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Disenssion

Temperatire data for the Broken Hill hornblende granulites of New South Wales
[% 8] are given in Table 1. These granulites occur adjacent to amphibolite-facies
tocks in which muscovite is replaced by sillimanite and orthoclise. Assuming
witer pressure equal to total pressure within the anphibolite facies, the iuter-
~tion of the muscovite dehydration curve [9] with the andalusite-sillimanite
version curve defines a minimun temperature for these vocks. This is about
6 O, usi=g the data of [10], or about 625°C, using the data of [11]. The inter-
seetion of the muscovite dehydration curve with the curve for beginning of melting
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Table 1. Temperature estimates for Broken Hill rocks [3, 6, 7, 8]. For éxplanation sce text

Facies Zone Temperature Method
(° C; s.e.)
Granulite 3 843
2 83818 Pyroxcne geothermometer
1 808 14
Orthopyroxene <790, ~ 760 Hornblende dehydration/
isograd melting curves
Amphibolite
Sillimanite-orthoclase > 680 or > 620, Muscovite dehydration/
isograd ~ 66O - andalusite inversion/

melting curves

of granite [12] defines an additional permissible temperature of 660°C. Possible
conditions for the transition from the amphibolite to granulite facies were defined
by the experimental dehydration of Broken Iill hornblende to an orthopyroxenc
asseinblage [8]. The dehydration took place in the rocks with no apparent melting
of the hornblende or of granodioritic gneisses |[7]. The teniperature of this ortho-
pyroxene isograd was thercfore less than about 790°C but not necessarily less
than 760°C, from the intersection of the hornblende dehydration curve with the
hornblende melting curve [8] and the granite melting curve [12], at a water
pressure less than total pressure.

Tenperatures ealculated for the pyroxenes in the Broken Hill granulites, using
the data of [6], are 808 -} 14°C (s.c.) for the lower zone, 838 - 8°C for the inter-
mediate zone and 843°C for the higher zone. These estimates exceed those for
the orthopyroxcene isograd, and increase away from it despite the fact that simple
partition cocfficients for pyroxenes do not vary systematically across these
zones [3]. The pyroxene temperatures ave internally consistent and very precise.
The estimates for the lower and intermediate zones were found by T-test to be
significantly different at the 90% level. Since the pyroxene temperatures arve
higher than those for the orthopyroxene isograd they arve broadly reasonable.
However, in so far as the temperatures for the orthopyroxene isograd are maxi-
mum estimates, it is conceivable that the pyroxene temperatures are higher than
true temperatures, perhaps by as much as 507

Pyroxene temperatures for other hornblende-granulite subfacies rocks are
given in Table 2. They include 784 - 87C for pyroxenc gneiss from Finland [13 ],
840 -1- 5°C for Quairading mafic granulites, W. Australia [14] and 815 - 12°C
for Amaravathi granulites, India [15]. The pyroxenes of chavnockites yicld
temperatures of 841 - 11°C [4] for Madras [16] and 859 -= 9°C' for Kondapalli,
India [17]. These temperatures in the range 780-860°C are generally consistent
with the Broken Hill data and also with estimates for granulite-facies temper-
atures from other lines of evidence. Granulites such as these tend to be associaterd
with granites ov represent the residue of partial melting [18]. From the discussion
above, hornblende dehydration therefore took place at a minimum of 7607 (" and
probably at about 790°C. Such arguments led to a minimum estimate of S00°C
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Tible 2. Comparison of pyroxcne temperatures with minimnm temperature estimates for
granulite lacies rocks

' roxene Rock type, location, Minimum
-uperature reference temperature
estimate (° C)

Location, method, reference

i's.e)

Pororenc-granulite subjucies

IR Pyroxenc gneiss,
Delaware [22]
s = Reerystallized novite,

Quebee [23]

Liorablendz-yrarulite subjacies

= 8 Pyroxone 760 Adirondacks,
Finland 1 ' perthite-garnet [2]
Nt 3 Giranali 800 Adirondacks,
hornblende dehiydration [2]
43 12 800 Adirondacks, corona assemblages
[19]
SN L 750-820 Norway, hornblende
dehydration [20]
s 8 800 Norway, fluid inclusions [21]
SAG =1 f

Additional estimates of minimum temperatures
€ from perthite-garnet assemblages [2] and S00°C
.. Homblende dehydration was estimated to have
O in Nomweglan granulites [20] while CO,-rich fluid inclusions

fieate temperatures of about S00°( [2L]. The pyroxene
s generaliy higher than these minimum estimates for the granulite
e the rocks in question are not immediately adjacent to amphi-
the temperatures need not be close to the minimum estimates.

te des but, =
bolite-facies v
The pyroxene temperatures therefore appear reasonably accurate and are cer-
tinly Tess than 50°C too high.

Pyroxenes from the hornblende-free Wilmington gneizs complex, Delaware [22
Vieldb atemperature of 867 -1 9°C, which is higher than the estimates for the
hA4!nhlmlde-grannlite subfacies. Recrystallized norvites in the Grenville of Quchee
{20} vield pyroxenes temperatures of 857 4 11°C for horublende-granulite sub-
ficies terrain (Belleau-Desaulnicrs area) and 898 - 47 C for pyroxene-granulite
subfacies terrain (Grenville Township). Thus hornblende breakdown appears com-
plete at, temperatures of ahout 860°( in granulite facies rocks.

The hornblende-granulite subfacies rocks deseribed above have pyroxene tem-
Prratures in the range 760 to 860°C, despite a wide range of whole rock and
Piroxene compositions. For three of these arcas, other rocks are present which
give pyroxene temperatures discordant with those of the main rock type. These
@ altramafic granulites at Quairading [14] which yield 893 -1- 19°C; dikes and
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lenses, principally ultramafic, among the massive charnockites at Kondapalli [17]
which yield 958 -+ 43°C; and a charnockite among the granulites at Amaravathi
[15] which yields a temperature of 888°C. Tt is possible that all these temperatures
represent some partial equilibration from original igneous temperatures. Such a
process might be expected for late igneous rocks cooling in a metamorphic environ-
ment. An igneous temperature (1059°C) was obtained for coarse-grained norite
associated with recrystallized norite in Grenville Township [23]. The Mecklen-
burg gabbro [24] yields a pyroxene temperature of 922 - 9°C. This is lower
than those typical of mafic igneous rocks, e.g. 1005-1150°C [5] for Bushveld
cumulates, 1000-1060°C for the mafic norite of the Sudbury Nickel Irruptive [25],
and 1164°C for the Guadalupe hypersthene gabbro [24]. The temperature estimate
and reaction textures [24] suggest that the Mecklenburg gabbro has undergone a
degree of sub-solidus re-equilibration. Adjacent recrystallized and unreerystal-
lized metagabbro [24] yield still lower temperatures, 864 -1 10°C! and 876 4- 7°C
respectively. However, pyroxene compositions were not completely re-equili-
brated, for the local metamorphic rocks are upper amphibolite facies only. In
these cases, (partial) preservation of igneous textures supports the re-equilibra-
tion hypothesis. Tn the case of the rocks occurring with the granulites, an origin
as late igncous rocks, partly re-cquilibrated, is possible and would explain the
discordant temperatures.

Conclusions

L. Wood-and-Banno pyroxene temperatures for granulites are internally con-
sistent, precise and generally concordant with other temperature estimates. They
are certainly not too low or more than 50 too high.

2. Hornblende-granulite subfacies rocks crystallized at temperatvres in the

range 780-8G0"C and pyroxenc-granulite subfacies rocks at higher temperatures.
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