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INTRODUCTION

The origin of the garnet lherzolite of the Alpe Arami (AA),
Switzerland, has been the focus of heated debate since the pro-
posal of Dobrzhinetskaya et al. (1996) of possible exhumation
from greater than 300 km depth in the Earth’s mantle, based
primarily on evidence of abundant exsolution of (Fe,Mg)TiO3

and chromite in olivine. The interpretation that very high pres-
sures were necessary to account for the abundance of these
oxides has been questioned on two different grounds: (1) evi-
dence suggesting that the actual amount of TiO2 present in AA
olivine was overestimated by a factor of more than 20 (Hacker
et al. 1997; Green et al. 1997a); and (2) argument that the titan-
ate rods are not exsolution products but record breakdown of
former lamellae of titanian clinohumite (Risold et al. 2001).
Although additional evidence and arguments for and against
exhumation from great depth also have been presented (Brenker
and Brey 1997; Green et al. 1997b; 2000; Bozhilov et al. 1999;
Arlt et al. 2000; Trommsdorff et al. 2000; Nimis and
Trommsdorff 2001a, 2001b; Paquin and Altherr 2001a, 2001b;
Dobrzhinetskaya et al. 2002), here we will only address evi-
dence directly related to the question of the origin and signifi-
cance of oxide inclusions in olivine.

Two generations of olivine are present in the AA peridotite.
The older generation is coarse-grained, exhibits a lattice pre-
ferred orientation of olivine that has [100] normal to foliation
(Möckel 1969), and the crystals contain abundant topotactically
oriented inclusions of ilmenite and chromite (Dobrzhinetskaya
et al. 1996). This generation has been recrystallized to varying
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ABSTRACT

A critical aspect of the debate about the origin and conditions of metamorphism of the Alpe
Arami (AA) peridotite is the disagreement over how much ilmenite is contained in the older genera-
tion of olivine and therefore how much TiO2 might have been dissolved at high pressure and tem-
perature. We have now determined quantitatively the 3-dimensional distribution of ilmenite in AA
olivine by confocal laser scanning microscopy (CLSM). The CLSM measurements show an average
concentration of 0.31 vol% of ilmenite in olivine, with individual grains containing up to 1.2 vol%.
This translates into average and maximum concentrations of 0.23 and 0.9 wt% TiO2 in olivine,
respectively, and confirms the original estimation of maximum concentration of ~1 vol% TiO2. The
vast majority of ilmenite in AA olivine is distributed randomly (although topotactically oriented)
and, in all cases, is accompanied by chromite in a ratio of ~4:1. These observations are consistent
with an origin of the ilmenite (and chromite) by exsolution from an olivine solid solution at P = 9–
12 GPa and temperatures above the stability field of titanian clinohumite, but are not consistent with
suggested breakdown of titanian clinohumite. Combining these results with other recent findings
suggests that exsolution followed deformation under relatively high fugacity of H2O, and that the
high solubility of TiO2 is probably explained by pressure-induced accommodation of Ti in the tetra-
hedral site of silicates.

degrees to a finer-grained aggregate (second generation) con-
taining interstitial oxides. The abundance of rod-shaped inclu-
sions of (Fe,Mg)TiO3 contained within first-generation AA
olivine was reported by Dobrzhinetskaya et al. (1996) to be >1
vol% (implying >0.6 wt% TiO2), based upon digital image
analysis of polished sections viewed in reflected light. Using a
broad-beam microprobe technique, Hacker et al. (1997; see also
response by Green et al. 1997a) analyzed a crystal of this ma-
terial provided to them by the original authors and concluded
that the integrated amount of TiO2 in the olivine was only 0.02–
0.03 wt%, even though Hacker confirmed the volume-fraction
measurements of the original authors using backscattered elec-
tron imaging with a scanning electron microscope (Green et
al. 1997a). This inconsistency might have been resolved had
the inclusions been determined to have a much lower TiO2 con-
tent than originally thought, but subsequent work has shown
that all of the rods are ilmenite (Hacker et al. 1997; Green et al.
1997a; Risold et al. 2001), with no evidence of substitution of
any element for Ti. Creating even greater confusion, the mi-
croprobe method of Hacker et al. (1997) returned the same low
concentration of TiO2 in a specimen of their own material for
which the original authors measured a volume fraction of 0.02
vol% titanate, a value consistent with the microprobe measure-
ments (Green et al. 1997a). It is clear, therefore, that the amount
of TiO2 present in olivine of the specimens of AA peridotite
originally examined by Dobrzhinetskaya et al. (1996) remains
to be characterized definitively.

We have revisited this subject by directly measuring the
volume fraction of ilmenite in the cores of the oldest genera-
tion of olivine in selected specimens of the AA garnet lherzolite
by applying confocal laser scanning microscopy (CLSM), as




