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Ferroanthophyllite in Rockport grunerite: A transmission electron microscopy study
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ABSTRACT
A transmission electron microscopy study reveals the microstructure of polysynthetically twinned,
near end-member grunerite from Rockport, Massachusetts. A small percentage of Pnma
ferroanthophyllite of similar composition is present as thin slabs intergrown parallel to (100) of
grunerite and as individual µ-size crystals. HRTEM imaging shows that grunerite is free of chainmultiplicity faults. The observed microstructures are interpreted as a result of partial transformation
of ferroanthophyllite to grunerite, a mechanism that is also supported by microstructures observed
in the Pnmn protoferroanthophyllite from Cheyenne, Colorado, with similar composition. This study
supports the possibility that grunerite, ferroanthophyllite, and protoferroanthophyllite may all possess true stability fields.

INTRODUCTION
Aluminum-poor ferromagnesian amphiboles are either
monoclinic (cummingtonite-grunerite) or orthorhombic
(anthophyllite-ferroanthophyllite), and in most instances the
distinction is readily made using the polarized light microscope.
However, at least for iron-rich compositions, the observation
of parallel extinction still leaves open three possibilities: submicroscopically twinned or fibrillar (Wylie 1979) C2/m
grunerite, Pnmn protoferroanthophyllite (Sueno et al. 1998),
or Pnma ferroanthophyllite. Near end-member grunerite,
formed by replacement of fayalite in granite from Rockport,
Massachusetts, is a case in point. It was described as a member
of the anthophyllite series (parallel extinction) by Warren (1903;
see also Evans and Medenbach 1997) and as grunerite (Z ^ c =
10°) by Bowen and Schairer (1935). In a thin section of the
same sample studied by Bowen and Schairer (National Museum of Natural History R7702), we found both inclined and
parallel extinction. A single-crystal examination by Hexiong
Yang (personal communication 1998) confirmed grunerite, but
also indicated the presence of submicroscopic twinning on
(100). We embarked on a transmission electron microscopy
(TEM) study of this sample to determine if the twinning fully
accounted for the parallel extinction. If not, we believed that
the results could be informative with regard to the stability relations of the iron-rich ferromagnesian amphiboles. It transpired
that, in addition to imaging the very fine-scale twinning, we
are able to confirm unambiguously for the first time the existence in nature of near end-member Pnma ferroanthophyllite.
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The TEM investigation also provided a clue to the relative timing of growth of ferroanthophyllite and grunerite. However,
we did not find protoamphibole in the Rockport sample. For
comparison, we also studied a sample of the protoferroanthophyllite
from Cheyenne, Colorado (American Museum of Natural History 10928) described by Sueno et al. (1998).

AMPHIBOLE STRUCTURES
The structures of amphiboles are well known and have been
described in great detail in several papers and a number of reviews (e.g., Veblen 1981; Hawthorne 1983; Deer et al. 1997).
The basic structure consists of double chains of linked (Si,Al)O4
tetrahedra parallel to the c axis and octahedral cations of larger
size sandwiched between the tetrahedral ribbons. Ferromagnesian amphibole with a composition close to the iron end-member is now known to crystallize in three space groups: C2/m (grunerite),
Pnma (ferroanthophyllite), and Pnmn (protoferroanthophyllite). The
most significant topological difference between the three polymorphs is the stacking of layers along the normal to the (100)
plane. All three structures are made of alternating tetrahedral
and octahedral layers, where adjacent layers are staggered by
c/3 with respect to one another (Gibbs 1969; Hawthorne 1983;
Sueno et al. 1998). In the C2/m structure the stagger is in one
direction and denoted by the sequence (..+++..); in Pnma the
sequence is (..++--++--..) and in Pnmn it is (..+-+-..). At the
unit cell level the reversal of stagger or the configuration between + and - oriented layers is related by reflection and translation of c/2 + b/2, which corresponds to a n-glide plane parallel
to (100) passing between the tetrahedral chains pointing in opposite directions (Fig. 1a). The non-periodical operation of the
n-glide plane in the C2/m structure produces twinned crystals
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