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ABSTRACT

Forty garnets are anisotropic among 48 in a suite spanning the quaternary system
Mg3Al2Si3O12-Fe3Al2Si3O12-Ca3Al2Si3O12-Mn3Al2Si3O12 (Py-Al-Gr-Sp). The eight isotropic
specimens are too thin (,0.4 mm) for detection of weak anisotropy. Birefringence (d) in
the remaining 40 garnets is low (d 5 0.0001 to 0.0006) and undulatory in appearance,
suggesting that most optical anomalies in quaternary garnets, including the pyrope-alman-
dine-spessartine ternary, originate through residual strain. Multiple or alternate origins are
not precluded for the few samples with nearly uniform retardation or unusual sector twin-
ning. An inverse correlation exists between degree of birefringence and stresses encoun-
tered during tectonic deformation. That is, mantle garnets from kimberlites (e.g.,
Py37Al36Gr27) have the highest d values. As geologic setting is difficult to separate from
composition, the inverse trend suggests that birefringence arises partially from internal
factors. We propose that the mismatch in size between Ca21 and Mg21 exacerbates retention
of residual strain. Short-range ordering is not entirely ruled out, but clustering has only
been inferred for synthetics in the middle of the Py-Gr binary, a composition range un-
known for natural samples, and domains are precluded in the natural samples by the recent
X-ray studies of samples from similar localities.

INTRODUCTION

Biaxial optical properties in nominally uniaxial min-
erals, such as quartz, or in nominally isotropic minerals,
such as diamond, are generally attributed to strain in-
duced externally by tectonic deformation of the host rock.
However, birefringence commonly observed in garnets
within the solid-solution series between grossularite (Gr
5 Ca3Al2Si3O12) and andradite (An 5 Ca3Fe2Si3O12) has
been attributed to factors of crystal chemistry, such as
partial cation ordering (see reviews by Meagher 1982 and
Griffen 1992), instead of deformation. Birefringence ex-
ists in garnets of a wide range of compositions (see sum-
mary by Deer et al. 1982), including uvarovites (Uv 5
Ca3Cr2Si3O12) (Foord and Mills 1978), spessartines (Sp 5
Mn3Al2Si3O12) (Smyth et al. 1990), and diverse synthetic
garnets (Kitamura and Komatsu 1978; Chase and Lefever
1960). However, crystallographic refinements of more
than 280 samples (Merli et al. 1995; see also Armbruster
and Geiger 1993) show no evidence of symmetry reduc-
tion. Birefringence has been reported in a few quaternary
garnets [Gr-pyrope (Py 5 Mg3Al2Si3O12)-almandine (Al
5 Fe3Al2Si3O12) garnet with minor spessartine compo-
nents] (Kano and Yashima 1976; Griffen et al. 1992;
Brown and Mason 1994), although these compositions
and pyralspites are commonly assumed to be cubic. (The
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name pyralspite is used as a convenient abbreviation here
for garnet solid solutions within the Py-Al-Sp ternary.)
The primary purpose of this study is to draw attention to
the ubiquitous occurrence of weak and undulatory bire-
fringence throughout a large suite of pyralspites and qua-
ternary garnets. Origins of birefringence are discussed in
view of our new data and recent structural (Rossmanith
and Armbruster 1995; Quartieri et al. 1995; Ungaretti et
al. 1995) and spectroscopic (Bosenick et al. 1995;
McAloon and Hofmeister 1995; Hofmeister et al. 1996)
studies, particularly the likelihood of strain.

EXPERIMENTAL METHODS

We acquired 48 single-crystal garnets strictly on the
basis of composition, in an effort to span the Gr-Py-Al
ternary with minimal An, Uv, or Sp components (Table
1), with an emphasis on large size (.0.5 mm) to obtain
high-quality infrared (IR) spectra. The specimens were
not selected on the basis of optical properties. It was the
surprising prevalence of anisotropy that spawned the
present study.

Crystals were polished and examined with a petro-
graphic microscope. Optical retardation (D) was estimated
visually by comparison with a Michel-Lévy interference
color chart. The variable and undulatory nature of retar-
dation made the attempt of obtaining a precise quantita-
tive measurement of retardation with a Berek compen-


