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INTRODUCTION

Fluid flow and associated fluid-rock interaction are signifi-
cant agents that modify mineral paragenesis and chemical states
of rocks in metamorphism (e.g., Fyfe et al. 1978). The main
lines of evidence for metamorphic fluid flow have been sum-
marized by Rumble (1989), which include veins, fluid-mineral
reactions, major- and trace-element metasomatism, and stable
isotopic alteration in rocks. These phenomena suggest that pet-
rologic features of metamorphic rocks are controlled not only
by the pressure-temperature-time (P-T-t) path but also by the
nature of fluid-rock interaction. For this reason, mechanisms
and magnitude of fluid-rock interaction in metamorphism have
been studied by many authors as reviewed by Ferry (1994),
Rumble (1994), Oliver (1996), and Ferry and Gerdes (1998).
Local alteration around veins is one of the most important sub-
jects of those studies, because (1) it is commonly observed in
many metamorphic regions; (2) veins, altered wall rocks, and
the protoliths are usually found in the same outcrops; and (3)
the magnitude of alteration is typically recorded as regular zon-
ing of mineralogy and whole-rock chemistry of wall rocks.
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ABSTRACT

This paper describes local mass transfer and fluid-rock interaction in epidote-blueschist subfacies
basic schist around retrograde dolomite + calcite veins in the Nishisonogi Metamorphic Rocks,
southwest Japan. The veins have alteration zones on both sides. The mineralogical and chemical
changes during alteration were documented along two sample traverses normal to the veins. Ap-
proaching the veins, the peak metamorphic assemblage (winchite + epidote + chlorite + calcite +
albite + quartz) has been modified by progressive breakdown of amphibole, epidote, and calcite to
illite and dolomite. Mass-balance calculations using the isocon method reveal that CO2 and K were
added to the basic schists, and Ca was removed during alteration. The mass balance does not hold
for these components between the vein + alteration zone and protolith as a whole. These findings
suggest that the vein formation and metasomatism represent a process driven by fluid flow and long-
distance element transport. Possible reaction paths between the vein-fluids and basic schists were
estimated from the progressive change of mineral assemblages in the alteration zones. The phase
relations on ionic activity diagrams indicate an increase in logfCO2 and decreases in  log(aCa2+/sCa2+aH

2
+)

and log(aMg2+/sMg2+aH
2

+) with progress of the alteration. Although a change in log(aK+/sK+aH
2

+) is poorly
constrained on the activity diagrams, the mass balance suggests a concentration gradient of K across
the alteration zones. Hence, the reaction paths and mass balance calculations suggest that a combi-
nation of the concentration gradients of CO2, Ca, Mg, and K produced by the vein-fluids drove the
alteration process.

These properties allow quantitative interpretations of mass
transfer and reaction paths during alteration (e.g., Galbreath et
al. 1988; Böhlke 1989; Bradshaw 1989; Ague 1994; Mountain
and Williams-Jones 1995; van Haren at al. 1996), and provide
information about how fluid interacts with rocks in metamor-
phism.

In this paper, we describe the alteration of basic schist around
dolomite + calcite veins in the Nishisonogi Metamorphic Rocks,
southwest Japan. The mineralogical and chemical changes dur-
ing alteration were investigated along two sample traverses
extending normal to the veins. The chemical mass balance has
been calculated to quantify mass transfer across the alteration
zones. These data are used for interpretation of possible reac-
tion paths between the vein-fluids and the basic schist.

GEOLOGICAL SETTING

The western part of the Nishisonogi peninsula, western
Kyushu, southwest Japan, is underlain mainly by the
Nishisonogi Metamorphic Rocks (Fig. 1). The metamorphism
is considered to be late Cretaceous (Hattori and Shibata 1982;
Faure et al. 1988). The metamorphic rocks are in fault contact
with Oligocene sedimentary rocks at the western margin of the
metamorphic region (Nagahama 1962). Cretaceous granodior-
ite unconformably underlies the sedimentary rocks (Hattori et
al. 1993), but neither intrusion nor contact aureole of the gra-
nodiorite occurs in the metamorphic rocks. The metamorphic




