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Peridotite mylonite shear zones 
are commonly found in peridotite 
massifs [e.g. Vissers et al., 1991, 
Ceuleneer et al. 1988, Boudier 1978] 
and in peridotites from the ocean floor 
[Jaroslow et al., 1996; preliminary 
report ODP leg 209] and may accom-
modate much of the deformation dur-
ing magma-starved periods of (ultra-) 
slow spreading. Solid state reaction-
induced grain size reduction is often 
assumed as an important process, 
but the role of melt-enhanced reac-
tions is less well known. To provide 
constraints on the rheological weak-
ening of mantle lithosphere during 
extension, we investigate the mutual 
relationships between high-tempera-
ture deformation, melt-rock reaction 
and emplacement of plutonic rocks. 
This study is focused on a high-tem-
perature shear zone from the Lanzo 
peridotite (N-Italy). Structural map-
ping of the peridotitic massif of Lanzo 
(Boudier, 1978) showed that the mas-
sif is composed of 3 zones, which are 
separated by shear zones. 

The shear zone in the northern 
Lanzo peridotite is  ~2 km wide, and 
oriented NW-SE with a sub-verti-
cal foliation. Ultramylonites located 
within this shear zone are marked by 
extremely stretched orthopyroxene 
(2cm) and plagioclase-rich bands. 
Several cross sections indicate that 
the deformation is not symmetrically 
distributed over the shear zone. There 
is a relatively sharp transition (about 
400 to 500m) from weakly deformed 
porphyroclastic peridotites (grain size 
up to 1.5 cm) to ultramylonites (grain 
size close to 50 µm or less) on the 
northern side of the mylonite. The 
southern part of the shear zone, how-
ever, shows a much smoother transi-
tion. There, 4 different types of micro-
structures have been distinguished.  In 

addition the southern part of the shear 
zone contains numerous discordant 
and nearly concordant intrusive rocks 
(gabbro, olivine gabbro, Fe-Ti gabbro 
and basalts), which cut the pyroxenite 
layering and/or the foliation, while in 
the northern part, mafic dikes are far 
less abundant.

Typical peridotite mylonite bands 
consist of olivine (ol) + clinopyroxene 
(cpx) + orthopyroxene (opx) + plagi-
oclase (plg) + Cr-Al spinel +/- Ti horn-
blende and enclose porphyroclasts 
of pyroxene and/or polycrystalline 
olivine bands. Microprobe analyses 
of cpx porphyroclasts indicate high 
Al

2
O

3 
values (~6.5 wt%). Granoblasts 

show low Al
2
O

3
 (1.5-3 wt%) and are 

in equilibrium with plagioclase. The 
high Al

2
O

3
 values in cpx cores prob-

ably record spinel peridotite facies 
conditions. Microprobe traverses in 
cpx porphyroclasts show TiO

2
 zoning 

from core (0.6 wt%) to rim (0.7-0.8 
wt%), while Al is decreasing, prob-
ably indicating melt/rock reaction at 
decreasing melt volumes prior to and/
or during deformation. Spinels show 
extreme variations in their chemical 
compositions, even within one sin-
gle sample (Cr#: 20-55, TiO

2
: 0.2-5 

wt%). Reaction textures are preserved 
in some cpx porphyroclasts (cpx + 
liq -> opx + plg ± ol), a common 
texture in the southern Lanzo massif 
(Müntener & Piccardo, 2003). Opx 
and plagioclase intergrowth replacing 
cpx porphyroclasts are rich in Al

2
O

3
 

(3.5 to 4.5 wt%). The high Al content 
of opx is probably inherited from the 
high Al content of cpx. A second reac-
tion texture (very frequent) indicates 
corrosion of olivine and precipitation 
of opx (ol + liq -> opx ± liq). These 
opx contain about 1.8-2.5 wt% of 
Al

2
O

3
, which is similar to opx neob-

lasts. This indicates that the mylonite 

formation postdates or is contem-
poraneous cpx-corroding melt/rock 
reaction. Calculated (closure) tem-
peratures derived from two pyroxene 
thermometry indicate ~850 °C for the 
final equilibration. 

Our results indicate that gabbros 
are asymmetrically distributed with 
respect to the shear zone, and that a 
‘gabbro-rich’ zone might be the foot-
wall of a high-temperature mylonitic 
shear zone. The shear zone was prob-
ably active prior to gabbro dike em-
placement. Observations indicate that 
the peridotite mylonite formed at high 
temperature contains porphyroclastic 
relics, which show texture of melt/
rock reaction. Melt-rock reaction may 
caused grain size reduction, which in 
turn led to localization of deformation. 
The extreme chemical variation in py-
roxenes and spinel most probably in-
dicate chemical disequilibrium during 
melt/rock reaction and formation of 
plagioclase, apparently independent 
of degree of deformation. All obser-
vations suggest that melt migration 
and high temperature deformation are 
juxtaposed both in time and space. We 
speculate that melt-enhanced shearing 
might be a prerequisite for the forma-
tion of large-scale detachment faults 
and oceanic core complexes at mid-
ocean ridges.
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