinm relationship with SI)hlllcr ite point ont the tact that ~o post­
dcpositioual CI'o" t affeeled tha whole system . The ehaJeopyri te·sphalerite-galella 
minernlizntiOIl should hnl'e tlepo~ited llfter the contnet IlIclnmorphie el'ent eor­
relntcd with the pliocene grnnitie illtrusiotl and tho chemical disequilibrium is t o 

be impute<! 10 fs • I·ariatiolls. 

RIASSUNTQ. - Le gaLOIlC C 10 calcopiriti del deposito n sol fur; dclla Valle 
de l Temperiuo (Cnllll);glia Maritlimn, To~a n" ) SOIlO stale etudinte per I'ia ottics 

e SI)Ctlroehimica nlln miero80ndu clettronicl' . 
I~ rel,,~ioni IC88itur:j!i mOlltrullO una [lar~gene.ii calcopi ritc·bleuda·gnlcna in 

•• «ordo COli Ulla. cri!lta11iulU:ionc dn cornplCllSi sJlfomcLHllid. 

lA! caLeol)iriti delle dh'crlSC Illlrti del dcpo~ito l)resentllUO \II1U nOlo"oLo OUlO· 
genoita di composi~iol1e che 8uggcrisee UIlII HteSStl leml)crnturn di tonunziono. 
D 'nltrn Illlrte la disomogelleita delL:! ~l\lc ll a c le rolllzioui di disllquilibrio dclla 
8tellSII con la blelld:~ iudicullo ehe il sistcnw non A stlllO rit,<! uilibrnto till e\'e ll ti 
pOllt-dcposi~iollali . 

La millerlllinaziolle n eulcopiri le-blcllda·gslenn si e dC I,osilnln (101'0 II {eno· 
mello melamor(ico correlato COli I'illtrusione grnnitica 0 iL diacquilibrio ehimieo 

rlle\'lllO A da. mettere in relnziolle COli le I'ar iu ioni di {So' 
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Introduction. 

Galena and c.halcopY"ite f"om the contnct me4lsomatic skarn­
sul ph ide deposit «Vnlle del Temperino» (Clllll pigl.ia Marittima, Tu­
scnny) have bee-n studied by opticHI aud spcctrochcmicH I iIwcstigations. 

The mineralized OOdies of the deposit are COm l)lctcly embedded 
in the marble deriving from the liassie limestone formation c ca]care 
IlIltssiccio. metamorphosed by the pliocene granitic intrusion, The ore 

bodies are strictly associated with It felUie lllonZOllitc porphiry, known 

as c porfido yerde It, and show, in spite oC their irl'egular shape, a 

7.oniug of lIlin crali7 ... "1tioI1. 'rhe miuerai association is charucterized, in 
the illn e.· zone, by the I}rcscnce of: ilvrute, IlHlgnetite, cha.lcopyrite and 

pyrrhot ite and, in Lhe outer, by hedell bcrgite, chaleopyrite and pyrite 
with some supe rpooitions of the two association" liS SllOwn by a banded 

macl"OScopic textul·e. 1.11 some pockets of the upper part of the deposit, 
ill direct contact with the IIlllrble, galena and sphalerite are associated 
with hedenbergite. cllUleopyrite alld pyrite. The whole mineralized 
body shows a marked out.wards depositional trend. 

'I'his research, which follows a prev ious one on the Sl)halerite of 
the same deposit ( COI(S I ~1 a.nd 'I'M~EI,U, 1974), to which Ule reader is 
,'der"ed (01' 11. llIore complete dClScriptioll of the geologielt! setting and 
of the ore structu.'e aml I'clating bibliograph y, wus ell.l'ried out in 

order to obt..'li.n some infOl"ll1l1tiou on: 

1) tIle formation tem]>C.I·llture of the eIHlleopyrite-sphale.rite­

glLlena assemblage (I ), present i.u the upper zcne of the min eral body, 
through the detennillll.tioll of the distribution coefficient ( K) both of 

M.nS and edS betwecn glllena und sphalerite and of Se between ga­
lenn ami chalcop~' rite, nccording to B~:rUKE /llId BAHTO:-; (1971) ; 

2) the relatiomihi l) beLwl'en the chaleopy rites of t he inner alld 
of the outer 1.One through the (I e.termina.tion of minor elements and of 

mela.l / suIJ)hUl' I'atio on the bASis of the expel'imenlul work of YUI'm 
and K UJ.i,E IWD (1966) ilnd CMIHI (1973), 

(') Aeeording to BAll1"1I01.ollt (1958): c mineral 1l88(!mblage wiLl refer to the 

set of mineral' whiel. al"(' observed ill dircc~ eonllle~ with eneh olher in an ore 
,,,ooimen. The word, lIIinera] RlISOeiation will be u!!Cd IIIoro loosely "t, 
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Experimental procedures, 

Sam ples wel'e collected directly from minc openings with special 
effort del'oted to obtll ining It representative sampling of different · 
zoncs of the skHI'Il,sulphidc deposit. 'I'he lllicl'OSCOpe and elect.rOllprobe 
dcte.I'miJlsticns were. made on polisll ecl Hnd thin-polished sections. 'r he 
speeLrochemical nnaly.ses of galena were CltI'l'ied out wi.th the Philips­
~orelco .tULR/ 3 electrollprobe ( tllkc-off 1l11g'le 180 ) of the 1nstitnte of 
!lli.ncra.logy, University of ~" loreHce, ILt an excitation potential of 30 
kV. Gule.ns W/lS investigated for Pb, Mn , ""e. Cu, Zn, Se, Ag, Bi lUld 
Cd usi.ng a synthetic gnlena as l\ standard fOI' lead, and pu.re metals 
(Alfa Inorganic Inc. BCI'erly, jlass. C S.A,) fo r the other elements. 

'l'hc spectrochemical lllll\.lyses of chal copyrite were ellrl'ied ont with 
a Cambridge-OeosclllL cl ectronl)robe (take-off angle 750

) of the Depart­
Illent of 11inenl.logy and Petrology, University of Cambridge, U,K., 
a t an excitation potent.ia l of 20 kV for S, fi tn, Ag, IIml Cd luul o[ 
30 kV for an the other elements prcviously mentioned. In these analy­
ses the stalldnrds used for galcna wel'C associated, for sulphur, to II 
pyrite from the [sle of Elba. 

'I'he IIlcasured intensities wcrc cOl'I'ectcd for dcad-ti me, bnck­
groulld flnd f illll11 ellL-clt'ift and til e Ill casUl'cd concentl'HtiollS for flu o­
rescence, al>.sorption !Hld I\tom i(' nUlllber applying the D UNCU;.I U and 
JON ~:S (1969) program to the JB11 360/ -t4 computer of the IJlsti.tute of 
Astronomy, u niversity of Cambridge. 

'I'he IIJ111iyscs I'cportcd Ilrc /lverage values (wm six to twclve dif­
fcrent points 0 11 which cnch elenU'lIt was co unted three timcs. The 
dev iations from the seve.ral spot amI-lyses of II sfl me sample fflll within 
the range of I'lldiometl'ic en'or, 'J'he OI' Clra.1I precision of HJH1JySCS was 
detcl'minod by repeating the detenninations on selcett'(l !I,rCIlS of ga· 
lena and Cillllcopyrite. 

Microscopic analysis, 

ChaJ.cO'Pyrite, splw lf:>rite and yalcl/a, asumtbl{/ye. 

This asscmblllge occurs on!.v i'n thc uppel' zoncs of the skanl-sul ­
phide dcposit in direct eontact with mal'ble. Sphalerite is always cha­
rneterized by bleb-l ike in cl usions of chaleo pyrite in a typical c mottled 
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texture » CEDWAN:DS, ] 965), which is ]wxticularly developed near the 
spha.lerite-elllllcopyrite and sphalerite-galenll contacts. A drained area 
aud u. sel-iate alTlIllgemeJlt of inclusions are frequently ()bscrved 
(fig. I, a und bJ. In some cases the illclusions luwe a fragment-like 
shape, part.ic'UJarl:y when the !Contact sphll.lerite-chaleopy:l1ite has a 
shar peorller trend. Etching of sphlllcrite with HI hns sometimes reve­
aled 1111 illtergranulllr distribution of chlllcopyrite ( fig_ 1, c and d )_ 

'I'hose text uml re1atiollships suggest a pl-imary crystaluzation of chal­
copyrite followed by crystllllization of sphfllcl-ite toghebher with some 
residual and/or rel)lllced chlllcopyrite. 'rile ea rly main crystallization 
of eha leopyrite might be confirmed by the scl(..'Ctive replacemcnt, pa rti­
cularly a long the ellllleopyrite-sphalerite contact, of eha lcopyrite by 
galena which is the lust mineral to crystallize (fig_ 1 b). 

Small Illllounts of pyriw and magnetite are associated with the 
above mentioned miu cmls while covellite and digcllite are sometimes 

Fig. 1. 

a) BlelJ_like iuelusiOlls of ehaleopyrite ( white) in Sllhalerite (greyish black) along 
the coutud. r\ote tho draining :loue lIud u Ilolysinthetic twin of sllhalerite. 
Poli~hed sootioll M2·3, oil immersion; etched H l; N I . 

/I ) Replacement of chaleollyrite (greyish) by galena. (greyish white) along the 
eontaet with 8phalerite (blnckish grey). 1'\oto the inchlsions of ehaleo]lyrite iu .pha­
lerite both purnllel to the contaets and in a sctinlc dist ribution. 
Polished seetioll 87·2; ,;i r; N I . 

c) .f ine uggregntc of sphalcrite grains ( from greyish black to grey) with iutegra. 
nul,.. 8ud blcb-liko illelusiolls of elmlcopyrite (white). 
Polished s-eelion M2-19; oil immersion; etebed HI ; N I . 

d ) Conrllle gruill of sphnlerito (from greyiSh black to light grey) showi ng a poly· 
$inthetie twinuing with illt('rgrnnuhlr ch,' leO ]l~'rit c ( white). 
Polished fleelioll M2-3; ai r ; etelloo HI: NI. 

e) Clwle:>pyrite ( whiti$h) replneing 1111 iron sulphide (greyish, ])itted) dcri'·ed from 
pyrrhotite (whitish grey), with some remnants of "",gneli!c (greyish black ). The 
gangue mincr;.l (blaeki8h) is mainly iledenbergite. 
Polished seet ion l\I4·2 ; air; N I . 

/) Cltalco[lyritc spccks nnd inclu~ions (white) in sphlllerite (dnrk grey). Magnetlt!) 
lamella.e ( blaekieh grey) lire replllced by c.haleopyrite. Note Ihe magnetite nodule! 
in U COli-rile subbedral I)yritc grain (whitish). 
Polished seetiou 1;;3·3; uir; N I . 
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presellt arOWld chalcopyrite as supergcne minel-als. The gangue is 
maillly composed of hedenbergite, johannsenjte and calcite and smaU 
amomlts of qUU1·tz and ill'llitc. 

Fig. 1_ 

X.ndiconti S. I .M.P . . U 
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Chalccrpyriie, pyrrltotile and magnetite assemblage. 

'r his assemblage oc<:urs i.n the inner zone of thc min eralized body. 
~Ingll etite is pl"eSmlt hoth IlS pseudolllorph on hemlltit.e lamellae, which 
a re frequently observed AS remnants, and as nodules llormuJly COil· 
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Fig. 2. - Vnrint ion of dislribu1ioll eoeffici ell ts with temperature for 

sphalerite aud gnlellll li t equ ilihr ium (sflt'r BnlIKE uud B.IIITOS, 19i1), 

with the \' 8Iue3 or the I{~\',: ~" (8)1io cirelea) lIud }("JI~j(" (011en ei relea) 

tor galena and tiI]lhalerite ( rom Campiglia MariUima. ( Precision 42 per· 

cent ; 1 = 1I2·2; 2 = M2·3; 3 = M2·19: 4 = M4· I03). 

. 
~ 
• 
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taiuing small drOI>-like pyrl"ilOtite and / or chaleopyl"ite inclusions. P yr. 
rhotite, which resulted to be iH'xIIgonal as well as monoclinic at x·ray 
diffnwtometer investigati clls, occurs as an intergl"Owth of large lamc1· 
hw frequently embeddi ng magneti te. Both pyrrhotitc IUld magnetite 
lamellae ma:y be replllced by chalcopyrite which in some cases is eom· 
plet.ely pseudomorph after pyrrhotitfi'. Primary pyrite is present in 
coarse subhedraJ grains, strictly associated to magnetite and hematite, 
wh.ereas secondary pyri te occurs in collofonn nodules in pyrrhotite. The 
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association is completed by minor quantities of splla.lcr-ite, bismuthinite, 
marcasitc and of another iron sul phide phase which appears to be an 
alteration product of pyrrhotite. This phase, which may be identified 
as the «intermediate product» of EI NAU DI (1971), is rep laced by chal­
copy rite (f ig. 1 f). 

'rhree differcnt types of sphalerite-chalcopyri.l.€ textures have been 
obscn'ed: star-like i.nclu~ions of sphalerite in chalcopyrite, mottled 
texture with a seriate distribution of chalcopyrite grains, and specks 
of chalcoPYl'ite in sphalcl'ite (fig. 1 f). 

Bism uthinitc is present as specks in chalcopyri1:e while marcasite 
is frequently associatcd with tIle chaIcopyrite replacing pyrl'hotite. 

The gangue minerals al'e rcpt'esented by iivaite, quartz and minor 
quantities of hedenbergite IJnd fluOl"ite. 

Electron probe analysis. 

'f he amLlyses pc.rformed fOl' those elements whose concentration 
was highel' than the detectability limit, ext imated to 99,7 percent level 
of probability, cl.re reported in 'fab. 1. 'f he sulphide concentrations are 
also rcported for the galelll~ analyses in order to verify the overall 
accuracy. Chalcopy ri tes in the samples from the inner ( E3--3 and E2-3) 

an d outer CM2.3 a.nd 1\12.19) zones of the deposit, show a remarkabl e 
si milarity in thei r composition, expecia lly for what conCCnlS the Me/S 
ratio which acco rding to ¥ U!W and K ULLERU D (1966), characterizes 
chalcopyrites of differc.nt formation temperatures. Tll erefol'e, assum· 
ing that n'o post-deJ)ositionat homogenization has occurred, the results 
suggest t1lil,t the Cu F eS-2 of tJle inner and outer zones of the deposit 
arc to be related to the same formation tem perature. The analyses of 
galena and chaJcopYl'i t.e show that selenium has never been detected 
wllile mangmlese amI cadmium have been detected only in some of 

the galena samples. The values of the distribution coofficent.s K ~fu';:f' 

and -Kml" , ca.leu lated for sam ples M2-2, 1\12.3, r.I2-19 and M4.103, 
usi.ng the sphalcri.oo datH. obtai.ned by COllSll'1 and TANBLLI (1974) on 
the same polished sections, arc plotted on the diagram of fig . 2 showing 
the relationship between distribution coefficient.s and temperature for 
sphalerite and galena at equ ili brium ( BETHKE and B ARTON, 1971), The 
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position of the IlOillts representing our samples suggests that the ga­
lella and sphalerite from CUlupiglia Marittima are not at equilibrium. 

'2$: 0 , 1 

$1-2 . ., " 
"N' "" 

F'ig. 3. - CompOflitioll of galenall frOI1l Campiglia Mllriltima 
reported in a portion of the PbS·Ag.8-Bi:S. system (the precision 
ill indicated by the small rhombulI on the left; 0 = Mu Ilnd Cd 
prc8Clltj D. = Mu preacnt). 

Th e results of fill gn,Je.na analyses repoI'ted (fig. 3) in the 
PbS-Ag2S-Bi2S3 dillgram (l\l118 and CdS have been added to PbS) 
point out the dishomogeneity in AgzS aJld Bi 2S3 content, particu­
larly fo r the :;\12-2, i\l2-3, M2·19 and M4-]03 sa mples collected in the 
eastern part of the mineralized body (see fig. 1 COUSINI and TAl\'ELl,' . 
1974). No evidence of diCCer ent steps of recrystalli1.a.tion - such as 
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an overgrowth of galena crystals - or of a continuos variation of 
physico-chemical conditions - such as a chemical zoning in a. SiJ1gle 
galena crystal - has been detected . The eompositional dishomogeneity 
suggests a ehemical. diseq uilibrium ill the medium from which galena 
was crystallizing. It is extremely improbable for T and P to have 
changed, in the very restricted sn mpled area, in such a way as to 
aecount for the variations in the activities of the di fferent c.omponents 
of the system. 

Conclusions. 

The internal compositional dishomogeneity of galena and sgha­
leri te and the disequilibrium situation between these two minerals 
suggest tl1at no remarkable post-depositionai events have caused a 
re-equilibration in spite of the chemica.l homogeneity of chalcopyrite. 
Conceivably this homogeneit.y cannot be imputed to the thennal me-­
tamorphism related to the pl iocen e graJl itic intrusion, whose intensity, 
which caused the metamorph ism of the liassie limestone, should have 
homogcnized also tIle sphalerite in spite of its lower .rc-equilibration 
tendency in com rmrisoll with ehalcopyrif.e ( B ARTON, 1970). The homo· 
geneity of chaleopyrites may be imputed either fo a re-equi.libration 
occurred at room-tempera.ture or to a. same tempera.ture of primary 
deposition, which should have varied between 2600 and 3340 C, as de­
termined by COIlSI"1 and 'r,\ KELLI (J974) for the chalcopyrite of the 
inner zone. Of these two hypoth eses the former seems to be less pro­
bahle because of the disholllogeneity of galena which has an homoge­
nization tendency of the same order of chalcopyrite (Bt.'THKE and 
B ARTON, 1971). 

The chalcopyrite.sphalerite-galenll. paragenesis, analogous to the 
zoning of the whole mineralized body, agrees with a sequence of de­
position f rom a Cu rich medium where all metals occur in sulphur 
complexe state (BARN!';S and CZA!-lANSKE, 1967). The textural relation­
ship between chalcopyrite and sphalcrite and the internal dishomoge­
neity of sphaJerite and galena can be explained by fluctuations of 
Is •. Considering the close values of t::. G for Cu and Zn complexes, 
these fluctuations controlled both the crysta.\lization and/or dissolu­
t ion of chalcopyrit.e a:nd sphalerite and the · activity of F eS, Ag2S, 
Bi2S3 , 1\1nS and CdS in the system. 



T ABLE 1. - Microprobe analyses of galmias and chalc0p.!Jrites from Campigli4 MMittirn fl. . 

GAr~ENA Goneentl'atiolls (wt. percent) " 
Sample )In (MnS) Ag(Ag.s) Od (CdS) Pb (PbS) Bi (Bi$.) Total Al5Soeiation 

M2·2 0.10(0.16) 1.30(1.49) 0.15(0.19) 81.40(93.94) 2.98(3.06) (99.44) ccp, SI), py, he, qz, cv, mag, hem 

M2·3 0.13(0.21) 1.11(1.21) 0. 10(0.13) 83.73(96.62) 3.04(3.14) (101.97) ccp, sp, Py, lw, calc 

M2·6 0.89(1.02) 84 .65(97.67) 1.32(1.62) (100.31) f.Cp, !lP, py, ealc 

M2·19 0.06(0.09) 0.78(0.89) 85.84-(99.06) 0.30(0.37) (100.4 1) eel', py, ap, cv, di, he, il, qz 

87·1 0.83(0.95) 85.33(98.47) 1.45(1.78) (101.20) eel), sp, he, qz 

87·2 0.89(1.02) 84.50(97.51) 1.46( 1.80) (100.33) cr.p, 8]1, py, he, calc 

M2·31 1.08(1.24) 83.62(96.50) 1.4.2(1.75) (99.49) cep, sp, py, he, qz 

M4·l0S 0.07(0.11) 0.39(0.45) 86.24(99.52) (100.08) CCI), py, 8]1, he, qz 

ORALOO P YlUT E Conccntrations (wt. perccn t ) 

Sam])le Fo "" Od S Total Ponnula. Associatioll 

M2-3 3].0] 34.53 0.18 34.05 99.77 Cu,.ot± 0.01 Fe.. ... ±MI CrJ •. _±e."" s"±o.ol sco 'IL-o\"C 

M2·19 31.05 34.i3 0.15 33.74 99.67 CU .... ± u. }'C, ... ±UOl Cd.._± 1.01l S.± .... sce abo\"c 

E3·S 30.13 35.11 0.10 34.30 99.64 Cu, ... ± o_", Feu! ± .... Od. __ ± •. OI, s,,±o . .,. hem, mag, ccp, py, il, ho, qz 
E2·3 30.56 34.92 0.12 34.10 99.70 Cu, ... ± .... Fc, ... ± 0_" Cd... .... ± •. "" s,,± . .... IlIag, po, ccp, he, il, qz 

Limits of detc-et:lbility (wt. percont) 
Galena: Mn = 0.04; Fe=0.05; Ou=0.06; Zn =0.09; Ag = 0.09; Cd = 0.09; Bi= 0.09; 80=0.09 
ClJaleopyrite: Mn = 0.03; Zn = 0.08; Ag = 0.06; Cd = 0.09; Hi = 0.06; Se = 0.06 

eep = ehnleopyritOj sp = sphalcritc; py = pyritc; po = pyrrhotitej ev = covcllito; ill = digcnite; m:.g = magnctitc; hem = hema· 
tHe; ho = hedonborgitej i l = ilvaitcj calc= cnleitoj (170 = quartz 
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The lower FeS content of the sphalerite associated wi th the chal· 
copyrite of the outer zon e, points to an increased outwards Is .. which 
Illay account for the Cl'yShlllization of gaiel1a booing d'ciayed till the 
temperature decreased, as requested by the lower !:J. G value of Ph 
complexes in com parison with those of Cu and Zn. 

"/I'lorclI.ce, June 1974, Celltro di Studi per la Mineralogia- e Geocllimica- dei Sedi· 
mel~ti del C.N.R. prcs"o l'lstituto di Mineralogia- dell'Universitd degU SI1Idi di 
Finfflze, Via [,amarmol"(1 1, 50121 l'irenze. 
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