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Pressure-solution structures in a granite
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Abstract—Syntectonic two-mica granites in northwest Spain have suffered regional Late Variscan shear
deformation. The deformed Corcoesto granite shows a marked planar and linear fabric resulting from ductile
behaviour and contains quartz veins at about 60° to the foliation. Offsets of these quartz veins along shear planes
are commonly contrary to the general sense of shear and thus provide evidence for pressure-solution processes.

INTRODUCTION

A vasT body of literature has accumulated on ‘pressure
solution” since 1849 when Thomson formulated, and
later experimentally confirmed (1861), the principles of
solution of crystal aggregates under differential stresses.
Sorby (1863) was the first to recognize and describe the
significance of pressure-solution phenomena in rocks
and his work was followed by many reports of various
pressure-solution structures in sedimentary rocks which
have undergone low-grade metamorphism (e.g. Bor-
radaile er al. 1982). Pressure-solution structures have
been recognized only rarely in igneous rocks, for exam-
ple pegmatites (Bailly 1954) and volcanites (Goldring &
Conolly 1962). An historical review and synthesis of
research on pressure solution has been given by Kerrich
(1977). The purpose of this paper is to describe an
example of pressure-solution structures in a granite, a
type of rock from which this deformation mechanism has
hitherto been poorly documented.

GEOLOGICAL SETTING

The Corcoesto granite is a syntectonic alkaline pluton
which crops out in Galicia, northwest Spain (Fig. 1),
where the regional structure of the arcuate Variscan Belt
has developed from the superposition of two major
phases of folding, both associated with cleavage forma-
tion (Matte 1968). In the autochthonous rocks, recum-
bent folds of approximately km-scale amplitude, over-
turned E and SE towards the interior of the arc, are
attributable to the earlier phase. These early folds are
associated with E-thrusting of allochthonous high-grade
rocks (Bayer & Matte 1979, Iglesias er al. 1983). The
second phase is represented by upright tight folds whose
axial planes may dip steeply W (i.e. towards the exterior
of the arc). They deform both the recumbent folds and
the thrust contacts. The emplacement of the syntectonic

calc-alkaline and alkaline granites is related to this struc-
tural sequence with the calc-alkaline granitoids
emplaced prior to the second phase of folding. The later
alkaline granites are generally considered to be syn- to
post-tectonic with respect to the second phase of folding
(Capdevila & Floor 1970, den Tex 1977). The Corcoesto
granite is one of these later alkaline granites which have
been affected by Late-Variscan transcurrent ductile-
shear zones (Iglesias & Choukroune 1980) resulting
from an approximately E-W compression (Iglesias &
Ribeiro 1981). In Corcoesto, arsenopyrite and gold are
concentrated within roughly E-W quartz veins, the tec-
tonic setting of which is dealt with in the present study.

DEFORMATION OF THE CORCOESTO GRANITE

Description of the rock—regional observations

The Corcoesto granite is a medium-grained and
leucocratic two-mica granite composed of 35-40%
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Fig. 1. Location of the Corcoesto Mine on a geological sketch-map of

northwest Spain. Crosses in alkaline syntectonic granites indicate

undeformed rock. S-shaped symbols follow the foliation trend in
deformed bands.
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quartz, 15-30% plagioclase (An;q ), alkali feldspar
and minor amounts of muscovite and biotite. Accessory
minerals include zircon, apatite and arsenopyrite. The
deformed granite is mainly located at the borders of the
pluton (Fig. 1) in zones varying in width from a kilometre
to a metre. From the inner undeformed granite to the
country rocks, a subvertical foliation at an angle to the
pluton margin becomes progressively closer to parallel
to the pluton margin. This corresponds to half of the
continuous shear-zone model described by Ramsay &
Graham (1970). Locally, within the pluton, discrete
conjugate shear zones occur.

Mesoscopic structures—microtectonic analysis

The type of deformation in the granite is comparable
to that described from deformed granites associated
with the South Armorican Shear Zone in France
(Berthé er al. 1979); the subvertical foliation (S planes)
is defined by the average flattening plane of the grains
and the preferred orientation of mica grains. The second
set of irregularly spaced (10-0.5 cm) shear planes (C
planes) is also subvertical. The angle between the two
sets of planes varies (5-35°) diminishing in the most
deformed rocks with a concomitant size reduction of the
constituent grains. Stretching lineations marked by elon-
gate feldspar aggregates and long axes of quartz lenses
on § planes, and slickenside striations on C planes, are
close to the horizontal, indicating, along with the sub-
vertical S and C planes, that the deformation areas are
transcurrent ductile-shear zones. The intersection
between subvertical S and C planes implies dextral shear
(Berthé er al. 1979, White et al. 1980). Towards the
pluton margins, the inferred movement along C planes is
compatible with the general sense of shear indicated by
the overall foliation trajectory patterns (NE-SW dextral
shear zones, Figs. 1 and 2) and emphasizes the close
association of S- and C-plane development during pro-
gressive deformation. Minor NNW-SSE sinistral shear
zones (Fig. 2) are everywhere associated with the major
dextral shear zones. From these two conjugate direc-
tions, a shortening along approximately 105-285° (st in
Fig. 2) can be inferred, which bisects the obtuse angle
between the shears as is commonly the case for ductile
deformation (Ramsay 1980).

Veining comprised an important element of the defor-
mation and the gold-bearing quartz veins of the Cor-
coesto mine appear to contain the shortening direction
(Fig. 2). They are analogous to the numerous, discrete
quartz veins (1-300 mm thick) which can be observed
throughout the deformed granite (Fig. 3), generally ina
single direction (Fig. 4) oblique to the foliation and to
the C planes (Figs. 2 and 3). The intersection of the
quartz veins with the foliation is almost orthogonal to
the stretching lineation (a mean of 88° with a range of
72-119°, Fig. 5). In sections orthogonal to § and parallel
to the stretching lineation, offsets of the quartz veins on
the scale of millimetres along C planes have opposite
movement senses from the general sense of shear (Figs. 3
and 5).
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Fig. 2. Equal-area stereographic projection (lower hemisphere) of 59

poles to dextral C planes (closed circles) and their slickenside striations

(closed triangles), and seven poles to sinistral C planes (open circles)

and their slickenside striations (open triangles). Diamonds represent

23 poles to the gold-bearing quartz veins at Corcoesto, the cyclographic

trace of the mean-vein plane being the dashed circle. st, shortening
direction.

Microscopic structures

Microstructures associated with the foliation indicate
plastic deformation for micas (undulose extinction,
kinks, (001) translation) and quartz (undulose extinc-
tion, subgrains, deformation lamellae) whose final grain-
size is 100200 um. However, individual feldspar grains
(up to 1 mm in size) commonly show evidence for both
brittle deformation (fracturing with rotation and dis-
placement of component fragments) and plastic flow
(deformation bands and deformation-twin lamellae).
There is significant grain-size reduction of quartz (20-30
wpm), mica (10~100 m) and feldspar (20-200 wm) along
the C planes, which are interpreted as resulting from
inhomogeneous deformation. Magmatic biotite and
muscovite appear to have remained stable during defor-
mation. Accordingly, we think that § planes formed
early in the history of progressive deformation. The
stable mineral assemblage enables us to estimate the
metamorphic conditions as medium to low grade (T =
400°C in Winkler 1974). Phyllosilicates which are too

C planes

Fig. 4. Histogram of measured angles between quartz veins (106

measurements), C planes and S planes. 5-35° shows the range of

measured angles between S and C surfaces. Heavy line is mean Sto C
angle (20°).
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Fig. 3. Typical sample from the Corcoesto Granite. S, foliation plane; C, shear planes; quartz veins also indicated. C-S plane
relations show a general sinistral sense of shear. Arrows indicate dextral offset of quartz veins along early C planes.
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Fig. 6. (a) Photomicrograph of the offset of a quartz vein (Q) along a C plane. (b) Photomicrograph of a serrated plane (P-P)
containing smail arsenopyrite grains along an offset quartz-vein (Q) at the end of a C plane. (c) Photomicrograph showing
concentration of phyllosilicates (M) and iron oxides along a C plane.
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Fig. 5. Block diagram iliustrating the attitude of various micro-
structures in the Corcoesto granite. See text for details.

small to identify optically occur in C planes. The occur-
rence of these phyllosilicates suggests similar or lower-
grade conditions of metamorphism during formation of
the C planes.

Veins are commonly filled with quartz which is coarser
grained than that observed in the host rock (200-500 wm)
(Figs. 6a & b). The quartz displays no significant intra-
crystalline deformation apart from minor undulose
extinction and coarse subgrain development. Quartz
veins have sutured and irregular offsets but do not show
evidence of localized fracturing and intracrystalline
deformation (Figs. 6a & b).

C planes with the deformation features described
above at their ends are transitional into zones with a
distinct mineralogy. These zones are up to 100 um in
width and show a complete deficiency of quartz and
concentration of phyllosilicates and iron oxides (Fig. 6c).
Phyllosilicates show no observable shape changes, nor
increase in intracrystalline deformation or (001) trans-
lation. However, they are more closely packed and have
a strong preferred orientation of basal planes parallel to
the zone boundaries.

INTERPRETATION

Quartz veins which contain the shortening direction
indicated by conjugate C planes (Fig. 2) trend perpen-
dicular to the stretching lineation and are oriented at a
large angle to the foliation. These veins are interpreted
to have initiated as tensile failures normal to the direc-
tion of extension, that is, normal to the direction of
minimum principal stress responsible for plastic flow. It
is well known that tensile failure can occur at depths
under conditions of high fluid pressure (Paterson 1978,
Nicolas & Jackson 1982). As these quartz veins cross-cut
the foliation and some shear planes without any defor-
mation, their development followed the initiation and
propagation of both the S and C planes. Offsets of quartz
veins along some C planes could be interprsted as
implying later slip along strain-induced features. How-
ever, several features suggest an absence of such late
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Fig. 7. Plot of 41 seam thicknesses against vein offsets (* indicates that
two measurements are identical).

brittle deformation. (1) The C planes show only one
direction of slickenside striations parallel to the direction
of bulk flow indicated by the stretching lineation. The
sense of bulk flow indicated by the C /\ S relationship is
inconsistent with the sense of offset observed for the
quartz veins. Finely crushed gouge material is absent,
and there is a paucity of fractured grains adjacent to
these planes. (2) Micas within C planes are relatively
undeformed and show no kink or (001) translation which
would indicate that movement had taken place along
these planes. (3) The locally irregular serrated nature of
the planes precludes the possibility of slip (Fig. 6b).

We suggest that the observed quartz-vein offsets are
caused by local volume reduction along C planes result-
ing from dissolution and removal of the more soluble
minerals, particularly quartz and sulphides. This
interpretation explains the increase in phyllosilicate con-
centrations along these planes. It is also consistent with
the apparently proportional relationship between the
thickness of the residual seams and the observed offset
(Fig. 7) which can be related to the volume of rock
removed by dissolution processes. Estimates of the vol-
ume of material removed, obtained by projecting mis-
sing vein segments, range between 5 and 13%. We
believe that the quartz veins and the selective mass
transfer implied by this interpretation are penecontem-
poraneous because they belong to the same regional
shear deformation.

CONCLUSION

The lack of cataclastic textures, the mineralogical
differentiation along C planes and truncation of quartz
veins in the Corcoesto granite indicate a regime in which
deformation was dominated by pressure solution—at
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least in the later stages of deformation. Removal of
soluble minerals along earlier discontinuities such as C
planes, and rarely S planes, suggests that the solution
transfer was preferentially located along zones domi-
nated by small grains, an observation recorded in a
number of quartz mylonites (White & Wilson 1978,
Kerrich et al. 1980). Gold and the associated arseno-
pyrite in the quartz veins were probably deposited during
this late stage of deformation related, in Galicia, to the
operation of major transcurrent ductile shear-zones
which affected syntectonic granites during a Late Vari-
scan event. Pressure solution then enabled redistri-
bution of gold and sulphides within the granite along C
planes.

We emphasize that pressure-solution structures may
be more common in granites deformed in low-grade
metamorphic conditions than would appear from the
literature. Without any marker, which in this case is
provided by the quartz veins, such processes are difficult
to detect in isotropic material such as granite. Con-
sequently the determination of finite strain from the
angle S A\ C planes is hazardous.
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