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Fibrous nanoinclusions in massive rose quartz: HRTEM and AEM investigations
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ABSTRACT
Pink fibrous crystals within massive rose quartz from localities in California, South Dakota,
Brazil, Madagascar, and Namibia were examined with high-resolution transmission electron microscopy (HRTEM) and analytical electron microscopy (AEM). This study reveals that the nanofibers in
all samples are related to dumortierite. Selected-area electron diffraction (SAED) patterns and HRTEM
images indicate that the dumortierite-related fibers have a superstructure with a doubled periodicity
along the a and b axes of dumortierite, giving cell parameters a = 2adum = 2.36 nm, b = 2bdum = 4.05
nm, c = cdum = 0.47 nm. Computer simulations suggest that periodic arrangements of two different
M1 site occupancies in the octahedral face-sharing chains give rise to the superstructure. One type of
M1 site is occupied mainly by Al, whereas the other type is dominated by Ti and Fe. Simulated
HRTEM images based on our proposed model match the experimental images. Most of the fibers,
elongated along the c axis, are free of defects. AEM analysis shows that the dumortierite-related
fibers have a composition similar to well-characterized dumortierite, but that they contain a greater
amount of Fe substituting for Al in the M1 sites. Boron was detected in all fibers examined by
electron energy loss spectroscopy as well as in sillimanite crystals found as a minor component in
one rose quartz from Brazil.

INTRODUCTION

EXPERIMENTAL PROCEDURES

Fine fibers in massive rose quartz have been observed and,
since the 1930s, were generally presumed to be rutile (reviewed
by Rossman 1994 and Goreva et al. 2001). Applin and Hicks
(1987) concluded that the fibrous phase in rose quartz from a
Montana locality is dumortierite based on their TEM and powder X-ray diffraction (XRD) analyses. However, the XRD pattern produced by these fibers did not perfectly match that of
dumortierite. Our XRD patterns of bulk fibers from rose quartz
specimens from various localities also deviate from those of
ideal dumortierite (Goreva et al. 2001). Significant differences
observed in the IR and Raman spectra of these fibers cast additional doubt on their identification as dumortierite. These differences were the motivation for a more detailed TEM study of
the fibers. Most fibers in massive rose quartz are less than 1
mm in thickness and are ideal for TEM examination (Fig. 1).
Previously, the only published TEM observations on such fibers were those of Applin and Hicks (1987), who showed that
the c axis repeat of the fibers from the Montana locality was
appropriate for dumortierite. Detailed TEM studies of true dumortierite have also been very limited to date. Only van Dyck
et al. (1976) have reported HRTEM observations on dumortierite (from Nevada) imaged along the [001] zone. Here we
present a detailed analysis of the structural nature of individual
fibers extracted from rose quartz based on HRTEM and AEM
studies.

Samples
Rose quartz samples were selected from Madagascar
(GRR1815), Olivera dos Brejinhos in western Bahia, Brazil
(GRR1819), Joai’ma, Minas Gerais, Brazil (GRR1864),
Rossing (not stated in the original sample description as received, but inferred from the sample), Namibia (GRR1818),
Scott Mine, Custer, South Dakota (GRR1820), and Schindler
Mine, Riverside County, California (GRR1996). All rose quartz
samples are from pegmatite deposits. When examined at 400¥
with a light optical microscope, mineral inclusions were observed in only two of the samples selected for this study. In
these two samples, numerous (GRR1864) and a few (GRR1819)
needle-like crystals up to 10 mm in thickness are present.
Fibers were extracted from crushed quartz by dissolution in
HF and then were concentrated and purified. More information on these specimens and the fiber purification procedure is
given in Goreva et al. (2001). For comparison, detailed, parallel studies were conducted on a well-characterized blue dumortierite standard from Saharina, Madagascar (GRR347),
studied by Moore and Araki (1978). Electron diffraction patterns were also obtained from pink dumortierite from Dehesa,
San Diego County, California (GRR122), and blue dumortierite from the Cargo Muchacho Mountains, Imperial County,
California (CIT14110).
Transmission electron microscopy
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A JEOL atomic resolution microscope (ARM) operated at
800 kV and an in-situ JEOL 200CX TEM in the National Center for Electron Microscopy (NCEM), Lawrence Berkeley
Laboratory (LBL), a Philips EM430 STEM operated at 300

