RENDICONTI! Societa Italiana di Mineralogia e Petrologia, 39 (1): pp.

193-228

THE PALEOZOIC METALLOGENIC EPOCHS
OF THE SARDINIAN MICROPLATE
(WESTERN MEDITERRANEAN):

AN ATTEMPT OF SYNTHESIS ON GEODINAMIC
EVOLUTION AND MINERALIZING PROCESSES

CArRLO GARBARINO, SiLvaNA Maria Grirro, CARLO MARINI,
ANTONELLO MazzerLLa, Fericita MEeLis, Giorcio PapALINo,
Sanpro Tocco, Maurizio VioLo

Ist. di Giacimenti Minerari, Geofisica e Scienze Geologiche, Facolta di Ingegneria dell’'Universita,
piazza d’Armi, 09100 Cagliari

Luciano MAcciont
Dipartimento Scienze della Terra dell'Universita, via Trentino 52, 09100 Cagliari

MADDALENA F1oRI
via Zagabria 49, 09100 Cagliari

Riassunto. — 11 presente lavoro, sviluppato attra-
verso i cinque anni del progetto finalizzato « Geo-
dinamica » (sottoprogetto 4), finanziato, sostenuto e
coordinato dal CNR, rappresenta un tentativo di
sintesi sulle conoscenze riguardanti le correlazioni
tra evoluzione geodinamica e deposizioni metallifere.

Il quadro di riferimento fondamentale & riferito
alla microplacca sarda, sede del pit importante
distretto minerario d'Italia.

I pit antichi processi metallogenici, almeno
quelli direttamente investigabili, sono caratterizzati
da deposizione di solfuri di Pb-Zn-Fe e di barite
nelle dolomie e calcari della piattaforma del Cam-
briano inferiore e medio. Questi depositi, del tipo
MBS, mostrano una zonalita verticale — e quindi
cronologica — e orizzontale, cioé paleoambientale.
Gli ambienti sedimentari evolvono da quelli marini-
deltaici verso quelli di laguna o di « tidal-flats ».

Le mineralizzazioni di solfuri ricorrono in bacini
con ristretta circolazione d’acqua, mentre la deposi-
zione di barite & prevalente nei bacini con condi-
zioni di mare aperto, o con maggiore circolazione
d’acqua.

L'« annegamento » declla piattaforma carbonatica
cambriana arresta la deposizione primaria dei me-
talli, ma successive fenomenologie diagenetiche,
tettoniche ed erosive hanno contribuito grande-
mente alla rimobilizzazione dei solfuri e solfati e
alla formazione di corpi mineralizzati, economica-
mente coltivabili,

La seconda epoca metallogenica, quella ordovicia-
no-siluriana, & caratterizzata da deposizioni vulcano-
sedimentarie di solfuri misti con paragenesi piti
complesse di quelle cambriane. L’orizzonte minera-
lizzato, ubicato al passaggio tra I’Ordoviciano e il

Siluriano & costituito da uno skarn quarzoso clori-
tico-epidotico con rari granati e pirosseni. Tale
skarn & il prodotto metamorfico di un orizzonte
tufitico formato dall’apporto vulcanico di silice (e
metalli) nel bacino sedimentario e dalla sedimen-
tazione detritico-carbonatica del Siluriano.

Una potente coltre vulcanica con trends calco-
alcalini (vanno infatti dalle rioliti fino alle andesiti
con relativi tufi) si & insediata essenzialmente nel-
I'"Ordovciano e limitatamente nel Siluriano inferiore
e pud essere collegata alle ultime fasi dell’Orogenesi
Caledoniana e, almeno in parte, ai prodromi di quel-
la Ercinica. L'area in cui ricorrono il vulcanismo e i
giacimenti metalliferi pud essere considerata come
un paleomargine attivo tra la fine dell’'Orogenesi Ca-
ledoniana e lindividuazione dei primi segmenti
strutturali di quella Ercinica.

L'ultima epoca metallogenica paleozoica rappre-
senta il prodotto della grande e importante oroge-
nesi Ercinica. In questo lavoro non sono state
studiate le ben note mineralizzazioni idrotermali
filoniane di Pb-Zn-Ba-F; sono state analizzate invece
alcune mineralizzazioni meno conosciute — scienti-
ficamente parlando — e ubicate nei « granitoidi »
dell’Ogliastra. Si tratta di piccoli corpi con struttura
a stock-work, allungati secondo le direttrici tetto-
niche regionali, con una paragenesi di tipo Zn-Cu-Mo.
Le associazioni, gli ambienti geodinamici, i « trends »
geochimici sembrano suggerire una ipotesi genetica
di tipo « porphyry ». Il meccanismo dell’intrusione
magmatica ercinica e l'etd degli stocks granitoidi
tuttavia rappresentano un limite « strutturale » per
quanto riguarda le dimensioni economiche di tali
mineralizzazioni.

In conclusione I'evoluzione geodinamica di que-
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sto frammento della catena ercinica, che & la micro-
placca sarda, ha condizionato fortemente le tipo-
logie giacimentologiche che vi ricorrono e costitui-
scono un concreto esempio di correlazione tra paleo-
ambienti e deposizioni metallifere.

ABSTRACT. — Several papers and researches over
these last few years have "greatly improved the
knowledge on the tectonic, stratigraphic and
magmatic pattern of the Sardinian microplate, a
fragment of the Hercynian chain.

The synthesis of the correlation between the
geodynamic environments and ore-deposits has not
yet been attempted despite the economic importance
of this mining district.

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

The oldest metallogenic processes are characterized
by deposition of Pb-Zn-Fe sulphides and Ba sul-
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 paleoenvironments and carbonatic
facies; these environments evolve from marine-
deltaic to lagoons and tidal-flats.

The sulphide mineralizations occur in basins
of reduced water movements, while the barite
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 by volcano-sedimentary
deposition of mixed sulphides; the ore-bearing
horizon, located along the Ordovician-Silurian
boundary is made up of a tuffitic rock, later meta-
morphosed and transformed into skarn during the
Hercynian orogenesis.

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

The last Paleozoic metallogenic epoch was caused
by the Hercynian orogenesis. The Authors of the
present paper have not studied the well known
hydrothermal veins of Pb-Zn-Ba-F; the object of
their research has been the lesser known Cu-Mo-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 environments and the
geochemical trends of host-rocks seem to suggest
a genetic hypothesis of « porphyry » system for
these metal occurrences. The mechanism of the

Hercynian « granitoid » 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 type
and the amount of base metal occurrences giving
rise to a valuable example of correlation between
paleoenvironments and ore-deposits.

1. Foreword

The primary purposes of this paper are the
understanding of the ore-forming processes
in the Paleozoic rocks of the Sardinian micro-
plate (fig. 1) as well as the definition of the
relationship between the metal depositions
and the geodynamic environments.

I.San Q
Antioco

Fig. 1. — Sketch map of the island of Sardinia.
The different areas referred to in the present paper,
are shown. - 1 = Prehercynian basement; 2 = Her-
cynian granitoids; 3 = Mesozoic carbonatic plat-
form; 4 = Cenozoic volcanites and sediments.
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With this in view the Authors have at-
tempted over the last five years to identify
the main metallogenic epochs of the Sardinian
microplate and their relationship with the
evolution of the paleogeodynamic environ-
ments.

The general improvement of geological
knowledge was of great assistance to the
Authors; however in spite of this, several
areas and topics had to be studied in great
detail due to the lack of sedimentological,
stratigraphical, structural and volcanic data.

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 competences and
they would mention in particular: Prof.
N. Minzont (Istituto di Mineralogia del-
I'Universita di Ferrara) for his most valuable
contribution towards a correct understanding
of the stratigraphical sequence in central
Sardinia; Prof. A. Ganpin (Istituto di Geo-
logia dell’Universita di Siena) who furnished
the basic outlines of the sedimentological
parameters in the Cambrian carbonatic
platform; Prof. S. Barca (Dipartimento di
Scienze della Terra dell'Universita di Caglia-
ri) for his precious suggestions concerning
the stratigraphic sequence of the Sarrabus-
Gerrei area.

2. Introduction

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
structural pattern of the Sardinia (see 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.
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This fact is to be attributed not so much
to the extent and the importance of the
mineralizations as to the variety of them
in a relatively limited area. Thus the Authors,
in this paper, attempt to summarize the
knowledge previously gained and the results
of research carried out in the ambit of the
« Geodinamica » project of CNR regarding
the mineralizing phases and the influences
that the geodynamic environments have had
on them.

With this in view the Sardinia microplate,
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 sedimentation of carbonate platform.
This area, in which the Cambrian sequence
outcrops, may represent the foreland of the
Hercynian orogene (CARMIGNANI et al.,
1979).

Important ore deposits of Pb, Zn, Ba
occur in the Cambrian dolomites 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 volcanites also seems to
be limited.

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

II) Central Sardinia (« internal trough »
Cocozza et al., 1974), This area, from Sar-
rabus to Barbagia and Nurra, includes the
thickest Paleozoic sequence of the Sardinia
microplate. Apart from some basal laminated
porphyries (« Porfiroidi ») whose role is still
obscure (Precambrian?), sediments and vol-
canites from the Upper-cambrian up to the
Lower-carboniferous are present which can
attain a thickness 10,000 m. The volcanites
and tuffites are rather 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. — Lithostratigraphic sequence and mineralization occurrences of the Cambrian platform (Igle-

siente - Northern Sulcis district).

na Raminosa type) represented the largest while the last two in the Mesozoic and in the

engagement by Authors.

I1T) Northern Sardinia and Corsica. This
area is believed by some Authors (Carmi-
GNANI et al., 1979) to be the root of the
Hercynian belt. Large occurrences of « grani-
toids » outcrop in this area as well as Cu-Mo
mineralizations (in the Ogliastra region).

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

3. The metallogenic epochs

Five main metallogenic epochs are re-
cognizable in the Sardinia island (PApaLNO
et al, 1979); the first three, the most
important, occur in the Paleozoic basement

Cenozoic cover (tab. 1).

TaBLE 1
Schematic distribution of the stages of mine-
ralization according to ages, paleoenviron-
ments, magmatic trends and orogenetic phases

Geodynamic | Main Magmatic Tectonic
Age " is rrend phases
S Early
1 | cambrisn Platfora Fb,Zn,Ba Catedonisn
2 Ord.- Pale e Cu,Fe,F W, [Calc-alkal.and | From Caleds
Silurian - 5b(1) ,Ag,Pb |alkaline volca | nias to esrly|
mites Hercynian
Carbonife~ | Converging | Mo,50,7b,Zn, [Calc-alkaline
3 | rows—Persi | (Bercynian | Ba,F,idg,Cu,U{Plutonites Hercynian
an type)
32,784 in e _—
& | Messsoic Platfors Raracs, Raw
materials,
Bsuxite
o Basin and Coal Jaw =a—|Calc—alkaline
= e convergiag | terials, wolesnites Alpine
¥, P, 0u
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Fig. 3. — Geological sketch map of the Cambrian terrains (Iglesiente and Northern Sulcis districts). -

1 = Lower-cambrian sandstones
slates; 4 =

6 = Post-paleozoic terrains.

and phyllites;

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 geodynamic environ-
ment. Despite this scheme, it is useful to
point out that the mineralizing processes
represent systems in equilibrium with the

: C 2 = Lower-cambrian carbonates;
Middle-ordovician conglomerate, sandstones and siltstones; 5 =

3 = Middle-cambrian

Hercynian granitoids;

environmental evolutions and they cannot be
believed as restricted in time and space. Thus
fi. 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 Ordovician-
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 tab. 1; the
increase of the number of metals in the
ore associations from the Cambrian metal-
logenic epoch to the Hercynian one; in fact
the Hercynian ore-paragenesis reveals a wide
variety of paragenetic associations, in contrast
to the relatively simple and monotonous
Cambrian paragenesis.

Some Authors (ZUuFrarpi, 1968; Papa-
LiNo et al, 1978) suggested that the
persistence of lead-zinc and barium in the
Paleozoic metallogenic epochs could be as-
signed to extensive heredity phenomena
from the oldest ore-associations to the
younger ones.

In conclusion, the Authors deemed it
expedient to furnish, for the Paleozoic metal-
logenic epochs, the general data closely as-
sociated with ore forming processes and
environmental characteristics, while they
refer to the literature and to other sub-
projects of the « Geodinamica » project for
detailed analyses of the geological history of
the island of Sardinia.

3.1. THE CAMBRIAN METALLOGENIC EPOCH

The Paleozoic occurrences of the south-
western 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-zinc-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) Polimodal grainstone, made up of
coated oolites, bioclasts, intraclasts (M.te S. Giorgio

Nebida formation, P.ta Manna member); thin
section, polarized light, &) Mudstone with irregular
pisoids and vadose peloids (M.te S. Miai-Nebida
formation, P.ta Manna Member); thin section, po-
larized light. ¢) Planar laminated mudstone, with
micropeloidal levels (M.te S. Miai-Gonnesa for-
mation, « Dolomia rigata » member); thin section,
polarized light. d4) Cryptalgal boundstone with
geodic open space filling and recrystallized trapped
ooids (M.te S. Miai - Gonnesa formation - « Dolomia
rigata» member); thin section, polarized light.
¢) Fenestral mudstone: fine dissemination of sphale-
rite in peloids (S. Giovanni mine - Gonnesa forma-
tion, «calcare ceroide » member); thin section,
polarized light. f) Laminated mudstone; tectonic
lamination evidenced by a general orientation normal
to the original bedding with calcite recrystallization
(M.te S. Miai - Gonnesa formation, « calcare ce-
roide » member); thin section, polarized light.
The bar is 3 mm long.
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The general features of the mineralizations
represent the finding of research carried out
by the Autohrs (and their 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.

3.1.1. Stratigraphic, sedimentological and
petrographic scheme

The well known Cambrian sequence may
be schematized from bottom to top as fol-
lows (figg. 2-3):

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

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

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

III) a thin horizon (max 40 m thick) of
nodular limestone, preluding a new clastic
sedimentation, followed by a thick sequence
of phyllites and sandstones (« 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 carbonatic facies allowed to draw up
a general paleogeographic scheme of the
epicontinental platform, whose evolution may
be summarized as follows:

— On a littoral-deltaic platform (detrital
sedimentation of the basal sandstones (AN-
GELUcci, 1970) a neritic environment
established. This neritic environment is
confirmed by the presence of carbonatic
lenticular bodies with Archeocyatus and
Epiphyton interpreted by the some Authors
as biohermal bodies (DEBRENNE, 1964).

— The carbonatic sedimentation increases

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 (fig. 4a). The limestone intercalations
decrease upwards and they are replaced by
dolomites characterized by evidence of early
diagenetic dolomitization (fig. 45).

— This change of sedimentation indicates
an early sign of environmental modification;
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 water are
ensured only through tidal channels and hur-
ricane floods.

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

— Equilibrium and stability of the sedi-
mentation basin are, at this point, reached
and a tidal flat environment established.

On a gently undulating floor and probably
in an arid, hot climate a thick carbonatic
complex is deposited. Dolomites still prevail
at the bottom but upwards the role of
limestones becomes more prominent (fig.
4c, d).

Dolomites, believed by several Authors
(Fannt 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 to vadose
pysolites represent the facies most com-
monly encountered.

— The most frequent limestones facies
are represented by mudstone and more rarely
by boundstone (figg. 4 e, f); these facies give
rise to the typical vadose pisolites facies
during the more developed stages of dis-
solution and redeposition. Sometime facies
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 Cambrian terrains, showing the directions of the probable sup-
plies from the Pre-Cambrian continent to the Cambrian basin. - I = Probable supply during the « Al-
ternanze » deposition. II = Probable supply during dolomite and limestone deposition. The geological
index of the terrains as fig. 3.

The presence of the above mentioned — The general trend to emersion, evi-
facies is evidence of a platform evolution, denced by some carbonatic facies is abruptly
with the formation of differentiated sub- inverted during the limestone sedimentation.
environments that lead to suppose the The nodular limestone deposition substan-
presence of paleoreliefs and basins. tiates this inversion of trend; the basin

Subaereal diagenesis is prevalent on the deepens and detrital matter from the con-
paleoreliefs while the under-water one pre- tinent supplies the sedimentation.
dominates in the basins, sometimes with The carbonatic platform is drowned and
restricted water circulation. the phyllites terminate the Middle-Cambrian

sequence.
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3.1.2. Geochemistry

About 500 carbonate 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,
Al, 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 (Fritz & Karz, 1972: Lanp
& Hoops, 1973; Cook, 1973; BENcINI
& Turi, 1974; Rao & Nagvi, 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 constantly from
bottom (« Alternanze ») of the Cambrian
carbonatic sequence towards the top (« li-
mestone »). The limestone marks a sharp
decrease in Mn content.

IT) Geographically the Mn content de-
creases — in the « Alternanze » — from
East to West; contrarily in the case of
dolomites and limestone: the Mn content
decreases from West to East.

ITI) The vertical and horizontal distri-
bution of Mn should denote a less oxidizing
environment from top to bottom of the
carbonatic sequence, an early influence of
continental supply from E-NE and sub-
sequently from W-NW (fig. 5).

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

V) The high content of Sr in the « Alter-
nanze » may confirm a late dolomitization of
these facies.

Hence, the geochemical findings confirm
the sedimentological data and are thus in
good agreement with the above mentioned
paleoenvironmental scheme. Their influence
on the mineralizing processes will be ana-
lyzed 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
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two main, different orogenetic events; the
Caledonian and the Hercynian. The Alpine
orogenesis shows mainly wrench fault
characters.

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

II) 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° W faults rejuvenated.

III) 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-
MIGNANT et al,, 1978).

In the Cambrian terrains the folds with
the axis striking N-S may be imputed to these
phases. In the Post-cambrian terrains
N 70°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-W
to N-S and a set of fractures striking N30°W,
N-S, N30°E and N70°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 of the mineralizing pro-
cesses

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

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

1) The mineralizations and important
traces are almost always in carbonatic litho-
facies; limestone, as host-rock, prevails over
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dolomite., Few and only limited ore occur-
rences are hosted in basal « alternanze » and
in the « calcari nodulari ».

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

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

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

V) On a regional scale a vertical zoning
is present; pyrite-sphalerite or barite occur
at the bottom 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 barite mine-
ralizations southwards, and, of course, a
decrease in sulphide bodies.

VIII) A close relationship can be observed
between stress directions and ore bodies
(Ammi, 1961; McMoorg, 1968); this re-
lation to be explained by remobilization
phenomena and not to genetic factors.

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 (TurekiaNn

and WEDEPHOL, 1981) in the epicontinental
carbonates.

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

1) 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; the thickness
of basal Cambrian sandstones, the continen-
tal and/or shallow water environments
during dolomite deposition may account for
the large volume of materials, carried out to
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TABLE 2
Geochemical data of the Cambrian
carbonatic lithofacies

|

| |2 | Ba i Mo |Sc | %a | Sriua
¥l m|a|sn| s12 |152)| )
& | 2| 29 169 | 43| 4 3.3 lisestone
n 53 | s | so | | n
x 18 | 83 | a6 | 1176 | 82 |172 Bedded
L 12 | 68 | 32 | s09 | 3| & 0.5 dolomites
n 45 | 38 | 356 63 | 63| 61
x 16 | 38 | 53 | 1866 | 136131 R .
T 1 13 | 26 | 687 | 49| 48 0.9 Alternanze
n 77 | 8 | s0 8 | 55| B8

% = average content in ppm; ¢ = standard devia-
tion; n = number of samples. The number of
samples «# » is carried out from %* test, which
showed different distribution for each element;
only samples inside mean + 3 ¢ 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 (BEccarLuva et al., 1981)
and to have not any relationship with ore
bodies.

As for the origin of sulphur, isotopic
research (BRusca et al., 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 (barite 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 microenvironments locally
reducing or at least less oxidizing (GANDIN
et al., 1974).

A general trend to emersion is present as
well as long periods of continental phases.
The high geochemical contents of Zn and
Ba (and by contrast the low content of Pb)
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Sarrabus
- Gerrei

Sarcidano
-Barbagia ¢

Fig. 6. — Stratigraphic sequences of central Sardinia,
namely Sarrabus and Sarcidano - Barbagia. -
1 = Porphyroids of unknown age. 2 = Upper-
cambrian to Lower-ordovician; sandstones phyllites
(S. Vito-Solanas formations); 3 = Lower to Middle-
ordovician; rhyolites and tuffs (« Porfidi grigi e
bianchi » Auct.); 4 = Tuffs and volcanoclastic me-
tasediments; 5 = Middle to Upper-ordovician; me-
tandesites and tuffites; 6 = Caradocian-Ashgillian:
sandstones phyllites and limestone, sometime strongly
silicified; 7= Silurian-Devonian; black shales, phyl-
lites, volcanites and tuffites, limestones. Stratiform
sulphides occur into the orebearing horizon;
8 = Lower-carboniferous (?); phyllites and sand-
stones.

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-
sition.

The neritic environments of nodular li-
mestone («Calcescisti» Auct.) and «Cabitza»
phyllites denote the drowning of the plat-
form and terminate the important mine-
ralizing processes of the Middle-cambrian.

The subsequent up-lifting, folding and
faulting of early Caledonian, Caledonian and
Hercynian orogenesis caused stress reworking
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of Cambrian sulphides, achieving in some
case exploitable volumes of ores.
Furthermore, the important erosive cycle
of Trias and the landscape rejuvenation of
Alpine orogenesis favoured a large supergene
reconcentration of sulphides and sulphates.
The Authors refer to the literature con-
cerning this important aspect of the Cambrian
metallogenic province (Brusca et al., 1967;
PapaLmvo et al, 1973, 1973; Boni, 1978).

3.2. THE ORDOVICIAN-SILURIAN
GENIC EPOCH (')

METALLO-

The mineralizations of the second geo-
dynamic environment (the so called «internal
basin») exhibit a sharp modification according
to host-rocks, general geological features and
ore associations (fig. 6, 7); the Middle-
ordovician and the Lower-silurian exhibit
several occurrences of mixed sulphides. The
strata-bound features, the more complex ore
associations compared to those of the Cam-
brian, the metamorphic phenomena and es-
sentially the relationship between mine-
ralizations and volcanites allow to outline
the evolution and modification of geodynamic
parameters acting in the area, included
between Cambrian outcroups (Iglesiente) and
the large Hercynian plutonites (Gallura).

3.2.1. Stratigraphic and tectonic scheme

The different geodynamic environments,
the tectonic transport toward SW and the
metamorphic zoning of Hercynian orogenesis
allow to divide the Sardinian microplate into
three NW-SE belts, namely: North-eastern
belt, Central belt and South-western belt
(CARMIGNANI et al., 1978, 1982).

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

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

Central belt

The (Sarcidano-Barbagia-

(*) The researches on the Ordovician-Silurian
metallogenesis have been carried out also in the
ambit of the IGCP project n. 60 (Project leader:
Prof. FM. Vokes; chairman of italian working
group: Prof. M. VioLo).
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Fig. 7. — Geological sketch map of central Sardinia. -
2 = Ordovician volcanic cycle (metarhyolites, metandesites, volcano-

3 = Silurian-Devonian; black shales, phyllites, volcanites, limestones and the ore
4 = Lower-carboniferous (?) phyllites and sandstones. 5 = Hercynian « granitoids ».

stones (« Solanas » formation).
clastic sediments).
bearing horizon.

6 = Major faults.

Nurra) 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 (« porfiroi-
di» and « porfidi grigi e bianchi » Auct.)
and the main volcanic events seem to be
concluded before the Caradocian-Asghillian
sedimentation; apart from thin intercalations
of so-called basic volcanites comprised in the
Silurian sediments, whose analytical data are
not 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 intermediate 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. Funtana
Cungiada, near Aritzo), directly by the Lower
Carboniferous phyllites («Post-Gotlandiano»
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1 = Upper-cambrian to Lower-ordovician sand-

Auct.); the contact between volcanites and
phyllites should be stratigraphic and in this
case 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 bottom
to top) (fig. 6):

I) the basement of the sequence consists
of « porfiroidi »: laminated porphyries, with
large k-feldspar crystals. These « porfiroidi »
should represent the products of a late Ca-
ledonian orogenic cycle;

1I1) a thick clastic formation (« Formazione
di Solanas ») (Minzoni, 1975); probably
from the upper Cambrian to lower Ordo-
vician.

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

III) a great acid to intermediate volcanic
cycle.

Thin metavolcanic intercalations are pre-
sent in the Ordovician-Silurian sequence

bordering the Cambrian platform in the
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Fig. 8. — Sheared breccia from the volcanic complex
of M.te S. Vittoria. The breccia consist of sandstone
and volcanite fragments, sometimes silicified, in a
clayey, dark matrix.

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

The chemism and the stratigraphic location
of the volcanism reveal an evolution from

Fig. 9. — Devonian limestone folded and dipping
south)wa:d. Funtana Raminosa mine (S. Gabriele
stope).
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Fig. 10. — SiO. vs. Nb/Y plot of metavolcanites
of Iglesiente, central Sardinia and northern Spain

(WincuesTER and Froyp, 1977). - 1 = « Ollo de
Sapo» formation (North-Western Spain); 2 =
« Porfido grigio» from Sarrabus; 3 = « Porphy-

roids »; 4 = Metarhyolites; 5 = Metandesites from

central Sardinia; 6 = Metandesites from Iglesiente
(BeccaLuva et al., 1981); 7 = Metabasites from
central Sardinia; 8 = Metabasites from Iglesiente
(Beccaruva et al., 1981).

South (Sarrabus-Gerrei) to North (Barbagia).

In the Southern part of the central belt
the acid volcanism (metarhyolites) prevails
and it seems exhausted before the Caradocian
sedimentation. In the northern part (Bar-
bagia-Ogliastra) of the central belt, instead,

Ti%

e 1
4 a 2
/‘é * 3
é/’
Lz v v vV v v v ¥

Fig. 11. — Zr-Ti-Y plot of metabasites from central
Sardinia and from Iglesiente. - Fields A+B = Low-
potassium tholeiites; Field B = Ocean floor - Ba-

salts; Field C+B = Calc-alkali basalts (PEARCE &
Can, 1973). 1 = subalkaline basalts; 2 = alkaline
basalts; 3 = metabasites from Iglesiente (Becca-

Luva et al, 1981).
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Fig. 12. — Scheme of the Devonian limestone folding during Hercynian orogenesis and of the ore

remobilization (see also fig. 9). Funtana Raminosa mine (S. Gabriele). - 1 = Metandesite;
4 = Limestone;

and sandstones; 3 = Ore-bearing horizon;
nian porphyry dyke; 7 = Faults and fractures.
the volcanism is characterized by meta-
rhyolites and metandesite, sometime directly
covered by Silurian or Low-carboniferous
metasediments. This different stratigraphic
location of the volcanism may be due to the
overthrusts and also to paleogeographic
characteristics of the basin.

Infact the volcanism caused in the central
Sardinia a rather rough basin floor resulting
in the numerous heteropic facies in the Ordo-
vician-Silurian basin. Frequent transitions
between volcanites, tuffs, 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 bottom of the
Devonian limestone or near the boundary
with the « Post-gotlandiano » cover (fig. 7).

This horizon exibhit sometime tuffitic
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
clorite, quartz and epidotes are present.

2 = Phyllites
5 = Phyllites and black-shales; 6 = Erci-

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

A phyllite thick cover («Post-gotlandiano»
formations Auct.) whose age is still uncertain
(Lower carboniferous?) seems to 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
CARMIGNANT et al. (1978) three main stages
are recognizable during this orogenesis,
namely:

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

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

IIT) the third folding stage caused still
more open folds with N-S or NE-SW axis
trends.
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TaBLE 3
Analyses of « porphyroids » and porphyries from central Sardinia and Spain
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Major clements are given as %; the other elements as ppm; ND = not detected.

The tectonic pattern of the central Sar- exhibit cleavage of the strainslip and not
dinia and Nurra appears very different from of the flow type, moreover shortening and
that of the Southern Sardinia; in this area overthrusts, even if present, do not seems
in fact the Cambrian and Ordovician terrains as wide as in central Sardinia.
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TasLE 4
Analyses of metarbyolites from central Sardinia
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TaBLE 5
Analyses of metandesites from central Sardinia

the other elements as ppm;
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Major elements are given as 9%; the other

The detailed studies on the tectonic pat-
tern of paramount importance from a mining
and ore-prospecting point of view; in fact

Hercynian tectonic stages caused the
« splitting » of the ore-bearing horizon and
its overthrust towards South or South-West.

Furthermore 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).

elements as ppm;

ND = not detected.

3.2.2. Volcanic trends of central Sardinia

The Pre-hercynian volcanites of the central
Sardinia are represented by acid terms («por-
firoidi», metarhyolites, «porfidi grigi e bian-
chi» Aut.), intermediate (metandesite) and
basic ones (metabasalts) (D1 SmmPLICIO et
al., 1974; GARBARINO et al., 1980; MEmMI
et al., 1982).
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Fig. 13. — Block-diagram showing the hypothesized model of ore forming processes during the Ordo-

vician-Silurian metallogenesis. - 1 = Sandstones and phyllites (« Solanas » formation);
3 = black-shales, phyllites and limestones; 4 = ore-

(metarhyolites, metandesites, tuffs and tuffites);
bearing horizon.

— The « porfiroidi » 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 to the well-known « Ollo
de Sapo » porphyries from Spain and for
this 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 al.,
1981); these latter volcanites outcrop mainly
in the Sarrabus area.

— The metandesite consists of dome-
shaped bodies and horizons interstratified
with phyllites; 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
to be of Pre-caradocian (BARCA et al., 1981)

2 = Volcanic cycle

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 volcanoclastic sediments.

All these volcanic rocks have been
subjected to 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-sericite micro-
crystalline matrix, while the plagioclase and
mica (biotite) are generally transformed into
albite-sericite-epidote and chlorite-epidote
respectively.

Evident phenomena of transformations of
plagioclases, sometimes with neoformation
of calcite, and of mafic minerals into chlorite-
epidote are recognizable in the metandesite.
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TaBLE 6
Analyses of calc-alkaline basalts from central Sardinia

BU3B4 GuU3a2 BU3L7 GU3se
§102 51.6% £4.94 24 .68 49.20
TID2 .89 79 4. 44 1.28
AL203 16.00 14.02 16.58 18,48
FER03 3.04 2.26 T.94 2.33
FED s.89 &.64 6.75 7.18
Lale] .43 « 4 .16 « A5
MGO 11.34 10.44 ?.64 8.59
cAD 2.29% 4.62 41.54 1.47
NAZO 2.54 2.97 2.57 4,94
K20 4.22 1.43 LA4 <54
P205 .26 .24 <20 .35
H20 467 3.50 6.29 4,62
NI i70 160 49 49
co 37 an 44 24
CR sz 530 Sié 143
cu 3 4 9 10
N 223 A78 180 244
v 480 194 222 234
SR 305 233 143 479
RE &9 &5 12 40
-] 448 335 347 274
NB 4 MO e 14
IR 122 143 208 234
Y 37 17 43 a4
La 22 7 za a
CE 24 A 50 52
PBE 5 15 ND 5

Major elements are given as %; the other elements as ppm; "ND = not detected.

TaBLE 7
Analyses of alkali basalts of central Sardinia

SP4 gp2
s102 43.82 44,85
TIO2 1.85 3.00
AL203 15.40 16.44
FE203 5.27 12.54
FEO ?.34 b.8%
FNO 52 - 23
MGO 6.95 6. 34
A0 9.52 1,49
NAZD 3.40 2.94
K20 .08 -1&
P20S .59 70
H20 3.89 §.75
NI s7 3z
co 54 &4
CR 143 3s
cu 57 i
il 240 2445
v 280 A4S
SR 1493 429
L HO NN
BA 262 Liad
NB 33 47
R 183 254
Y 27 38
LA 33 57
CE 44 a7
FB a &

GU3S4 GU3ISS U310 L FRB2
53.7¢ §3.146 54.49 43.72 53.22
4.04 77 - 77 1.0% -84
i5.20 15.18 47 .47 16.15 12.28
3.94 2.56 2.20 5.81 3.55
7.48 &6.40 5.53 B.74 3.83
.12 AL - 40 .22 -43
8.47 .41 .04 10.48 .57
1.47 3.42 3.49 A .65 5.56
3.08 A 72 3.9% 2.43 .74
-A9 +54 1.44 1.24 -13
23 « 20 .23 .25 -18
S.04 3.33 S.09 5.268 ¢.03
02 24 47 135 87
34 30 34 3 30
3463 190 464 A&7 S8y
18 54 ¥ 7

107 122 200 bAS 442
29 475 449 122 439
95 59 242 474 Task
20 16 e 32 WD
94 292 1065 Adh 72
43 8 15 5
208 78 244 194 129
49 24 25 39 43
AR 22 26 24 25
Iz 12 49 50 52
ND 11 70 MD 30
PEFR3 PEuA VILLS
43.74 43.77 A3.24
1.93 2.8 1.48
12,74 1795 17 .67
2.51 2.62 4,45
g.42 8.98 B8.55
. 45 14 «25
5.24 4.34 8.63
5.90 5.00 &.30
3.96 3.60 3.26
1.34 2.26 99
.38 .30 48
b.04 6.92 4.97
46 22 74

4 4T 58
MD Mh 14
7 40 1%
387 264 204
256 344 245
4054 13 L] 44
A7 84 44
438 00T 1329
24 38 20
46 158 169
ié 21 28

18 e 27
27 43 &4

6 16 3

Major elements are given as 9; the other elements as ppm; ND = not detected.

The plagioclases of the metabasites are and metarhyolites) (tabb.: 3 and 4), are

also altered into albite-sericite-epidote, and
the mafic minerals consist now of an anhedral
association of chlorite-epidote-actinolite 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 metavolcanics (the « porfiroidi »

included in the classification diagram ac-
cording to FLoyp and WINCHESTER (1975)
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 «Ollo de Sapo-
porphyroids » (four samples collected by the
Authors in the North-Western Spain - tab. 3,
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TaBLE 8
Lead, zinc and copper contents in the
Paleozoic sequence of Central Sardinia

P In Cu
X 2 %0 s
Bt st
G 8 40 17
n 18 50 49
X 16 196 a "silurian®
(including phyllites,
o 9 246 an black shales,
skarn and limestone)
n 7 98 97
X | 18 | ns 30
Volcanites (motandesites,
o 9 60 25 metarhyolites
and their tuffs)
n 28 43 48

&% = average content in ppm; ¢ = standard devia-
tion; n=n samples. The number of
samples « 7 » is carried out from »* test, which
showed different distribution for each element;
only samples inside mean * 3 ¢ have been utilized.

samples E 139, E 140, E 142, E 143) and
one sample of gray porphyry (« Porfido gri-
gio ») (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;
Froyp and WiINCHESTER, 1977), it has been
possible to specify the presence of calc-
alkaline basalts and within-plate alkali basalts
(tabb. 6 and 7) (fig. 11).

These characteristics are further confirmed
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 remo-
bilization phenomena of Na, K and Ca while
the intermediate and basic ones have been
subjected to importance modification in their
contents of Ni, Cr and partly Mg, with
evident enrichment of LREE.

The presence, in the Lower Paleozoic of
Sardinia, of two volcanic families, and
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namely sub-alkaline and alkaline (D1 Sim-
pLicio et al., 1975; Ricct and SABATINI,
1978; GarBARINO 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 (BELLiENT and Sassi, 1981;
Berov, 1981; HeinisH, 1981).

The second, the alkaline trend, may be
connected to Pre-hercynian rifting phenomena
of the paleo-European continental margin
(Riccr and SaBATINI, 1972; BEccALUVA et
al.,, 1981; Barca et al., 1981).

3.2.3. Geochemistry

About 250 samples have been collected in
the Barbagia region (mainly around Fun-
tana Raminosa area), along stratigraphic
sequences, from « Post-gotlandiano » for-
mation (phyllites and sandstones), «Silurian»
formation (phyllites, black-shales, limestones
and «skarnoid» horizon), volcanic formation
(metandesites). 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 rather constant among
the three groups of formations, but it shows
high variability whithin the same group of
formations;

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

I1I) zinc content shows the highest values
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
« skarnoid » 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: at a geochemical level the different
paragenetic associations are confirmed; as
will be described later, two main ore as-
sociations prevail: the Fe-Zn-Cu and Pb-Zn.
These geochemical analyses revealed as a
positive anomaly of Zn and/or Zn-Cu always
with very low Pb contents; on the countrary
when positive anomaly of Pb and/or Ph-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 transiction Upper-ordovician -
Lower—silurian, or at the bottom of the De-
vonian;

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

ITI) 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
the 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 the Silurian limestone
or in a synchronous stratigraphic level;

V) the role played by Sb is somewhat
obscure; recent investigations (CARMIGNANT
et al., 1978) ascribe the deposition 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 Hercynian
orogenesis. For this reason Sb has been
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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-gotlandiano »
cover. These mineralizations are clearly as-
sociated with the Hercynian metallogenic
epoch;

VII) important phenomena of ore remo-
bilization occur in the Ordovician-Silurian
ore-bearing 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 rtuffites 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-
gotlandiano » 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 »).

A great acid-intermediate volcanic cycle
follows (meta-rhyolites, meta-rhyodacites and
meta-andesite) 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
was exhausted before the Caradocian-
Ashgiallian sedimentation, minor volcanic
products were deposited in the Silurian
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 (Barbagia), the vol-
canic paleoreliefs were perhaps prevented
the deposition of Caradocian-Ashgiallian 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 the 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 the Ordovician metandesite but, in
this case, the contact is clearly tectonic rather
than 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 minor 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-bearing horizon reaches 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 stopes 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) sphalerite, galena, pyrite, chalcopyrite,
magnetite and fluorite;

IT) pyrrhotite may be present in the ores
where iron mineralization is prevalent;

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

IV) Ag is present in the Funtana Rami-
nosa ore production; 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, hydrozincite are visible
in the area of ore outcrops.

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

In the area of Tertenia, the ore deposits
of Bau Arenas 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 areas
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-
marine fumarolic activity was present
(OrFTEDAHL, 1958; RipGe, 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 « skarnoid »
horizon.

The Hercynian orogenesis modified this
scheme: in fact according to 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 Ordovician metavolcanites could
be caused by the Hercynian tectonic phases.
The stratabound ore-deposits have been re-
worked and now they exhibit epigenetic
features; this is particularly visible in
the Southern area (Sarrabus-Gerrei) that
represents the front of the folds and over-
thrusts. The «Filone Argentifero» of the
Sarrabus, the ore-deposit of Bacu Locci and
Sa Lilla (ZuccueTT1, 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. — Ore-bearing horizon made up of garnets,
epidotes, quartz. The sulphides are finely disse-
minated in the rock. Crystallization broadly syn-
chronous with the microfolds are visible. S. Gabriele
stope (Funtana Raminosa).

3.3. THE HERCYNIAN METALLOGENIC EPOCH

The well known Hercynian mineralizations
have been the subject of several papers and
studies by numerous economic geologists.
For this reason the Authors deemed it
expedient to refer to these previous paper
for a detailed analysis of the pneumatolitic-
hydrothermal ~ Hercynian  mineralizations
(ZUFFARDI, 1948, 1953, 1958; Uras, 1951
SALvADORI, 1959; CavinaTto, 1962: Zuc-
CHETTI, 1965; DEru and Zerpi, 1965;
Baccos, 1968; NATALE, 1969; SALVADORI
and VALERA, 1972; MassoLt NoveLLi,
1973).

The vein systems of the Arburese (Mon-
tevecchio, Ingurtosu, Gennamari), Nuorese
(Sos Enattos, Gozzurra) (SALVADORI and
ZUFFARDI, 1960; MELIs and SANNA, 1978):
Nurra (Argentiera) (Brico et al., 1982) have
been extensively mined in the past for their
Zn-Pb (Ag) ores and they represented an
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: and 1,5
PbS, is still operating in the Sarrabus area
and it is believed to be one of the most
valuable fluorite mines of Europe.

The Authors aim, in this paper, to furnish
data and metallogenic scheme on some lesser
known hydrothermal mineralizations in the
calc-alkaline plutonites of the Ogliastra
(central Sardinia), in order 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)
magmatism seem 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-hercynian sediments, by
remobilization events closely connected to
the last stages of magmatic phenomena (Zur-
FARDI, 1968; SALVADORI and VALERA, 1972).

Thus Pb, Zn, Fe, Cu, Ba, F, W and
perhaps Sb metals, already present in the
preceding metallogenic epochs may have been
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Fig. 15. — Geological sketch map of the Ogliastra area, showing the « granitoids », the rhyolite dykes

and the occurrences of Cu-Zn-Mo mineralizations.

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

3.3.1. The Cu-Mo-Zn mineralizations in the
« granitoids » of 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 the « granitoids » of the Central
Sardinia and namely in the Ogliastra region.
The ore-association, the structures and the
host rocks seem to suggest the presence of

Hercynian « porphyry » type deposits (Mac-
ciont et al., 1979; Fiorr et al., 1982;
Guezzo et al., 1982; GuasPparri et al,
1982). Owing to this suggestion the Authors
carried out research on plutonite alterations,
geochemical distribution of Cu and Mo, and
geophisic anomalies.

About 350 samples were collected from
the Ogliastra region at regular intervals of
500 m; the Authors refer to another paper
for the complete study of these minera-
lizations (F1or1 et al., 1983). These samples
were investigated by microscopic and geo-
chemical analyses carried out by XRF.

The field work revealed the presence of
several rhyolite (fig. 15) dykes with NW-SE
trend; these dykes are sometimes of con-
siderable size and cut the «granitoid» stocks.
These latter consist of a calc-alkaline suite;
the more common rocks are represented by
tonalite, granodiorite and granite (GHEzzO
et al., 1972; D1 SimprLicio et al., 1974;
ConTr et al., 1981).
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TABLE 9
Analyses of mineralized « granitoid » rocks from Ogliastra

5.29
122
.08
0,87
0.62 )
.14 [ - )
MO 5
g2 a7
Y2s 07
a4 20
114 A37
95 437
224 AT
ND 465
34 a9
Ab8 584

140
393

Major elements are given as %; the

The tonalites are composed of plagioclase
(35-38 9% An) sometimes altered, of biotite
and green hornblende; quartz is rare. Epidote
is also present, pseudomorph after biotite
and plagioclase.

The granodiorites are made up of plagio-
clase (30-35 % An), perthitic microcline,
quartz and biotite sometimes transformed to
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 (Fiorr et al., 1982): a
calc-alkaline and an alkaline trends. The
alkaline trend is probably connected to
Permo-Triassic rift magmatism (BRUNETTON
et al., 1976).

The analyses of 23 plutonic rocks and 10
mineralized « granitoids » are reported in
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 represented
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 » rocks, as far as Cu and Zn
are concerned the average Cu content of
granite is higher (roughly twice that of all

- T

430

34T

2.50%
H40

other elements as ppm;

a
04
N

iz
1 &
24 &
147
14
9
34 = = =
178

20
MO

ND = not detected; — = no data.
the other « granitoid » rocks) while average
Zn content is maximum in the granodiorites.
Unlike these original characteristics of the
fresh rocks, 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 K2O, Rb, Ba due to the alteration
of K-minerals, mainly biotite and subot-
dinately K-feldspar, to chlorite and epidote.
Plagioclase 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, Al

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

Neverthless this datum should be analyzed
more carefully; in fact the Post-hercynian
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TasLE 10
Analyses of « granitoid » rocks from Ogliastra
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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
mineralizations may be considered as « por-
phyry type » deposit according to the fol-
lowing parameters:

Fig. 16. — AFM plot of the « granitoids » rocks
from Ogliastra. The dashed line contours the calc-
alkaline field (Rmnewoop, 1973). 1 = Mineralized
rocks. 2 = « Granitoids » rocks.
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I) the geochemical trends of « granitoid »
rocks;

I1) 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 the role of continental
paleomargin subjected to the influence of
high-grade metamorphism  (« granulitic »
facies) (Northern belt) and of mineralized
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;

III) the ore association (Cu-Mo and Zn,
Fe, Pb);

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

On a local scale and in detail the absence
of the typical 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 (BurnuaM, 1962;
HeMLEY and Jones, 1964; SUTHERLAND
Brown, 1969; Crark, 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 other 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 (Frorr et al.,
1983) revealed the presence of a primary
geochemical hilo 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 » — levels
of intrusion (ZwarT, 1974; D’ Amico, 1974).

These differences of the mechanism of
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 metals
from a more or less deep basement to younger
terrains is one of the oldest, most important
and most difficult metallogenic problems to
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 the younger ones.

With current knowledge, the Authors can
point out some data resulting from the zonal
distribution of the mesothermal vein system
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(Pb, 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-Sulcis and the Sarrabus
are characterized by different ore associations;
Pb-Zn (and Sn, Ni, Co etc.) are prevalent
in the vein systems around the granitoids of
the Linas, Oridda and Sulcis (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 (CaBor et al., 1970, 1978; GHEzz0
et al., 1982) while Cu-Mo seem to be con-
centrated in the plutonites of Central and
Northern Sardinia (DeEssau, 1956; SALVA-
DORI, 1959; DERIU & ZERBI, 1965; Bakos,
1968; Casor et al., 1970, 1978; GHEzzo
et al., 1982), even if in this zone (area C)
Pb-Zn veins are also present (Sos Enattos,
Gozzura ore deposits).

In the Nurra (area D) a vein NE-SW,
mineralized with Pb-Zn-Ag (1’Argentiera)
seems to be unconnected with any magmatic
stock, even if this may be hypothesized to
be at a not great depth (Cocozza et al.,
1974).

The pneumatolitic and hydrothermal mi-
neralizations, related to Hercynian magma-
tism, are represented by interesting ore-
associations even if they seem to be rather
poor from an economic point of view.

Tin veins of S.ta Vittoria and Canale Serci
(Zurrarpr, 1958), the narrow quartz veins
with molybdenite, arsenopyrite and Ni-Co
sulphides (M.te Linas in Arburese 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 metal-
logenic epochs and discussion of
results

The schematic subdivision of the Paleozoic



220

mineralizing processes into three main metal-
logenic epochs, even if useful for an initial
approach to the economic geology of the
Sardinia, may introduce some misunder-
standings; in fact the mineralizing processes
cannot be limited in time, but they are 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 limestone (AmsTuTZ er al,
1963) lead, barium and silver are found
in the silica horizon that marks the uncon-
formity between Cambrian limestone and
Ordovician sandstones and phyllites. The
early Caledonian tectonics caused the emer-
sion of the folded Cambrian terrains; 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 erosion 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 to 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
activities; the weathering of Cambrian li-
mestone and dolomite lead to the formation
of an important karst system, filled by argen-
tiferous galena, barite and more seldom
pyrite and sphalerite.

The Triassic 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 (Bonr,
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 remo-
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

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

Fig. 17. — Schematic distribution of the most im-
portant Hercynian vein systems. Mineralization of
low temperature. - A = Sulcis-Arburese districr;

B = Sarrabus-Gerrei district; C = Ogliastra-Gallu-

ra district; D = Nurra district, 1 = Pb-Zn; 2=
Ba-F (Pb-Ag); 3 = Zn.Cu-Fe (Mo-Pb). * =1,

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

The cross-sections of fig. 18 may furnish
an attempt of paleogeographic reconstruction
of the environments up to the Hercynian
orogenesis, but the data on the Precambrian
basement are still meagre. Research carried
out on the South-Western and Central Sar-
dinia pointed to some remarkable differences
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Fig. 18. — Pre-hercynian paleogeographic and metallogenic scheme of central and southern Sardinia. -
1 = Pre-cambrian basement (?); 2 = Porphyroids; 3 = Cambrian sequence; 4 = Upper-cambrian to
Lower-ordovician sandstones and phyllites (« Solanas » and «S. Vito » formations); 35 = « Porfidi grigi
e bianchi»; 6 = Middle-ordovician conglomerates, sandstones, phyllites and limestones; 7 = Metande-
sites and tuffs; 8 = Silurian-Devonian black-shales, phyllites and limestones; 9 = Lower-carboniferous (?)
phyllites (« Postgotlandiano » formation); 10 = Stratiform deposits of Zn-Fe and/or barite; 11 = Pb-Zn

sulphides bodies;
vician unconformity;

from a geological and ore-deposits point of
view.

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

The mineralizations such as Perda S’Oliu
(SoLa, 1967; MariNnt and MEeLis, 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

12 = Pb (Ag) and barite mineralization of silica horizon along the Cambrian-Ordo-
13 = Ordovician-Silurian ore bearing horizon.

magnetite and minor amounts of chalco-
pyrite, fluorite. The presence of metals such
as Cu and F is witness to the influence of
mineralizing processes in which the volcanic
activity begin to play a certain role; these
metals in fact are almost absent in the ore
bodies hosted by the Cambrian carbonatic
platform (PapariNo 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-gotlandiano »)
formation with a prevalence of clastic
sedimentation and volcanic activity; the
carbonatic facies are reduced to thin Ordo-
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vician and Silurian lenses and Devonian
platform, strongly folded, faulted and eroded.

The stratiform ore-deposits, in the
Southern (Sarrabus) as well in as the central
area (Barbagia), are located above the thick
volcanic cycle of Ordovician-Silurian age;
this cycle is characterized by an increase
of basic rocks from South towards North
and namely from Sarrabus (Rhyolites) to
Barbagia-Ogliastra (Andesites). This modi-
*fication 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; SiLLI-
TOE, 1972; Bois et al., 1976; PaLoMERo,
1977; Jankovich, 1980) but it must be
analyzed in detail and by further research
in the Sardinian mining district.

The Hercynian metallogenesis confirms the
spatial zoning of the preceeding minerali-
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
sandstones (MAzzeELLA et al., 1979); this
increase 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 al.,
1963) near the Arzana village.

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

These researches have been carried out with the
financial support of the CNR (Consiglio Nazionale
delle Ricerche) in the ambit of the « Geodinamica »
project, paper n. 528 (U.O. 422 directed by VioLo);
a special grant has been provided by the European
Economic Comunity in the ambit of the CREST
programme.
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