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Infiltration-driven dehydration and anatexis in granulite
facies metagabbro, Grenville Province, Ontario, Canada
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ABSTRACT Dark hornblende + garnet-rich, quartz-absent metagabbro boudins from the Seguin subdomain, Ontario

Grenville Province, are transected by anastomosing light-coloured veins rich in orthopyroxene, clinopyro-
xene, plagioclase and sometimes quartz. The veins vary in texture from fine-grained diffuse veins and
patches that overprint the metagabbro, to coarse tonalitic leucosomes with sharp borders. The diffuse
veins and patches are suggestive of channellized subsolidus dehydration of the metagabbro, while the
tonalitic leucosomes are suggestive of local internally-derived anatexis. All vein types grade smoothly into
each other, with the tonalitic leucosomes being the latest.

Relative to the host metagabbro, the veins have higher Si, Na, Ba & Sr, lower Fe, Mg, Ca & Ti, and
similar Al. The coarser veins are enriched in K. Plagioclase becomes steadily enriched in Na in the
transition from host metagabbro (An,;) to the veins (Anss), and in the coarsest veins it is antiperthitic.
Differences in composition of the other minerals between host metagabbro and vein are minor.
Pressure—temperature estimates are scattered, but indicate a minimum temperature during vein formation
of 700° C at about 8 kbar.

Mass balance constraints indicate that the veins formed from the metagabbro in an open system. The
transecting veins are interpreted to represent pathways of Si+ Na + Ba + Sr £ K + Al-enriched, low a0
fluids that metasomatized the host metagabbro to form the anhydrous veins. An initial period of localized
solid-state dehydration of the metagabbro, represented by the diffuse veins, was followed by a transition
to localized anatexis, represented by the tonalitic leucosomes. The change to anatexis may have been due
to the addition of K to the infiltrating fluid. The source and delivery mechanism of the fluids is unknown.
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INTRODUCTION

One of the most intriguing aspects of granulite formation is
the relationship between fluid movement, dehydration and
anatexis in the middle and lower crust. Of particular
interest are studies conducted on mixed granulite-
amphibolite rocks, in which hydrous amphibolite facies
rocks are transected by veins and patches of anhydrous
mineralogy characteristic of the granulite facies. Bradshaw
(1989) investigated garnet-bearing quartzo-feldspathic
veins that transect two-pyroxene granulites in the Lower
Cretaceous Fiordland terrane of New Zealand. He
ascribed the formation of the veins to solid-state
dehydration of the host rock triggered by infiltration of
carbonic fluids. Metasomatism accompanied dehydration:
Bradshaw argued that garnet stability was favoured by
lowered whole rock Fe**/(Fe** + Fe’*) and Na caused by
fluid passage. .

Hansen et al. (1987) and Stahle et al. (1987) investigated
charnockitic patches that transect biotite + amphibole-
bearing tonalitic gneiss in the amphibolite—granulite
transition of the southern Indian Precambrian shield. They
concluded that solid-state dehydration of amphibole-
bearing gneiss to form orthopyroxene-bearing charnockite

was caused by infiltration of carbonic fluids along ductile
shears and foliation planes, a conclusion proposed earlier
by Newton et al. (1980). As in the New Zealand veins,
metasomatism accompanied dehydration, as shown by
increases in K, Na, Si, Ba & Sr and decreases in Ca, Fe,
Mg, Ti & Y in the charnockite relative to the gneiss.

In the same area, the Closepet Granite has its roots in
the vicinity of the amphibolite—granulite transition
(Friend, 1981). Friend (1983) investigated the textural and
structural relationships between features characteristic of
COs-infiltration (charnockitic patches) and features char-
acteristic of incipient anatexis (quartzo-feldspathic segre-
gations and dykes). Based on the close relationships
between the different types of features, he suggested that
infiltration of fluids was responsible for both processes:
introduced CO,-rich fluids dehydrated and metasomatized
the tonalitic gneiss to produce charnockite, during which
process the fluids took on K and H,O, making them agents
of anatexis. By extrapolation, he speculated that the
magma for the Closepet Granite was formed by such
infiltration-driven metasomatism.

The present study is an investigation of the relationships
between infiltration-driven dehydration and anatexis in
metabasic granulite from the Grenville Province, Ontario.
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The rocks concerned are remarkable single outcrops of
hornblende-rich, quartz-absent metagabbro cross-cut by a
network of pyroxene + plagioclase-rich veins. Contrasting
modal mineralogy and textures in the veins suggest that
the veins formed by both subsolidus and anatectic
processes. The close spatial and textural relationships
between different vein types suggest that they were formed
during an episode of infiltration by low-a;,o fluids. A
scenario is proposed in which chemical changes in the
introduced fluid resulted in a transition from localized
subsolidus dehydration of the metagabbro to localized
anatexis.

DEHYDRATION, MELTING AND
DEHYDRATION-MELTING

The qualitative relationships between anatexis, subsolidus
dehydration and variable a,,, may be illustrated with
isobaric T-ay,o diagrams (Greenwood, 1975; Powell,
1983; Grant, 1985; Waters, 1988). Corresponding P—T and
T-ay,0 diagrams for selected reactions involving horn-
blende (Hbd), quartz (Qtz), orthopyroxene (Opx), clino-
pyroxene (Cpx), plagioclase (PI), silicate liquid (L) and
vapour (V) in the system CaO-MgO-Al,0,-Si0,-H,0O
(CMASH) are illustrated schematically in Fig. 1.
Reactants and products are appropriate for tschermakitic
hornblende and the liquid compositions determined
experimentally by Ellis & Thompson (1986).
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For simplicity, singular points (e.g. Grant, 1986) and
multi-variancy of the reactions are not considered. It is
further assumed that as a;; , decreases in a mixed vapour,
the stability field of coexisting melt also decreases (in
contrast, see Peterson & Newton, 1989a).

Three main types of reaction may be considered.

(1) Dehydration reactions, for example Hbd+ Qtz=
Opx + Cpx + Pl + V, in which H,O from the breakdown of
hornblende is released as a free vapour phase. Melt is not
involved.

(2) Vapour-consuming melting reactions, for example
Hbd +Pl+ Qtz+ V=Cpx+L and Opx+Pl+ Qtz+ V =
Cpx +L, in which melting consumes any free vapour. In
vapour-consuming melting reactions, the major reactants
volumetrically are plagioclase, quartz and vapour, which
combine to form the quartzo-feldspathic melt. The solidus
of the system is defined by reactions of this type (Fig. 1a).
In general, production of melt by these reactions is minor
unless @y, is externally buffered (Powell, 1983).

(3) Dehydration melting reactions (Thompson, 1982),
for example Hbd + Qtz=Opx+ Cpx +Pl+ L, in which
water released from the breakdown of hornblende is
dissolved directly into the melt phase. To balance the
production of quartzo-feldspathic melt from the break-
down of hornblende + quartz, there is substantial produc-
tion of pyroxene. Dehydration-melting reactions may
proceed under vapour-absent or vapour-present conditions

[Hbd]
I
(b) /
px/V
L/Qtz
DEHYDRATION Al
MELTING Opx
1,
T (Vapour absent) ‘ DEHYDRATION
Hbd +Qfz = X/ MELTING
Opx +Cpx+Pl+L i (Vapour present)
Hbd +Qiz +V =
Opx+Cpx+PI+L
Introduced
fluid
[0px] N
DEHYDRATION” \Cpx
0
Qtz v
P:P1 [L1
|

1.0 ai
a,,0 DECREASES ———=

Fig. 1. Schematic P-T (a) and T—-ay,q (b) diagrams showing the relationships between melting and dehydration reactions involving
h_omblepde (Hbd), quartz (Qtz), clinopyroxene (Cpx), orthopyroxene (Opx), plagioclase (P1), silicate liquid (L), and vapour (V). Open
circle with cross represents on arbitrary P—T-ay, o, starting condition (see discussion in text). Solid circle is an arbitrary introduced fluid

composition.



