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Abstract

We examine the microfabric development in high-pressure, low-temperature metamor-
phic serpentinite mylonites exposed in the Erro-Tobbio Unit (Voltri Massif, Italy) using
polarization microscopy and electron microscopy (SEM/EBSD, EMP). The mylonites
are derived from mantle peridotites, were serpentinized at the ocean floor and under-5

went high pressure metamorphism during Alpine subduction. They contain diopside
and olivine porphyroclasts embedded in a fine-grained matrix essentially consisting of
antigorite. The porphyroclasts record brittle and crystal-plastic deformation of the orig-
inal peridotites in the upper mantle at stresses of a few hundred MPa. After the peri-
dotites became serpentinized, deformation occurred mainly by dissolution-precipitation10

creep resulting in a foliation with flattened olivine grains at phase boundaries with antig-
orite, crenulation cleavages and olivine and antigorite aggregates in strain shadows
next to porphyroclasts. It is suggested that the fluid was provided by dehydration reac-
tions of antigorite forming olivine and enstatite during subduction and prograde meta-
morphism. At sites of stress concentration around porphyroclasts antigorite reveals15

an associated SPO and CPO, characteristically varying grain sizes and sutured grain
boundaries, indicating deformation by dislocation creep. Stresses were probably be-
low a few tens of MPa in the serpentinites, which was not sufficiently high to allow for
crystal-plastic deformation of olivine at conditions at which antigorite is stable. Accord-
ingly, any intragranular deformation features of the newly precipitated olivine in strain20

shadows are absent.
The porphyroclast microstructures are not associated with the microstructures of

the mylonitic matrix, but are inherited from an independent earlier deformation. The
porphyroclasts record a high-stress deformation in the upper mantle of the oceanic
lithosphere probably related to rifting processes, whereas the antigorite matrix records25

deformation at low stresses during subduction and exhumation.
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1 Introduction

The exhumed HP-LT metamorphic mafic to ultramafic rocks from the Erro-Tobbio unit
of the Voltri Massif, Italy, provide a unique record of the complex history through their
disintegration from the mantle, uplift onto the ocean floor, subduction and exhuma-
tion (e.g. Vissers et al., 1991, 1995; Hoogerduijn Starting et al., 1993; Hermann et al.,5

2000; Healy et al., 2009). In this study, the microfabric development of mylonitic antig-
orite serpentinites is analysed in detail in order to elucidate the grain-scale deformation
processes in the rocks that dramatically changed their mineral content and thus their
rheological behaviour during the complex history. The aim is to differentiate between
the potential record of independent successive deformation events. On the basis of the10

findings we discuss the implications for the inferred superposition of features associ-
ated with initial brittle and crystal-plastic deformation of the original mantle peridotites
with features indicating dissolution-precipitation creep of the serpentinized peridotites
together with evidence for localized dislocation creep of antigorite.

2 Geological setting of the Erro-Tobbio unit, Voltri Massif, Italy15

The ophiolitic Voltri Massif is located in NW Italy, about 20 km NW of Genoa directly
at the transition from the Ligurian Alps to the Apennine chain (Fig. 1). As largest ul-
tramafic massif within the Alps–Apennine chain it is restricted eastward by the Ses-
tri Voltaggio Zone and northward by the Piemont basin filled with Tertiary sediments
(Hoogerduijn Strating et al., 1990). The peridotites from the Erro-Tobbio unit as part of20

the ophiolitic Voltri massif are interpreted to represent upper mantle rocks originating
from the Mesozoic Piemont–Ligurian oceanic lithosphere, the Alpine-Apennine part of
the Mesozoic Tethys (Hoogerduijn Strating et al., 1990). Shear zones in lherozolites
from the Erro-Tobbio unit have been attributed to deformation processes during conti-
nental rifting (e.g. Drury et al., 1990; Vissers et al., 1991, 1995; Hoogerduijn Starting25

et al., 1993). The mantle peridotites are assumed to have been exhumed to shallow
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lithospheric levels, where they became serpentinized (Bodinier et al., 1986; Scambel-
luri et al., 1997, 2004; Hermann et al., 2000).

During subduction of the Piemont–Ligurian ocean and Alpine collision, the Erro-
Tobbio peridotites underwent an Alpine prograde metamorphism (Hoogerduijn Strat-
ing et al., 1990; Messiga et al., 1995; Scambelluri et al., 1995; Hermann et al.,5

2000). The peak metamorphic conditions of the Alpine metamorphism have been
estimated at 1.8–2.5 GPa and 500–650 ◦C on the basis of the assemblage om-
phacite+ chloritoid+garnet+ zoisite± talc in a mylonitic meta-gabbro by Messiga
et al. (1995). This peak pressure condition indicates a subduction of the Erro-Tobbio
unit up to 80 km depth (Hermann et al., 2000). Late Cretaceous ages between 80 and10

100 Ma have been inferred for the HP-LT metamorphism on the basis of a comparison
with data from the Western Alps (Hoogerduijn Strating et al., 1990) or Corsica (Cohen
et al., 1981). Veins in antigorite serpentinites, containing olivine, titanian clinohumite,
magnetite and diopside (Scambelluri et al., 1995) have been interpreted as dehydration
cracks generated at HP-LT conditions and indicating the circulation of a free fluid phase15

(Hoogerduijn Strating and Vissers., 1991; Scambelluri et al., 2004; Healy et al., 2009).
The prograde evolution of the Erro-Tobbio rocks is followed by a retrograde metamor-
phic history related to Alpine collision (Hoogerduijn Strating et al., 1990, Hoogerduijn
Strating, 1994). The rocks are finally overprinted by a greenschist facies metamorphism
(Hoogerduijn Strating, 1994) during Eocene to Oligocene between 30 and 40 Ma as es-20

timated from calcschists in the Voltri massif (Hoogerduijn Strating et al., 1990). Brittle
deformation occurs during Oligocene to Miocene indicated by breccias and conglom-
erates of late Eocene-Oligocene age (Hoogerduijn Strating et al., 1990). The antigorite
serpentinites studied here, were collected in NW Italy about 10 km NW of Genova,
SW of Mt. Poggio (44◦ 32.008′ N, 8◦ 46.666′ E) and SW of Mt. Tobbio (44◦ 31.817′ N,25

8◦ 46.649′ E) in the Erro-Tobbio unit (Fig. 1).
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3 Methods

Specimens collected in the field were cut in two directions normal to the foliation (nor-
mal and parallel to the lineation) and polished thin sections with a thickness of ca.
30 µm were prepared. The thin sections were examined with a polarization micro-
scope and analysed with the electron backscattered diffraction (EBSD)-method (Prior5

et al. 1996, 1999) using the scanning electron microscope (SEM) LEO 1530 at the
Ruhr-University, Bochum. For EBSD investigations, mechanically polished thin sec-
tions have additionally been chemically polished with Syton® for 15 min to reduce sur-
face damage and then coated with carbon to avoid charging effects. For the EBSD
analysis the thin sections were tilted at an angle of 70◦ with respect to the beam and10

an accelerating voltage of 20 kV and a working distance to 25 µm was used. The
EBSD-data were analysed using the Oxford Instruments HKL-software CHANNEL 5.
A CAMECA SX-50 electron microprobe was used for the analysis of the chemical min-
eral composition.

4 Sample description and microfabrics15

The investigated serpentinites are characterized by the mineral paragenesis
olivine+diopside+antigorite+ spinel+ chlorite± titanian clinohumite±enstatite. The
modal composition is strongly varying but typically in the range of 46–51 % antigorite,
10–20 % olivine, 5–10 % diopside, 5–7 % chlorite, 2–3 % spinel, 0–2 % enstatite. All
investigated serpentinites show a pervasive foliation. In thin sections, the foliation is20

defined by antigorite-rich layers with a shape preferred orientation (SPO) of the grains.
Antigorite forms a matrix in which large isolated olivine and diopside porphyroclasts
are embedded (Fig. 2).

The olivine porphyroclasts have an average grain diameter of 1.2 mm (Fig. 2).
They show undulatory extinction, deformation bands, low angle grain boundaries25

(LAGBs) forming chess-board-like patterns and irregular subgrains (Fig. 3a–c). Olivine
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porphyroclasts are partly recrystallised. The new grains occur in intragranular bands
(Fig. 3c, d) or along the boundary of porphyroclasts (Fig. 3e, f). The size of the recrys-
tallised grains is typically in the range of 10–50 µm. The boundaries of recrystallised
grains are smoothly curved and even. The new grains are not showing undulatory
extinction or other substructures. Low-angle grain boundaries in the porphyroclasts5

(Fig. 4a) show a similar isometric shape and size as compared to the new grains. The
crystallographic orientation of the new grains scatters around the crystallographic ori-
entation of the host (Fig. 4c, d). The olivine porphyroclasts consist of Fo90–87 with an av-
erage composition of Mg1.8Fe0.2SiO4. In comparison, recrystallised grains have a lower
XMg with an average composition of Mg1.7Fe0.3SiO4 in the range of Fo87–85 (Fig. 5). No10

chemical zoning in single grains is apparent (Fig. 5). Some of the olivine porphyroclasts
embedded in the antigorite matrix show asymmetric strain shadows (Fig. 2), in which
fine-grained olivine (20–40 µm in diameter) and antigorite aggregates (Fig. 6b, c) oc-
cur. In these aggregates antigorite grains are elongate (long axis: 200–400 µm) and
show rare grain boundaries. Instead, phase boundaries to fine-grained olivine domi-15

nate (Fig. 6c). The size of the olivine grains in the strain shadow ranges from 5 to 60
µm. Their composition is with Fo82–86 lower in Mg compared to recrystallised olivine
and olivine porphyroclasts. Olivine and antigorite grains in strain shadows show a SPO
by a preferred 2-D-orientation of the long axis parallel to the foliation of the sample
(Fig. 6c, f). Whereas the SPO is associated with a crystallographic preferred orienta-20

tion (CPO) for antigorite with the (001) basal plane in the foliation plane, olivine grains
show no marked CPO (Fig. 6c, e).

Large diopside porphyroclasts occur in the serpentinite mylonites embedded in the
antigorite matrix with an average grain diameter of ca. 2 mm. (Figs. 2, 7). The average
composition is (Mg0.9, Fe0.1, Ca0.9, Al0.1) [(Si1.9, Al0.1)O6]. All diopside porphyroclasts25

show exsolution lamellae parallel (100) with a relative constant spacing and a width
of a few µm (Fig. 7), are commonly fractured (Fig. 7a), kinked and bent (Fig. 7b, c).
The stereographic projection of bent crystals shows that the orientation of the [010] is
a common axis and thus probably representing the rotation axis (i.e. the normal to the
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glide direction within the glide plane) during glide-controlled deformation. The relative
misorientation at the kink bands is high with approximately 50◦–70◦ (Fig. 7). Also in
kink bands, the [010] axis is the common axis. In strain shadows around diopside
porphyroclasts, aggregates of diopside and enstatite occur (Fig. 6a). The new pyroxene
crystals in the strain shadows do not show any exsolution lamellae, in contrast to the5

porphyroclasts.
Antigorite is occurring as long needles growing into olivine porphyroclasts (Figs. 3–

5, 8a), together with olivine in strain shadows (Fig. 6b, c) and in almost monominer-
alic antigorite layers (Fig. 8). Fine-grained olivine can be enriched in small-scaled fold
hinges and short limbs of asymmetric antigorite-rich multilayers forming a crenualtion10

cleavage (Fig. 8a, b). The pronounced SPO of antigorite corresponds to a CPO with
the (001) basal plane in the foliation plane (Fig. 8). The size of antigorite grains that
show sutured grain boundaries is strongly varying in the vicinity of porphyroclasts at
sites of stress concentrations, where also the CPO is deflected (Fig. 8c, d).

5 Discussion15

5.1 Deformation of olivine and diopside porphyroclasts

The deformed diopside porphyroclasts (Fig. 7) record brittle and crystal-plastic defor-
mation by dislocation glide. The bent (100) plane, the common rotation axis and kink
band axis parallel to [010] indicate that the glide system (100) [001] was active. The
intragranular deformation microstructures in olivine porphyroclasts (undulatory extinc-20

tion, deformation bands, LAGBs) indicate inhomogeneous crystal-plastic deformation
with dislocation glide and climb (Fig. 3). The intragranular zones with recrystallised
small grains show a crystallographic orientation similar to that of the host porphyro-
clast. The porphyroclasts show many subgrains (Fig. 4) with a similar size and shape
compared to the recrystallised grains (Figs. 3c–f, 4, 5). Both observations suggest25

subgrain rotation recrystallisation in the regime of dislocation creep, where the new
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grains inherit a crystallographic orientation similar to that of the replaced original grain
(e.g. Nicolas and Poirier, 1976; Poirier, 1985; Urai et al., 1986; Drury and Urai, 1990;
Lloyd and Freeman, 1994; Bestmann and Prior, 2003; Trepmann and Stöckhert, 2009).
Growth of new grains along former microcracks, is suggested by intragranular zones
of recrystallised grains that show a systematic chemical variation to the host porphy-5

roclast. The different chemical composition of olivine porphyroclasts and intragranu-
lar new grains indicate the involvement of chemical reactions during recrystallisation.
A secondary chemical variation caused by the larger surface area in relation to the
grain volume of the recrystallised grains seems unlikely, as the porphyroclasts do not
show any chemical variation at their phase boundary to the antigorite matrix. Chemical10

reactions during dislocation creep are known to be able to cause chemical variation of
recrystallised grains (e.g. Yund and Tullis, 1991; Stünitz, 1998; Büttner and Kasemann,
2007). The observed decrease in the XMg values in intragranular recrystallised zones
requires an exchange reaction between olivine and a co-existing solid or fluid phase,
both being favoured by the presence of a circulating free fluid.15

The absence of serpentine minerals in the intragranular recrystallised olivine ag-
gregates within olivine porphyroclasts implies temperatures higher than 600 ◦C (e.g.
Hermann et al., 2000; Scambelluri et al., 2004) during recrystallisation. A temperature
above 600 ◦C is also in accord with the general assumption that dynamic recrystalli-
sation of olivine in the regime of dislocation creep at reasonable strain rates of 10−13–20

10−15 s−1 requires temperatures considerably higher than 600 ◦C as based on observa-
tions from natural systems (e.g. Skrotzki et al., 1990; Altenberger, 1995; Jin et al., 1998)
and the extrapolation from experimentally derived flow laws (Fig. 9, Chopra and Pater-
son, 1981; Hirth and Kohlstedt, 2003). The recrystallisation grain size paleopiezome-
ters of van der Wal et al. (1993) for the observed recrystallised grain sizes of 10–50 µm25

would indicate differential stresses on the order 70–250 MPa. Assuming that an extrap-
olation of the experimentally derived flow law to relevant strain rates of 10−13–10−15 s−1

is valid and that the grain size paleopiezometer is applicable, temperature conditions of
650–800 ◦C are thus indicated for dynamic recrystallisation. However, it is not excluded,
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but rather likely, that stresses and strain rates have been higher at an early stage of
dislocation glide-controlled deformation associated with brittle deformation, recorded
by the fractured, kinked and bent diopside porphyroclasts and intragranular recrys-
tallised zones in deformed olivine porphyroclasts. Localized intragranular zones of re-
crystallised grains within deformed porphyroclasts suggest that recrystallisation was5

restricted at sites of high strain, e.g. along former fractures, kink bands and deforma-
tion bands. Such deformation features have been observed from naturally deformed
peridotites from the Balmuccia complex in the Western Alps (Matysiak and Trepmann,
2012) and by deformation and annealing experiments on peridotites (Druiventak et al.,
2012). Intragranular zones of recrystallised grains within deformed porphyroclasts are10

indicators for a switch from an initial brittle and glide-controlled deformation in the low-
plasticity regime followed by dislocation creep. Such a microstructural development is
characteristic for stress variations at the lower tip of seismically active fault zones (Trep-
mann and Stöckhert, 2003; Trepmann et al., 2007; Druiventak et al., 2012; Matysiak
and Trepmann, 2012). However, the chemical variance of recrystallised grains and host15

porphyroclasts observed here is in contrast to the remarkably homogeneous chemical
composition of the localized recrystallised grains and porphyroclasts in peridotites from
the Ivrea zone (Matysiak and Trepmann, 2012).

5.2 Deformation of serpentinite

The fine-grained aggregates of olivine and antigorite in strain shadows (Fig. 6b, c)20

around olivine and diopside porphyroclasts indicate that they were precipitated from
the pore fluid during deformation. In almost monomineralic antigorite layers with the
(001) basal plane of antigorite parallel to the foliation, fine-grained olivine can be en-
riched in asymmetric multilayer folds (Fig. 8a, b). This indicates that either olivine crys-
tallized during folding from the pore fluid, possibly on the expense of antigorite, or that25

olivine was present before folding and was redistributed by dissolution along the phase
boundaries to antigorite. The microstructure in the strain shadows as well as the crenu-
lation cleavage indicate that the phase boundaries between antigorite and olivine act
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as sites of preferred dissolution during deformation by dissolution-precipitation creep
(Wassmann et al., 2011).

In monomineralic antigorite aggregates, a characteristic grain size variation with fine-
grained antigorite at sites of stress concentrations showing a marked CPO around
porphyroclasts and sutured grain boundaries (Fig. 8c, d) point to deformation by dislo-5

cation creep. The lack of undulatory extinction, LAGBs and subgrains in newly precip-
itated olivine and pyroxene grains indicates differential stresses insufficiently high for
crystal-plastic deformation of olivine and pyroxene at conditions at which antigorite is
stable. Consistently, the flow law for dislocation creep of antigorite derived by Hilairet
et al. (2007) would indicate differential stresses on the order of 5 MPa assuming a strain10

rate of 10−14 s−1 and 50 MPa for a strain rate of 10−10 s−1.

6 Implications

The deformation microstructures of the porphyroclasts are interpreted to have devel-
oped in the original mantle peridotite before hydration of the peridotite and transforma-
tion into serpentinite mylonites – at upper mantle temperature conditions (650–800 ◦C,15

i.e. considerably higher than suggested for the Alpine HP-LT metamorphism) and dif-
ferential stresses of a few hundred MPa. Similar deformation features formed at up-
per mantle conditions are described in peridotite mylonites from the Erro-Tobbio unit
and have been related to Jurassic rifting (Vissers et al., 1991; Hoogerduijn Starting
et al., 1993). Rifting processes are known to be associated with deep earthquakes20

(e.g. Albaric et al., 2009, 2010; Ibs-von Seht et al., 2008). At the lower tip of seismically
active fault zones peridotites can be affected by a sequence of high-stress deforma-
tion followed by recrystallisation at decreasing stresses (Druiventak et al., 2011, 2012;
Matysiak and Trepmann, 2012), consistent with the microstructural record of the por-
phyroclasts.25

The deformed mantle peridotites were uplifted and transformed to a serpentine-rich
mineralogy by low grade hydration near the ocean floor (Scambelluri et al., 1997).
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The serpentinites were subsequently subducted during Alpine collision (Hoogerduijn
Strating et al., 1990; Messiga et al., 1995; Scambelluri et al., 1995; Hermann et al.,
2000). Dehydration reactions of antigorite according to the reactions

Antigorite+Brucite → Olivine+Water (1)

Antigorite → Olivine+Enstatite+Water (2)5

have been proposed to be recorded by the HP-LT metamorphic mineral assemblage
of the Erro-Tobbio serpentinites (Hoogerduijn Strating and Vissers, 1991; Scambelluri
et al., 1991, 2004; Ulmer and Trommsdorff, 1995; Hermann et al., 2000; Healey et al.,
2009). These antigorite breakdown reactions can provide a considerable amount of10

fluid to depth of up to 200 km (Ulmer and Trommsdorff, 1995; Bromiley and Pawley,
2003; Scambelluri et al., 2004).

The observed secondary olivine and enstatite crystals occurring in strain shadows
of diopside and olivine porphyroclasts (Fig. 6) as well as olivine in foliated antigorite
aggregates (Fig. 8a, b) are assumed to have formed by these reactions and during15

deformation by dissolution-precipitation creep during alpine subduction and exhuma-
tion. The dehydration reactions provided the fluids for effective dissolution-precipitation
creep at stresses below a few tens of MPa, as indicated by evidence for dislocation
creep in monomineralic aggregates of antigorite on the one hand and undeformed
newly precipitated olivine in strain shadows on the other.20

It is remarkable that the deformed and recrystallised microstructure of the peridotites
is partly preserved and not more effectively modified by serpentinization. This leads to
the assumption that the serpentinized parts of the microstructure were areas of even
higher strain (e.g. shear zones with recrystallised areas of finer grain sizes) than the
preserved relicts. Thus, the porphyroclasts record the minimum strain of an indepen-25

dent deformation event not related to the mylonitic antigorite matrix.
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7 Summary and conclusions

The microfabrics of the serpentinite mylonites record the changing rheological be-
haviour during their complex geological history with a dramatic change in mineral com-
position from original mantle peridotite to HP-LT metamorphic serpentinites. Based on
our observations the following is inferred:5

1. Brittle and crystal-plastic deformation of olivine and diopside occurred in peri-
dotites, leading to undulatory extinction, deformation bands and intragranular re-
crystallised areas in olivine porphyroclasts and fragmented and kinked diopside
porphyroclasts. The deformation took place at upper mantle conditions and differ-
ential stresses of few hundred MPa. Chemical reactions during dislocation creep10

probably in the presence of a pore fluid are indicated by a different chemical com-
position of recrystallised olivine and olivine porphyroclasts. A likely geological sit-
uation for the recorded deformation is the deep area of a nearby seismically active
mantle shear zone probably related to Jurassic rifting.

2. Antigorite breakdown reactions together with dissolution-precipitation creep lead15

to the foliation of the serpentinite mylonites, formation of strain shadows and
crenulation cleavages with growth of new olivine and pyroxene. Deformation by
dissolution-precipitation creep took place during alpine subduction and exhuma-
tion. Simultaneously, in monomineralic antigorite aggregates, dislocation creep
is indicated by sutured grain boundaries, characteristic grain size variations and20

a deflected combined SPO and CPO at sites of stress concentrations. Unde-
formed newly precipitated olivine indicates that stress conditions remained since
then insufficiently high for crystal-plastic deformation of olivine at conditions at
which antigorite is stable, i.e. below a few tens of MPa.

The internal deformation of the olivine and pyroxene porphyroclasts is not associated25

with the matrix deformation in the serpentinite mylonites but is inherited and records
an independent earlier deformation event. The serpentinite mylonites investigated here
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are an example, that the microstructural record of porphyroclasts in mylonites does not
necessarily correspond to that of the mylonitic matrix but can provide information on
an earlier deformation event in the geological history of the protholith.
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Fig. 1. Schematic tectonic map of the Voltri Group (after Scambelluri et al., 1991). Serpentinites
have been sampled from the Erro-Tobbio unit close to Mt. Tobbio and Mt. Poggio.
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Fig. 2. Micrograph (crossed polarizers) of a typical sample of investigated serpentinite my-
lonites. Olivine and clinopyroxene porphyroclasts are embedded in an antigorite-rich matrix
(sample CT 07-13).
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Fig. 3. Optical micrographs (crossed polarizers) showing microstructures in olivine porphyro-
clasts from sample CT 07-13. (a, b) Deformation bands and subgrains in olivine porphyroclasts;
(c, d) Intragranular zones of recrystallised olivine grains within olivine porphyroclast; (e, f) Partly
recrystallised olivine porphyroclasts. EBSD map of area in f is presented in Fig. 4.
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Fig. 4. EBSD data presented as maps showing the relative misorientation (a) and colour coded
by the three Euler angles (b) of a partly recrystallised olivine porphyroclast (sample CT 07-13,
compare Fig. 3f). Yellow lines in (a) represent low angle grain boundaries (misorientation< 10◦),
red lines represent high angle grain boundaries (misorientation> 10◦). (c, d) Corresponding
polefigures of poles to (100), (010) and (001) planes in an equal angle projection of the lower
hemisphere for porphyroclasts and recrystallised grains, respectively.

385

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/5/365/2013/sed-5-365-2013-print.pdf
http://www.solid-earth-discuss.net/5/365/2013/sed-5-365-2013-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
5, 365–390, 2013

Microstructures in
serpentinite
mylonites

J. Bial and
C. A. Trepmann

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

Fig. 5. (a, b) EBSD maps of partly recrystallised olivine porphyroclast (sample CT 07-13) show-
ing relative misorientation and colour coded by three Euler angles, respectively. (c, d) Polefig-
ures of poles to (100), (010) and (001) planes (equal angle projection, lower hemisphere). (e,
f) EMP maps of the same area with relative distribution of Fe (e) and Mg (f) (red: high content,
blue: low content) showing a systematic difference of a more Fe-rich composition of new grains
compared to the host porphyroclast.
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Fig. 6. (a) Optical micrograph (crossed polarizers) showing enstatite (En) in strain shadow
around a diopside (Di) porphyroclast (sample CT 07-19). Note that the new pyroxene grains in
the strain shadow do not show exsolution lamellae. (b) Optical micrograph (crossed polarizers)
showing olivine grains in strain shadow around olivine porphyroclast (sample CT 07-14). (c)
EBSD map and corresponding polefigures of poles to (100), (010) and (001) planes of (d)
olivine porphyroclast and (e) olivine in strain shadow. (f) Shape preferred orientation of olivine
grains in strain shadow with long axes of grains in the foliation plane.
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Fig. 7. (a) Optical micrograph (crossed polarizers) showing fractured and bent diopside por-
phyroclast with exsolution lamellae parallel (100) (sample CT 07-21); (b) optical micrograph
(crossed polarizers) showing kinked and bent diopside porphyroclast with exsolution lamellae
parallel (100) (sample CT 07-13); (c) EBSD map (relative misorientation) of kinked and bent
diopside porphyroclast of the area shown in b. Corresponding polefigures show dispersed (100)
planes and [001] directions. The [010] axis represents the common rotation axis.
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Fig. 8. Optical micrographs (crossed polarizers) showing antigorite microstructures. (a, b) Fine-
grained antigorite aggregate with strong SPO and CPO forming a crenulation cleavage with
olivine present in shear bands (sample CT 07-13). (c, d) Fine-grained antigorite aggregates
with sutured grain boundaries, SPO and associated CPO deflected around porphyroclasts,
photograph taken with λ-compensator plate inserted (sample CT 07-21). Note that the grain
size of antigorite is very small at sites of stress concentrations.
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Fig. 9. Flow law for dislocation creep of olivine after Chopra and Paterson (1981).
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