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Abstract
Since the first report of triple-chain silicates in 1977, there has been considerable uncertainty about
their formation in nature, primarily concerning whether they are stable minerals or an intermediate
step in the formation of other chain or sheet silicate minerals. The lack of thermochemical data and
relevant experimental studies for any triple-chain silicate has impeded establishment of their thermodynamic stability relative to other minerals. Here we combine recently reported thermochemical
data for a sodium-analog of the triple-chain silicate clinojimthompsonite (Na-cjt) with existing data
for various common minerals (i.e., enstatite, talc, anthophyllite, and chrysotile). We also present new
experimental data to show that Na-cjt should form stably at typical metamorphic conditions of 0.2
GPa and 450 °C. Ion-activity vs. pH diagrams calculated at 100–300 °C and 0.1 GPa show that Na-cjt
could form by reaction between primary igneous minerals (enstatite, forsterite) in oceanic harzburgite
and seawater at temperatures up to 300 °C. However, formation of Na-cjt from harzburgite that has
been altered to talc and chrysotile is not expected to occur, except at the unusually high pH conditions observed for forearc serpentine mounds. Estimates of the thermochemical properties of the
Na-free end-member clinojimthompsonite [Mg10Si12O32(OH)4] suggest that it also should form from
the primary mineralogy of harzburgite at temperatures and Si concentrations typically observed for
various oceanic hydrothermal and geothermal systems, but probably not from ultramafic rock already
hydrated to serpentine.
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Introduction
It is not known whether triple-chain silicates, a discrete
structural class of silicate minerals in the biopyribole polysomatic
series (Thompson 1981), occur as stable phases. Three Mg triplechain silicates have been discovered in nature—jimthompsonite,
clinojimthompsonite, and chesterite—the latter containing alternating double and triple chains of silica tetrahedra. Magnesiumrich triple-chain silicates have been identified in a geologically
and geographically diverse set of locations, including altered
ultramafic, mafic, and ocean floor rocks in the United States,
Europe, Japan, and Greenland (Veblen and Burnham 1978a;
Schumacher and Czank 1987; Droop 1994; Akai et al. 1997;
Konishi et al. 2008, 2010).
Despite this growing list of localities, there remains
considerable uncertainty about the stability of triple-chain
silicates relative to other silicate minerals, such as forsterite
(Mg2SiO4) and enstatite (MgSiO3) or the hydrated minerals anthophyllite [Mg7Si8O22(OH)2], chrysotile [Mg3Si2O5(OH)4], talc
[Mg3Si4O10(OH)2], or some combination of these minerals. Deducing mineral stabilities from textures observed in hand samples
(Veblen and Burnham 1978b; Grobéty 1997) can be ambiguous,
and mineral stabilities based on crystal energy considerations
(Abbott and Burnham 1991) are only as good as the component
energy terms and model being used. Thermochemical data for the
triple-chain silicates would help resolve the question of whether
they are stable phases or metastable intermediate phases.
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To address the lack of thermochemical data for this class of
minerals, Ams et al. (2009) recently reported the first enthalpy
of formation and third-law entropy data for a sodium-rich analog
of the triple-chain silicate clinojimthompsonite. This phase, with
the composition Na3.74Mg8.13Si12O32(OH)4⋅1.40H2O (=Na-cjt), is
crystallographically similar to the Na-Mg triple-chain silicate
formed by Tateyama et al. (1978) and was chosen because of the
purity, dependability, and relatively high crystallinity with which
it can be synthesized. The thermochemical data for Na-cjt and a
double-chain silicate of the composition Na2.49Mg5.42Si8O21.34(OH)2.66
(=Na-Mg-amphibole), both determined from a combination of
adiabatic calorimetry, solution calorimetry, and phase equilibrium
constraints, are given in Table 1.
We present a thermodynamic assessment of a set of reactions that could lead to the formation of Na-cjt from common
rock-forming minerals in the presence of a silica-saturated and
Na-rich brine. We experimentally test the reactions at 450 °C
and 0.2 GPa to verify that they proceed as expected. The thermochemical data in Table 1 are used to calculate several of the
same reactions and several additional reactions as ion-activity vs.
pH diagrams. Once the stability field of Na-cjt in the presence of
natural aqueous solutions (e.g., of hydrothermal or geothermal
origin) is determined, the conditions at which Na-cjt may occur
in nature can be predicted. We then use the thermochemical data
for Na-cjt to estimate the thermochemical data for the geologically relevant mineral clinojimthompsonite [Mg10Si12O32(OH)4]
and provide an assessment of the conditions needed to form this
mineral from olivine and chrysotile.

