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The smectite to chlorite transition in the Chipilapa geothermal system, El Salvador
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ABSTRACT

Clay mineralogical X-ray diffraction and electron microprobe studies have been carried out on
separated <2 µm fractions from cutting and core material from three wells in the Chipilapa geother-
mal system in El Salvador. The data indicate that the smectite to chlorite transition is prevalent, but
a secondary smectite to illite transition is also present. At depths approximately <750 m, smectite
with very minor chlorite mixed-layers (approximately <15%) is dominant, and has a composition
midway between a di- and tri-smectite. At ~750 m there is a very clear distinction and sharp transi-
tion into discrete chlorite with very minor smectite mixed-layers (approximately <10%). Corrensite
is recorded only as a rare and minor phase.

Smectite occurs in abundance at temperatures up to ~200 °C, and the transition from a smectite-
dominant to chlorite-dominant assemblage takes place over a narrow temperature range (~150 to
200 °C). The stability range of smectite is very similar to that recorded in other geothermal systems,
whereas the smectite to chlorite transition differs greatly from that recorded in other systems. The
transition does not involve continuous chlorite/smectite mixed-layering but a marked step: It is the
sharpest and most discontinuous stepped sequence of this mineralogical transition recorded.

INTRODUCTION

Mineralogic reactions in clay minerals, particularly the low-
temperature conversion of dioctahedral smectite to illite and
trioctahedral smectite to chlorite, have attracted much interest
in recent years. The latter series is perhaps the most ubiquitous
of all mineralogical reactions in basic-intermediate rocks of
the shallow crust, but there are many critical points about the
transition that are the subject of on-going debate. These in-
clude features such as the actual mineralogic nature of the re-
action, and its application as a geothermometer and as an indi-
cator of fluid-rock interaction.

The traditional model for the tri-smectite to chlorite reac-
tion is that of a continuous sequence of chlorite/smectite mixed-
layering between the two end-members, with increasing
temperature giving rise to an increased percentage of chlorite
layers. Well-documented examples of mixed-layer chlorite/
smectite have been reported from regional and geothermal set-
tings (e.g., Bettison-Varga et al. 1991; Schiffman and
Fridleifsson 1991; Robinson et al. 1993; Robinson and Bevins
1994). More recently, an alternative model has been proposed
that involves a discontinuous change from smectite to corrensite
to chlorite without chlorite/smectite mixed-layering, and ex-
amples have been reported from sea mount, sea floor, and re-
gional settings (e.g., Shau et al. 1990; Schiffman and Staudigel
1995; Schmidt and Robinson 1997). In this model, corrensite
is regarded as a discrete phase and not as a 50:50 mixed-layer
chlorite/smectite phase (Reynolds 1988; Shau et al. 1990). To

account for these two different reported reaction styles, it has
been proposed that the discontinuous transition represents an
equilibrium sequence favored in situations where fluid/rock
ratios are high. By contrast, the continuous mixed-layer series
may represent a metastable progression associated with incom-
plete reaction and/or low integrated fluid/rock ratios (Schiffman
and Staudigel 1995; Schiffman 1995). An example where dif-
ferent mafic phyllosilicate assemblages have developed in re-
sponse to postulated differences in fluid/rock ratios is from
Kewennawan basaltic flows metamorphosed under sub-
greenschist facies conditions. Smectite is dominant in the mas-
sive parts of flow centers, whereas within <10 m in highly
amygdaloidal flow tops, corrensite and/or chlorite dominate
(Schmidt and Robinson 1997).

The smectite-to-chlorite transition has been applied widely
as a qualitative measure of metamorphic grade. This has been
carried out by documenting the increasing proportions of chlo-
rite layers, or by correlating the progressive changes in the
smectite to chlorite transition to well temperatures in modern
geothermal systems (e.g., Kristmannsdóttir 1979; Schiffman
and Fridleifsson 1993). In addition, the substitution of Si by
Al in the tetrahedral position of chlorite also has been applied
widely as a geothermometer (Cathelineau 1988).

There is also debate about the extent to which the above
type of clay-mineral reactions, as well as the clay-mineral as-
semblages themselves, might develop progressively in response
to equilibrium stability, or whether they represent non-equi-
librium conditions and are controlled more by kinetic effects
(Essene and Peacor 1995). These considerations have impor-
tant implications as to whether interpretation of clay mineral*E-mail: Doug.Robinson@bristol.ac.uk


