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INTRODUCTION

Calcite-bearing veins are common in low- to middle-grade
metamorphic terranes. Textural interpretation of the sequences
of vein formation can provide valuable information on
deformational history as recorded in crack-opening and crack-
sealing events, as in the French Western Alps (Henry et al. 1996)
and in the Southern Alps, New Zealand (Craw et al. 1987). The
volumes of emplaced carbonate in these occurrences are gen-
erally quite small relative to the host rocks. Fluid inclusion
studies have shown that the transporting fluids were mildly
saline to nearly pure H2O in different vein-forming events.
Stable isotopes indicate that the fluid sources were
intraformational in the French Western Alps and that there were
through-connected heterogeneous sources in the Franciscan
subduction zone of the Catalina Schist of California (Bebout
and Barton 1989).

In contrast to low-grade terranes, several medium- and high-

grade areas, typically in large-scale shear zones, display per-
vasive and vein-controlled carbonate metasomatism of coun-
try rock. These areas may be termed carbonated megashear
zones. Examples include the post-Hercynian South Tien Shan
fault zone (Baratov et al. 1984), the Late Proterozoic Attur
Valley of Tamil Nadu, India (Wickham et al. 1994), the Late
Archean Chitradurga area of Karnataka, India (Chadwick et al.
1989), the Mid-Proterozoic Mary Kathleen Fold Belt of
Queensland, Australia (Oliver et al. 1993), and the Mid-Prot-
erozoic Bamble Shear Belt of southern Norway (Dahlgren et
al. 1993). Exposed country rocks in some of these metasomatic
zones have been replaced by up to 20% by carbonate over tracts
of 100 km by 10 km. The host rocks may be either dominantly
metasedimentary, as in the South Tien Shan and Mary Kathleen
occurrences, or dominantly orthogneisses, as in the Attur Val-
ley and Bamble occurrences. The isotopic composition of C in
calcite and ankerite in the Attur Valley and South Tien Shan
occurrences point to a remarkably large and uniform, probably
subcrustal source of the metasomatizing fluids. Fluid-inclusion
analysis of the Queensland occurrence, as well as profound* E-mail: manning@ess.ucla.edu
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ABSTRACT

The solubility of calcite in NaCl-H2O solutions was measured at 600–900 ∞C, 10 kbar, at NaCl
concentrations ranging from dilute to near halite saturation, and at 6–14 kbar, 700 ∞C, in 30 mol%
NaCl solutions. Solubility was determined from the weight loss of cleavage rhombs of a pure natural
calcite after experiments of 1/2 to 6 days in a piston-cylinder apparatus with NaCl-graphite furnaces.
CaCO3 molality (mCaCO3

) increases greatly with NaCl mole fraction (XNaCl): at 800 ∞C and 10 kbar,
mCaCO3

 increases from ~0.1 in pure H2O to near 4.0 at halite saturation (XNaCl ~ 0.6). There is also a
large temperature effect at 10 kbar, with mCaCO3

 increasing from 0.25 at 600 ∞C to 3.0 at 900 ∞C at
XNaCl = 0.3. There is only a 20% increase with increasing pressure between 6 and 14 kbar at 700 ∞C
and XNaCl = 0.3. Melting to a carbonate-rich liquid was inferred at 900 ∞C, 10 kbar, from XNaCl of 0 to
0.2. The composition, temperature, and pressure dependence of mCaCO3 are described by:

mCaCO3 = [–0.051 + 1.65 ¥ 10–4 T + X2
NaClexp(–3.071 + 4.749 ¥ 10–6T2)] (0.76 + 0.024P)

with T in Kelvins and P in kbar. The predicted increase of calcite solubility with salinity and tem-
perature is so great that critical mixing of NaCl-rich hydrous carbonate liquid and CaCO3-rich saline
solution is probable at 10 kbar near 1000 ∞C and XNaCl ~ 0.4.

The experimental results suggest a genetic mechanism for the enigmatic carbonated shear zones,
such as the Attur Valley of southern India, where crustal rocks have been replaced by up to 20% by
calcite and ankerite with mantle-like stable-isotope signatures. The high CaCO3 carrying capacity of
concentrated alkali-chloride solutions, together with the drastic decrease in solubility between 1000
and 700 ∞C, plausibly account for large-scale emplacement of mantle-derived carbonate from con-
centrated chloride-carbonate solutions (or hydrosaline magmas) formed as immiscible fluids in the
late stages of alkalic magmatism. Such solutions may also mobilize sulfate and phosphate minerals,
which would have important consequences for redistribution of incompatible and heat-producing
elements in the crust.


