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INTRODUCTION

The discussion by A. Crespo-Blanc, J. M. Martinez-
Martinez and J.-M. Azanon concerns only the Betics
examples discussed in our paper (Frizon de Lamotte et al.
1995). The principal objective of this paper was not to
discuss the geodynamic evolution of the Betics, which is
complex and controversial, but to detail some typical
field structures. However we welcome the opportunity to
present further our data and to discuss the extensional
model put forward by Crespo-Blanc et al.

We divide our reply into sections addressing the main
topics of the comment.

ATTITUDE OF BEDDING RELATIVE TO A
THRUST FAULT IN A FAULT RELATED FOLD

Owing to some inconsistencies in Crespo-Blanc and
others’ comment of fault related structures, the dis-
cussion will turn first on simple case studies. As defined
by Dahlstrom (1970), either in a simple step fold—thrust
structure or in a piggy back sequence, the thrusts cut up-
section in the transport direction and emplace older rocks
onto younger rocks. Conversely, a normal fault cutting
down horizontal layers emplaces younger rocks against
older rocks. However according to the polyphase tectonic
history of the Betics, the faults that we describe cut
through earlier nappe structures and correspond funda-
mentally to out-of-sequence thrusts. Such thrusts cut up
section and down section in the transport direction and
can emplace younger rocks on older, as well as the reverse
(Morley 1988). In such a context the basic geometric rules
established for an original ‘layer cake’ geometry are not
appropriate, and a fault which “provokes omission in the
direction of transport” may be a thrust fault. It is worth
noting that even in a simple step fold, the development of
forelimb thrusts (Butler 1982) can lead to the geometry
observed in our fig. 8. The real question is to know if, at
the scale considered, the whole system is thickened by
addition or thinned by subtraction. Based on this
criterion, we maintain that the structures discussed by

Crespo-Blanc et al. (Frizon de Lamotte et al. 1995, figs. 8
and 9) as well as structures previously published (Guézou
& Frizon de Lamotte 1988, Frizon de Lamotte et al.
1989) are thrust structures.

MINOR FAULTS IN A THRUST SYSTEM

Crespo-Blanc et al. suggest that the antithetic normal
faults that cross cut in the hangingwall of our fig. 9
imbricate structure (Frizon de Lamotte et al. 1995) are
inconsistent with a “westward shear zone”. It is known
that in thrust belts a complex pattern of microfaults more
or less synchronously with slip along the master fault
develops as discussed, among others, by Casas and Sabat
(1987) and Wojtal (1986). In particular, close associa-
tions of subcoeval low angle reverse and normal synthetic
fauits but also high angle antithetic reverse and normal
faults are described. They are significant of accommoda-
tion in the thrust wedge.

SHEAR CRITERIA IN THE BETICS AND
NEOGENE KINEMATICS OF THE BETIC-RIF
OROCLINE

In 1987 at an early stage of our work in the Betic
Cordilleras, the purpose was to use shear criteria to define
the Neogene tectonic transport direction in the northern
flank of the Betic-Rif orocline. Frizon de Lamotte (1985,
1987) gave evidence showing that the Rif suffered a
westward translation during the Neogene times, but the
situation in the Betics was quite confused. On the one
hand the debate turned around an ancient question
(Durand-Delga 1966) concerning the north or south
origin of the nappe complexes forming the internal zone
of the chain (i.e. Betics s.s.). On the other hand, some
authors noted the E~W stretching lineation in the Sierra
Nevada and Sierra de Los Filabres and claimed, using
quartz fabrics, that the ductile thrust transport (the only
one considered) was eastward (Gonzales-Lodeiro et al.
1984, Martinez-Martinez 1984, Orozco 1986)
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In the Sierra Alhamilla, the state of things was more
confused. In two adjoining areas situated in the centre of
this relatively small Sierra, Platt er al. (1983) and Platt
and Behrmann (1986) described a N-S to N30 lineation
and a top-to-the-north sense of shear but Weijermars
(1980, 1985) noted a N60 to N120 lineation.

Our study showed that the azimuthal scatter of the
kinematic vectors linked to the S2-L2 ductile event was
bracketed in a N240 to N300 sector. The shear criteria
associated with the stretching lineation related to the S2
foliation were consistent with a top-to-the-west sense of
shear (Frizon de Lamotte et al. 1989). These data have
been reported in Frizon de Lamotte er al. (1995, fig. 7)
(the post foliation event referred to in the caption is an
uncorrected error). The kinematic directions related to
the younger semi-brittle event under discussion are more
divergent south-westward or north-westward (fig. 7 in
Frizon de Lamotte ez al. 1989) and partly related to the
well known extensional crenulation cleavage (Platt &
Vissers 1980).

Since then, work in the Sierra de Los Filabres (De Jong
1991), in the Subbetic zone (Allerton et al. 1993, Loner-
gan et al. 1994, Platt er al. 1995), in the Prebetic zone
(Guézou ef al. 1991) as well as in the external Rif (Morley
1992), confirm the large scale extent of the westward
translation of Betic-Rif. At this scale, the transport is
more southwestward in the Rif and more northwestward
in the Betics (Frizon de Lamotte et al. 1991, Vissers et al.
1995).

Another question is to know if this translation is linked
to nappe stacking, unroofing of an early nappe stack,
crustal collapse or a combination of such processes. The
answer depends on the areas considered. At the periphery
of the Arc (external zones), stacking of cover thrust sheets
was still active during Upper Miocene. Crustal collapse is
perhaps responsible for the sagging of the Alboran sea as
a consequence of the detachment of a dense lithospheric
root (Platt & Vissers 1989, Vissers et al. 1995) or, in our
mind more likely, as back-arc extension due to trench
retreat (Frizon de Lamotte 1985, Frizon de Lamotte et al.
1990, Morley 1993, Royden 1993, Lonergan & White
1995) according to the models developed elsewhere in the
Mediterranean regions (see review in Jolivet ef al. 1994).
However as discussed below, such a process is inadequate
to explain the evolution of onshore Betics where
extensional structures result from frontal (i.e. to the
west) and lateral (i.e. to the north and the south)
unroofing of culminations.

WHY THE SIERRAS OF THE BETICS ARE NOT
METAMORPHIC CORE COMPLEXES

Crespo-Blanc er al. describe the Betics Sierras as
“extensional cores” made of “‘extensional units” folded
during a late Miocene N-S compression. We are not
familiar with these structural terms, but their brief
description of the Alpine metamorphism suggest that
they use “‘extensional cores” as a synonym of “‘meta-
morphic core complex”. However this point remains
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obscure because they also write about “rifting episodes”
and we do not know how rifting is involved in this
context.

A metamorphic core complex is characterised by
metamorphic rocks showing a pervasive ductile defor-
mation developed during extension. The top of these
metamorphic rocks is underlined by a flat lying
detachment flooring a non metamorphic upper plate in
which brittle extensional structures are developed
(Coney & Harms 1984, Lister & Davis 1989). The
geometry of the Betics Sierras (Sierra Nevada; Sierra
de Los Filabres; Sierra Alhamilla, etc.) is very different
because the highly metamorphosed rocks belong to the
Upper Units of the Nevado-Filabrides complex (Mul-
hacen or Bedar-Macael Unit) or to a Lower unit at the
sole of the Alpujarrides complex. They are flanked at
their footwall as well as their hangingwall by less
metamorphosed rocks forming the Veleta Unit and the
Higher Alpujarrides and Malaguides nappes respec-
tively. De Jong (1993) shows, in an area situated
between the eastern Sierra Nevada and the Sierra de
Los Filabres, that ““pressures and temperatures (in the
Veleta complex) were lower than those of the Mulhacen
Complex (i.e. the Upper Nevado-Filabrides)”. He adds
that “‘the movement of the Mulhacen Complex over the
relatively cold Veleta complex explains cooling of the
former during its decompression”. The same geometric
pattern and probably the same P-T evolution are
expressed in the Sierra Alhamilla (fig. 13 in Frizon de
Lamotte et al. 1995).

That is the reason why Platt es al. (1983) first imagined
that the Lower Alpujarrides unit (i.e. Castro Slice) had
been emplaced on the less metamorphic Veleta schist by a
major recumbent N-vergent fold (see also Vissers et al.
1995). For our part and according to geochronological
data (Priem er al. 1966) we admit that part of the
metamorphic assemblages are inherited from pre-Meso-
zoic events (Frizon de Lamotte ez al. 1991).

CONCLUSION

We agree with the existence of extensional structures
developed during the late Tortonian to early Messinian
growth of the culminations which led to the inversion of
the Serravalo-Messinian basins. A general overview of
the unroofing and collapse of these units has been
considered in Frizon de Lamotte (1989) and Frizon de
Lamotte er al. (1994). The single section (Frizon de
Lamotte er al. 1995, fig. 13) shows that the basins flanking
the Sierra Alhamilla are involved in the collapse not only
at Turillas but within the emergent imbricate South of La
Mina. Along the southern margin of the Huercal Overa
basin, NE of Lijar, Alpujarrides sheets collapsed on top
of the Tortono-Messinian sediments and, last but not
least, Malaguides fragments occur on the top of the
Tortonian (?) sediments in the Alpujarra corridor!

Our model which connects the top-to-the-west, top-to-
the-north and top-to-the-south extensional structures
with a sub coeval out-of-sequence westward stacking
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reconciles this set of structures with the Neogene
Geodynamics of the Alboran region. This seems to us
more likely than the alternation of extension and
compression advocated by Crespo-Blanc e al.
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