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Radiometric geochronology in the Calabrian Arc:
a review
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ABSTRACT. - This work is a review of mherwise
dispersed geochronological data relative to the
melamotphics and plutonics cropping out along the
Calabrian Arc, The most significant geochronological
events are evidentiated.

Kty words: geochronology, prealpine, alpine,
met:tmorphics, plutonics.

RIASSUNTO. - Viene presentala un'analisi crilka
delle datazioni radiometrkhe eJlelluate sino ad oggi
su rocce affioranti nell'Arco calabro-peloritano c
vcngono messi in evidenza i prindpali eventi ge<:>­
cronologid registrati.

PaTole chiave: geocronologia, prealpino, alpino,
metamorfiti, plutoniti.

Introduction

The Calabrian arc is a complex structure
made up of Palaeozoic, Mesozoic and Recent
terrains. Geochronological data are relatively
scarce; only in the last years they have been
obtained to highlight geological problems and
they concentrate essentially on palaeozoic
metamorphics and pIu tonics.

Geological picture

The Calabrian arc is a « foreign» element
connecting the Apenninic and Maghrebian
chains which are formed essentially of nappes
of Mesozoic and Tertiary sedimentary rocks.
Two basic current opinions concern the
formation of the belt: 1) it represents an
Alpine s.l. structure (AMoDlo MORELLI et aI.,
1976; BoNARDI et al., 1980; HACCARD et

al., 1972; SCANOONE, 1983) and 2) it results
from the juxtaposition of Alpine and
Hercynian ranges (LoRENZONI et al., 1983;
ZANETTIN LoRENZONI, 1982) (fig. 1). Ac­
cording to the former, there are two sectors
present in the Calabrian Arc, which behaved
differently during the Alpine tectonism.

The first one (Northern sector) represented
by I) the calcareous apennines, 2) the
eo-Alpine chain (ophiolitiferous and austral­
pine units) and 3) the Longobucco Unit; the
second one (Southern sector) is formed
of I) the crystalline nappes of the Southern
Serre, Aspromome and Mt. Peloritani, 2) the
calcareous Maghrebian units and 3) the Lon­
gi·Taormina unit.

According to the latter hypothesis it is
possible in the Calabrian Arc to distinguish
an «AJpine chain» lying upon the Apennines
cropping in central and northern Calabria,
and a Hercynian chain cropping out on the
Ionian side of Central Calabria and forming
essentially the Serre, Aspromonte and Pe1o­
ritani ranges.

Diversities relative to the significance and
composition of some lower rank structural
units, such as Mt. Gariglione Unit, Stilo
Unit, ... exist too.

On the basis of both available and un­
published data, the present author thinks
that a totally Alpine history of the Calabrian
Arc also involving a pre-alpine basement, is
more realistic.

Thus the geochronological data, which
play a fundamental role in the restoration
of the evolution of the Calabrian arc, will
be arranged accordingly (fig. 2).
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Geochronological data

Most of the radiometric data concern
Palaeozoic rocks. The earliest, scarce data
were determined without II well-established
geological frame. They ace mineral ages
(biotite and uraninite) from intrusives crop­
ping out in Serre and Aspromonte (FEIl.RARA
et al., 1959; FERRARA & LoNGINELLI, 1960).

These data point to a palaeozoic magmatic
activity.

A more comprehensive geochronological
study was performed by BoRSI & DUBOlS

(1968) which investigated minerals from
plutonics and metamorphics of Central and
Northern Calabria. This study was based
on a framework developed from geological
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and Structural studies carried our by the
Laboratoire de Geologie Dynamique de la
Sorbonne. The major results were; 1) the
confirmation of the Hercynian intrusion of
huge masses of granitoides; 2) the occur­
rence of mesozoic and tertiary rejuvenation
of minerals of crystalline palaeozoic base­
ment; 3) the Eocene age for the alpine
metamorphism.

An extensive study on whole rocks and
minerals was carried out by CIVETTA et alii
(I 973) on tonalites and pegmatites from the
Capo Vaticano area. These data show that
the intrusions are Hercynian, and that there
was a later rejuvenation of both biotite and
muscovite. In particular the authors have
pointed out two post-hercynian geochrono­
logical events dated at 181 roa and 116 roa
respectively.

In 197.5, Maastrichtian-Paleocene volcanic;
crosscutting a dolomitic sequence of the
Apennines (Verbicaro Unit) affected bv meta-
morphism were investigated. .

The whole rock K/Ar isoc:hron reveals

an upper Aquitanian age meramorphism
(18 mal.

A comprehensive geochronological survey
concerning metamorphics (6g. 3) and piu­
tonics (6g. 4) of the Scree (Southern Calabria)
appeared in 1976 (BoRSI et alii). This was
helpful in the restoration of the evolution
of the Calabrian arc. The most important
results were;

1) the occurrence of Hercynian and
Mesozoic ages for biotites (from both
plutonics and very high grade rocks),
preferentially distributed, which have been
related~taking into account also the geo­
logical data - to a first order tectonic
contact between twO different strucrural
units (Stilo and Polia-Copanello Units);

2) the proto-Alpine uplift of the former
section of the Palaeozoic lower continental
crusr (Le. the very high grade rocks cropping
out in the northern Scree);

3) the composite naruee of the plulon
of the Scree displaying Sr isotopic ratios
which do not plot along an isochrone.
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Fig. 3. - Oistribution of biotit( ages (Rh/Se) of
metasediments of the former lower crust S('C{ion
of Northern Serre (x = 136 ma; a = 12 ma; n :::
17) (BoRSI et aI., 1976).

In 1979 Wieland reported the results of
radiometric data on muscovite and hiotite
of pIu tonics and metamorphics, as well as
on whole rock of granites cropping out in
the Sila.

Whole rock data give an age of 284-±
14 ma for the granitic intrusions. The values
obtained for minerals, nothwithstanding the
scattering, confirm also in Sita the effects of
a Mesozoic rejuvenation at around 170-180
ma ago, as found in Southern Calabria.

SCHENK (1980) presents V/Ph and Rh/Se
radiomettic data through a former section
of lower crustal continuous sequence about
7 Km thick (Polia-Copanello aucr).

On the hasis of the radiometric ages of

various minerals and of the PT path - de­
duced petrologically - the author hypothe­
sized that: 1) the primary crystallization of
a metabasic rock happened 450 ma ago;
2) the granulite fades metamorphism ended
at 295 ma and was followed by an uplift
of the lower crustal rocks into intermediate
crustal levels, and by synchronous plutonic
intrusions.

Accordingly this restoration appears to the
author to be very similar to that inferred
for the Ivrea zone.

A contribution on the late alpine and
apennine orogenic phases recorded in the
Calabrian arc has been supplied by BECCA­
LUVA et alii (1981).

On the basis of two K/Ar determinations
on metabasites belonging to the ophioliti.
ferous units outcropping in Northern Ca­
labria the authors postulated an isotopic
re-equilibration event in the Oligocene­
Miocene·

A Rb/Sr radiometric srudy (DEL MORO
et al., 1982) was carried on three peralumi.
nous graniroid masses ourcropping in rhe
Southern secror of the Calabrian Arc (fig. 4).

An age of 293 ± 9 ma was calculated by
means of a whole rock isochron on samples
of Capo Rasocolmo mass (Southern sector
of the Calabrian Arc). Strontium isotopic
data ((srSr/86Sr)1 = 0.708] suggest a crustal
origin for all the studied granitoids origi­
nating from an heterogeneous metasedimen­
tacy source with a high pelitic content. The
ages of micas ranging from 282-291 ma are
consistent with the calculated isochrone.

SOUTHERN SECTOR OF THE CALABRIAN ARC
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Fig. 4. - Distribution of biolite ages (Rb/Sr) of plutoniles OUlcropping in Southern Serre, Aspromonte
and Mt. Pdoritani (er = 29 ma; tI = 30) (HoRSI eta!., 1976; DEl. MORO et al., 1982).
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Fig. 5. - Geochronological evems recorded in the Calabrian arc (references in Ihe ton).

Few data are available relating to meta­
morphic and plutonics dredged in the Tyr­
rhenian sea (SARTORI, 1982). The plutonics
give an isochron (Rb/Sr whole-rock-mineral)
of 302 ma; whereas metamorphics give an
isochrone (Rb/Sr whole rock-mineral) of
69 ma. K/Ar (whole rock) of 47 ma and
97 ma have also been determined on meta­
morphics.

In 1983 the results of 40 K/Ar deter­
minations on ophiolites and associated lower
continental crust rocks outcropping at
boundary between Calabria and Lucania
were published (DELALOYE et aI., 1983) in
a summary. The main results are as follows:
merabasahs with monophase orogenic meta­
morphism give total rock ages of 50 ma;
metabasalts and metagabbros showing a
multistage metamorphism give total rock
ages from 26 to 57 ma; recrystallized
amphibolites give ages of 55-90 ma and
poorly recrystallized amphibolites give ages
of 81-223 ma. Interestingly, an isochron of
210 ma has been calculated for amphiboles
from amphibolites, and isochrons of 27-28
ma have been calculated for blue amphiboles,
and chlorites from blue schist ophiolites.

Recently (1984) a geochronological study
(ZUPPETTA et alii, 1984) on the meta·
basalts occurring in rhe Borghi Unit of the
M. Peloritani area has been published. By

means of K/Ar methods on seven samples
an isochrone of 217 ± 3 ma was obtained.
This age, according to the authors, points to
a middle Triassic tectonic phase in the Pelo­
ritani range.

Concluding remark8

From the geochronological review, it
appears that the data available relating to
the Calabrian Arc ate still very ambiguous.
Palaeozoic, Mesozoic and Tertiary gea­
chronological events are recorded (fig. 5).

Palaeozoic ages seem to indicate: 1) the
existence of an Ordovician magmatic activity
or of a pre- or eo-Hercynian metamorphism;
2) the end of Hercynian metamorphism at
about 295 ma followed by intrusion of
huge masses of granodiorite-granite-tonalite
mostly between 295 and 275 ma. Some
problems arise when we consider some
mineral ages ranging from 238-250 ma,
whose significance is still obscure.

A lot of Giurassic-Cretaceous Rb-Sr
mineral ages have been determined both
in plutonics and in metamorphics cropping
out north of Capo Vaticano-Soverato line.
Interestingly similar ages have been de­
termined on rocks dredged on the floor of
the Tyrrhenian sea. The significance of these
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ages is still in debate. They might be due
to me cooling subsequent to the Hercynian
uplift, otherwise they may reflect phenomena
connected to Tethy's evolution.

Teniary mine~1 ages have been determined
in me AUSlCalpine nappes and in the ophioli­
tiferous units; the events recorded in the
former are older than in the latter. Probably
they reflect, on the whole, isotopic resetting
consequent to the Alpine and Apenni~

orageneses.

It is worthy of note that Triassie ages
have been also determined. Whether or not
these are connected with Triassic conlinental
thinning and/or rifting needs deeper analysis.

On the other hand. the mesozoic and
tertiary geochronological events need 10 be
better fined inlQ the ge<XIynamic evolution
of the Calabrian arc.
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ONi Is

GNElSSlC KAl.-170 " 127 ,0 12U 2.92 a,n01l6 0.7250 B2!1 22GRlIlOBlAST lIE B, 503.7 ., l15 1.35316

GIIE I ss le KAL-168 >' 61.0 211.1 0.8390.72261 0.72101 134~1 11GRANOBlASTI1E B, 496.l! '.3 138 1.17526

MUlE KAL-l!91 '0 154.3 IIlO,I! 3.18 0.71298 0.7038 203t lj 11p, B.l lIS.6 0.03690.70390 0.7039 lllj!l 11B, 371. 4 5.5 103 1.03193

GNEISS]C KAL-879 p, 1.J 13.5 0.00&10.71274 0.71273 13lj~l 11
GRANOBLAST1TE B, 309.4 B.1 111 0.92657

QUARZOOIOR1TIC KAL-887 p, O.B 39,3 0.00950.71136 0,71135 SS!} 22GNEISS B, 272.3 18.1 lIS.9 O,761103

TOt/AUTE KAl-730 >' 81.9 85.1 0.8320.713l!6 0.7119 133!1 22B, m.7 1.J 80l 2.22801

lCASCHIST KAl-l!2 '0 532.0 75.2 20.7 0.79609 0.7170 2681lj 22>' 623,3 Bl!,4 9.83 0.75457 0.7485 4311 11B, 667.7 17.7 179 0.91987

NEISS KAl-51 >R 194.5 69.9 8.09 0.75183 0.7272 21412 11
'0 604.6 26.8 fi6.7 ll.93003

TABLE 10
Rh/Sr radiomefric data

EOlO~IC~l l\N~lYZEO .. ,. "., " s. "S. "" OIBlIO~UP"IC

PHERENCES
S~~PlES

PHASE ( pp,,) (pp,,) "So 86"$,;" 8SS; I .. SOURCES... ASOCOl-
~O MASS--
LEUCOIIONZO- P 80-1 .. I" 177 1.1~ 0.715~ S
~RANI1E

P 80-2 "" III no 1,70 0.717~ S· P 80-2 B, '" 5.6 50ll,18 2.5457 256~~ B· P 80-2 <, 262 '" 2,07 0.7190 B· P 80-2 p, la 165 0,18 O.71B B
LEUCOIONAll H P 80-3 " S6 616 0.26 0.7111 B

· P 80-3 B, ". S.O 232.98 1.56~8 258:~ 6· P 80-3 ,. 160 55.7 8.35 0.7~~1 28?!£> B
lEUC010N~C I lE P 80-4 .. 66 528 0.36 0,7W B

LEUCOMON1O- 80-5 " 167 67 7.8~ 0.7~2U B
GUNITE

P 80-5 B, 1011 2 , 1?61.oo 7.0209 252!~ 8· t 80-5 '0 J9B , B 156.57 1. 3~98 287!5 S
GR~NOO'O.'IE P 80-6 .. ., 02£ 0.67 0.712~ S

· P 80-8 .. 110 m 0.97 0.71~1 S· P 80-8 S, '" J.5 736.98 3.71~6 287!S 8
LEUCOGUNOO'Q- P 9 .. 9B l61 0.78 0.7125 8
OIT E · ",. .. 115 1SI 2.22 0.7198 S

I
· P185 .. 50 ''1 0.31 0.7ll6 S· P19~ .. Jl3 190 1.68 0.7169 S
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TABLE 11

Rh/Sr radiometric data
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EOlOGICOl NOly/fO " I" ~.. ",. ",. m ~1!lloG"'.IC

~HUt.(£S
S...,'U '.OSE (,,~) ("M) w,; w,;. ~ ~ 50u~CU,

pTA.On

-~

G.O.OOIO"I'E C 80-10 ~ 95 m 0./3 0.7112 •
LEUCOG~A.O- ( 80-11 ~ 151 '"' I. ~q 0.7m •DIORllE

., 95B 5.' 5R~6 ~,0896 0.7077 2'llt~

"' s.. 22.5 63.10 0.9697 0.7078 289tS
"".IO.l'IC ( 80-12 ~ m Ul 1.63 0.7If>4 •OPlllE

6U.OD'O.ITE ( SO-l~ ~ '00 3ll l.30 O.71oS •B, m '9 S~).ll ~.)31S 0.70':16 2S~~5

" m S% 1.8~ 0.7169

" 91 ~, om 0.7100
1'\o.10.lllC ( 80-15 .. '"0 66 ,.". 0.7~lS 0
A'" lE "'

,,. S.5 S69.)~ 3.()/J63 0.709~ 2S8!~

"".IO...Hllt ( 80-16 .. ISl 1lS 2,0~ 0.7203 0
GU.ODIO"llt ( 80-17 .. '" '" 0,8l 0.7116 0
LIUCO>OONIO- C SO-IS .. 161 W. 2,36 o,nl~ 0
o~O.I't

""NlO.U."[ C 80-19 .. ISl ll8 139 0,1B8 •
GOA.OD'OOlll C 80-20 BB 15 '" 0.57 0,7103 0., 98' ,.0 ~03.82 2,3687 0.7080 2SSt5
Llucoou.o- C 80-21 ~ 181 1.. 2.13 0,72\)2 •
OIO~"E

l'UCOO.A.O- '" • .. 110 138 ~.~3 o,n12 •0100' It· Gf 72 .. m 50 12.22 0.7609 •· CNI20 .. 10' ., 0.S6 O. ?115 •· (N176 .. 111 % 6.~6 O. 7~39 •

TABLE 12
Rh/Sr radiometric data

(OlOGlCA' NAlVIED • • •• 5• 5. " 010lIOG"P.,(
S......15

"tH.tNCH '.An ('PM) ('PM) w,; ~. w,; , ~ SOu~ClS

,,<0 0'-
I 10.0.NI .ASS

'Ltucoou.oo,o- ( 80-1 .. IOS 118 0.95 0,7142 0./103 286t~ 0
""l 0, 71. '.9 337.81 2.0835
IIoNlOGU.llIC ( SO-2 .. 185 55 7.63 O. 7~29 0
A'UII 0, '66 , .1 m.GO ]. 717~ 195:3

" .11 , .1 ISQ.~6 1.4621 0.7119 286:6
LIUCOGUNOOIO- ( SO-3 .. 111 325 1.08 O. 7l~8 ••,n

( SO-. .. 100 m 1.23 0.7158 S., 681 1.• 12QO.Si> ). /()fi~ 0.11OS 2S3!~

"' 215 151 4, IS 0.1W 0.710£> 2%!7

" m ." 1.~1 U.12S2

" 12 155 0.36 0.7J2~

1 C 80-5 .. " "9 o.oy O,111S •I ( SO-6 .. m 119 1,08 0.71~9 •
6.,"001001" C SO-7 .. ,0< lB' 0,80 0,713S S

C SO-8 .. " ,.. 0,82 0.7132 •
11Io5COVl l IC C SO-9 S, '" 59 ~5S.28 2.5783 0.71S3 285t4 •P£G.olllE "' .IS 17. 3 78.70 J.O~SO 0.1194 282:4

" 150 '"' U6 0.7249
LfUCOO.O.ODIO- (AI ~3 .. 111 1&9 US 0.720) •~ If E · (AI 6~ .. 156 111 2.65 0.7223 S

I
· CAIl31 ~ 65 'SO 0.39 0.71IS S
· CAI261 .. 101 195 1.00 0.7I~3 S
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