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[i] In the southeastern French Massif Central, the Aigoual-Saint Guiral-Liron pluton
consists of porphyritic and microgranitic types. The latter is encountered within dikes
forming the northern end of the pluton. Both types show prefull crystallization
microstructures indicating weak subsolidus deformations. An anisotropy of magnetic
susceptibility (AMS) study has been carried out to determine the granite fabric. Biotite, local
hornblende, and small grains of magnetite are the main carriers of AMS in both types.
Porphyritic granite and dikes display different AMS patterns related to magma dynamics and
regional deformation recorded during crystallization. In the porphyritic type, the AMS
lineation is mainly consistent with the regional, NW-SE to E-W trending, extensional event
coeval with emplacement and crystallization of the pluton indicating an influence of regional
tectonics on the linear fabric development. The dome shaped foliation pattern of the Saint
Guiral massif likely corresponds to internal deformation-related processes within the
pluton. In the microgranite dike swarm, the NNE-SSW trending lineations with shallow
plunges record magmatic flow processes within dikes, i.e., magma injection and fi l l ing of
dikes from a probable source located southwestward. Regional tectonics played a significant
role in the pluton geometry and fabric development. For example, the NE-SW trend of the
dikes suggests that extensional fractures took place in the same extensional strain field as
elsewhere in the pluton. Different fabric development modes were therefore responsible for
the contrasted fabric patterns between the microgranite and the porphyritic granite.
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1. Introduction

[2] Relationships between dikes and plutons have been the
topic of many studies during the last 10 years since several
authors proposed the "dike propagation" model to explain
ascent of granitic plutons [Clemens and Mower, 1992; Rubin,
1995; Petford, 1996]. However, many observed pluton-dike
associations do not correspond to "feeder dikes". On the
contrary, many dikes develop in the vicinity of a pluton and
appear to be fed by a magma coming from the parental pluton
[e.g., Baker, 1998]. Structural studies concerning granitic
dikes fed by pluton report essentially their geometric relation-
ships and the orientation of the dike population around the
plutons [e.g., Marre, 1986], but their internal fabrics are rarely
investigated. By contrast, the internal fabric of granite plutons
has been extensively studied for the last 20 years by anisot-
ropy of magnetic susceptibility (AMS) method [e.g., Bouchez,
1997; Benn et al, 1998, 2001, and references therein].
Magnetic fabrics of dikes are also well developed [e.g.,
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Callot et al., 2001; Herrem-Bervera et al., 2001; Auhourg et
al., 2002], but most of these studies deal with dikes of mafic
or rhyolitic composition rather than granitic one except in the
study of Hmuda et al. [2002] which concerns syenogranite.
Studying internal fabrics of plutons and associated dikes
should allow us to understand granitic magma transport and
to compare the fabrics in plutons and dikes in order to
characterize their relationships and to determine the role of
internal dynamics-related deformation and/or regional tec-
tonics on the fabric development in both magmatic bodies.

[3] We have chosen to study the Variscan Aigoual-Saint
Guiral-Liron complex, in the southeastern French Massif
Central, where a microgranite dike swarm develops at the
northern border of a porphyritic granitic pluton. Field
observations as well as AMS measurements associated with
a microstrucrural study have been carried out on both
lithological types. An emplacement model for the pluton
and related dikes in relation with the regional tectonic
setting is proposed.

2. Geological Setting
2.1. Regional Framework

[4] The French Massif Central belongs to the Paleozoic
Variscan Belt of western Europe. It consists of a stack of
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be bent or kinked. Feldspars are generally not deformed
although exceptionally some of them can display undulose
extinction. The porphyritic granite is therefore characterized
by magmatic microstrucrures with only local evidence of a
weak high-temperature solid-state deformation [Bouchez et
al, 1992; Paterson et al, 1998; Vernon, 2000].

[10] The microgranite dikes have microstrucrures also
consistent with little deformation prior to complete crystal-
lization. In most samples, the phenocrysts of rounded
quartz, feldspars and biotite do not show any significant
undulose extinction, recrystallization or fracturing. Kinking
of a few grains of biotite which could be formed during the
crystallization of the microgranite is the only evidence of
solid-state deformation. The fine-grained matrix consists of
undeformed, 50 to 100 [jm-sized grains (Figure 2c). A few
samples however differ from this "standard" microstructure.
They have granophyric texture with numerous symplectic
relationships between quartz and K-feldpars (Figure 2d).
These granophyric textures, found in the matrix and around
K-felspars phenocrysts, attest to a fast crystallization in
chemical disequilibrium [Hibbard, 1995]. Another peculiar
microgranitic texture is characterized by a very fine grained
matrix with quartz and feldspar grains ranging from 5 to
50 um in size and biotite almost lacking. This particular
texture, preferentially located near the contacts between
microgranite and host micaschists, is ascribed to chilled
margins of the "standard" microgranite microstructure.

4. AMS Study
4.1. AMS Sampling

[n] One hundred and thirty six sites comprising 1030
oriented specimens have been drilled for the AMS study
among which 125 sites come from the porphyritic type and
11 sites from microgranite dikes (Figure 3). In the porphy-
ritic granite, the sampling was concentrated in the central
part of the pluton and the Liron massif. Because of poor
exposure conditions, the Saint Guiral massif and the south-
em part of the Aigoual massif were less explored. At each
site, between 4 and 14 specimens were collected. The
microgranitic type was mainly investigated in the northern
termination of the Aigoual massif. Cores, spaced from one
to several meters, were drilled across the dikes. The number
of specimens within a dike varies from 5 to 40 depending on
the outcrop dike width. Unfortunately, in most cases, due to
poor exposure conditions, the contact between the micro-
granite and the host micaschists was not visible hence the
relative positions of the cores with respect to the dike
borders were rarely characterized. Therefore the AMS
symmetry tests proposed by several authors to determine
the sense of magma flow in dikes [e.g., Herrero-Bervera et
al., 2001] could not be carried out.

4.2. Magnetic Mineralogy
[12] Representative specimens from the two granitic types

were characterized for their magnetic mineralogy using
several methods. Microscopic investigations reveal that
biotite, and more rarely, hornblendes are the main Fe-
bearing phases that can potentially carry the magnetic
signal. Isothermal remanent magnetization (IRM) has been
measured on two specimens from sites AG13 and AG48 of
porphyritic granite using an ASC Scientific 1M 30 Impulse

Magnetizer and an AGICO JR5 spinner magnetometer
(Figure 4a). IRM acquisition increases rapidly and is almost
saturated at about 600 mT. The IRM curves suggest the
presence of ferromagnetic minerals, probably multidomain
magnetite. Hysteresis loops of some specimens were deter-
mined using a translation inductometer within an electro-
magnet providing a field of up to 1 T (Figures 4b and 4c) at
the Paleomagnetic Laboratory of "Institut de Physique du
Globe de Paris" (IPGP, Saint Maur, France). For both types,
hysteresis curves show almost perfectly linear and revers-
ible induced magnetic moments with increasing and de-
creasing magnetic fields (Figures 4b and 4c). This
observation emphasizes the dominance of the paramagnetic
minerals. After removing the paramagnetic contribution
defined from the linear slope above 400 mT, the remaining
signal is poor and noisy (Figures 4b and 4c). For the
porphyritic granite sample however, a hysteresis loop can
be recognized and, although disturbed, indicate the presence
of ferromagnetic phases (Figure 4b). Although small in
content, these ferromagnetic phases contribute to the AMS
signal. As described by Borradaile and Henry [1997], small
amounts of fine grained magnetite can strongly affect the
magnetic fabric. We therefore demonstrate that paramag-
netic minerals, i.e., biotite and accessory hornblendes, and
traces of ferromagnetic phases are the main contributors to
the AMS.

4.3. AMS Results
4.3.1. Magnetic Susceptibility, Anisotropy Degree
and Shape Parameter

[13] Anisotropy of magnetic susceptibility was measured
with an AGICO KLY 3S apparatus. Magnetic susceptibility
values, Km, of the two rock types are quite similar (Figure 5
and Table SI in the auxiliary material'). For the porphyritic
Rranite, Km shows a unimodal distribution, mainly from 60
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the microgranite dikes, the AMS fabric pattern has recorded
magma flow during their filling. Conversely, in the porphy-
ritic type, the AMS pattern has been mainly influenced by
the late erogenic extensional regional deformation.

6. Conclusions
[26] The porphyritic and microgranitic types of the

Aigoual-Saint Guiral-Liron pluton present several com-
mon and different features. The contrasted fabric patterns
measured in the two types do not result from different
magnetic mineralogies since biotite, local hornblende, and
traces of magnetite carry in both types the magnetic signal.
Prefull crystallization microstructures observed in both types
of rock indicate a very minor subsolidus imprint. Indeed, the
different AMS patterns reflect different development modes
of the fabrics. In the major part of the porphyritic granite, the
magnetic fabric, and more particularly the magnetic linea-
tion, was generally influenced by deformation related to the
late orogenic extensional tectonics, either by recording some
increments of the regional stresses or by being associated to
a magma flow parallel to the regional stretching direction.
Conversely, in the microgranite dikes, flow related to the
magma internal dynamics is the main driving force of the
AMS. The fabric would be related to the filling of the dikes
from a southwestward source. The dynamics of flow is
likely quite complex as shown by the variations of AMS
parameters across one dike. Further investigations are
necessary to better constrain the structural relationships
between granites and associated dikes and particularly in
the transition zone between both magmatic bodies.
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