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RIASSUNTO. - 11 preseme lavoro, sviluppalO anra­
verso i cinque anni del progello finaliualo +: Geo­
dinamka» (souoprogeuo 4), finanziato, SOstenulO C

coordinalO dal CNR, rappresema un tentativo di
sintesi sulle conoscenze riguardanti le correlazioni
tra evoluzione geodinamka e deposizioni metallifere,

11 quadro di riferimenlO fondamemale c riferilO
alla microplacca sarda, sede del piu imporrame
distrellO minerario d'Iralia.

I piu anrichi processi metaUogenki, almeno
quelli direttamente investigabili, sono caranerizzati
da deposizione di solfuti di Pb·Zn·Fe e di barite
nelle dolomie e cakari della pianaforma del Cam.
briano inferiore e medio. Qucsti depositi, del tipo
MBS, mostrano una zonalira verticale _ e quindi
cronologica - e orizzontale, doe paleoombientale.
Gli amhienti sedimemari evolvono da quelli marini·
deltaici verso quelli di laguna 0 di «tidal·flals ».

Le mineraliuazioni di solfuri ricorrono in bacini
ron ristretla rirrolazione d'acqua, mentre la deposi·
zione di barite i: prevaleme nd hacini con condi­
zioni di mare aperto, 0 con maggiore circolazione
d'acqua.

L'.. annegamento» della piattaforma carbonatica
cambriana arresta la deposizione primaria dei me.
talli, ma successive fenomenologie diagenetiche,
retroniche ed erosive hanno contrihuito grande·
mente alia rimobilizzazione dei solfuri e solfati e
alia formazione di corpi mineralizzati, economica.
mente coltivabili.

La seconda epoca metallogenica, quella ordoviria­
no-siluriana, c caratrerizzata da deposizioni vulcano­
sedimemarie di solfuri misti con paragenesi piu
complesse di queUe cambriane. L'orizzonte minera.
lizzata, ubiralO al pasS<lggio tra I'Ordoviciano e iI

Siluriano i: costituito da uno skarn quarzoso dori­
lico-epidotico con rari granati e pirosseni. Tale
skarn I: il prodono metamorflco di un orizzonte
tufltico formato dall"appono vulcanico di silire (e
metalli) ne! bacino sedimenrario e dalla sedimen­
tazionc dctritico-carbonatica de! Siluriano.

Una potente coltre vulcanica con trends calco­
alcalini (vanno infatti dalle rioliti fino aJle andesiri
con relativi tufi) si c insediata essenzialmeme nel­
l'Ordovdano e Iimitalamenre ne! Siluriano inferiorc
e pub essere collegata alle ultime tasi dell'Orogenesi
Caledoniana e, almeno in parte, ai prodromi di que!­
la Ercinica. L'area in cui ricorrono il vulcanismo e i
giacimenti metalliferi pub essere considerala come
un paleomargine altivo tra la fine dell'Orogenesi Ca­
ledoniana e l'individuazione dei primi segmenti
strutturali di quella Ercinica.

L'ultima epoca metallogenira paleozoica rappre­
senta iI prodolto della grande c importante oroge·
nesi Ercinira. In questa lavoro non sono state
sludiale le ben note mineralizzazioni idrolermali
filoniane di Pb-Zn·Ba·P; sono Slate analizzate invere
alcl,lne mineralizzazioni meno conosciUle - scienti·
firamente parlando - e ubicate nei «granitoidi»
dell'Ogliastra. Si tralla di pieco!i corpi con strunura
a slock·work. allungali secondo le direnrici teno­
niche regional!, con una paragenesi di tipo Zn·Cu-Mo.
Le assodazioni, gli ambienti geodinamici, i « trends»
gt'QChimici sembrano suggerire una ipotcsi genetica
di tipo .. porphyry ». Il meccanismo dell'intrusione
magmatira ercinka e I'eta degli stocks graniroidi
rulta"ia rappresemano un limite .. strultl,lrale .. per
quanto riguarda le dimensioni economiche di rali
mineraliuazioni.

In condusione I'evoluzione geodinamica di que-
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sto frammcnto della carena erdoica, che c la micro­
placea sarda, ha condizionalO fancmcnlc le tipo­
logi'! giadmcntologichc che vi rioorrono e costitui­
soono un concreto esempio cli correlazionc tfa palco­
ambicnti c deposizioni rnclalliferc.

AIISTUCT, _ Several papers and researches over
these lasl few years have "greally improved the
knowledge on the tectonic. snaligraphic and
magmatic pattern of the Sardinian minoplalc, a
fragment of the Hcrcynian chain.

The synthesis of the correlation between ,he
gcodynamic environments and ore-deposits has not
yet been altcmplcd despite the CCQnomic importance
of this mining district.

The present paper, which is the result of five
years of research in the ambit of the «Geodina·
mic:!» project (sponsored by CNR), attempts this
synthesis.

The oldest metallogenk processes are characterized
by deposition of Pb-Zn-Fe sulphides and Ba suI·
phate in the Cambrian carbonate platform. These
deposits, which may be classified as MBS type,
show vertical and lateral zonings closely connected
to the different pakoenvironments and carbonatic
facies; these environments evolve from marine·
deltaic to lagoons and tidal·Aats.

The sulphide mineralizations occur in basins
of reduced water movements, while the badte
deposits occur mainly in the area of open sea
conditions.

The drowning of the middle Cambrian carbonate
platform ends the primary metal depositions, but
further diagenetic, tectonic and weathering pro­
cesses contributed greatly to the reworking of ores
and the formation of exploitable ore bodies.

The second metallogenic epoch, the Ordovician·
Silurian one. is characterized hy volcano-sediment.!t)·
deposition of mixed sulphides; the ote·bearing
horizon, located along the Ordovician·Silurian
boundary is made up of a tuffitic rock, later meta­
morphosed and transformed inlO skarn during the
Hercynian orogenesis.

A thick volcanic cycle (metarhyolites, metandesitcs
and wffs) mainly developed during the Ordovician,
shows a calc·alkaline trend and it may be linked
10 the latter phases of the Gledonian orogenesis.
Metal zoning is present in Central Sardinia which
represented, structurally and geodynamically, an
active paleomargin. This metal zoning seems 10 be
associated to the volcanic zoning marked by more
acid suites in the southern area (Sarrabus) and more
bask ones toward North (Barbagia-Ogliastra).

The last PalCQzoic metallogenic epoch was caused
by the Hercynian orogenesis. The Authors of the
present paper have not studied the well known
hyd.rothermal veins of Pb-Zn-Ba.F; the object of
their research has been the lesser known Cu·lI.lo·Zn
mineralizations of the Ogliastra plutonites. Small
bodies of Cu-Zn and minor amounts of Mo are
scattered throughout the granodiorite and leuco­
granite of Hercynian plutonic stocks. The ore
paragenesis, the general structures of the minera·
lizations, the geodynamic environmenrs and the
geochemical trends of' host·rocks seem to suggest
a genetic hypothesis of «porphyry» system for
these metal occurrences. The mechanism of the

Hercrnian «granilOid» emplacement and the age
of these magmatic stocks represent nevertheless a
StrOng limitation for the economic occurrence of
these mineralizations.

In conclusion, the geodynamic evolution of the
Sardinia microplate strongly conditioned the rype
and the amount of base metal occurrences giving
rise 10 a valuable example of correlation between
palcocnvironmems and ore·deposits.

1. Foreword

The prjmary purposes of this paper are the
understanding of the ore-forming processes
in the Paleozoic rocks of the Sardinian micro­
plme (fig. 1) as well as the definition of the
relationship between the metal depositions
and the geodynamic environments.
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Fig. I. _ Sketch map of the island of Sardinia.
The different areas referred 10 in the present paper,
are shown. 1= Prehercynian basement; 2 = Her­
cynian granilOids; 3 = Mesozoic carbonatic plat·
form; 4 = Cenozoic volcanites and sediments.
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Wilh this in view the Authors have at­
tempted over the last five years to idenlify
the main metallogenic epochs of the Sardinian
micropl:lle and their relationship with the
evolution of the paleogeodynamic environ­
menls.

The general improvemenl of geological
knowledge was of grca! assistance to the
Authors; however in spite of this, sever-oil
areas and topics had to be studied in great
detail due 10 the Jack of sedimemological,
stratigraphical, structural and volcanic dat,!.

For instance the Authors expended con·
siderable efforts on the volcanic framework
in the central Sardinia, as well as on
sedimentological research on the Cambrian
platform in the Southern part of the island.

Throughout the research several colleagues
lent their assistance in order that the Authors
might avail of their specific competcnces and
they would mention in particular: Prof.
N. MINZONt (Istituto di Mincralogia del.
l'Universidl di Ferrara) for his most valuable
contribution towards a correct understanding
of the stratigraphical sequence in central
Sardinia; Prof. A. GANDtN (lstituto di Geo­
logia dell'Universita di Siena) who furnish~

the basic outlines of the sedimentological
parameters in the Cambrian carbonatic
platform; Prof. S. BARCA (Dipanimento di
Scienze della Terra dell'Universita di CagIia·
ri) for his precious suggestions concerning
the stratigraphic sequence of the Sarrabus·
Gerrei area.

2. IntrOlluctioll

A better understanding of Sardinian
geology has been acquired in recent years;
several papers have been published outlining
the different characters of the stratigraphy,
structural geology, etc..

The Authors referred to these papers for
detailed information concerning the general
structunl pattern of the Sardinia (sce re­
ferences).

On the other hand the Authors preferred
to stress how the mineralizations of the
Sardinia offer, it is believed, one of the finest
examples of correlation between geodynamic
environments and ore deposits in the Me·
diterranean area.

This fact is to be allributed not so much
10 the extent and the importance of the
mineralizations as to the variety of them
in a relatively limited area. Thus the Authors,
in this p3per, attempt to summ3rize the
knowledge previously gained and lhe results
of research carried OUl in the ambit of the
• Geodinamica ... projec! of CNR reJ:tarding
the mineralizing phases and the influences
that the geodynamic environments have h3d
on them.

With this in view the Sardinia microp!arc,
just as far as the Paleozoic sequences are
concerned, will be divided into three main
structural areas (CoCOZZA et al., 1974; CAR­
MIGNANI et al., 1982).

I) South-western Sardinia; characterized
by the sediment:ltion of cllrbonate pllltform.
This area, in which the Cambrian sequencc
outcrops, may represent the foreland of Ihe
Hercynian orogene (CARMtGNANI et al.,
1979).

Imponant ore deposits of Pb, Zn, B3
occur in the Cambrian dolomilcs and
limestones showing interesting phenomena
of diagenetic concentration and tectonic and
supergene remobilization of metals.

In this sedimentary basin the POSt­
cambrian sequence is relatively thin and the
Ordovician·Silurian volcani!es also seems to
be limited.

In spite of the Ordovician-Silurian strati·
graphic reduction, strata·bound mineraliza­
tions, hosted in a .. skarnoid ... horizon, 3re
to be found in the Ordovieian-Silurian
sequence bordering the Cambrian carbonatic
platform.

1I) Central Sardinia (.. internal trough»
COCOZZA et HI., 1974). This area, from Sar·
rabus to Barbagia and Nurm, includes the
thickest Paleozoic sequence of the Sardinia
microplate. Apart from some bHsal laminated
porphyties (. Porfiroidi ») whose role is still
obscure (Precambrian?l. sediments and vol·
canites from the Upper-cambrian up to the
Lower-carboniferous are present which can
attain a thickness 10,000 m. The volcanitt:s
and tuffites are f'.lther more widespread than
in the south-western region and mixed­
sulphide mineralizations are present. Research
on the volcanic trends and the model of the
volcano-sedimentary mineralizations (Funta·
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Fig. 2. - Lilhosuaugr:lphiC s.equcncc and mincu.liunion ocrurrmces of the Cambrian platform (Iglc­
$ientc - Nonhem Sulcis district).

na Raminosa type) represented the largest
engagement by Authors.

III) Northern Sardinia and Corsica. This
area is believed by some Authors «(ARMI­
GNANI ct al., 1979) to be the rOOI of the
Hercynian belt. Large occurrences of « gran i­
[aids» outcrop in this area as well as Cu-Mo
mineralizations (in the Ogliastra region),

This Paleozoic basement is overlain by a
Mesoloic and Cenozoic cover, affected by
different types of paleoenvironmems and
mineralizations.

3. The melallogenic epoche

Five main metallogenic epochs are re­
cognizable in the Sardinia island (PADALlNO
et al., 1979); the first thrtt, the most
important, occur in the Paleozoic ba~ment

while the last twO in the Mesozoic and in the
Cenozoic cover (lab. I).

TABLE 1
Schematic distribution 0/ the stages 0/ mine­
ralhation according to ages, paleoenviron­
ments, magmatic trends and orogenetic phases-_. ... "-'" 1.....1.
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Fig. 3. Geological sketch map of the Cambnan terrams (lgleSlenle and Norlhern SUlclS dlstrlcts) ­
1 = Lower<ambrian sandstones and phyllites; 2 = Lower-cambrian carbonates; 3 = Mldd[e<ambri~n

slales; 4 = Middle-ordovician conglomerate, sandslOnes and siltstones; 5 = Hercynian granitoids;
6 = Post-paleozoic lerrains.

Thus lead, zinc, silver, barite and fluorite
and to a lesser extent copper, represent the
most valuable mining activities in Sardinia,
while bauxite and coal offer interesting
perspectives.

Tab. 1 gives the general outline of the
mineralizing phases and the main paragenesis
according to age and geodynamie environ­
ment. Despite this scheme, it is useful to
point out that the mineralizing processes
represent systems in equilibrium with the

environmental evolutions and they cannot be
believed as restricted in time and space. Thus
f.i. the Pb-Zn-Ba mineralizations in the
Cambrian carbonates have been subjected to
several reworking phases, by stresses during
the Hercynian orogenesis. by supergene
factors during the Triassic peneplanation and
Alpine tectOnic rejuvenation; the Ordovidan.
Silurian mixed sulphides have been subjected
to Hercynian metamorphism that gave rise
to new ore associations and textures, etc..
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Another element emerges from lab. I; the
increase of the number of metals in Ihe
ore associalions from the Cambrian metal­
logenic epoch [Q the Hercynian one; in fact
the Hercynian ore-paragenesis reveals a wide
variery of paragenelic associations, in conuast
10 the relatively simple and monotonous
Cambrian paragenesis.

Some Authors (ZUFFARDt, 1968; PADA­
LINO et aI., 1978) suggested that thc
persistcnce of lead.zinc and barium in Ihe
Paleozoie metallogenic epochs could be as·
signed [Q extensive heredity phenomena
from the oldest ore-associatlons to the
younger ones.

In conclusion, the Authors deemcd it
expedient [Q furnish, for the Paleozoic metal­
logenic epochs, thc gcneral data closely ns­
sociated with orc forming processes and
environmental characteristics, while they
refer [Q the literature and to other sub­
projects of the «Geodinamiea,. project for
detailed analyses of the geological history of
thc island of Sardinia.

3.1. THE CAM8RtAN METALLOGENtC EPOCH

The Paleozoic occurrences of the south­
\llestern Sardinia are characterized, as is well
known, by a thick Cambrian sequence and
a lesser Ordovician·Silurian-Devonian cover.

This area represents the most important
lead·zine-barium region of Italy and for this
reason the existing literature is plentiful
both from a metallogenic and geological point
of view.

Fig. 4. - a) Polimodlll gf1linstone, made up of
ooated oolites, bioclasu, intradam (M.te S. Giorgio
. Nebida fonnation, P.ta Manna member); thin
section, polarized light. b) Mudstone with irregular
pisoids and vadose peloids (M.le S. Miai ·Nebida
formation, P.ta Manna Member); lhin section, p0­
larized light. cl Planar laminated mudstone, with
micropeloidal levels (M.te S. Miai - Gonnesa for·
mation, or Dolomia rigata" member); Ihin section,
polarized light. JI Cryptalgal boundstone wilh
geodk open space filling and recryslaUized lrapped
ooids (M.le S. Miai • Goonesa formadon - " Dolomia
rigala,. ~mber): thin section, polarized lighl.
t) Feneslral murlslOoe: fine disscminadon of sphale.
rile in pcloids (5. Giovanni mine· Gonnesa fonna·
rion, or alare ccroide .. member); thin 5«lion,
polarized lighl. Il uminaled mudslOIle; teaonk
lamination evidenced by a gffICral orientarion nonnal
10 lhe original beddins with calcite tttryStallization
{M.le S. Miai - Gonl1t$a formation, «calcare cc·
roide,. m~llJbttl; thin S«t:ion, polarized light.
The bar is } mm Ions.
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The general features of the mineralizations
represent the finding of research carried out
by the Autohrs (and theit colleagues) over
these last few years; the results now allow
an interpretation of the depositional and
diagenetic environments of the carbonatic
platform, their evolution and their relation­
ships with the mineralizing processes.

}.I.I. Stratigraphic, sediment%gica/ and
petrographic scheme

The well known Cambrian sequence may
be schematized from bottom to top as fol­
lows (figg. 2-}):

I) the sequence, whose base is unknown,
starts as a clastic sedimentation (sandstones,
siltstones), that is followed by an ahernance
of sandstones and carbonatic intercalation of
variable thickness (<< Nebida Formation »,
more than 750 m thick).

The carbonatic intercalations, somelime
oolitic and fossiliferous, are precursory to the
setting of the carbonatic platform;

11) a thick carbonatic sequence perfectly
conformable, characterized by laminated do­
lomite at the bottom and limcstone towards
the top. The entire mineralized bodies are
comprised in this sequence (. metallifero •
Auct., «Gonnesa Formation., from 500­
800 m thick);

Ill) a thin horizon (max 40 m thick) of
nodular limestone, preluding a new clastic
sedimentation, followed by a thick sequence
of phylIires and sandstones (c Cabitza For­
mation ») more than 600 m thick, that de­
lineates the end of Cambrian sedimentation
(CoCOZZA, 1979).

The sedimentological studies of the dif­
ferent carhonatic facies allowed to draw up
a general paleogeographic scheme of the
epicontinental platform, whose evolution may
be summarized as follows:

- On a Iittoral-dehaic platform (detrital
sedimentation of the basal sandstone:s (AN­
GELUCCI, 1970) a neritic environme:nt
established. This neritic environment is
confirmed by the presence of orbonatic
lenticular bodies with Archeocyatus and
Epiphyton inte:rpreted by the: some Authors
as biohe:rmal lxxI.ies (DEBRENNE, 1964).

- The carbonatic sedimentation increasc=s

upwards and an alternation of limestone
and sandstone-silstones developed (CocOZZA
and GANDIN, 1977).

This increase of carbonatic sedimentation
is marked, at its base, by a continuous oolitic
horizon (6g. 4a). The limestone intercalations
decrease upwards and they are replaced by
dolomites chal1lcterized by evidence of early
diagenetic dolomitization (6g. 4b).

- This change: of sedimentation indiotes
an early sign of environmental modificalion;
the reduced energy, the depositional cha·
racter of the dolomite denote an evolution
toward a "lagoon type» basin. Probably
the oolitic bar limits the exchanges with the
open sea; the supplies of marine waler are
ensured only through tidal channels and hur­
ricane floods.

A muddy carbonatic sediment, subjecrcd
10 a vadose diagenesis in an intertidal­
supratidal environment, may settle in the
areas where the terrigenous supplies are
negligible.

- Equilibrium and slability of the sedi.
mentation basin are, at this point, reachw
and a tidal flat environment established.

On a gently undulating floor and probably
in an arid, hot climate: a thick orbonatic
complex is deposited. Dolomites still pre:vail
at the bottom but upwards the role of
limestones Mome:s more prominent (6g.
4 c, d).

Dolomites, believed by several Authors
(FANNI et al., 1981; CARMIGNANI et al.,
1982) primary deposition or very early
diagenesis, exhibit different facies, homo­
geneously distributed on a regional scale.

MudstOnes, sometime finely bedded with
pseudomorph nodules of evaporites, bound­
stone, composed of algal mats, fenestral
mudstOnes and boundstones up 10 vadosc
pysolites represent the facies most com­
monly encounte:red.

- The most fre:quenl limestones facies
are representw by mudstone and more rarely
by boundSlone (6gg. 4 e, /l; these fades give
rise to the typiol vadose pisolites facies
during the more: developed stages of dis­
solution and redeposition. Sometime fades
of laminated mudstone and mudstone­
wackestone are also present; these facies
seem to be have no connection with dry and
vadose diagenesis.
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fig, 5. _ Geological sketch map of the Gmbrian terrains, showing the directions of the probable sup.
plies from the Pre·Cambrian continent to the Cambrian basin. _ I = Probable supply during the .. AI­
ternanze ... deposition. I I = Probable supply during dolomite and limestone deposition. The geologic.!l
index of the terrains as fig. 3.

The presence of the above mentioned
facies is evidence of a platform evolution,
with the formation of differentiated sub­
environments that lead to suppose the
presence of paleoreliefs and basins.

Subaereal diagenesis is prevalent on the
paleoreliefs while the under-water one pre­
dominates in the basins, sometimes with
restricted water circulation.

- The general trend to emersion, evi·
denced by some carbonatic facies is abruptly
inverted during the limestone sedimentation.
The nodular limestone deposition substan­
tiates this inversion of trend; the basin
deepens and detrital matter from the con­
tinent supplies the sedimentation.

The carbonatic platform is drowned and
the phyllites terminate the Middle-Cumbrian
sequence.
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different orogenetic events; the
end the Hercynian. The Alpine
shows mainly wrench fault

3.1.2. Geochemistry

About 500 carbon:lle samples have been
collected in the Iglesiente-Sulcis area along
twelve complete Cambrian sequence from
top to bottom. The samples have been
analyzed by A.A. and XRF for Ca, Mg, Fe,
AI, Mn, K, Na, Sr, Pb, Zn, Cu and Ba; the
geochemical data seem to confirm the above
mentioned paleogeographic features.

The Authors investigated the distribution
of some metals such as Sr, Na, Mn, characte­
ristic elements from an environmental point
of view (FRlTZ &< KATZ, 1972; LAND
&< Hoops, 1973; CooK, 1973; BENCtNI
&< TURI, 1974: RAO &< NAQVI, 1977; RAo,
1981). As far as the geochemical data (tab.
2) are concerned the following considerations
should be taken into account;

I) Mn content decreases constant..ly from
bottom (<< Alrernanze ,.) of the Cambrian
carbonatic sequence towards the top (<< li­
mestone »). The limestone marks a sharp
decrease in Mn content.

11) Geographically the Mn content de­
creases - in the «Ahernanze» - from
East to West; contrarily in the case of
dolomhes and limestone; the Mn content
decreases from West to East.

HI) The vertical and horizontal distri­
bution of Mn should denote a less oxidizing
environment from tOp to bottom of [he
carbonatic sequence, an early influence of
continental supply from E-NE and sub­
sequent..ly from W-NW (6g. 5).

IV) The Sr-Na contents and its ratio
show highest salinity of diagenetic environ·
ments during the «bedded dolomites»
deposition.

V) The high contenl of Sr in the «Alter­
nanze » may con6rm a late dolomitization of
these facies.

Hence, the geochemical findings confirm
the sedimenlological data :md are thus in
good agreement with the above mentioned
paleoenvironmental scheme. Their influence
on the mineralizing processes will be ana­
Iyzed later on.

3.1.3. Tectonic scheme

The schematic structural frame of the
Cambrian outcrops may be represented by a
system of folds and faults due to at least

two main,
Caledonian
orogenesis
characters.

I) The oldest tectonic structures are
represented by an early «Caledonian phase »
which, acting in a N-S stress direction, caused
E-\VI folds and a series of faults Striking
N 300 \VI and N 30° E. The N 300 W folds
may be considered a typically Caledonian
direction (VALERA, 1967) owing to its great
number and development.

11) The subsequent tectonic events, the
Caledonian s.s. and Hercynian, at the begin­
ning still shows a N-S stress direction (POLL
and ZWART, 1969). During this phase the
early Caledonian folds shrunk and the
N 30" \VI faults rejuvenated.

Ill) The persistence of a N-S trend
enabled the development of a second stress
phase acting in NW-SE and NE-SW di­
rections. These should be responsible for
the wide dispersion of the fold axes (CAR­
MIGNANI et al., 1978).

In the Cambrian terrains the folds with
the axis striking N-S may be imputed to these
phases. In the Post<ambrian terrains
N 700 E represents the typical Hercynian
direction.

The final struCture of the Cambrian se­
quence, caused by the above tectonic events,
is characterized by folds with axes from E-\VI
to N-S and a ser of fractures striking N30"W,
N·S, N 30" E and N 700 E.

Several papers are now available on the
tectonic structures of the Sardinian micro­
plate to which the reader is referred for more
detailed information.

3.1.4. The model 0/ the mineralizing pro­
cesses

The sedimentological, structural and geo­
chemical dara enabled the evolution of
carbonatic platform and the processes leading
to sulphide and sulphate depOOirions to be
delineated.

The following considerations may be
outlined before to deal the model of ore
deposition;

I) The mineralizations and important
traces are almost always in carbona!ic litho­
fades; limestone, as host-rock, prevails over
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dolomite. Few and only limited ore occur­
rcnces [lrc hosted in basal I'l ahcrnanzc » and
in the «ca1cari nooulari ».

II) On a regional scale ore bodies exhibit
a strata-bound features; on a ore-deposit
scale epigenetic features are predominant.

Ill) Ore-associations are rather simple and
monotonous; sphalerite, galena, pyrite and
barite.

IV) No genetic relationships havc been
observed between ore bodies and igneous
rocks (both plutonites and/or volcanites).

V) On a regional scale a veniC'lI zoning
is present; pyrite-sphalerite or barite occur
at the botlom of the carbonate sequence and
namely in the dolomitic facies, while galena
and sphalerite (and minor pyrite) occur in
the limestone.

VI) When barite occurs as beds in the
basal laminated dolomite sulphides are absent
and viceversa.

VII) The carbonatic platform is cha­
racterized by an increase in barhe mine­
ralizations southwards, and, of course, a
decrease in sulphide bodics.

VI Il) A close relationship c:m be observed
between stress directions and ore bodies
(AMMI, 1961; McMooRE, 1968); this re·
lation to be explained by remobilization
phenomena and not 10 genetic faclOrs.

IX) The geochemical analises of Pb, Zn,
Ba of the carbonatic lithofacies (tab. 2)
revealed how the regional metal averages
are higher than world average (TUREKIAN
and WEDEPHOL, 1981) in the epicontinental
carbonates.

In view of the foregoing the Authors can
now examine the mineralizing processes and
answer lour main questions:

I) the origin of the metals,
2) the origin of the sulphur,
3) the environment of ore deposition,
4) the environment of ore reconcentration.

As regards the origin of the metals it is
possible to hypothesize a supply by leaching
of an unknown paleocontinent; thc thickness
of basal Cambrian sandstones, the continen·
tal and/or shallow water environments
during dolomite deposition may aC'COunt for
the large volume of materials, carried out to

TABLE 2
Geochemical data oJ the Cambriarl

carbonatic lirbo,lacies

• .. .. • .. .. ..,
" " " '" '" ..

• .. .. " •• " .. ,., u..._

" " .. .. " .. "
• .. " .. 111• " '" -• " • " ~ .. • ••• 4oloool'u

" " " " .. .. .., .. .. " ".. .. ...
< • " " •• .. • ••• ·AU......... •

" " .. .. • .. ..
i = a\'cr2ge content in ppm; (f = standard dcvu..·
lion; n = number of samplt'S. The number of
samplt'S «n,. is CliIrried 001 from x· te5l, which
showed diffcrent distribution for each clement;
only samples ioside mean ± 3 a have been utilized.

the sedimentary basin. As previously
remarked non volcanic rocks occur in the
Cambrian sequence apart from same diabase
dykes that seem to be connected to Hercynian
magmatic cycles (BEccALUvA et al., 1981)
and to have nOt any relationship with ore
bodies.

As lor the origin of sulphur, isotopic
research (BRuscA et aI., 1965) revealed its
biogenic origin, by bacteria reduction of
sulphates. This assumption is in good
agreement with the sedimentological data
and evolution of the Cambrian platform.

The environments of ore deposition in fact
are strictly conditioned by the evolution.

The deposition of "Alternanze." (P.ta
Manna member) is characterized by a lagoon
environment, middle to high salinity,
strongly oxidizing; the mineralizing pa­
rameters were favourable only to sporadic
sulphates deposition (bathe nodules) while
low geochemical contents of Pb-Zn and the
pH-Eh parameters were not conducive to
sulphide depositions.

The deposition of "dolomia rigata." is
characterized by a tidal environment, low
energy, very high salinity, strongly oxidizing
but with some mieroenvironments locally
reducing or at least less oxidizing (GANDlN
et al., 1974).

A general trend to cmersion is present as
well as long periods of conlinental phases.
The high geochemical contents of Zn and
Ba (and by contrast the low content of Pb)
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Fig. 6. - Stnl.1igraphic sequenttS of central Sardinia.
namely Sarrabus and San:idano· Barbagia.
1 ::: Porphyroids of unknown age. 2::: Upper·
cambrian 10 Lov..c:r-ordovician; sandSlonc:s phyllit<:s
(S. Viu)·Solanas formalions); 3::: Lo"'cr 10 r-.liddlc:­
ordovician; rhyolilcs and IUffs (. Porfidi grigi c
bianchi. Auet.); 4::: Tuffs and vokanodastic me.­
l.asc:dimc:nu; ,::: Middle: to Upper-orclovician; me·
t:andc:silcs and ruffitcs; 6::: Caradocian-Ashgillian:
sandSIOnc:s phyllites and limestone:, sometime S1rongly
silicilic:d; 7::: Silurian--Dc:vonian; blKk shales, phyl.
liles, \"Olcanites and rulEles, limeslones. Slratiform
sulphides occur into lhe orc:.t)caring horizon;
8::: Lowcr<arboniferous (?); phylliles and sand·
stoncs.

3.2. TilE ORDOVICIAN.$ILURIAN r-IETALLo­
GENIC EI'OCU (l)

The minerlllizarions of the second geo·
dynamic environment (the so called «internal
basin») exhibit a sharp modification according
to hOSHOCks, gcncral geological features and
ore associations (fig. 6, 7l; the Middle·
ordovician and the Lowcr·silurian exhibit
several occurrences of mixed sulphides. The
strala·bound features, the more complex ore
associalions compared to those of the Cam­
brian, the metamorphic phenomena and 1'$­

sentially Ihe relationship between mine­
raHzalions and volcanires allow to outline
the evolution and modification of geodynamic
parameters acting in the area, included
between Cambrian outcroups (lglesiente) and
the large Hercynian plulOniles (Gallura).

3.2.1. Stratigraphic and tectonic scheme
The different geodynamic environments,

the tectonic transport toward SW and the
metamorphic zoning of Hercynian orogene~ls

allow to divide the Sardinian microplate into
three NW-SE belts, namely; North·eastern
belt, Central belt and South-western belt
(CARMIGNANI Cl al., 1978, 1982).

As previously noted the south-western
belt is characterized by sligthly deformed
carbonate platform (Sulds Iglesiente) with
Pb·Zn sulphides.

On the contrary the North-eastern belt
exhibit high grade metamorphism, «grani­
tization.. phenomena, and tectonic shor­
tenings.

The Cenlral belt ($arcidano-Barbagia-

Cl TIle rc:scarchc:5 on the Ordovician-Silurian
metallogc:nc:sis have been catried out aho in the
ambil of lhe JGCP project n. 60 (Project leader:
Prof. F.M. VOKES; chairman of italian ",,'orking
group; Prof. M. VIOW).

of Cambrian sulphides, achieving 10 some
case exploitable volumes of ores.

Furthermore, the important erosive cycle:
of Trias and the: landscape rejuvenation of
Alpine orogenesis favoured a large supergene
reconet:ntration of sulphides and sulphates.

The Authors refer to the literature con·
cerning this important aspect of the Cambrian
metallogenic province (BRUSCA et aI., 1967;
PAOALlNO et aI., 1973, 1973; BoNI, 1978).I:;:;~5 ....... ~

Sarcidano
- Barbagia

~ ~ ~ ~

~~~~ft~

A~~ft~~

~ ~ ~ ft ~

~~A~~~

~ ~ ~ ~ ~

~ ~ ~ ~ ft ft
~ ~ ~ ~ A

~ ~ ~ ~ ~

Sarrabus
- Gerrei

lead to sulphide and/or sulphate depositions
according to different sub-environments.

The deposition of the limestone (<< Cal·
care ceroide») is characterized by a tidal
environment, low energy, low salinity, less
oxidizing than the preceding environments.
The high geochemical contents of Pb, Zn,
Ba allowed sulphide depositions and an early
concentration by dissolution and redepo·
sidon.

The neritic environments of nodular li·
mestone (c;Calcescisti» Auct.) and «Cabitza»
phyllites denote the drowning of the plato
form and terminate the important mine­
ralizing procnses of the Middle-ca.mbrian.

The subsequent up-lifting, folding and
faulting of early Caledonian. Caledonian and
Hercynian orogenesis caused Stress reworking



THE PALEOZOIC METALLOGEN1C EPOCHS OF TilE SARDIN1AN ETC. 205

N

t
o Slm
L..' J!

-.:.:/::

:ktJ~:~

1~' ,f-I

.0 ,I"""d .1/1

Fig. 7. ~ Geological sketch map of central Sardinia.. I = Upper.cambrian 10 Lower-orclovician sand·
stones ("Solanas,. formation). 2 = Ordovidan volcanic cycle (melarhyolites, mClandesiles, volcano­
clastic sc:dimems). } = Silurian.Dcvonian; black shales, phyllites. volcanites. limestones and the ore
bearing horiwn. 4 = Lower<arboniferous (?) phyllitcs and sandstones. ~ = Hercynian «grllniloidslO.
6 = Majot faults.

Nurral shows structural characteristics inter­
mediate between the South-western and
the NOrth-eastern ones; this area is in fact
affected by low grade metamorphism (chlorite
zone) and by superimposition of several
tectonic units (CARMIGNANI et al., 1982).

The acid volcanism is prevalent (e porfiroi­
di _ and • porfldi grigi e bianchi _ Aucl.l
and the main volcanic events seem to be
concluded before the Caradocian-Asghillian
sedimentation; apart from thin intercalations
of SO<alled basic volcanites comprised in the
Silurian sediments, whose analytical data are
nOI available at present (BARCA and MAXIA,
1982).

In the Northern area of the central belt
(Barbagia) the chemism trend of the vol­
canism may reach intermediale composition
that is Rhyodacite and Andesite. This inter­
mediate volcanic sequence is covered, in the
Meana Sardo unit (fig. 6), by black shale,
phyllites, tuffites with sulphides and lime·
stone of the Silurian·Devonian. The Authors
of this paper believe that the volcanic cycle
is covered, in a limited area (f.i. Funlana
Cungiada, near Aritzo), directly by the Lower
Carboniferous phylliles (.Post-Gotlandiano_

AUCL); Ihe contact between volcanites and
phyllites should be stratigraphic and in this
ease the volcanic paleoreliefs (old volcanic
centers?) prevented the deposition of Silu·
rian-Devonian sediments.

The most complete unit, from a strati·
graphical point of wiew (Meana Sardo unit),
shows the following sequences (from botlom
to top) (fig. 6):

I) Ihe basement of the sequence consists
of ~ porfiroidi It: laminaled porphyries, with
large k-feldspar crystals_ These e porfiroidi It

should represent the products of a late Ca­
ledonian orogenic cycle;

Il) a thick clastic formation (e Formazione
di Solanas _) (MINZONI, 1975); probably
from the upper Cambrian to lower Ordo­
VIClan.

These sandstones derive from erosion
phenomena of preceding magmatic and vol­
canic cycles;

Ill) a great acid to intermediate volcanic
cycle.

Thin metavolcanic intercalations are pre­
sent in the Ordovieian-Silurian sequence
bordering the Cambrian platform in the
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Fig. 10. _ SiOo vs. Nb/Y plot of metavolcanites
of Iglesiente, central Sardinia and oorthern Spain
,WINCHESTEJ. and FWVD, 1977).. 1 = .. 0110 de
Sapo» formation (North-Western Splinl: 2 =
.. Pomdo grigk>>> from Sarrabus; ) = .. Porphy­
raids »; 4 =Melarh)"Olites; ,= Metandesires from
central Sardinia; 6 = Metandes.i1es from Iglesiente
(BECCALUVA Cl aI., 1981); 7 = Metabasites from
central Sardinia; 8 = lo.letabasites from Iglesienle
tBECCALUVA et aI., 1981).

Fig. 8. - Shcaral br«c:ia from rhe volcanic ('OfTIpkx
of M.re S. Villoria. TIle bt'C'CCia consisl of sandmme
and V'Olcanile fragments, somelimes silicified, in a
clayey, dark matrix.

South-western belt; but the volcanism at­
tains its most important development in the
cenual belt (Sarrabus·Gerrei and Barbagia
regions).

The chemism and the stl'lltigraphic location
of the volcanism reveal an evolution from

South (Sarrabus-Gerrei) to North (Barbagi,,).
In the Southern part of the central belr

the acid volcanism (metarhyolites) prevails
and iI seems exhausted before the Cal'lldocian
sedimentation. In the northern part (Bar­
bagia-Ogliasua) of the central belt, instead,

Fig. 11. - Zr-Ti-Y plot of mcrabasiles from central
Sardinia and from Iglesienle. - Fields A+8 = Low·
potauium Iholciite5; Field B = Ocean floor· Ba·
salts; Fitld C+B = Cale-alkali basalts (PEARCE Se
CAN, 1973). I = subalkaline basalts; 2 = alkaline
basalrs; ) = melabasires from Iglesiente (BECCA·
LUVA er al., 1981).

fig. 9. - Devonian limestone folded and dipping
southward. Funtana Raminosa mine (5. Gabriele
Slope).
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Fig 12. _ Scheme of the Devoman limestone folding during Hercynian orog~~is and of the ore
remobilizatlon (see also fig 9) Fumana Rammosa mine (5. Gabriele).. I =Metandesite; 2 =Phylliles
and sandstOnes; J = Ore-bearing horizon; 4 = Limestone; ,= Phyllites and black·shales; 6 =Erci·
nlan porphyry dyke; 7 = Fauhs and fraclures.

the volcanisffi is characterized by meta­
rhyolites and metandesite. sometime directly
covered by Silurian or Low-carlxmiferous
metasediments. This different stratigraphic
location of the volcanism may be due to the
overthrusts and also to paleogeographic
characteristics of the basin.

Infact the volcanisffi caused in the ttntral
Sardinia a rather rough basin floor resulting
in the numerous heteropic fades in the Ordo­
vician-Silurian basin. Frequent transitions
between volcanites, ruffs, tuffites, volcanic
breccia (fig. 8) clastic sediments and lime­
stones are observable in this area. This im­
portant aspect of the paleoenvironments will
be discussed later;

IV) phyllites and sandstones lying directly
on the metandesites and passing to the
Silurian-Devonian formation, consisting of
black-shales, limestones and phyllites.

In these formations the ore·bearing horizon
occur. mainly located at the botrom of the
Devonian limestone or near the boundarv
with the c Post-gotlandiano » cover (fig. 7).

This horizon exibhit sometime luffitic
structure and its mineralogical composition
is rather variable according to the Hercynian
metamorphism.

When the metamorphism is higher garnets
and pyroxenes are prevalent; where the
metamorphism seems to be weaker only
dorite, quartz and epidotes are present.

Minor amounts of amphyboles. fluorite,
magnetite and sulphides occur in Ihis ho­
rizon. The inrense silicification, the complex
paragenesis may be due, as will be discussed
later, to the metamorphism of tuffitic sub­
marine deposit transformed into a "skarnoid»
(Bun, 1977) during Hercynian orogenesis.

A phyllile thick cover (cPost-gotlandiano»
formations Auct.) whose age is still uncertain
(Lower carboniferous?) seems 10 conclude
the volcanic and sedimentary cycles before
the Hercynian orogenesis.

As far as the tectonic is concerned central
Sardinia terrains have been mainly tectonized
by the Hercynian orogenesis; according to
CARMIGNANI et al. (1978) three main stages
are recognizable during this orogenesls,
namely:

I) the first stage, the most important,
caused isoclinal folds and overthrusts toward
West and Southwest (fig. 9) thus, shortenings
of the Palemoic sequence have been pro­
duced. A well developed flow-cleavage is
associated with this stage;

11) the second stage deformed the preceding
tectonic setting, causing open folds wirh
NW-SE or E-W axis trends. A less important
flow-cleavage is associated with this stage;

Ill) the third folding stage caused still
more o~n folds with N·S or NE·SW axis
trends.
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The tectonic paltern of the cenlr::ll Sar~ exhibit cleavage of the stl'ainslip ,nd not
dinia ,nd Nurra appears very different from of the now type, moreover shortening ,nd
that of the Southern Sardinia; on this area ovenhrusrs, even if present, do no' seems
on fact the Cambrian ll:nd Ordovidan terrains " wide " in central Sardinia.
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Analyses 01 metarh)'oIites Irom central Sardinia
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The detailed studies on the tectonic pat­
tern of paramount importance from a mining
and ore·prospecting point of view; in fact
the Hercynian tectOnic stages caused the
« splitting .. of the ore·bearing horizon and
its overthrust towards South or South.West.

Funhermore the isoclinal folds of the first
stage might be the cause of the ore·bearing
horizon redoubling, thus forming ore bodies
of valuable volume (figg. 9 and 12).

.3.2.2. Volcanic trends 01 central Sardinia

The Pre-hercynian volcanites of the central
Sardinia are represented by acid terms (<<pot.
firaidi», mctsrhyolites. «porfidi grigi e bian­
chi» Aut.), intermediate (metandesite) and
basic ones (metaba5aIt5) (01 $IMPLlCIO et

al.. 1974; GARBAIUNO et al., 1980; MEMMI
et al., 1982).



210 C. GARBARINO, S.M. GRILLO, C. MARINI, A. MAZZELLA, F. MELlS ET AL.

,El
Fig. IJ. - Block-diagram showmg the hypothesIzed model of ore forming processes during the Ordo­
vician-Silurian metallogenesis.. 1 = SandslOnes and phyllltes (<< Solonas" formation}, 2 = Volcanic cycle
(metarhyolites, rnetandesites, tufts and tuffites); J = black·shales, phyllncs and limestones; 4 = ore·
bearing horizon.

- The «podiroidi» consists of sheared
porphyries and rhyolites and seem to be at­
tributable to the Precambrian and, at least
partly, to the Ordovician (MEMMI et al.,
1982).

They are similar la the well-known « 0110
de Sapo» porphyries from Spain and for
Ihis reason they have been analyzed (tab. 3)
and compared with the other volcanites from
Sardinia (fig. 10).

- The metarhyolites and their tuffs are
composed of a thick cover with evident
characters of ignimbrite facies. They could
be of Tremadoc-Arenig age as well as the
«porfidi grigi e bianchi» (BARCA et aI.,
1981); these latter vokanites outcrop mainly
in the Sarrabus area.

- The metandesite consists of dome­
shaped bodies and horizons interstratified
with phyIIites; these volcanic rocks show
secondary silicification phenomena.

Their occurrences are localized mainly in
the Northern area (Barbagia·Ogliastra) and
for this reason their age is still uncertain; in
fact even if the whole volcanic cycle seems
la be of Pre-caradocian (BARCA et aI., 1981)

it is possible to ipothesize that some volcanic
paleoreliefs may range up to the Lower­
silurian thus preventing the Upper-ordo­
vician sedimentation (GARBARINO et al.,
1980).

Lastly the metabasites made up of
small dykes and lenses interbedded with
Silurian volcanodastic sediments.

All these volcanic rocks have been
subjected la the Hercynian orogenesis that
caused neverthless weak metamorphic phe­
nomena.

The petrographic investigations carried
out revealed that the original texture of the
metavolcanics is badly preserved.

The quartz and K·feldspar phenocrysts in
the acid metavolcanites are fractured and
cemented by a quartz-feldspar-se;ricite micro­
crystalline matrix, while the plagioclase and
mica (biotite) arc generally transformed into
albite-sericite-epidote and chlorite-epidote
respectively.

Evident phenomena of transformations of
plagioclases, sometimes with neoformation
of calcite, and of malic minerals into chlorite­
epidote are recognizable in the metandesite.
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TABLE 6
Analyses 01 calc-alkaline basalIs Irom cenlral Sardinia
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TABLE 7
AnalySt's 01 alkali basalIs 01 central Sardinia
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The plagiodases of the metabasites are
also altered into albite-sericire-('pidote, and
the mafic minerals consist now of an anhedral
association of chlorite-epidote-actinoIite and
iron ore.

The average chemical composition of 66
samples of Paleozoic volcanites coming from
central Sardinia is given in tabb. 3, 4, 5,
6 and 7.

The acid metavolcaniC5 (the «porfiroidi )t

and metarhyolites) (tabb.: 3 and 4), are
included 10 the classification diagram ac­
cording to FLOYD and WINCHESTER (l97.5)
in the area of rhyolites and rhyodacites while
the intermediate and basic ones (tabb.: 5,
6 and 7) are included in the areas of andesites
and basalts respectively (fig. 10). For com­
parative purpose, the «0110 de Sapo­
porphyroids » (four samples collected by rhe
Authors in the North-Western Spain - tab. 3,
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TABLE 8
Lead, zinc and copper contents in the
Paleozoic sequence 0/ Central Sardinia
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samples E 139, E 140, E 142, E 143) and
one sample of gray porphyry (c Pomdo gri­
gio It) (tab. 3, sample GU 454) from Sar­
rabus are also reported in the diagram of
fig. 9. These rocks show a more pronounced
dacitic trend.

Moreover, using the elements believed im­
mobile also during low grade metamorphism
(CANN, 1970; PEARCE and CANN, 1973;
FLOYD and WINCHESTER, 1977), it has been
possible to specify the presence of eale­
alkaline basahs and within.plate alkali basalts
(tabb. 6 and 7) (fig. 11).

These characteristics are further confirm~d

by the Y /Nb ratio; this ratio is less than
one for the former metabasic rocks and it is
equal to four for the latter.

The chemical data moreover indicate how
the acid metavolcanites underwent rema­
bilization phenomena of Na, K and Ca while
the intermediate and basic ones have been
subjC<"ted to importance modification in their
contents of Ni, Cr and partly Mg, with
evident enrichment of LREE.
~ presence, in the Lower Paleozoic of

Sardinia, of two volcanic families, and

namely sub-alkaline and alkaline (DI 51 M­
PLICIO et aI., 1975; RICCI and 5ABATlNI,
1978; GARBARtNO et al., 1980; BECCALUVA
et al., 1981) should denote twO different
phases of Pre-hercynian volcanic activities.
The first, the sub alkaline trend, should be
connected to the late stages of Caledonian
orogenesis, as well as the similar, mainly
acid, occurrences of the Alps and European
Continent (BELLtENI and SASSI, 1981;
BElOV, 1981; HEINISH, 1981).

The second, the alkaline [fend, may be
connected to Prc·hercynian rifting phenomena
of the paleo-European continental margin
(RICCI and 5ABATlNI, 1972; BECCALUVA et
al., 1981; BARCA et al., 1981).

3.2.3. Geochemis/ry

About 250 samples have been collected in
the Barbagia region (mainly around Fun­
tana Raminosa area), along stratigraphic
sequences, from c Post-gotlandiano.. for­
mation (phyllites and sandstones), «5i1urian..
formation (phyllites, black-shales, limestones
and cskarnoid .. horizon), volcanic formation
(metandesiles). All the samples have been
analyzed for Pb-Zn-Cu by A.A. and XRF.

The geochemical data, reported in tab. 8
lead to the following observations:

I) lead content is ralher constant among
the three groups of formations, but it shows
high variability whithin the same group of
fotmations;

II) copper content is also rather constanl
and low, apart from small increases in the
Silurian formations;

III) zinc content shows the highest vahles
and variability among the three groups of
formations.

These remarks are in good agreement with
the mineralizing processes model (see later).
Taking into account that the highest geo­
chemical anomalies are localized in the
c skamoid .. horizon, it is possible to obser­
ve, whithin this horizon, great and gentle
variations of the metal contents. In fact the
contents of the mineralized areas decrease
laterally till the regional average, forming
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along the <' skarnoid» horizon a sort of
« spots» having high metal content.

Another interesting datum is the fol·
lowing; ar a geochemical level the different
paragenetie associations ate confirmed; as
will be described later, two main ore as­
sociations prevail; the Fe-Zn-Cu and Pb-Zn.
These geochemieal analyses revealed as a
positive anomaly of Zn and/or Zn-Cu always
with very low Ph contents; on the countrary
when positive anomaly of Pb and/or Pb-Zn
are present the Cu contents are rather low.

3.2.4. The model of the mineralizing pro­
cesses

On the basis of the geodynamic environ·
ments described in the foregoing the Authors
deemed it expedient to outline the following
data in order to depict a general model of
the mineralizations in central Sardinia;

I) the presence of an ore-bearing horizon
located at the transietion Upper-ordovician.
Lower-siIurian, or at the bottom of the De­
vonian;

II) the relationship between the volcanism
and the ore bearing horizon;

Ill) the relationship between the ore as·
sociations and the chemism of the volcanism.
In fact in the Southern area (Sarrabus.
Gerrei) fluorite, galena, sphalerite, arseno­
pyrite and Ag are prevalent; further North
(Barbagia} Fe and Cu assume a more im­
portant role.

This is in good agreement with the increase
of the intermediate and basic volcanism in
a South-North direction;

IV) the primary metal traps seem to be
(he thick volcanic paleoreliefs; in these paleo·
reliefs the mineralizations (generally small
veins in the volcanic rocks) are very lean.
On the contrary the most important mine­
ralizations occur around the paleoreliefs
always at the base of th~ Silurian limestone
or in a synchronous stratigraphie level;

V) the role played by Sb is somewhat
obscure; recent investigations (CARMiGNANt
et al., 1978) ascribe the deDOsition of Sb
mineralizations to Hercynian magmatism.
The Authors believe the Sb is connected to
the Ordovician-Silurian volcanic cycle, even
if strongly remobilized during the Hercyni::m
orogenesis. For this reason Sb has been

classified, even if dubitatively, as a product
of Ordovician-Silurian metallogenic epoch
(tab. 1);

VI) only epigenetic mineralized veins and
dykes are present in the « Post-gorlandiano »
cover. These mineralizations are clearly as­
sociated with the Hercynian metallogenie
epoch;

VII) important phenomena of ore remo­
bilization occur in the Ordovician-Silurian
ore-beating horizon. These phenomena are
caused by the Hercynian folding and meta­
morphism; the ore-bearing horizon, folded
and faulted by the former events, lost its
spatial continuity and has been split and
reworked in the nuclei of the folds, giving
rise to the typical «sausage» feature (fig. 12).

The latter event transformed the meta­
volcanites and tuffites of the ore-bearing
horizon into a « skarnoid ».

The block-diagram of fig. 13 attempts
to synthesize the model of the ore forming
processes during the Ordovician-Silurian me­
tallogenic epoch.

It is obvious that this picture represents
the scheme of the metallogenesis during the
deposition of Devonian carbonatic platform
and before the deposition of the «Post­
gorlandiano» formation.

Apart from the role of the « porphyroid »
basement (Caledonian magmatism?) the
Upper-cambrian and the Lower~ordovician

are characterized by the deposition of a thick
detritical sequence (<< arenarie di S. Vito»
and «Solanas» l.

A great acid-intermediate volcanic cycle
follows (meta-rhyolites, meta-rhyodacites and
meta-andesitel throughout the whole of
central Sardinia.

The sedimentological and geodynamic
environments in the Southern (Serrabus) and
in the central area (Barbagia) differ.

In the Southern area the rhyolites were
covered by the sedimentation of phyllites,
sandstones and limestone of Caradocian­
Ashgillian, while in the Northern area these
sediments seem sometime to be absent.

Even if the most important volcanic cycle
\Vas exhausted before the Caradocian­
Ashgiallian sedimentation, minor volcanic
products were deposited in the Siluri::tn
basin.
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This, may be proved also by the thin
volcanic intercalations in the Silurian and
by several dikes (supply channels), now
strongly alterated, cutting the terrains below
the Lower.ordovician formations.

In the central area (Barbagial; the vol­
canic paleoreliefs were perhaps prevented
the deposition of Caradocian-AshgiaIJian and
the volcanites are covered directly by the
Silurian-Devonian sediments.

The area of Funtana Raminosa mine is
rather significant in the understanding of
volcanism emplacement and ore deposition.
From Meana-Gadoni to Tertenia, along
NW-SE direction, the Ordovician volcanites
are characterized by variable thickness and
different relationship with the Post-ordo­
vician cover; at Meana rhe metandesite are
covered by Silurian limestone and phyllites,
at Funtana Cungiada (near Aritzo), the vol­
canites are very thick and covered directly
by the sandstones and phyllites of «Post­
gotlandiano» formation.

At Tertenia the «Post-gotlandiano» also
lies on rhe Ordovician metandesite but, in
this case, the contact is clearly tectonic rather
rhan stratigraphic.

Important ore deposits OCcur, along the
same NW-SE belt, around the thickest
volcanic occurrences; Meana, Giaccuru, Fun·
tana Raminosa, S. Gabriele, Talentino re­
present the most valuable ore bodies of
central Sardinia; the paragenesis is cha­
racterized by the presence of Fe, Cu, Zn, Ag
and minot amounts of Pb, F.

The mineral composition, as well as the
thickness, of the ore-bearing horizon shows
significant modification. At Meana the
« skarnoid » horizon is composed of quartz,
chlorite, epidote, garnets and rare pyroxene;
the thickness is reduced to 1·2 meters.

At Funtana Raminosa - S. Gabriele the
mineral composition of the «skarnoid»
horizon in quite similar but in this area
the ore-beating horizon teaches its maximum
thickness, about 10-15 metres.

The structure of the mineralization is to
be attributed essentially to concentrations of
ores; in fact a fine interpenetration between
sulphide and Ca-silicate minerals is present
when the ore-content is not very high (fig.
14). In this case the sulphides are of anhedral
shape or they are included in the Ca-silicate
crystals.

With increasing ore concentration the
structure may become massif and minera­
lization assumes the «massif sulphide»
structure as in some stapes of the Funtana
Raminosa mine or some lenses of the Sar­
rabus area.

In this case the ore bed consists almost
exclusively of sulphides (and/or magnetite
as in Giaccuru); nevertheless a bedding (or
a ghost-bedding) can be frequently recogni­
zed in the mineralized layers.

On a microscopic scale the mineralizations
of the Barbagia area consist of a mixture of
sulphides, sulphosalts and oxides; the more
common ores are:

I) sphalerire. galena, pyrite, chalcopyrite,
magnetite and £luorite;

11) pyrrhotite may be present in the ores
where iron mineralization is ptevalent;

Ill) reduced quantities of bournotite,
hematite, pentlandite, chromite and arseno­
pyrite are also present;

IV) Ag is present in the Funtana Rami­
nosa ore ptoduction; about 1000 g/ton of
chalcopyrite and 1200 g/t of galena;

V) the oxidation zone is not very de­
veloped, thus scanty amounts of azurite,
malachite, limonite, hydrozindte are visible
in the area of ore outcrops.

Exsolutions of chalcopyrite are almost
always present in the sphalerite gtains.

In the area of Tertenia, the ore deposits
of Bau Atenas and Talentinu exhibit different
characteristics; they occur as veins and
veinlets in the basal metandesites while they
exhibit stratiform features in the phyllites.
Limestones are absent; the mineral compo­
sition of the ore bearing horizon is made
up of quartz and chlorite. In these ateas
dikes of volcanic rocks, strongly altered, are
present. These dikes stop at the level of the
ore-bearing horizon and they might repre­
sent the old channels of volcanic and perhaps
mineralization supplies.

Thus the ore-bearing horizon, above the
volcanic system and below the Silurian.
Devonian sequence, may represent the result
of replacement phenomena beneath the sea
floor, near the volcanic centres where sub­
marme fumarolic activity was present
(OFTEDAHL, 1958; RIDGE, 1973).
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This submarine activity should occur more
or less at the beginning of the carbonatic
Silurian sedimentation, giving rise to the
Ca-silicate paragenesis of the c skarnoid •
horizon.

The Hercynian orogenesis modified this
scheme; in fact according [0 the results of
research on the structural framework of
central Sardinia (CARMIGNANI et al., 1982)
the difference in thickness of the ore-bearing
horizon and Ordovkian metavokanites could
be caused by the Hercynian tectonic phases.
The stratabound ore-deposits have been re.
worked and now they exhibit epigenetic
features; this is partkularly visible in
the Southern area (Sarrabus-Gerrei) thal
represents the front of the folds and over.
thrusts. The «Filone Argentifero. of [he
Sarrabus, the ore-deposit of Bacu Locci and
Sa LilIa (ZUCCHETTI, 1958; VIOLO, 1966)
may represent the result of these remobi­
Lization phenomena. These deposits in fact
show on a regional scale a close connection
to the above mentioned stratigraphic levels.
while in detail veins and epigenetic features
are prevalent.

Fig. 14. - Orc-bearing horizon made up of gameu,
e:pidoles, quartz. The: sulphides lite: finely disse­
minllted in the: rock. Crystallization broadly syn­
chron0U5 with the: microfolds ate: visible:. S. Gabrie:le:
SlOpe: (Funtana Raminosa).

3.3. THE HERCYNIAN METALLDGENIC EPOCH

The well known Hercynian mineralizations
have been the subject of several papers and
studies by numerous economic geologists.
For this reason the Authors d~med it
expedient to refer to these previous paper
for a detailed analysis of the pneumatoLitie.
hydrothermal Hercynian mineralizations
(ZUFFARDI, 1948, 195J, 1958; URAS, 1951;
SALVADOR I, 1959; CAVINATO, 1962; Zuc­
CHETTI, 1965; DERIU and ZERBI, 1965;
BACCOS, 1968; NATALE, 1969; SALVADORI
and VALERA, 1972; MASSOLl NOVELLI,
1973 l.

The vein systems of the Arburese (Mon­
tevecchio. Ingurtosu, Gennamari), Nuorese
(Sos Enaues, Gozzurra) (SALVADORI and
ZUFFARDI, 1960; IvlELls and SANNA, 1978);
Nurra (Argentiera) (BRIGO et aI., 1982) have
been extensively mined in the past for their
Zn-Pb (Ag) ores and they represented :1n
important non-ferrous metal supply for the
Italian economy. Currently these mines have
been closed, with the exception of Monte­
vecchio whose closure represents a traumatic
issue for the regional mining industry.

The Silius mine (NATALE, 1969), a large
quartz vein with about 40 % CaF:t and 1,5
PbS, is still operating in the Sarrabus area
and it is believed to be one of the mo.>r
valuable Auorite mines of Europe.

The Authors aim, in this paper, ro furnish
data and metaUogenic scheme on some lesser
known hydrothermal mineralizations in the
calc·alkaLine plutonites of the Ogliastra
(central Sardinia), in otder to acquire some
knowledge on the correlation between Her­
cynian magmatic evolution and metal de­
positions.

In fact even if the mineralizing processes
during the Hercynian (or late Hercynian)
magmalism s~m to have been correctly
analyzed, the origin of metals is still obscure
and not easily comprensible. Previous authors
hypotesized that some ores, present in the
hydrothermal veins, may derive from the
leaching of Pre-he.rcynian sediments, by
remobilization events closely connected to
the lasl stages of magmatic phenomena (ZUF­
FARDI, 1968; SALVADORI and VALERA, 1972).

Thus Pb, Zn, Fe, Cu, Ba, F, Wand
perhaps Sb metals, already present in the
preceding metallogenic epochs may have been
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and the OCCUrmK'eS of Cu·Zn·Mo miocfl1iutions.

reworked around the «granitic. cupolas
and deposited along with quarlz, calcite and
ankerite as dykes and veins. Nevertheless
this scheme cannot explain the Tin (Ar­
burese-F1uminese) the Uranium (Sulds and
Gallura) Ni-Co (Linas) and Molibdenum (in
several parts of the island) mineralizations;
in fact thcse metals are practically unknow
in the previous Cambrian and Ordovician­
Siluri3n metallogenic epochs.

3.3.1. The Cu-Mo-Zn mineralilations in the
«granitoids» 0/ Ogliastra (Central
Sardinia)

The Authors, in the ambit of the Geo­
dynamic project, undertook a study of the
mineralizations in the Sardinia plutonites.
Several occurrences of Cu, Fe, Zn and Mo,
outcrop in Ihe «gnmitOids. of the Untt-d.l
Sardinia and namely in the Ogliaura region.
The ore-association, the structures and the
host rocks seem to suggest the presence of

Hercynian «porphyry. type deposits (MAC­
CIONI et al., 1979; FIORI et al., 1982;
GHEZZO et al., 1982; GUASP...RRI et al.,
1982). Owing to this suggestion the Authors
carried out research on plutOnire alterations,
geochemical distribution of eu and Mo, and
geophisic anomalies.

About 350 samples were collected from
the Ogliastra region at regular intervals of
500 m; the Authors refcr to another paper
for the complete study of these minera­
lizations (FIORI et al., 1983). These samples
were investigated by microscopic and gea­
chemical analyses carried out by XRF.

The field work revealed the presence of
several rhyolite (6g. 1.5) dykes with NW-SE
trend; these dykes are sometimes of con­
siderable size and CUt the cgranitoid. stocks.
These latter consist of a calc-alkaline suit~;

the more common rocks are represented by
tonalite, granooiorite and granite (GHEZzO
et al., 1972; 01 SIMPLICIO et al., 1974;
CoNTt et aI., 1981).
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TABLE 9
Analyses 0/ mineralized « granitoid » rocks from Ogliastra

pr) PC30 PC28 pc:;>. pC'1> PC~3 PC23 pe'l
$102 67. ?'1 63.26 60.77 6Q.6" ~~.23 V.7S " •••2 3$.43
T102 0.$. 0.2' ~.69 0.26 0.03 0.1' 0.32 0.12
AL203 e. \I, 20.60 10.49 '''.46 S.3B '5.2' 16.1 , '<I.M
FE201 1O.:H •. 08 5.7' 5." 10.52 .3.52 26.3$ 23.06
~N(1 O. :). C.O~ O. '0 0 .... 0 0.35 0.50 O.lO 0.69

"" 3.5'1 0.96 2.2' •• 35 \.02 7.68 2.00 6.9'1
'OO 2.6' 0.'10 •• 27 6.'12 '1,6 • '3. '3 6.lS H.Br
~~20 2.018 5.29 $.90 6.Se ,. 9~ 0.2'1 0.53 0.2?
<>' O. '3 7.22 3.5" O. ''I 0.08 0.62 1.23 0.21>
P2cr.', 0.06 ,L06 O••3 ".OS 0.02 0.03 0.03 0.0'1

'" •• SO 0.87 , • 3:2 , ."S 3.70 1.0. LS' •• 'i0

" 0.51 0.62 O.ot , .•e 6.<1'1 O. ,3 0.511 0.(0)

W 0." , O. ,. 0.6' 0.0' 0.3' 0.05 1.7_ 0.13
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'" ... '" ." ",
Major elements '" given " %. ,he other elements " ppm; ND == not detected; -= no data.

The tonalites are composed of plagioclasc
(35·38 % An) sometimes altered, of hiotitc
and green hornblende; quartz is rare. Epidote
is also present, pseudomorph after biotit~

and plagioc1ase.
The granodiorites arc made up of plagio­

clase (30·35 % An), perthitic microcline,
quartz and biotite sometimes transformed ro
chlorite; zircon. rutile, apatite, garnet are
accessory.

The dykes, barren of copper and mo­
lybdenum mineralizations, are characterized
by a porphyric texture with quartz and
feldspar phenocrysts. Two main trends of
sub-volcanic suites are evident from the
geochemical analyses (FIORI et al., 1982): a
calc-alkaline and an alkaline trends. The
alkaline trend is probably connected to
Permo-Ttiassic rift magmatism (BRUNETTON
et al., 1976).

The analyses of 23 plutonic rocks and 10
mineralized «gtanitOids» are reported III

tabb. 9 and 10. The diagram of fig. 16
shows the main trends of mineralized and
unmineralized granitoid rocks from Ogliastra.

The calc-alkaline plutonites are reptesented
by tonalite and mainly by granodiorite and
granite.

The chemical analyses reveal the low
content of Cu, Mo and Zn; however, it is
interesting to note that in the Ogliastra
« granitoid~) tocks, as far as Cu and Zn
are concerned the average Cu content of
granite is higher (roughly twice that of all

the other «granitOid» rocks) while average
Zn content is maximum in the granodiorites.
Unlike these original characteristics of the
fresh tocks, the hydrothermally altered rocks,
independent of the rock-type, have a higher
Cu and Zn content.

The altered granitoid rocks, occurring in
the mineralized bodies, show an impoverish­
ment in K~O, Rb, Ba due to the alteration
of K-minerals, mainly biotite and subor­
dinately K-feldspar, to chlorite and epidote.
PlagiocIase appears to have been more
resistant to alteration and, therefore, Na
content remains more or less constant, while
Ca and Sr increases are connected to the
formation of epidote. In conclusion, it is
apparent that hydrothermal solutions carried
Zn, Cu, Fe, Mo, Mn, Ca and Sr removing
K, Rb, Ba and, subordinately, AI.

This kind of alteration is not typical of
«porphyry copper» deposits, whereas the
hydrothermally altered rocks show a K-rich
alteration (LOWELL and GUILBERT, 1970).

The preponderance of Zn over Cu in
almost all the samples, is also worthy of
nOte that Zn was more abundant than Cu in
the hydrothermal solutions.

Finally the typical zoning of «porphyry
copper» deposits, composed of a core of
prevalent molybdenite and belts of pyrite­
chalcopyrite, sphalerite and galena etc. seem
to be absent in the rocks of the Ogliastra.

Nevenhless this datum should be analyzed
more carefully; in fact the Post·hercynian
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TABLE 10
Analyses 0/ «grani/oid» rocks from Ogliastra

Major elements are

ppm; ND = not de·

tected; - = no data.
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erosion may have modified the primary
distribution of metals.

The mineralizations consist of small ore­
bodies scattered over the area, according to
the main tectonic trends and the alteration
IS mainly of propylitic type.

In conclusion, on a regional scale these
mineraIizations may be considered as «por­
phyry rype» deposit according ro the fol.
lowing parameters: ,

• •"'_1 .-2
Fig. 16. - AFM plot of the .. granitoids,. rocks
from Ogliastr:a. The dashed line contours the calc­
alkaline field (RINGWOOD, 1973). 1 = Mineralized
rocks. 2 = .. Granitoids,. rocks.

I) the geochemical trends of « granitoid »
rocks;

11) the geodynamic environment; the area
where these mineralizations occur may be
included in the North-eastern belt (or along
the border) that represents the axis zone of
the Hercynian chain. In other words this
area might play (he role of continental
paleomargin subjected to the influence of
high-grade meramorphism (<< granulitic »
faciesl (Northern beltl and of mineraIiz~d

horizon of the Ordovician-Silurian (Central
belt). The influence of these two belts might
be the cause of a sort of Cu-Mo mixing (and
Zn·Pb) giving rise to a new ore association;

Ill) the ore association (Cu..M:o and Zn,
Fe, Pb),

IV) the presence of mineralized skarns
in the'« graniroid » stocks.

On a local scale and in detail the absence
of rhe rypical zoning of the alteration, and
mineralization and the very low contents of
Cu and Mo, are data in disagreement with
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the « porphyry» scheme (BURNHAM, 1962;
HEMLEY and lONES, 1964; SUTHERLAND
BROWN, 1969; CLARK, 1972).

Thus these contrasting parameters seem
to give rise to a SOrt of «aborted» por­
phyry deposits consisting small bodies of
Fe-Cu-Mo-Zn scattered throughout the Her­
cynian plutonites.

On the olher hand the absence of zoning
may be caused by the characteristics of these
deposits which may be classified as «plu­
tonic porphyry deposits» (NIELSEN, 1976).

It must be remarked moreover that the
detailed geochemical researches (FIORI er al.,
1983) revealed the presence of a primary
geochemical halo of Cu and Zn around the
mineralized bodies.

The mineralizing processes should be
interpreted as deposition from hydrothermal
fluids along a network of fractures with N-S
direction.

Recent researches outlined how the
«hercynian type» magmatism is characterised
by acid chemism and slow, diapiric uplift
of magma toward less shallow - in com­
parison with the «andean type» - level3
of intrusion (ZWART, 1974; D'AMlco, 1974).

These differences of the mechanism uf
Hercynian magmatic emplacement may
furnish an explanation of the low Cu
contents and the reduced sizes of ore bodies

3.3.2. General remarks on Hercynian hydro­
thermal deposits

The remobilization and leaching of metJls
from a more or less deep basement to younger
terrains is one of the oldest, most important
and most difficult metallogenic problems 10
explain.

The problem is harder to solve for the
old terrains (Paleozoic and Prepaleozoic)
where it is almost impossible to find out and
analyze the hydrological systems, the com­
position and the temperatures of geothermal
waters.

A comprehensive programme, of isotopic
analyses of the main sulphide associations
may furnish definite solution to the metal
remobilizations from the older metallogenic
epochs to tbe younger ones.

With current knowledge, the Authors can
point out some data resulting from the zonal
distribution of the mesothermal vein system

(Ph, Zn, Cu, F, Ba) (see the schematic map
of fig. 17).

The island of Sardinia may be roughly
divided into four main areas: the most
important from an economic point of view,
namely the Arburese-Su1cis and the Sarrabus
are characterized bv different ore associations;
Pb-Zn (and Sn, Ni, Co etc.) are prevalent
in the vein systems around the granitoids of
the Linas, Oridda and Su1cis (area A), while
Pb (Ag), Ba and F assume a great role in
Sarrabus region (area B); in the latter area
the Silius vein system occurs.

Mo is scattered in several parts of the
Island (CABOI et al., 1970, 1978; GHEZZO
et al., 1982) while Cu-Mo seem to be con­
centrated in the plutOnites of Central and
Northern Sardinia (DESSAU, 1956; SALVA­
DORI, 1959; DERIU & ZERBI, 1965; BAKOS,
1968; CABal et al., 1970, 1978; GHEZZO
et al., 1982), even if in' this zone (area C)
Pb-Zn veins are also present (Sos Enanos,
Gozzura ore deposits).

In the Nurra (area D) a vein NE-SW,
mineralized with Pb-Zn-Ag (l'Argemiera)
seems to be unconnected with any magmatic
stock, even if this may be hypothesized to
be at a not great depth (COCOZZA et aI.,
1974).

The pneumatOlirie and hydrothermal ml­
neralizations, related tc> Hercynian magma­
tism, are represented by interesting ote­
associations even if they seem to be rather
poor from an economic point of view.

Tin veins of S.ta Vittoria and Canale Serci
(ZUFFARDt, 1958), the narrow quanz veins
with molybdenite, arsenopyrite and Ni-Co
sulphides (M,te Linas in Atburese area), the
U oxides testify the evolution of ore-asso­
ciations metallogenic epochs to the younger
ones; this evolution is represented by the
appearance of new metals, as well as Mo,
Ni, Co, Sn, U, unknown in the Cambrian
and Ordovician-Silurian deposits; thus the
presence of these metals seem to be related
to the Hercynian magmatism without any
leaching and reworking phenomena from
the older basement.

4. Conclusions on the Paleozoic metlll.
logcnic epochs and discussion or
resuhs

The schematic subdivision of the Paleozoic
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Fig. 17. _ Schematic distribution of the: most im·
portant Hercynian vdn systems. Mineralization of
low temperature. - A = Sulcis·Arburc:sc: district:
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ra district: D = Nurrll district. 1 = Pb·Zn: 2 =
Ba·F (Ph-Ag): J = Zn·Cu-Fe: (Mo-Pb). >I- = 1:
o = 2; * = J.

platform), the ~ internal basin» or central
belt (clastic sedimentation and margin vol­
conism) and North-Eastern belt (axis zone
of Hercynian chain).

The cross-sections of fig. t 8 may furnish
an attempt of paleogeographic reconstruction
of the environments up to the Hercynian
orogenesis, but the data on the Precnmbrian
basement arc still meagre. Research carried
our on the South-\'Uestern and Central Sar­
dinia pointed to some remarkable differences

mineralizing processes infO three main metal·
logenic epochs, even if useful for an initia.l
approach fO the economic geology of the
Sardinia, may introduce some misunder­
standings; in fact the mineralizing processe~

cannot be limited in time, but they arc in
equilibrium with the geodynamic evolution
of the Paleozoic terrains (ZUfFARDI, 1968).

The sulphides, hosted in Cambrian lime­
stone and dolomite, f.i., exhibit several re·
mobilization phenomena; apart from the
geochemical concentration during the early
diagenesis of limesfOne (AMSTUTZ et al.,
1963) lead, barium and silver are found
in the silica horizon thtH marks the uncon­
formity between Cambrian limestone and
Ordovician sandstoncs and phyllites. The
early Caledonian tectonics caused the emer­
sion of the folded Cambrian tert"ains; the
limestone was covered by a thick, probably
continental, silica crust along with galena,
rich in silver, and barite; these ores were
supplied but the crosion of the upper part
of the Cambrian limestone and by the freeing
of lead and barium metals.

Furthermore remobilizations of Cambrian
sulphide occurrence by Stresses of Hercynian
orogenesis occurred, giving rise 10 the well
known sulphide bodies according to the main
Hercynian tectonic trends.

The Hercynian orogenesis was followed
by a long period of emersion and erosion
acdvities; the weathering of Cambrian li­
mestone and dolomitc Icad to the formation
of an important karst system, fillcd by argen­
tiferous galena, barite and more seldom
pyrite and sphalerite.

The Trillssic peneplanation of the Cam­
brian terrains and related ore formation by
supergene deposition has been investigated
in the past and valuable results have been
published recently by another Author (BONI,
1979).

Thus, the primary geochemical anomalies
of lead, zinc, iron, and barium in the Cam­
brian sedimentation gave rise, by several
phases of tectonic and weathering reme­
bilizations, to ore bodies of different age,
structure and ore-association according to the
geological evolution of the host rocks.

Another important aspect of the Paleozoic
geology of Sardinia is the relationship
between the South-Western belt (Cambrian
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Fig. 18. - Pre-hercynian palcogcographic and melallogenic scheme of central and southern Sardinia. ­
1= Pre-cambrian basement (?); 2 = Porphyroids; 3 = Cambrian sequence; 4 = Uppcr-cambrian ro
Lower-ordovician sandstones and phyllilcs (<< Solann,. and .. S. Vito,. formations); .'5 = «Porfidi grigi
e bianchi »; 6 = Middle-ordovician conglomerales, sandstones. phyllites and limestones; 7 = Melan~e­

sites and tuffs; 8 = Silurian-Devonian black-shales, phylliles and limestones; 9 = Lower-carboniferous (?)
phyllilcs (<< Poslgodandiano» formal ion); 10 = Strati form deposits of Zn-Fe and/or barite; 11 = Pb-Zn
sulphides bodies; 12 = Pb (Ag) and harite mineralization of silica horizon along the Cambrian-Ordo­
vician unconformity; 13 = Ordovician-Silurian ore bearing horizon.

from a geological and ore-deposits point ot
view_

Around the Cambrian platform the Or­
dovician and Silurian sediments and vokanics
are rather reduced; the strata-bound ore­
deposits in Ordovician-Silurian terrains and
vokanics, even if present, seem less signi­
ficant for volume and spatial continuity.

The mineralizalions such as Perda S'Oliu
(SOLA, 1967; MAR 1Nl and MElIS, 1981),
S. Leone (VERKAEREN & BURKHARDT, 1970;
VERKAEREN & BARTHOLOME, 1979), some
stopes of Rosas, all located in the South­
Western belt, show ore paragenesis rather
similar to those of central Sardinia; they
consist of galena, sphalerite, pyrite and/or

magnetite and minor amounts of chalco­
pyrite, fluorite_ The presence of metals such
as Cu and F is witness 10 the influence of
mineralizing processes in which the volcanic
~ctivity begin 10 play a certain role; these
metals in fact are almost absent in the ore
bodies hosted by the Cambrian carbonatic
platform (PADAlINO et al., 1978)_

The geological sequence of the central
Sardinia shows terrains from upper Cambrian
(<< Arenarie di S. Vito» and «Solanas»)
formations (BARCA and MAXIA, 1982) to
Lower-carboniferous (<< Post-godandiano »)
formation with a prevalence of clastic
sedimentation and volcanic activity; the
carbonatic facies are reduced 10 thin Ordo-
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vlClan and Silurian lenses and Devoni:.m
platform, strongly folded, faulted and eroded.

The stratiform ate-deposits, in the
Southern (Sarrabus) as well in as the central
area {Barbagia}, ate located above the thick
volcanic cycle of Ordovician-Silurian age;
this cycle is characterized by an increase
of basic rocks from South towatds North
and namely from Sarrabus (Rhyolites) to
Barbagia-Ogliastra (Andesites). This modi­

'lication of volcanic chemism affected the
composition of ore-associations; in fact Cu is
found mainly in the narrow belt NW-SE of
the Barbagia (Funtana Raminosa), according
to the volcanic occurrence of andesite, while
mainly Pb-Zn-Ag (and Sb, As) seem to be
related to more acid volcanism, even if the
geochemical trend of this volcanism must
be analyzed yet.

Thus the spatial zoning of mineralization
may be in agreement with the different paleo­
margin volcanism; this relationship of the
ore associations with the geodynamic envi­
ronment is well known in many ore districts
of the world (PELLISSONIER, 1972; SILL!­
TOE, 1972; Bats et aI., 1976; PALOMERO,
1977; ]ANKOVICH, 1980) but it must be
analyzed in detail and by further research
in the Sardinian mining district.

The Hercynian metalIogenesis confirms the
spatial zoning of the preceeding mineraIi­
zations, substantisting some heredity pheno­
mena from the Pre-hercynian basement to
the Carboniferous-Permian magmatism.

The most important Pb-Zn hydrothermal
district occurs in the Arburese, not far from
the Cambrian platform; the F mineralization
(with minor amount of Ag, Pb, Zn, Ba) occur
instead in Sarrabus where the Ordovician
sequences is very thick. In fact previous
studies threw some light on the role of F
in the Paleozoic sequence; the fluoride
content increases strongly in the transition
from Cambrian to Ordovician slate and
~andstones (MAZZELLA et al., 1979); this
IOcrease may be due to the beginning of
Post-cambrian volcanic activity in the «in­
ternal basin» and the Hercynian magmatism
might utilize the F content in the Ordovician·
Silurian rocks giving rise to the important
veins of Silius, M.te Genis, etc.

The Cu-Mo mineralizations of the Oglia­
stra finally, seem to be located along the

border of the old margin, near the Ordovician
andesitic belt. In this belt the most im­
portant Cu mineralizations of the Sardinian
microplate occur, some skarns with Pb-Zn­
Cu-Fe mineralizations are included in the
Ogliastra granitoid rocks; these skarns may
derive from fragments of mineralized Ordo­
vician-Silurian limestones, as can be inferred
for the Cuccuroni bodies (DEMURO et aI.,
1963) near the Arzana village.

Thus from the first merallogenic epoch,
the Cambrian one, subsequent mineralizing
processes modified rhe preceeding metal­
logenic scheme, but each mineralizing stage
seems to be, more or less, connected to the
preceding ones.

These researches have been ClIrried out with the
financial support of the CNR (Consiglio NazionaJe
delle Ricerche) in the ambit of the «GeodinamiCll »
projecl, paper n. 528 (U.o. 422 directed by VIOLa);
a special gram has been provided by the European
Economic Comunity in the ambit of the CREST
programme.
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