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HRTEM investigation of microstructures in length-slow chalcedony
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ABSTRACT

High-resolution transmission electron microscopy reveals dense Brazil-twin boundaries
on the unit-cell scale in length-slow chalcedony. The twins can be considered as the result
of stacking of left- and right-handed quartz with a (101) twin composition plane. Although
most twin sequences on the unit-cell scale are nonperiodic, moganite-type domains result
where they are periodic. It is proposed that the twins formed during rapid crystallization
rather than as transformation products of a precursor phase such as moganite. The twin
boundaries are energetically less stable than twin-free areas and may indicate non-equilib-
rium crystallization at a high supersaturation of aqueous SiO2 species in the parent fluid.

FIGURE 1. Thin section of chalcedony that displays zoning
of length-slow and intervening zones of narrow, dark, length-fast
chalcedony (cross-polarized light with gypsum plate inserted).

INTRODUCTION

Microcrystalline quartz, which includes length-fast and
length-slow chalcedony, chert, and flint, is common in
sedimentary and volcanic rocks (Frondel 1978; Flörke et
al. 1991). Chalcedony is a variety of fibrous quartz.
Length-slow chalcedony is considered to be a precipitate
from brine water and therefore an indicator of vanished
evaporates (Folk and Pittman 1971; Hattori 1989). Dif-
ferences between chalcedony and quartz in composition,
optical properties, and microstructures at the unit-cell
scale were detailed by Flörke et al. (1982, 1991), Midgley
(1951), Frondel (1978), Miehe and Graetsch (1992), Hea-
ney and Post (1992), and reviewed by Heaney (1993). X-
ray powder diffraction of microcrystalline quartz shows
that it contains variable amounts of moganite-type struc-
ture, a material that consists of periodic unit-cell twins of
left- and right-handed quartz (Miehe and Graetsch 1992;
Miehe et al. 1984; Heaney and Post 1992). Selected-area
electron diffraction (SAED) and conventional transmis-
sion electron microscopy (TEM) studies show that length-
fast chalcedony contains moganite domains and dense
Brazil twin boundaries (Graetsch et al. 1987; Heaney et
al. 1994). Such planar defects also occur in authigenic
quartz (Cady et al. 1993). Most planar defects in micro-
crystalline quartz, including intergrown length-slow and
length-fast chalcedony, are apparently caused by Brazil
twinning.

There are no reported TEM results of microstructures
in length-slow chalcedony, nor any high-resolution TEM
results for either length-slow or length-fast chalcedony.
In this paper we present high resolution (HR) TEM im-
ages of length-slow chalcedony and discuss the twin
boundaries in it and other microcrystalline quartz.
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SAMPLE AND EXPERIMENTAL METHODS

The sample is from a Tertiary fine-grained conglom-
erate from Fang Hill, near Lühe, Jiangsu Province, China.
A thin section shows zones of length-slow chalcedony
separated by narrow, dark, length-fast chalcedony (Fig.
1). The thicknesses of the length-slow zones change along
the growth directions of the fibers.

Chalcedony with optically positive elongation was se-
lected for TEM study from a petrographic thin section
and mounted on Cu grids. Thin specimens were prepared
by Ar-ion bombardment and then coated on one side with
a thin carbon layer. SAED and HRTEM images were ob-
tained by using a JEOL-4000EX high-resolution TEM
operated at 400 keV. The main obstacle for the TEM in-
vestigation was extremely fast irradiation damage under
the high-energy electron beam. A charge-coupled device
(CCD) camera, which can record images digitally at low
electron-beam doses, was used to achieve good defocus


