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Abstract Emplacement depths of 33 rocks from 27
Paleozoic and Mesozoic plutons from western New Zealand
have been estimated utilising the hornblende-Al barometer
of Anderson and Smith. Emplacement depths for plutons
from the Median Batholith/Median Tectonic Zone (Median
and Separation Point Suites) plutons range from 8 to 27 km.
The greatest emplacement depths are found along the
western edge of the batholith, in areas dominated by plutons
of the Separation Point Suite; together with geochronological
data they suggest significant uplift in the interval 118 to
¢. 110 Ma. Emplacement depths of c. 8-10 km are typical
along the eastern side of the batholith in mainly Triassic
plutons. No trend along the length of the batholith is
apparent. Plutons associated within the lower plates of
metamorphic core complexes were emplaced in the range
19-23 km, and were uplifted over a similar, but possibly
slightly later, time interval. No significant consistent
difference in amphibole type or chemistry was observed
between the suites. Epidote believed to be of magmatic origin
occurs in 11 plutons which record emplacement pressures
of 3.1 kbar or greater, in conflict with the notion that such
epidote indicates pluton emplacement pressures 268 kbar.
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INTRODUCTION

Pluton emplacement depths and tectonic processes

Estimates of emplacement depths for dated plutons provide
direct evidence for the ascent or descent of exposed crustal
sections through time, thus providing fundamental
information about tectonic processes in orogenic belts. In
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multiply-intruded terranes, plutons can thus serve as “crustal
nails” in constraining P-T-t paths, providing information
complementary to metamorphic petrology (Anderson 1996).
The Al in homblende method is especially useful in areas
where tectonism and plutonism are intimately associated,
because many contacts with “country rocks”, and the
pressures their aureole metamorphic assemblages might
otherwise indicate, are often obscured by syn- and post-
plutonic faulting. Within the batholiths, sedimentary country
rocks, and pelitic country rocks in particular, are uncommon,
and complementary geobarometric estimates cannot usually
be obtained from aureole metamorphic assemblages.

Aluminium in hornblende geobarometry

Empirical studies by Hammarstrom & Zen (1986) and
Hollister et al. (1987) suggest that the Al content of calcic
amphibole, in the presence of an appropriate buffer
assemblage, may exhibit an approximate linear relationship
to the pressure attending pluton crystallisation. Subsequent
experimental studies (Johnson & Rutherford 1987; Rutter
et al. 1989; Thomas & Emst 1990; Schmidt 1992) have
provided general confirmation of increasing Al content of
hornblende with increasing pressure. Although some
problems have been raised regarding this method (Blundy
& Holiand 1990; Cosca et al. 1991), it provides results
consistent with independent estimates in many instances
(e.g., Vyhnal et al. 1991; Leake & Said 1994). Recalculation
of Fe as all divalent or all trivalent has little effect on the
stoichiometric Al content, and any difference is in any case
eclipsed by the errors associated with the equation. Anderson
& Smith (1995) noted the likely effect of temperature (and
oxygen fugacity) on the pressure calculations and have
modified the Schmidt (1992) equation to incorporate
temperature as per the reactions in Holland & Blundy (1994):

P (0.6 kbar) = 4.76A1-3.01-[(T°C-675/85] x [0.530A1 +
0.005294 (T°C-675)]

The Al content/pressure relationship has been explained
by Hollister et al. (1987) with reference to the phase rule,
which limits the degree of freedom such that the only
unconstrained variable is pressure (he assumed that
temperature could be ignored above 2 kbar). Given a 10-
component system, the crystallising amphibole should be
in equilibrium with biotite, plagioclase, orthoclase, quartz,
Fe-Ti oxide, titanite plus melt, and a fluid phase. Hollister
etal. (1987) suggested that the pressure-sensitive substitution
in amphibole is the tschermakite component, because high
pressure tends to favour minerals with Al in octahedral,
rather than tetrahedral, co-ordination. We make the
assumption that the estimated equilibrium crystallisation
pressure is equivalent to pluton emplacement pressure.

Geological setting

Terranes that formed the New Zealand margin of Gondwana
have been grouped into Western (Buller and Takaka






