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Infiltration-driven dehydration and anatexis in granulite
facies metagabbro, Grenville Province, Ontario, Canada

D. R. M. PATTISON

Department of Geology and Geophysics, University of Calgary, Calgary, Alberta, T2N-1N4, Canada

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
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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.
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Fig. 2. Location maps for net-veined
metagabbros. (a) Southwestern Ontario. (b)
Lithotectonic subdivisions of a portion of
the Central Gneiss Belt, from Davidson &
Grant (1986). B = Britt, CMBBZ = Central
Metasedimentary Belt boundary zone.

G = Go Home, K = Kiosk, M = Muskoka,
MC = McCraney, ML = McLintock, MR =
Moon River, N = Novar, O = Opeongo,

p = Powassan batholithic complex, PS =
Parry Sound, R = Rosseau, S = Seguin. (c)
Distribution of metagabbro boudins in the
neck of the Seguin Subdomain (modified
from Grant, 1987). Lines with dips show the
attitude of foliation in the quartzo-
feldspathic gneiss that encloses the boudins.

crystallization age and the younger age to be the age of
-metamorphic recrystallization.

DESCRIPTION OF METAGABBROS

The metagabbros occur as a cluster of boudins in the neck of the
Seguin subdomain (Fig. 2¢). The boudins vary in area from a few
tens of square metres to a maximum size of ¢. 100 X 500 m?. They
are typically equant to pod-shaped and are separated and wrapped
by foliated amphibolite facies quartzo-feldspathic gneiss. The
interiors of the metagabbros are generally massive, in contrast to
the margins, which are well-foliated amphibolite. All contacts
with the quartzo-feldspathic gneiss are tectonic. The enclosing
gneisses are hornblende + biotite migmatites of generally grano-
dioritic composition, with about 20-30% leucosome and 70-80%
mesosome (terminology of Johannes, 1983).

Three main types of metagabbro are found in the interiors of
the bodies. Type 1, the rarest of the three and only found in
isolated pods and masses in the centre of the largest body, is a
relatively anhydrous rock of millimetre—centimetre-sized green
clinopyroxene, red garnet and white plagioclase, with or without
minor ilmenite, hornblende and orthopyroxene. A distinct
igneous texture is preserved, in which the garnet has partially
replaced former plagioclase laths. In thin section, the clinopyro-

xene crystals are intimately intergrown with plagioclase in a
sieve texture, and may have a thin rim of hornblende.

Type 2 metagabbro comprises the majority of the bodies. It is a
medium-grained hornblende + garnet + plagioclase + clinopyrox-
ene + biotite + orthopyroxene metabasite that does not preserve
any igneous texture. The boundary between Type 1 and Type
2 metagabbro may be gradational, but is most typically sharply
defined. Whole-rock chemical analyses of the two types of
metagabbro (Table 1) are similar except for higher TiO, and
FeO/(FeO + MgO) in Type 1 metagabbro. The difference may be
partly explained by higher modal ilmenite in Type 1 metagabbro.
The presence in Type 2 metagabbro of relict sieve-textured
clinopyroxene crystals, partly replaced by hornblende, suggests
that Type 2 metagabbro may in some instances be the variably
hydrated and recrystallized equivalent of ilmenite-poorer Type 1
metagabbro. Some loss of Na and gain of K may have
accompanied hydration. Alternatively, the two types of
metagabbro may represent primary differences upon crystal-
lization of a heterogeneous gabbro.

The third type of metagabbro, which is the particular focus of
this study, is a mixed rock in which anastomosing, light-coloured
plagioclase + orthopyroxene + clinopyroxene veins and patches
transect dark hornblende-rich metabasite (Figs 3 & 4). In some
bodies, the veins enclose relatively equant cores of hornblende-
rich metabasite, but in others the vein network and mafic cores
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Table 1. Whole-rock analyses.

Mixed
Type 1 Type I1 Hul Hul Hul P2-6-2b P2-6-2b Hull-6 Hull-6  light

metagabbro metagabbro*  dark light leucosome  dark light dark light & darkf
SiO, 44.03 44.51 4495  53.26 71.87 44.08 65.15 44.81 67.23 49.26
TiO, 4.35 1.99 1.78 1.24 0.20 1.92 0.70 1.83 0.56 1.54
Al O, 14.05 14.82 1521  15.31 15.43 15.58 13.86 15.59 15.14 15.26
FeO 14.89 14.36 13.62  10.06 1.22 14.62 5.79 14.06 4.49 11.69
MnO 0.22 0.23 0.23 0.16 0.02 0.26 0.08 0.24 0.06 0.18
MgO 6.33 8.26 7.25 5.64 0.64 7.84 3.55 7.75 2.44 6.79
CaO 10.20 10.86 10.54 7.83 3.21 11.11 4.71 10.41 4.77 9.68
Na,O 3.20 2.26 2.44 3.26 4.69 2.03 3.37 2.03 3.53 3.10
K,O 0.06 0.35 1.07 0.96 1.77 0.98 1.37 1.01 1.03 1.03
P,O; 0.30 0.20 0.42 0.30 0.04 0.44 0.17 0.44 0.11 0.37
Total 97.63 97.84 97.51  98.02 99.09 98.86 98.75 98.44 99.36 98.90
LOI 1.05 1.95 1.63 1.08 0.61 1.63 0.67 1.48 0.52 1.30
CO, 0.18 0.27 0.30 0.31 0.53 0.18 0.22 0.23 0.29 0.23
S 0.11 0.05 0.12 0.11 n.d. 0.14 0.12 0.12 0.14 0.12
A% 766 n.a. 303 232 27 296 152 306 95 266
Cr 196 n.a. 363 342 235 511 301 421 362 272
Ni 108 n.a. 47 39 9 54 30 52 31 42
Zn 115 n.a. 127 112 18 128 81 136 61 120
Rb 7 n.a. 23 46 20 25 35 22 18 33
Sr 226 n.a. 198 340 1210 201 686 285 948 352
Y 41 n.a. 46 25 n.d. 49 5 46 n.d. 35
Zr 152 n.a. 182 134 31 188 82 180 62 141
Ba 63 n.a. 336 644 341 403 857 442 699 474
FeO/(FeO + MgO) 0.70 0.63 0.65 0.64 0.66 0.65 0.62 0.64 0.65 0.63
CaO/(CaO + FeO) 0.41 0.43 0.44 0.44 0.72 0.43 0.45 0.43 0.51 0.45
TiO,/(TiO, + FeO) 0.23 0.12 0.12 0.11 0.14 0.12 0.11 0.12 0.11 0.12

Oxides are in wt%, trace elements in ug/g. n.d. = not detected, n.a. = not analysed. All Fe calculated as FeO.
* Average of four samples.
t Average of two samples containing both dark and light domains.

Fig. 3. Surface of outcrop of net-veined
metagabbro. Note the pattern of
anastomosing light-coloured veins
transecting dark metagabbro. Lens cap for
scale.
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have been flattened and folded. The planar fabrics in the flattened
bodies form high angles with the foliation in the enclosing
quartzo-feldspathic gneisses, indicating that the veins were formed
and deformed prior to the incorporation of the metagabbros into
the gneiss. The modal mineralogy of light and dark domains in
three net veined metagabbros is given in Table 2.

Host metagabbro

The dark metabasite in between the veins contains 40-60%
hornblende, which sometimes occurs in poikiloblasts several
centimetres in length. In thin section, the hornblende poikiloblasts
occur as aggregates of hornblende subgrains, 0.5-1mm in
diameter. Plagioclase, garnet, minor biotite and variable amounts
of clinopyroxene (1-13%) are intergrown with the hornblende,
along with accessory pyrrhotite, ilmenite and apatite (see ‘dark’
domains, Table 2). A significant proportion of the clinopyroxene
crystals have a sieve texture and are surrounded by hornblende;

Table 2. Modal mineralogy.

Fig. 4. Illustration of vein types. Diffuse
veins and patches (D), are characterized by
gradational contacts with the dark host
metagabbro. Coarse tonalitic leucosome (T)
is characterized by coarse grain size,
quartz + plagioclase-rich composition and
sharp margins against the host metagabbro.
Intermediate veins (1) are similar to the
diffuse veins but coarser, wider and more
leucocratic. All gradations between vein
types can be seen. The tonalitic leucosome
appears to be the latest of the vein types,
judging by its sharp margins against host
metagabbro and diffuse veins (arrow).

this texture resembics that described in Type 2 metagabbro.
Minor amounts of orthopyroxene are found in the dark domains,
increasing in abundance as the light-coloured veins are
approached. Quartz is absent.

Veins

The light-coloured veins can be divided into three main kinds,
although all gradations between the three are found (Figs 4-7).

Diffuse veins and patches

These are the narrowest and most cryptic type of veins, and they
grade smoothly into the host amphibolite (Figs 4 & 5). They vary
in width from 0.5 to 1.5cm. The veins are equigranular, with
grain size typically 0.3-0.5 mm. The diffuse margins of these veins
contrast markedly with the sharper margins developed between

Hul Hul Hul Hul Hul P2-6-2b P2-6-2b Hul5a H15a
dark light (1) light (2) leucosome selvage dark light dark light
n 1617 1180 2152 1481 1507 3925 2895 2476 2400
Amph 55.8 26.9 19.1 0.0 1.2 38.9 7.3 60.9 10.3
Grt 4.0 1.0 0.6 0.0 0.6 8.6 0.3 8.6 0.0
Cpx 1.3 11.9 11.6 0.0 1.1 12.6 14.9 33 15.5
Opx 4.5 10.3 11.8 0.8 17.8 4.9 13.5 1.4 11.2
Bt 3.1 0.1 2.1 3.0 7.7 31 1.8 1.1 0.1
Pl 29.5 47.8 48.5 67.8 62.0 30.2 55.9 22.9 56.5
Qtz 0.0 0.0 4.4 28.4 7.6 0.0 4.4 0.0 5.0
IIm 0.4 0.8 0.9 0.0 0.8 0.4 0.9 0.5 0.4
Py tr. tr. tr. 0.0 0.1 tr. tr. 0.2 tr.
Po 0.4 0.2 0.3 0.0 0.7 0.4 0.3 0.6 0.4
Ap 0.9 0.6 0.7 0.1 0.3 0.8 0.7 0.6 0.6

n = number of points counted, tr. = <0.1 vol.% of that mineral. ‘Dark’ refers to the more amphibole-rich host rock; ‘light’ refers to the
more plagioclase-rich veins; ‘leucosome’ refers to the cross-cutting quartzo-feldspathic leucosome in Hul; ‘selvage’ refers to the
Bt + Opx-enriched selvage between the leucosome and the amphibolite-rich host rocks in Hul. Modes were obtained using the electron

microprobe point-counting technique of Nicholls & Stout (1986).






