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Abstract
Scapolites are pervasive rock-forming aluminosilicates that are found in metamorphic, igneous, and
hydrothermal environments; nonetheless, the stability field of Cl-rich scapolite is not well constrained.
This experimental study investigated two reactions involving Cl-rich scapolite. First, the anhydrous
reaction 1 of plagioclase + halite + calcite to form scapolite [modeled as: 3 plagioclase (Ab80An20) +
0.8 NaCl + 0.2 CaCO3 = scapolite (Ma80Me20)] was investigated to determine the effect of the Ca-rich
meionite (Me = Ca4Al6Si6O24CO3) component on the Na end-member marialite (Ma = Na4Al3Si9O24Cl).
Second, the effect of water on this reaction was investigated using the hydrothermally equivalent reaction 2, H2O + scapolite (Ma80Me20) = 3 plagioclase (Ab80An20) + CaCO3 + liquid, where the liquid is
assumed to be a saline-rich hydrous-silicate melt. Experiments were conducted with synthetic phases
over the range of 500–1030 °C and 0.4–2.0 GPa. For reaction 1, intermediate composition scapolite
shows a wide thermal stability and is stable relative to plagioclase + halite + calcite at temperatures
above 750 °C at 0.4 GPa and 760 °C at 2.0 GPa. For reaction 2, intermediate scapolite appears to be
quite tolerant of water; it forms at a minimum bulk salinity [XNaCl = molar ratio of NaCl/(NaCl+H2O)]
of the brine of approximately 0.2 XNaCl at 830 and 680 °C at pressures of 2.0 and 1.5 GPa, respectively.
Based on the study done by Almeida and Jenkins (2017), pure marialite is very intolerant of water
when compared to intermediate composition scapolite. Compositional changes in the scapolite and
plagioclase were characterized by X‑ray diffraction and electron microprobe analysis and found to
shift from the nominal bulk compositions to the observed compositions of Ma85Me15 for scapolite and
to Ab91An09 for plagioclase. These results were used to model the phase equilibria along the marialitemeionite join in temperature-composition space. This study demonstrates that a small change in the
scapolite composition from end-member marialite to Ma85Me15 expands the stability field of marialite
significantly, presumably due to the high entropy of mixing in scapolite, as well as increases its tolerance
to water. This supports the much more common presence of intermediate scapolites in hydrothermal
settings than either end-member meionite or marialite as is widely reported in the literature.
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Introduction
The scapolite mineral group is a widespread rock-forming
aluminosilicate and is reported extensively in nature over a wide
range of solid solution. The general formula of scapolite can be
illustrated as M4T12O24A, where the major components are M = Na
and Ca, T = Si and Al, and A = Cl, CO3, and SO4. Minerals in the
scapolite group can be regarded as the result of combining three
moles of plagioclase with a salt (i.e., NaCl, CaCO3, CaSO4) (e.g.,
Evans et al. 1969; Goldsmith 1976; Hassan and Buseck 1988;
Teertstra and Sherriff 1997). They can be chemically represented
as a solid solution of several end-members: a sodium chloride
end-member, marialite (Na4Al3Si9O24Cl), two calcium carbonate end-members, meionite (Ca4Al6Si6O24CO3) and mizzonite
(NaCa3Al5Si7O24CO3), and a calcium sulfate end-member, sulfate
meionite or silvialite (Ca4Al6Si6O24SO4) (Newton and Goldsmith
1976; Teertstra et al. 1999). In addition, the Cl-rich component dipyre (Na3CaAl4Si8O24Cl), resulting from the substitution Na3Si2Cl
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= Ca3Al2CO3 in meionite (Evans et al. 1969; Hassan and Buseck
1988), may potentially be important, even though Teertstra and
Sherriff (1997) caution that the substitutional complexity in natural
scapolites precludes the clear identification of this composition as
a scapolite end-member. Unlike other chloride-bearing minerals
(such as amphiboles, micas, and apatite), scapolite contains little to
no OH, thus its chemistry can be used as a tracer of the Cl and CO2
contents of the fluid responsible for its formation, independently
of fH2O (Ellis 1978; Rebbert and Rice 1997; Filiberto et al. 2014).
The relative prevalence and abundance of scapolite in metamorphic rocks and hydrothermally altered igneous rocks suggests
a wide stability field for this mineral group (Goldsmith 1976;
Boivin and Camus 1981; Vanko and Bishop 1982; Mora and
Valley 1989; Lieftink et al. 1993; Kullerud and Erambert 1999;
Johnson and Barton 2000a, 2000b). Interestingly, essentially all
of the literature on natural scapolites have something in common:
in all cases they are reported as solid solutions. In fact, accounts
of naturally occurring scapolites approaching end-members (Cl,
CO3, and SO4) are rare (e.g., Teertstra and Sherriff 1997; Vanko
and Bishop 1982; Lieftink et al. 1993; Filiberto et al. 2014), sug1788

