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ABSTRACT

New constraints on the thermobaric evolution of the Liguride complex of the Southern Apennines are provided by inorganic and organic thermal indica
tors. In detail, quantitative data on the thermobaric signature of the medium-to low-metamorphic Frido Unit and non-metamorphic North-Calabrian Unit have
been derived using different methodologies such as clay mineralogy, fluid inclusion microthermometry, fission tracks analyses, and organic matter maturity
A good convergence among data from different, indipendent methods was obtained. The Frido Unit underwent temperatures in the range of anchizone (2-
300°C) according to data derived from both clay mineralogy and fluid inclusion microthermometry. Pressure estimates by whjieranioetér are typical
of accretionary wedges and in the range of 6-8 kbar.

In the non metamorphosed North Calabrian Unit, clay mineralogy, organic matter maturity and fluid inclusion microthermometry record thermal condi-
tions from diagenesis (~ 130°C) to the late diagenesis - anchizone boundary (~ 200°C) for the Crete Nere Fm., and diagenetic conditions (temperatures arot
100-110°C) for the Saraceno Fm. In a regional framework, these data help to better constraint the thermal evolution of the units belonging to the Ligurid
complex with respect to the timing of final exhumation at 5-6 My, as suggested by apatite fission tracks data.

INTRODUCTION fission track analyses). Our study is focussed on sedimen-
tary and low-medium grade metamorphic units in which the
The Southern Apennines are thought to be a crucial areghermal and thermochronological dataset is poor. It provided
to understand the geodynamics of the western-central Medithe thermobaric evolution and age constraints on exhuma-
terranean resulting from the Africa-Europe convergence sin-tion of the Liguride complex in the north-eastern sector of
ce Cretaceous times (Dewey et al., 1989; Schettino and Scahe Pollino ridge area.
tese, 2005). In the area, remnants of continental paleomar-
gins, ocean basin floor and sedimentary cover crop out
within a NE-verging accretionary wedge with a complex GEOLOGICAL SETTING
geometry. Blocks of the ophiolite-bearing Liguride Units
occur on the top of the thrust pile, whereas the lowermost In the study area, located in the Southern Apennines, two
tectonic units consist of Mesozoic and Cenozoic rocks deri-main tectonic elements are regionally superposed: the
ved from the sedimentary cover of the foreland plate. Theseocean-derived Liguride complesgnsuOgniben, 1969) in
include both carbonate platform (Apennine Platform) andthe hanging wall, and the carbonate succession belonging to
pelagic basin (Lagonegro Basin) successions (e.g., Scanddhe Apennines (i.e. Campania-Lucania) platform (Pollino-
ne, 1967), locally passing to foredeep and/or thrust-top ba-Ciagola Unit after lannace et al., 2005) in the footwall.
sin sediments (e.g., Sgrosso, 1998). The Liguride complex crops out in the Southern Apenni-
Literature already provides a number of contributions onnes from the Cilento promontory to the Calabria-Lucania
the time-space evolution of the Southern Apennines (Scanborder and in the Northern Calabria area (Fig. 1). It is a
done, 1967; Vezzani, 1969; Amodio-Morelli et al., 1976; complex assemblage of ophiolite-bearing units, mainly
Lanzafame et. al., 1979; Bonardi et al., 1988a; Casero et algomposed of Jurassic to Oligocene sedimentary covers and
1991; Monaco and Tortorici, 1995; Cello et al., 1996; Miocene siliciclastic units, locally affected by medium to
Schiattarella, 1998; Pescatore et al., 1999). Neverthelessery low grade metamorphism (Knott, 1987; Bonardi et al.,
only some of them point out the importance of studying the1988a; Monaco et al., 1995; Mauro and Schiattarella, 1998;
exhumation processes for understanding modes and times @i Leo et al., 2005). In some areas blocks of continental ba-
deformation (Wallis et al., 1993; Knott, 1994; Mazzoli, sement rocks also crop out. All these units formed an accre-
1998; Thomson, 1998; Rossetti et al., 2001 and 2004). tionary wedge due to subduction of the Ligurian oceanic
In this paper we propose an integrated investigation onlithosphere and, probably, fragments of continental crust, la-
inorganic and organic thermal parameters (clay mineralogyter thrust onto the carbonate platform units of the African
fluid inclusion microthermometry, vitrinite reflectance and passive margin (Campania-Lucanian or Apenninic platform
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Auctorun) during Miocene times. The Liguride complex is have to be considered apart (Geological Map of Italy, 2006).
the geometrically highest element of the southern Apenni- Finally, terrains from the North-Calabrian Unit ( Late Ju-
nes fold-and-thrust belt (Fig. 1b). Pliocene-Quaternary brit-rassic-Late Oligocene, Bonardi et al., 1988a) tectonically
tle tectonics highly dissected the units along the Calabria-overlie, on a regional scale, the Frido Unit. This latter inclu-
Lucania border (Schiattarella, 1998 and references thereingde: i) the Crete Nere Fm., a succession made of quartz-areni-
Cello and Mazzoli, 1999), and the structural relationshipstes and dark, organic matter-rich, grey shales, that can be
among them are nowadays rather complicate to understand.considered as a “broken formation” (Monaco and Tortorici,
The Liguride complex in southern Lucania crops out 1995); ii) the Saraceno Fm., composed of calcareous turbidi-
along a wide belt north of the Pollino Mts. carbonate tes with the siliciclastic fraction increasing upwards (Fig. 3).
morphostructure. Within such a belt, cover units prevail (the According to previous works (Monaco et al., 1995; Di
metamorphic Frido Unit and the non metamorphosed Nord-Leo et al., 2005), the Frido Unit can be divided into two
Calabrian Unit, Bonardi et al., 1988a), although serpentinitesub-units: i) a mainly shaly sub-unit and, ii) a mainly meta-
bodies, gabbros and metabasites also crop out (Bonardi etalcareous sub-unit, roughly corresponding to the shale
al., 1988b). member and meta-limestone member of the Frido Fm. of
More in detail, the Frido Unit is made of mafic and ultra- Vezzani (1969). Monaco et al. (1995) suggest the presence
mafic rocks, metabasites, quartzites, slates, and calc-silicaef a tectonic contact between the Frido meta-calcareous sub-
tes (Vezzani, 1969). The Episcopia tectonic mélange, accorunit, and the underlying shaly sub-unit, marked by the inter-
ding to Bonardi et al. (1988a), is made of serpentinite-richposition of serpentinite and metabasite slivers (Di Leo et al.,
blocks and fragments of continental crust within a serpenti-2005; Geological Map of Italy, 2006). Within the North-Ca-
ne-phyllosilicate matrix, overlying the Frido Unit. Actually, labrian Unit, the stratigraphic continuity between the Sara-
a new survey revealed that serpetinite blocks are includedeno Fm and the underlying Crete Nere Fm has been obser-

into the Frido Unit, whereas the gneissic and granit bodiesved (Di Leo et al., 2005).

[15°E

.| Quaternary volcanics
ii| Quaternary-Pliocene
sediments
Calabrian Units

(Crystalline rocks and sedimentary metamorphic
~' cover)

Liguride Units (Paleogene-Jurassic)
and overlying Miocene deposits

- -] Apennine Units (Paleogene-Mesozoic
———— shallow-water carbonates)
~——' and overlying Miocene deposits

Lagonegro Basin Units
(Cenozoic-Upper Cretaceous
succession) and overlying
Miocene deposits

.| Lagonegro Basin Units
BN | (Mesozoic succession)
F Aé:ulian Unit
l (Cenozoic- Mesozoic shallow-water
- -! carbonates)

" Location map

/ Normal, oblique- and strike-slip faults

// Thrust faults
&

»*  Buried thrust fault

e e e
BEAANEWN =T

—ETENAY ,N N -
—
an=8

$sa

l: Continental deposits (Quaternary) |:’ Marine foredeep deposits (Pliocene) :"":;L“S‘I’Bf"(ﬁ?::ei;:)nd ‘wedge top” basin
Lagonegro Basin Units (Paleogene -

[:, Liguride Units (Paleogene - Jurassic) { alggg::nzgﬂtfeosrrzg;r)bonates Dj] Mesozoic)

—_— | .| Apulian Platform carbonates
| :j Tectonic mélange ((?enozoic—Mesozoic)
/ Normal, oblique- / Thrust faults

and strike-slip faults
Fig. 1 - Geological sketch map of the Southern Apennines (a), and schematic cross section (b), through the chain (after Mazzoli et al., 2006). Location of tt
studied area of Fig. 2 in the square.



23

SRCCITINY

Continental deposits (Quaternary)
Unconformable foredeep deposits (Plio-Quaternary)

I:| Unconformable thrust-top deposits
Albidona Fm. {Langhian-Burdigalian??)
Orogenic units derived from Internal (Alpine) domains deformation

D Garnet gneiss and amphibolites
E’ Frido Unit

a:Phyllites, quarzites and low gared metamorphic carbonates
b: Metabasites, serpentinites

North Calabrian Units

a: Saraceno and Crete Nere Fms. (Olig.-L.Mioc. - U. Jurassic)

r Ban Severino [®
1103. !
!

®
Castelluccio inf.

26
o Viggiangilo

Rorsnda

10 km

26

A\
-
424~ \"-. s -
{ond®) ~~CCL22
CLS | \CCL15 CCL23 .55

12280 o1 5 CCL24

\N_2055

o\ e

- Lungro-Verbicaro Unit

|
=

1567]

Fig. 2 - Schematic geological map of the study area. Sample sites are indicated.

b: Gabbroes, diabase, pillow lavas (Jurassic)

Orogenic units derived from Africa passive margin deformation
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Finally, within the Apennines platform units (i.e. Albur-
no-Cervati-Pollino Unit, cf. Pollino-Ciagola Unit, after lan-

computer modelling (software NEWMOD; Reynolds,
1985). The clay minerals reaction progress has been defined

nace et al., 2005), we examined only the Bifurto Fm. silici- by measuring illite crystallinity, expressed as Kibler Index
clastic sediments, which were deposited during the Burdiga{Kubler, 1967, hereafter KI), and chlorite crystallinity ex-
lian-Langhian on top of the Mesozoic-Paleogene carbonatgressed as Arkai Index (Arkai et al., 1995; hereafter Al), ca-
platform (Selli, 1962; Patacca et al., 1992). librated to the Crystallinity Index Standards scale proposed
Previous petrological and geochemical studies providedby Warr and Rice (1994). Well crystallized (WCI) and
fundamental information on the origin and evolution of poorly-crystallized illite (PCIl) were detected using the de-
ophiolite-bearing units at the Calabria-Lucania border (Bo- convolution procedure suggested by Gharrabi and Velde
nardi et al., 2001 and references therein). The Frido Unit(1995). Kl values were estimated for both WCI and PClI,
contains T-MORB-type basalts which underwent HP-LT although only those relative to WCI were used to estimate a
conditions (P > 6 Kbar up to 8-10 Kbar; T < 400-450°). Ra- maximum temperature for the Frido Unit and Crete Nere
pid exhumation was inferred by aragonite relicts within Fm. The pressure conditions of the studied samples were
calc-schists (Spadea, 1994). Among the North-Calabrianconstrained using the K-white mitacell dimension based
Units, the Crete Nere Fm. shows very low grade meta-geothermometer (Sassi and Scolari, 1974), commonly used
morphic conditions (cf. sub-greenshist facies of the Calabro-as a comparative geobarometer in low and very low-grade

Lucano Flysch, after Monaco et al., 1995).

METHODS AND RESULTS
Thermal and pressure constraints

The clay mineralogy
Pelites and metapelites from Frido Unit (mainly shaly

metapelitic rocks (Robinson and Bevins, 1986). The K-whi-
te micab cell dimension has been estimated also by XRD
using dioctahedral mica (060) reflections and the deconvo-
lution procedure (Huon et al., 1994), clearly avoiding sam-
ples with high paragonite content (Guidotti and Sassi,
1986).

Mineralogical data are reported in Table 1 and Figs. 4a,
4b, and 4c. For temperature estimation only Kl values from
“diagenetic” illite were used, avoiding any possible conta-

samples) and Nord-Calabrian Unit (Crete Nere and Saracemination from “non diagenetic” illite, which is abundant in

no Fms.), both belonging to the “Liguride UnitsefsuBo-

the Bifurto and Saraceno Fms. (Fig. 2). The latter formation

nardi et al. 1988a), sampled along the Frido River Valley shows, toward the top, an increase in detrital input, i.e. of
and close to the village of San Severino Lucano (Fig. 2),“non diagenetic” illite and chlorite, having been deposited
constitute an excellent set of materials to study thermal main non steady-state conditions due to tectonic instability of
turity and to estimate maximum burial conditions of these the source area. This fact may be interpreted as a prodrome
successions using inorganic indicators such as the Kubler ilof the Oligo-Miocene contractional tectonic phase that led

lite index (KI, Kubler, 1967), % of illite layers in
illite/smectite mixed layers (% | in I/S), and relative abun-
dance of white mica polytypes.

Mineralogical analyses have been carried out by X-ray
powder diffraction (XRD). The relative abundances of mi-
neral phases in the bulk samples and in theusZraction
were estimated by using a Rigaku diffractometer, mod. Mi-
niflex (CuK, radiation and sample spinner) and the software E
MacDiff ver. 4.2. The prograde sequence of minerals usual-=
ly observed in regularly repeating sequences as function o
grade [i.e. smectite illite/smectite (I/S) mixed layers
illite - muscovite and smectite chlorite/smectite (C/S)
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Fig. 3 - Simplified stratigraphic column of the North-Calabrian Unit (after
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Table 1 - Mineral distibution in the “Liguride units” and Bifurto Fm (wt. %).

Sample  Unit-Formation < 2 um fraction mineralogy bulk mineralogy

Kaol Ch IS Par WCI PCI ) CM Q= Kf Pl Ce Do Kaol Ch
CL10.1 - 15 - 16 44 25 62 14 - tr 10 . - 12
CL10.2 - 12 - 16 54 18 69 14 tr tr - - - 15
CL10.3 o 11 = 22 39 28 80 6 = 6 = 5 = 8
CL10.4 - 17 - 17 44 22 64 17 I tr - - - 16
CL10.5 - 16 - 21 34 29 77 8 tr tr - - - 11
CL10.6 o 18 - 19 39 23 49 11 tr tr = - - 36
CL12.1 - 8 - 18 54 20 63 7 - r 12 - - 14
SSF1 - 5 - 7 79 9 71 12 - 4 - . . 13
SSF2 = 9 = 9 70 12 72 6 tr tr tr = = 16
SSF3 - 8 - 7 74 10 79 11 % tr tr - , 6
SSF4 = 8 B 10 71 12 84 tr - 4 tr . - 8
SSF5 = 11 = 9 72 8 64 5 tr tr 11 = i 16
SSF6 s " - 17 = 26 48 9 76 tr tr 7 N s - 14
SSF7 ERRER L 8 = 9 72 11 67 5 tr 5 6 5 5 16
SSF8 = 11 - 16 61 13 48 6 tr 6 7 4 2 32
SSF9 - 8 - 11 69 12 56 4 tr 6 13 - - 20
SSF10 = 11 = 16 57 16 64 7 tr tr tr . 2 23
SSF11 - 13 - 17 57 13 59 4 tr 5 tr - - 30
FR2* = 8 1 10 65 16 80 4 tr tr tr & 5 11
FR3* = 10 tr 11 56 20 58 7 tr tr tr 1 - 25
FR4 * - 10 4 41 23 21 76 tr - 4 - - - 17
FR5 * S 7 tr 21 48 23 32 15 = 7 11 < = 32
EFR1* - 26 - 20 40 14 78 7 - tr - - - 13
EFR2* - 16 - 13 52 19 62 13 - tr 6 3 = 16
EFR3* - 26 - 8 51 15 64 13 - tr - - - 21
EFR4* - 27 - 11 51 12 70 16 tr tr - - - 12
PTI tr 4 61 = 25 10 78 77 8 - tr 13 = = -
PT2 tr 8 70 - 13 7 80 79 5 - tr 13 - tr tr
PT3 tr tr 85 - 74 5 80 84 9 - - 7 - - #
PT4 tr 7 66 . 15 10 84 80 9 - . 9 . r tr
PT5 tr 10 50 - 23 16 89 52 10 - tr 34 - tr tr
PT6 tr 10 45 - 24 20 87 59 11 = tr 26 . tr tr
PT7 4 20 46 - 17 13 87 71 16 z tr 9 5 r tr
PT8 tr 30 47 - 11 10 87 77 10 - tr 6 = tr tr
PT9 4 33 18 - 23 21 89 58 9 - r 27 - tr tr
CCL13.1 = 11 62 = = 28  66;86 78 8 & tr 12 z = tr
CCL13.2 Sitaeis Be = r g9 - - 28 90 73 14 - tr 11 . . -
CCL13.3 = r 75 z & 32 62;80 72 10 = tr 15 4 i -
ESa01* = tr - - 97 . 86 4 - tr - - - 7
ESa02* g 5 tr - 94 5 79 6 tr tr - 5 : 12
ESal* tr tr 67 = 20 9 72:86 65 14 - - 21 - = -
ESa2* tr 5 60 - 19 14 88 66 18 - - 15 - - tr
Sal* = 10 28 = 48 14 85 70 6 = tr 21 - = tr
Sa2 * - 10 44 - 37 10 84 58 7 - - 28 tr - 5
Sa3 * - 10 68 - 16 6 69;85 73 7 - tr 18 - - tr
Sad* = 7 58 “ 26 9 73:85 62 13 - tr 23 . - tr
Sas * - 5 66 - 19 11 67;84 81 6 - - 12 - - -
Sab* - 14 70 - 9 7 71;87 80 12 - i 6 ” " tr
PT10 tr 25 8 - 40 26 0 74 5 - tr 9 - 4 7
PTI1 tr 23 41 - 22 13 90 51 18 tr - 28 - tr tr
CCL14.1 5 10 85 - - 88,90 75 14 - tr 7 - . ir
CCL14.2 - 21 31 - 34 14 88 79 8 - tr - - - 12
CN1* tr 6 tr - 61 28 78 82 7 - tr 4 : 5 6
CN2* Crete nere Fm - 33 tr - 37 28 47 21 - ir 15 tr - 12
CN3* - 14 tr - - 85 73 10 - tr 12 . - tr
CN4* = 8 5 - 51 36 66 15 - tr 4 tr - 9
CNS5* = 13 tr - = 84 68 18 2 tr = S : 11
CN6* - 10 tr - - 86 72 tr tr tr - - - 24
CN7* & 5 7 - 66 23 53 15 - tr tr 1 z 26
CCL9.1 5 45 12 = 26 25 84 57 6 = tr 2] 6 = 7
CCL9.2 Bifurto Fm - 37 29 - 24 14 78 54 7 B r 23 4 = 9
CCL9.3 - 16 44 2 37 23 70,85 81 7 = ir = c : 10

Kaol- kaolinite; Ch- chlorite; I/S- illite /smectite mixed layers; Par- paragonite; PCI- poorly crystallized illite; WCI- well crystallized illite; % | in I/S-
percentage of illite layers in illite /smectite mixed layers; CM- clay minerals; Qtz- quartz; Kfs- k-feldspar; PI- plagioclase; Cc- calcite. * Data from Di
Leo et al. (2005).
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to deformation of the Ligurian basin (Di Leo et al., 2005). 9.0461 +0.00027 A to 9.0391 + 0.00026 A (Fig. 4c) corre-
On the other hand, for pressure constraint only samplesponding to those reported forhigh pressure faciefom
from the Frido Unit and Crete Nere Fm were used to measuGuidotti and Sassi (1986). They are typical of accrectionary
re the K-white micd cell dimension. prisms (Frey and Robinson, 1999) and allow to confine
According to the Al (Arkai Index) and Kl (Kiibler Index) pressure in the range of 6-8 kbar.
values measured in pelites and metapelites (Fig. 4a), and to
the relative abundance of the three mica polytypes, 1M
1M,, and 2M (Fig. 4b), the Liguride complex cropping out
along the Calabria-Lucania border shows low-grade meta- Quartz-calcite and calcite veins related to the deforma-
morphism, ranging from late diagenesserfsuMerriman tion history have been sampled for fluid inclusion mi-
and Frey, 1999) with Al and KI values respectively > 0.30 crothermometry from the Frido Unit (shale and meta-lime-
A20 and in the range of 0.42-0.7(26, to lower anchizone stone) and North-Calabrian Units (Crete Nere and Saraceno
conditions ¢ensuMerriman and Frey, 1999) with Al and KI Fms.). A detailed field meso-structural analysis was conduc-
values respectively < 0.3826 and in the range of 0.31-0.42 ted on the selected outcrops. Previous works (Knott, 1994;
A26. K-white micab cell dimension values range from Spadea, 1994; Mazzoli, 1998) related the main foliation to

'Fluid inclusions microthermometry

0.65
a ] I b 95 - L
0.60 L
| o NP |
0.55 - § LE o e | 75 - =
£ 540 |
050§ f g 8 E & = |
s T o 3 55 o E £ L
045§ £ — g 38
A2 e g I wt. % - ® % E E
0.40{2 o HN 35 - S i
/N L
s 1 2 £
03515 @ - o )
3 . ° 5
12 [ 15 - S
I F T S N - L g
w
| Upper anchizone [
0.25 —
Kl air-dried Kl glycolated 1M Mg 2M1
C 907
0.475 ] °
[ ]
0.45 - | 9,06 - i
® L]
0.425 - X
o 9,05 -|
R I
04 43 -
| =
0.375 - § 3 s 9,04
°A20 3 £ 2 A
035 & L (s ®
3 @ o ® 9,03
_____ .o - S .-
0.325 - ‘ f 2 -
1 | =4
= ! 9,02
03 - — IE % M g : f§
o
0.275 o o | 2 o *
Anchizone e 9,01 E [
---------- i S
0.25 - £ s s
& £
0.225 : , 9,00 e "
Al air-dried Al glycolated -white mica b cell papameter (by)

Fig. 4 - a) The clay minerals reaction progress has been defined by measuring illite crystallinity, expressed as Kubler Index (Kiubler, 1967), and chlorite cry
stallinity, calibrated to the Crystallinity Index Standards scale proposed by Warr and Rice (1994). Kubler Index (KI) relative to the well crystallized illite and,

Arkai Index (Al) calculated on both air-dried and glycolated oriented mounts. b) White mica polytype relative distribution. The percentage of polytypes was
measured using a Nonius PDS X-ray diffractometer, following the quantification method proposed by Cressey and Scofield (1996) and Batchelder and Cre

sey (1998), and the LINKFIT program. Frido Unit and Crete Nere Fm. exhibit only the presence of the polytype stable at higher temperatuobséhe 2M
ved in the Bifurto and Saraceno Fms. has a “non diagenetic” origin (see text for explanation). ¢) K-wHiteathiparameterty). The values were calcula-
ted by XRD, using the dioctahedral mica (060) reflections and the deconvolution procedure suggested by Huon et al. (1994).
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the early stages of progressive non-coaxial deformation withding F, meso-folds (Knott, 1994). Unfortunately, very few
strong transposition. Coeval extension veins at a high anglelata came from the first two samples, more clearly related
to the foliation were progressively rotated and folded within to early deformation stages. An indicative Th can be sugge-
it. Based on our mesostructural analysis, veins stretched osted between 55° and 75°C. Data from sample CCL22.1 (la-
folded within the main Joliation have been sampled in ea- te vein) show a mean Th = 91°C.
ch formation in order to check the presence of fluid inclu- From petrographic (non metamorphic or very low meta-
sions related to the early stages of exhumation. Althoughmorphic condition) and geologic (tectonic units thickness)
within veins either parallelized to the maigf8liation or considerations, a pressure correction of about 1.5 Kbars can
strongly folded, a number of re-equilibrated and/or decrepi-be considered for the early veins and a Tt around 130-140°C
tated inclusions are present, careful petrographic analysis alean be inferred. For sample CCL22.1 (late veins), we sugge-
lowed to recognise some survived two phase primary inclu-st that Th = 91°C can be interpreted as a minimum Tt
sions, generally organized in well defined fluid inclusion as- without pressure correction.
semblages. Finally, one sample from the Saraceno Fm. comes from
Homogenization temperature (Th), related to fluid den- veins related to Ffolds and shows Th values around 130-
sity, and ice melting temperature (Tm), related to fluid com- 150°C. Also in this case, little or no pressure correction is
position (Roedder, 1984) were obtained by micro-thermo-suggested.
metric analyses, using an USGS Stage calibrated at 0°C, -
56.6C°and 374°C with synthetic standards. When possible,
two-phase (liquid + vapour) primary (P) and secondary (S)
inclusions have been measured. They are related respecti- Results of optical analyses in reflected light on organic
vely to crystal growth, and to deformation after crystalliza- matter dispersed in sediments are listed in Table 2. Each
tion (healed micro-fractures). All the detected inclusions be-sampled unit shows common optical features. In the Liguri-
long to the HO-NaCl system, and the freezing point depres- de complex, the non metamorphic North-Calabrian Unit
sion suggest a very low salinity (1 to 5%wt NaCl equiva- shows different abundances of organic matter and macerals
lent). Th data from primary inclusions have been correctedassociations in the Crete Nere and Saraceno Fms.
to Tt (= trapping temperature, Roedder, 1984) using confi- Samples from the Crete Nere Fm. (CCL 9, CCL14,
ning pressure conditions referred to previous petrographicCCL24, PT 11) are generally barren or very scarce in di-
analyses (Spadea, 1994) angdrésults (Invernizzi et al.,  spersed organic matter, made up of macerals of the inertinite
2006, and present work). Tt was graphically extrapolatedgroup (mainly fusinite), and very subordinately of the humi-
from a P/T diagram with iso-Th lines (= isochores, oblique nite-vitrinite group; oxidised pyrite may be present. Only
lines in Fig. 5b, modified from Bodnar and Vityk, 1994). sample CCL 9 contains scattered fragments with a mgan R
Furthermore, secondary inclusions in early veins and pri-of 1.05% and a not defined mode. Thus, no reliable parame-
mary inclusions in straight, high angle veins cutting through ters to constrain maximum temperatures are available.
the main foliation have been measured. Straight veins are Two samples from the Saraceno Fm. derive from site
supposed to be related to late stages of exhumation. Theref@&sCL13. Analysed kerogene is generally not very abundant
re, no pressure correction was applied to Th because no datnd contains macerals of the inertinite group (mainly fusi-
to confine pressure conditions are available. In these casesite) and subordinately of the huminite-vitrinite group. In
Th was considered as indicative of minimum Tt (Barker andsample CCL13.1 Ro% data may be grouped into two main
Goldstein, 1990; Goldstein and Reynolds, 1994). clusters: the first, mid-mature, well represented and proba-
Five samples from the Frido Unit (shale, meta-limestone)bly indigenous (28 measurements) with a well defined mo-
and gneiss blocks, two from the Crete Nere Fm and onede (Ro = 1.02%), made up of medium sized fragments, ge-
from the Saraceno Fm. gave reliable results (Table 2). Samnerally squared and containing scarce not oxidized pyrite;
pled veins from the Frido Unit are related to early deforma-the second, less abundant indicating the late stage of hy-
tion stages: they are folded within the foliation (sample drocarbon generation and probably representing a
CCL10.2, CCL11.1 and CCL12.1) or belong to hydraulic reworked population. In sample CCL 13.2 Ro measure-
fractured rocks, typical of fluid overpressure at considerablements are scattered in classes comprised between 1.3 and
depth (sample CCL10.3). Microthermometric data from the- 2.2% with low frequency, indicating reworked input of vi-
se veins are quite consistent (Fig. 5a): Th mainly rangedrinite fragments. Thus this sample is not representative
between 90° and 115°C for primary inclusions, with no rele- (not indicated in Table 2).
vant differences between meta-limestone and shale sub- Data from the metamorphic Frido Unit (CCL 10) are
units. Furthermore, one sample from a gneiss block embedmainly clustered in Ro classes between 3.7 and 4.3% (about
ded within the Frido Unit (sample CCL20.1) records well 20 measurements on squared fragments) with a mean value
constrained Th for primary inclusions in quartz veins aroundof about 4.0%, indicating the overmature stage for hydrocar-
90°C. bon generation. Nevertheless, the poor state of conservation,
Taking into account that lvalues attest an intermediate the small fragment size and the high degree of thermal ma-
pressure and that petrographic data from previous workgurity cannot guarantee an indigenous population of vitrini-
(Spadea, 1982; 1994; Beneduce, in press) suggest pressute Lower rank and higher rank fragments are also present
values around 6-8 Kbar, a presumable trapping temperaturbut much more scattered.
(Tt) for primary inclusions is in the order of 270-300°C Kerogene from the Miocene deposits lying on the top of
(Fig. 5b). the Apennines Platform units (CCL26 from Bifurto Fm.) is
Veins from the Crete Nere Fm. were sampled from folia- abundant and contains macerals of the inertinite group and
ted, dark grey or dark green clayey levels. Samplessubordinately of the huminite-vitrinite group. In the same
CCL14.1 and CCL24.1 come from folded and/or stretchedway as in Saraceno Fm., vitrinite data are grouped into two
extension veins parallel to the foliation, and sample main clusters: the first one, mid-mature, is probably indige-
CCL22.1 belongs to a later vein related to roughly N-S-tren-nous and better represented (18 measurements) with a well

Organic matter
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Table 2 - Data from organic matter maturity and Fluid Inclusion microthermometry.

Sample Unit-Formation Organic matter Fluid Inclusion

R, % Std Nr. Th°C(P) T°C Pior

Kbar

CCL 20 Gneiss 90.0 270 6
CCL 10.1 4.01 0.17 20
CCL 10.2 . . 99.50 280 6
CCL 103 Frido Unit shales 104.13 300 6
CCL 11 100.50 290 6
CCL 13.1 Saraceno Fm. 1.02 0.13 28 103.65 140 1.5
PT 11 barren
CCL9 1.05 0.15 3
CCL 14 Crete nere Fm. barren 54.50 100 1.5
CCL 22 90.87
CCL 24 barren 75.00 120 1.5
CCL 26 Bifurto Fm. 1.11 0.09 18

P- primary inclusionsP__ - pressure corrections for obtainifg

corr

defined mode of Ro = 1.1%; fragments are generally squa- Only to the north, along the chain axis, the continuation
red and poorly preserved, containing oxidized pyrite. Theof the same tectonic unit (still represented by carbonate
second one, less abundant indicating the late stage of hydrglatform successions and related siliciclastic non meta-
carbon generation, is probably representative of a reworkednorphosed units) gave estimated paleo-temperatures lower
population. than 100°C and non reset AFT. These data fit with a weak
tectonic burial related to the chain building (Corrado et al.,
2005). Finally, in the inner Aieta and Maratea tectonic win-
dows, still along the Calabria-Lucania border, the carbonate
platform units record slightly higher paleo-temperatures (In-
vernizzi et al., 2006) and a different deformation history. In
Fission-track (FT) data are listed in Table 3. The oldestfact, the Paleogen€alcaire Plaguetteshows evidence of
age comes from a gneiss sample from the Frido Unit in whi-ductile deformation, probably related to confined fluid cir-
ch 26 zircons have been dated. Statistical tests indicate aulation (lannace and Vitale, 2004). An innermost sector of
single age population, with age of 64.9+4.9 Ma, thereforethe same palaeogeographic unit of the passive margin (the
pointing to a total reset of fission tracks. The annealing tem-Lungro-Verbicaro Unitsensulannace et al., 2005), was af-
peratures in zircon are highly sensitive to cooling rate and tdfected by subduction processes (lannace et al., 2005).
the degree of radiation damage which, on its turn, is a func- Regarding the Liguride complex, here divided in Frido
tion of the uranium and thorium contents of zircons and of Unit and North Calabrian Unit, our clay mineralogy data on
the time elapsed since onset of cooling. In cases of high rathe Frido Unit allow to infer a temperature in the range of
diation damage, zircons may be reset at temperatures as 10200-300°C and peak pressure conditions not lower than 6-8
as 180-200°C, whereas in cases of low radiation damage zirKbar (estimated fronb, cell dimension). Dalla Torre et al.
cons appear to be fully reset at temperatures in excess (fLl996) suggested that IC from shales and shale matrix mé-
280-300 °C (Rahn et al., 2004; Garver et al., 2005; Fellin etlange which underwent high-pressure/low-temperature me-
al., 2006). tamorphism must be interpreted with caution. This is so be-
Apatite FT ages are much younger than zircon FT agescause the Kl values, estimated by deconvoluting the 10 A
Clearly, since ages result younger than the time of sediteflection using only one peak (Kubler, 1977), are the re-
ments deposition, maximum temperatures exceeded the totaults of a physical mixture of numerous small phengitic
annealing temperature of fission tracks in apatite (aboutcoherent scattering domains and smaller numbers of slightly
130°C). Therefore, these data are related to the post-collisiolarger muscovitic coherent scattering domains (Dalla Torre
nal exhumation history. The oldest age has been obtained oat al., 1996a; 1996b). However, using two peaks to decon-
a sample from the Saraceno Fm. (CCL11.4 Ma) but all thevolute the 10 A peak (respectively the WCI and PCI peaks,
others can be grouped in a short age range (5-6 Ma), althouMeunier and Velde, 2004), and considering only the Kl re-
gh samples come from different units (Bifurto Fm., Frido lative to the WCI, the maximum temperature inferred by
Unit) and different localities. clay mineralogy (see Fig. 4a) is in good agreement with tho-
se estimated by both vitrinite reflectance and fluid inclusion
microthermometry data, in the range of 250-300°C, both for
DISCUSSION the calc-schists and the meta-pelites sub-units.
Furthermore, we obtained data on the gneiss blocks of
From our analyses, new constraints about the thermobaricontinental crust embedded in the Frido mélange (Episcopia
history of the several tectonic units cropping out in the stu-mélange). Thermo-chronologic data from zircon fission
died area have been obtained. In particular, we show new daracks (ZFT) and paleo-temperatures from fluid inclusion
ta concerning the Bifurto Fm. of the Apennines Platform microthermometry are available, and show that these rem-
units. These data have been obtained from clay mineralogynants of continental crust were already being exhumed at
with extrapolated temperatures around 130°C (late diageneabout 65 Ma ago and passed the 280-300°C isotherm. Af-
sis), vitrinite reflectance data, which suggest temperatures irterwards, the total annealing temperature was never reached
the range of 140-165°C and totally annealed apatite fissioragain. Fluid inclusions in quartz veins record the deforma-
tracks (AFT) data with exhumation age of 6 £1.1 Ma (Fig. 6). tion history since the gneiss blocks and Frido Unit started

Constraints on the exhumation age

Fission tracks
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Table 3 - Central ages calculated using dosimeter glass CNb@N8 =3 66.5+3.5 for samples PT7, CCL) and CCL10 and a
(-CN5 = 365.6+10.5 for sample CCL21.

Sample number Mineral No. of crystals Spontaneous Induced P (X)? Dosimeter Age (Ma) + 1o
Ps N & N Pd N 4

PT7 apatite 20 1,09 97 1,97 1755 90,5 1,13 4322 11.4+1.2

CCL9 apatite 12 2,24 88 4,64 1827 10,9 0,86 4086 6.0£1.1

CCL10 apatite 10 0,64 13 2,11 429 81,9 0,91 4308 5.0+1.4

CCL21 zircon 26 87,30 610 4,48 313 97,1 0,18 7070 64.9+4.9

p.: spontaneous track densities (» £@71%) measured in internal mineral surfacgsandp,: induced and dosimeter track densities (X &@?) on external
mica detectors § = 0.5);N, and N total numbers of tracks; P probability of obtaining %value for vdegrees of freedom (whevenumber of crystals-
1); a probability >5% is indicative of an homogenous population.

their common history. In fact, the coherence between paleogeologic (tectonic unit thickness) considerations, implies Tt
temperatures from veins belonging to these two lithologiesof 120-130°C for fluid inclusions.
represents a constraint for the development of the veins pa- The Saraceno Fm. gave T = 130-150°C from vitrinite re-
rallel to the gneiss foliation which testify the beginning of flectance, a result confirmed by clay mineralogy and fluid
the deformation history recorded by fluid inclusion. inclusion data.

The younger thermal history for this Unit is confined by =~ Because mineralogical data from the Crete Nere and Sa-
AFT at about 6 Ma. raceno Fms. (i.e. “non metamorphosed” ophiolite-bearing

Our data are in good agreement with previous works thatunits) show a good fit in the temperature estimates, despite
used mineralogical and petrological data from metabasitestheir different composition, we can argue that these succes-
In particular, Monaco et al. (1991), Monaco and Tortorici sions followed similar trajectories in the accrectionary prism
(1995) and Spadea (1994) analysing metabasites and the@and reached the late diagenesis zone, therefore slightly ex-
meta-sedimentary cover suggested peak metamorphic coreeeding a temperature of 130°C.
ditions in the range of 6-8 Kbar and 250/350°C. This was Considering the entire data set, obtained from analyses
recently confirmed by new data on the mineralogical assemyperformed with diverse methods, and the geometric relation-
blage of metabasites cropping out in the area of the San Seships between different units, we can envisage a continental
verino village (Beneduce et al., in press). Furthermore, Spacrust exhuming at temperatures of 280-300°C at about 65
dea (1982) interpreted the blueschists facies overprinting oMa. This was presumably an early exhumation of continental
lower continental crust blocks as related to the Frido defor-crust within a pre-existing accretionary complex generated
mation history. during the Alpine subduction. Starting from this event, the

The North-Calabrian Unit includes the Crete Nere and continental crust continues its deformation history together
Saraceno Fms. For the Crete Nere Fm., clay mineralogy alwith the Frido Unit at progressively lower temperatures, rea-
lowed to glean temperatures below 200°C, while vitrinite ching the final exhumation at about 6 Ma (AFT closure tem-
reflectance and fluid inclusion data are poor. A pressure corperature). This fact is also coherent with the history of the
rection of about 1.5 Kbar, suggested by mineralogic andAlburno-Cervati-Pollino Unit (i.e. Apennines Platform), of

Polino Unit Frigo Unit North-Calabrian Unit
Frido Unit Crete nere Fm
AFT age 5.011.4 (b) T<( 2}00 °C; 6-8 kbar
Bifurto Fm >130°C a)Tt130°C
by Saraceno Fm
+ (b) T 200-300 °C; 6-8 kbar
AFT ?rg:f; 360000- 1.1 (a)Tt 280-300°C AFT age 11°4t1 5
(@T~130°C (€)T 250-300°C gneiss T>130 QC
()T 140-165°C (projected from the north) SHBRAG. 4
ZFT age 641‘5 )Tl 130_%4800(9)
- T>280-300°C '
/(b)Tt 270°C
' Santarcangelo Basin

Ages and temperatures from AFT
(@) Thermo-baric constraints from clay mineralogy

(b) Trapping Temperatures (Tt) corrected on the base of pressure constraints

or Homogenisation Temperature of Primary Inclusions Th(P)
(c) Thermal constraints form vitrinite reflectance

Fig. 6 - Schematic geological section showing the main results (see AA’ in Fig. 2).
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no-stratigraphic evolution, showing exhumation to the surfa-kindly acknowledged for their help in lab work.. Financial

ce at the same time of the Frido Unit (about 6 Ma). support by MIUR- Prin 2004, Project n. 2004044497_002,
The final exhumation of the Apennines Platform Unit Co-ordinator: S. Corrado.

and the juxtaposed Frido Unit was most likely due to post-

collisional extension which affected this portion of the

chain. A similar mechanism was proposed also by Schiatta- REFERENCES

rella et al. (2003; 2006), respectively for the Lucanian

Apennine and the whole Southern Apennines, by Mazzoli etAmodio-Morelli L., Bonardi G., Colonna V., Dietrich D., Giunta

al. (2006) for the Mount Alpi area, and by Di Leo et al. ~ G., Ippolito F., Liguori V., Lorenzoni S., Paglionico A., Perro-

(2005) for the Calabria-Lucania border area. Nevertheless, ne V., Piccarreta G., Russo M., Scandone P., Zanettin Lorenzo-

AFT data from the Saraceno Fm. indicate an exhumation " E.and Zuppetta A., 1976. L'arco calabro-peloritano nell'oro-

event at about 11 Ma for this formation: this means that atArk%einF? ag‘;ig?'g'go'?na(?gzg's‘?eéMigéssogin?jg'ngé 557 nllég%ure_

:'?jlsr;gc?gl cgbtlglstocoen)zgllaei)rg Véiﬁtfr%gt?gnbreé?a\\,tveijlg) O?H;;hee\:gr:ts menté of chlorite and illite crysta,llinity: a more reliable tool for

Thus, we suggest that such an event was probably related to {ng‘jfég‘fe"s’fﬁd;"frvoer[]yt'h"gv S%ﬁ(:,eemestﬁ,r:?&pg Iﬁgyl)r_] Equert_afe,\lhi_

fast and/or localised erosion, promoted by an embryonic neral., 7: 1115-1128.

mountain building phase. In addition, the severe eustatic fallBatchelder J. and Cressey G., 1998. Rapid, accurate phase quanti-

that occurred on a regional scale at the end of the Serraval- fication of clay-bearing samples using a position-sensitive X-

lian - earliest Tortonian has to be taken into account. Af- ray detector. Clay Minerals, 46: 183-194.

terwards, the Saraceno Fm. was overthrust by the same LiBarker C.E. and Goldstein R.H., 1990. Fluid-inclusion technique

guride Units and then buried again without reaching anymo-  for determining maximum temperature in calcite and its compa-
re the total annealing of AFT. rison to the vitrinite reflectance geothermometer. Geology, 18:

1003-1006.

Beneduce P., Di Leo P., Filizzola C., Giano S.I. and Schiattarella
M., in press. Valutazione della pericolosita da rilascio di amian-
to da materiali naturali: un esempio dal Parco Nazionale del

. . Pollino (Italia meridionale). Mem. Descr. Carta Geol. d'lt.

Our study allowed to better constrain the thermal history podnar R.J. and Vityk M.O., 1994. Interpretation of microtermo-
of the Liguride complex. metric data for HO-NaCl fluid inclusion. In: B. De Vivo and
To summarise, two main groups of thermal data can be M.L. Frezzotti (Eds.), Fluid inclusions in minerals. Virginia

recognized from clay mineralogy, fluid inclusion microther- Polytechnic USA, p. 117-130.

mometry and organic matter maturity: Bonardi G., Amore F.O., Ciampo G., De Capoa P., Miconnet P.

i) The late diagenetic zone, which includes samples from and Perrone V., 1988a. Il Complesso Liguride Auct.. stato delle
the Crete Nere and Saraceno Fms. and Alburno-Cervati- conoscenze e problemi aperti sulla sua evoluzione pre-appenni-
Pollino Unit: zifalidsissuoi rapporti con I'Arco Calabro. Mem. Soc. Geol. It.,

i) Th? anchizone, which which characterizes the Frido Bonardi G., D’Argenio B. and Perrone V., 1988b. Geological Map
Unit. . . . of Southern Apennines (1:250.000). 74° Congr. Soc. Geol. It.,

From the thermo—chrono.logu:al pom_t of view, three fun- SELCA, Firenze.

damental events can be pointed out (Fig. 6): _ Bonardi G., Cavazza W., Perrone V. and Rossi S., 2001. Calabria-

i) At 6415 Ma: syn-convergence exhumation of continental  peloritani Terrane and Northern lonian Sea. In: G.B. Vai and |.
crust, now included as gneiss blocks within the tectonic  P. Martini (Eds.), Anatomy of an orogen: The Apennines and
mélange in the Frido Unit or, more frequently, occupying  Adjacent Mediterranean Basins. Kluwer Acad. Publ., Dordre-
the apical position in the thrust stack of the Liguride com-  cht, p. 287-306. . .
plex. Zircon FT data also suggest that successive subducCasero P., Roure E F. and Vially R., 1991. Tectonic framework

ii) At about 11 Ma: a stage (deduced from apatite FT in the Spencer (Ed.), Generation, accumulation and production of Eu-

: _ rope’s hydrocarbons. E.A.P.G. Spec. Publ., 1: 381-387.
Saraceno Fm.) that can be interpreted as related to reIeCeIIo G., Invernizzi C. and Mazzoli S., 1996. Structural significan-

;’aml erolsws ]E)rocehSS(?_S, tl)rmglng. nge gn'FS a:jvery shal- ce of tectonic processes in the Calabrian Arc, Southern Italy:
ow levels before the final tectonic aenudation due t0 eX-  gyidence from the oceanic derived Diamante-Terranova Unit.

tensional collapse; Tectonics, 15: 187-200.

iii) At about 5-6 Ma: the last and quick exhumation of the cello G. and Mazzoli S. 1999. Apennine tectonics in southern
Liguride Units (detected from apatite FT data in the Fri-  Italy: a review. J. Geodyn., 27: 191-211.
do Unit and Bifurto Fm.), mainly related to the extensio- Corrado S., Aldega L., Di Leo P., Giampaolo C. Invernizzi C.,
nal collapse of the Southern Apennines chain and to the Mazzoli S. and Zattin M., 2005. Thermal maturity of the axial

consequent exhumation of the Apennine carbonate Zzone of the Southern Apennines fold-and-thrust belt (ltaly)
platform (i.e. Alburno-Cervati-Pollino Unit.) from multiple organic and inorganic indicators. Terra Nova, 17:
5-665.
Cressey G. and Schofield P., 1996. Rapid whole-pattern profile-
stripping methods for the quantification of multiphase samples.
ACKNOWLEDGMENTS Powder Diff., 11: 35-39.

. Dewey J.F., Helman M.L., Turco E., Hutton D.H.W. and Knott
,Th_e Authors are grateful to Stefano Mazzoli, Marco g p 1989. Kinematics of the Western Mediterranean. In: M.P.
D’Errico, and Luca Aldega for the valuable and lively di-  Coward, D. Dietrich and R.G. Park (Eds.), Alpine tectonics.

scussions in the field and to Leonardo Leoni and Eugenio Pi- Geol. Soc. London Spec. Publ., 45: 265-283.
luso for their constructive critical reviews of the original ma- Dalla Torre M., De Capitani C., Frey M., Underwood M.B., Mullis
nuscript that greatly improved it. F. Botti, M. Bussolotto, C. J. and Cox C., 1996a. Very-low temperature metamorphism of

CONCLUDING REMARKS



31

shales from the Diablo Range, Franciscan complex, California:Mauro A. and Schiattarella M., 1988. L'Unita Silentina di Base:

new constraints on the exhumation path. Geol. Soc. Am. Bull., assetto strutturale, metamorfismo e significato tettonico nel
108: 578-601. quadro geologico dell’Appennino meridionale. Mem. Soc.
Dalla Torre M., Livi K.J.T., Frey M., Veblen D.R. and Frey M., Geol., t. 41: 1201-1213.

1996b. White K-mica evolution from phengite to Muscovite in Meunnier A. and Velde B., 2004. lllite. Springer-Verlag, Berlin,
shales and shales mélange, Diablo Range, California. Contrib. Heidelberg, 286 pp.

Mineral. Petrol., 123: 309-405. Monaco C., Tortorici L., Morten L., Critelli S. and Tansi C., 1991.
Di Leo P., Schiattarella M., Cuadros J. and Cullers R., 2005. Clay Geologia del versante nord-orientale del massiccio del Pollino

mineralogy, geochemistry and structural setting of the ophioli-  (confine calabro-lucano): nota illustrativa sintetica della Carta

te-bearing units from Southern Italy: a multidisciplinary ap- geologica alla scala 1:50.000. Boll. Soc. Geol. It., 114: 277-

proach to assess tectonic history and exhumation modalities. 291.

Atti Ticinensi. Sci. Terra, Serie Sped0: 87-93. Monaco C. and Tortorici L., 1995. Tectonic role of ophiolite-bea-

Fellin M.G., Vance J., Garver J. and Zattin M., 2006. The thermal  ring terranes in the development of the Southern Apennines
evolution of Corsica as recorded by zircon fission-tracks. Tec-  orogenic belt. Terra Nova, 7: 153-160.

tonophysics, 421: 299-317. Ogniben L., 1969. Schema introduttivo alla geologia del confine
Frey M. and Robinson D., 1999. Low-grade metamorphism.  calabro-lucano. Mem. Soc. Geol. It., 8: 453-763.
Blackwell Sci., Oxford, 313 pp. Patacca E., Scandone P., Bellatalla M., Perilli N. and Santini U.,

Garver J.l., Reiners P.W., Walker L.J., Ramage J.M. and Perry 1992. The Numidian sand event in the Southern Apennines.
S.E., 2005. Implications for timing of Andean uplift from ther- Mem. Sci. Geol., Padova, 43: 297-337.
mal resetting of radiation-damaged zircon in the Cordillera Pescatore T., Renda P., Schiattarella M. and Tramutoli M., 1999.

Huayhuash, northern Peru. J. Geol., 113: 117-138. Stratigraphic and structural relationships between Meso-Ceno-
Geological Map of Italy, 2006. Sheet 522 - Senise (scale zoic Lagonegro basin and coeval carbonate platforms in

1:50.000). Progetto CARG, APAT, Rome. southern Apennines, Italy. Tectonophysics, 315: 269-286.
Gharrabi M. and Velde B., 1995. Clay mineral evolution in the llli- Reynolds R.C.Jr., 1985. NEWMODa computer program for the

nois basin and its causes. Clay Minerals, 30: 353-364. calculation of One-Dimensional Diffraction Patterns of mixed-

Goldstein R.H. and Reynolds T.J., 1994. Systematics of fluid in- layer clays. R.C. Reynolds Jr., 8 Brook Drive, Hanover, NH
clusions in diagenetic minerals. SEMP Short Course 31, Tulsa, 03755, USA.

USA, 199 pp. Rahn M.K., Brandon M.T., Batt G.E. and Garver J.l., 2004. A zero
Guidotti C.V. and Sassi F.P., 1986. Calssification and correlation of model for fission-track annealing in zircon. Am. Mineral. 89:

metamorphic facies series by means of muscoyiata from 473- 484.

low-grade metapeliteN. Jb. Mineral. Abh., 153: 363-380. Robinson D. and Bevins R.E., 1986. Incipient methamorphism in

Huon S., Burkhard M., and Hunziker J.C., 1994. Mineralogical, K- the Lower Palaeozoic marginal basin of wales. J. Metam.. Geol
Ar, stable and Sr isotope systematics of K-white micas during  4: 101-113.
very low grade metamorphism of limestones (Helvetic nappes,Roedder E., 1984. Fluid inclusions. Rev. Mineral., 12, 646 pp.
western Switzerland). Chem. Geol. Isotope Geosci. Section,Rossetti F., Faccenna C., Goffe B, Monie P., Argentieri A., Funi-
113: 347-376. ciello R. and Mattei M., 2001. Alpine structural and meta-
lannace A., Bonardi G., D’Errico M., Mazzoli S., Perrone V. and morphic signature of the Sila Piccola Massif nappe stack (Cala-
Vitale S., 2005. Structural setting and tectonic evolution of the  bria, Italy): Insights for the tectonic evolution of the Calabrian
Apennine Units of northern Calabria. C.R. Geosci., 337: 1541-  Arc. Tectonics, 20: 112-133.
1550. Rossetti F., Goffé B., Monié P., Faccenna C. and Vignaroli G.,
lannace A. and Vitale S., 2004. Ductile shear zones on carbonates: 2004. Alpine orogenic P-T-t deformation history of the Catena
the calcaires plaquettes of Northern Calabria (Italy). C. R. Geo- Costiera area and surroundings regions (Calabrian arc,
sci., 336: 227-234. Southern Italy): The nappe edifice of north Calabria revised
Invernizzi C., Corrado S., Di Leo P., Schiattarella M. and Zattin  with insights on the Tyrrhenian-Apennine system formation.
M., 2006. New data on the thermo-baric evolution of the Ligu-  Tectonics, 23: 1-26.
ride units. EUG General Assembly 2006, Wien, April 2006. Sassi F.P. and Scolari A., 1974. Thevhlue of the potassic white
Geophys. Res. Abstr., 8: 03504. mica as a barometric indicator in low-grade metamorphism of
Knott S.D., 1987. The Liguride Complex of Southern Italy - a Cre-  pelitics schistsContrib. Mineral. Petrol., 45: 143-152.
taceous to Paleogene accretionary wedge. Tectonophysics, 14B8candone P., 1967. Studi di geologia lucana: la serie calcareo-sili-
217-226. co-marnosa e i suoi rapporti con I’Appennino calcareo. Boll.
Knott S.D,. 1994. Structure, kinematic and metamorphism in Ligu-  Soc. Natur. Napoli, 81: 225-300.
ride Complex, southern Apennines, Italy. J. Struct. Geol., 16: Schettino A. and Scotese C.R., 2005. Apparent polar wander paths
110-1120. for the major continents (200 Ma - Present Day): a paleoma-
Kubler B., 1967. La cristallinité de I'illite e les zones tout a fait gnetic reference frame for global plate tectonic reconstructions.
supérieures du métamorphisme. In: Etages Tectoniques. Collo- Geophys. J. Int., 163 (2): 727-759
que de Neuchatel, 1996 Univ. Neuchatel., p. 105-121. Schiattarella M., 1998. Quaternary tectonics of the Pollino Ridge,
Lanzafame G., Spadea P. and Tortorici L., 1979. Relazioni strati- Calabria-Lucania boundary, southern lItaly. In: R.E. Hold-
grafiche tra ofioliti e Formazione del Frido nella Calabria set- sworth, R.A. Strachan and J.F. Dewey (Eds.), Continental tran-
tentrionale e nell’Appenino lucano. Ofioliti, 4: 313-330. spressional and transtensional tectonics. Geol. Soc. London
Mazzoli S., 1998. The Liguride units of southern Lucania (ltaly): Spec. Publ., 135: 341-354.
structural evolution and exhumation of high pressure meta- Schiattarella M., Di Leo P., Beneduce P. and Giano S.I., 2003. Qua-
morphic rocks. Rend. Fis. Acc. Lincei, s. 9, 9: 271-291. ternary upliftvs tectonic loading: a case-study from the Luca-
Mazzoli S., Aldega L., Corrado S., Invernizzi C. and Zattin M. nian Apennine, Southern Italy. Quater. Int., 101-102: 239-251.
2006. Pliocene-Quaternary thrusting, syn-orogenic extensionSchiattarella M., Di Leo P., Beneduce P., Giano S.I. and Martino
and tectonic exhumation in the Southern Apennines (ltaly): In-  C., 2006. Tectonically driven exhumation of a young orogen:

sights from the Monte Alpi area. In: S. Mazzoli and R.W.H., an example from southern Apennines, Italy. In: S.D. Willett, N.
Butler (Eds.), Styles of continental contraction. Geol. Soc. Am., Hovius, M.T. Brandon and D. Fisher (Eds.), Tectonics, climate,
Spec. Paper, 414: 55-77. and landscape evolution. Geol. Soc. Am. Spec., Penrose Confe-

Merriman R.J. and Frey M., 1999. Patterns of very low-grade meta- rence Series, Paper, 398: 371-385.
morphism in metapelitic rocks. In: M. Frey and D. Robinson Selli R., 1962. Il Paleogene nel quadro della geologia dell’ltalia
(Eds.), Low grade metamorphism. Blackwell, Oxford, p. 61-107. centro-meridionale. Mem. Soc. Geol. It., 3: 737-789.



32

Sgrosso |., 1998. Possibile evoluzione cinematica miocenicaVezzani L., 1969. La Formazione del Frido (Neocomiano-Aptia-
nellorogene centro-sud appenninico. Boll. Soc. Geol. It., 117:  no) tra il Pollino e il Sinni (Lucania). Geol. Romana, 8: 129-
679-724. 176.

Spadea P., 1982. Continental crust rocks associated with ophiolite§vallis S.R., Platt J.P. and Knott S.D., 1993. Recognition of sin-
in Lucania Apennine (Southern Italy). Ofioliti, (2/3): 501-522.

convergent extension in accretionary wedges wih example from
Spadea P., 1994. Calabria-Lucania ophiolites. Boll. Geof. Teor.

the Calabrian arc and the eastern Alps. Am. J. Sci., 293: 463-
Appl., 36: 271-281. 495,

Thompson S.N., 1998. Assessing the nature of tectonic contact®arr L.N. and Rice A.H.N., 1994. Interlaboratory standardization

using fission-tracks thermochronology: an example from the  and calibration of clay mineral crystallinity and crystal size da-
Calabrian arc, Southern Italy. Terra Nova, 10: 32-36. ta. J. Metam. Geol., 9: 751-764.

Received, September 3, 2007
Accepted, May 22, 2008



