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Abstract

Microprobe analyses of antigorite show that (Al+Cr) and inferred Fe3+ correlate inversely with 
Si apfu in a Tschermaks substitution. This observation suggests that the uptake of Fe3+ is not simply 
related to fO2. For Si = 1.95 apfu estimated Fe3+ = 0.032 apfu (or 0.95 wt% Fe2O3). Such estimates of 
Fe3+ require high analytical accuracy and precision, and assume a fixed polysomatic formula (e.g., m 
= 17) and freedom from interlayer sheet-silicate impurities. In many cases the estimates appear to be 
high. An alternative measure of Fe3+ is provided by the partitioning of total Fe and Mg between anti-
gorite and olivine in well-equilibrated natural antigorite-olivine-magnetite parageneses. Extrapolation 
of Nernst and Roozeboom partition plots to Fe-free olivine permits an estimate of the Fe3+ content of 
the average antigorite in this paragenesis, namely 0.42 or 0.64 wt% Fe2O3.

The partition estimates are in good agreement with the results of Mössbauer spectroscopy per-
formed here on 14 antigorites from metaperidotites, together with four from the literature. These 
spectra reveal a range of 0.16 to 1.94 in wt% Fe2O3 in metaperidotite antigorite, with an average of 
0.83. In two olivine-bearing rocks, antigorite has Fe3+/ΣFe ratios of 0.13 and 0.15, which corresponds 
to wt% Fe2O3 = 0.47 and 0.54, respectively. Larger amounts of Fe2O3 occur in some, but not all, vein 
antigorites. The prograde formation of antigorite in serpentinite from lizardite is accompanied by loss 
of some cronstedtite component and the precipitation of additional magnetite.

The Roozeboom Mg/Fe partition plot is concave down rather than up; in other words the parti-
tion coefficient KD is a function of the XMg of olivine. This behavior has been found in other olivine-
mineral pairs. It can be interpreted to reflect strongly non-ideal solution behavior of MgFe-olivine 
at low temperatures, viz. WG ≈ 8.5 kJ assuming a symmetrical solution. MgFe-brucite appears to be 
similarly non-ideal.
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Introduction

Studies through the years by polarized-light microscopy, 
X‑ray microbeam, SEM, and TEM techniques have increasingly 
clarified the different petrologic roles played by the three prin-
cipal rock-forming serpentine minerals in serpentinites. Among 
the clearest is that of antigorite, which in many cases is found 
to have replaced pre-existing lizardite and chrysotile as a result 
of prograde metamorphism.

A consequence of this mode of origin is the availability of 
samples of metamorphic serpentinite with lepidoblastic-grano-
blastic textures composed of intergrown antigorite and olivine, 
diopside, or carbonate. The simplicity, randomness, microfabric, 
and grain size of these textures rival in quality those of many 
medium-grade schists composed of sheet silicates and quartz 
or plagioclase. Such prograde serpentinites are thus excellent 
candidates for the study of element partitioning in serpentinite 
parageneses. Because the MgFe-serpentine minerals are all 
variations on the 1:1 phyllosilicate structure, the cation exchange 
equilibria that involve antigorite may reasonably be assumed to 
apply on a first-approximation basis to the other serpentines.

Contemporary petrologic/geochemical study requires us to go 
beyond the simplifying assumption that the serpentine minerals 

in metaperidotites are pure Mg-silicate hydrate, although they 
are close to this. Element or component partitioning informs 
us about the adjustments that need to be made to apply experi-
mental or thermodynamic data to issues of phase equilibrium. 
While the elements Mg, Al, Cr, Ni, Mn, and Ca in the miner-
als of serpentinites may be readily measured in situ with the 
electron microprobe, Fe is problematic because of its variable 
redox state. It has become clear, for example, that lizardite may 
contain much of its iron in the trivalent state (see below). The 
proportions of Fe3+ to Fe2+ in antigorite may well be significantly 
smaller than in lizardite; nevertheless, published wet-chemical 
analyses and a few Mössbauer spectroscopy measurements 
have shown that Fe3+ in antigorite cannot safely be ignored in 
petrologic evaluations.

The purpose of this study is to obtain sufficient new mi-
croprobe and Mössbauer data on iron in antigorite to establish 
the range and frequency of Fe3+/ΣFe values in it. We also seek 
to explore systematic compositional variations that may oc-
cur as a function of such variables as whole-rock and mineral 
compositions, mineral assemblage, and possible environmental 
constraints such as T, P, and the chemical potentials of SiO2, 
H2O, and O2 (or H2).

Broad estimates of Fe3+ in antigorite can be derived from 
electron-probe measurements using: (1) cation formula contents * E-mail: mdyar@mtholyoke.edu


