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AbstractmSouthern Italy consists tectonically of ophiolite and basement nappes thrust over the Apenninic 
sedimentary nappes. Whilst all more recent authors agree that the sediments of the Apenninic nappes were 
deposited on Apulian basement (i.e. on African continental crust), and that the ophiolites were associated with 
the oceanic basement of the Mesozoic Tethys, the provenance of the basement nappes is still debated. 

New data based on microstructural criteria have shown that the main shear sense of the ophiolite nappes and 
of the overlying basement nappes in Northern Calabria is from west to east, in today's co-ordinate system. The 
basement nappes might not therefore be of Austroalpine (African) provenance, but could be of European origin. 

INTRODUCTION 

THE discovery of basement nappe structures of Alpine 
age in Southern Italy is now 80 years old (Lugeon & 
Argand 1906), but it was only in 1972 that it was explicitly 
suggested by Haccard et  a1.(1972) that the Calabrian 
nappes were part of a former continuous and structurally 
relatively uniform chain extending from the arc of the 
Western Alps over Alpine Corsica to Southern Italy, 
Sicily and North Africa. A comparison of a cross-section 
through the Alps with a cross-section through Calabria 

shows that in both chains the major tectonic elements 
occupy a similar geometric position. In the sections of 
Fig. 1, nappes of Jurassic ophiolites and overlying base- 
ment nappes, both with associated sediments, form an 
upper tectonic element (black in Fig. 1). This element is 
thrust over a lower tectonic element made up of conti- 
nental margin sediments (dotted). The North Penninic 
belt of the Swiss Alps and the Campano-Lucana plat- 
form of the Southern Apennines were both important 
intracontinental elements in the European and African 
continental margins, respectively. The Campano- 
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Fig. 1. Cross-section through Calabria (section A) and through the Swiss Alps (section B). Slightly modified after Cello et 
al. (1981) and after Laubscher (1983). Migmatization on the SW side of section A is assumed by Cello'et al. on the basis of 

the heat flow data by El All & Giese (1978). 
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Lucana carbonate platform of the Southern Apennines 
was affected by subduction in the early Miocene (the age 
of metamorphism of the San Donato unit; Civetta, 
unpublished data), whilst the North Penninic belt was 
affected by subduction in the late Eocene (Laubscher 
1983). The original depositional domain of all the conti- 
nental margin sediments in section A is estimated to 
have been 400 km wide (Ippolito et al. 1975), whilst in 
section B the depositional domain from the North Pen- 
ninic to the Helvetic belt was about 250 km wide 
(Laubscher 1983). Great parts of the crystalline conti- 
nental basement that must have been associated with 
these belts are missing in both sections, indicating active 
subduction of both margins. 

In summary, all along the Alpine chain a tectonically 
lower Oligo-Mio-Pliocene element can be distinguished 
from an Upper Paleogene element. The Oligo-Mio- 
Pliocene element appears on the surface as sedimentary 
drcollement nappes, crops out around the arc of the 
Western Alps, and continues all along peninsular Italy 
and Sicily to North Africa. The Paleogene element 
consists of ophiolite nappes, basement nappes and 
associated sediments and extends from the internal Alps 
to Corsica and Tuscany; south of Tuscany it disappears, 
and it reappears in northern Calabria. Specimens 
dredged from the ocean floor between Corsica and 
Calabria have been correlated with the Paleogene ele- 
ment (e.g. Calcagnile et al. 1981). The disappearance of 
the Jurassic ophiolites of the Paleogene element south of 
Catanzaro (Bonardi et  al. 1980) has been interpreted by 
Scandone (1982) as indicating an end of the Tethys 
Ocean against a major transform fault between the two 
continental blocks. 

Haccard et al. (1972)  suggested that three main events 
in the evolution of this chain were responsible for the 
geometric sttuation seen today. Their proposals also 
offer an explanation for an apparent change of vergence 
of the Oligo-Mio-Pliocene element along strike of the 
orogen, involving from the Alps to Corsica shortening of 
European crust, but along peninsular Italy shortening of 
African crust. The three events they recognized are: (1) 
creation of oceanic crust between a block of European 
continental crust in the west and a block of essentially 
African continental crust in the east. and deposition of 
cover sediments on the ophiolites (early Jurassic-early 
Cretaceous); (2a) convergence of the two continental 
blocks, with deformation and metamorphism of the 
ophiolites and associated sediments, and finally forma- 
tion of Austroalpine nappes by continental collision and 
thrusting of the eastern block over the western block 
(Albian); (2b) a new compressional impulse leading to 
deformation and thrusting towards the west of the Brian- 
qonnais and Subalpine-Helvetic units, as well as to 
deformation and thrusting towards west of the Tuscan 
units (Aquitanian): (3) deformation of this NNE-SSW- 
striking chain into the curved form observed today by a 
shear couple acting towards SW in the north (formation 
of the arc of the Western Alps) and towards NE in the 
south (formation of the Calabrian arc). The opening of 
the Ligurian Sea and overthrusting of the Apennine 

units consecutively towards E, NE and N appears to be 
related to this shear. Contemporaneously, the Western 
Alps were thrust towards the W, SW and S (Aquitanian- 
Pliocene-Quaterna~'), 

The fact that the upper tectonic element in both 
Calabria and the Alps contains similar granulite facies 
rocks indicative of the continental crust-mantle transi- 
tion has led Haccard et al. (1972) to suggest that they 
were derived from the same Austroalpine block, which 
was thrust over the European continental crust from the 
Alps in the north to Calabria in the south. The granulite 
facies metamorphism in these rocks is of Prealpine age 
and is overprinted by Alpine metamorphism in the 
Polia-Copanello unit in Calabria (Amodio Morelli et al. 
1976) and in the II Zona Dioritico-Kinzigitica and the 
Dent Blanche Nappe in the Alps (Carraro et al. 1970). 

The observations of most of the subsequent authors 
on Calabria appeared to confirm the basic outline of the 
overthrust model proposed by Haccard et al. (1972). 
Dietrich & Scandone (1972) discussed the tectonic posi- 
tion of the basic and ultrabasic rocks in Southern Italv 
and distinguished an ophiolite nappe showing HP-LT 
metamorphism (Diamante-Terranova unit in Table 1. 
'Piemontese ophiolites') from an ophiolite nappe show- 
ing only slight metamorphism (Malvito unit in Table 1. 
'Ligurian ophiolites'). They inferred similar NW-SE 
subduction mechanisms all along the Austroalpine mar- 
gin of the Tethys. Alvarez et al. (1974) and Alvarez 
(1976) expressed the model of the structural continua- 
tion of the Alpine chain in terms of Miocene-Quaternary 
microplate movements. From observations of fold ver- 
gence and of fold distortion in one of the ophiolite 
nappes Alvarez (1976. 1978) supported the Pateogene 
westwards vergence of the upper tectonic element in 
Calabria. Dietrich et al. (1976)  discussed the metamor- 
phic evolution of the individual Calabrian nappes in the 
framework of an Alpine chain consisting of ophiolite and 
Austroalpine nappes thrust over the Maghrebide-Apen- 
nine chain consisting of Mesozoic-Tertiary drcollement 
nappes. Amodio Morelli et al, (1976), in a synthesis of 
the geology of the Calabrian arc. chose the same 
evolutionary model to account for the structural setting. 
A clear exposition of the two-vergence-model for Calab- 
ria is that of Scandone (1982). comprising a discussion of 
the evolution of the crustal structure and of the 
paleomagnetic data. Ogniben (1969), Boullin (t984) 
and Boullin et al. (1986)  proposed a different model. 
These authors compared the Calabrian basement nappes 
with the Kabylian basement nappes and suggested an 
European provenance for both. 

New data are set out below which also conflict with the 
previously proposed two-vergence model for the 
development of the nappe structure of Calabria. 

DIRECTION OF OVERTHRUST SHEAR IN THE 
PALEOGENE NAPPES OF CALABRIA 

The Paleogene tectonic clement in northern Calabria 
consists of seven thrust sheets ( Fig. 2 and Table 1). Some 
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Fig. 2. Tectonic sketch map of northern Calabria. A short description of the lithology of the nappes is given in Table 1. 

of these thrust sheets pinch out along strike, and all are 
affected by tectonic boudinage normal to the main 
stretching direction. Although the thickness of the 
Paleogene element varies it generally appears to be 
exceedingly thin relative to the lateral extent of the 
nappe sheets (Fig. 1). In the sections of Dietrich (1976) 
the thickness of the Paleogene tectonic element amounts 
to a maximum of 700 m. The microstructures of these 
thin slivers show features of ductile shear associated with 
mylonite development. Alpine retrograde metamorph- 
ism appears broadly contemporaneous with the defor- 
mation of Prealpine high-grade rocks and the prograde 
metamorphism with the deformation of Mesozoic 
sedimentary rocks (Table 1). These thrust sheets had 
therefore to be detached from the subducting litho- 
sphere at some particular depth. They formed possibly 
in the zone of weakness and region of localized deforma- 
tion between the subducting lithosphere and a cool, 
overlying mass, represented by the Stilo and the Lon- 
gobucco Nappes (Table 1). European provenance for 
the Longobucco Nappe has been suggested by Knott 
(1987) and Bouillin & Olivier 0987). 

In four of the thrust sheets listed in Table 1, the 
Polia-Copanello, Castagna, Gimigliano and Malvito 
units, there are microstructures clearly indicating an 
eastwards direction of overthrust shear. Since these 

microstructures are very well developed in the Alpine 
retrograde parts of the basement nappes, it appears that 
they should be correlated with the nappe emplacement. 
The displacement sense in sheared rocks is probably 
most reliably deduced from microstructural criteria 
rather than from observations of fold vergence. The 
vergence of folds is a function of the original angular 
relationship of a rock layer relative to the shear planes 
and of the amount of shear strain (e.g. fig. 4 of Ramsay 
et al. 1983). 

Details of the microstructures which indicate a shear 
sense will now be described. All the rocks studied show 
macroscopically well developed subhorizontal fabric 
planes with an associated stretching lineation. For the 
Polia-Copanello, Castagna and Gimigliano units these 
fabric planes correspond with a tectonic cleavage, for 
the Malvito unit with bedding. The observations made 
are in accord with the principles of shear-zone geometry 
(e.g. Ramsay 1980). With increasing shear strain the 
X - Y  trajectories of finite strain bend into parallelism 
with the shear-zone boundaries. The tectonic cleavage 
appears to be best interpreted as representing the X - Y  
plane of finite strain (Castagna unit), or as shear planes 
related to an oblique finite-strain fabric (Polia- 
Copanello and Gimigliano units). All the micrographs 
are from specimens cut perpendicular to the macro- 
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Table 1. Nappe scheme of northern Calabria, after Amodio Morelli et aL (1976), modified. The geographic orientation 
refers to Fig. 2 

NNW SSE 

Stilo unit 
Devonian phy/litas and paragneissas with a Preetpine metamorphic event, intruded tJy 

Hercynian granites. U n m e t ~  Alpine sed#wentary cover (?Tries-Miocene). 
Several hundred metres thick. 

Longobucco unit 
Devonian phyllite$ with limestones and po~hyroids, intruded by Hercynian gramtes. 

Unrnetamorphosed Alpine ~dimentary cover (U~-Eocene). Several hundredmetres 
thick 

Polia-Copanetlo unit 
Biotite-garnet gneisses with sillimahite and cotdierite, metal3asites and suDordinate 

peridotite~. P t l ~ n e  metamorphic hlatoty including events in granultte and arnphibolite 
facies. During Alpine d a f o ~  t e t f o g ~  to phytlonite$, which can contain 

pumpel~ite Emd lawaoc#te. ~ ~ between 120-150 rn. y. (Borsi & DuDois t968, 
Civetta st el. 1973), i n t e ~  a~ a~e of exhumation from the lower crust (Borsi e/ 

el. 1977). Maximum 400 m thick. 

Malvito unit 
Jure, ssic-Lower Cretaceous metabasites 

with pillow laves, gabbms and sememinites. 
Sedmentary cover of radtotaaan cher~ and 

C,a~oionella limestones. Albite-Lawt.oaite 
facies overprinting a prehnite-pumpellyite 

facies. Maximum 350 thick. 

Castagna unit 
Micaschlats, gneiases and granites. 

I Prea/pine metamorphic history including 
i eventein Uppergreenschistand 

amphibo/ite facies. During Alpine 
deformation retrograded to greenschist 

fax:~eS, with, in part of the sequence, a HP/L T 
e ~  (glaucophane and lawsonite ). 

Maximum 700m thick. 

Bagni unit 
Hercynian phyllites with Alpine sedimentary 
cover (?Tries-Lower Cretaceous), with an 
A/pine metamorphic overprint (/awsentte). 

Several hundred metres thick. 

Diamante- Terranova unit 
JuraSsic, Lower Cretaceous metabasites 

serpentinites. Sedimentary cover of 
calcareous schists. Blueechist facies wit~ 

supertmpo~cl green~chist facies. 
Maximum 250 m thick. 

Gimig/iano unit 
Jurassic-Lower Cretaceous metabasites 

with pillow laves, serpentinites. 
Sedimentary cover of metapelites, 
quattzites and limestones. Lower 

greenschiet facies, overpnnting a HP/L T 
event (glaucophane and lawsonite). 

Maximum 500 m thick. 

Frido unit 
Upper Cretaceous slates with associated/imestones and quartzites. Very/o'~ 

greenschist facies. Some hundred metres thick. 

Apennine units (Oligo-Mio-Pliocene tectonic element) 

scopic fabric planes and parallel to the stretching linea- 
tion, so that these fabric planes appear horizontal in the 
micrographs. The orientation of the micrographs is com- 
parable to the orientation of section A in Fig. 1, and the 
shear sense deduced from the micrographs is dextral. 

Polia-Copanello unit 

Figures 3(a) & (b) show the microstructure of a phyllo- 
nite, the product of retrogression of a kinzigitic gneiss. A 
strong planar anisotropy, visible in both figures, is 
developed obliquely to the macroscopic cleavage. The 
planes of anisotropy are parallel to the long axes of the 
quartz- and K-feldspar porphyroclasts, and are inter- 
preted as representing finite-strain X - Y  planes in this 
rock. The macroscopic cleavage planes have the signifi- 
cance of shear planes subparallel to the main shear-zone 
boundaries. The oblique S-surfaces and the horizontal 
C-surfaces (nomenclature after Berth6 et al. 1979) are 
marked by phyllosilicates. This fabric indicates shear 
deformation compatible with an eastwards transport 

direction of the nappe. The small angle of 15 ° between 
the C- and the S-surfaces is a function of the high strain 
state of the rock. Strong ductile deformation is visible in 
the quartz porphyroclast of Fig. 3(b). Through-grain 
microshears are developed,  and subgrains have formed 
along these shear planes. The stretching lineation on the 
macroscopic cleavage trends N 85 ° E. 

Castagana unit 

Figures 3(c), (d) and 4(a) are micrographs of three 
specimens of Alpine retrograde mylonites from this 
thrust sheet. In the quartz mylonite of Fig. 3(c) the 
horizontal fabric, marked by phyllosilicates, corre- 
sponds to the finite-strain X - Y  plane in the rock. The 
quartz domain is fully recrystallized to a uniform grain 
size and defines an oblique fabric related to a late 
E-directed shear increment. A slight alignment of the 
individual quartz grains parallel to a macroscopically 
identifiable steeply E-dipping crenulation cleavage is 
visible. Feldspar porphyroclasts, in contrast to quartz. 



IJ
l 

Fi
g,

 3
, 

M
ic

ro
st

ru
ct

ur
es

 o
f t

he
 C

al
ab

ri
an

 b
as

em
en

t n
ap

pe
s 

in
di

ca
ti

ng
 E

-d
ir

ec
te

d 
sh

ea
r.

 (
a)

 P
ol

ia
-C

op
an

el
lo

 un
it

. 
Po

li
sh

ed
 

su
rf

ac
e 

of
 a

 p
hy

ll
on

it
e.

 C
-s

ur
fa

ce
s 

ho
ri

zo
nt

al
 (

le
ft

 s
id

e 
of

 t
he

 p
ho

to
gr

ap
h)

, S
-s

ur
fa

ce
s 

ob
li

qu
e.

 S
pe

ci
m

en
 lo

ca
li

ty
: r

oa
d 

N
 ! 0

7,
 S

W
 o

f M
on

te
 L

ut
a.

 (b
) P

ol
ia

-C
op

an
el

lo
 un

it
. M

ic
ro

gr
ap

h 
of

 a 
qu

ar
tz

 p
or

ph
yr

oc
la

st
 fr

om
 th

e 
sp

ec
im

en
 o

f (
a)

. O
ve

ra
ll

 
~h

ap
e 

an
d 

un
du

la
to

ry
 e

xt
in

ct
io

n 
re

la
te

 to
 s

tr
on

g 
du

ct
il

e 
de

fo
rm

at
io

n 
w

ith
 n

uc
le

at
io

n 
of

 n
ew

 g
ra

in
s a

lo
ng

 m
ic

ro
sh

ea
rs

. 
(c

) 
C

as
ta

gn
a 

un
it,

 
Q

ua
rt

z 
m

yl
on

it
e 

w
it

h 
a 

w
el

l 
de

ve
lo

pe
d 

ho
ri

zo
nt

al
 f

ab
ri

c 
(X

-Y
 p

la
ne

 o
f 

fi
ni

te
 s

tr
ai

n)
 m

ar
ke

d 
by

 
~h

yl
lo

si
lic

at
es

, 
an

d 
w

ith
 a

n 
ob

li
qu

e 
fa

br
ic

 (
fl

at
te

ni
ng

 p
la

ne
 o

f 
st

ra
in

 in
cr

em
en

t)
 m

ar
ke

d 
by

 r
ec

ry
st

al
li

ze
d 

qu
ar

tz
 g

ra
in

s.
 

Sp
ec

im
en

 l
oc

al
it

y:
 s

up
er

st
ra

da
 P

ao
la

-C
os

en
za

, 
SS

E
 o

f 
Pa

ol
a,

 a
t 

ju
nc

ti
on

 w
ith

 N
10

7.
 (

d)
 C

as
ta

gn
a 

un
it,

 
Pl

ag
io

cl
as

e 
~r

ph
yr

oc
la

st
 i

n 
a 

qu
ar

zo
-f

el
ds

pa
th

ic
 m

yl
on

it
e 

w
ith

 a
n 

ov
er

al
l 

si
gm

a 
sh

ap
e 

ca
us

ed
 b

y 
fr

ac
tu

ri
ng

. 
Sp

ec
im

en
 l

oc
al

it
y:

 
su

pe
rs

tr
ad

a 
Pa

ol
a-

C
os

cn
za

, 1
.5

 k
m

 S
SE

 o
f P

ao
la

. 

O
q 

5 -I 



~
J 

.j
 

-1
 

E
 o

r 
N

E
~-

di
rc

cl
ed

 :s
he

ar
+ 

(~
a~

) C
am

m
lg

na
 

he
n 

of
 F

'~
. 

?,
(c

). 
(b

) 
G

L
m

ig
li

an
o 

un
it

. 
d 

th
e 

S
-s

ur
fa

ce
s 

m
ar

ke
d 

by
 w

hi
te

 m
ic

as
 

m
~d

ie
at

e a
 d

ex
tr

al
 s

he
ar

 s
en

.~
. 

S
pe

ci
m

en
 lo

ca
li

ty
- 

St
. C

av
or

a,
 S

E
 G

im
ig

ti
an

o.
 (

c)
 M

al
vi

to
 u

ni
t.

 D
e[

or
m

cd
 m

ic
ro

br
ec

ci
a 

fr
om

 
he

 s
ed

im
en

ta
ry

 ~
x)

ve
r, 

de
fi

ni
ng

 a
n 

X
-Y

 p
la

ne
 o

F 
fi

ni
te

 s
tr

ai
n 

th
at

 i
s 

ob
li

qu
e 

to
 b

ed
di

ng
. 

E
xt

en
si

on
 d

ir
ec

ti
on

 o
f 

th
e 

ve
in

 is
 

)a
ra

lI
cl

 t
o 

th
e 

lo
ng

 a
xe

s 
of

 t
he

 d
ef

or
m

ed
 c

la
sl

s.
 S

pe
ci

m
en

 l
oc

al
it

y:
 L

ai
se

, 
N

E
 B

el
ve

de
re

 M
ar

it
ti

m
~

. 
(d

) 
M

al
vi

to
 u

ni
t.

 
_i

nn
c~

lo
nc

 I
ro

m
 I

hc
 s

ed
im

en
ta

ry
 c

ov
er

, s
ho

w
in

g 
st

re
tc

he
d 

ve
in

s 
an

d 
an

 o
bl

iq
ue

 g
ra

in
 s

ha
pe

 f
ab

ri
c,

 S
pe

ci
m

en
 lo

ca
li

ty
: c

h)
sc

 
tt)

 s
pe

ci
m

en
 o

f 
(c

).
 



Sense of shear in the Calabrian nappes 379 

O~ quartz c-axes b. quartz o-axes 
up up 

/ 

W /  E W E 

Fig. 5. Pole figures for quartz c- and a-axes from the specimen of Fig. 4(a), Castagna unit. Upper hemisphere equal-area 
projections. The orientation of the specimen measured is as for Fig, 4(a), i.e. the orientation of cleavage and stretching 
lineation corresponds to the equator of the pole figures. The contours are given in multiples of a uniform distribution. The 
cross-hatched areas represent maximum densities. (a) Pole figure for quartz c-axes. Contour values are 1, 1,5, 2 and 2.5. 

(b) Pole figure for quartz a-axes. Contour values are t, 1.5 and 2. 

show only limited ductility in these low-grade mylonites. 
The plagioclase grain in Fig. 3(d) is from a quartzo- 
feldspathic mylonite and was deformed by fracturing to 
an overall sigma shape (e.g. Passchier & Simpson 1986) 
in accordance with an eastwards movement of the nappe. 
Figure 4(a) shows an oblique mica flake in a quartz 
mylonite. The sense of rotation of the mica flake relative 
to the cleavage plane indicates right-handed shear. The 
stretching lineation in this rock trends N81°E. The crys- 
tallographic preferred orientation of the quartz c- and 
a-axes was measured in this specimen by texture 
goniometry. The c-axis pole figure, Fig. 5(a), shows an 
asymmetric single girdle fabric indicating rotational 
deformation with a dextral sense of movement (e.g. 
Schmid & Casey 1986, especially their fig. 14). The 
corresponding pole figure of the a-axes, Fig. 5(b), shows 
a maximum oriented obliquely to the cleavage, which 
can be interpreted as being parallel to the shear-zone 
boundaries (e.g. Schmid & Casey 1986). The resulting 
small angle between the inferred shear-zone boundary 
and the cleavage planes relates to the high strain state of 
the rock. 

Not all the microstructures in this nappe indicate an E 
sense of overthrust shear. Structures indicating a W 
shear-sense are known (Faure 1980, and J. P. Platt, 
personal communication). These could be related to the 
earlier prograde deformation history, or, alternatively, 
to later backthrusting. The E-dipping crenulation cleav- 
age mentioned earlier would be in accordance with 
backthrusting shear. 

Gimigliano unit 

Figure 4(b) is a micrograph from a metabasite of the 
Gimigliano ophiolite nappe. The microscopic fabric, 
again oblique to the macroscopic cleavage, shows 
slightly undulating S-surfaces being deflected around 
porphyroclasts. The S-surfaces are formed by white 
micas, and the porphyroclasts are relics of Na- 
amphiboles. These amphiboles have been partly recrys- 
tallized to a sigma shape which is enhanced by the 

growth of chlorite and white micas with the forms of 
pressure-shadows. The geometry of this porphyroclast 
system is in accordance with the fabric defined by the 
S-surfaces and indicates rotational deformation by NE 
shear. The stretching lineation of this rock trends N40°E. 

Malvito unit 

Layers of deformed microbreccias form part of the 
sedimentary cover of the Malvito ophiolite nappe, Fig. 
4(c). The anistropy plane defined by the long axes of the 
deformed clasts is oblique to the bedding and lies in the 
X - Y  finite strain plane of the rock. The obliquity of the 
finite-strain fabric relative to the bedding implies rota- 
tional deformation, again with an E overthrust sense. 
Figure 4(d) shows a limestone from the sedimentary 
cover of the Malvito unit. Boudinaged old calcite veins 
indicate extension oblique to the bedding, which is 
parallel to a stylolite in the micrograph. The stretching 
lineation in this specimen trends N21°E. From this speci- 
men a part of the matrix rock with uniform grain size was 
chosen for measurement of calcite preferred orientation 
by texture goniometry. Figure 6 shows the calcite a-pole 

ca/c#e a-axes 
up 

SW hie 

i 

Fig. 6. Calcite a-pole figure obtained from the matrix rock of the 
specimen of Fig. 4(d), Malvito unit. Upper hemisphere equal-area 
projection. The orientation of the specimen measured is as for Fig. 

4(d). Contour values are 0.8, 1 and 1.2. 
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figure obtained. The fairly weak great circle pattern of 
the poles to the calcite a-planes is used to infer the c-axis 
point maximum. The a-minimum corresponds with the 
c-maximum (Schmid et al. 1981, Dietrich & Song 1984). 
The c-axis point maximum is oblique to the normal to the 
cleavage, indicating NE overthrust shear. Crystallo- 
graphic fabric and finite-strain fabric appear not to be 
parallel. The higher degree of obliquity of the crystallo- 
graphic fabric relative to the bedding can be interpreted 
as being related to a late strain increment in a shear 
environment (Rutter & Rushbridge 1977). 

cover nappes themselves overlain by ophiolite nappes 
and the uppermost crystalline basement nappes. If this 
deduction is correct, it requires a major modification of 
the subduction kinematics along the Alpine continent- 
continent collision zone. The change-over had to occur 
between Corsica and Calabria. 
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Frido unit 

The transport directions for this flysch are towards the 
east or northeast, as determined by Knott (1987) from 
stretching lineations, shear bands and minor thrust 
geometries. This author located the Frido sedimentary 
basin between a Calabrian (European) margin to the 
west and an Apulian (African) margin to the east. 

CONCLUSIONS 

There is a general agreement among all the previous 
authors that the highest tectonic elements in Northern 
Calabria are formed by widespread nappes of crystalline 
basement. Petrologically these rocks show affinities with 
the Austroalpine nappes of the Alps. They were there- 
fore interpreted as representing rock material of the 
African continental margin of the Tethys, thrust over 
European continental crust (Sardinia). Later back- 
thrusting over the African continental margin, followed 
by the formation of the Apenninic nappes, would have 
created the geometric situation seen today. 

New evidence, presented here, has suggested that the 
main visible deformation in the rocks of the basement 
nappes, as well as in the underlying ophiolite nappes, 
relates to an overthrust shear directed towards the Afri- 
can margin, This deformation is associated with wide- 
spread mylonitization and with an Alpine retrograde 
metamorphism in the basement nappes (in the Castagna 
unit there is also an Alpine HP-LT event), and with a 
complex Alpine HP-LT metamorphic history of the 
ophiolite nappes. The Longobucco and the Stilo Nap- 
pes, both without Alpine metamorphism, may have 
represented parts of the orogenic lid (in the sense of 
Laubscher 1983) under which the deformation was con- 
centrated. 

The conclusion is therefore that the Paleogene tec- 
tonic element in Calabria either has European origin; or 
that the backthrusting event, which affected the origi- 
nally Europe-vergent nappes, has overprinted the origi- 
nal fabrics. This would imply additional displacements 
between the individual nappes at least equal to their 
original displacements. The first possibility seems the 
more likely. This conclusion is also more in accord with 
the general regional distribution of the tectonic elements 
in Southern Italy: an eastern foreland overthrust by 
sedimentary cover nappes from the west, with these 
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