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Neo-natal Porphyry Copper System
at White Island, New Zealand
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White Island, New Zealand, is an active andesitic-dacitic
volcano that is located near the southern end of the Tonga-
Kermadec-Taupo Volcanic Arc at the convergent plate
boundary where the Pacific Plate is being subducted beneath
the Indian-Australian Plate.  The plate tectonic setting,
volcanic features and petrology of White Island are
characteristic of the environment associated with formation of
porphyry copper deposits.  White Island has been active only
for about 10 Ka and, as such, is an ideal location to study early
magmatic processes associated with formation of porphyry
copper deposits.

Silicate melt inclusions, phenocrysts, and matrix glass
contained in recent ejecta (1977-1991) were analysed and
results compared with economic and non-economic (or barren)
porphyry copper systems. Major element chemistries of melt
inclusions are characteristic of productive systems. Some trace
element systematics (Eu) are consistent with mineralised
systems, whereas others (HFSE, Y) are more similar to barren
intrusions.

Copper concentrations (up to several hundred ppm) in
melt inclusions from White Island are sufficiently high to
generate an economic porphyry copper deposit, based on
theoretical models.  Moreover, high Cl/H

2
O ratios (0.15) in

melt inclusions favor the efficient extraction of copper from
melt by the magmatic aqueous phase.  The inferred pressure in
the magma chamber at depth (≈1 kbar) is also ideal for
extracting copper from the melt, and mineral phases, such as
pyrrhotite, biotite or amphibole, which might scavenge copper
from the melt before it could be partitioned into the magmatic
vapor phase are absent.  Concentrations of S in the melt are
low, which further inhibits pyrrhotite crystallization.  The
oxidation state of the magma at depth, based on the presence
of SO

2
 in the magmatic gas, is consistent with that predicted

for porphyry copper deposit magmas.
Geochronologic, tectonic, petrologic and geochemical data

suggest that White Island may represent an embryonic
porphyry copper system that has not yet reached the
productive stages of copper mineralization.  As such, White
Island provides an ideal location to characterize the early
magmatic stages associated with copper mineralization,
because these features are usually destroyed by later alteration
in fossil systems and unavailable for examination.
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Segregation of iron-rich magnesiowüstite as a result of
partial melting may provide a plausible explanation for
anomalous seismic velocities in the CMB region.

The temperature on the core side of the CMB is
constrained to about 4000 K from melting measurement in the
Fe-O-S system using laser-heated diamond cells.This is about
the same temperature as our extrapolated solidus temperature
of a pyrolytic mantle composition measured at lower
pressures. An average adiabatic mantle geotherm is
significantly lower reaching less than 3000 K at the CMB.
Partial melting of the mantle, however, is possible in its
thermal boundary layer in the vicinity of the core. Due to the
cross-over of the melting curves of the two major mantle
components Mg-Si-perovskite and magnesiowüstite at about
45 GPa (about 1200 km depth) it is expected that the eutectic
composition in this system becomes richer in magnesiowüstite
with increasing depth. Compressibility studies of these two
phases suggest that at CMB pressures magnesiowüstite is
more dense than perovskite by several percent. Moreover, if
iron partitions in the magnesiowüstite phase as suggested by
some chemical studies, gravitational segregation of a
magnesiowüstite-rich liquidus phase is possible.


