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Hydrogen concentration gradients reported in olivines from
several peridotite xenoliths (Demouchy, 2004; Peslier and Luhr,
2006) have been interpreted as evidence of hydrogen loss during
ascent to the surface. However, a review of hydrogen diffusion
data in anhydrous minerals (Ingrin and Blanchard, 2006) provides
new constraints on the possible origin of these heterogeneities.

The amount of hydrogen in mantle silicates is likely controlled
by the relative kinetics of three diffusion mechanisms. The first
level of kinetics is controlled by the diffusion of hydrogen. H dif-
fusivities are very high (10!10–10!11 m2/s at 1173 K). The H con-
tents of xenolith phases are therefore in equilibrium with the
water fugacity fixed by the transporting magma. H diffusivity in
cpx is slightly higher than in olivine, garnet and opx but the dif-
ferences are extremely small. Each mineral therefore rapidly
records any subsequent change of water fugacity. A second level
of kinetics constrains the concentration of vacancies at octahedral
sites. This is controlled, for example, by oxygen fugacity and
directly affects H solubility in olivine and pyroxene. Diffusion of
octahedral vacancies is 2–4 log units lower than that of hydrogen.
Vacancy diffusion in olivine is probably less than one order of
magnitude higher than in pyroxenes (Ingrin and Blanchard,
2006). As no H gradient was observed in pyroxene coexisting with
the zoned olivines, it is unlikely that vacancy diffusion generated
the observed concentration gradients. Cation diffusion also con-
trols H solubility in minerals. H solubility in olivine is more sen-
sitive to trace element substitution and facies conditions than
pyroxenes (Berry et al., 2005; Grant et al., 2006). As cation diffu-
sion through minerals is slow (8 log units lower than H), thou-
sands to millions years are required to produce chemical zoning
by this mechanism. H profiles in natural olivine are probably
the result of this third level kinetics. They were produced prior
to xenoliths sampling and thus provide little information on the
ascent rates.
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Constraining fault kinematics associated
with porphyry mineralisation in the Central

Andes using U–Th/He chronometry
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The late Eocene porphyry Cu–Mo province in the Central
Andean Precordillera accounts for approximately 40% of global
copper production. Structurally controlled advanced argillic alter-
ation and high sulfidation style mineralisation is commonly super-
imposed on the porphyry centres and masks early structural
controls on porphyry emplacement. Cenozoic uplift of the Pre-
cordillera commenced in the middle Eocene and was concomitant
with volcanic attenuation and the emplacement of voluminous
shallow to moderate depth intrusions. Decline of this tectonic
phase between 40 and 30 Ma. is temporally associated with the
emplacement of mineralised porphyries and the cessation of mag-
matism in the Eocene arc. However, the association between con-
vergent tectonics, orogenesis, and porphyry emplacement is
poorly constrained. To attempt to resolve the kinematic behav-
iour of major faults, we analysed samples from four sub-blocks
in the Collahuasi district using the U–Th/He technique on zircon
(ZHe) and apatite (AHe). One of the source sub-blocks experi-
enced no Tertiary magmatism, whereas others host major mid-
late Eocene barren and mineralised intrusions. ZHe analyses from
near the Rosario porphyry return cooling ages from 29.0 ± 0.6 to
33.8 ± 0.6 Ma, whereas those from the Guatacondo block cooled
through the "190 !C blocking temperature between 30.7 ± 0.6
and 37.9 ± 0.7 Ma.

Interpretation of U–Th/He chronometry is complex in this
environment because of high topographic relief, shallow magmat-
ic emplacement, rapid unroofing, and highly transient geothermal
conditions. Ambiguity arises partly because the temperature-time
paths described by a suite of samples close to shallow intrusions
are similar for both isobaric cooling and exhumation. Uncertain-
ties in paleogeothermal gradients and other parameters preclude
resolution of the relative uplift behaviour of the Rosario block
using ZHe. However, results from blocks that experienced no
late-tectonic magmatism can be used to demonstrate the sequence
of sub-block uplift within the orogen. The lower blocking temper-
ature of the AHe chronometer permits evaluation at Quebrada
Blanca of the amount of vertical offset across a strand of the
Domeyko Fault System (DFS); a major arc-parallel lineament
about which the major porphyry systems are concentrated. Com-
bined with field mapping and U–Pb geochronology, this reveals
the NNW-trending fault as a shallowly oblique-slip normal fault
with sinistral displacement of <2.5 km during the Oligocene. The
DFS was apparently not reactivated as a high angle reverse fault
during Miocene compressive tectonism.
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