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Pre- Variscan magmatism in the central Southern Alps:
the Monte Fioraro magmatic complex

by Annita Colombo’, Gian Bartolomeo Siletto’, Annalisa Tunesi’

Abstract

The Monte Fioraro magmatic complex is the largest acidic stock occurring in the Orobic Southalpine basement
(Northern Italy), on the main ridge between Valtellina and Val Brembana. It is composed of granitic and granodio-
ritic metagranitoids consisting of some apophyses and a main body with an undeformed core and a foliated rim. It
was previously interpreted as Hercynian (pre-Permian) in age. Structural investigations point out that the rim and
the apophyses of the Monte Fioraro magmatic complex are deformed at least starting from the D, phase of defor-
mation recognized in the country rocks and associated with greenschist facies metamorphic conditions. Microstruc-
tural investigations on metagranitoids evidence a pre-D, association of gtz + pl + Kfs + bt + wm + grt; thermobaro-
metric determinations led to T estimates around 550 °C (grt-bt; grt-wm) and P around 6-7 kb (pl-bt-grt-wm; Si*
content in wm). Therefore, the Monte Fioraro magmatic complex also suffered a metamorphic phase under
amphibolite facies conditions before D, deformation and it must be pre-Variscan in age, probably Ordovician.

The metagranitoids are slightly peraluminous and subalkaline. They show high contents of Rb, Th, HFSE and
Ce and low contents of Ba and Sr; REE are moderately fractionated (Lay/Yby: 5.4-10.2) with Ew/Eu* averaged
ratio: 0.38. The overall chemical data are consistent with those of compared Ordovician orthogneisses.

The geochemistry evidences an emplacement in a post-coilisional and tensional environment. The Monte
Fioraro magmatic complex could therefore be related to a late magmatic phase emplaced in a mature-arc setting,
involving a major contribution from a within-plate source.

Keywords: pre-Variscan, Ordovician magmatism, Southaipine basement, geochemistry, Northern Italy.

are particularly abundant (DownEs and DutnHou,
1988 and references therein).

The purpose of this work is to shed light on the
Orobic granitic orthogneisses (Fig. 1), namely on

Introduction

The granitoids occurring as stocks or lenses in the
central sector of the Southalpine domain (Orobic

Alps), except the Val Biandino pluton (Rb-Sr
WR isochron on granites: 286 + 20 Ma, THONI et
al., 1992; De CariTaNI et al., 1988), lack radiomet-
ric, isotopic and geochemical (p.p.) data. The
granitoids are generally regarded as Hercynian in
age (pre-Permian) by previous authors (D'AMico,
1974 with references therein), but some of them
could be older in age, possibly Ordovician. Actu-
ally, a pre-Variscan magmatic event is well docu-
mented in the western sector of the Southalpine
basement (BoRiani et al., 1981) as well as in the
eastern sector of the Austroalpine basement
(PECCERILLO et al., 1979), but it is unknown in the
Orobic Alps. On the other hand, the Ordovician
magmatism is well known in Europe and data on
the orthogneisses of the Massif Central, France,

the largest stock, the "Monte Fioraro granite"
(BonsiGNORE et al., 1971), which occurs on the
watershed between Valtellina and Val Brembana.
Recent structural data (SiLeTTO, 1990; 1991) sug-
gest a pre-Variscan intrusion age. This hypothesis
is explored taking into account thermobarometric
and geochemical data.

Geological setting

The northern part of the Orobic Alps is a base-
ment complex which consists of metapelites,
metapsammites, quartzites, minor marbles and
amphibolites. Metagranitoids occur as stocks or
lenses interlayered within the basement: they

! Dipartimento di Scienze della Terra, Universita di Milano, Via Botticelli 23, [-20133 Milano, Ttaly,
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Fig. 1 Geological sketch map of the Orobic Alps
(Italian Alps) from Lake Como to Adamello massif.

range in composition from granites to granodio-
rites. Most leucocratic types (the so-called
"Gneiss Chiari del Corno Stella") are often locat-
ed near the contact between the basement and the
Permo-Mesozoic sedimentary cover (Fig. 1). In-
termediate and mafic rocks are less frequent and
are mainly represented by Oligocene porphyritic
dykes.

In the basement rocks, the main metamorphic
imprint is considered pre-Alpine because the
sedimentary cover is non-metamorphic. Two syn-
metamorphic phases of deformation are recog-
nizable in the basement: D, developed under am-
phibolite facies conditions, whereas D, was asso-
ciated to a widespread retrogradation to green-
schist facies conditions (MiLano et al., 1988; S1-
LETTO, 1991). Few radiometric age determinations
(BoccHio et al,, 1981; Morrana et al., 1985) were
performed on basement metapelites and point to
a Variscan age for the amphibolite facies meta-
morphic stage (368-312 Ma). After the Variscan
ductile deformations (D, and D,), during the Al-
pine convergence, the basement was thrusted
upon the Permo-Mesozoic sedimentary cover
along the E-W trending Orobic Line (Fig. 1).

Previous authors (Bownsionore et al., 1971;
D'Awmico, 1974) described separately the almost
undeformed core as "Monte Fioraro granite" and
the foliated rim as "Monte Pedena orthogneiss-
es". In this study we prefer to indicate the overall
rocks of the stock as Monte Fioraro magmatic
complex, also including some deformed apophys-
es occurring in the southernmost area.

A mafic dyke crosscuts the rims of the stock
and the D, structures and is considered linked to
the post-collisional Oligocene magmatism. Dio-
rites s.l. occur as dykes or small bodies mostly
near the rims of the magmatic complex. The mafic
rocks also suffered a recrystallization under
greenschist facies conditions. The relationships
between mafic and acidic rocks have not been
studied in detail.

A.COLOMBO, G.B. SILETTO AND A, TUNESI

Thermal effects due to the emplacement of the
M. Fioraro magmatic complex are not identified
in the metapelitic country rocks (Filladi di Am-
bria).

Structural observations

The country rocks of the Monte Fioraro magmat-
ic complex suffered two pre-Alpine synmetamor-
phic phases of deformation (D, and D,), followed
by two phases of deformation under very weak to
non-metamorphic conditions (D; and D,). The D,
structures are represented by cm-scale rootless
folds and relic foliation, underlined by white mica
and biotite. At the granular scale, where the ef-
fects of D, are less pronounced, garnet is pre-
served in the quartz-rich domains of S, foliation.

In the country rocks, in the foliated rim and in
the apophyses of the Monte Fioraro magmatic
complex, the main foliation is related to D, and is
axial planar to tight or isoclinal folds. S, foliation
is synchronous with greenschist facies metamor-
phic retrogradation and white mica and chlorite
are stable on S, planes. The third phase of defor-
mation (D;) developed a crenulation cleavage
without mineral growth in the most phyllitic lay-
ers and metric open folds also in the apophyses.
D, structures mainly consist of cataclastic bands
associated to the Alpine Orobic thrust.

The lithological boundary between the Monte
Fioraro apophyses and the host-rock metapelites
(Fig. 2} is deformed at least since the onset of the
D, deformational phase: some structures in the
apophyses can possibly be interpreted as D, folds,
but an intrusive origin cannot be totally disre-
garded.

Petrography and petrology

Petrographic and microstructural investigations
performed on samples from the Monte Fioraro
magmatic complex indicate that the rocks suf-
fered a pre-D, metamorphic stage developed un-
der amphibolite facies conditions. Actually a
mineralogical assemblage constituted by quartz,
K- feldspar, plagioclase (17-23% An), biotite (Fe
= 3.06-3.34; Ti = 0.1-0.25; AI'! = 0.7-1 p.fu.),
white mica ( Fe = 0.22-0.36; Si* = 3.2-3.25 p.f.u. ),
+ garnet (Alm = 0.74, Grs = 0.14-0.16, Sps = 0.03,
Pyr =~ 0.05 p.f.u.), apatite and zircon (small quan-
tities), + sphene, opaques can be observed (see
Tab. 1 for the analytical data on minerals).

Where the D, deformation is less intense, gar-
net and biotite (pre-D,) show moulded structures
and rational boundaries.

The preferred dimensional orientation of bi-
otite and white mica is parallel to S,, but their
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Fig. 2 Geological sketch map of the Monte Fioraro magmatic complex and form surface map of a contact between

metagranitoids and surrounding metapelites.

{001} planes are locally transversal and the rims
are dissolved. The biotite is also stable in strain
shadows of garnet porphyroclasts. D, retrograda-
tion is marked by new growth of white mica (Si* =
3.12-3.17; Pg = 0.84-0.107 p.f.u.) and chlorite
along biotite and white mica, {001} planes, in bi-
otite strain shadows, in the necks of the boudi-
naged biotites, in biotite and white mica, grains
folded by D,. During this phase the garnet is re-
placed by chlorite and white mica; chlorite also
grows in the strain shadows of the replaced gar-
nets.

Temperatures of the pre-D, assemblage in the
metagranitoids were estimated considering the
Fe-Mg exchange between garnet and biotite.
PercHUK and LAVRENT 'Eva (1983) calibration (PL
in Tab. 1) leads to temperatures ranging from
508-554 °C for a pressure of 5-7 kb, in good
agreement with T°C (480-534 °C) obtained using

HoLpaway and Leg (1977) calibration (HL in
Tab. 1). Garnet-muscovite calibration according
to GrReeN and HeLLMaN (1982) and plagioclase-
muscovite pairs according to GREeN and UsDANs-
Ky (1986) lead to T estimates in the range 500—
590 °C (SiLETTO, 1991) for P =7 kb.

The pressure for the pre-D, metamorphic
stage was estimated using the geobarometer pla-
gioclase-biotite-garnet-muscovite (GHENT and
Stour, 1981), yielding pressures in the range 68
kb (StLETTO, 1991), While the Si** content (3.20-
3.25 p.fu.) in the muscovite (Massonne and
SCHREYER, 1987) suggests a pressure in the range
5-6 kb for an assumed temperature of 550 °C.

These thermobarometric data suggest that the
Monte Fioraro magmatic complex suffered the
Variscan amphibolite facies metamorphic stage,
followed by the greenschist retrogradation (D,)
previously described.
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Tab. 1 Selected microprobe mineral analyses and thermobarometry of the Monte Fioraro magmatic complex.

Biotite Garnet White Mica Plagioclase

formula based on 22 O| formula based on 12 O formula based on 22 O formula based on 8 O
Sio, 3430 3534 36.08 37.69 37.80 37.11 4979 48,10 49.16 438.10 63.66 60.04 65.00
TiO, 132 1.09 1.68 0.01 0.00 0.01 0.56 0.36 071  0.36 0.02 0.01 0.00
ALO; | 1805 19.16 18.68 2045 20.89 20.95 3271 3445 3338 34.45 2210 2281 23.08
FeO 25.52 24.81 24.15 34.53 3438 33.83 3.02 203 329 203 0.82 145 0.00
MnO 007 007 013 1.16 112 1.26 0.04 0.00 000 0.00 000 000 0.00
MgO 730 640 7.28 1.22 1.26 1.09 1.69 1.14 142 1.14 0.05 024 0.05
CaO 0.07 010 0.02 6.05 6.39 6.73 0.04 0.00 0.04 0.00 309 502 364
Na,O 0.05 008 0.00 0.20 0.64 029 0.64 931 9.16 8.31
K,O 9.16 947 10.07 8.42 9.04 771 9.04 008 012 0.08
Total | 95.84 96.52 98.09 | 101.11 101.84 100.98 96.42 9576 96.00 95.76 99.13 98.85 100.16
Si 536 545 546 3.01 3.00 297 6.48 632 642 632 2.84 272 284
AlY 264 255 254 0.00 0.00 0.03 1.51 1.68 1.58 1.68
Al 1.16 1.22 1.19
AIV! 0.69 093 0.80 1.93 1.95 1.95 3.51 3.66 3.55 3.66
Ti 0.16 0.13 0.19 0.00 0.00 0.00 0.05 0.04 0.07 0.04 0.00 0.00 0.00
Fe 334 320 3.06 0.33 022 036 022 003 006 000
Fe+? 0.07 005 0.06
Fe+? 2.24 223 221
Mn 0.01 001 0.02 0.08 0.08 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 1.71 147 1.64 0.15 015 013 0.33 022 028 022 0.00 002 0.00
Ca 0.01 002 0.00 0.52 0.54 058 0.01 0.00 0.01 0.00 0.15 0.24 0.17
Na 0.02 0.02 0.00 0.05 016 007 0.16 080 081 0.71
K 183 186 1.95 1.40 1.52 128 1.52 001 0.01 0.01
Alm 0.75 074 074
Sps 0.03 0.03 0.03
Pyr 0.05 005 0.04
Grs 0.14 016 0.16
Ab 084 076 0.80
An 016 023 019
Pg 0.04 010 005 0.10
Mu 0.96 090 094 0.90

Thermobarometry of the Fioraro metagranitoids
Sample n° Bt Grt WM HL PL MS
X Mg X Mg X Mn XCa Si+ T°C T°C PKb Tref°C

9121-101 0.338 0.050 0.026 0.174 508 531
9121-103 0.315 0.050 0.027 0.180 534 554
9121705 0.350 0.043 0.030 0.193 480 508
B 8123-117 3.21 6.5 550
9121-802 3.24 7.2 550
9121-505 3.16 5.0 550

X MgPt= Mg /Mg + Fe; X Mg¢" = Mg/ (Mg + Fe + Mn + Ca); X Mn®"* = Mn/ (Mg + Fe + Mn + Ca); X Ca®" =
Ca (Mg + Fe + Mn + Ca). HL = HoLpaway and Lee (1977); PL. = PercHUK and LAvrenT'Eva (1983); MS =
MAssonNNE and SCHREYER (1987). N° anal. Bt/Grt = 21; n° anal. WM =19,
Chemical analyses were carried out with an ARL SEMQ electron microprobe at the C.N.R. Centro di studio per Ia
Geodinamica Alpina e Quaternaria, in Milano. In all the analyses, natural silicates were used as standards. The
accelerating voltage was 15 kV and the sample current 15 nA. The structural formulae of minerals were calculated
with the Fortran program MINSORT (PeTrakakts and DieTrICH, 1985).
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Geochemical data

The chemical data of the samples of the Monte
Fioraro magmatic complex are represented in
Tab. 2. In the following diagrams, the results are
compared with those of Ordovician orthogneisses
occurring in the Massiccio dei Laghi (466 + 5 Ma,
Rb-Sr WR isochron; Boriani et al., 1981 and un-
published data) and in the eastern Austroalpine
basement (PECCERILLO et al., 1979); unfortunately
the latter analyses lack trace elements.

The composition of the Monte Fioraro rocks
ranges from granitic to granodioritic with Si0,
contents between 63 wt% and 73 wt% and ALO;
contents around 13-14 wt%; the character is sub-
alkaline.

Almost all the samples exhibit a peraluminous
character as shown in the A-B diagram (Fig. 3) of
Degron and Le ForT (1988): this feature seems to
be a peculiar characteristic of the most acidic of
the compared Ordovician orthogneisses.

The trace elements spidergram (Fig. 4a), nor-
malized to ORG composition (PEARCE et al,
1984), shows a well-defined negative Ba anomaly
(5-20 x ORG), high contents of Rb (1045 x
ORG), Th (15-50 x ORG), Nb (3-4 x ORG), Ce
(2-4 x ORG). Zr and Y are slightly lower than the
normalizing value (0.6-1 x ORG) and Sm close to
1. Such a pattern is compatible with those of post-
collisional granites. Two samples (GV 106-108)
show higher Sr and lower K, Rb and LREE con-
tents than the other ones, suggesting a different
composition of the K-feldspar; the sample GV 48
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has low LREE contents (Fig. 4b). The high Rb
and Th contents indicate clearly strong crustal
imprint in magma generation. With respect to the
Massiccio dei Laghi two mica orthogneisses, the
Monte Fioraro samples have slightly higher Rb
and Th contents, much higher HFSE and lower
Ba contents.

The REE contents of 13 samples were ana-
lyzed in Nancy by ICP. The corresponding chon-
drite-normalized abundance patterns are shown
in figure 5. The overall REE abundance is quite
homogeneous (Tab. 2) with few exceptions: two
samples (GV 106 and 48) show very low total
REE (80-90). They can be interpreted as leuco-
granitic portions of the stock. Actually the REE
contents decrease with respect to SiO, content:
this condition was also observed in other granitic
suites (TinpLE and PEARCE, 1981) with a silica
content exceeding 65-68%. For example, the
compared Ordovician orthogneisses, which have
a wider compositional variation than the Monte
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Fig. 5 Chondrite-normalized REE patterns of the
Monte Fioraro metagranitoids.

Fioraro rocks, show an increase in REE contents
up to 68-70% of Si0O, and then a decrease in the
more differentiated samples.

The REE patterns generally show moderate
fractionation (Lay/Yby between 5.4 and 10.2, with
few exceptions, see Tab. 2). The LREE are more
fractionated with respect to HREE (averaged ra-
tios: Lay/Smy: 3.4; Gdy/Luy: 1.5); actually, there is
a distinct flattening within the HREE from Dy to
Lu. This behavior could be mainly due to initial
separation of minor phases such as zircon and
apatite followed by the fractionation of major
phases. The Monte Fioraro metagranitoids ex-
hibit a well-defined negative Eu anomaly (Euv/
Eu* averaged ratio: 0.38), probably due to initial
plagioclase separation from the melt.

The REE abundance and pattern of the Mon-
te Fioraro metagranitoids are similar to those of
the Ordovician orthogneisses of the compared
series, and also with those of the Massif Central,
France (Downes and Dutnou, 1988).

Therefore, the overall geochemical features of
the samples of the Monte Fioraro magmatic com-
plex appear to be compatible with those of the
acidic Ordovician magmatic rocks.

Discussion and conclusion

Mesostructural analyses suggest a pre-D, intru-
sion age for the Monte Fioraro magmatic com-
plex, because the rim and the apophyses are de-
formed by the D, deformation recognized in the
country rocks and associated to the late-Variscan
greenschist facies retrogradation. Petrological
and thermobarometric investigations point to the
existence of an amphibolite facies metamorphic
assemblage preserved as D, structural relics in the
country rocks and as mineralogical relics in the
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granites (WPQ) in origin. On the contrary, the Massic-
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Granite field (VAG) .

metagranitoids. This metamorphic stage may be
ascribed to the climax of the Variscan event. Con-
sequently, the intrusion age of the Monte Fioraro
magmatic complex is probably pre-Variscan. The
comparison with Ordovician orthogneisses evi-
denced a good chemical affinity, supporting a
possible Ordovician age for the Monte Fioraro
magmatic complex intrusion.

Taking into account the relationships between
trace element geochemistry and tectonic setting
using the different empirical tectonic discrimina-
tion diagrams (PEARCE et al., 1984) and the so-
called immobile or relatively immobile elements
(such as Zr, Y, Nb), we note that the samples of
the Monte Fioraro magmatic complex have con-
trasting features. The trace element contents
along with the Rb/Zr ratio (Fig. 6; HARRIS et al,,
1986) point to an emplacement in a post-colli-
sional environment, but the enrichment in HFS
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elements, such as Nb and Y, is more compatible
with a within-plate environment (Fig. 7). This
consideration is also strengthened by the quite
homogeneous Y/Nb ratio, which is a typical fea-
ture of each A-type granitic suite (EBy, 1990), to-
gether with high Na,O + K,O and low CaO con-
tents. Also in the multicationic R1-R2 diagram
(not reported here; DE 1A ROCHE et al., 1980), the
Monte Fioraro samples mostly plot between the
late-magmatic and anorogenic fields proposed by
BatcHeLor and Bowpen (1985) for granitic
suites. Moreover, according to the classificatory
criteria of RoGERs and GREENBERG (1990), major,
trace, RE element abundance, the relatively flat
REE patterns, the strongly negative Eu anomaly
and the low HREE contents are in agreement
with the features of PO (Post-Orogenic) granites.
All these parameters suggest an emplacement
into tensional environments, at the final stage of
an orogenic cycle.

On the contrary, the Ordovician orthogneisses
of the Massiccio dei Laghi (and also of the Massif
Central, France) show features more similar
(Fig. 7) to those of volcanic arc granites (VAG)
and appear to be connected to a compressive set-
ting: the occurrence of eclogitic rocks in the
country rocks may support this consideration
(Boriani et al., 1991).

We suggest a possible explanation for the dif-
ferent tectonic setting of probably coeval mag-
matic series in the Southalpine basement. The
observed variation of geochemical features in the
metagranitoids from the western area to the east-
ernmost Orobic Alps, could be linked to a differ-
ent distance from an hypothetical subduction
zone proposed by Boriant et al. (1991). The
Monte Fioraro magmatic complex could have
been emplaced in a mature-arc setting (BRown et
al., 1984), involving a major contribution from a
within-plate source. Consequently, the intrusion
age of the Monte Fioraro magmatic complex
could be expected slightly younger than that of
the westernmost Massiccio dei Laghi ortho-
gneisses (466 + 5 Ma, Rb—Sr WR isochron).
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