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Riassunto. — Una suite di granitoidi peralumi-
nosi, di composizione da granitica a leucograno-
dioritica, si trova nell’arco calabro-peloritano. E
data da corpi di varia dimensione, da pochi kmgq
a circa 150 kmgq, intrusi in rocce metamorfiche o in
rocce plutoniche appartenenti ad una pitt diffusa
¢ precedente suite granitico-granodioritica mesa-
luminosa. Entrambe le suites sono di etd ercinica.

I granitoidi peraluminosi contengono muscovite +
sillimanite + cordierite = andalusite. 1 caratteri tes-
siturali, mineralogici e geochimici sono consistenti
con un'origine per parziale fusione da una fonte
metapelitica. Nel magma peraluminoso coesistono
fuso + residui: plagioclasi, quarzo, biotite, alcali-
feldspato, muscovite e andalusite cristallizzarono
per la massima parte dal magma; sillimanite e cor-
dierite per gran parte e plagioclasi, biotite, quarzo
e muscovite in piccola parte appaiono di natura
residua. La fusione anatettica si ebbe a pressione
inferiore a 9-7 kb, dando luogo ad un magma sot-
tosaturo in acqua che risali nella crosta fino a li-
vello non precisabile.

La fonte anatettica & possibile sia stata la stessa
serie di micascisti + paragneiss che affiora nel basa-
mento calabro-peloritano, ma che per anatessi e
degranitizzazione poté in profondita, nei tempi suc-
cessivi all'allontanamento dei fusi granitici, evol-
versi in direzione granulitica.

In un quadro geodinamico l'origine dei grani-
toidi peraluminosi e mesaluminosi, quasi privi di
partners metaluminosi, & consistente con processi
intracontinentali tardo-orogenici.

ABSTRACT. — A suite of peraluminous granitoids
occurs in the Calabria-Peloritan arc. It consists of
variously-sized bodies (from a few km* to a maxi-
mum of about 150 km®), ranging from monzogranites
to leucogranodiorites in composition; they were
intruded into metamorphic rocks as well as into
plutonics pertaining to a more widespread « mesalu-
minous » granitic-granodioritic suite; both suites are
late Hercynian in age.

_ The peraluminous granitoids are muscovite + sil-
limanite = cordierite + andalusite bearing rocks.
Textural, mineralogical and geochemical features

are consistent with an origin by partial melting
from a metapelitic source. Within the peraluminous
magma, melt + residuum did coexist: plagioclases,
quartz, biotite, alkali feldspar, muscovite and anda-
lusite were crystallized for the most part from the
magma; most sillimanite, cordierite and a part of
plagi , biotite, quartz and muscovite being
residual materials. Anatectic fusion occurred at
pressure conditions certainly lower than 9-7 kbars,
giving rise to water-undersaturated magma bodies,
which rose into the crust.

rocks were probably micaschists + para-
gneisses similar to those from the basement of the
Calabrian-Peloritan area; they are assumed to have
changed toward a granulitic grade with depth fol-
lowing anatexis and degranitization.

Within a geodynamic framework, the origin of
late- Hercynian peraluminous and mesaluminous
granitoids is not consistent with Arc- or Cordillera-
type orogenic belts, but rather with intracontinental
late-orogenic processes.

1. Introduction

The Calabrian-Peloritan Arc (fig. 1) is a
complex nappe structure built up of several
tectonic units emplaced before the Upper
Miocene. Most nappes are made of basement
rocks (metamorphics, from phyllites to
granulites; granitic-granodioritic plutonics),
often having Liassic to Eocene sedimentary
covers. Post-Miocene covers are lying upon
the nappes, although only the Upper Plio-
cene and Quaternary sediments may be
considered as true post-nappe formations
(GrANDJACQUET and MascLg, 1978). The
structure and origin of the arc are the subject
of controversial debates (AMop1io MORELLI
et al., 1976 and references therein; Dusors,
1976; ScanDONE, 1979; Lorenzont and Za-
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Eolian Islands

Fig. 1. — Map of the Calabria-Peloritani arc showing the location of the Hercynian peraluminous

granitic suite.

NETTIN LOoRENZONI, 1980); even the number
of tectonic units, their nature and age, as
well as regional correlations therein are
under discussion.

The plutonic masses crop out over an
area of about 2000 km?* in different tectonic
units. The commonest rocks are granodio-
rites, followed by granites and, to a limited
extent, tonalites. There are no basic members.

About one sixth of all the plutonics are
peraluminous granitoids, ranging in sizes
from tiny blocks to masses as large as
150 km*; in some areas (Serre, Sila) they
appear to be associated with the « mesalu-
minous » (for this term see section 4) grano-
diorites; in these cases the peraluminous
granitoids are always younger than the other

granitoids. On radiometric and geological
grounds, all these granitoids are considered
to be of late Hercynian age (Amopio Mo-
RELLI et al., 1976; Artzori et al., 1977;
Criscr et al, 1979; Lorenzoni et al.,
1979 a, b; Pacrionico and RorTURrA, 1979;
WIELAND, 1979; ScHeNnk, 1980. Radiometric
ages between 269 and 295 m.y.).
Peraluminous granitoids crop cut: 1) in
Sila, within the Longobucco tectonic unit,
within both Mandatoriccio and Bocchigliero
subunits (LoreENzoNT et al., 1979a, b);
2) along the boundary between Serra and
Aspromonte, within the Stilo tectonic unit
(ATzorr et al.,, 1977; Crisc et al,, 1979)
or possibly within a different unit (discussed
by Lorenzont and ZANETTIN LORENZONI,
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1979; Pezzino and Pucrisi, 1980); 3) in
the Aspromonte and Peloritani chains,
within the « Aspromonte nappe » (OGNIBEN,
1973), now partly reallocated to the Lon-
gobucco unit (after LorRENZONI and ZANETTIN
LoreEnzoni, 1979) or to an « intermediate
unit » (after BoNarDI et al., 1979). According
to Pezzino and PucLrisi (1980) the Citta-
nova, Delianuova, Villa S. Giovanni, Capo
Rasocolmo and Capo d'Orlando granites
(fig. 1) belong to the same tectonic unit;
this grouping seems to be geologically rea-
sonable.

The aim of the present paper is to provide
a synthesis of geological and petrological
knowledge on the peraluminous granitoids
in the Calabria-Peloritani region, as well as
to discuss their petrogenetic and geodynamic
relationships. ¢

2. Geological setting, petrography,
geochemistry

2.1. Geology

Most peraluminous intrusions are of
small size. The largest occurrence are about
100 km® in Sila (near Cotronei), 150 km*
between Serre and Aspromonte (Cittanova),
40 km?* in Aspromonte (Villa S. Giovanni).
All other masses are of smaller size, some
being smaller than a few km® or even
100 m*; the smallest ones, such as patches,
dykes, veins, are found nearly always near
the borders of the larger bodies. Septa of the
country rocks, sometimes of large size and
mostly from the roofs, are common in Cit-
tanova, Delianuova, Villa S. Giovanni and
Capo Rasocolmo masses.

The peraluminous granitoids (FErLA and
NEGRETTI, 1969; D’Amico et al., 1973;
PucList and RorTura, 1973; MESsINA et
al., 1974; Arzori et al., 1977; BONARDI et
al.,, 1979; Crisci et al.,, 1979; LorENzZONI
et al., 1979 a, b; IoproLo and PucLisi,
1980; MEssiNa and Russo, 1980) are found
intruded: 1) in the Hercynian mesaluminous
granodiorites (Sila, Cittanova): 2) in a com-
plex of paragneisses, augen gneisses and
amphibolites (Villa S. Giovanni, Delianuo-
va, Monte S. Demetrio, Capo Rasocolmo,
Capo d’Orlando, Cittanuova); and 3) on the
boundaries between the preceding meta-
morphic complex and a phyllitic sequence

(Sila, Cittanova) along a Hercynian tectonic
line (CoLonNA et al., 1973; ATzor! et al.,
1977; Lorenzont and ZANETTIN LORENZO-
NI, 1979) which may be attributed to a
nappe structure according to a model pro-
posed for other Hercynian areas by some
authors (CARMIGNANI et al.,, 1978, 1980;
ZwArT and DoRNSIEPEN, 1978). After the
Hercynian emplacement of the nappe, exten-
sive tectonic activity allowed the intrusion
of the granitoid magmatic bodies.

Contact metamorphic crystallization appears
to be very limited, occurring as patchy or
spotted transformations, without true horn-
felses (Amopro MoreLLl et al., 1976;
ATtzor1 et al., 1977; Criscr et al., 1979;
Gurrierr, 1980). The highest contact-
crystallization seems to be the local for-
mation of cordierite and K-feldspar within
the paragneisses of Capo Rasocolmo (Mac-
CARRONE et al., 1978). Muscovite, biotite,
andalusite and tourmaline are more common
contact minerals.

The study of the contact rocks is not
adequately developed and some of their
characteristics described (e.g. fibrolite) may
perhaps have been misinterpretated (see also
Gurrieri, 1980).

Contacts between intrusive and meta-
morphic rocks are often clear-cut, but are
also frequently invaded by a network of
granite, aplite and pegmatite veins.

The granitoids are frequently associated
with pegmatite-aplite dykes and veins.
Dykes of porphyry and felsites are rare and
restricted to the Villa S. Giovanni, Citta-
nova and Sila masses.

2.2. Petrography

The peraluminous granitoids are fine-
(< 1 mm) to medium- (= 1-2 mm) grained,
often heterogranular, normally isotropic,
sometimes  slightly foliated. Microcline-
perthite megacrysts, a few centimeters long
and irregularly distributed, characterize some
parts of the intrusions. The margins of the
bodies are usually more heterogeneous and
leucocratic than the inner parts.

The modal means (table 1, fig. 2) indicate
the following compositions: monzogranitic
in the Sila masses; between monzogranitic
and leucogranodioritic in the Delianuova and
Cittanova masses; leucogranodioritic in the
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Villa S. Giovanni and Capo Rasocolmo
intrusions; modal data are not available for
the Capo d’Orlando bodies. The composition
range is very wide in all these cases,
extending from single syenogranitic compo-
sitions on the one hand to trondhjemitic
ones on the other. The modal heterogeneity
is a feature common to all the masses above
mentioned, without a recognizable spatial
distribution trend in any of them (op. cit.
in 2.1.).

The texture is hypidiomorphic-subhypidio-
morphic in the leucogranodiorites, allotrio-
morphic to subhypidiomorphic in the mon-
zogranites. The plagioclases (andesine to
oligoclase) may be idiomorphic or subidio-
morphic, zoned and/or patchy; the biotite

Q

in very small amounts or be absent (Sila
and Delianuva); it is present in small per-
centage only in a few points of the Citta-
nova mass. Locally (Villa S. Giovanni, Capo
Rasocolmo, Capo d’Orlando), rectangular-
shaped, micaceous-chloritic aggregates have
been found (FErrLa and NEGRETTI, 1969;
PucListi and RoTTura, 1973; MESSINA et
al., 1974); they may be attributed to cor-
dierite by comparison with similar pseudo-
morphic associations on cordierite in the
Capo Rasocolmo paragneisses (MACCARRONE
et al., 1978); see also WHITE and CHAPPELL
(1977, p. 18) and HINE et al. (1978, p. 226).
The garnets are very rare.

Aggregates showing evident metamorphic
textures, having millimetric sizes, are very

Q
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Fig. 2. — Q-A-P modal diagrams (after IUGS 1973) of the peraluminous granitoids from Calabria-
Peloritani. Compositional fields and modal means (®) are reported.

may be also partly idiomorphic. The other
minerals may be subidiomorphic or anhedral.
Among accessory minerals the apatite oc-
curs quite frequently; the opaques, zircon
and epidotes are rarer.

Among peraluminous minerals, the mu-
scovite is always present and in a few cases
forms as much as 20-22 % of the modal
composition. The sillimanite (nearly always
fibrolite) occurs in nearly all the masses, but
not in all the samples within each mass
(table 1). However, even where the silli-
manite is absent, there are traces of its
former presence within the muscovite. The
andalusite, often replaced by muscovite,
sporadically occurs as isolated crystals in a
few samples from all the areas, being rela-
tively more frequent in the northern half of
the Sila area (LorenzonI et al., 1979 a, b).
The cordierite, usually pinitized, may occur

common. They are elongated aggregates of
muscovite -+ fibrolite + cordierite 4+
+ quartz + plagioclases + apatite + opa-
ques; aggregates of cordierite + biotite;
clusters of muscovite + biotite with relics
of fibrolite etc. (PucLisi and ROTTURA,
1973; MEssINA et al., 1974). These textures
are more common in the Capo d’Orlando,
Capo Rasocolmo and Villa S. Giovanni
granitoids than in the Cittanova granites.
In the rocks where these aggregates are
more frequent, the texture appears to be
more irregular; plagioclases display a
stronger, both regular and patchy, zoning
(e.g. Anisso; Angsas; Anssse), with jumps
in composition of as much as 10 % An from
one zone to another.

The tiny metamorphic aggregates cannot
be considered as xenoliths (like the septa in
2.1) because they are present everywhere,
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although irregularly scattered, within the
mass, and not only near the borders, and
because they have a spatial distribution
which is independent of the roof and wall
rocks. Moreover they are often intermingled
with the surrounding, plutonic textures so
that a definite limit between one and the
other cannot be distinguished. They were
discussed and interpreted as anatectic relics
in all the regional papers cited above.
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to highly muscovitic pegmatites-aplites.
Where studied (Villa S. Giovanni, Monte
S. Demetrio, Capo Rasocolmo, Capo d’Or-
lando; cf. FERLA and NEGRETTI, 1969; Pu-
cList and RoTTURrA, 1973; MESSINA et al.,
1974; Messina and Russo, 1980), they
display three compositional populations.
The prevalent one is similar to the pera-
luminous granitoids, the second is syeno-
granitic and the third is leucotrondhjemitic.

TABLE 1
Peraluminous granitic suite of Calabria-Peloritani. Modal data (vol. %)

Sila Cittanova Delianuova Villa S.Giovanni Capo Rasocolmo

n _ 54 _ 98 _ 74 194 119

X 8D X sD X 5D X SD X sD
gtz 32.2 4.3 32.7 4.1 32.6 4.1 34.6 3.3 35.0 3.1
kf 22.1 6.7 19.6 6.5 19.5 8.8 13.7 6.9 13.2 5.8
pl 31.4 4.8 36.4 7.7 35.8 7.8 37.6 5.8 38.9 5.7
bi 7.0 3.5 6.9 2.4 5.5 2.4 7.0 2.5 5.7 1.8
ms 6.4 2.8 3.4 2.7 6.3 4.9 .4 3.1 4 4.4
others 0.9 1.0 0.3 0.7 0.8
si11" 3.0 max(49%) 3.4 max(40%) 1.9 max(20%) 2.2 max(79%) 4.0 max(92%)
and ~ 1.3 max(57%) tr (4%) tr  (1%) tr (3%) tr (4%)
cord” - 4.4 max(15%) - {5 £F

#n = number of samples; ¥ = means; SD = standard

deviation; gtz = quartz; kf = kfeldspar; pl.= pla-

gioclase; bi = biotite; ms = muscovite; sil = sillimanite; and = andalusite; cord = cordierite; #r = traces.
" Maximum values given; in brackets the percentage of samples in which the mineral is present.

Sila: data from Lorenzont et al. (1979); Cittanova:

data from Criscr et al. (1979); Delianuova:

data from Iopporo and Pucrist (1980); Villa S. Giovanni: data from MessiNa et al. (1974); Capo Ra-

socolmo: data from PucrLisi and Rorrura (1973).

Other features to be noted are: 1) musco-
vite flakes contained in magmatic, zoned
plagioclases (fig. 3; see also PucLisr and
RorTura, 1973; Messina et al., 1974),
certainly not caused by post-magmatic seri-
citization, and 2) single crystals of andalusite,
and sometimes sillimanite and cordierite,
spread out in the rock texture, out of the
metamorphic aggregates. Texturally, musco-
vite may be considered partly as a meta-
morphic relic, but for the most part it formed
during the main to late magmatic crystal-
lization (large, poikilitic-interstitial plates)
and partly as pseudomorphic after Al-
silicates.

Some dykes are present within the mas-
ses or on their borders, and are moderately

2.3. Geochemistry

Table 2 shows the chemistry of the major
and some of the trace elements in five of the
seven regional groups and figs. 4, 5, 6, 7
show some type of internal correlation.
Typology of major elements is well defined:
high SiO» and Al.Os; relatively high CaO;
rather low alkalies, with K2O/Na:O
about = 1; P2Os relatively high.

Dispersion is quite wide within each
single mass. There are some small but clear
chemical differences between the masses, in
accordance with the modal differences (cf.
table 1): e.g. leucogranodiorites tend to be,
on the average, slightly more ca-femic than
granites (table 2).

The distribution of some elements (Mg,
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TasLE 2
Peraluminous granitic suite of Calabria-Peloritani. Chemical data

Cittanova Delianuova

villa S.Giovanni Capo Rasocolmo Capo d'Orlando

n 27 21 18 10 4
x sp x 5D X sp x sp x sD

(wt.%)

si0, 72.66 0.88 72.68  1.74 70.52 1.50 73.40 1.72 74.91  0.44

T10, 0.24 0.06 0.21 0.10 0.24 0.10 0.20 0.10 0.07 0.03

AL, 14.77  0.48 15.46 0.93 16.29 0.66 14,75  1.07 14,46 0.13

Fe 0, 0.57 0.19 0.48 0.23 0.82 0.32 0.66 0.26 0.10  0.09

FeO 1.14  0.25 0.98 0.46 1.41  0.53 1.17 0.62 0.97 0.20

MO 0.05 0.01 0.04 0.01 0.05 0.01 0.05 0.01 0.03 0.01

Mg0 0.50 0.18 0.42 0.18 0.%50 0.42 0.72 0.24 0.49 0.12

cao 1.28  0.37 1.26 0.42 1.67 0.58 1.37 0.64 1.14  0.30

Na,0 3.78  0.55 3.22 0.48 3.50 0.42 3.39  0.49 3.30 0.27

X0 3.79 0.79 3.83 0.78 3.41  0.69 3.48 0.93 3.84 0.37

2,0 0.13  0.04 0.12 0.05 0.17 0.03 0.12 0.03 0.11  0.03

c 2.4 - .02 == 421 - .20 - 3.07 -

(ppm)

Cr 5 4 n.d. 3 1 3 1

v 5 4 6 5 3 2 7 4

Ni 3 2 7 2 3 1 5 6

ce 57 20 47 27 61 26 60 38

La 30 12 29 17 31 13 29 19

Ba 891 306 1112 555 848 186 1079 344

sr 243 85 306 107 oo 108 300 164

Bb 151 42 116 27 94 24 95 33

Y 17 4 15 2 3 4 " 4

¥b 19 18 7 3 14 5 10 5

zr 121 41 94 43 39 35 102 &0

Rb/sSt 0.81  0.70 0.47 ©0.36 0.19 0.24 0.45 0.3

= number of _samples; % = means; SD = standard deviation; #d = not determined; C = average
C.I.P.W. normative corundum. XRF analyses: Cittanova (from Crisci et al, 1979), Delianuova (from
TorroLo and PucLisi, 1980), Villa S. Giovanni and Capo Rasocolmo (new analyses). Analyses have been

made by Dr. G.M. Crisci at the Department of Earth

Sciences, nza University. For analytical pro-

cedure see Criscr et al., 1979. Wet chemical analyses: Capo d'Orlando (major elements only) from

FeErLa and NecrerTi, 1969.

Na, K, P) vs. SiO: appears to be mostly
" scattered, with quite weak correlations; other
elements appear to be better correlated vs.
SiO:. Random dispersion appears dominant
in the Capo Rasocolmo mass, while the other
bodies display better internal geochemical
correlations. Geochemical data will be
discussed in section 3.2.

We only have major element chemical
data on the aplite-pegmatite dykes and then
only for two subregions (table 3). However,
their chemistry confirms the different

character of the groups, as defined by the
modal data (section 2.2.).

3. Petrology

3.1. Crystallization

The petrographic and geochemical cha-
racters of the peraluminous granitoids
(Section 2) are typical for S-type granites
(CuapPELL and WHITE, 1974) and are
consistent with an origin by crustal anatexis
of metapelitic rocks (e.g. Harris, 1974;
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O'NE1L et al., 1977; WarTE and CHAPPELL,
1977; HinE et al,, 1978).

The granitic magma moved to higher
levels as a mixture of prevalent melt and
minor solid residual materials (cf. 2.2.).
Such a physical state of the granitic magma
seems widely accepted (e.g. Prwinski and
WryLLie, 1970; Fyre, 1973; WHITE and
CuaprPELL, 1977; WyLLIE, 1977; WINKLER
and BREITBART, 1978; WINKLER, 1979). The
magmatic mush, liquid+ residuum, can be

It is therefore reasonable to assume that
at least 75-80 % or more of the mass was
melted, with a residuum (metamorphic relics
plus single crystals) charge not greater than
20-25 % of the total.

With regard to the leucogranodiorites, the
melt was certainly not minimum, because
both hypidiomorphic texture (sect. 2) and
modal composition (table 1) suggest a no-
ticeable development along a line of descent
in the plagioclase space and on the cotectic

Fig. 3. — Primary muscovite enclosed within magmatic plagioclases. Crossed Polars, 15 x (a) and 42 x ().

seen either as « quasi minimum melt + resi-
duum » — and this applies to subhypidio-
morphic/allotriomorphic monzogranites —
or as « non-minimum melt+ residuum » —
and this applies to subhypidiomorphic/
hypidiomorphic leucogranodiorites.

In the monzogranites the amount of melt
can be estimated, to a first approximation,
as about three times the percentage of alkali
feldspar, as suggested by WyLLie (1977,
p. 68). The 60 % so obtained (cfr. table 1)
is certainly a minimum value which must
be increased by a certain amount of quartz
and plagioclase besides some muscovite and
biotite. In fact, quartz and plagioclases may
follow, for a short step, a line of descent
on the cotectic surface qtz-pl (Qz-Ab-Or-
An-H:O model system of WiNkLER, 1979,
Chapter 18), even without any evident signs
of hypidiomorphism.

surface qtz + pl (WINKLER, op. cit.). On
this basis, it is again possible to suppose
that the quantity of melt was about 75-80%
of the total of the mass; of course the
starting temperature of the leucogranodioritic
magma had to be necessarily higher than that
of the monzogranitic magma.

The possibility of ascent of the magmas
depended on the difference between the
composition of the liquids and the « mi-
nimum » composition, as well as, above all,
on the degree of water undersaturation in
the melt (cf. 3.2.), a well-known physico-
chemical constraint for interpreting the rise
of granitic melts (e.g. Fyre, 1973; WyLLIE,
1977 and references therein).

The crystallization of quartz, alkali
feldspars and plagioclases proceded according
to the well known models (e.g. cf. WINKLER,
1979). Texture (sect. 2) and composition
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(tables 1-2) gives evidence that the absolutely
prevalent succession of crystallization was
pl + gtz — pl + gtz + kf. The second step
was only ptevalent in monzogranites. No
doubt, biotite is present as residuum phase
(cf. 2.2.), but it is very probable that at least

a part of the isolated and subhypidiomorphic
crystals grew directly from the melt. The
role of muscovite and Al-silicates will be
discussed more extensively.

Muscovite is found: ) in metamorphic
relics, probably in equilibrium with the melt
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(sect. 2; PucLisi-RorTura, 1973; MESsI-
NA et al., 1974; Crisci et al., 1979); b) in
flakes within plagioclases (fig. 3); ¢) in large
poikilitic-interstitial plates; d) and pseudo-
morphic on Alsilicates. Muscovite is there-
fore always present, from the source rocks
(@) to the magmatic (4, ¢, d) and probably
also postmagmatic (d) crystallization. Seri-
cite on plagioclases is obviously not con-
sidered here.

The petrologic problems linked to mu-
scovite in peraluminous granites have been
extensively discussed in D’Amico et al.
(1981) and D’Amico and RorTura (1981).
The conclusion was reached that the expe-
rimental curves Ms + qtz — out, according
to the most commonly used diagrams
(Evans, 1965; AvrtHAus et al., 1970),
should be shifted towards higher T and

lower P.

In the peraluminous granites from the
Calabria-Peloritani region, the frequent pre-
sence of subhedral or embayed, rather large,
disoriented muscovite lamellae may be noted
enclosed in slightly zoned plagioclases. This
muscovite cannot be considered to be se-
condary because it is radically different (fig.
3) from the minute, oriented secondary
flakes or the sericite felts, and there is no
gradual passage or connection with these.
This muscovite is included within magmatic
plagioclases, like biotite or other early mi-
nerals.

The above observation and discussion
obviously imply an early crystallization of
muscovite. D’Amico et al. (1981) observed
that early muscovite only occurred in rocks
lacking andalusite. It seems probable,
therefore, that ¢H»O played a major role in
determining either the early crystallization
of amdalusite (lower aH20) or the primary
crystallization of muscovite (higher aH.0),
as on alternative.

Petrographic interpretation finds support
in experimental data and thermodynamic
models in WyLLie (1977), THoMPSON and
ALcor (1977), TuaompsoN and Tracy
(1979). The muscovite enclosed in plagio-
clases () had been foreseen by crystalliza-
tion from a melt in a path PT discussed
by THompsoN and ALcor (1977; fig. 8 and
p. 263). The last model is based on water-
saturated conditions, but should not change

under  water - undersaturated  conditions,
except for the larger range of temperature
at which crystals + liquid may coexist
(WyLLIE, 1977).

It seems to us that textures such as those
in fig. 3 give a petrographic verification of
the THoMpsoN and ALGOR theoretical pre-
vision. In any case, they also suggest an
important displacement, towards higher
temperatures, of the muscovite stability field
in peraluminous granitic melts.

The poikilitic-interstitial muscovite plates
(c) appear to grow during the main-to-ter-
minal cotectic crystallization, in conditions
of increasing water activity in the residual
melt. Alteration of Al-silicates into musco-
vite (d) can be interpreted in two ways:
as a discontinuous magmatic reaction Al-
silicates + liquid -» muscovite (D’Amico
and RorTUrA, 1981) and/or as a subsolidus
autometasomatic transformation.

The Al-silicates appear to play different
roles: sillimanite and cordierite on the one
hand andalusite on the other. We have not
dealt with the garnets as they occur too
sporadically.

Sillimanite and cordierite are certainly
relics, for the most part, contained in re-
sidual metamorphic aggregates (cf. 2.2.).
They are, however, also found in isolated,
well-formed crystals: thus, partial crystal-
lization from the melt cannot be excluded.
This may occur in the earlier periods of
solidification, when high T and reduced
aH-0 do not permit the crystallization of
muscovite or muscovite + biotite. Such a
possibility is expressly mentioned by Froop
and SmAw (1975, p. 161), WHITE and
CuapPELL (1977, pp. 18-19), ABBorT and
CLARKE (1979), SPEER (1981) and is implied
in THomPsoN and Arcor (1977; fig. 8 and
p. 263) and in WyLLIE (1977; e.g. fig. 14);
it becomes most probable in the case of
water-undersaturated magma (cf. 3.2.).

Andalusite raises a more complex problem,
more extensively discussed in D’Amico et
al. (1981). In the Calabria-Peloritani region,
andalusite has been considered residual in
the peraluminous granites of the Sila (Lo-
RENZONI et al., 1979 a, b) and magmatic in
the peraluminous granites of Cittanova
(Criscr et al., 1979). The first interpretation
should be critically revised for a number of
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reasons: «) andalusite is lacking in meta-
morphic relics within the granites; 5) in
the granitoids it is found as small, isolated
crystals, devoid of inclusions, sometimes
idiomorphic; or in monomineralic aggregates
rimmed by near-solidus or subsolidus mu-
scovite. On the other hand, andalusite in
the regional metamorphics is found in large,
anhedral crystals, often rich in inclusions
(cf. Criscr et al, 1979, pp. 298-299);
c¢) there is no spatial correlation between
the distribution of regional metamorphic
andalusite and andalusite in granitoids; d) it
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Fig. 5. — Ca-Sr plot. Symbols as in fig. 4. Lo-
garithmic scale. The Villa S. Giovanni and Delia-
nuova populations are distinguished.

is theoretically difficult to conceive of anda-
lusite as an anatectic relic, because this would
require two alternative improbable paths:
either anatexis would occur at usual PT
conditions in the stability range of sillima-
nite, in which case andalusite should reveal
an incredible metastability at a high tempe-
rature in the presence of melt; or anatexis
occurred following a very high regional geo-
thermal gradient (50-70° C/km) in which
case there would be no explanation for having
such sparse andalusite and such abundant
muscovite.

There are therefore a number of petro-
logical constraints for the assumption that
andalusite is of magmatic crystallization. The
possibility was assumed by WHITE and
CHAPPELL (1977), and petrographically sug-

gested by DE ALBUQUERQUE (1971, 1973),
CLARKE et al. (1976), Criscr et al, (1979),
AsBoTT and CLARKE (1979), CLARKE (1981)
and, we feel, clearly demonstrated by
D’Amico et al. (1981).

Some of the petrological problems con-
nected with magmatic andalusite in S-gra-
nites have been discussed in D’Amico et al.
(1981) and do not need to be repeated here.
The conclusion was that the reaction curves
And/Sill according to RicHARDSON et al.
(1969) and GReEENwoOD (1976) are con-
sistent with the coexistence of andalusite
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Fig. 6. — K.O-Rb plot. Symbols as in fig. 4. The
whole Villa S. Giovanni population lies at the
left of the line.

and granitic melt, whereas the And/Sill
curves according to HorLpway (1971) and
ALTHAUS (1967, 1969) are not.

The general sequence of crystallization
in the paraluminous granites of Calabria-
Peloritani region is schematically represen-
ted in fig. 9.

3.2. Geochemical evolution

Some geochemical features may be brieflly
discussed on the basis of the data in section
2.3. A number of correlations (e.g. Al.Os,
CaO, MgO, TiO., Zr, La, Ca vs. SiOy;
Ca/Sr; KsO/Rb; La/Zr; figs. 4-5-6-7-8)
suggest some internal fractionation within
the whole population and within each single
mass.

The slightly fractionated portions are
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TABLE 3
Pegmatites-aplites of the peraluminous
granitic suite. Wet chemical analyses

% = mean; ( ) = number of samples for the groups
having more than 1 analysis.

Villa §. Giovanni~ Capo Rasocolmo™

X2 X

we.v) X
s10, 74.01 74.68 74.47 72.36 72.88  T4.75
T10, 0.04 0.09 0.04 0.08 0.02 0.04
ALo, .29 1.2 14.73 15,34 16.66 15.46
¥e,0. 0.04 0.36 - 0.27 0.45 0.28
Fad 0.25 0.36 0.27 0.32 0.31 0.41
Mno 0,03 0.02 0.03 0.01 0.03 0.02
Mgo 0.28 0.11 0.18 0.32 0.37 0.36
can 0.84 0.73 0.78 0.61 1.03 0.75
Na 0 2.40 4.09 5.58 2.%0 3.28 3.78
x,0 5.80 .22 2.88 6.92 427 2.87
’:"s 0.81 0.1% 0.32 0.1% 0.10 0.12
w0 1.1 0.96 0.30 0.61 0.5¢ 1.18

** Data from MEessiNa et al. (1974).
*** Data from PucLisi and RorTura (1973).

scattered within each single mass (PucList
and RoTTURrA, 1973; MESSINA et al., 1974;
Criscr et al.,, 1979; Messina and Russo,
1980), showing no significant spatial distri-
bution in the bodies excepting in the more
leucocratic aplite-pegmatite dykes (the two
groups having K:O > Na:O, table 3) or
spots, which are abundant on the border.
This indicates that fractional crystallization,
although present, did not play a preminent
role, except in the final stage.

The diagrams of figs. 4, 5, 6, 7, 8 show
some other features. The compositional
fields of the various masses appear to overlap
widely in some diagrams, but they are clearly
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Fig. 8. — Plot of Fem (i.e. TiO: + Fe:Os + FeO +
MnO + MgO) and CaO contents versus KO for
the Villa S. Giovanni and Capo Rasocolmo pera-
luminous granitoids. Stars = Villa S. Giovanni peg-
matites-aplites; Flowers = Capo Rasocolmo pegma-
tites-aplites, Other symbols as in fig. 4. The two
pegmatite-aplites, having low K.O content, are
clearly out of the fractionation trend.

distinguishable in several others (e.g. Zr, La,
Ce, Y, TiO: vs. SiOs; Ca/Sr; K2O/Rb), in
which the correlation patterns tend to run
along subparallel bands. For example the
Zr, La, Y values are higher in the Delia-
nuova and Cittanova granitic bodies than in
the Villa S. Giovanni leucogranodioritic
pluton, at the same SiO. level.

But one cannot distinguish statistically
between the mean values of Zr, Y, La in
the Delianuova and Cittanova granitic mas-
ses and in the Villa S. Giovanni and Capo
Rasocolmo leucogranodioritic masses, which
are slightly more cafemic. If all the masses
belonged to a unique fractionation sequence
(e.g. KoLBiE, 1966; ConpIE and Lo, 1971;
FERRARA et al., 1976; MuEcke and CLARKE,
1981), one ought to have found higher Zr,
La and Y values, in the Villa S. Giovanni
and Capo Rasocolmo masses.

These observations show that fractional
crystallization played a very minor role, if
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any, even between the masses which do not
belong to a unique differentiation line of a
single parental magma in the crust.
Therefore, it is clear that other factors
played a major role among the masses.
Excluding differentiation at very high pres-
sure (on account of the presence of plagio-
clases, andalusite, cordierite, sillimanite) we
may assume a different degree of partial
melting of the sources and/or a provenance
from heterogeneous metapelitic source rocks.
We favour an origin from geochemically
heterogeneous sources, which would seem

| RELICS | MAGMATIC  MINERALS | suesocous
| ascending magms |after emplacement |  MINERALS
| R CHMY ZJONED > ALBITE
| auarTz
E@- PERTHITE
| BIOTITE | >
[muscovite = s > SERICITE
(o = muscouTe
R MUSCOWTE . ChuoRTE

| [FoALTSITE. —> muscovie

Fig. 9. — Crystallization sequence of the peralu-
minous granitoids.

to explain better the distributions displayed
by figs. 4, 5, 6 and to be in accordance with
what is to be expected from the almost
general heterogeneity of the crustal se-
quences.

The third dyke family showing Na:O >
K20 gives a further indication of hetero-
geneity of the sources, as fractionation (fig.

8) from the main population is not concei-
vable.

3.3. Magmatic evolution and source rocks

On the basis of the above discussion, we
can outline the history of the peraluminous
granitoids.

TutTLE and Bowen (1958), LutH (1969),
RoBerTson and WyLLie (1971), Carmi-
cHAEL et al. (1974), FyFe (1973), STEINER
et al. (1975), WyLLIE et al. (1976), WyL-
LIE (1977) and many other authors reaso-
nably maintain that the water-saturation
conditions in granitic melts cannot nor-
mally be assumed: 2 % H.O is often given
as an acceptable value («still generous »
according to WyLLIE, 1977, p. 62).

We agree with these evaluations. Let us

thus assume that, at the time of formation,
the peraluminous magma was water-under-
saturated; a part of the water possibly
derived through dissociation of muscovite
and biotite.

Although S-type granites do not neces-
sarily mean a metasedimentary source (e.g.
CLARKE, 1981; MarTIN-BowpEn, 1981),
the Calabria-Peloritani rocks are very pro-
bably derived from metapelitic sources (see
relics in section 2.2.).

On the basis of the above described relics,
we argue that the source rocks should have
been fibrolite + cordierite paragneisses-
micaschists, rich in muscovite. Similar rocks
are not rare in the Calabria-Peloritani arc,
even at the height of the granitoid in-
trusions.

Melting should have occurred in regions
where the temperature was certainly above
the minimum for the water-saturated system,
that is to say, approximately = 750° C (e.g.
WHITE and CHAPPELL, 1977) or = 800°C
(e.g. Green, 1976), or a little less (cf.
TuompsoN and Tracy, 1979, fig. 5). Similar
temperatures are compatible with our case,
because conditions P; > Pu,o should increase
the stability temperature of muscovite within
the melt (WyLLIE, 1977, p. 51). Anyway,
the water-undersaturated melt was able to
coexist with quartz and feldspars over a
rather wide range of falling temperature
(WyLLIE, 1977, pp. 45-46); this facilitates
the interpretation of crustal ascent. The
anatexis temperature should have been higher
for the leucogranodiorites (about 750°-
800° C?) than for the monzogranites (about
700°-750° C?), on the basis of the textural
data (cf. 3.1.), which suggest varying lengths
of the crystallization paths.

Pressure in the source zone should not
have been higher than 7-9 kbars cor-
responding to depth of about 25-30 km, as
the absence of residual kyanite suggests (cf.
also GREEN, 1976; WHiTE and CHAPPELL,
1977). The presence of cordierite is con-
sistent with this evaluation. It is reasonable
however, to assume that the actual depth
of the source zone could have been less.

Anatectic melting proceeded employing
all vapour present as well as that produced
from the dissociation of muscovite and bio-
tite, thus producing a peraluminous melt
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(cf. the four component system SiOs-Al:Os-
K:0-H:0 in LaMBErT et al., 1969; Huanc
and WYLLIE, 1974), charged with residues.
Dissociation of muscovite and biotite was
clearly not completed; moreover, it occurred
only rarely in the relics, which remained in
contact with the melt (cf. 2.2.).

Anatexis involved metapelitic levels; the
peraluminous magmas did not achieve a
complete homogenization as most of the data
scattering indicates (cf. 2.2. and 2.3.): this
may suggest slightly heterogeneous meta-
pelitic sources and perhaps a limited ascent,
since a longer ascent would probably have
led to a greater homogenization.

Some heterogeneities of the metapelitic
sources are suggested by some of the geo-
chemical features (cf. 3.2.), by which each
mass seems to differ a little from the others.
Such features should have been inherited
from the source region. On this ground, it
can be considered that the ascending masses
had a degree of reciprocal independence,
coming out from different crustal sectors,
although they are all metapelitic in compo-
sition, during the same petrogenetic event.
Fractional melting played an additional role,
as well as fractional crystallization within
each mass, with the aplite-pegmatite dykes
as an end result.

We may speculate tentatively on the evo-
lution of the source region. When the ana-
tectic melts moved up, the restitic rocks
remained in situ, possibly evolving through
dehydration and degranitization towards a
granulitic nature. This however was not the
case of the dispersed residual aggregates
within the raising magma, where musco-
vite + biotite paragenesis was maintained
due to the sufficiently high 4H.O in the
magma.

Granulitic-kinzigitic rocks occur in the
Calabrian basement (Amopio MORELLI et
al., 1976; Dusors, 1976; IopproLo et al.,
1978; PacLionico and Piccarrera, 1978;
ScHENK, 1980). Thus, there is perhaps some
reasons to connect, on a large scale, granitic
rock formation with the evolution of the
middle-deep crust of the Hercynian base-
ment in accordance with ScHENK's (1980)
geochronological data. However, the pro-
blem is highly speculative and ‘should be
surely further investigated. The petrogenetic

link suggested above should only represent,
for now, a stimulating working hypothesis.
During the ascent, small variation in ther-
modynamic values, particularly aHsO, were
able to create alternative conditions in the
melt, so that sillimanite and/or andalusite
instead of muscovite (and/or cordierite
instead of biotite), or vice versa nucleated.
Nucleation of sillimanite and/or cordierite
appear to have occurred more probably
during an early crystallization period.
Moreover there is a clear possibility of
direct crystallization of andalusite from the
magma (D’Amico et al., 1981). The nuclea-
tion of andalusite instead of muscovite pro-
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Fig. 10. — Histograms of ALO,/(CaO + Na.O +
K:O) molecolar ratio for the peraluminous granitic
suite as a whole (# = 80) and the mesaluminous
granitoids from the Serre region (# = 64; source
data from Criscr et al., 1979; Crisci et al.,, 1980;
Mores1 and Pacrionico, 1975).

bably depends on 4H:O fluctuations and
temperature, Unfortunately there is no quan-
titative reference to this question.

With lowering temperature and increasing
water activity, muscovite became the proper
peraluminous mineral being nucleated: Al-
silicates were enveloped by other growing
minerals and/or reacted with the melt, thus
generating muscovite.

The small regional differences found in
the distribution of andalusite (cf. 2.2.; Lo-
RENZONI et al., 1979a, b), appear to be
petrologically unimportant (cf. also table 1);
they can be easily explained through minor
PT variations and through minor fluctuations
of aH:O (see also D’AMico and RoTTURA,
1981).
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Fig. 12. — La-Zr plot for the peraluminous and
mesaluminous granitoids. Symbols as in fig. 11.

During its ascent and crystallization, the
peraluminous magma shifted to P; = Pupo
conditions, which are probably achieved in
the final position of emplacement, bearing a
two fold effect: the end of the ascent on
account of massive crystallization, and the
separation of pegmatitic-aplitic fractions,
especially on the border of the intrusions.
Minor scattered fractionation could develop

within each body.

4. Geological remarks

A brief comparison between the peralu-
minous suite and the prevalent mesaluminous
suite, already mentioned in section 1, can
be set out here in a preliminary way for
the Serre region.

The term « mesaluminous » is here used
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Fig. 13. — Zr-TiO: plot for the peraluminous and
mesaluminous granitoids. Symbols as in fig. 11.

to indicate a suite not so strongly peralu-
minous as the one discussed in this paper,
but still having a peraluminous character
(fig. 10); mineralogically, it is characterized
by the frequent presence of primary musco-
vite, total absence of Alsilicates and scar-
ceness or absence of hornblende (MoRrEsI
and PacLionIcO, 1975; Criscr et al., 1979;
Lorenzont et al., 1979b; Crisct et al,
1980).

The two suites are spatially and tempo-
rarily associated, but the mesaluminous one
is clearly the larger and older of the two
(Crisc1 et al., 1979; Lorenzoni et al,
1979 a; Pacrionico and RorTura, 1979).
This situation is similar to many examples
described in other segments of the Her-
cynian orogen in Europe (e.g. DipIER and
LaMEYRE, 1969; CaAPDEVILA et al.,, 1973;
OrsINI, 1979 a; MicHARD-VITRAC et al,
1980) and elsewhere (e.g. CHAPPELL and
WuitE, 1974; Froop and SHaw, 1975,
1977; Price and TavLor, 1977; HINE et
al., 1978).

However, the existence of two peralu-
minous suites, even though clearly different
from each other, indicates a different situa-
tion from the prevalent plutonic model, de-
ducible from the areas mentioned above,
where metaluminous suites usually prevail.
Calabria-Peloritani is therefore a case of
extreme Hercynotype plutonic association,
in the sense of PITCHER (1979).

The two suites, peraluminous and mesalu-
minous, have the obvious features of S-gra-
nites and should therefore be considered as
the products of crustal genesis (according
also to isotopic studies still under way and
by Scuenk’s (1980) and WiELAND'S (1979)
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estimation of %°Sr/®Sr initial ratios 0.710-
0.711).

However, the two suites display some
different geochemical trends (e.g. figs. 11,
12 and 13) and this excludes both a fractio-
nation link between them, and their origin
from a homogeneous source. Different
crustal materials, different melting levels
in the crust, different degrees of partial
melting, different sH-O conditions etc. may
be cited as alternative or concomitant causes
to explain such geochemical diversities.

We feel that different crustal materials
are the main cause. Fig. 13 may suggest a
possible contribution of some crustal ma-
terials of previous igneous origin to the
anatexis of the mesaluminous suite.

On account of the S-typology of most
granitoids, as well as the scarsity of I-gra-
nitoids in the late Hercynian suites of Ca-
labria-Peloritani, the geodynamic model to
be chosen is subject to a severe constraint;
it should be selected from the various pro-
posals (KreBs and WACHENDORF, 1973;
ARTHAUD and MATTE, 1977; WINDLEY,
1977; Zwart and DoRNSIEPEN, 1978;
MATTE and BurG in Orsmi, 1979 b; Vai,
1979) excluding the model of consuming

plate boundary, such as that of the Cordil-
leran belts (e.g. BATEMAN and Dobcg, 1970;
PrTcHER, 1978) in favour of a plutonism of
intracontinental orogen.

In a spatial zonation of the European Her-
cynian chain, the Calabria-Peloritani sector
seems possibly to be a continuation, as a
southern branch, of the «zone centrale »
Margeride-Cévennes type, according to Or-
siINT (1979 b), characterized by a typical
ensialic anatectic plutonism.

Hercynian structural settlement was di-
sturbed by Alpine tectogenesis which gave
rise to a complex nappe structure, in which
many yet unresolved problems exist (cf.
Section 1). On the ground of the geological
homogeneity of its major features, as well
as its distribution in nearly all mesoepicrustal
nappes, the peraluminous granitoidic plu-
tonism suggests the existence of a unitary
pre-Alpine basement (cf. also PacLionico
and RoTTURA, 1979).
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