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ABSTRACT

The Chenaux gabbro pluton (3 km diameter) of proterozoic age occurs in the

western margin of the Central Metasedimentary Belt of the Grenville Structural

. Province (Canadian Shield). The gabbro consists mainly of plagioclase (anorthite

10759 t0 0.70), Ca pyroxene (X = Mg/Mg + Fel+ = (0.65 - 0.85), orthopyroxene (X =

0.64 - 0.80), and Ca dmphibole (X =0.51 - 0.80; dom.inamly aluminous), magnetite

and 1lmenite, with local olivine (X =0.75-0.78). spincl, biotite, afmandinc-ric_h

gamet, scaf:olite épidote titanite, rutile, apatite and pyrnte. Rock composition 1s
variable (8109 =45 - 51 wt. %, X = 042 079) and four rock types are

recognized: ohvme gabbra, leuco- oabbro pyroxcne nabbro and hornblende

oabbro Ohvme gabbro appeam to dommate in the ccmral part of the pluten;

A laycnno is only locally visible,

The country rocks consist mainly of marble (calcite, dolomite, diopside,

tremolite, local forsterite), with smaller proportion of amphibolite, metagabbro,

biotite-muscovite gneiss, biotite-hornblende-gamet gneiss, tonalite gneiss, and -

k]

granite gneiss (with local sillimanite). These tocks were evidently deformed prior
to emplacement of thie gabbro. Pronounced shear zones occur in the gabbro.and

adjacent marble, especially at the east contact of the pluton.

r



_ A gravity‘_anomaly of some 24 nlill?gals occurs over the gabbro pluton.

Modelling of the gravity data produces, as one possibility, 2 three-dimensional |

—

mushroom-shaped body, with a stecply-inclined cylindrical ‘stem’ extending to a
depth of 2.7 km, : .

The microstructure of the gabbro is highly variable, including sub-ophitic

—y—

(1gncous), mosaic (metamorphic) and reaction-zone (corona) microstructures.
Reuction microstructures include zones of orthopyroxene and amphibole-spinel

between olivine and plagioclase, zones of amphibole between Ca pyroxene and

“plagioclase, and rims of biotite around ilmenite. Some of the abundant amphibolc in
the rock is obviously metamorphic; some may be of igneous origin. With regard to

the reaction,

olivine + plagioclase = orthopyroxene + homblende + spinel,

. - - .-
i . . ’ —
.o L - I
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at one locality, a calculation shows that mass balance was realized except for K, Ti

and H (possibly as HpO) which were transported to the reaction site. °

* Geothermomenters (2-pyroxenc, plagioclase-scapolite) give temperatures of

about 800°C. which may indicate incomplete metdmorphic adjistment to the regional

metamorphic temperature (mid-amphibolite facies) of about 600°C.

r P
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A record 1s preserved in the Chenaux gabbro, of a complex igneous arrd
metamorphic history. Varnation in rock composition is interpreted as a result of
magmatic differentiation during emplacement, promoted by crystal settling of

olivine and pyroxene. Later, during regional metamorphism, various often

incomplete metamorphic changes occurred, the progress of these being controlled

=+ Jargely by influx of HyO. Evidence for defarmation oceurs in the form of shear

-
.

zones; which were possibly related to the-late Grenville Orogeny..and in the form of -

e

faults, related to the development of the Ottawa Rift System.

)
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Chapter I
INTRODUCTION
The s[ﬁdy area is located in {the southwestern part of the Grcnvill(:/]{r’ovincc.
within the Central Mctasedimentary Belt. It lies .adjaccm to the Ottaw‘a River, eight
kilometres north of Renfrew.
The principal rocks of the stﬁdy arca include calcite and dolomite mharblcs,
interlayercd intermediate to mafic gneisses, and a gabbroic pluton all regionally

metamorphosed to middle-to-upper amphibolite facies. The marbles and the -

-

associated gneisses are assigned to the Grenville Supergroup (Wynne-Edwards,
1972).

A determination of the stratigmphy.aﬁ& extent of the basin of deposition of the
Grenville Supergroup is difficult bec_ausc of the absence 1n continuity of exposure,
extreme deformation and metamorphic recrystallization. Volcanism and
sedimentation of the Grenville Supergroup took place between 1280 and 1250 Ma,
followed l‘ay an episode of plutonism and probably metamorphism that lasted at most
30 Ma, ceasing abou‘tﬂ-1220‘Mz'1 (Easton, 19.86).

Work. by Moore and Thompson (1980) indicated, lha-t at least part of these
supracrustal successions, that are close and continuous to the type locality (Flinton
Group) to have been deposited closc in time (1.3 to 1.1 Ga) to the Grenvillian

~ Orogeny. This orogenic cycle in the Central Metasedimentary Belt includes a

-1



succession of events, spanning some 250 Ma, representing the cntire orogenic
history of the belt; culminating around 1.1 Ga during Ottawan Orogeny.

There is systematic variation in the temporal relations among volcanism (1250
+ 90 Ma), mﬁﬁc intrusions (1240 Ma) and syenitic suités (1220-1250 Ma) m the
Central Metasedimentary Belt of Ontario (Easton, 1986). .

Several late to post metamorphic gabbro, diorite, granodiorite, granite and:
sycnite plutons are wide spread throughout most of the Central Metasedimentary
Belt (Britton, 1979), and only a few of these intrusions predate-the Grenvillian
Orogeny. It is not also clear whether these mafic plutons are generated
independently as roots of voleanic centers or to have a genetic link with the
associated plutons.

The gabbroic plutons have recently attracted much attention; one of the

medium sized plutons (the Chenaux gabbro) is here described in some detail.

The Chenaux body of gabbro lies within the Grenville Structural Province of
the Canadian Shield, 100 km west of Ottawa and 8 km north of Renfrew (Fig. 1).
The body was mapped by Lumbers (1982) who presented preliminary information
on the gabbro and the surrounding marble, gneiss, amphibolite and other rock

IVpes.
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Fig. 1. Regional setting and location of the Chenaux gabbro, showing (in black)

some other gabbro and metagabbro plutons. Cmbbz denotes Central
Metasedimentary Belt Boundary Zone. . i

The southwestern Grenville Province has been divided into the Central Gneiss

Belt 1o the northwest, which consists predominantly of gneisses and migmatites of

high metamorphic grade. and the Central Metascdimentary Belt to the southeast,

which dominantly consist of marble, gneisses, amphiboelite, and granitic to syenitic

rocks of mcdium-w’-high grade (Wynne-Edwards, 1972).
The structure of both belts is highly complex. and both .were affected by the
Grenvillian Orogeny which.culminated at abou 1.1 Ga (Faston, 1936). The

(V)



Chenaux pluton lies at the western margin of the Centfal Metasedimentary Belt, and
forms one of many gabbro and metagabbro bodies that are scattered within this belt.
and the adjacent Central GncisWQuim, 1951: Britton, 1979; Davidson and

} -

Grant, 1986; Kretz, 1989).

Pyrpose of Study

The present study was undertaken to increase our understanding of the
emplacement, crystallization, and metamorphism of the Chenaux gabbro. Building
on the field data reported by Katz (1969) and Lumbers (1982) additional field
obscrvations were recorded, and numerous microscopic and.geochemical data (rock
and mineral ar;alyses) were obtained. Some data on the enclosing rocks were also
~ collected, particularly on the amphibolite to the south of the plu.ton and the tonalite
to the north, to determine if these are related to L.he gabbro. A gravity study Qas :
carri(;d out'to p;ovidc information on the shape and extent of the pluton at depth.

_

Methods Emploved

Fqny-f ive days were devoted to field study, paying special attention to the
lithology and structure of the gabbro and the immediately surrounding rocks.
Three hundred samples were collec’ted and 70 were examined microscopically. The
rc.\‘ullipg geologicai map, which agrees with thﬁ of Lumbers (1982) but contains

additional structural data, is shown in Fig. 2. Thirty-four rock samples were

4



a.nalyzed by X-ray fluorescence in the University of Ottawa Geochemistry
Laboratory; FeO was determined by titration. The minerals of the gabbro and
garnet and biotite from the enclosing gncisscs were analyzed by microprobe in the
McGill University Microprobe Laboratory. Gravity data were obtained along two

traverses across the gabbro pluton; details are presented below.



Chapter 11

THE COUNTRY ROCKS

General Statement 0 . 7
The Chenaux gabbro was intruded into a terrain consisting predominantly Qf

marble, with smaller porportions of amphibolite and gncis's (Fig. 2). Itis well
cxposed (50% cxposu.rc) but much of the surrounding terrain is c;overcd by a
veneer of-' Pleistocene till, gravel, sand, clay z;nd recent alluvium. The gabbro and
adjacent marble arc best exposed in road cuts (Highwayé i7 and feeder rodds) and
in the bed of the Ottawa River at the Chenaux dam site (Fig. 2).

- A stratigraphic s;:qucncc for the cour.ury rocks could not be determined, and

]

the sequence in which the rock units are here described is arbitrary.

Marhle and Skarn

Marble is the prominent supracrustal component throughout the study area
and 1s the immediate host rock to the gabbro. Thc two principal varieties
(dolomite-rich and calcite-rich rﬁarblcs) are commonly intercalated at various
scales. In typical exposures, caleite-rich and dolomitc-richi marbles show a wilde
range of textural and deformational features. Generally the rocks are medium to
coarse grained. and vary in color from white to dark grey: white marble is

predomiant. Thin layers rich in stlicates are present: these evidently reflect the

8
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Fig.2. Geological map of the Chenaux gabbro
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original béddings Layering and mineral-aggregate foliation trend northwesterly on
the western side of the Chenaux pluton; toward the east, the layering swings to thc
northeast (Fig. 2). South of the pluton, layering mainly dips to the southeast. This
trend indicates the presence of a major south-plunging fold; the nose of. the fold is
()CCll.lpiCd by the gabbroic pluton.

Near contacts with the gabbro and also clsewhere, there are numerous
localized highly strained zones roughly parallel to the foliation, m;:trkcd by highly
attenuated and mylonitized marble. Kinematic indications, given by d(;tached folds -
and thin sigxﬁoidal graphitic and calc-silicate layers indicate a sense of transport
similar to that recorded in the sheared gabbroic rocks, to be described below.

Smﬁll scale dishflrrnonic folds are very common, b_articularly near the gabbro.
I-Ic;c the calcite-rich layers are v\c:y coarsely recrystallized co'mpar;d to the
associated darker layérs that COHtIlEl some graphite.

. The main constituents cast of the pluton are calcite, dolomite, tremolite,
diopside, and phlogopite with varying and minor proportions of chlorite, sulfide,
graphite, quartz, titanite andl scapolite. Dolomite exsolution lamellae are common
along calcite twinning planes. Forsterite and serpentine are found clgse to the
western contact zones and-also to the north, at ‘Chenaux Dam. Wollastonite and
bruéité were not identified. South of the area m;pﬁed, along Highway 17, calcite
marble with some quantz is present. Reprcscntétive mineral assemblages are listed
m Table 1.

VU p—
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" Table 1 - Mineral Assemblage, Marblg and'Skarn

Marble . ' ' Skarn

1 2 3 4
Calcite 50 0 - 25 <5
Dolomite .- - 10 20 - .
Tremolite 10 ' 20 15 . .
Phlogopite <5 5. trace | -
Forsterite 20 - . - . x- 3
Scapolite ’ 10 - - . <5
Scrpcntin}'; - . - .30 . -
Epidote race race - .
Diopside ' - 15 10 70
Iron Oxides - trace trace - 10
Homblende - - SR , <5
Garnet ' - - . . <5
Quarz } - trace - -

A scrpentine-rich marble, near Haley Station, contains 'concretions’ with a wr

dolomite core rimmed by pale yellow serpentine; tremolite here is extremnely coarse
and the crystals are oriented randomly. The ‘concretions, range from about 2 cm

up 10 0.3 m in diameter.

»

Gabbroic dikes that have been folded together with the enclosing marbles arc

found near the Chenaux Dam. Here the marbles adjacent to the gabbro contact arc

-

coarsely recrystallized.

Skamn is commonly developed in the marbles ncar contacts with the gabbroic

»



pluton and as aurcoles around pegmatite dies. The rock is medium to coarse

grained, light to dark green, and very rich-in diopside and an undertermined

amphibole. Most of the skams are massive and in places contain a network of thin
K-feldspar-rich pcgmatite veins. In addition to diopside and amphibole, the other
major minerals present are scapolite, calcite, magnetite and garnet. The
“mineralogical distribution and ficld relationships of these rocks indicate that most of

~ them are metasomatic rocks, formed by the introduction to the marbles of Si. Al FFe

and other elements.

‘\‘
“

%

Riotite-Muscovite (Gneiss : -

Biotite-muscovite gneisses are found in the castern part of the map-area and
cood exposures are restricted to the road cuts near Smugglers Hill (Fig. 2). The
aneisses which are ﬁlosﬂy grcy, but weather rusty-yellowish, are foliated, folded,
sheared and faulted. Layering is well developed ranging fn thickness from 1 mm to
2cem. Itis mar};cd by alternating biotitc-z;nd ciuartz-fell'dspar-rich layers.

Transition from this Ia'ycrc‘d type tg a more homogeneous variety is commonly

observed. -

L3

These gneisses have been folded and refolded into tight isoclinal folds. The
~

first foliation (S1) is parallel to the compositional layering. The Fy folds are

mainkupright: axes have northwest to northeast trends with plunges ranging from

10



horizontal to about 5°. The folding is non-coaxial and the axial planes (S4) dip '
toward the northwest. Fo folds developed as recumbent folds with horizontal axial

planes. Small scale sinistral shear zones present on the axial plane of some Fs folds.

These minor shears strike northeast and dip steeply northwesterly.
Metamorphism accompanying the deformation did not exceed the amphiboliic
!
facics. Mectamorphic minerals in these gneisses consist mainly of quartz, plagioclase

and microcline, with lesser muscovite, biotite, garnet, and epidote. Representarive

mineral assemblages are listed in Table 2.

Table 2 Mineral Assemblasces in the Gneisses

1 2 3 4 5 6 7 8
Quartz 20 30 15 20 30 35 25 30
Plagioclase 25 20 35 30 30 35 40 35
Microcline 20 15 25 15
Biotite 15 25 10 20 .5 10 15 5
Muscovite 10 10 - <5 5 <5 <5
Hornblende --- --- 15 10 r r J—
Garnet R - 10 15 < 10
Sillimanite -—- - ~-- .- 5 - --- ---
Epidote '8 T r r T tr tr r
Titanite - <5 <5
Apatitc --- -~ r tr. r r r tr
Sericite - -e- -~- ~-- —~- . tr 10 15
Calcite --- -~- r vy ' .- --- - -
Obaquci Oxides <5 iy 10 " <5 5 r <5 r

1-2 (Biotitc-Musc&vitc Gnelss)

11



34 (Biotite-Hornblende-Garnet Gneiss)
5-6 (Granite Gneiss)
7-8 (Tonalite Gneiss)

Layering 1s defined by alternating concentrations of inequigranular quartz,
plagiociase and microcline, and lepidoblastic biotite and muscovite. Poikiloblastic
earnct and cordierite and some iron oxides are also present. Aluminosilicates have
not been identified in these rocks. In places, gam;t grew as subhedral to euhedial
crystals wqith few inclusions; elsewhere it forms coarse and anhedral poikiloblastic
grains with fine quartz and biotite inclusions. Microprobe analyses of biotite and

garnet arc given in Table 3.

12



Table 3 - Microprobe Analyses of a Pair of Biotite and Garnet in

10fite-Muscovi
Biotite - Garnet/

(S17)  (S92)  (S150) (5148)  (SI17)  (S92)  (S150) (SI48)
Si0y - 367 364 350 36.4 38.2 37.9 36.9 37.5
FeO 18.9% 158%  209%  163*% 212 31.6 37.0 26.9
Fea03 nd nd nd - nd 1.1 15 - 0.8 0.6
AlO3 - 168 187 168 192 207 202 206 208
Ca0 005 - 0008 008 001 130 47 15 25
MO 9.7 121 100 11.8 1.4 2.7 2.5 39
MnO 027 013 007 0.15 43 1.5 1.7 7.7
N0  nd 0.14 003 023 :
F 0.27 0.4 094 0.41
K50 9.3 104 85 10.3

TiOs 3.1 2.3 2.4 2.1

TOTAL  95.09 96.38 94.72 96.90 10000  100.10  101.00 99.90 .
AIM 47.20 71.70- 82.2 60.0

PYR 5.70 10.80 99 15.7
SPS 9.70 3.50 37 17.3
GRS = 34.00 9.40 1.9 5.2
AND 3.40 4.60 2.3 1.8

*All Fe expressed as FeO.

nd = not determined

(S17) = Biotiic-Muscc;vitc Gneiss

(§92) = Biotite-Homblende-Gamet Gneiss

(5148} = Tonalite Gneiss

(S150) = Tonalite Gnciss

13
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This map unit c;)nsists of fine to medium grained, well foliated mafic gneis.s;as\ of
unknown origin. They form thin northsouth trending belts which are confined to the
western a.nd eastemn pa;'ts of the map-area (Fig. 2). The contact of these gneisses with
the surrounding marbles is marked by the development of calc-silicates and in places
by the pre’scnce of skams. The principal minerals of these rocks are qﬁartz,
plagioclase, biotite, hornblende, gamet and local diobside. Very coarse (about. 1 cm)
poikiloblastic crystals gf gamnet have developed withi;biotite-xich layers.‘ These
crystals contain inclusions.of feldspar, quartz, biotite and iron-oxides. Minor epidote
and calcite arc locally present. Representative mineral assemblages are listed in
Table 2.

The rocks show a well developed foliation defined by the parallel alignment of
Icpidoblastic(bfmite and homblende grains with granular to elongated quartz and
plagioclase grains which are commonly strained. Layering in these rocks is formed
by a compositional variation of the felsic and mafic components of the rock and also
by grain size variations, particularly in the felsic layers. Under the microscopé, the
felsic bands show fine scale layering defined by grain size variations perhaps

indicating a scdimentary origin.

14
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Analyécs of.ibi(_)tite and gamet from these rocks are listed in Table 3.
Application of th“e Ferry and Spear (1974) geothermometer produced a temperature
estim”ate of 670‘;C. This 1s somewhat high, possibly because of the influence of
. various extraneous elements-upon the Fe2+ - Mg exchange cqu111br1um have not been

~

~ fully taken into con51derat10n (Kretz, personal communication),

mphibolite an g r
The rocks of this group include amphibolite (70%j and a variety of metagabbro’
(30%) found in the southern portion of the map-arca (Fig. 2). A characteristic

feature of these rocks-is their close mutual association without any distinct contact

-

-

phenomena. Their field association together with their mincralogical similarity
suggest that they may be related meta-basalts and gabbroic sills or dikes.

The amphibolites are dark, fine to medium grained and have well-developed
foliation. Weathered surfaces arc yellowish or brown. The rocks}vary in
composition from those with about equal‘ amount of hornblende and plagiociase to
more mafic types composed dominantly of.amphiboles. Small, ultramafic bodies are
dlso present which are composed of hornblende, plagioclase and some iron oxides. -

Generally, the amphibolites have a strong penetrative foliatfon defined by thin
layers composed of elongated green homblende alternating with layers of granular
feldspar. Some quartz-rich iaycrs arc also present. The metamorphic mineral

assemblages include green homblende, plagioclase, quartz, cpidote, scapolite and

15
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some finely disseminated iroﬁ~oxidcs indicating mid-amphibolite facies L_f\
mctamorphism-; The hornblende crystals usually contain disséminated iron-oxides
and their cleavage planes a-rc the loci of very small crystals., probably rutile. Some
scapolitization and sericitization of the plagioclase occurred. Representative mineral

- assemblages are listed in Table 4.

‘ Table 4 - Mineral Assemblages in Amphibolite and Metagabbro .
‘ Amphibolite . Metagabbro -
L 2 K}

Plagioclase 30 25 10 45

Homblende 45 . 60 85 35

Iron-Oxide 10 10 - 10

Scapoliie 10 - trace trace

Epidote ) trace race race race

Apatte race tace .  trace <5

Titanite <5 5 . 5 <5

Calcite race --- - trace

Quartz trace --- --- -—

et

A mc;agabbro unit occurs in close association with the amphibolites. This unit
fan bc distinguished frem the Chenaux gabbro on geochemical evidence, to)be
presented below..

The rocks are dark green and mcaium gi"ained with. granoblastic texture.
Locally, they are massive and medium grained; elsewhere the rock is fine grained

and grades to amphibolite. The metagabbro contains plagioclase, homblende,

scapolite, epidote, iron-oxides and traces of calcite. Although the component

16
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minerals are highly deformed. no strong fabric is developed. as in the associated

amphibolites. A represeniative mineral asscmblage 1s listed in Table 4.

Homblende forms very large anhedral to subhedral, occasionally
poikiloblastic crystals. Plagioclase crystals are st‘rongly deformed and show
undulese extinction. Plagioclase is locally replaced by scapolite. The scapolized
feldspar occasionally encloses smaller biotite flakes, iron-ox'idcs and minor calcite,
Opaque crystals arc commonly rimmed by epidote. Very fine epidote crystals are

also developed within the homblende.

Granite Gneiss

These gneisses occur as an isolated thin lincar bcl-t west and south of the
Chenaux gabbro (Fig. 2). Similar rocks are also found in the extreme west of the
surveyed area. The rocks are grey to pink, medium grained, well foliated and are
invariably gneissic. They exhibit considerable evidence of deformation,
particularly in the extreme west of the area, where zones of protonﬁyloniteoccur
comainipg rotaied augen of K-feldspar. The stratigraphic relationship of these
rocks wiihvlhe adjacent biotite-muscovite gneisss is not clear. 'I'hc’ granitic gneisses
wcrc.presumably derived from clastic sediments, possibly shaly arkose evidenced by

/_hcir sub-rounded grain shapes.

Generally. the rocks have a N-S strike over most of the mapped area, and
> .
17
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.structurally they lie beneath the biotilc-musco@ss. Compositionally, they
range from a leucocratic varicty rich in quartz and feldspar toa type rich in biotite.
‘The mesocratic gneisses appear to be in part, a highly strained equivalent’of the
biotite-muscovite gneiss, but this could not be confirmed in the field. In the highly
strained zones, stretched and detached layers are present and the K-feldspar forms
clongated and rolzilcd augen structures. The leucocratic gneisses are medium
grained and have a remarkable gneissosity and are composed of plagioclaée.
microcline, quartz, biotite, muscovite and local sillimanite. R(':fpresentative mineral

ausemblages are listed in Table 2 (p. 11). . - 4

-

Tongalite Gneiss

-~

L’I‘hcsc rocks are found 1in the northern part of the map area and occur in ¢lose

association with mafic rock:s' such as gabbro and diorite perhaps equivalent to the
metagabbro found in the amphibolite. They show distinct variations in color form
Iigiﬁ (o dark (homblende-biotite gnciss)‘as one moves from ¢cast to west.
Plagioclase, quartz, gamet, biotite and minor muscovite are the major constituents.
I-’luctu;uions‘in the percentage of quartz are co_mmon and occasionally the rocks
grade into a granodioritic variety. In places, fine'grained mafic xenoliths,
commonly clongated and oricnted parallel to the foliation of the gneisses, are

\ , e
present. These xenoliths range in size from a few centimetres to a half metre.

~—

Locally these rocks appear massive: elsewhere the constituent minerals form a
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centimetre to a millimetre scale layers. Stretched and _clongalcd quartz grains with
altemz;ting lepidoblastic layers of biotite and minor muscovite dcﬁﬁc the l‘oli.:uion.
Gar;'let forms poikiloblastic grains with abundant inclusions of biotite and quartz.
One of these garnets is established as a Mn-richl varicty. Grains are altered around
their rims either to biotite or green chlorite. Feldspars are comonly altered to
sericite and epidote. Some iron-oxides occur, mainly asﬁociéxtcd with biotite.

Representative mineral assemblages are listed in Table 2. Microprobe analyses of

-

gamet and biotite are listed in Table 3.

“"
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Chapter III 7

THE CHENAUX GABBRO

General Statement

Several late to p('ast—me‘tamorphic gabbro, syenite, and granite plutons occur
lhroﬁghout the Central Metasé’dirhcntary Belt (Baer et‘al,‘"1977). Most of these
" plutons are relatively small and clongate in outline with textural evidence for
syntcctonic to late tectonic emplacement (Britton, 1979).

The Chenaux gabbro intrusion is one of these plutons. ‘It is only pértly :
deformed and partly recrystallized and was therefore evidently emplaced during the
late staée of the regional metamorphism and deformation which, according to Silver
and Lumbers (1966) and Easton (1986) culminated at.about 1.1‘8& The body is
transccted by the major east west trending Muskrat fault which is oné of the "'fa'ultsl
of the Ottawa Rift structure (Lambers, 1982). - .

The pluton. which has an irregular elbow-like shape, was intruded intoa
highly dl.toma/;d and reononally metamorphosed terrane of Grenville Superor;)up
mdrblcs and gneisses, and was itself intruded by felsic and mafic dikes and sills.

Contact relations between the gabbro and the enclosing carbonate rocks have ‘-
been observed at van’\ous places. The contacts are either sheared or intrusive,

usually markc&"by% recrystallized marble or by the devclopment of skarn. N%

20
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chilled border rocks or. signs of a pronounced contact m;:mmorphic cffects are seen,
‘as would be expected between these two rock types. Xenoliths of marbles, a few
centimetres to metres wide are frequently encountered near Storyland and along
Highway 17: in places, they occur as large roof pendants on the same topographic
clevation with the gabbro. implying that the pluton has barely been unroofed by ~
erosion.
P
Igneous layering is not a'major feature of this body. Localized individual
layers that are modally graded or grainssize graded were seen in places. Modally
graded layers consist of a pyroxene-rich bases which grade upward‘imo more
plagioclasc-n’ch zones. Individual modally graded layers range in thickness from a
few centimeters to half a meter; contacts are generally sharp. Size-graded layering.
1s prcscr{t in feldspar rich zones: the layers grade from coarser at the bottom to fi}]u
at the top: they wedge out over a short distance. Another type of planar feature is
™

' - q" - - -‘
planar foliation produced by parallelism of plagioclase, and in rare cases pyroxene

crystals.

-
A 3

Sheared varieties co\ﬂ\meonly occur throughout the pluton as very thin
ultramylonite fayers. On.the northeastemn margin of the body, there is a wide shear
zone with conspicuous mylohit%ms trending in the north-south direction, almost
_parallel to the regional foliation. It_appcars that the sheared varieties have the
maximum concentration of quartz veins, formed as tension fillings and this zonc is

also strongly enriched in pyrite.
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In the southern part, the pluton is intimately associated with very fine graiped

v

amphibolites and also with highly 33 ormed and metamorphosed gabbro-diorite
_ 3 ;

-

which apparently are the precursor to the arﬁphibolitc. Towards the northwestemn

-
+

end of the intrusion, the gabbro 1s associated with and grades into granitic and
aranodioritic masses. This later change is unclear; i.e., whether it is due to
differentiation of the mafic magma or is related te separate intrusive events.
. PR d - . j - -
No definitive proof as to the age of the duttile deformation or the age of the
pluton are known to date. The Chenaux pluton is considered by Lumbers (1982) to
be part of the syenitc-monzonite suite of plutonic rocks which occurs in this part of

the Grenville Province.

Vol

3 .
AN

Petrooraphy

-~

The principal constituents of the gabbro are plagioclase, olivine,
clinopyroxene, orthopyroxene and homblende‘, in varying proportions, with lesser
-
‘amounis of biotite, green spinel and Fc-'fi‘go%de minerals. Gamet, scapolite, pyrite,
titanite, and cpidote are also present. Rock types based on the proportions of the
major phases include olivin-c gabbro, lcucoératic gabbro, pyroxene gabbro and
hornblende gabbro. Information on the distribution of these rock types within the

pluton is presented in Fig. 2a. Mineral assemblages of each type are given in

Tuble % (p.26).

22



Fig. 2a Distribution of the four gabbro types.
@ - olivine gabbro
£ - leuco gabbro
®- pyroxene gabbro
&- hornblende gabbro

23



The following crystallization model is proposed for the pluton.
Crystallization began by the formation and accumulation of euhedral magnesian
olivine, closely followed by- subhedral calcic plagioclase and some Fe-Ti oxide
mincrals, to give the olivine gabbros. The regular depletion of olivine and an
increase in the crystallization of coarse plagioclase along with some pyroxenes and
iron oxides, produced the leuce gabbro. Further crystallization proceeded with the
continuous precipitation _of FFe-Ti oxide minerals and plagioclase and the formation
of large quantitics of granular pyroxenes (enclosing smaller grains of olivine and
plagroclase) to produce pyroxene gabbros. 'Iggfinal stage of crystallizatién was

. ¢mmarked by a rise of water pressure with continuous precipitation of iron-oxide
At
(1lmenite) and sodic plagioclase; pyroxenes now bccamc less abundant ductoa  /
partial or complete recrystallization to amphiboles. i, |

This proposcd scthncc 13 consis/t\cl:nt with the progrcésivc change in

. " :
‘plagioclase toward a more sodic composition in the more, differentiated rocks. It is
also supported by textural constraints, such as subophitic texture and cuhedral

shapes of olivine and iron-oxide minerals in the early differentiate rocks. In the

later rocks, particularly in the pyroxene gabbros, the pyroxene crystals becde

e '
coarse granular enclosing olivines plagioclase and iron oxide minerals. (
The common occurrences of plagioclase-augite-olivine and ' \

plagtoclase-orthopyroxenc-augite orthocumulates sugaest the crystallization
c )
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silica. _ )

i :

sequence of olivine, plagioclase, augite and orthopyroxene from parental tholciitic

magma.
The lack of hydrou$ phascs and the early precipitation of Fe-Ti oxide mincrals
in the samples of the Chenaux gabbro indicate crystallization under conditions of

low water presSure and relatively high oxygen fugacity. There is gcncrally- little
evidence of elevated P(H,0) during much of the crygtalyzation period. P(H,0)

was épparcntly elevated dunng the last stage of crystalli‘h%vu_rhj«'fh presumably .
coincided with the recrystallization of the primary ignc;'.)us assemblages to proclu-cc
hydrous phases such as hombicndc and biotite. It scems, therefore, that the initial
water content of the magma was low and the pluton substa\‘ptiully'consolidalcd-
before the introduction of significant amounts of water from cxternal spurces.
A quantitative statement as to the initial oxygen fugacity has not been po.ssiblc
. <

due to a very low concentration of ulvospinel (less than 0.2%) in the magnetite.

The early crystallization of some magnetite with magnesian olivine in these rocks is
likely a result of relatively high f(O9) values. The melt, during fractional
crystallization seems to have followed Bowen s trend in which at high {(O»),

magnetite and magnesian olivine coprecipitate leaving a residual liquid enriched in
Ny

L]

' -
Thus, an ron-enrichment trend was prevented, and most of the -

ferromagnesian minerals, particularly calcic pyroxene and olivine, became

25



magnesian rich as a result of the early precipitation of Fe-Ti oxides.

Table 5 - Representative Mineral Assemblages in Gabbros

-

Olivine Anorthositic Pyroxene Hornblende
Gabbro Gabbro Gabbro Gabbro
1 2 1 2 1 2 1 2
Plagioclase 35 40 60 50 30 40 25 10
Olivine = 15 20 5 <5 5
Calcic pyroxence 20 15 15 15 25 30 20 10
Orthopyroxene 10 15 e 10 15 10 race -
Hornblende 15 5 10 10 10 5 35 60
Iron-oxide 5 5 <5 5 10 10 10 5
Spinel <5 trace tracc rnicc- race  ace - ---
Rjotite mace 5 <5 5. . 5 mce
Garnet -~ 5 --- --- ---, -
Scapolite trace trace -~ ~  Iace 5 15
Epidote --- --- --- -- . tace - trace race
Pyrite —- trace trace  trace trace  face
Titanite — - _trace  trace trace trace
Rutile trace trace trace tace - wace  mace race race
Apatte race mace trace trace  face --- e

Olivine Gabhbro

The rock 1s characterized by rclati.vcly large quantities of euhedral to
subhcdra{fchi\*inc (20%) together with augite, hypersthene, plagioclase, Fe-Ti oxides
and rare hydrous mafic silicates indicating ldw water pressure during primary
crystalhization.

-

Olivine-bearing gabbros are found on the northeastern and central parts of the
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'body evidently representing the early phase in the crystallization sequence of the

pluton.

The proportion of olivine decreases regularly with increasing differentiation:
rocks bcarir.}g appreciable quantitics of olivine (>15 percent) appear to be
concentrated only on the pluton interior. This distribution suggests that the body
exhibits a re:gular areal variation in rock types caused by differentiation, and

further suggests that fractional crystallization has proceeded from the interior

" outwards to the pluton margins.

Textures in these rocks range from relict igneous (subophitic) to
crystalloblastic rcfiec‘ting the degree of recrystallization in responsc to metamorphic
conditions. ” .

Olivine-ts-gegerally fI:CSh and occurs, as large interstitial grains in granular
samples, in reaction relationships with plagioclase surrounded by single or double
rims of orthopyroxene and hornblende, as subhedral to anhedral crystals cnc‘l'o'.;cd
by pyroxene or plagioclase in poikilitic rocks, or rarely as large euhedral to
subhedral crystal in cumulate textures oc;asionally enclosed by subophitic

plagioclase laths (Fig. 3). Oxidized varicties have fractures filled with an opaque

mineral,

'Pyroxenes show a wide variation in mineral proportions and textures, being

predominantly subhedral 1o anhedral equidimensional granoblastic with occasional

.



occurrence of subophitic crystals enclosing finer olivine, plagioclase and even Fe-Ti
oxides. Subselidus reactions between hypersthene and Fe-Ti oxide minerals
developed remarkable intergrowtﬁs of orthopyroxene and iron-oxides.

Replacement of clinopyfoxene by fibrous amphibole is not uncommon. Some of
these zongs contain tourmaline and were possibly produced from a late magmatic
fluid reacting with completely ﬂcrystallizcd phases.

Plagioclasc generally forms clear crystals with relict subophitic texture, but
rarcly it also shows an orthocumulate type of texture, i.e., cumulus plagioclase and
mntercumulus olivine ahd pyroxene. Sporadic alignment of platy plagioclase laths
pr(-)ducc an igneous lamination in many places;¢his effect is more prohounced in the
olivine gabbro than in the other varietic-:s-. |

" Zoning in plagioclase is very rare indicating slow cooling or perhaps
metamorphic homogenization. Clouded plagioclase crystals contain some mafic
silicalc.s:"and tiny needle-like crystals, perhaps rutile. Fe-Ti oxides (magnetite and
ilmenite) are present cither as discrete crystals or connected grains with sharp,

! -

straight boundaries, and almost always contain biotite or/and hornblende rims.

28
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Fig. 3. Microtextural features of olivine:

a - granular grain with reaction rim of orthopyroxene and homblende.
b - poikilitic texture; olivine and plogioclase within Ca proxene crystal.

\;/ 29
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Pvroxene Gabbro

Il

r

~

-

I'his rock contains calcic pyroxene and lesser amounts of orthopyroxene
making up about 50 pereent, and plagioclase with minor olivine, Fe-Ti oxides and
-in places amphibole and biotite. Spinel, titanite and carbonate are also present.

Pyroxenes typfcally occur as large discrete granular and poiki.litic crystals
occasionally enclosing plagioclase, Fe-Tt oxides, and olivine crystals. Where
olivine is present, the rock may show subophitic texture. Plagioclase occurs as
subhedral to cuhedral laths and most of the crystals are clouded with abundant
oricnted needles of opaque inclusions. Olivine is.rare, apparently having altered
largely and completely to pyroxene during metamorphism. This is indicated by
lruc:;s of corroded olivine cores in the pyroxcne-plagioclase microstructures now
rimmed by homblende spinel intergrowth (Fig. 4). Fe-Ti oxides are more
abundant than in olivine gabbro, and these minerals are characteristically rimmed
by green to brown homblende or less commonly by red-brown biotite.

These widely diverse mingral assemblages and textures in the pyroxene
gabbro samples may not necessarily reflect different temperatures and pressures,
but instead indicate recrystallization under different water pressures.

[y

Reaction microstructures are not as common as in the olivine gabbro;

4

however, reaction rims around Fe-Ti oxides and to some extent pyroxene are
widespread in these rocks. Vermicularly intergrown hypersthene and Fe-Ti oxide

are also present. Superimposed on the pré-existing textures and mineralogy are

F



local alteration zones in which hydrous minerals such as green hornblende and

1)

brown biotite partially or completely replacg_gyroxenes. Here, plagioclase laths are
. . % .
sericitized and show ragged and serrate margins as oppdsed to the primary shamp

contacts and with subhedral to anhedral crystal form.

-~



Leuco G;‘jlzbrq

These rocks arc dominantly composed of plagioclase (up to 60%), augite,

i

hypersthene, with minor olivine and Fe-Ti oxides. Garnet, biotite and amphibole

S "
arc present lotally in various proportions. A .
) I'e
Plagioclase is invariably the most abundant, sometimes to the extent of
forming virtually a monomineralic cumulus phase with intcrstitiAncrals. No

cvidence of zoning is observed and the crystal is commonly clouded by tiny opaque

< inclusions (Fig. 5). Sericitization and to some extent scapolitization has developed -

”,

F ) . .
randontty. l’yroxcn‘g range.an texture from interlocked equant cumulus to coarsc
t Luce

crystalloblastic discrete crystals, mainly enclosing larger oxidized euhedral olivine, .

-

I'e-T1 oxides, and plagioclase.

Pyroxenes are-mainly fresh, but some show partial or complete
reerystallization, to amphibele with minor isolated biotite flakes. At an advanced
. : -
stage of recrystallization, the pyroxenes break dowirand form a fine-grained mosaic
muss that 1s difficult to identify. Most of the olivines in these rocks are found
criclosed poikiliticnlly within the pyroxenes. These olivine gra‘ms have margins
outlin¢d by opaques. surrounded by pleochroic hypersthene. Discrete oli;/inc
’ N

-crystals, though rare, commonly ¢xhibit consecutive reaction rims of orthop_yroxcnc

and homblende. Fe-Ti oxides are present Wi[l‘l their characteristic I‘C.;JC[iOI‘l rims of

hornblende and rarely biotite. These oxides mostly have sharp contacts with

adpacent plagioclase or pyroxene crystals; elsewhere, the interfacial contact
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boundary becomes more diffuse with the presence of additional phases as the

reaction proceeds. Poikiloblastic garmet forms crystals up to 2 cm in diameter that
are easily recognizable in hand specimens. It seems that there are at least two
garnet varicties in the leucogabbros. The first one forms a VCry coarse -
porphyroblastic crystal embedded within plagioclase; the second variety is
assoc,iﬂ{éd to and is continuous with the developmeént of pyroxcnc-plagiocluqsc
reaction microstructures.

Observied reaction relations in these rocks include olivine to orthopyroxene,
augite to orthopyroxene, and orthopyroxene and augite to green hornblende
intergrown with fine grained spincl. Optically similar homblcndc/lo that of

reaction rims commenly forms thi.i zones and patches along clinopyroxene cleavage
. ' r ’

and parting planes.

Fig. 5. Cumulus ptagioclase clouded by aligned tiny opaque crystals.

»
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Hornbhlende Gabbre

-

This rock is characlerized by abundant light green hornblende that has
presumably crystallized dlrcctly.ffom/thc melt and also recrystallized from
- . . !\."——{'/ . i . .
pyroxencs. The rock is made up essentially of homblende, Fe-Ti oxides and
plugiocluchhich 1s altered commonly to sericite or scapolite. Composition ranges
from pyroXene-homblende gabbro to a rock very rich in prismatic homblendé
(>70%). Biotite, titanite and epidote are also present.
Hornblende shows a wide range of textural and compositional variations.
Most of the crystals are long prismatic and poikilitic, some are fibrous and form
irregular boundaries with the adjacent plagioclase (Fig. 6). At places, relict calcic
pyroxene exists in the central part of the homblcn.c&grains. In general, no other
reaction relations are developed among the mafic phases. Plagioclase is mainly
[od Ib; . r._/
altered to sericite and scapolite; where fresh, it shows igneous texture with no or
very little clouding by opaque inclusions. Large concentrations of Fe-Ti oxides
occur cither as discreté crystals or clusters without the reaction rim seen commonly
in the other gabbroic rocks. In one thin section Almenite is rimmed by titanite.

Biotite 1s abundant where there is high opaque concentration; flakes may form

idependent plates or be intergrown with homblende.
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Fig. 6.  Subhedral and poikilitic hornblende crystals with traces
of calcic pyroxene
: h =homblende
cpx = calcic pyroxene
s =scapolite

L.ate Plutons, Dikes and Veins

Granite

One poorly-exposed, small granite body was mapped within the gabbro, south
of the Muskrat fault (Fig. 2). The granite is apparently undeformed ar;d
unmetamorphosed and was evidently intruded thto the gabbr‘o‘: howcver‘.?it could be
a large inclusion. The rock is‘massivc, and homogencous pink granitc,mair_lly

medium grained, with rare occurrences of xenoliths of a gabbroic rock that may be

I’ >
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amphibolite/metagabbro or Chenaux gabbro. The granite is composed

predominantly of subhedral plagivclase, microcline, quartz and traces of biotite.

Aside from this small granitic body, the western end of the Chenaux gabbroic

pluton is markedby granitic to granodioritic rocks closely associated with the

mlbbro forming a sort of L;@sbndﬂcd rocly This i is posmbly d’ﬂranophyrc but the

preferr mtcrprctahon 18 th.ft 1L1s an carllcr nranmc: phasc cnoulfcd by the ﬂabbro ~

»

forming a sort of hybridized rock. .

Mafic Dikes A

"I‘hcsc rocks are very common in the gabbro and also ip the adjacent marbles.
‘They are mainly encountered near contacts and good cxﬁosurCS are found northcast
of Garden Lake (Fig. 2).

Mafic dikes are highly variable 1n size; the width ranges from 0.30 m to
about 200 m. The rocks are usually uniform in.composition and in grain size
throughout their entire length. They are ciai'}g areen, fine grained, occasionally
erading to medium ﬂmde oabbros. Characieristically they show ophitic to
suhopl{mic texture and consist mainly of hornblende, plagioclase, and olivine with
rare garnet. titanite biotite and scapolite. Traces of calcic pyroxene are present in

the reerystallized hornblende.
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roxeni ike :
A pyroxenite dyke was seen on the southem part of the pluton along the road
cut of Highway 17, intruding the gabbro. The rock is massive, medium grained,

homogeneous and composed entirely of diopside.

Pegmatite
\

Pegmatite veins bearing tourmaline have been encountered at different
localities in the arca mapped. Where found in the marbles, they are rimmcw
restricted zonges of skarn, rich in diopsiab, amphibole, garnet, and magnetite.
Where thiev cut gabbro, reaction zones rich in tourmaline may be present.

The pegmatite dikes are composcd ma'mI;f of microcline, plagioclase, and
éuartz with rare biotite and mus;ovitc; They are variable in oricntation and
irregular in size and _shapc. East of Storyland, closc to the Ottawa River (Fig. 2),

two east-trending large homblende-rich pegmatite bodies (about 60 m long and 15

m wide) arc widely dcvc]bpcd.

Aplite” S .
Aplite, pink and commonly jointed, is found within the gabbro as small and

lenticular bodies generally less than a few metres long and a metre wide. These

rocks are fine-grained and consist of plagioclase, orthoclase, quartz, muscovite, and

biotite. They possibly represent a phase comagmatic or cogenctic with the
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pcgmatites. s
One highly sheared aplite dyke dominated by alkali feldspar 1s mapped near

Chenaux Dam within the sheared and mylonitized gabbro.

!!][arl'} Veins

‘Quartz veins are not widely developed in the marble but small-scale veining is

-

common within the gneisses. In the gabbro, quartz veins about half a meter wide
arc present in places. Maximum quartz-vein concentrations are found in the
sheared gabbros, running parallel to the mylonitic foliation. -These veins are highly

shearced and boudinaged; they.may be large scale tension gash fillings, formed

Dam.

Fig. 7. Sheared and boudinaged quartz veins near Chenaux Dam.
Scale is 30 cm. long. r—
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Chapter 1V
CHEMICAL COMPOSITION

Twenty-five représentative samiples from the four gabbroic rock groups and
eight samples from the country rock amphibolites havc.bccn analyzed by standard
XRF Ef:chniques. Analytical procedures and precision are given in Appendix A.
FeO was determined by t:itration. Analyses of the gabbro and the arﬁphibolitc are’
listed in Table 6 and 7 respectively. Localities of the samples analyzed are shown
on Fig. 8.

——

f Tﬁéanalyzed gabi)ro specimens represent all observed varietics, inc]u'dir{g
rocks from the contact as wclllas the central portion of the Chcnaux‘body. Mineral |
proportions within the gabbro arc divest, and the concentration range for major
clements is also considerable. The overall variations within the body are systematic.
Rocks from the east are olivine-bearing and can be distinguished from the rocks on
the west and.on the south by the absence of homblende, biotite and epidote. The

2
compositional differencesare attributed to primary variations in the whole-rock

" chemistry. and also to minor additton or removal of matter during recrystallization.

-~

o« ‘ .
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Chemical variations across the body zre assessed tiuough plots of K»O, MgO

and Zr versus various other major and trace elements. In general, very few inter
elemental relations were observed (Fig. 9). Most of the plots show either an

exponential &r a saw-tooth pattern with systematic rise and §111 in element
concentrations as the crystallization proceeds (Fig. 10). The maximum apparently

»~ .

indicates a poin ¢ the titanium oxide joins the liquidus, especially when TiQ,

is greater than 0.5 percent. BN
\

8-

5 oW iE 1 -
K20 R T

——

3

Fig.9’ Plot 'of MgO against K5O (weight %), Chenaux gabl?ro.
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L
—The rise and fall pattern does not seem to have resulted from a periodjc or a
successive invasion of the chamber, because igneous layering is not a prominent
feature of this body and topographically the highest portion of the pluton is
% ; .
predominantly underlain by rocks of early differentiates.
>
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The possibility that different stratigraphic levels of the pluton may have

crystallized from different batches of magma successively invading the chamber
. ‘)‘f,):

§
cannot be excluded. However, such a complex model does not seem. to be r}gessary
v /"‘ ; "

for this pluton.

A plot of TiO~ versus Y and Zr (Fig.-11) shows a linear trend perhaps

¢

indicating magmatic fractionation.

218 ,‘ — ¢

8 .. . E

i e ; ' .

36 -

28

EE
1102
* Fig. 11. Plot of Zrand Y (ppm) against TiO9 (weight %), Chenaux Gabbro.
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FeO and MgO show the highest degrec of variation, varying-from 14 to 4
weight percent indicating the degree and the trend of fractionation. FeO and MgO
x 1

behave as a coherent group, correlating strongly to each other over most of the

field of variation (Fig. 12).

18 |
Fal) | « T : j
= .
7 , I |
f e |
. .'..,‘i":' | . [
- A S |
j "'J_f' |
T f
|

[ I T a—
¥ ‘ Mo |

Fig. 12. Plot of FeO against MgO. (weight %) Chenaux gabbro.
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The highest alumina concentration is found in the leuco gabbros, and lower

~ }

values are noted in the pyroxcﬁc and homblende gabbros reflecting the proportion
-of plagioclase relative to pyroxenc and homnblende. The Al»QO1 versus Sr plot
shows no trend, but a typical clustered pattern (Fig. 13). The great majority of the

rocks are less variable for CaO. Cdcentrations of NapO and KO are rather low

and uniform; however, there is slight enrichment from olivine to homblende

gabbros, ?

420 — ——

0| RS
Sr | i

.‘,___f__‘_
-+-

248

2 17 @7
- ‘ Al203

~ Fig. 13, Plot of Sr (ppny) against AloO3 (weight 4., Chenaux gabbro.
C‘/ - -
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The rocks on the AFM plot (Fig. 14) do not follow the usu'al calc-alkaline

trend, but proteed on a course of iron-enrichmient distinguished by the increase of
Na-O and K5O concentrations from olivine gabbro to homblende gabbro. In these

rocks, more distinct iron enrichment was evidéntly prevented by the early
precipitation of Fe-Ti oxide minerals. On the same plot, the rocks fall within the

non-cumulate arc_gabbro and diorite composition field of Beard (1986).

'

In the Al»03-CaO-MgO diagram (Fig. 15), the rocks do not show a discrete

trend, but cluster away from magnesium-rich peridotitic composition. The
Chenaux melt, when it arrived at the present level of exposure, evidently had
crystals of augite, plagioclase and locall.y olivine,‘intima'ting a low-pressure
cutectic-like composition, which is common for basaltic rocks in general (Yoder,
1976). The mélt, therefore, was not primary, but had some history of fractional
crystallization and differentiation prior to its emplacement. The calcium and
alumina enrichment relative to magnesium indicates that calcic pyroxene and
plagioélasc as the two main phases that controlled the differentiation.

o~ -

An attempt was made to assess plagioclase and pyroxene fractionation by the

use ‘ol“ Cartesian diagrams of Pearce (1969). on which the axes are represented by

L)

ratios of two clements. Al»Oj3 is chosen here as a denominator since it is generally

considered to be refatively less mobile. Most of the ratio plot diagrams (Fig. 16)

show scatter, possibly the result of complex differentiation behaviour, but a distinct

46
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trend is present in the Ca-Si plot., consistent with plagioclase and pyroxene as the

two major phases thay controlled the differentiation.
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Fig.14. AFM diagram, showing data from the Chenaux eabbro. Circled area
“ndicates non-cumulate gabbro-diorite composition field of Beard (1986):
tholeiitic and cale-alkaline fields are after Irvine and Buaragur (1971,
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The areal distribution of MgO, FeO, Ca0 and Na20 + K5O within the pluton

are shown in Figure 17. Composition classes are plotted rather than raw data, in
order to distinguish possible chemical variations. It is possible to see a weak trend

of depletion of MgO from the center towards the cdge of the pluton. Total alkalics

have their higher values around the flank of the body. The highest valucs of Na»rO
+ K70 coincide with the lowest Mg/(Mg+Fe) ratio (Figh. 18)/particularly in the

westemn part of the pluton. Mg/(Mg + Fe) is generally high in the cc'mér, where
olivine-bearing rocks are abundant. These chemical featurcs in.dicatc thai the
direction of d;\f'fcrentiation 1s evidently towards the west. Fiel® cvidence and
gravity data (Cha‘ptcr:IV) support this view. A westward differentiation trend is
also shown by the change in rock types, in which olivine-free gabbros become
predominant, sometimes intermingled with granitic rocks near the western flank of

the gabbro.

The XRF analyses of eight rock samples from the amphibolite are listed in

Table 7. The analyses indicate that all members of this unit have a normal basalt

composition, and plot on the tholeiitic field on the AFM diagram (Fig. 19). The

r

rocks are distinguished from the Chenaux gabbro by their lower MgQ and total -

alkalics and by higher TiO; and P>0O5 contents.
¢

R
-
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Fig. 17. Areal distribution within the Chenaux gabbro of percent
N MgO, Ca0, FeO and K50 + Nas0.
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On a discrimination plot of Ti02-MnO-P,05 diagram (Fig. 20), the
amphibolites cluster on the mid-ocean-ridge-basalt field. This same trend is also
shown on FeO- Al703-MgO discrimination diagram (Fig. 21) where the rocks fall

in the ocean ridge field reflecting a chemistry compatible with an oceanic or

marginal basin environment.

-

Fig. 18. Distribution of Mg/(Mg +Fe) in the gabbros.
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Within the mixfic plutonic belt in the western margin of the Central
f"‘.‘ . - 4 '/\k

Metasedimentary Belt, there are several gabbro, diorite, granodiorite, granite and

syenite s{iites‘ofvplutonic rocks together with associated volcanics. However, it is A

not clear whether the mafic plutons are generated independently as roots of volcanic

c/entrés orto have a genetic link with the associated granitdids. - Easton (¥986)
/ e . ' .
dem’o/nstrated that there is a systematic variation in temporal relations among

volcanism (12.39-*— 90 Ma), mafic u}trusxon.s;(’imo Ma) and sye\t\c -Suites (1220 -

“ 1256.Ma) in 1 Central¥Rtasedimentary Belt of Ontano\h‘ - - -
i S . ' FEUT : - )
a g ;" l

/s
/

tholentlc R “

Fig. 19. AFM diagram for the amphibolite.
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Fig. 20. TH

{8P205

-]

O3 - MnO - Py05 discrimination diagram after Mullen (1983). OIT,
ocean-island tholetites; OIA, ocean-island alkalj basalts; MORB,

mid-ocean “ridge basalts: AT, island-arc tholeiites; CAB, calc-alkaline
basalts. N
~ a
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0 | A1203

Fig. 21. FeO - MgO - A1263 discrimination diagram after Pearce et al. (1 977).

OI, ocean-island basalts; C, continental basalts: OR, ocean-ridge
aild-ﬂoor basalts; VA, volcanic-arc rocks.
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The association of the Chenaux intrusion with amphibolities.and granitoids

can be useful in understanding the nature of the magma source aﬁd thé tectonic
scttings in which these rocks were formed. The gaI;bros and the amphiboli;es‘
discussed above arc compositionally continuous in terms of*whole-rock chemistry
and can be considered as a differentiated series.

Modcllingthe lithological variations observed from the amphibolites, gabbros
and granitoids in the area will help to establish a proper t-ectonic setting and gepetic
relationships; if any, of these rock groups. N

-
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Chapter V. . .

MINERAL CHEMISTRY

»

’
~

Minqal analyses of ten represcntative samples from the gabbros were
obtainefi in the McGill .Univcrsity Microprobe Laboratory using a CAMECA
RSX.1 iM instrument. Synthetic and natural standards che employed. FeO in onc
homblende was measured by titration; in pyroxenes, an assumption of FeQ2+/FeO
(expressed as total iron) equals 0.88 was used to estimate FeZ+ : Fe3+ (Kretz et al,
1989)."Analyscs are presented in 'I‘ableg&--AnalyticaI methods and precision are
given in Appendix B. ' \
Olivine

Ofivine is relatively restricted and occurs only in the ¢central part of the
pluton. The composition of the melt perhaps was not appropriate for olivine to
form in abundance, or it might have formed, but settled to the lower unexposcd
portion of the ‘im'rusion. However, the limited crystallizmion--of olivine does not
seem to have bcen controlled by a reaction rclaﬁ@ship between olivine crystals and
the melt, because there is much less orthopyroxene than calcic pyroxene in these

-

rocks as a whole.

Olivines, where present. occur as large cuhudml crystals L reactvn

—

mlorostrucwﬁ@wnhopvroxun, and homnblende/spinel intergrowth rims. and

S7
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also as subhedral to cuhedral crystals enclosed by pyroxenes. Usually the crystals

are fresh but replaced by magnetite and iddingsite along internal partings are also

frequent. The measured composition ranges fromn: Fo74_7g. Individual grains of

olivine are mainly compositionally homdgeneous with slight variations. These

C -

variations are controlled by the bulk-rock composition (Fig. 22)._g‘his figure also

—

indicates that all the mix;erals (calcic pyroxene, orthopyroxene, and homblende) are
;norc M g-;ich than th)c rock, except one orthopyroxene sample. This 1s because the
ratio of Mg/(Mg + Fe) in the rocks is inﬂd‘snced by the amount of magnetite present '\\‘
in the rock sz;ngigles'. Average microprobe analyses are listed in Table 8A (p.93). |

Olivine shc;ws systematic variation in c:"omposition with the co-é‘isting
orthopyroxenc suggesting a cIosevipproach to equilibrium between the two minerals

(Figure 23). ' -

The partition co-efficient for the distribution of Mg and Fe between

"

<

co-cxisting olivine and orthopyroxene (Kp = ((XMg/XFe)olivine- (XFe/XMg)opx)
averages 0.80 in the olivine gabbro samples. According to Medaris (19.69), Mg and
I:e partitioning between olivine and orthopyroxene is not sensitive to temperature

over the range 700° to 1300°. The experimental results of Williams (1971) indicate

the temperature dependence of Fe and Mg partitioning between olivine and

orthopyroxene. However., temperature extimates were not possible for several
\—ﬂ'—/
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Fig. 22, Relationship of bulk rock chemistry to the constituting minerals.
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fayalite-enstatite and forsterite-ferrosilite pairs using William's curve.
v y USIT
A

)
! 4

Plagioclase

Plagioclase is invariably the mostabundant phase, sometimes to the extent of
forming virtually monomineralic aggregates. The volume percent of p!agigclasg
Qaries among gabbro samples, bci;zg highest within the leucocratic varicties. In
most rocks the abundarice ranges from 40 to 60 percent, - S

Plagioclase occurs as subhedral to euhedral subophitic twinned and unzoned
tabular crystal's enclosed by pyroxenkt or olivine. It also fqrms larger more cquant
cumulate grains of compound plagioclase mcgacryﬁts,-panicularly in the leuco
gabbros.

Individual crystals are very rarely zoned. Homogencous crystals are very

common, withvery minor variations in their anorthite content from core to rim.

-

Such homogenization can be due to slow coolir}’g or to metamorphic

/' .
recrystallization. The measured compositional range for plagiociase in all gabbroic

rocks analyzed is Ang7_7¢. Plagioclase in any one specimen has a more restricted
compositional range which varies with the Fe and Mg content of the coexisting

mafic mincrals. For example, olivine gabbro (sample 157) which has the most

-

magnesian mafic phases, contains Ca-rich plagioclase of composition Angs;

. ~

homblende gabbro (sample 103), containing 1%0.«;1 [Fe-rich mafic phases, has

"
.
- 1
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plagioclase composition of Angz. The K7O content of plagioclase, expressed as
. . ) . ] _ -
mole percent orthoclase, 1s extremely low, but increases very slightly with e

increasing albite component. Microprobe analyses are listed in Table 8B (p.94).

Some plagioclase crys‘tals are clouded with abundant oriented needles of
opaque inclusions. Grain boundaries among the plagioclase crystals are mostly

sharp. Howcvér, corroded and embayed grain boundaries are equally common

wheére reaction microstructures develop between plagioclase and adjacent mafic
phascs. Plagioclase in hornblende gabbro is partially or wholly altered to scapolite,

-~

. e
and to some ¢xtent to sericite, epidote apd calcite.- -

-

Pvroxenes
Ortﬁopyroxcnc and cl.inopyrc;xcne oceur as both igneous and metamorphic
phases, clinopyroxenes (subophitically intergrown with plagioclase) being more
’ o
“common as a primary phase. In contrast to the igneous pyroxenes, metamorphic
crystals occur as smaller grains or clusters of tgraiﬁs, i)ut in many ins;tances they
display a radial orientation aiaé)ut a reactant phase such as olivine or anome;* :

pyYoxenc. N -
LS

Metamorphic orthopyroxene.is most commonly developed in rims about

oltvine grains and occasionally about primary igneous clinopyroxene. Most of the

i
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metamorphic clinopyroxene is present as rims surrounding metamorphic

orthopyroxene.

Clinopvroxene - ’

Clinopyroxene is the most abundant mafic phase in the gabbroic samples and is
3 .
usually colorless or pale with no pleochroism. It occurs eitljer as large subophitic -

crystals enclosing plagtoclase or as equidimentional granular grains.
, a_ v ) '
Hypidiomorphic and poikilitic grains are also common. Recrystallization of
& : - - _
clinopyroxenc to‘green hornblende is very patchy 1 the olivine gabbros; however.,

the hornblende gabbros show more or less complete recrystatlization with a slight

iron-enrichment in the hornblende. Clcava:gcjand parting planes of many crystals

are lined with opaque minerals. The opaque mineral may be either exsolved 1rop—

-

-

oxide or 2 late magmatic reaction product.
Microprobe analyses of augite are listed in Table 8C (p.96). The Ca:Mg:Fe

ratios of augite in various gabbroic rocks are plotted in the pyroxene quadrilateral

(Fig. 23). The compositions (which show a great variation cven within a single

o,

slide) plot mainly4n the dU"ltC ficld, near the dlopsldc, salite boundtry SomL zoned

'

o

varicties show E W\tcmduc increase in Fe, Tiand Ca from the center to lhc cdgeanf

the crystals, couplcd with a decrease in Mg This trend. of mcreasing Feto Mg in ~

-

augite crystals towardx the edge. was also rc.pomd h\, Kru/ (1985} n the Grenville
w
swarm of gabbro dikes md:calmt* that the augite \m/m L,quxljhrlum with the melt as

s
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the temperature-declined. Several clinopyroxene analyses indicate that their

Mg/(Mg + Fe) ratio is slightly higher than that of the coexisting orthopyroxene

-y

——

(Fig. 23). . . ~,
/:ff‘\j -
. ‘»:..—S ‘ ' . | -
/ﬂrthonvroxcne s Z
~ ~ Onﬁy?oxcnc occurs generallyas discrete subhedral to anhédral small

+

crystals and as.a reaction rims round olivine. It is'slightly pleochroic from pale
. - .

reddish to pale brown. Optical zohin‘g 1s rare incorthopyroxene; some crystals show

o

T
a magoesium-rich core, thh systcmatlc enrichment in iron takm g place from core
| - . v

t(ﬁri@t.‘.csc vﬁniong dé\ﬁchceed two percent.
\ -

_ / / j‘hc confposition_ of the o*thopyroxene in a given sample is not highly .
\

-

vamblc Conspicuous-d'fferences may be seen bctwcen the discrete ¢rystals and

e

those developed in reactior. rim\sa/bout olivines and clinopyroxenes. The former
varigty hps bigh iron, in the range of 20 to 24 percent FeO and slightly lower

magnestum, up to 22 percent MgQO. The iron contént in the orthopyroxene in

i -

reaction rims is in the range of 14 to 15 percent FeO. The alumina abundance

everywhere 1s rather low. ranging from 0.80 to 2.10 weight percent Al»O3. This
. ™ . ' .

rl

variation is neither systematic gor controlled by coexisting mineral phases.
—_
_~  Calcium js reiatively high in tf/l%:‘discroec—i-gﬂcon’s_’c?ystals (1.35to 1.5 weight

- pereent CaO): whereas those from reaction rims have much lower concentration
. '

14
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(0.08 to 0.70 weight percent CaQ). Low alumina and S:alcium contents in the

orthopy'ﬁ?xcncs were considered by Evans=(197’7) tobea characteristic feature of

-orthopyroxenes in thc granulite facies. Microprobe analchs of onhopyroxcm is

listed in Table 8D (p 99,).

The Fe-Mg distribution coefficient for coexisting orthopyroxenes and

clinopyroxenes (Kp = (X/i ‘-X)opx- (1- X/X)Cpx)) averages 1.8.
Thé pyroxene geothermometer of Kretz (1982) was used to estimate the

-

temperature of equilibration of coexisting augite and orthopyroxene from the

olivine gabbro. The tempcr&urc caiculated using the tramter cquauon for lWO

pyroxene pairs are 820 and 825°C. The calculated temperature is Iowcr than

crystallization temperature estimated for other gabbroic bOdICS (Morsc et. al, 1980

\‘-.‘.

and Loney and H1mmc berg, 1983), except for very ldlc stages of cryxmlhmuon

- w -

Thgu}, data, may indicate that the qohdus of the Chcmmx intrusionr was. dc,prcmd

Iamc to other gabbroic 1 mtrusxons probqbly due to water migration towards the

" "upper portion of the chamber. However, the unexposed lower part of the pluton

~

could have crystallized before the more differentiated roof rocks under higher

. temperature conditions, possibly as a result of crystal settling.. On the other Hnd,

the limited range of calculated temperatures might instead represent subsolidus

cquilibration of the two pyroxenes during the slow cooling of the intrusion.
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Préssure under which the Chenaux gabbro was emplaced and crystallized was

caleulated for an orthopyroxene-garsict pair in a sample of leuco gabbro using the
.. : U\
orthopyroxene-garnet cquilibrium of Wood (1974). The calculation yiclded a

geologically unreasonable pressure of 24 kb using a minimum temperature of
640°C. This extremely high value indicates an absence of equilibration between the

oarnet and orthopyroxene T T8uco gabbro.

Hornblende

Ilomblende in these gabbroic rocks can be grouped into at least two varicties.

bd

rceaction microstructure ~

This group includes homblendes developed as metamorphic reaction rims

about primary magmatic minerals in magnesium-rich rocks. These are mostly
- ~ § -

-4

intergrown with firie spinéls and their composition depends on the reactant phases

aboui which fT'u:-y C}é\'clop:
- R .
A plat of (Na + K) against Al'Y (Deer, et. al., 1980), Fig. 24, indicates that all

are homblendes grading toward Tschermakite. Microprobe analyses of
representative samples are given in Table SE (p.101).

The hornblende analyses are exceedingly aluminous, Al»O3 ranges from 15 (o
{

29 weighipercent, though most values are less than 20, Higher values of alumina

-

o
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5 result from the commonly intergrown fine spinel crystals. iT'hc intergrowth of

N —-

spinel with homblende is at various proportions; hence, correction for alumina has

not been possible. CaO concentration is relatively uniform, being/1 1 weight

percent. Nazo ranges from 1.35 to 2.5 weight percent and K5O and TiO» are

~ ocnerally low. Mg/(Mg + Fe) ratios range from 0.75 to 0.83. higher than those of
coexisting olivines and pyroxcpcs.
: .

The Fe-Mg distribution cocfficients for three calcic hornblende and the
coexisting olivine, where . Kp = (Fe/(Fe + Mg)/Mg/(Fe + Mg)olivine (Mg/Fe+ -
Mg)/Fe/(Fe + Mg)ppg. equals 1.20, which is close to the 1.44 obtained

c.ipcrimcm:xlly by Helz (1973) at 930°C. This temperature is much higher than the
metamorphic temperature of the region, which is probably in the order of 650

(Turner, 1981),

discrete crystals

_ Homblende of the second group occurs as subhedral brownish-green crystal

and is found predominantly in the olivine-free (more highly differentiated)
< .

aabbros. It occurs as poikilitic grains and pseudomorphs, evidently formed by the

replacement of pyroxencs, and to some extent of plagioclase. Relict patches of

T

fyroxenes may be present. Some granoblastic crystals scem to have grown from

plagioclasd. Traces of albite twinning may be observed within some incipicn\II/
. . ‘ ¥, /‘J ,
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occurs either as subidioblastic lath or xenoblastic crystals, occasionally forming

woan,

( ) -

| dxcvclopcd crystals. Microprobe analyses are given in Table 8E (p.101).

Calcic homnblende analyses plot between tremolite and homblende forming a
<
»

lincar trend, on a (Na + K) Vs Al'"Y diagram (Fig. 24), withip the composition ficld

[

of metamerphic amphiboles, 51sldcﬁncd by J'a_micson (1981). Compared to the first

variety, amphiboles of the second group contain much less alumina. Al»O7 content

-~

ranges from 4.5 to 5.5. weight percent, increasing with an increase in the tdtal
Y

alkali content. The CaO concentration is almost similar. Generally®hey have lower
concentrations of Na, K, Ti. and AI'Y which, according to Jamicson (1981), is a
charactcnstlc feature cf low temperature metamorphic amphiboles: M__/(Mn + [e)

ratio.is almost 51rmlar averaging 0.80.
\

In addition Yo the two major amphibole groups, there are very localized

P
occurences of a late amphibole which occurs as a network of veins. These thin

_veins in places Contain tourmaline. y ' ¢

i

i

_-'ﬁiotite ‘ ' . ”

-,

Biotite, in the gabbroic rocks, is highly pleochroic (from light to deep

s
i

reddish-brown) and is commonly present in the more differentiated rocks. It

patches in hornblende and rarely poikiloblastically enclosing crystals of hornblende.”

Mostly. it appears to be secondary in origin, having formed from homblende and
< : '
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I‘c-Ti oxides and rarely from garnet. Biotite also occurs as a rcaction rim around
IFe-Ti oxides. The rimgning is usually incomplete, and 1s often represenied by one
or two individual flakes.

The composition of-biotite, as determined in the three gabbro samples (Table

-

81°-p.104), is highly variable with regard to Fe, Mg, Ca, and Ti. The Mg/Mg + Fe*

ratio of boitite is lower than olivine and pyroxenes and is similar to that of
- r

amphiboles in which it coexists together (Fig. 23). At prega‘nt, no inference can be
. - .

made from the available microprobe data on the relative proportion of Fe2* and
Fedt,

Harry and Pau{1979) indicated that variations in total iron reflect

o

“progressive change in the ofidation state of iron during crystallization. Studies by

Eugster and Wones (1962) ahd Speer (1981) have shown concluéi:./ely that the

composition of biotite in igncous rocks depends mainly on the oxygen fugacity that

prevails during crystallization. Hence, the observed variation in Fe may reflecta .
- - “ - .

variation in oxidation state of the melt. Alternatively, the biotite may be a

metamorphic mineral, with an Fe:Mg ratio determined by that.of the reactant

-

-minerals.

Ca0 concentrations of biotite are higher in the pyroxcne gabbgo. compared to
e leuco gabbro. Iron content in leuco gabbro samples averages 14.3\5&:‘9@1[

pereent and 10 weight percent in the pyroxene gabbro. The other constituent -

P T , 70 ) o
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oxides show fairly similar composition, NasQ is characteristically low, in the

range of 0.30 weight percent. Sodium content in biotite decreases with increasing
of Fe/(Fe + Mg) ratio, because in the highly differentiated rocks, sodium is
incorporated into plagioclase and homblende rather than biotite (Harry and Paul,

1979).

Magnetite & Tlmenite ‘ -

The Fe-Ti oxide minerals-occur in all rocks either as discrefe crystals or
JR

inter-connected grains with sSh&rp and straight boundaries. A magnetite-ilmenite

pair analyzed (Mtgg g7 Uspg 13 and Iimg4 Hmg) has undergone subsolidus

7
re-equilibration and does not define an oxygen fugacity or temperature of
4

crystallization. Co-
Separate grains of ilmenite and magnetite occur in some rocks, and’in onc

rock, ilmenite occurs intergrown with magnetite as clustered granules. Such

-

textures were evidently formed by an exsolution-oxidation reaction, as proposed by

Buddington and Lindsley (1964). They oceur prom"inantiy in the most fractionated
> ;'I
rocks reflecting more extensive subsolidus reaction, promoted possibly by fluids.

Buddington and Lindsley also indicated that the coexisting magnetite-ilmenite pair,

if primary, is uscful in estimating £(05) and temperature, provided the rocks cooled

quickly. In gabbroic rocks, which have cooled slowly, these two phases, for the
r
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mast part arc liac result of subsolidus oxidation. and Lhc?‘cforc can or;ly indicate the
temperature of cessation of exsolution rather than temperature of crystallization

(I lug@,cr\ty, 1974). *

nalyses of magnetite and ilmenite are lis[efi in Table 8G (p'.lOf/).’ Both

o "
) ) ) T, .
ilmeiite and magnetite conkiin minor elements %k as Mn, Na, Si, Al Mg, K and

Ca in very low concentrations. Mg, Mn and Ca have an effect on the f(O5)-T
stability range of Fe-Ti oxides (Lindsley, 1963)." MnO is higher (0.86 weight
percent) in the ilmenite compared to magnetite. Thius, for coexisting
ilmenite-magnetite pairs, Mn is strongly partitioned into the ilmenite regardless of
. whether the ilmenite is primary or resulted from an oxidation-exsolution reaction

(Neuman, 1974).

Scapolite
P\: -
Scapolitization has affected both the gabbroic body and the country-rock

=~

~

amphibolite to the south. Scapolite is restricted mainly to the hornblende gabbro,

“N - . . .
althugh it does occur in the other gabbro'units, but to a lesser extént. In the
O T
- N

~

hnmhlm gubbro.s, single plagiofiase laths are replaced partially or completely by
a number of small Ca-rich scapolite crystals (meionite) identified by their high
biretringence (Kerr, 1977). Most plagioclase is at least marginally affected by the
process, although relatively fresh plagioclase 1s locally preserved. |

/

> . Y €
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Analyscs of scapolite arc""sh‘own it}/ﬁgl—c SH (p.1006). The scapolite is
distinctly rich in calcium (15.2 weight 5crccm) and Na concentration gverages 4.6
wcigﬁt percent. The Na/(Na + Ca) rutip is.about 0.77. R -

The distribution of Na and Cﬁ Bctwccn scapolite and plagioclase was used to
estimate temperatures, using the Goldsmith and Newton (1977) method. An

extrapolation of the Na/(Na + Ca) ratios on the plagioclasc-scapolite diagram gave a

temperature of 800°C. , . {

Garnet

Gamet occurs as ‘largc discrete cluster of grains mainly in the pyroxene and
leuco gabbros. In places, it forms prominent poikiloblastic grains within
plagioclase and rarely around pyroxene-homblende reaction zones. It is not clear
whether the gamet was formed as a result of metamorphic rcactions or 4: part of
the igneous assemblage. Although gamet has been considered as a high pressure
phase, when present in metamorphosed igneous rocks, it can .also form at moderate
pressure by the reaction: olivine and plagioclase = gamnet (Craig. 1982). In the
Adirondack meia-igncous rocks, gamet generally crystallized by replacement of an
alumina-rich phases such as plagioclase ot symplectites of clinopyroxene-spincl
(Whitney and McLelland, 1973, McLelland and Whitnqy. 198(}).

’I'he'an‘;ﬂzlysis of a garnet porphyroblast in leuco gabbro is listed in Table 8]

(p.107). The single crystal that was analyzed is homogencous. The average

~1
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composition (ten points, from core to rim within a single crystal) is almandine (61), 7:

pyrope (20), spessartine (4), grossularite (10) and andradite (4 percent). o2

.

- ‘ g R

7y
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Chapter VI -

‘ GRAVITY SURVEY

-~ Introduction” - . -

boundary, but most importantly to aid in cvaluating the attitude of the contacts in

A gravity survey across the Chenaux gabbro and pm!f of the marbles was
conducted in order to supplcmem the observed ficld rcldtlonslnpc. buwccn thcw (wo

rock types. The survey, which takcs advantage of the strong contrast in density

)

between the gablro and smroundmn rocks, was aimed to delineate the ndbbro

‘ ~

- 8

~

the subsurface, and to allow an estimate to be made of the depth of the body.
- Two traverses in a northwest-southeast direction and ?fboul 3.5 Km apart were

chosen across the marbles and gabbroic body. One traverse follows Highway'17,

the othcr follows parallel secondary roads. A total of 100 nmvuy slationfs were

estabhshed along the two- profiles. Additional anomaly values were obt ined from

-

the Geological Survey of Canada, Geophysical Data Center. Mcasurements were

taken at 500-meter intervals using a standard model Worden gravimeter No. WS(17.

which has sensitivity of 0.3 milligals per scale division. Elevations were

determined with two altimeters. and drift corrections were made by reoccupancy of *

- ) .
a base station cach hour. Dry and wet bulb temperatures were also recorded. Al

. . . : . . o . N o e b . .
stations were tied to gravuy station 9468-64 at the Renfrew Police Station, which is

party Tof the Cdnadum omvm standardization network. Slmplu I,nu"uu anomalics

o .
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._ . .‘ ° - ’ L - . {\ -‘ o -
were calculated using an IBM-compatible Fortran version of a gravity reduction

program, at the: Geophysics Division, Geological Survey of Canada.
;

. -

Seventy-four representative samples of fresh rock were selected Within the *

-~ p
gabbro and the host rocks for density measurement (Table 9).

- -

TABLE 9. SUMMARY OF ROCK DENSITIES

o

= ‘ -+ Gabbro
s

- _Count'ry rocks (excluding -

- Amphibolite biotite-hornblende-garnet

- l ° gneiss)
Average . 3023 7 12699
Range . 2.855:3.300 2.602 - 2.770
Standard Deviation - 0.1636 . 0.0557
Number of Samples ' 54 R ! 20 i

Q‘ - "
. )

Results and Intérpretations _ ‘ ' - .

. 7 .
The simple Bouguer gravity anomaly contour map with the gabbroic body

superimposed is produced at a scale of 1:34,400 (Fig. 25). The gabbro body

-

- o~ - ’
shows a considerable mas¥excess in comparison with the marble host rocks and

the strongest positive gravity anomaly is located on the central part of the pluton.

Gravity values decrease toward the margins of the gabbro. The decrease towards

- < .
-

the contact from the central gravigy hieh of -8 mgal ranged from -26 mgal on the

— ' -
westo about -18 mgal on the eastern contact. The configuration of the anomaly
r A
' » ’
- , ¢ - ' N\ ——
- - 76 ” '
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o . ~ -

18 Iurwcly confdrmablc with the gabbro contact towasds NW and SE, but on the

<

NI the isogal cont})urq 1nmally follow the ﬂabbro outline, but away from the

contact toward Quebec, the ﬂmdlcm bccomcs lcss steep. Relationships in Ihc

-

southern part of the plulon, where the gabbro is in contact with amphibolite, are
not clear due to similar densities of the two rock types.
", .Gravity models were done along two profile lin&;’(A-A"ﬁnd B-B; Fig:‘26a

and ’76b) using Marﬂrav 2 m&lcllmﬂ g program (Broome“~1986) Thc alm of the

modelling is to cvaluate quanmatwcly the depth and the’ nencral form of thc

.
’

pluton beneath the sgrf’zicc. _— =
Obscrved Bouguér values fr_om the gravity map-were plotted along A-A'in
Fig. 2*6& :md B-B' in Fig. 26b. The smali rc;vioml gradiem-'in both proﬁles-was
: I‘ulﬂOth by l\ccpmo the ccntcr of the body constant, at thc 1ntersect10n of the two
| proﬂl’c.s “The regional ﬂradlcnt is not rclau,d 10 near- surface bodies such as the
Ehcx‘mux pluton, but rather is controlled by large features deep in the crust. The
corrected values from each profile t'og.cther with the geologida.l ';onsirgints; such as

the position and naturc of the contact, and density ¢ontrasts betweemthe two rock

units were used in constructing #he model. Figures 26a and 26b show reasom

B . . . _‘-':s,, :
close fits of observed and calculated anomaliesalong A-A' and B-B', respeciyvdts

- ‘

The possibility of getting a different result if a higher density 1s asw*ned to. [h@

A

gabbro cannot be ruled out. However, the mushroo,m-hk_c form will pcrsrsl even

. - ! .
though the depth of the model would decrease. . s h
-t _S : . . -, - f
o . i I 78 | A -
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According to Figure 26a, the main body is plug-like and inclined ste‘ep]y‘
toward the northwest: ‘Moreover, the body shows an asymmetrical - .

mushroom-like cross section, in which the western part spreads laterally about 3 -

" " km beneath the marble. The maximum depth in this model is 2.7 km. The NE -

"~ SW profile, shown-in Fig. 26b, further attests to the mushrooming pattern of the

body spreading la'terally on both sides of the central mass. Here also the
maximum depth is the same with that observed along the A-A' profile. The
strong positive gravity anomaly at the centre of the body could be explained by a

high density core of ultramafic rocks at depth in the Chenaux gabbro.' Surface

. geology, however, offgrs no evidence to support the existence of such an

~

ultramafic body.

The highest gravity anomaly was measured on the east central panﬂf the
body that coincides with the abundance of olivine gabbros. The -anornal_ly declines

from -8 mgal on the center to -26 mgal toward the westem portion of the pluton.

Baséd on these facts, it is porposed that the gabbroic meit, when it arrived at the - v

present level of éxposure; through its vertical feeder, precipitated olivine, which
was partially removed b} gravity settling. Later, the residual rr.1‘c1t'enriched in Ca,
Al and total alkalies migrated westward and continued to differentiate d'uring~
lateral flow. y

In summary, gravity data across the Chenaux gabbro yield a distinct

positive anomaly. The gabbro is mushroom-like and is inclined steeply toward the

80
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northwest. This assymmetric mushroom-like gabbroic mass dips outward and -

, S .. ) ‘ ~ N
spreads laterally beneath the host marble; the Jateral spread is prominent toward
the west. The maximum depth of the Chenaux pluton is approximately 2.7 km

below the surface: . . ) s

1

81



L]
L]

Chapter VII - o -

. STRUCTURAL GEOLOGY -
.. .
All'rock types of the area have undergone cp1sodesof deformauon Wthh
'-'have produced follatmns ‘folds and shear Zones. Generally, the rocks are
characterized by northerly trending structures which were produced as a result of
the Grcnvﬂlhn Orogeny. 'I'here are some'indications as to the. polyphase and also
‘non-umform nature. of the defonnanon
- Inthe marbles mineral fohatlon is mostly parallcl to the composmonal

layering. "Layering and mineral aggregate foliations trend northwesterly around

\x-, Rt

| the western part of the pluton swmgmg to the northeast east of Lh&plut' “This™."
deviation is attributed to foldmg related with the iftrusive activity. Dip of
foliation ranges from 30 to 70° and dip direction is invariably easterly

) Contacts are characterized by small to large scale dlsharmomc folds
oriented in various dlrecnons In places, contacts are also marked by mylonite or
protomylomnc rocks of either the marble or both the marble and the gabbro.
Mylonitized gabbro locally grades to a breccxated variety indicating ductile/brittle
deformations in contact zones. A sheared contact 1s well exposed below Chenaux
Dam. Here, within the sheared zone, there is a continuous outcrop of pegmatoidal
homblende-rich rock. Within the marblcs, isolated north trending anastomosing

-

shears one centimeter to three meters wide occur. These shears have abrupt

4
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. boundari-es and are marked by aligned micas. A folded and det;lched gabbro dyke
is seen‘within a few meters of the contact. The fold is isoclinal and has a
+ northwest treﬁding axis, plungipg at a moderate angle., ‘
.;-j' Gneissosity ana mineral aégrégate foliation in the gneisses are generally
oriented in a northeasterly direction. Dip of foliation ranges from shallow to
-moderate and dip directions are to the southc:;;t and northwest. Gra;ﬁtic gnei§ses
bear the imprint of a greater amount of straimr and locally they show highly
st.retched and detached layers) In places, five to tén metre-wide high strain zones
form protomylonitic layers with abundant porphyroblasts of K-feldspar.

Biotite-muscovite gneiss shows at-least two generations of folds. Fyp folds are

isoclinal and have a northwest or northeast trend- with a plunge angle ranging

from horizontal to about 5°. The axial planes of the folds dip toward the

northwest. Fy folds developed as recumbent folds with near-horizontal axial

planes. Lineations are rather shéllow, plunging typically to the north-northeast.

In the gabbro, deformation is highly variable; in places, it looks massive,
elsewhere it shows good tectonic foliation or layering. Small-scale isolated thin
shears occur witinin the body. ‘ -
The northeastern parf of the gabbro is marked by a zone of intensely

sheared rocks which have strong planar fabric. Mylonitic foliation runs

submeridionally being inclined vertical to moderately to thé east and to the west.
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Porphy"rocl_asts of plagioclase a;n.d_recrystall.ized'calci'c pyroxene show distiﬁct
sigmoidal zis;m'lmetry wiﬁ"tail" of fiqer materi-al on both sides of the tail. Due té
the poor exposure of a foliation surface :with a well defined Ii.neation, stretching
direction has r;ot been conﬁrmed with a reliable degree of certainty. This part of
the pluton also contains the;. maxixpum concentrations of quartz veins 1;ormed by
the filling of tension fractures.

Ductile deformation is also noted in one of the 'z;plite dykes intruding 'iﬁe
gabbro. The dyke is sheared together with the host gabbro and traﬁsforfned to
mylonite or ultramylopite. Mylonite foliation trends northwesterly and dips
moderately southwest, with down—élip lineation. 'f'he foliation 18 defined by
alternating very fine grained layers with quartz-nc{} ribbons. The quartz grains
in these quartz ribbons are allgned at an angle to the f'me gramed layer mdlcatmg
a C-S fabric. The shear fabric in this dyke suggests a northeasterly movement
direction. The time of the ductile dcformation 1s not documented.

Another prominent geological feature of the region is a series of northwest
trending linear features crossing all the rock units that are evidently faults.
Muskrat fal_llt traverses the central part of the gabbro, along Colmghz;m and
Catherine }a};es, and divides the body into two blocks (Fig. 2). Topographically
the southem block is evidently downthrown. Stecp escarpments exist on 1113 flanks

of Colingham and Catherine lakes which-prcsumably rest upon fault breccia and

" gouge. These faults are part of the Ottawa rift structure (Lumbers, 1982).
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Chap'ter Vi
METAMORPHISM -

The marbles and gneisses, which host the gabbro, contain metar’noxjphic N
mineral assemblages indicative of middle amphibolite facies.

S, -

Marbles at the lowcf.'st grade observed contain tremolite and diopside, but »
closer to tﬁe contact zone they locally contair; forsterite; wollastonite or brucite
were not found. -
-~ The mafic gneiss units are composed primarily of plagioclase and green .
hornblende with subordinate biotite, gamet, quartz and iron oxide. Granitic .
‘ gneiéses are mainly biotite-bea{:ing; locally they cbntain sillimanite. Pelitic
gﬂeisses on the east contain muécovite, biotite, plagiocla__se, K-feldspar, quartz and
local gamet, intimating middle amphibolite facies. |

The metamorphic effect on Fhe gabbroic ‘assernblage is'largely confined to
partial or c-omplere recrystallization of plagioclase, calcic pyroxene,
orthopyroxene and more impoft'antly the development of reaction rims and iones.
about crystals of olivine; pyroxene.and Fe-Ti.oxidcs in most of the units.

The pluton shows diverse mineral assemblages and textures and is situated - - i /
above the gamnet isograd and below sillimanite-K-feldspar isograd. Textures

range from relict igneous subophitic to crystalloblastic varieties, with intermediate

stages being locally preserved. The difference in the degree of recrystallization
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appears to depend on the availability-of water rather than temperature, because

-

gabbroic specirhens with contrasting 'te;cturés Iand mineralogy are-intimately

a'sséc;iated in the field; all types are in’ter;ningled Qithin a limited area. .
)Primary p}agioclgse-in ti-:e ga‘bbros occurs as coarse and often twinned

crystals. Recrystallized plagioclase “devqloped clear edges (free of inclu'siogs)'

against adjacent plagioclase, and in the advanced stage of recrystallization they

-~
-

form u'ntwinned granoblastic crystals.

The various mlcrostructures in the gabbros represent the partial

read_;ustment of the igne asJemblages that were unstable during subsequent

pressure-temperature ffions. Thin section observations suggest that these

_ microstructures formed by.isochemical metamorphic recrystallization in the solid
_state promoted by diffusion of H>O to the reaction sites. Moreover, through mass

balance calculations of the reactant a;ad pro&uct phases, it was possible to define
the chemical changes related to a series of metamorphic reactions, to be described
below. Generally; the crystallization of hornblende in these rocks fequired the
accession of iron and magnesium from olivine and ﬁyroxenes and calcium,
aluminum and silicon from plagioclase.

Thus, amphibolization in gabbro is marked by the internal replacement of

-

both primary and seconday pyroxenes by homblende, with an introductionm of -

considerable amounts of HyO. Temporal relationships between the reaction

-
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rﬁicrostructures developed about oliving, pyroxenes and Fe-Ti oxides and the - -
onset of amphibolitization has not been resolved. However the late-stage

ohvme free gabbros exhibit no reactlon microstructures but frequently shov;;

heavy amphlbohtlzatlon. . |
: Figure 27 gives a general estirﬁéte of the pressure-and temperatﬁre

conditions of the Yarioue equilibriuin assemblages in the study area. The

postulated path i‘epresents‘prograde metamorphism. The postulated sequence of

_events with regard to the Chenaux gabbro is shallow intrusion, cooling and

consolidation, and burial to the maximum pressure—tempe'ratﬁre conditions. The
olivine-plagioclase reaction microstructures indicate that the assemblages passed
through’ {he pyroxene-spinel.ﬁeld. If gamet was forf;led by_ yeczystal}_iztion of
pﬁmaw ;gneéus minerals, the path can be extendéd to the gamet=eaicic ﬁyfoxene -
field. - '

The gabbro body was emplaced into reglonally deformed and
metamorphosed Grenville Supernroup rocks that were deposited in the interval
1.3 to 1.2 Ga (1980), Moore and Thompson. Field mapping defnonstrates that the
intrusion was emplaced before the onset or at least at the earlier stage of a
deformation that prevailed befg-re peak metamorphisim. Since fegio;lal
m'ctam,orphism appears to postdate the 'most intense deformation, it is likely that

the reaction microstructures have formed during a prograde regional

mctamorphism, along a path shown in Fig. 27.
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Pressure (kb)

Temperature (¢ )

| Fig. 27. Temperature-pressure diagram showing a bossible
path of increasing metamorphic grade,

a - aluminosilicate triple point (Hodges et al, 1982).

b - tremolite + dolomite = forsterite + calcite (Metz, 1976). _
C - muscovite + quartz = K-feldspar + aluminosilicate (Kerrick, 1972).

88




- The metamorphic effect on the pre-existing gabbroic ‘assemblages 1s largely
confined to partial or complete réc;‘_i-ystalliza;ion of plagioclase, clinopyroxene and

3

orthopy;dxene and more p'rc‘)minent'l).r 't'c; the development of reaction zones and
.rims abou; cryStals of oliirin_e,j byrm-ccne and Fe-Ti oxides. |
Spectacular reaction'microstmcmms are .commonlf developed in the

various gabbroic units as a rés_qlt of near-isochemical metarhorphic reaction in the
solid state, promoted by diffusion of Hzé) and possibly other constituents to the
reaction sites. Such miérd_s'tru_cfures can iieli) in understanding the compositional
changes related to metamojf‘phic .rééctions and al;so provide clues és to the oﬁgin of
component ions in the newly ‘developed minerals; whéther they are eﬁcted from
the pré-existing igneous minerals or introduced from elsewhere to the fea-c:ti'on
site. | |

| Reactions between oli\_rine and plagioclase, pyroxenes and plagioclase, and
Fe-Ti oxides and plagioclase, produced microstructures in mafic and ﬁltra.maﬁc -
rocks similar to those described by Stormer (1969), Griffin (1973), Emslie
(1983), Davidson and Grant (1986), Kretz (1989) and others. Theories on the |

origin of such microstructures can be reduced to twc(categon'es. The first theory

L4

(Mason, 1967 and Griffin and Heier, 1973), assumes intrusion at depth followed

by subsolidus reaction of olivine, pyroxene and Fe-Ti oxide minerals with
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- plagioclase (and perhaps interstitiél fluid) during cooling from magmatic
t-emperature to ambient metémorphic temperature at high pressure. The second _-
theoxl'y which has been more favoured (Frodesen, 1968, Stqrmcr, 1969, Whitney
and McLelland, 1973) assumes high level intrusion, burial by tectonic stacking and
metamorphism .aftex.' consoiidation with partial or complete readjuétment of the

igneous assemblages during subsequent elevation of temperature and pressure

]

conditions.

Regarding the origin of the various reaction mierostructures in the Chenaux

AY

gabbro, pro-grade ‘régional amphibolite facies metamorphism, shortly after or
pethaps contemporaneous with the final stage of the intrusion is here favoured, -

based on, petrographic and microprobe data.” Introduced water is a very important

i =

factor during the recrystallization, since basic rocks contain very little water,

insufficient for nlost metamorphic reactions to take place (Reynolds and

Frederickson, 1962). The varying' amount of water supplied during
metamorphism had a strong effect on which of the processes took place, either the

development of reaction microstructures on a small scale or amphibolitization on-

a larger scale.

Depending on the amount of water supplied during metamorphism, the
reactions stopped at different'stages. For example, in olivine microsiructures,

olivine at places is completely rimmed; elsewhere, reaction zones just started to

J-

form with incomplete or totally without homhlende. Such variability in the
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devclopn'lérgt of homnblende certainly reflectsa slow and variable supply of water. _
It is also possible fo follow step by step the me'tamorphism from the

. . . ~ . . . i - o

: reaction-rgicrosnucture-forrning stage in olivine gabbros through the stages -

where the replacement of calcic pyroxene is gradually ihcrpasing in'pyroxene

gabbros. .

- Olivine-Plagioclase Mi ostruct
Reaction microstructure r.elated to ;')livine is very cc;mmon and occﬁr‘s
between texturally igneous olivine and plagioclase. Thé reaction zone may consist

of narrow, double and sometimes triple silicate layers separating olivine from

plagioclase (Fig. 23). Typically it consists of corroded olivine surrounded by a

conﬁnuous rim of colorless to paie brown hy}:)ersr.hene, ;#hich i3 in turn partially
~or wholly rimmed by a fine intergrowth of radially-orientea brown to colorless
hornblende or a fine intergrowth of homblende and spinel. The central olivine
sometimes dcc:eases in size, and in places thé olivine. corc’ éompletely dis-appeai's,
* as a result of inward growth of hyp-ersthene': to replace the core. A reaction
relationship between olivine and calcic pyroxene is not observe.d.

In the Chenaux gabbro, gamet was not p.roduc_ed by the metamorphic
reaction between plagioclase and olivine. Experimental work of Green and '
Hibberson (1970) indicates that the absence of gamet within such reaction zones
depends on the initial 'con.1position of olivine. According to rhé experiments,

-

91



- Fig. 28.

.

O

Olivine - plagioclase microstructure. The inner rim (about olivine)
consists of orthopyroxene, and the outer rim of a hornblende- §Pmel

1nter°rowth

~
~
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sufficiently fayaliti;: olivine is required_ to develop gamet directly from
plag'ioclasc and olivine with increasing prgssure prior to the formation of
p'yroxene and spinel. |

In the Adirondack metagabbros, however, the pyroxene-spinel stability field
has not been eliminated for olivi]'xe composition up to about 45% Fa at least_, |

-

(Whitney and McLelland, 1973). The composition of olivine in the Chenaux
olivine gabbro is more magnesian, ranging from Fany - Fagg, not sufficiently

fayalitic to favour the development of garnet around olivine microstructures.

&+ -

Pvroxene-Plagioclase Microstructures -
2 ]

This microstructure includes both calcic pyroxene and orthopyroxene as

‘cores, followed outward by a coritin_uous rim of green homnblende (Fig. 29). The
typical variety consists of central calcic pyroxene followed by colorless
orthopyroxene and an outermost, wider homnblende rim. Rarely, the hornblende
rim consists of an actinolite-cummingtonite admixture, together with individual
flakes of brown biotite and occasional gamet crystals. It is not clear whether the
gamet is a product of the pyroxene -----> amphibole reaction.

Textural evidence indicates that gamets in these rocks occurs in at least two

different modes. Firstly, it occurs as crudely defined outermost reaction rims

around pyroxene-homblende reaction zones being continuous with and broadly

*
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lase microstructure.

10C

-plag

Pyroxene

. 29.

1g
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synchronous with the reaction microstructures. Secondly, 'it oceurs as fine
clu.;;tcrs at plagioclase-pyroxene interfaces, and sometimes as very coarse
prophyroblastjc or xeno‘blastic crystals completely surrounded by plagioclase.
Kretz (1989) piroposed' a reaction assuming an initial olivine as a primary source

of Fe and Mg (supposedly consumed at the earlier stage) to react with plagioclase

. {(mainly the anorthite component) to homblende and garnet:

<

Olivine + Ab+ An + Or + H7O ----- > Hornblende + Gamet

7

Fe-Ti Oxide-Plagioclaseé Migrostructur

“These microstructures consist of an oxide core sur:rounded by green
homblende (Fig. 30). Occasional flakes of red brown biqtité occur in close
proximity t.o the oxide pimse. Garnet is not present. The central oxide is
commonly magnetite, sometimes with ilmenite. The homblende is green
aluminous hornblende with a similar composition to that described above. It
decply embays the surrounding phases, usually plagioclase and occasionally
orthopyroxene. Where the homblende replaces plagioclase, fine green spinel

crystals are developed as radiating intergrowths on the outer rim. These

homblendes can be distinguished from the discrete homblende crystals by their

aluminous nature and high TiO3 content (Chapter V).
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Fig. 30. Fe-Ti oxide-plagioclase mictostructure.
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_ Fe-Ti oxides and plagioclase cannot by themselves give the appropriate
homblende: c*;omposition observed in these rocks. This is particularly apparent for
homblende de\}eloped ar;und Fe-T1 oxide cores that originally existed as ‘i;'olated'
interstitial grains between plagioclase laths. This textural evidence calls for
additional components, notably Mg, to be introduceq from the local environment
to the reaction site. Mg was possibly derived from nearby orthopyroxene. The
' interfaéc between -the Fe-Ti oxide and the surrounding homblende rim is in most

cases irregular, implying that the iron oxide was consumed and provided tlie Fe

required for the production of homblende.

Mass Balance Calculation

Table 10 shows analyses of olivine, orthopyroxene, homblende + spinel and
plagioclase obtained at one site in the olivine-plagioclase microstructure.

Olivine is unzoned, orthopyroxene is slightly aluminous and the homblende

analysis shows high Al due to the presence of intergrown spinel. Plagioclase is

slightly zoned. A single plagioclase crystal adjacent to the reaction zone shows

An74, with anorthite content increasing to Any7 toward the core. A small

increase in MgO/(MgO + FeO) ratio from olivine (0.65) across orthopyroxene
(0.70) to hornblende + spinel (0.72) is indicated. 'I'l;\e hornblende-spinel ratio is

in the order of 5:1.



Microstructure

Horr.lblende +

FeO 217 0 8.5 0.26
MnO - 0.27 . 028 0.11 0.02
Nap0 0.02 001 22 2.88
Si0y 383 553 40.1 499
F 0.02 0.12 005 0.02
AO3 0.02 1.0 19.1 31.4
MgO 39.9 © 288 15.7 0.41
K»0 0.01 : 0.02 0.32 0.05
Ca0 002 - 0.21 110 148
TiOy 00 0.06 0.84 0.01
Sum 100.26 99.80 98.02 99.75

*All Fe expressed as FeO.

Based on these analyses, a balanced e.quation is obtained by assuminé both
fayalite and forsterite, and anorthite and albite components to have participated in
the reaction separately, to form homblende + spinel and orthopyroxene. The

presumed reaction is:
5

a(Mgy Si0O4) + b(Fe SiOy) + ¢(CaAly SiyOg) + d(Na Al Si30g) =

1.0thomblende + spinel) + f(orthopyroxene)
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Na

Mg
" Fe

Si

Hornblende

' +

a b c d 1.0 f
d 0.59 '’

c 1.63 (2)

2a 3.24 077t (3)

2b 0.99 021f (4

2 T d 3.11 0.02f=0 (5)

a b 2c 3d 5.56 099f  (6)

d =059

c =163

2a =3.24+0.77f

a =1.62+034f

2b =099 +0.21f

b =0.50 +0.10f

C2c+d=3.11
3.8~3.1 . g

a+b+2c+3d=556+099f
1.62 +0.34f + 0.50 + 0.10f + 3.2 + 1.7 = 5.56 + 0.95f

Mg:

Fe:

Na

Mg
Fe

Si

o g B

Check;

f=2.65

= 1.62 + 0.34f

=25
= 70.5 +.10f
=0.76

0.59
1.63
5.0
L5
3.8
7.9

0.59
1.63
4.6
1.4
3.1
7.3

99
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The nearly-balanced equation is:

-

2.5 Mgy SiOy + 0.67 Fep SiO4 + 1.63 Ca Al SinO3 +0.59 Na Al Si303
olivine Fo77 : An73
+ [ Hzor 'riv Kr F '_"]

=1.0 Caj 63 Nag 59 Mg3.24 Fep.99 Al3 11 Si5 56 O22 (OH)2 +

(hornblende + spinel)

1475 Mgg.77 Fep.21 Alg.02 Sig.99 O3 1

orthopyroxene

The equation evidently indicates that Mg and Fe from olivine entered

orthopyroxene, homblende and spinel and Ca, Na and Al from plagioclase entered

homblende. Water does not appear in the reactants, and migrated to the reaction
sites. HyO was possibly necessary to facilitate the diffusion of the elements and for

the production of hornblende.

Components such as K, Ti and F which do not appear in the reactant phases
were certainly introduced to the reaction site from the nearby minerals or from
beyond the reaction site by diffusion. K was possibly derived from contained
biotite and perhaps from the minor orthoclase component of the plagioclase. Ti
was appar'ently' derived from the invariably present Fe-Ti oxide minerals and F |

from beyond the reaction zone perhaps as part of the fluid phase.
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Kretz (1989) argued against the presence of an intergranular fluid at the
reaction sites prior to the metamorphic recrystallization and supported the idea of l“
diffusion of H, K, Ti, etc. to the reaction site from the nearby environs or from

elsewhere. In the same w\ork, it was also indicated that the various possible species
of the H phases to be either HyO, H30+, OH or HF. The view of an introduced

fluid phase is in l.ine with the various textural evidence observed in the olfvine-
gabbros. In these rocks, at places olivine is completely reacted; elsewhere, reaction
zones have just started to form wu.h incomplete or totally without homnblende rims.
Such inconsistency in the development of homblende reflects variation in the
relative ease in the mobility of constituent ions, and mc;re importantly the diffusion
rate of H species either from the local environment or t:rom elsewhere fo the

reaction site. 7
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S o ' Chapter IX
' SUMMARY AND CONCLUSIONS

Several late to post-metamorphic gabbro plutons occur in a belt &end'ing
noﬁheasterly along the bouridary zone of the Ceni:ral Metasedimentary Belt and
Central Gneiss ﬁelt of the Grenville Province.

| The Chenaux gabbro intrusion is part of a’ chain 6f mafic plutons along the
western margin of the Ceritral Metasedimentary Belt. The pluton has an elbow-like
shape, dgminated by four rbck types and intruded into marbles and gneisses of the
Grenville Supergroup. | T

On the evi.cnce of field data and gravity measurements, the intrusion appears
to be a plug-like body with steeply dipping contacts that may converge inward at
relatively shallow depth; the pluton may extend only 2.7 km into thé subsurface.

The intrusion represents a single differentiaicd body or a cyclic unitin a |
larger poorly exposed intrusion consiéting of olivine gabbro, leuco gabbro,
pyroxeﬁe gabbro and hornblende gabbro. This succession possibly fepresents.
advancing stages of crystal-fractionation and differentiation of a parent magma.

The rocks principally corjlsist of pl‘agiocjase, olivine, augitc, orthopyroxene,

homblende and Fe-Ti oxides and exhibit textures that range from relict igneous

varieties to crystalloblastic types that appear to represent equilibrium assemblages.
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The common occurrences of plagioclase-augite-olivine and
plagioclasc-orr.hopyrokenc-augite orthocumulates suggest the- crystallization
o
sequence of olivine, plagioclase, augite and qrthopyroxene from parent tholeiitic
magma. -
Compositional variation of phases is small, with progressive change in the

Mg/(Mg + Fe) ratio of coexisting ferromagnesian minerals and with plagioclase
-

\
varying from An7g to Angy.

It was not possible to determine the initial liquid composition, due to the

absence of recognizable chiled border rocks or layeréd sequences that would
reflect the liquid path of crystallization. In the MgO - CaO - AlpO3 diagram

(Fig. 15), the rocks form a cluster away from Mg-rich peridotitic composition, and

represent relatively evolved melts which had some history of fractional
crystallization and differentiation before emplacement. The Al»0O3 and Ca0

enrichment also indicates that calcic pyroxene and plagioclase as the two main
i)hases that controlled the differentiation. | }
'Iﬁe lack of hydrous phases and the early precipitation of Fe-;Fi oxide minerals
indicate crystallization under conditions of low water pressure and relatively high
oxygen fugacity. A quantitative statement as to the initia] oxygen fugacity was not

- possible to determine due to a very low concentration of ulvospinel in the

magnetite. Due to the presence of magnetite and absence of quartz in
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forsterite-bearing rocks, it is reasonable to place the level of f(05) ’above the

magnetitc-fayz;lite buffer. - .

The areal distribution of MgO and tota! alkalies (Eig.’.r/) and the distributic;n
of olivine within the pluton (used as differentiation indices) suggest that fractional
crystallization has proceeded ffom the interior outwards to the western margin o-f
-~the pluton. This interpretation is supported by the finding that the highest gravity
anomal;; coincides with the greatest olivine abundance, in the central part of the
pluton, declining continuously toward the west.

Layering ascribed to a primary igneou‘sﬁoﬁgin has been observed in a few
localities; generally it is very rare. More common‘zire patchy segregations of
markedly different grain_ size and/or different phases. The implication of this lack
of layering is that cc.)nvection was either very slow or not periodic during.jgneous
cooling.

The northeastem part of the pluton is marked by a zone of mylonite. Near *
this sheared boundary, the gabbros are mostly recrystallized to amphibolite and -
contain abundant quartz vein boudins. The shear fabric in an aialite dyke which
intrudes the gabbro suggests a northeasterly movement direction of the upper block.

The shearix':g, even though mainly restricted to a contact zone, is unlikely to

have been induced during emplacement of the gabbro melt. More likely it took

place in a continuous high-strain zene that bounds the mafic plutonic belt against
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adjacent lithotectonic domains or subdomains within the Central Metasedimentary

Belt. ™~

The age of the ductile deformation and also the age of the gabbro pluton are
not known. Since the aplite- dykes which intrude the gabbro have been affected by
the shearing, the time of the ductile deformation is certainly later than gabbro
intrusion and possibly synchronous with pegrnatite\emplac':emem.' Since the
Chenaux intrusion is emplaced into country rocks of Middle Proterozoic age
(Lumbers, 1982), constraint is plac.ed on its lower age limit at 1.3 Ga.

No distinct contact aureole is present in the marbles as would be expected as a
result of high terﬁjﬁeran-:rs of the inuﬁs.ion. The absence of contact iﬁdex minerals
. in the marbles partly indicates that the temperature of theuintiusion was not high
enough to crystallize mineralé lil‘ce periclase or wolﬁlstonite which indicate higher
temperaturl‘c conditions. In one thin section, calcite and quartz are present together.
This information indicates low temperature, probably tectonic emplacemenit, but
may also reflect lack of suitable reactants in wallrock and/or lack of fluid ingress
from the pluton.

The pyroxene geothermometer indicates a temperature of equilibration of the
pluton at about 820°C. This fact is in agreement with the contention of low
temperature conditions during emplacement and the general absence of contact

metamorphic minerals in the marble. It appears that topographically lower ‘

portions of the pluton have crystallized under higher temperature conditions
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relative ta_the more differentiated roof rocks: this is possibly the result of crystal

settling and water migration to the top of the chamber, lowering the liquidus
temperatures in the more evolved upper portion. The presence of abundant marble
xenoliths around Storyland and Highway 17 indicates that the presently exposed part

of the pluton is the apical part which is barely unroofed by erosions

-

Metamorphism in these rocks mvolved a series of hydrauon reactions,

-

forming mineral assemblages charact nsnc of lower temperatures than those of the
parent, allowing homblende and epidote to develop at the expense of pyroxenes and
olivines, and the crystallization of more sodic plagioclase.’ Textures range from
relict i 1gneous subophitic to crystalloblastic. Some of the gabbro specimens are
completely recrystallized to amphibolite, while others preserve relict 1 igneous
textures and have mineral assemblages nearly identical to unmetamorphosed

gabbro. Such textural and mineralogical variations.appear to result not so much

4 "\\
: LN
from local variations of temperature and pressure, but on diverse ingress of water

>

during metamorphism.
L4

Spectacular reaction microstructures between olivine and plagioclase,
pyroxenes and plagioclase, and Fe-Ti oxide and plagioclase are commonly

developed in olivine and pyroxene gabbros as a result of near-isochemical
S I
metamorphic reaction in the solid state, promoted by diﬁusion of HZO and possibly
_ ~ . '
other constituents to the reaction sites. Suchsmicrostmc,;ures can help in

-
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understanding the compositional cha‘ngcs relé@d to metamorphi;: reactions and also
prdvidc clues as to the origin of component ions in the newly developed minerals;
whctht;,r they are extracted from the pre-existing igneous minerals or introd}ded
_ from dlsewhere tojthe reaction site. " .
A satisfactorily balanced reaction equation for the plivine microstructures is
"obtained throﬁgh mass balance calculations. The equation shows the rearrangement
‘of atoms or ions during metamorphism and- also identifies elements (F, K, Ti...)
which migrated to the reaction sites. A twol way diffusion écroés the original
interface between olivine and plg:igioclasé is indicated; the diffusion of iron and
magnesium to the plagioclase; and silicon with a little aluminum and calci‘um to the
o'iivine, explains the chemical comp'osition of the microstructures. The formation
of amphlbole from plagloclase md:cates that water must be introduced from
elsewhere to the reaction site, apparently carrymg with it certain elements such as
Cl,F, K and Ti. |
Prograde regional amphibolite facies metamorphic, shortly after of perhaps
contemporaneous wiEh the final stage of the ihtrusiom is here favoured, for the
ori gin)of the various reaction microstructures in the Chenaux gabbro.

Scapolite is éémmon in various regional metamorphic. settings and since the
Ca-rich scapolite of the study area is closely related with the amphibolitized rocks;

scapolitization of plagioclase is considered to be related temporally to the regional

metamorphism that affected the region.
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| The association of the Chenaux gabbro with granitoids and amphibolites is

used to assess the nature of the magma source and the tectonic environment in
: §

which the rocks were formed. -

The zfmphibolitcs on the AFM composition diagram follow a tholeiitic trend of

differentiation. The gabbros show a calc-alkaline trend which coincides also with

. the composition of non-cumulate arc gabbros and diorites. The chemical
4
composition of the amphibolites is best accounted for by an oceanic or marginal v

basin environment.
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APPENDIX A
WHOLE ROCK ANALYSES

Rock analyses were cafried out on a Philips PW 1410/20 AHP automated
X-ray fluorescence unit at the Geochemistry Laboratory, University of Ottawa.
The determinations were made on fused disc using Cr radiation and the technique
of alpﬁa coefficients described by DeJﬁngh (1975).

" Analytical precision is expressed in terms of a coefficient qf variation (c)
defined as ¢ = (S/W)100, where w is weight percent (wt %) of elément oxide or

parts per' million (ppm) of element and s is standard deviation in the same units,

Estimated values of c, based on replicate determinations, are as follows: 0.8 (SiOy,

TiOy, Aly03, FeO, Ca0) 1.2 (K20), 2.0 (MgO0), 2.5 (N290), 4.0 (MnO), 10

P
(trace elements).
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H

Si0y
TiOy
AlO3
Fe203
FeO-
MnO
MgO
Ca0
NayO
K70
P20s5

SUM

Ba
Cr
Zr

Sr . *k\,

Y

X=Mg/(Mg+Fe2+)

N

-
|

1 .
(171)

46.1
0.28
17.0
0.10

10.0
0.46
133
9.7

2.61

0.21

99.46

105
130
15
205
10

0.70

hemti

2
(46)
- 463
032
17.2
27

6.2
0.15
94
11.6
2.65

024

96.76

65
400
15
235
10

0.72

Ini fhnx'

3
(157)
47.0
0.20
21.0

1 0.90
59
0.11
109
11.5
2.06

0.12

99.69 -

80

230 3~
10

250 -

10

0.77
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4
(49)
47.1
0.13,
193
0.10

6.2
0.11
9.7
113
2.833

0.20

96.97

75
275
10

- 285

10

0.73

5
(196)
48.1
0.20
19.5
1.50

5.6
0.12
9.2
11.8

2.93
0.16~

99.11

85
250
10
275
10

0.74

6
(170}
49.1
0.37
18.4,
1.70

5.8

0.13
82
12.6
2.55

0.14

98.99

95

420
15
215
10

0.71



7 8 9 10 11 12 3. 14 15

228) - (46)  (47) (35 (195 (192) (168) (176) (43)

Si0p 451 473 485 488 493 496 498 479  -487
TiOz 039 086 098 { 043 035 058 048 257 050
AO3 146 174 149 156 183 205 233 134 146

F03 34. .39 36 19 0% 19 18 21 29
FeO 84 87 6.7 34 3.8 39 2.5 105 45
MO Y 020 019 017  0I12- 010 011 008 020 0.14
MgO - 127 77 7.7 78 70 5.1 39 6.1 8.1

Ca0- 10.6 9.9 12.9 15.0 15.1 139 12.7 13.2 .13.6
NapO 213 273 3.23 252 2.54 299 ° 338 295 2.69

K20 020 040 028 021 029 022 ° 039 017 064
P205 0.11 002 0.02 0.24

SUM 9772 99.19  98.98 96.78  97.68 98.82 9833  98.33  96.37

. |

L

Ba 178 170 75 105 140 210 110 10 210
Cct - 180 30 60 170 250 220 320 40 189
Zr - 10 55 35 20 L 20 25 40 125 40
Sr 95 270 -230 280 260 400 330 220 280
Y - 15 20 20 15 15 20 15 - 50 15
X - 072  0.61 0.68 0.79 0.77 0.72 0.75 0.50 0.77
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~

.

16 17 18 1990 20° 2 22 23
Gy (57 (44 @4 184 () - (242n (223)
Si0p . 505 " 505 508 467 473 415 478 484
Tio, 061 035 042 154 109 047 039 - 080
ALO; 183 177 165 147 T4 144 154 169
FO03 22 18 14 52 17 21 16 17

FO 52 34 49 85 12 §4 51 50
MnO 013 011 011 021 013 014 014 012
. MgO 61 60 713 55 9.0 8.8 8.8 6.6
Ca0 139 132 i34 94 2.1 147 1? 15.1

. N0 29 336 283 356 126 345 3 2.72
K20~ 017 027 054 046 022 042, 040 038
PpOs nad nd nd 020 “nd ﬁé 002 nd

SUM 100.01 96.69 98.20 96.07 974 97.41 . 96.28 97.72

~9NQP

100 145 320 465 35 610 410 150
215 150 250 25 30 150, 280 160
20 15 45 80 1{3)gj 20 30 25
320 250 305 245 1000 290 330 320
20 15 25 40 20 - 20 10 15

X 075 075 072 042 069 076 076 069

. : 119

103)

49.0
0.47
16.7
1.6

“48

0.1
8.1

13.5
2.14

0.49
nd

96.91

125
545
30
315
20

0.74

(225)
492
0.31
18.4
14
4.3
0.1
6.8
13.0
339
0.42

nd

97.28

150
145
10
305
10

0.74



1 2 3 4 s 6 7 8
(238) v (185) 258) (249) (236) (249) (257) (233)

502 gy 42 445 451 49.4. 437 450 455 476
TiOy 30 2.3 2.3 12 25 241 22 12
AlbO3 124 128 130 157 128 127 134 144
FerO3 42 22 1.8 3.2 91 © 19 29 27
FeO 13.5 135 137 8.4 9.3 139 112 96
MnO 024 020 026 019 029 025, 021 .19
MzgO . 74 72 6.8 6.8 5.8 74 68 67
Ca0 . 107 102 115 9.7 91 . 120 122 104
NapO 220 1 228 207 326 312 258 399 313
. ~ L 4

K50 026 026\ 030 097 072 052 .19 .44
P705 045 018 015" 008 023 012 25 .18
SUM 98.55 9562 9698 9890 9666 98.18 98.34 96.54
Ba 110 nd nd’ 200 530 nd 15 125
Cr* 180 75 225 110 nd 220 200 35
Zr _‘ 110 45 70 130 130 50 55 90
sr - 160 220 160 230 250 185 165 230
Y 60 40 45 40 50 60 .30 30

X=Mg/(Mg+Fe2+) - 0.49 0.49 047 059 0.52 049 053 0.6
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-APPENDIX B -

K MINERAL ANALYSES

Analytical Methods and Precision

Mineral analysis was obtained by use of 2 CAMECA CAMEBAX Micro system

*-at McGill University, and their MBXCOR Micro software package.

~ Operating conditions were as follows: accﬁraﬁng voltage 15.0kV, cur;ent
N - ) '
10nA, beam width’ 5 pm. counting time 25 s. Natural and synthetic minerals were

_used as standards.

Regarding micrOprébe.ﬁlinéral analyses, Potts ét al. (1983) expres:sed j)mciéion
in terms of K, defined as: K = S/W 12 they found K fell in the range ot;
0.03-0.04. With the later value, ¢ = 4/W1/2, and for differenf values of w, the
corresponding values of ¢ (in parenthesés) are as follows: 50(1/2), 10 (1), 4 (2),‘1

(4), and 0.16 (10). Mirteral analyses are listed in Table 8.
' . w

24
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TABLE 8A. MICROPROBE ANALYSES OF OLIVINE

r 2 3 4
. ' (157) NGy I (49) (49) °
Si0, 38.3 39.46 39.67 38.72
TiOy - 0.02 0.01
. '

AlO3 0.02 — — -
FeO 21.74 .20.35&__}2.75 23.37
" MnO 0.27 0.33 029 . - 027 -
MgO : 3988 .. 3925 - 382 . 3815

Ca0 0.02 - 0.02 . 0.01
K»0 ' : 0.01 0.02 —_
Nas0 0.02 - 001 0.02
Q .

TOTAL : 100.28 99.48 110092 100457
X=Mg/(Mg+Fe2+) 0.77 0.78 1075 - 0.75
NO of Analyses 3" 3 1 1
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TABLE 8B. MICROPROBE ANALYSES OF PLAGIOCLASE

Si0y

TiOy
' A1203 -~
FeO

MnO

MgO

CaO

Nazp
K70

TOTAL
an/an+ab

NO of Analyses

21)

1

532
0.02
29.41
0.15

.0.01

0.02
1248
4.31

0.09

99.75

- 0.62

2

- (170)

50.72
0.06
29.8
0.15

Y

0.04
12.73
4.85

0.65

99.02

0.60

3
(196)
50.78
0.04

31.02
0.02

4
(4-b)

51.62
0.06
30.98-
0.05

- 0.03

13.61

3.73
0.01

100.10

0.67

(157)

49.88
0.01
31.36

" 0.26

0.02
0.41
14.80

2.88

0.05

99.69

0.74

e
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Si0y »
. 1o,

ALO3

FeO

MnO

MgO

Ca0

NayO
. K20

TOTAL

an/an+ab

NO of Analysgs

6
- (49)

50.6
0.04
30.85

0.08
- 0.05

13.81
3.86
0.04

99.45

1

“7\&67 _

(4-b)

515
0.04
30.8
0.19
0.01
0.01
14.40
3.44

0.02

1&.15

0.70

8
(103)

52.26
. 30.10

0.07
0.03
0.01
12.96
3.85

0.06

99.35

0.65
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9
(103)

53.32
0.01
28.09

0.06
0.02

12.21
4.45

0.05

99.34

0.60

11
4-b)

54.50
0.03
28.79

0.11
0.01
0.01
11.91
4.67

0.08

100.14

0.59



.

-~  TABLE 8C. MICROPROBE ANALYSES OF AUGITE

1 2 3 4

21) ey 170) . (196)
$i0, 51.1 5159 5196 51.05
TiOy 0.60 . 0.65 048 0.68.
AlO3 - 345 3.53 2.96 1350
FenO3 1.18 1.31 1.01 - 114
FeO 7.66 862 663 7.46
MnO . 020 0.26 0.22 0.19
MgO 1394 14.93 14.35 14.77
C0 - 21.42 19.79 21.45 20.96
Na70 0.46 038 - 046 0.56
K20, . — 001 - 0.02 0.02
TOTAL ' 100.01 - 101.07 99.54 100.33
X=Mg/(Mg+Fey,) 0.76 0275 0.79 0.79
NO of Analyses 3 3 4 - 3
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Si0y
Tio
- AhO3
Feq O3
FeO
MnO

Ca0

NazO
K20
TOTAL

X .

NO of Analyses

5
49)

'53.25

0.48
-3.05

0.78

5.12
0.17
- 156
21.82
- 0.38

0.01
1100.66

0.85

T (49)

Sg'?

0.35
3.21
0.93

6.13
0.15
159
19.65
0.51

0.04

99.74

0.85

e3)

52.48

0.4
2.25
1.19

6.09
0.25
13.67
21.75
0.41

0.02

98.51

0.81

(196)

51.08
0.69
3.55
0.98

6.45
0.21
14.79
21.15
0.49

0.01

99.40

0.80



- 8102
Ti02
AlQ3
Fes0O3
FeO
MnO

MgO
Ca0
NazO
K70
TOTAL
X

NO of Analyses

‘i?\

by

1)

51.46
0.46

26

1.31

8.59
0.24
14.09
20.81
0.40

0.02

99.98

0.74

10
@1

51.57
1.74
3.25
1.2

7.89
021

 14.66
20.47
0.37

10136

0.75

127

f!-,: .

11
(d-b)

46.1
0.46
11.28
1.85

12.12
0.60
12.61
11.92
1.3

0.65

98.89

0.65



" TABLE 8D. MICROPROBE ANALYSES OF HYPERSTHENE

1 2 3 | 4 5
(1) @b) - (157) (157) (157)
r ’ .
Si0y _ 54.08 58.44 53.35 54.66 53.37
TiOp - 0.16 0.02 0.15 0.19
AlhO3 1.49 125 - 0.81 2.1 2.1
Fey03 : 267 3.3 1.93 1.88 1.95
FeO 17.52 19.91 12.65 12.35 12.8
MnO 0.52 0.51 0.32 0.38 0.29
MgO 24.14 22.03 $29.47 28.19 28.11
Ca0 0.68 0.17 0.08 0.68 0.41
NayO 0.06 0.03 . 0.01 0.02 0.01
K20 . — 0.01 0.01 0.01
TOTAL 101.32 100.37 98.63 10042 99.24
X 0.71 0.66 0.80 '0.80 0.79
NO of Analyses 1 1 3 1 6
N
-~
>
o
\
N LS
N\

o}
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Si0p
TiO
A203
FeyOs
FeO
MnO

MgO
Ca0
NayO

K20
TOTAL
X

NO of Analyses

(157.)

55.33
0.06
099
1.85

12,25
0.28

28,83
£
0.01
0.02

99.83

0.80

(49)

56.31
0.03
1.07
1.99

13.11
0.36.
27.74

- 0.08

0.01
0.01

100.71

0.79

129

8 9

(49) (21)
3
55.36 53.44
0.01 0.31
0.91 1.28
2.07 3.23
13.61 21.21
0.27 » 0.60
28.36 20.94
009 - 149
0.01 0.02
001 - 001
100.70 102.53
0.79 0.64
/

2 2

10
21)

53.03

031

1.32
3.20

21.05
0.53
21.64
1.35
0.02

10(2.45

0.65

11
@

53.24°
0.28
1.31

31
. 2039

0.52
21.49
1.37
0.03

101.73

0.65
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TABLE 8E. MICROPROBE ANALYSES OF AMPHIBOLE

1 2 P 5

21D a7 (4-b) . (157) (157)
Si0y 43.12 39.04 40.59 40.13 40.91
TiO; . 090 045 0.05 0.94 0.90
Aly03 ‘ 1508  19.11 17.53 19.05 15.75
Fe03 3.0 3.5 4.5 2.60 2.60
FeO 727 80 10.6 6.10 5.90
MnO 0.17 0.12 018 - 011 0.08
MgO - 13.22 13.44 10.85 15.68 15.46
Ca0 1170 11.18 10.20 10.95 11.69
Na,0 1.82 2.38 2.31 218/ 0.26
K20 0.74 0.59 0.43 0.32 0.58
TOTAL 97.64 97.96 97.32 98.11 945
X=Mg/Mg+FeZ* —~ 075 0.75 0.64 083 083
NO of Analyses 4 4 5 5 3

L
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Lail

6 -

- ) (157)
SiOy 36.07
TiOy 0.08
AlyO3 29.38 .
Fes03 240
FeO 5.80
MrO o1
MgO ~ 11.85
Ca0 10.91
Na70 1.59
K70 0.22
TOTAL 98.56
X o 0.78
NO of Analyses 5

S

™

0.06
21.94
2.3
5.1
0.10
10.84
13.08
1.76

0.26

97.71

0.79
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\\
255~

-

(4-b)

'47.36

0.06

)0?49

47
11.1
0719
14.15
8.89
1.35

0.30

0.70

9
{103)

50.92
0.26
5.29
3.5

7.9
0.17
16.27

12.34

0.51
0.09

97.26

0.78

10

(103)

52.51
0.27

4.69

3.4

7.6

0.18
16.5
12.2

039 -
0.08



Si0y
Tig
ALO3 —
FeqO3
FeO
MnO

 MgO - .

Ca0

NapO

‘K70

TOTAL

X .

NO of Analyses

-

1
(103)

53.02
0.19
4.45-

32

75
0.17
16.54
12.06
0.40

0.08

97.65

. (103)

52.1
023
501
3.4

7.8
0.17

167,26 _

12.27
. 0.45

0.09

97.81

*0.78

52 A

13
(4-b)

4197

031
15.05
6.0

13.8
0.20
8.11
11.09
1.75

0.98

99.35

0.51
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TABLE 8F. MICROPROBE ANALYSES OF BIOTITE

1
(1)

. Si0p 1’69
TiOy Q 2.15~
AlbO3 17.02
FeO ' 10.0
MnO 0.03
MgO 17.87
Ca0 1.18
NayO 0.31
K0 8.49
TOTAL 95.89
X=Mg/(Mg+Fe) 0.76 -
NO of Analyses 2
Total iron expressed as FeO. ..

2
(4-b)

37.62
1.28
17.68

14.74
0.02
16.({1
0.01

030 .

8.92

96.7

- 0.67
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TABLE 8G. MICROPROBE AN

SiOy
TiO
AL O3
Fe2O3

MnO

. MgO
Ca0

Nap0
K,0

TOTAL

1
@

0.07
0.06
0.26

68.12

30.87
0.03
0.02
0.04
0.01

0.01

99.59

{

A
2 3
(170) (196)
034 0.18
0.31 0.16
0.29 0.35
66.90 67.29
3071 " 30.63
0.08 0.10
0.03 0.31
0.11 0.07
0.03 Q.02
98.81 99.10
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fgs OF MAGNETITE AND ILMENITE

4
21)
0.02

51.59
0,03

0.86
1.50



SiOp
TiOy -

AlO3
FeQ

MgO,
Ca0

NasO
K»O
OH

TOTAL

TABLE 8H. MICROPROBE ANALYSES OF SCAPOLITE

1

(103)

49.08

25.36
0.02

- 0.09 .

15.01
L. 464

0.24
2.04

96.57

2
(103)

49.24 -

25.48

0.08
0.04

1548
442

0.27
2.06

97.17
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TABLE 8L MICRORROBE ANALYSES OF GARNET

1w 2 3

(4-6) (4-b) (4-b)
- Si0y 38.37 38.53 ~38.02
FeO - .2722 2159 2746
FepO3 = 1.50 2.10 168
* AlbO3 20.44 20.17 20.48
Ca® 1506 4.98 5.14
h
MgO 5.10 5.02 5.61
Mn —~ 1.79 1.92 1.60
O ~ | .
TOTAL . . 9948 __f 10032 99.98
-
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According to Figure, 26a, the _mair'I body is piug-like and in’clinc;d stet-:'ply
toward the northwest. Ié{[on‘aover, the body shows an asymmetrical . .
mushrooni-lil‘cc Cross séctibn, in which the western part sﬁr;ads laterally abdup 3 .
) km beneath the marﬁle. The maximum dép&1 in this model is 2.7 km. The NE -
SW i)roﬁle, shown-in Fig. 26b, further attests to the -mushrooming pattern of the
body spreading I'aterally on boLﬁ sides of the central mass. Here also the
' maximur-h depth is‘the same with that observed along the A-A'profile. The
strong po;itive éravity apoma;ly at the centre of the body coulci be explained by a
high density core of ultramafic rocks at depth in the Chenaux gabbro.' Surface
geology, however, off;rs no evidence to support the existence.éf su.ch‘ én

ultramafic body.

The highest gravity anomaly was measured on the east central partof the

body that coincides with the abundance of olivine gabbros. The .anomal_ly declines

from -8 mgal on the center to -26 mgal toward the westem portion of the pluton.
Baseci on these facts, it is porposed that the gabbroic' melt, when it arrived at the
present level of exposure, through its‘vertical feeder, precipitated olivine, which
was partially removed by gravity settling. Later, the residual ‘n;cl't enriched in Ca,
Al and total alkalies migrated westward and continued to differentiate du‘ring
lateral flow.
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In summary, gravity data across the Chegaux gabbro yield a distinct

positive anomaly. The gabbro is mushroom-like and is inclined steeply toward the
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