
American Mineralogist, Volume 7 3, pages 432-433, 1988

Pyroxene exsolution in granulites from Fyfe Hillso Enderby Land, Antarctica:
Evidence for 1000 oC metamorphic temperatures in

Archean continental crust-Discussion
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Metapelites in the Napier Complex granulites in En-
derby Land (Antarctica) have well-documented para-
geneses supporting very high regional metamorphic tem-
peratures (see references cited by Sandiford and Powell,
1986). Sandiford and Powell (1986) have claimed that
pyroxene exsolution in these granulites provide evidence
for 1000 "C metamorphic temperatures. Sandiford and
Powell (1986) seemingly inferred a metamorphic origin
for pyroxene-bearing rocks only from their occurrence
within a regional metamorphic terrane, although they have
provided no data on temporal relationships of the pyrox-
ene-bearing rocks within the Fyfe Hills granulites. These
temporal relationships can be critical to interpretations
of metamorphic or igneous origins. For example, igneous
rocks of different ages relative to the peak metamorphic
event occur in the high-grade Precambrian granulite ter-
rane of southwestern Norway (Hermans et al., 197 5; Jan-
sen et a1., 1985; Rietmeijer, 1984). Furthermore, Sandi-
ford and Powell (1986) have an unswerving conviction
that temperatures derived from subsolidus and solvus py-
roxene phase relations are uniquely metamorphic tem-
peratures.

Before raising specific issues, I would like to recall a
discussion by Miyashiro (1975) on concepts of metamor-
phism as a direct result of large-scale processes (i.e., re-
gional metamorphism) and "small-scale metamorphism"
such as changes within individual minerals. Although the
latter type will provide valuable data on physico-chemi-
cal processes that occurred during the history of a given
mineral grain, it does not necessarily reflect the overall
regional metamorphic pattern. A case in point is that
pyroxenes in meta-igneous rocks may show a record of
crystallization and igneous cooling prior to coincidence
with the surrounding regional metamorphic thermal re-
gime (Rietmeijer, 197 9, 1984).

By definition, exsolution occurs in solid solutions dur-
ing cooling from the highest equilibration temperature
reached by a solid solution. This equilibration tempera-
ture could be either a solidus (igneous) or subsolidus
(metamorphic) temperature. Thus, pyroxene exsolution
cannot a priori bracket peak regional metamorphic tem-
peratures.

Pyroxene exsolutions described by Sandiford and Pow-
ell (1986) show a degree of complexity commonly ob-
served in slowly cooled igneous pyroxenes (Robinson et
a1.,1977; Robinson, 1980; Rietmeljer, 1979; Rietmeijer
and Champness, 1980, 1982; Ranson, 1986). In general,

metamorphic pyroxenes have simple patterns of exsolu-
tion lamellae ll 100 and "001" ("hkf' denoting orienta-
tions approximately parallel to hkl; Jaffe et al., 1975).

It is conceivable that in unusually high-temperature
metamorphic rocks, complex subsolidus phase relations
in pigeonite (Pgt) and Ca-rich clinopyroxene (Aug) may
arise in response to slow regional cooling. These patterns
could be reminiscent of the complex subsolidus patterns
for slowly cooled, igneous clinopyroxenes. However, a
critical issue for the conclusions reached by Sandiford
and Powell (1986) is the origin ofthe pyroxenes selected
for their analyses.

For their claim of 1000'C metamorphic temperatures
derivied from pyroxene exsolution, it has to be shown
beyond a shadow ofdoubt that selected pyroxenes indeed
have a metamorphic origin. Pyroxenes have been selected
from basic and intermediate meta-igneous rocks of ba-
saltic composition and femrginous metasedimentary rocks
for which representative whole-rock analyses are pre-
sented (Sandiford and Powell, 1986, Table l). I suggest
that bulk composition and occurrence within a granulite
terrane alone are not sufficient to establish a metamor-
phic origin for a particular rock or mineral grain. Thus,
without additional evidence in support of a metamorphic
origin for the "more Mg-rich" and "intermediate com-
position" rocks, Sandiford and Powell ( 1 986) have drawn
a tenuous conclusion for their pyroxene origins. Indeed,
the whole-rock composition and exsolutions of constit-
uent pyroxenes in these rocks are consistent with an ig-
neous ongln.

Also, Sandiford and Powell (1986) compared pigeonite
exsolutions in the Fyfe Hills granulites to decomposed
pigeonites described by Ishii and Takeda (1974) from a
coarse-grained basaltic dike. Ishii and Takeda (1974) were
careful to note that formation of decomposed pigeonite
is based on the assumption that the orthopyroxene (Opx)-
Pgt-Aug three-phase assemblage will also occur in the
crystallization process during subsolidus cooling, i.e.,
equilibrium occurs among these three pyroxenes. Sur-
prisingly, Sandiford and Powell (1986) admitted that they
have no evidence for the coexistence ofthe three primary
phases. With the nonigneous nature of the selected py-
roxenes inconclusively established, the 1020 oC temper-
ature derived from the graphically reconstructed, decom-
posed pigeonite (Sandiford and Powell, 1986, Fig. 6) is
not well-founded and may not reflect peak regional meta-
morphic conditions. In addition, the temperature esli-
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mate rs presented without reference to the probable errors
involved in graphical reconstructions of primary pyrox-
ene compositions from their exsolutions (see below).

The ferruginous metasedimentary rocks may be can-
didates for metamorphic pyroxene assemblages that
formed in response to peak-metamorphic temperatures
producing the parageneses in metapelites from the Fyfe
Hills granulites. However, within the context of the..ex-
ceedingly high temperatures" (Sandiford and powell,
1986), it is not inconceivable to expect unusual compo-
sitions for igneous components within the granulites. Ac-
cepting a probable metamorphic origin for the ..more Fe-
rich rocks" (terminology after Sandiford and powell,
I 986), I note that (l) there is no evidence for the existence
of the Opx-Pgt-Aug three-phase assemblage in these rocks
and (2) compositions of primary subcalcic augite is ob_
tained by the "somewhat hazardous procedure" (Sandi_
ford and Powell, 1986) of graphical reconstruction. In
general, graphical reconstruction for slowly cooled
exsolved Ca-rich clinopyroxenes will overestimate the
amount of Ca-poor pyroxene lamellae, and the resulting
reconstructed primary augite will be too low in Ca (Riet_
meijer, 1979). The errors involved in this procedure may
be +100 'C (Bohlen and Essene, 1978; Rietmeijer and
Champness, 1982). Thus, the 980 .C temperature esti-
mate derived from subcalcic augite is too uncertain to
support the claim for exceptionally high metamorphic
temperatures based on pyroxene exsolutions.

In conclusion, the evidence presented by Sandiford and
Powell (1986) for 1000 .C metamorphic temperatures
based on pyroxene exsolution in granulites from Fyfe Hills
(Enderby Land, Antarctica) is inconclusive and flimsy.
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