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The high-pressure synthesis of lawsonite in the MORB1H2O system
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ABSTRACT

Lawsonite is an important water reservoir in subducting oceanic crust below the am-
phibole dehydration depth ;70 km. To determine the maximum pressure stability of law-
sonite in the MORB1H2O system, experiments were carried out using a 1000 ton uniaxial
multi-anvil apparatus (SPI-1000). Mixtures of synthetic gel12wt% H2O were used for the
starting materials with the average MORB composition. Experimental P-T conditions were
T 5 700–900 8C and P 5 5.5–13.5 GPa. Run durations were 12 and 24 h.

Lawsonite was synthesized stably up to 10 GPa and T , 700 8C in the stishovite stability
field, and ,900 8C at 8 GPa and 750 8C at 5.5 GPa in the coesite stability field, with a
steep positive slope for the lawsonite-out reaction. The lawsonite-out reaction in the coesite
stability field changes to have a gentle negative slope in the stishovite stability field. The
reaction leading to the disappearance of lawsonite is a continuous reaction due to the
compositional enlargement of garnet toward the grossular end-member with increasing T
and P. Lawsonite disappears when the tie line connecting grossular-rich garnet with om-
phacitic clinopyroxene reaches the bulk composition on the conventional AC(FM) ternary
diagram.

INTRODUCTION

The role of water in the genesis of magma in subduc-
tion zone environments has been widely recognized (e.g.,
Wyllie 1988). Magma in subduction zones has been at-
tributed either to direct melting of the hydrous slab (e.g.,
Nicholls and Ringwood 1973; Wyllie and Sekine 1982;
Brophy and Marsh 1986) or to the release of fluids from
the slab to decrease the melting temperature of the mantle
wedge (e.g., Ringwood 1975; Delany and Helgeson 1978;
Tatsumi et al. 1986). The dehydration due to isobaric am-
phibole breakdown, traditionally taken as the amphibo-
lite-eclogite transformation reaction, is believed to
provide the water necessary to trigger partial melting of
the overlying mantle wedge. However, several high-pres-
sure hydrous minerals have been documented to be stable
at coesite and diamond isograds in many ultrahigh-pres-
sure metamorphic terranes (see reviews by, e.g., Liou et
al. 1994; Chopin and Sobolev 1995; Schreyer 1995). Re-
cent experimental studies (Schreyer 1988; Poli 1993; Poli
and Schmidt 1995) have shown that hydrous phases such
as lawsonite, chloritoid, staurolite, phengite, and zoisite-
clinozoisite are valid candidates in subducting oceanic
crust as minerals that may transport water to depths great-
er than the amphibole stability field.

Lawsonite is an important ultrahigh-pressure (UHP)
hydrous mineral that forms along a cold geothermal gra-
dient. It is present commonly in metabasites and meta-
greywackes, and is less common in metapelites formed
under blueschist facies conditions. However, lawsonite is
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rare in rocks formed under eclogite facies conditions,
there being just four well-known examples. One is from
lawsonite-bearing eclogite nodules from Garnet Ridge,
Arizona (Helmstaedt and Doig 1975; Helmstaedt and
Schulze 1988), and the other three are from Corsica (Ca-
ron and Pequignot 1986), Pinchi Lake, British Columbia
(Ghent et al. 1993), and Java Island (Parkinson et al.
1998). All of these lawsonite-bearing eclogites occur spo-
radically, and are never exposed as a coherent regional
metamorphic belt. Experimental evidence, on the other
hand, shows that lawsonite should occur under conditions
where the regional geothermal gradient is low.

The stability field of lawsonite has been determined
using a multi-anvil apparatus in the CASH system
(Schmidt and Poli 1994; Pawley 1994). Conflicting re-
sults show that lawsonite of its own bulk composition is
stable to a pressure of either 13.5 GPa at 800 8C (Pawley
1994) or 12 GPa at 800 8C (Schmidt 1995), and between
6.5 and 12 GPa at 1000 8C (Pawley 1994). In the
NCFMASH and KNCFMASH systems, lawsonite is sta-
ble at 6 GPa and 800 8C (in a basalt system) and 870 8C
(andesite system) (Poli and Schmidt 1995). However, the
maximum P, T stability of lawsonite in the MORB1H2O
system has not been determined (Fig. 1).

If the subduction zone geotherms are cold enough, law-
sonite may be an important water reservoir in slabs sub-
ducting to depths greater than that of amphibole dehy-
dration (above 6 GPa). It is therefore important to
determine the precise dehydration conditions of lawsonite
in the subducting oceanic plate to clarify the mechanism
by which water may be transported into the deep mantle.


