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Limits on the precision of geobarometry at low grossular and anorthite content
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ABSTRACT

In many cases the grossular content of garnet and/or the anorthite content of the pla-
gioclase used in thermobarometry are very low, leading to a large pressure uncertainty.
The dependence of this uncertainty on mole fractions of grossular and anorthite is evaluated
by propagating uncertainties in composition and activity terms into the GASP geobaro-
meter for a series of hypothetical rocks equilibrated at 550 8C and 6 kbar. Results are 6
0.65 kbar (1 standard deviation) at high mole fractions (Xgrs 5 0.15, Xan 5 0.98), increasing
to 6 1.55 kbar at low mole fractions (Xgrs 5 0.03, Xan 5 0.133). Specific results vary
depending on errors chosen, P-T conditions, thermodynamic database, and activity models
used, but an overall trend of increasing uncertainty with decreasing mole fraction is robust.
These theoretical conclusions are supported by a data set of 42 amphibolite facies meta-
pelitic samples for which pressure and temperature were determined with and without
grossular-anorthite-bearing equilibria. If grossular and anorthite mole fractions are large
the difference in P determination is low (,0.5 kbar), but if these mole fractions are ,0.10
and 0.30, respectively, the difference in P determination is variable and can be high (.3
kbar). A general guideline is that if the product of grossular and anorthite mole fraction
is ,0.05, then grossular-anorthite-bearing equilibria should be used only with great caution.

INTRODUCTION

Geothermometers and geobarometers are routinely
used by geologists to estimate the pressure (P) and tem-
perature (T) of equilibration of mineral assemblages. The
uncertainties associated with these P-T estimates come
from several sources, including experimental apparatus
calibration, activity models, thermodynamic databases, P-
T averaging technique, and mineral composition uncer-
tainty. The effect of these uncertainties on the P-T esti-
mate, either separately or in various combinations, has
been investigated by several authors (Anderson 1977a,
1977b; Hodges and Crowley 1985; Hodges and McKenna
1987; McKenna and Hodges 1988; Powell and Holland
1988; Berman 1991; Kohn and Spear 1991a, 1991b; Lie-
berman and Petrakakis 1991; Gordon 1992; Applegate
and Hodges 1994; Gordon et al. 1994; Powell and Hol-
land 1994). None of the previous works systematically
investigated the effects of low mole fraction of end-mem-
ber components on the uncertainty of a P-T estimate,
which is the purpose of this study. Two sources of un-
certainty that vary with mole fraction are examined: un-
certainties inherent in activity models and uncertainties in
the compositions of minerals in the equilibrium
assemblage.

For common assemblages in medium-grade metapelitic
rocks, the problem of low mole fraction affecting P-T
results is most acute for grossular-anorthite-bearing equi-
libria. Three commonly used equilibria are: Garnet-Alu-
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minosilicate-silica-Plagioclase (GASP), 3 An 5 Grs 1 2
Al2SiO5 1 Qtz (Ghent 1976); Garent-Rutile-Ilmenite-Pla-
gioclase-Silica (GRIPS), Grs 1 2 Alm 1 6 Rt 5 6 Ilm
1 3 Qtz 1 3 An (Bohlen and Liotta 1986), and Garnet-
Mica-Aluminosilicate-Plagioclase (GMAP), Grs 1 Alm
1 Ms 5 Ann 1 3 An (Ghent and Stout 1981). In many
metapelites the mole fraction of grossular in garnet is
,10%. There are cases in which these equilibria have
been used to estimate P-T conditions with Xgrs below 2%.
In typical metapelitic rocks, the anorthite component of
plagioclase is commonly less than 30%. Certainly, there
is a limit to how well activity models extrapolate to ex-
tremely low mole fractions. It is the purpose of this paper
to investigate ‘‘how low is too low’’ without comparing
different solution models, thermodynamic databases, or
P-T averaging techniques. Consequently, a single choice
of these parameters is used. The results presented here
depend on the exact choice of these options. However,
the conclusions regarding the functional relationship be-
tween mole fraction and the uncertainty of barometry
should stand regardless of which database or solution
model is preferred.

THEORETICAL CALCULATIONS

Uncertainty in activity model

As more experimental data are generated, activity mod-
els for minerals evolve and improve, and discrepancies
among the most up-to-date models will likely decrease.
However, low mole fractions are commonly outside the
range of experiments used to calibrate the models. Any


