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INTRODUCTION

Lizardite and chrysotile represent the two structural types
of Mg-rich serpentine-group minerals composed of uniformly
superimposed sheets of tetrahedra (T) and octahedra (O). In
chrysotile, the sheets are rolled. Although considerable research
has been devoted to these minerals, we still do not know why
in some cases lizardite crystallizes, in other cases chrysotile
crystallizes, and in still other cases, the two minerals co-pre-
cipitate. On the basis of experiments conducted in the system
MgO-SiO2-H2O, in which lizardite and chrysotile formed at
temperatures below 420 ∞C and lizardite converted to chryso-
tile at higher temperature, Chernosky (1975) concluded that
chrysotile is the stable serpentine at high temperature. O’Hanley
and Wicks (1995) reached the same conclusion from field,
paragenetic, stable isotope, and phase-equilibrium relationships.
However, these authors did not explain the wide temperature
interval over which lizardite and chrysotile are known to co-
precipitate.
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ABSTRACT

A single-pass flow-through experiment was conducted to induce serpentinization, and to relate
serpentine mineralogy to reaction progress during open-system alteration of San Carlos olivine by
air-saturated water. The fluid flowed at 300 ∞C and 300 bars for 1368 hours through crushed olivine
contained in a tubular titanium reaction cell. Chemical analysis of the fluids indicated a steady-state
composition with respect to Mg and pH after 550 hours, which was interpreted to reflect saturation
with brucite and one or more serpentine-group minerals. The alteration products were characterized
by X-ray diffraction (XRD), scanning electron microscopy (SEM), and high-resolution transmission
electron microscopy (HRTEM). Nucleation and growth characteristics of serpentine phases on the
fracture surfaces of olivine were studied by TEM using platinum/carbon replica techniques. After
reaction, olivine fragments displayed clear signs of dissolution, and growth of neoformed phases.
Brucite and magnetite were distributed uniformly through the reaction cell, although magnetite was
more abundant. There is, however, a distinct zonal distribution of the serpentine phases from the
inlet to the outlet of the reaction cell. Lizardite is the dominant serpentine phase at the inlet, whereas
fibrous serpentines are predominant near the outlet. Lizardite crystals are more numerous (but smaller)
in the middle of the cell, and are topotactically aligned along a single preferential crystallographic
orientation of the olivine. Cylindrical chrysotile formed predominantly on the surfaces of lizardite,
conical or polygonal serpentine. The morphology and sorting of the serpentine phases through the
reaction cell suggest that crystallization of lizardite was controlled by heterogeneous nucleation on
olivine under supersaturated conditions, and crystallization of chrysotile by nucleation on lizardite
at higher levels of supersaturation.

The most likely explanation for the co-precipitation of
lizardite and chrysotile is that there are kinetic inhibitions to
the nucleation or growth of one of the minerals. Indeed, this
interpretation is suggested by recent synthesis experiments in
which Grauby et al. (1998) found that the type of serpentine
formed depends on the degree of supersaturation of the solu-
tion. The purpose of the present study was to investigate pos-
sible kinetic controls on serpentine crystallization using a
flow-through autoclave. Such open-system flow-through ex-
perimental systems are well suited to the study of kinetic ef-
fects during water-rock interaction, as the steps toward
equilibration are expressed by changes in mineralogy from the
inlet to the outlet of the reaction column. These changes in
mineralogy are related to reaction progress during the course
of alteration. In the flow-through experiment discussed here,
the mineralogical changes were expressed in the morphologi-
cal characteristics of the neoformed serpentine minerals, and
by the formation of brucite and magnetite. The results of this
study provide new insights into the mechanisms and growth of
serpentine minerals, and show that the order of precipitation of
chrysotile and lizardite depends not so much on their relative
stability but on the degree of supersaturation of the fluid with
respect to serpentine.


