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(;Obalt pyrite ores ill the upper Martello Valley
(Alto Adigc, Northern hal y)

LAURETrA CASARI

htilUlo di MineT1llogia ddl'Uni~rsita, C.so Eroole I d'Este 32, 44100 Fc:rrara (h.li.)

AISTlACT. - 1bc pyrile.rich polymetallic straliform
mineralization occuring at Rifugio Borl"Off'l(O in lhe
upper MIrlc:11o Valley (Aho Adig«, Nonhern 1I.1y)
is closc:ly linked 10 IWO adjacent, but lithologically
different horirons (quarlzitel and chlorite·bearing
phyllitesl in the phyllites of Veoosta Valley AusnQ.
alpine basc.-mc:nt.

The: microprobe analyses show the presence
in both horizons of a pyriu: very rich in Co and
As; moreovcr, acoordinll Iu the allalitical Jaw, the
more romplex mineralization (Fe-Cu-Zn-Pb-Co-As·Ni.
Ag.m:re·Sb-AuJ of the ehlorite.bcaring ph)'llite
horizon pInenlS Ag·Sb-Te.be1!rillg galena, eobalti­
ferous ullmannitc (Ni. ..eo..... ItAso...Bi...Sbo ...)S,.
and hc:dlc:yile ((Bi".~,T~ ...), 11 term of the tena·
dymite·tc:llurobismulilC' serieil.

The pol)·mt:lallic palagcoesis rich in Co and lhe
high Co/Ni T1Ilio of the pyrites s,uggest a volcano­
sedimentary origin for lhe mirn':lalization.

Kt, UIOrdr: AU5lr0lIpi~, Val Vc:nosta phyllilC',
\'()ka.~imentary sequence, sulfide geochcmislT}'.
Co-pyrilC'.

RtASSUNTO. _ La mineralizzazione polimc:tallica
slnlliforme a pncvalemc pirilc affioranlC: presso il
Rifullio Borromeo in aha Val Mattello (Aldo Aditlc,
Nord Italiaj c concentrata in due [[veUi limitrofi
litol0tlicamcntc dislinti (quarl.iti, filladi c1oritichc:)
dellc filladi austrualpim; ddla Val Venosta.

Le analisi alia microsonda hanno messo in evi.
denza in cntrambi i 1i\'e11i una piritc molto rict.lI
in Co e As. C' nclla piu oomplessa mineralil.zazione
( Fe-Cu·Zn·Pb-Co-A5-Ni.Ag.Bi.Te-Sb-Au) dell 'orizron·
tC' a filladi c:loriliche UIUI galena ticc:a in Ag, Sb e
Te. ullmannite robaltifera ((Ni.,"CO'...ItAs....Bi....
Sho...IS....) e Ilt:dleyite (( Bi"...T~.•l. un tennine
della $erie lerradimitNellurobismUlinite).

1..1 paragenesi polimetallica ricc:a in Co e l'allO
t1Ippono Co/Ni delle pirili suggeriSOOl'lO un'originc:
volcano-sedimentaria della mineralizznione.

Parol.. cb;av~: Ausuoalpino, tilladi ddla Val Ve·
IlOSla. s.cquenza vukano-scdimc:ntaria, Iloochimic:,. dei
solfuri, pirite cobahifera.

Introduction

This paper deals with the cobalt pyrite
rich ores cropping Out around Rifugio Bor­
romeo in the upper Martello Valley (Alto
Adige, Northern Italy, fig. l) and already
mined jn 1540 for copper, silver and gold
(WOLFSTRIGEI.-WOLFSKRON M.R.v., 1903).
The mineralization appears of stratiform
type, included within the Venosta Valley
phyllite formation pertaining to the Austro­
alpine crystalline basement. The phyllite
formation displays significant features from
both melallogenetic (OMENETTO P., BR!­

00 L.• 1974; BKlGO L., 1976; BRIGO 1..
OMENETTO P.• 1978) and geotectonic (GRE.
GNANIN A., PICCIRILLO E.M., 1972, 1974)
viewpointS. GREGNANIN A. (1980) assigned
10 the formation an Upper Ordovician/
Devonian sedimentation age with Hercynian
mctamorphic overprint. In the area the
metamorphic assemblages show transition
ftom grecnschist to amphibolite (kyanite
and/or staurolite) facics.

Two minerlllizcd horizons are observable
within a 80 m·thick, ENE-WSW/SSE 40°·
50° trending phyllitic sequence, here referred
to as thc .. Borromeo Series _. The graphite­
and chlorile·bearing phyllites with minor
garnet and kyanite, showing frequent inter­
calations of grey and white quartzite layers
upwards and, al the top, feldspar.rich gneis­
ses, are closel)' associated with garnetiferous
phyilIites, approximately in the middle
portion of Ihe VenOSta Valley phyllite for·
mation. Thc upper and lower ore·bearing
horizons are respectively rcprescnled by grey·
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Fig. 1. _ Loonioll Irnlp nf ore-bearing Rifugio Borromco S(:quencc in the upper MarteJIo Valley.

green microcrystalline quartzites (rhickness,
Im) and by poorly graphitic, chlorile-musco­
vile phyUites (thickness. 3m).

Chemical analyses of' mineralized whole
rocks and electron microprobe analyses of
some peculiar suHides were carried out
together with current microscopic investi­
gation.

Experimelltllls

The chemical analyses of mineralized whole rocks
were carried OUt at LaOOllllOriO Geomincrario •
SI1-.1UR (No\':lZZa. Ikrp;amo) and were obtained as
follows: Ba, l\'b, So, Sr, V, ZT, Ti by !CP, S b)'
iodometrk titration, F by ISE (Ion-Selective-Electro­
de), p.o. and Ge by co1orilJxUK medxxl., and rhe
~her elements by AAS. AccutlK'y is 1-2 OD for
major dcmcms .nd belw~n .5 and 10'l& for minor.
The an,lyrical precision has~ ,heded by inttr­
nJltional standards.

'fhc, electron mi,roprolx- analyses of 5OI11C ore:
minerals \l,Crt obtained using ARL-SE.\IQ inslrUmenl
f Inituto di Mioc:ralogia, Modena Unh'crsily) oper:.tted
at 20 Kv, 10 nA probe: turrcnt, defocused beam
(spot size"" 1 (J.m), with on-line: data redu,tion by

ZAF oorr«tion method (M;tgi, IV; CoUlY, 1968).
Natural dUlkopyrilt and galena \Vuc used as
sland.lrds fot Fe:, Pb, S, and s)'mhelic stand.lrds for
Co. Ni, As, Bi, Te:, Sb, Ag. Cd.

AnlllYlical data

The (WO mineralized horizons show dif­
ferent ore paragenesis:

- in the tipper quartzite horizon, do­
minant pyrite and sphalerite appear to be
concentrated in some mm- to dm-thick beds
parallel to the schistosity. The enclosing
quartzite is characterized by schistose fabric
due 10 orientation of muscovite and slightly
pleochroic chlorite in ~ fine-grained quartz
mauix. Apatite, zircon and lourmaline are
presenr in aCttssory amounts. The rim, the
center or the whole crystal of porphyroblaslic
to idioblasrk pyrite (~: 0.08-1 mm) is
frequently anisouopic. [n the granular ag­
gregates, anisotropic pyrites show random
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TABLE 1

Ch~mical analyses 0/ some mineralized salnples 0/ quartzit~ (Bq)
and chlorite-beoring phyllite (Bel) horiznns

17

"., "., "., kl-I kl-~ kl-) .,. kl_t .,~

",0,...

.~.

•

I.loa 0."" 0." '.11 10."

0.1' 0.00 0.116 o.n O.loa

I.U )O.~ It.n JO.:lt n.n

O.tl 0.14 0.11 !... ).I~

0.01 0.0) 0.01 0.09 O.I~

0.01 0.0] 0.01 0.01 0.11

O.~) 0.09 0.06 o.~) 0.61

0.01 0.01 0.01 0.0' 0.11

0.01 0.01 0.0) 0.0' 0.11

O.ll ~•• 06 11./1 '.10 ) .•1

)1 )U 144 U400 16))0

1O.t!

o.n

).l.')

.."
O.JO

0.)0

0.16

0.11

,.•
.."

Ml.)1

0...

'.I~

<0.01

•••
0.6)

o.n

0.0)

It. Ji

.. "....
•• I I

0.0]

0.0'

o.n

0.0]

0.0)

.."
,"

I).DJ

.."
I.U

•••

).~O

0.01

0.01

0.01

"

I'.]]

0.11

•. 01

1.11

0.)1

0.)1

.. "
O.ll

0.11

•••

nl ).l).l0 -.0 III ~S

In 411 1I] n. UI

"

"

•

•..
"..
..
"

"
,.,

"
<0.1

,..
"
"
"
'.'..
•

"n

,,,

,
,n

'.'
11••

"
<0.1

"

'"
"

,...

'"
"
u

'"
Il. )

11.1

"
<0.1

•
,.

".

"
•..

,

"..

"

•
",. ,
It.4

"
•••
",.,
"..
"
•••

u

"
"
"

"

•••
1t.6

"..,
"..,
"
u

"
10.'

"..
u

'"..
,..

nn

'"..,
m

,..
11.'

'"
"..,
•
,.

..
"
"

'"
"

"

HO

<0.

•••

"
<0.1

•••
,..
"..
",....
"
"

"'...
...

•
,

..,
,..
"
<0.

•••
,.,
"
"
"

•
,..
"
u

,n

u

...

u

•

•••

"
<0.1.. ,

•
"
"

"

"
,n..
m

"
"

..
"
<O.S

..,

"
<0.

•••..
"

Il. ]

"

...
"
'"



L. CASAkJ

distribution. Inclusions-free sphalerite per­
tains to medium iron-bearing type, locally
with red internal reflections. Tmces of pyr­
rhotite and ch<.lkopyrile Me ,1150 visible;

- in the lower mineralized horizon, pyri­
te and chalcopyrite prevail m a slightly
folded phyllitc matrix composed of strongly

rig. 2. -)00 x. Distribution of iron. sulfur, wh:1h.
"Tht:nk "nJ nickel in a pyrite Ilrain.

pleochroic chlorite, muscovi[C, quartz wilh
minor garner, kyanite, Ti-ores (ilmenite­
titanile) and abund:mt accessory apatite,
tourmaline, epidote and ZIrcon. The mi­
ner<lliziltion appcars to be disseminated
throughout Ihe whole thickness of the
horizon (3m) and conccntrated in the form
of lenses, p,l1ches <lnd thin beJs parallel 10

the schistosity. The ore paragenesis includes
pyrite (coarse crystals, irregularly anisutropic,
and granular itggregutes), pyrrhotitc, ubundant
chalcopyritc with «Oleanderblatt» - lype
twins, and minor sphaleritc and galeml. In
the gaten,l there are inclusions of nativc
bismuth, ul1mannile and of a Bi(Ag)-lelluride
of tetradymilc-Iellurobisffiuthitc series. There
arc some very rare arscnopyritc (linked 10

more graphilic imercahltions) !lncl very fine
gold inclusions.
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TABLE 2
Electron microprobe analyses 0/ fOre (cl and

rim (r) 0/ pyrite I!,rains in quartzite

Tablt: I. referred to whole rock chemical
analyses of mineralized samples, shows that
the Bq·quartzites and Bcl-chlorilc-bearing
phyllites are differem for major elements
<lnd for Cu, Zn, Pb, Cd, Hi, Ni, Sn, Au, F.

Tbe ore minerals from the paragenctic
l.lssemblages of both horizons, which have
been subjccted to microprobe analyscs are

..". ... ,..."" '-'"''
o' .. • " ..

".n "." .." 0.0• 0.0' 0.0' .." 0.0' "... "."..... ".tII O. " .." .." 0.01 ,. " ... "." " ..,
".U " ." o. " .." 0.0\ '.0) •• o. " 50." .....
'1." ".'" " 0.22 ... '.0' •• o. " ".), .....
"." "." .." 0." ... .." 0." ... ".11 >L •••

n ." ..." •• •• ." 0.10 ... '.0) n." SI. "

".11 ..." 0, 11 •. S' ... ,. ... 0 .•' "." >c."

TABLE J
EleetrOIl microprobe analyses

uf core le) and "m Id of pyrite graim
m rhlorite-bearing phylfite

"." ..... ,...
I. "

,.,. 0." •• ... ll... ..."
"." ... ,. ... ,.. •• 0." •• ... n. " )'."
.,." ".'. o. " ,.. .." ,.. •• .... "." ".n..... " ." ,. ,." .." '.11 ... 0.•• "... ••

TABLE 4
Electron microprob,' analyses

ul sphalerife grains m quartzite

c.... , v,. <n••".1 <_""••.' .. •• •• " T.,.l

,I. 2. •.•5 ,. 11 0.15 ll.O' lOl.11

6l.tl 0." o.f] 0.>1 n ... I'I.!'

SI." .... ,. )1 0.2! ll... 100.01

60.11 •.•1 ,. 11 0." ll." lOO.'S

}!. ,} .." I.ll 0.2} l'.U 1.l.lO

6l.U 0.0' 0." .. ,. ll." 100.1'

}!. SO .." '." 0.2' n.l! tl. 11

... ...., O.Ol , .•5 0.1' ll. II 100.11

galena,pyrite, sphalerite,
and ullmannite.

the following:
Bi(Ag)·telluride

- significant coments of Co and As (in
positive correlation) particularly in the
chlorite.bearing phyllitc horizon;
low and localized contents of Ni;
non.homogeneous distribution of the con­
sidered elements, with low (or absent) up
to high contents in the whole grain, often
in central or in marginal areas of the grain.
There is a dircrt relationship between
elements concentration and anisotropy
16g. 2);
Co/Ni ratio with values > 2 in the
quartzitc and > 10 in the chlorite-bearing
phyllites.

Galena

Tables 6 and 7 show the electron micro­
probe analyses of some galena grains of thc
tWO mineralized horizons. Galena of the
upper quartzite horizon is characterized by
high Ag. and Sb-coments, attributable to
eithcr submicroscopic inclusions of silver­
carriers (probably frcibergite) or to a solid
solution in PbS. Galena of the chlorite­
bearing phyllitc horizon, at time stoichiome­
tric, appears to be irrcgularly enriched in
Ag, Sb and Te. Here. tOO, these enrichments
are to be referred eithcr to submicroscopic
inclusions of one or more Ag-bearing minerals
or to solid solution. The absence of Bi
could be explained by distinctive mineral
assemblages, associated 10 galena in the form
of native Bi (pl.lrticularly abundant) and a

Sphalerift'

The sphalerite dl.lta contained in table 4
and 5 indicatc a homogeneous and uniform
distribution of thc components. The dif·
ference between the two mineralized horizons
is particularly emphasized by the highcr
contents of Cd and eu in thc sphalerite of
chlorite-bearing phyllitcs.

Pyrite

The results of the analyses carried out
at the cores and the rims of scveral pyrite
grains from tbc two mineralized horizons are
shown in table 2 and 3. It is possible to
observe:

..••, .•_h.1 ,_",,,
,. c. ..0"'.

o'
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Fil(. J. - 2400 x. DislribUlion of tellurium, bismuth, sil"er and sulfur ill h"<lI,,yiu.:.

rarer Bi-telluridc. This is most likely due to
formation of new minerals resulting from a
selective purification process linked to the
recrystalliz,\tion of galen,l.

Bi-tellllride dnd ullmdllnite

The Bi-tclluride mrrcsponds uppruxima­
rcly 10 the heclleyite composition (BiuTen).
Electron microprobe una lysis gives 79.45 %
Bi and 19.28 % Te (total 98.73 wt%) COf­

responding 10 (Bhv\lTe,•. ulI). Fig. 3 shows
that Bi-tellmide is ;\ssociatcd to native Bi,
including a n'ltive silver gmin ,mJ is itself
included in Tt:- and Ag-rich galena.

Electron microprobe analysis of ,I Co-rich
ullm<lnite gives l5.15 % Co, 12.61 % Ni,
55.37 % Sb, 15.92 % S, 1.24 % Bi and
1.39% As (IOtal IOL23 V!I%) corresponding
to the formula (Niu.t~Co,,_;;,\)(As~.lI~Bio."1

5bo,,:.)51.0". Fig. 4 shows ullmannite as­
sociated with pyrite and gangue minerals.

Conc!u"ionll

The twO mineralized horizons of the Bor­
romeo series ditTer 'l<:<:ording to their litho­
logy, composition and geocht:mical characters.

The more complex metalliferous para­
genesis of chlorite.bearing phyIJite (with
prevailing Fe-Cu with subordinate Zn, Pb,
Co, As, Ni. Ag, Bi, Te, Sb, Au) contrasts
with the simpler paragenesis of quartzite
(with prevailing Fe, Zn and minor Pb, Co,
As, Ni, Cu, Ag, Sb). Both horizons have
cobahiferous pyrite in common. The Co
content, higher in the lower horizon, is
char'lcterizeJ by a non-homogeneous distri­
bution, with frequent enrichment at the
rims. Such enrichment <J( the idiomorphic
pyrite grain rims (up to 4 % Co) is typical
of Cu-Co deposits of sedimentary origin at
Kamoto in Congo (B.... RTlIOLOME and KA­
TEKESH ....> 1971). BROWN and B.... KTtlOLOME
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Fil:_ 4. - 2/00 .x. Cobalt. nickel. arsenic, bismuth. suJfur and antimony diSlriblllion in ullmannitc.

(1972) report that the r<."Cryslallization under
regional ,md/or local metamorphism may
apparently homogenize ~ome pyrite (Cu-Co
deposits in the Zambiam copperbelt) and
they remark that preliminary studies suggest
that genetic interpretations may be Jerived

from textures preserved in nonhomogeneous
grams.

The significance of rhe Co/Ni ratio of
pyrite as a geochemical parameter for thl"
genetical interpretation of deposits, is still
a controversial matter. rn fact, 'lccording to
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TABLE 5
Elee/ron microprub~ (lIIa/yus

of sphJh·rtlt: grains in cblori/{.··b~(J';n¥.pb)"lli/e
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TABLE 6
Electron microprobe analyses
01 galena grains '" qUflrf'1.ife
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TABU: 7
El~c/roll microprobe analyus of Ral~na grains
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Lonus HILL and SoLOMON (1967) ,he
< I Co/Ni t"dtio is typical of deposits of
sedimentary or diagenetic origin in shales
(with contents high in Co and Ni) and of
those of probable volcanic origin associated
with Zn and Ph ores (Iow contents in Co

and Ni); high Co contents may be related
to volnlOic proces$Cs. BRALlA et al. (1';)79),
instead, in their studies on Tuscan pyrites
considered values of Co/Ni> 5 up 10 .50
to be typic;ll of vokanogenic pyrites. On the
other hand WMPBELL and ETlIIER (198})
suggCSted th:lt lhe genetic fields based on
Co/Ni ratio of pyrile/pyrrhotite arc incom­
pletely defined and do not permit Ihe genetic
classification of Faro and Sullivan-type ore·
bodies.

Co/Ni ratios in pyrites of the minera­
lizalions studied in this work are often
particularly difficult to assess because of the
non-homogeneous Ni distribution (in many
case Ni is absent or only locally concen·
trated). However, the values calculalt:d are
extremely variuble, being lower for Ihe
quart:t:ites (Co/Ni values > 2), ;Ind much
higher for chlorite·bearing phyllites (Co/Ni>
10). According 10 BRALlA et al. (1979) these
values, are typical of 'I volcanic.exhalative
environmem, whereas CAMPBELL and
ETHtER'S considerations do not allow a
genetic classification.

Therefore, for a gen"::lic imerpretation of
the Martello Valley mineralization, only the
following parameters may be considered as
particularly signiflC".mt: the lilhological as­
soci:Hion and the polymetallic paragenesis
with abundant Co, wich would suggest a
volcano-sedimentary origin for the portion
of Venosta Valley phyllitc complex (including
marine sedimenu and volcanic rocks) crop­
ping out between the Pouo, Madricdo and
Peder Valleys, on the leh side of the upper
M:lfteUo Valley.
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cially support(.'(l by l\Iinisn:ro della Pubblic~ lslru·
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of the .. ISlllUIO di Minc:r-Jlogia e PCllulogia odd·
I'Univenita Ji Modena., whos~.. facilities \/..en: usa!
in the prt:Sem work. I wish U) Ihank Proff.
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sions and for reviewing the manuscripl; Prolf.
G. RIVAl..UITl and E. PASSAGlIA for thl..';r helpful
criticism. I WO\1IJ like 10 thank parlicularly
Prof. G. GAKUTI "f • Universilll di Modc:mi. for
his \"3luabl", hdp in ""frying uut microprobe 1I0l11)'1n.
Mllfl\' thanh arc: due to SI,\IUR "00 curied OUI
the iCp and AAS Knal)'1n.
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