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ABSTRACT -

The geological history of the Chandas téwnship region
iéaghe Grenville Province of ?ntario and the behaviour of the‘
Rb-Sr system in response to an amphibolite grade regional
metamorphism have been investigated by Cnméaring Rb—Sr whole

rock and U-Pb zircon and sphene ages determined, in most

cases, frum-the same sampling site. A variety of sampling

<

techniques have been employed in order to evaluate the
geological signi;icance DfoRb—Sf whole rock ages in complex,
high grade terrains. *

In the case of the layered'sndic Apsley gneiss, *
samples collected from widely épaced sampling sites resylt in
a-more precise but'anomalously old (1402 Ha; and geologically
meaningless agp; a consequence‘ﬁ? combining genetically
. unrelated samples. Although Rb—-Sr whole rock ages determined
usiﬁg samples collected from homog eous portions ofy
indiwvidual éampling sites are in'bétter agreement with the
inferred age of the Grenville Supergroup (ca. 1250 Ma), the
best estimate for the age of the sodic Apsley gneis§'is
1333424 Ma, obtained by combining all the ;amples that have
an_igneous origin. A minimuﬁnestimate for 'the deposition and

extrusion of these supracrustal rocks is the precise U-Pb
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zircon age of 1234 +11/-4 Ma (the Rb-Sr whole rnck‘age fnr-
this gsite is 1244+32 Ma) obtained for the Tallan Laké sill.
- Precise U-Pb zircon ag;; fpor two other intrusive
Abgyies in the study area, the Methuen quartz mnn;onite and

3 Luba\LékE mnnzonite,.indiciée'éireous activity at 1242 +22/-6
\¥/) and 1090 &7/-4 Ma, respective;;. Most of the granitoid rocks
in the Central Metasediméntary‘Belt have lau initial
st;ontium ratios (0.703 to 0.704) and anomalously high nﬁygen
isotopic compnsitioﬁs (> B8%.) indicatipg that these units
weré derived from a source with a low average Rb/Sr apd/or a

.

.source with a relatively short crustal residence hisgory, and
"x‘ -~
* subsequently interacted with high—*®0 rocks (eg. mayble) at

depth, but did not interact with “old“,‘hig?\Rb/Sr rustal
material. ’ . {gf
v
The timing of amphibolite grade metamorphism is
* unclear, however, a minimum estimate is provided by the 1090
-
Ma U-Pb zircon age obtained for the post—tectonic Loon Lake
monzonite. At present, there is no reliable maximum estimate
.but the 1150 Ma Rb-Sr study‘gsfermined using thin slabs from
the sodic hpsley éneiss is interpreted to be close to the
.time of metamorphism. If the oceurrence of 1085 Ma U-FPb
sphene ages in this region re%lects.neu sphene growth or
resetting during metamorphism then these ages, combined with

the lack of evidence for new zi?con,growth, indicate- that the

region cooled ‘slowly from apprnximaSgly 600 to &650=C (ie. the
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blocking temperature for zircon} at: 1150 Ma to approximately

300=C (ie. the blocking temperature for sphene) at 1085 Ma.
The final geoclogical activity in this region was

late-stage faulting, injection of pegmatite and associated

hydrothermal activity. The effects of this event are recorded

‘in the Rb—5r whole rock system of the Silent Lake gneiss, the

potassic Apsley gneiss and fracture—-bearing samples of the

Tallan Lake granodiorite. The best estimate for the timing

of this activity is the Rb—Sr'whnle.rock age of 1023+17 ﬁa )(
determined using.frac£ure—bearing samples from the Tallan |

Lake granodiorite. - 7

, - - 4

The different sampling techniques employed in this
study indicatfe that the scalifpf Rb and/or Sr migration in
the sodic Apsley gneiss, Wufing metamorphism, must be less

than one meter (the minimum distance between samples

"collected from one sampling site) and greater than 1

centimeter (the average width of the slabs). Amore profound
effect on the mability of these elements was found in samples
that have been affected by the late—stage_ﬁydruthermal
acfivity. In certain rock unitsy the Rb-Sr system has
responded to at least two distinct events, a regioﬁal
amphibolite grade metamorphism at "about 1150 ‘Ma and
hydrothérmél activityAat about 1025 Ma; so some cadtion
should be execized in interpreting the Beological signifi-—

cance of Rb-Sr whole rocks ages detecgined in this region.
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CHAPTER 1

- INTRODUCTION

1.1 OUTLINE OF OBJECTIVES
For the past two decades'the Rb-Sr whole ;uck method

of age dating has been routinely emplo&ed in an attempt to
unravel complex geological relationships in metamorphic
terrains. The impetus for these Rh—-Sr studies was the fact
that the whole rock system was shown, in some cases, to be
resistant to metamorphic reéetting (for a review see sectioﬁ
1.3). However, there are a number of investigatiuﬁs that
indicate the Rb-Sr whole rock method can yield spurious age
information so there is a definite need to understand the
limitations of the technigque. This study is an attempt to
-imprbve our understanding of the behaviour of the Rb-5r
system in high grade metamorphic rocks and to evaluate the
potential of the Rb-Sr method as a viable dating technique
for unravelling some complex geological relationships in a

part of the Central Hetasedimentary Belt (CMB), Grenville



PFDvince, Ontario.

A major consideration beforé determining -the age of
any metamorphic rock by the Rb—Sr whole rock méthod is the
scal'e of Rb and Sr migration during metamorphism. If the
migration distances are small (ie. < a few centimeters) then
the conventional approach nflcollecting several band samplés
{circa 5 kilograms each) from widely spaced sampling sites,
assuming all the samples are cogenetic, should preserve the
formation ar-emplacement age of the rock. To evaluate the
scale of Rb and Sr migration during metamorphism in the rocks
from the study area, three different sampling technigques have
Eeen used; 1) £hin slabs from individual samples, 2)
multiple samplés from individual sampliné.sites and 3)
single samples from widely spaced sampling sites. The ﬁb—Sr
results from these différent sampling procedures will be
tompared to U-Pb zircon and sphene ages ohtained for the same
,unite—-in order to establish whethe;‘the method bf sample
cuilecting has any bearing on the outcome of a Rb-Sr whole
rock age determination.

Another objective of this study is to evaluate the
potential of the Rb-Sr whole rock method of age dating for
unravelling complex str;tigraphic relationships in'high grade
metamorphic terrains.. Stratigraphic relationships in high
grade teréains, such as the present study area, are often
ambigunds because there is a lack of good marker horizons or

clearly recognizable primary structures. In this regard, the



age relationship between two formations that occur in the
Bancroft—Apsley area, the Apsley biotite gneiss and the
Silent Lakeg quartzn—feldspathic gneiss, is investigated in
detail with the intention that if geologically meaningful
ages can be obtained §;r these units, there is the potential
+or unneve}ling some controversial éhd complex stratigraphic
relationships in this region.

An additional key element in the study area is the
ubiquitous presence of plutonic igneous rocks. A variety of
intrusive units occur in the CMB but the timing of igneous
activity in this belt ;5 not well established. The final
objective 6+ this study is to gompare the ages obtained by
the U-Pb zircon, sphene and Rb~Sr whole rock methods for
three igneous bodies; the Tailan Lake sill, Methuen Complex,
and Loon Lake pluton. These detailed d@nchroﬁnlogy studies
are expected t; provided some insight into the timing of
igneous activity in the CHMB and, by combining these isotopic
&ata with other petrologic and ’enchemical 'ininrmation, an

attempt will be made to investigate the nature and origin of

these units.

1.2 SELECTION OF A STUDY AREA

The area selected'?or this study is the Chandos
township region.of Ontario which is located within the
Central Metasedimentary Belt, Grenville Province (Fig. i).

Apart from the interesting geological enigmas alluded to in
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the previous section, this area offers good geological

control. For example, all the units investigated in this
study have been the subject of ddtailed (1"=1/2 mile) mapping
projects (Shaw, 1962; Hewitt, 19613 Jennings, 1969; Breaks,

L

1971; Dostal, 1973) apd, in most cases, subseguent research

involving petrographic and geochemical studies. In other

‘- words, the distribution of lithologies and general geology in

this area are well documented. It is crucial that there ig a

good understanding af the geology before attempting a :

—_—

detailed isotopic investigé%ion in such a high grade

metamorphic terrain. ' . T -

Since one D{ the objectives is to investigate the
behaviour of the Rb-Sr system in deformed*;ocks, it is better
to éélect an area where the disturbance is related to one

~

m3jor period of metamorphism ratherithan accepting the

- !

complicatibnéwinherent‘in'multiply de{or&ed terrains. In this

regard, it is imberative‘thafﬁa considerqbie amount of time
has elapsed between theg ti the rock formed and the time of

metaﬁPrphlsm. Unless there is a sxgnxflcant ‘accumulation of
~

rqdlngen1c strontxum in the system, it will be 1mpo&sxble to

dlstlnguxsh geulogltal disturbances from analyt1ca1

.

unggrta1ntxes. The majority of units 1nvest1gated from, the»_

'tpandns twp. area formed at leas 0 Ma befnre Grenvillian

metanorphism and, ther fore,'should be ideal for testing the -
response of the Rb-Sr sﬁsiem to 'a metamorphic disturbance.

\The final consideration is good access. The study area



has excellent road and lakeshore access with many large and
relatively unweathered outcrops; ‘ideal for collecting fresh
samples for geochemistry and geochronology.
1.3 THE APPLICATION OF Rb-Sr DATING TO METAMORPHIC ROCKS
The Rb-Sr whole rock method for determining the age of
geological samples is rooted in the observations of Schreiner
.(1958), Campston and Jeffery-(lqﬁq, 1961), Tilton et al.
(1939), Allsopp (1361), Fairbairn‘et al. (1941), Hart (1961),_
and Nicolaysen (1961) that the ages calculated for coexisting
minerals in a metamorphic rock are commonly lower than the
total rock age. This discrepancy in ages was attributed to
the susceptibility of the individual minerals, and not the
total rock, to isotopic modification during metamorphism.
Although the first total rock Rb-Sr analyses were reported by
. L]
Schreiner (1958), the advantage of the whole rock method for
dating metamorphic rocks was originally estabiished_by
Compston et al. (1960). Three total rock samples {(om:a
deformed gragite mass located near Mundaring, Western
Austral;a, with different Rb/Sr ratios; were sﬁown to record
a significantly older age (ca. 2700 Ma) than microcline (ca.
650 Ma) sepgrated from the same unit. In other words, the
Rb-Sr method could be used to determine two discfete
geologicél events; the age of granite emplacement (whole

=

rocks) and the time of metamorphism (minerals).
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Despite the enthusiasm generated by the initial
investigations, to state that it is possible to determine the
formation age of a metamorphic rock implies that the
following three assumptioag are valid:

7 a} all samples used in the age determination are
cogenetic and have the same age.

b} all samples had identical initial strontium ratios
at the time of their formation.

€} there has been no net gain or loss of Rb and/DE‘Sr
from the rock unit after it f6>med.

Unfortunately, it is ‘not glways clear that these assumptions
are valid when dating metamorphic rocks. For example, '
Wasserburg et al. (19&63) convincingly demonstrated that
slightly metamorphosed, mafic samples from dikes and sills
located 1n the Panamxnt Mountains, California have
exper1enced profound enrichments in radiogenic strontium
during a Mesozoic metamorphism, violating assumption ()
above.

Perhaps a more serious ﬁrublem associated with
determining the age of metamorphic rocks is the poséibility
of obtaining a statistically reasonable Rb—-Sr isochron age
that has no geological significance. In the examplq/abnve,‘
the disrupted Rb-Sr system was manifested by anomalpus‘data

scatter: haQevert it ig possible to disturb the Rb-Sr system

and still retéin some colinearity in the data. Isochrons

}
A

produced this way have been given a variety of names such as



“pseudoisochron® {(Birk, 1978), "fidtitious isochron”

(Faure, 1977), "geologically meaningless isochron" (Field and
Raheim, 1980, "artificial igochron" (Butler, 1982) and so
on, but the mechanism(s} responsible for their generation
islare) not clearly understood.

In recent years, the detection of fallacious isochrons
has been achieved in two ways; byrcomparison with other
radiometric techniques or by deciphering the scale of Sr
migration during metamorphism. With regard to the former
approach, éage (1978 démonstrated that Rb—-Sr whole rock
dates obtained for low—grade metamorphic rocks are distinctly
' younger than'correspoAding, slightly discordant U;Pb zircon
ages from Fhe same rocks. Furthermore, the disturbance in the
Rb-Sr system wés shown to be related to the high Rb/Sr (ie.
"Rb/’°5r33) samples because samples from outgfgﬁs with low
average Rb/Sr ratios approach the u-Pb zircné.age.

| Recognizing spurious isochrons without the aid. of data
from other'radiomeiric methods is considerably.more
difficult. For situations where the scéle of Sr migration is
small (ie. < a few centimeters), collecting widely spa;éd
samples should yield reliable age data..This is supported by
the study of Krogh and Davis (1973) who discuvérgd that Rb-Sr
data for smali slabs from the central part of granitic lavers
in a banded gneiss are in excellent agreement with the
results obtained for widely spaced samples.;bn the other

hand, if the migration distances for Rb and Sr are large (ie.

. .
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> 1 meter) then much more uncertaiﬁty is attached to the
reliability of a whole rock age. This point was emphasized by
Farhat and Wetherill (1975), "there is no reason to beiieve
that widely separated saﬁpleé represent anything more than
individual points on di++érent local metamorphic isochrons,
and their colynearity may well be fortuitous, and the age so
indicated erroneous".

It is clear from the numerous attempts to determine
the age of metamorphic'rucks that the limitations of the
Rb—-5r whole rock method are poorly undgrstood. The fact that
some metamorpbhic units retain their Rb-Sr integrity while
similar rocks in other regions are reset attests to the
complex behaviour of the Rb-Sr system to(mgzémorphic
processes. Therefore, the Rb—Sr.metaod may b;\a useful
chronometer in unravelling the complex geological history of
metamorphic terrains, but a solid understanding of the

limitations of the method is required first.

r



CHAPTER 2 -

THE CENTRAL. METASEDIMENTARY BELT

2.1 INTRODUCTION

The Chandos township area is situated within the
Grenville Province of the Canadian Precambrian shield (see
Fig. 1). The Grenville Province in Canada alone stretches for
some 1500 kiiometers between Lake Huron and the Atlantic
Ocean and represents the lérgest continuous exposure of
Grenville age rocks in the world. In Canada, the Grenville
Province consisfs predominantly of high grade metamorphic
rocks with scattered remnants of younger supracrustal
sequencés and a host of igneous intrusions. Seven distinctive
terrains have been delineated in the Grenville Province based
on major changes in lithology and 5ty1é5 of deformation
(Wynne~Edwards, 1972). The study area is located within the

Central Metasedimentary Belt (CMB); a zone noted for a

J— .

preponderance of marble and long recognized as containing the

thickest, and some of the best preserved, metaséhimentary and

metavolcanic rocks in the entire Grenville Province.
B P
L S
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2.2 GBGENERAL GEDOLOGY

2.2.1 Baﬁndaries and Subdivision

There is a general consensus that the boundary of the
CMB is eveéywhere fault controlled. Perhaps the most dramatic
expression of this is thé southeastern boundary located in
the Adirondack Mountains. Here a prominent lipeament, locally
called the Carthage-Colton line (Romey et ﬁl., 1780) and
referred to as the Carthage-Colton mylonite zone by MclLelland
(1984), marks an abrupt change in me&?morphic grade from
graﬁulite facies in‘the Highlands to amphibolite facies in
the Lowlands. Hnwevgr, the nature of this boundary in Ontario
is quite variable. The presence of tectonic breccias
(Davidson, 1982; Easton, 1983) and thrust faults (Brock,

1982) are indicative of intense brittle deformation along
this boundary but in ;ther regioné the boundéry is marked by
a wide zone duminatéd by migmatite (Thivierge, 1982);-This
boundary has also been considered a“possible unconformity
between.rnckb belonging to tﬁe Grenville Supergroup and an
Aphebian basement (Hnare,-l?éZ; Lumbers,. pers. comm. ).

Within the CMB itself, there are alsoc variations in
metamor'phic grade, 5tru;tura1 sfyle, proportion of
metasedimentary versus metavolcanic material, and the size
and composition of plutonic rocks. Wynne-Edwards (19?2)

subdivided the Ontario portion of this belt into three

segments. From west to east these are: 1} the Glamnrgah—
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Cardiff domes “(part of the Hal iburtDnIHighlands of Hewitt,
1954} — a region of "mantled” gneiss domes with vestiges Df
amphibolite grade supracrustal rocks; 2) the Hastings Basin
(Hastings Lowland of Best, 1966) — a zone containing the
thickest preserved sectinﬁ of rocks belonging to the -
Grenville Supergroup; ‘3) the Frontenac Axis and Adirondack
Lowlands — in some resﬁécts a zone similar to the Hastings
Basin except that the metamorphic grade is locally very high,
reaching granulite facies, and‘there is a ﬁaucity of
metavolcanic rocks. 3 |

Additional refinements to this subdivision have been
made more recently by Moore (1982;. Most noteworthy are the
recognition of a small scale. version of a "granite—-greenstone
type" terrain referred to as the Elzevir terrain, two regions,
daminated by a preponderance of marble (Bancroft and Sharbot
Laﬁe.terrains) and a fourth zone consi;ﬁing of a variety of
’ metasedimenfary rock (Frontenac terrain). The boundaries |
between these ter;ains are generally abrupt and are ,
}nterpreted by Moare f1982)\§0 pésgibly represent tectonic
houndaries. In this scenario for the CMB, the term “Hastings

Basin™ has been abandoned so the present study area would be

considered part of the Bancroft terrain.

~

2.2.2 Metamorphism
%ithin the CMB the metamorphic grade varies from

~o
upper greenschist facies npegar Bishops €orners and Madoc
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(Moore and Thompson, 1?80) to granulite facies near Westport
(Wynne—-Edwards, 1972). The diagnostic mineral assemblages in
the study area are hornblende—plagioclase (mafic igneous
rocks), sillimanite—almandine—biot{te {(pelitic rocks) and
diopside-tremolite (calc-silicate rocks). These assemblages
indicate that the prevailing regional metamorphic grade is
upper amphibolite facies and corresponds to pressures between
3.5 and 7 kilobars and temperatures in the range 5B0O to
700=°C (Chesworth, 1971). - .
The timing of prograde mineral development is
controversial. In the Bancroft-Madoc area, Silver and Lumbers
(1966) suggested there may be two major periods of
metamorphism, an older event producing the greenschist
paragenesis andla second, more intense, metamorphic
culmination generating the amphibolite assemblages in
surrounding terréins. Although the possibility of two
metamorphic events in the Grenville Province has been

ﬁnstulated again’ more recenfly (Baer, 1981), it is difficult

to explain how the lower grade terrain would have escaped the
effects of a Heginnaﬁ, emphibﬁlite'gfade metamorphism. In the '
study area, the amphibol{te grade assemblages are assumed to
have formed during one period of metamorphism, subsequently
referred to as Grenvillian metamorphism. Addi tional
information regarding the timing of regional metamorphism in
the Grenv;lle Province will be presented in ; later section.
"In addition to fhe prograde assemblages nﬁtlined

Ad . ’ ’ IA ’

"\
-
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above, there is evidence for ga distinct period of
retrogression in this area {(Lumbers, 1947; Jennings, 1949).
For example, JEﬂﬂingSnjl?é?) noted the common breakdown of
hornblende to chlorite in mafic rocks along microfractures

‘and small shear zanes.

-

1gneous intrusions. Only a few examples of intrusionps that
have a well developed contact metamorphic aureole have heen
'reported (eq. Shaw, 1962; Chiang, 1945; Thivierge, 1977) and
these tend to be more common in areas uf~relative1y low

regional metamorphic grade (Davidson et al., 1979),

2.2.3 Supracrustal Rocks

The abqndance of marble in the Grenville Province was
noted long ago by Logan (1844) when he reported on the

metasedJmentary rocks north uf the Dttawa River,

Subsequently, the nnmenclature for this uni que Supracrustal
sSuccession has evolved to include names 1like Grenville.
Sarles, Hastings Ser1es, and Grenv1lle Group (see the review
by Honre and Thompsnn, 1980).'These Supracrustal rocks are
presently called the Grenville Supergroup ‘and in eastern
Ontario can be subd1v1ded into three distinct packages, the‘
Hermon and Mayo Groups (Lumbers, 1947) and the Flinton Group

(Mnore and Thompson, 1980). Abcording to a regional synthesis

of the Bancroft-Madoc area by Lumbers (1967), the oldest #
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rocks in the CMB are metavolcanic members belonging to the
Hermon Group. The mafic volcanic members have geochemical
affinities resembling isltand arc type (Condie and Moore,
1977) and within plate (Holm et al., 1984) ocean floor
basalts. Stratigraphically above, and conformable with, the
Hermon Group are members of the Mayo Group {(Lumbers, 1967); a
succession dominated by metasedimentary material. Detailed
descriptiOQE of the individual formations that comprise these
7 two groups have ppen published elééwhere (Hewitt and Jamesy
1656; Hewitt,‘i9§9; 19613 1962a;15imnny, i?bo; Shaw, 1942;

Lumbers, 1967; 1969; and Laasko, 1968). .

The distinction between H;yo and Hermon Groups was-
‘uriginally‘proposed for rocks that still retain‘their primafy
features. HnweVer,bregiunal correlation with more geverely
deformed rpcks such®as those in the study area is hindered by
the higher grade of regioﬁal metamorphism, lack of good
marker horizons . and pgucity of p;imary structures. The
problem of regional correlation is particularly acute'in the -
study area where the terms Haya and Hermon have beaﬁnapplied
to rocks such ag tonalite gneiss and amphibolite but bear
iittle resembiance to réﬁk; in the t&pe areas. Therefora, the
presence of supracrustal rocks in the CMB "older® than the
Grenville Supergroup éan not be ruled out and has been
suggested Fnr'séme gneissic rocks in the Howland area

(Easton, 1983).

At present, the age of the Grenville Supergroup is not
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well known. The 1286 Ma U-Pb zircon age reported for a lower
rhyolite horizon within the Tudor volcanics (Silver and
Lumbers, 1296; re-calcul ated using the U decay constants
quoted by étefger'and Jager, 1977) provides a minimum
estimate fn? the initiation of vnicanism in the belt whereas
a 1226 Ma U-Pb zircon age (Lumbers, 1947) for an upper member
of the Hermon Group (the Burnt Lake Formation) provides an
e5t1mate for the termination of this volcan1c act1v1ty. Other
attempts to date various formations within the Grenv1lle
Supergroup in Ontario using the U—Pb_zircon'technique,
including volcanic rocks frqm Belmont.Township {ca. 1250 Ma;
D. Davis, pers. comm.) and the Hinchinbrouke'gneiss (nglach,
1974), support the contentiaon that this‘supracrustal
succession formed between 1224 and 1286 Ma. The léwer limit
of 1226 Ma is also supported by U-Pb zircon ages of abuut
12246 Ma reported for a number of granitic units that intrude
these supracrustal rocks (Silver and Lumbers, 19&4}).

The Flinton Group is the youngest sequence of
supracrustal rocké recognized in the CHE and it unconformabl y
qverlies the Hermon and Mayo Groups. The magority of
lithologies in this group are clastic metasedxments and
descriptions of 1nd1v1dua1 units are presented by Moore and

Thompson (1980).

2.2.4 Intrusive Rocks R

The CMB contains a wide variety of plutonic ignéous
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rocks ranging from ultramafic lenses (eg. parts of the

Umfraville Comp{ek; Lumbers, 196%) to large calc-alkaline

.

batholiths (eg. the Elzevir batholith; Pride and Moore,

1983) . Based on petrographic and geochronologic criteria,
é

Lumbers (19645 19&67) aﬁd'Silver and Lumbers (1946) subdivided

the plutonic rocks in the Bancroft-Madoc'area into two ~

+ .
distinct suiﬁ%s, an older biotite diorite'and a younger

quartz monzenite series. More recently, the subdivision of

N

intrusive rocks in Ontario and western Quebec has been '

,

\
extended to include the following five ‘major plutonic‘gruups
(Davidson et al., 1979; Pride and Moore, 1983):

N
1) gabbro - Hiorite = minor ultramafic bodies

2) tonalite - granodiorite - trohdhjemite batholi;hs
3) diorite - manzﬁnite — syenite - guartz syenite
;

zoned plutons
4) granite
S).syénite, nepheline syenite
Not included in this scheme are the minor occurrences of
anorthosite in the Frontenac Axis region and the Morin
anorthasite (Martignole and Schrijver, 1970), the gneiss
domes in the, Harvey—-Cardiff arch (Hewitt, 19562b) and the
post-Grenvillian p1uton5 such as the Chatham—-Grenville stock

~

(Doig and Barton, 1948). Moore (1982) pointed out that in

_eastern Ontario individual plutonic groups listed above are

spatially restficted to discrete terrains-Jqu example, the

undersaturatgd rocks (eqg. nepheliné syenites — group 5) are

-

-
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conspicuous only in the Bancroft terrain, the‘T;;gE
calc-alkaline batholiths (group 2) are restricted to the
Elzg ir terrain and ﬁhe‘majority of zoned plutons (group 3)
Toccur in the Fﬁéntenac terrain.

Unfortunately, the relative chronology and tectonic
implications of these various plutonic groups with regard to
thé-évolutinn of the CMB are poorly understood. These topics

N}ll be addressed in more detail in a later section.

2.3 SUMMARY OF PREVIOUS ISOTOPIC STUDIES
In the following discussion, pertinent isotopic
studies are presented highlighting salient advances in

unravelling the geological evolution of the CMB.

2.3.1 K-—Ar Dating

The majority of age dates initially reported from the
CMB were determined using the K;Ar mineral technique kgg-
Aldrich et al., 195B; Lowdon, 1?;0; MacIntyre et al., 1?67).
A;though many K-Ar minergl»ages from this region cluster
aruuna 900 Ma (MacIntyre et al., 1947) comparison with other
radibmetric‘tecﬁniques indicates that ihe K—Ar,mineral.ages
are geﬁerally too low anq pu not reflectvtﬁye empl acement
agés. ?or example, the K—-Ar riebeckite age determined fof'the

Deloro plufon is-989 Ma (Maclntyre et al., 19&67) which is

more than 200 Ma younger a cqrrespon&ing U-Pb zircon age (>

1200 Maj lLumbers, pers. comm.) and circa 100 Ma younger than’
) y .
s
o-—

BN
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the Rb-5r whole rock age (1076 Ma; Wanless and loveridge,
1972). This disparity in ages determined by di++erent.
techniques partly reflects the greater mobility of ‘°;r
compared to the less volatile daughter products of ather
radiometric systems. Therefore, the‘only concluﬁidn that can
be extracted from the K-Ar minergl studies is that the
cluster of ages around 900 Ma reflects something about the -
final cooling history of the CMB. In other wards, if the
majority of rnc#s in the CMB are older than 1000_Ma, thgn-the
200 Ma gfouping of K-Ar mineral ages represent either a
disturbance in the K-Ar system 900 Ma ago or that the region
was at an elevated temperature for a prolonged period of time
{long cooling history) allowing Ar to migrafe freeiy far over

100 Ma. T

a
B

More recently, attempts have been made to use the K-Ar
methad on whole rock samples (Hayatsu and Palmer, 1975;
Palmer et al., 1979). The main advantages of this technique,
compared to analysing mineral separates, is that the initial
*onr/3enr ratio is heasured, not assumed, and the whole rock
may be less likely to lose or gain Ar during metamcrphlsm.
However, annmalously young ages were obtained for the Tudor
(670 Maj Hayatéd and Palmer, 1973) and Umfrav?lle {911 Ma;
Palmer et al., 1679) gabbros iﬁdicating that the K-Ar wheole
rock method is also not a successful chronometer for dating

-

rocks from the CMB. -

.
t

-
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2.3.2 =°ar/3vAr Dating by Incremental Heéting

The “°Ar/>7Ar incremental heating technique has
provided important information regarding the cooling history
of the CMB. The principal advantage of this technique over
the more conventional ¥—-Ar method is that each temperaturel
increment releases Ar from successively more retentive sites
in the sample. So, at high temperatures, the isotopic
composition of the evolved arqonwzs potentially indicative of
the primordial isotopic compPSition of the mineral (for a
review of the method see Faure, 1977). Furthermore, this
techni que facilitates the calculatinn of mineral blocking
temperatures (Dodson, 1973; York, 1978) and, ultimately,
cooling curves for entire reg;oﬁs {(Berger and York, I?Bla);

'_A summary of the available *®Ar/3%Ar mineral data and

the cooling curves derived from the Glamorgan area {(curve A —

Berger et al., 1979; Berger and York, 1981a), the Baﬁcrnft-
Madoc area (curve B — Berger and York, 1981b; Lopez—-Martinez
and York, 1983) and a partion of tEE'Grenville Province
outside the CMB in SW Labrador (trend C — Dallmeyer and
-Rivers, 1983) are presented in Figure 2. In addition, a
single hornbiende‘analysis from the Tudor gabbro (Baksi,
1982) is plotted on Figure é for comparison with the other
data from the Bancroft-Madoc area. Curves A and B are derived
frd@ t@o regions approximately 30 kilcﬁeters apart and
demnnstra£e the prufoun& difference in thermal histories for

these regions. In contrast, the cooling curves for the two
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high grade regions (curve B and trend C), separated by more
than 1200 kilometers, are quite similar.

Curve A (Fig. 2} 1is Qased on mineral analyses from two
gabbroic Qnits, the Thanet and Cordova gabbros. One
hornblende analysis from the former (TH15-86) records the
oldest age {1202 Ma; aof any “°Ar/3TAr age deFEE@ination in
the CMB and is interpreted by Berger and York (1981b}) to
represent the anﬂrqximate'emplacement time of the Thanet

* t
body. This appearsptn be the only sample where theé “°Ar/37Ar
system has escaped the effects':: Grenvillian metamorphism. A
second hornblende analysis from the Thanet gabbro (TH2-34,
Berger and York, 1981b) and a single hornblende analysis from
tSe Tudor gabbro (T6-%; Baksi, 1982} fall significantly above
curve A and ére difficult to interpret in the framework of
regional cobling trends. However, the close fit of the

Cordova gabbro hornblende data-and Thanet gabbro biotite and

-
.

plagioclase data to curve A lends some credence to the
}nterpretatiun that curve A is indeed a regidnal cooling
trend. One final :Dnsideratiun/iE that the biotite ages from
the Thanet body (1083 and 1051 Mas; Bérger and York, 19815)
provide a minimum estimage for the timing of metamorphism in
this region.

In contrast tp the cooling history of the Bancroft-
Madoc area, the results for a variety of minerals from three

mafic intrusions in the Glamorgan region indicate this region

was very hot at about 1000 Ma ago and cooled very rapidly
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from 700 to 400=C in SO Ma (see curve B in Fig. 2).
Evidently, at 1000 Ma ago the Bark Lake and Glamorgan gabbros
were at a temﬁerature around 700 °C while mafic units some 30

kilometers away (ie. the Thanet and Cordova gabbros) were

v
considerably cooler (ca. 275 <C). Although the cnﬁling

)
S

histories for these two adjacent regions are vastly
different, it is remarkable that the Glamorgan cnuling curve
is quite similar to an équally high grade terrain 1200
kilometérs away in the Grenville Province of SW Labrador
(trend' C in Fig. 2). This similarity may be fortuitous or may
indicate that curve B is typical of the cooling histories for
many ahphibolite grade regions in the entire Grenyjlle

Province.

2.3.3 Strontium Isotopes

‘Until recently, very few Rb—S5Sr whole rock studies had
been made in the CMB. The first published Rb-5Sr ages were
‘ﬁepnrted by Krogh and Hurley (1968) and Wanless and Loveridge
(1972) and both stqdies demonstrated ;pat the Rb-Sr system
recorded ages older than the presumed age of metamorphism. A
good‘example of the ability of the Rb-Sr system to prese:be
its isotop;; integrity is the relatively old Rb-Sr whole rock
age reported by Krogﬁ and Hurley (1965) for the Blue Mountain
nepheline syenite (1233 Ma; recalcul ated using the 1.42 x

10—1*1 yr—1 87Rhp decay constant). Subsequent to these initial

investigations, and partly in response to a renewed interest



towards understanding thergeological evolution of the
Grenville Province in general, increasingly more Rb—Sr
studies have been attempted in the CMB (eg. Davidson et
al., 1979; Bell and Blenkinsop, 1980; Heaman et al.,
1980a; 19B2a; Atkins, 1983; Fowler and Doig, L983; Miller,
1584) .

The strontium isotopic composition of marble samples
from the Grenville Supergroup has a raﬁge of values from
0.%048 to O.?Ode(Gast, 19605 Krogh and Hurley, 196B; Gittins
et al., 1969;;Heaman, unpubl. data). If the isotopic
composition of the marble has not been modified by
post—-depositional processes (eq. see Gittins et al., 1949)
and the marble precursor was in isotopic equilibrium with
Proterozoic seawater then the lower values in this range can
be considered representative of the Sr isotopic composition
of seawater at about 1250 Ma ago. -

There are two Rq—ér ages reported for rocks that
presumably belong to the Grenville SupergrOup,'1402157 Ma for
a tonalite gneiss from Chandos township (Heaman, 1980) and .
1230+90 ‘Ma for the Tudor meta;o{canics (Bell. and
Blenkinsop, 1980). Although the lattef age is considered by
Bell and Blenkinso& to be in good agreement wifh the dnly
publishgd U-Pb zircon age for the Tudor rocks (1284 Maj
Silver and Lumbers, 1964) it is not clear whether the:1402 Ma
age is geoloéically meaningful (this will be discussed

further in Chapter 3). Howevaer, these data support the

~ .
_ ' ——
——
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interpretation that the deposition of the Grenville
Supergrouéuacgurred at or prior to 1250 Ma ago. The Rb-Sr
ages for granitic units in the CMB span a 300 Ma time periaod
{(from 1250 to 950 Ma), but details of this distribution will
be discussed in Chapter S).

The only Rb-Sr mineral data avajilable fqr:rncks from
the CMB are two biotite ages from.pEQAatites located in
Cardiff township (1000 and 1030 Ma; Aldrich e# al., 1958) and
feldspar ageg from a relatively old tonalite gneiss in
Chandos tawnship (Heaman, 1980) . These feldspar-whole rock
pairs yield a range of ages from 1062 to 4464 Ma. and were
interpreted to reflect the control that bulk rock chemistry
has on the blocking tempeFﬁture of feidspar {Heaman, 1980).
The 1062 Ma feldspar-whole rock age also provides a hinimum
estimate for thé»time af Grenvillian meté&orphism and is
somewhat lower but consistent with the ‘5Ar/=’nr biotite ages
(1083 and 1091 Ma) reported by Berger and York (1981h).
However, the unusually young +eldspar—whcle.ruck ages
indicate that the Rb-Sr system in -some feldspar cEystals has
responded to an extremély_long cooling period or, more
liKkely, has been disrupted by a later disturbance such as the -

circa 450 Ma alteration event re&orded by the “4°ar/3»p,-

plagioclase data (Lopez-Martinez and York, 1983).
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2.3.4 Lead Isotopes

2.3.4.1 U—PE ages

Historically, rocks from the CMB have been u§ed in the
development of the U-Ph dating technique. For example. one of
the first uU- Pb age determinations was on a uran1n1te separate
from a pegmatite lucated in the Wilberforce area (Nxer, 1939)
and some of the fxrst U-Pb zircon and sphene ages were
reported from the CMB {Tilton et al., 1955; 1957 . However ,
very few U-Pb ages have bgen determined in the CMB since the
late 1960's. . )

A summary of U-Pb ages isJﬁFesented in Figure 3. The
majority of these ages were calbulated from a single, usually
discnrdant,_analysis of minerals such ;s sphene, thnrianite,
uraninite aﬁd ;ircon. Except for a few concor&ia upper
intercept ages, the majority of ages compiled in Figuré é are
2OTPh s Zoepy ages. Even with tﬁis meager data baée Fheré is an
indication that at least 400 Ma of geological history is
recorded in this belt with pnssxble age maxima at circa 1250
to 1225, 1100 to 1075 and 1025 tao 1000 Ma ago. All these
maxima are older than the bulk of the K-ar ages dlscussed in
‘section 2.3.1. Although the geological significance gf these
age maxima is unclear, Silver and Lumbers (1944) interpreted
the clustering of U-Pb zircon ages at about 1224 and 1104 Ma

{re-calcul ated ages) for several gran1tn1d units to indicate

a periodicity of plutonic activity. The oldest age reported
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so far ig 12846 Ma ({(re—calculated using ghe U decay constants
recommended by Steiger and Jager, 1977), determined for the
lowest felsic volcanic member of the Tudor Formation (Silver
and Lumbers, 1946}, and provides a minimum age for the
beginning of extrusion and deposition of the supracrustal
rocks.

Some caution must be used in interpreting a diagram
like Figure 3. Recent refineméents to the U-Pb technique
(krogh 19733 19BZ2a; 1782b) bhave made possible the ability tn‘
analyse more than one zircon poﬁulation from a single sampla.
This has important implications for samples that contain more
than one period of zircon growth bécause a single analysis of
mixed zircon populations will result in an erronecus
geological age. In fact, a recent U-Pb zircon study of some
alkalic rocks from the CMB (Miller, 1984) has revealed two
distinct ages of zircon in one sample so this problem must be

considered if the evolution of this area is to be unravelled.

2.3.4.2 énmmun—Lead Studies

In addition to determining geological ages with the
U-Pb chronometer, information regarding the source of- the
lead can be cbtained from Pb bearing minerals such as galena
and feldspar. Since there is virtually no U in galena or
feldspar, the Pb isotopic composition in these minerals does
not change with time unless modified by geological events’ T
subsequent to their formation (for a review of the common- '

s

“
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lead method refer to Faure,‘1977).

The only investigations ;pecifically concerned with
the cammon—lead cémponént in rocks from the CMB are the
studies by Fletcher and Farquhar (1982), and references
therein, on ore leads from Pb-Zn sulphide deposits hosted in
the Grenville Supergroup, and by Zartman (196%) on the
common—lead in feldspars froé the Westport pluton. The
conclusions from both studies suggest that the Pb in
sulphides and feldspars from the CMB is largely derived from
a mantle source with little or no contribution from the

crust.

lé.3.5 Oxygen Isotopes

A summary of whole rock oxygen isntgpic data from the
CMB is presented.in Figure 4. These data are subdivided into
three groups; supracrustal, granitoid and gabbroic rocks.
Two granitic units (the Glamorgan and Burleigh gneiss) are
separated from other granitic!units because they maj(-—\
represent basement(?) to the Grenville Sﬁpergroup (Bright,
1977; Morton, 1978).

Although only a few units from the Grenville
Supergroup héveﬂbeen analysed, by far the most enriched
samples are the marbles -{ca. +25 to +28%.). Some of the
marble samples are lower than this range (ie.'+i9 to +24%L.) ..
but these samples were collected near to or are themselves

inclusions in post—tectonic intrusions and their lower values
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\k‘ \
may be a consequence of metamorphic decarbonation reactions
{Shieh et al.,‘1976). Besides the oxygen isotopic composition
of marble members, the only other data reported for this
supracrustal succession are the results for gquartzo-—
féldspathic rocks from Chandos ®%8.3 to +14.9%.) and
Glamorgan (+6.9 éo +7.7%.) townships. Compared. to the ;ange
of valués reported pr unmetamorphosed pelitic and
argillaceous sediments (+15 to +20%.; Fig.#), the CMB
samples have been depleted; possibly during metamorphism.
Shieh and Schwarcz (1974) postulated that-the low values fDF
rock; such as the Glamorgan paragneiss are a result aof large
scale oxygen isotopic exchange with a low—120 reservoir
during metamorphism.

In a survey of the oxygen isotopic composition of CMB
granitoid rocks,IShieh (1980) proposed that three distinct
groups can be-recngnized: 1 (+7:b to +9.5%4.), II (+9.0 to
+12.5%.) and I11 ;+12.S to +14.0%.). He also suggested
that these individual’gkoups are associated with regions of
different metamorphic grade. For examblé; the group I
grapitoin‘are restricted to a region dnminatea by.rocks in
the greenschist facies (Elzevir terrain) and the anoma)ously
high—*"0 granitoids are associated with rocks in the.
granulite facies (Fr;ntenac tekra;n). Furthermore, this
progression from low-— to'high—"ﬂ granitoids u;th a

a .

corresponding increase in metamorphic grade is interpreted to
e : '

be a reflection of the isotopic composition of the magma

“



source region. Another factor that may be impartant in this

regard is the presence or absence of marbhle. The low =0

granitoids occur in regions virtually devoid of carbonates

. while most of the plutons with high values (ie. > 9%Z.) occur

in regions with abundant marble. Using this arqgument, the
oxygen isotopic composition of these granitoid rocks is not a
reflection of the isotopic composition of the source material
(this will be Qiscussed further in Chapter S5). Compared to
the range réported by Taylor (1978) for "normal" granitoid
rocks, the msjor;ty of CMB_granitoid rocks are enriched in
1%0, regardless of how théy obtained théir isotopic
signature.

- All the mafic rocks that bave been analysed from the
CMB are also isotopicallly enriched compared to the range
published by Tayior (1948) for "norhai“ gabbroic rocks (see
Fig. 4). Shieh and Schwarcz . (1974) attribute this enrichment
to isotopic exchange with surrounding country rﬁck during

3

metamorphisasm.

-

In addition to the variation in oxygen isotopic

composition of whole rock samples throughout the CMB, the

isotopic composition of coexisting minerals from metamorphic
rocks can pravide information regardipg temperatures achieved
during‘regional metamorphism. Using the quartz-biotite and
>quartz—magnetite geothermometers, Shieﬁ and Schwarcz (1974)
calcul ated temperafures in the range 515 to S530*C for

paragneiss samples from Glamorgan township. This estimate of
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the temperature reached during metamorphism is S0 to 150<C
lower than estimates from edhiilibrium phase assemblages
(Chesworth, 1971). Cnnéidering the observation of Hoernes and
Hoffer (197%9) that the ®0/1a0 of hiotite from a metamorphic
rock }s fixed at the time (and temperature) of hiotite
'crfstallizatinn, it is not sufprising that temperatures
calculated by this method may be lower than the peak
metamorphic conditions. The temperatures calculated from
‘®0/*40 mineral fractionations‘do provide a minimum estimate
of the temperatures reached in the study area during

. - . o
Grenvillian metamorphism.

2.4 - SUMMARY

The CMB is a discrete entity within the GFenville
Province of North America that is characterized by a well
preserved supracrustal sequence (Grenville Supergroup) but
also contains a variety of plutonic igneocus rocks. Further
subdivision of the belt has been proposed in re:eﬁt synoptic
studies (eg. Moore, 1982) based on the recognition of

terrains with abrupt boundaries, distinctive lithologies and

-~ .

contrasting grades of regional metamorphism.

Isotopic studies have contributed substantially to the
overall understanding of geolngica{ events that have been
important in the evolution of this belt. For example, the
formation éf the Grenville Supergroup is bracketed by the

U-Pb zircon age (1284 Ma) obtained for a volcanic-unit near
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the base of the succession and theremplacement ages for the
earliest intrusive rocks, such as the Blue Mountain nepheline
syenite (ca. 1250 Ma), that invade the supracrustal sequence.
Important information regarding the evolution of the helt has
also been obtained from the plutonic igneous rocks. There are
indications from u- Pb Zircon and Rb-Sr whole rock studies
that ignegus actlvxty in the belt was episodic with possible
culminations circa 1250, 1100 and 1025 Ma ago. In addltlon
the cooling history for the CMB bas been investigated thruugh
ARAr /T studies of mafic igneous rocks with the important
conclusion that adjacent regions in the belt have vastly
different‘cooling histories.

Al though Progress is heing made in_unravelling the’

geolaogical history of the CMB, some very fundamental

timing and nature of igneous and metamorphic activity in the
belt. These are some of the enigmas that will be addressed in
the following chapters and should be pursued in future

studies,



CHAPTER 3

SUPRACRUSTAL ROCKS

3.1 INTRODUCTION

The supracrustal racks in the study areg consist
primarily of marble, amphibolite and quéftzo—{eldspathic
gneiss that are interpreted to be part of the Grenville
Supergrou;-(Shaw, 194625 1972; Lumbers, 194675 Jennings, 19469) .
However , the péucity of primary structures, lack of marker
horizons and high metamorphic grade make correlations with
rocks belonging to the Grenville Supergroup in adjacent
regions qujte tenuous. Furthermore, regional correlation may
be complicated by the presence of supracrustal rocks that are
older than (eg. the quartzo—feldspathic biotite gneiss in the
Howl and area; Easton, 1983) and younger than (eg. the Flinton
Group; Moore and Thompson, 1930), but similar to, rock units
within the CMB previously ascribed to fhe Grenville ‘
Supergroup.

Thé supracrustal section between Silent Lake and Loon
Lake ksee Figures 5 and 14) offers a uniéue,uppnrtunity to

investigate the relationship between the presumed equivalents

35
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of the Hermon and Mayo Groups in one continuous{(?) homaclinal
sequence. Samples of quartzn—feldépathic gneiss and biotite-—
muscovite schist located near Silent Lake, interpreted to be
part of the Herman Group (Lumbers, 1947; Jennings, 1949), and
biotite tonalite gneiss from the Apsley area, interpreted to
be part of the Mayo Group (Shaw, 1962; 1972), have been
collected for petrographic, geochemical and geocﬁrénnlngical

studies. This chapter reports the results from these studies.

3.2 APSLEY BIOTITE GNEISS

3

3.2.1 GEOLOGY AND PETROGRAPHY

-
The most abundant member of the Apsley Formation is a
-/

.
feldspar-quartz-biotite rock referred to in prévious studies
as Apsley paragnelss {Adams aod Barlow, 1910; Hewitt, 1957;
Simony, 1960) and Apsley b1ot1te gneiss (Shaw, 1972). The
term paragneiss was used to indicate a sedimentary origin for
this unit but Simnﬁy (19603 p.20) correctly pointed cut that .
"a sedimentary origin, though commonly assumed, needs proo¥f
and therefore the term paragneiss is a poor name®. In a
subsequént sfudy by Shaw‘(1972) the use of “paragneiss" was
abandoned for the term Apsley biotite Qneiss, a name that has
no genetic cn;notat1ons but denotes the granular habzt aof the
felsic minerals (feldspar and quartz) and identifies the most

abundant mafic mineral as biotite. The distribution of rocks,

including the Apsley biotite gneiss, collectively known as
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the Apsley Formation is outlined in Figure 5.

The Apsley biotite gneiss is stratified with
macroscopic layering that has been previously attributed to
variations in the abundance of biotite (Simonyt 1960). Simony
also noted that ipdividual bands vary in thicknessbfrnm less
than one centimeter to two meters, dip 30 to 70 SE, and are
parallel to thin marble horizons within the unit. The latter
obserLation combined with the recognition of a possible
conglomerate unit (see Plate 1c) and relict graded bedding
(coarse—-grained, quartz rich base grading upwards to a finer
grained, biotite rich top) were interpreted by Simony as
evidence for a sedimentary origin for this unit. An example
of this layering is shown in Plates la, b, 2a and b. Both
layers in sample AG2 (Plate 2a) héve simiiar ﬁineralngieﬁ but
the lighter band-contains Iess biotite (10% compared to 18%Z
in the dark, band). The biotitq in the lighter band is alsé
coarser grained (ca. 0.5 to 1.0 mm compared to 0.1 to 0.2
mm) . N *

A second type of layering has been recogniéed in the
Qﬁsley gneiss (Heaman, 1980) and is interpreted to be
unrelated ﬁo the compositional layeFing described above; Thin
<1 cm‘to 3 cm) and often diséuntinuous mafic lirinae {see
Plate 2b) occur sporadically throughout the unit amd, in a
few instances, these laminaei;re discordant to the larger

t
scale banding. These laminae consist of an unusual mineral

assemblage, with approximately 0% biotite and 104
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Plate 1 A - An example of the layering that occurs at
' sample site #1. This outcrop exposure occurs
along Hwy 2B approximately 0.2 Km north of the
junction between highways 28 and 420

B - The location at site#l where sample AG19 was
collected “

-

C -~ An exposure of nodular looking Apsley biotite
gneiss where samples AGS and -LHB4-1 were
collected. This outcrop. exposure is located
along Hwy. 2B near the town of Apsley






Plate 2 A — Sample AG2 illustrating the layering present in
this sample. The total width of the sample is 10

centimeters K\\

B - Sample AG12 illustrating the unique biotite-—
microcline layer (black). This layer is 3
centimeters wide :

C - An example of potassic Apsley gneiss with
K-feldspar (white ovoids) poikiloblasts






a

microcline. The coarse biotite flakes in these laminae (up to
4 mm long) commonly have a randnmlnrientation; this'shndz a
definite contrast to the preferred biotite orientation
generally observed throughout the unit (see below). One
example was observed (AGB) where the large biotite flakes are
oriented perpendicular to the contacts between the
biotite—microcline layers and the country rock. The origin of
these laminae is unclear but may be related to a late §t§ge
%rdcturing event. A sample containing visiblé fractures
sealed with biotite is shown in Plates 3a and b and may
represent the incipient stage in the formation of the wider
biotite-microcline bands. These fractures are qi;chssed i;
more detail in section 3.2.3.4. - 3
Two varieties of biotite gng{ss were identified by -
Simony (1960), ; sodic and a potassic member. Petrogﬁ#ph—
ically, the distinction between the twb is-b%sed on tgz 3
proportion of plagioclase:microcline present in the sample.
Microcline is abundant (often > 10%) in "the potassic variety,
sometimes occurring as pofPhyroblasts or poikiloblasté, but
,—415_génerally absent in the sodic gneiss. An example of
potassic Apsley gneiss with nodular looking dicruc!fﬁﬁ
poikiloblasts (white patches) is illustrated in Plate 2c. .
Simony {(1960) reported that the éodic and potasst gneisses
can be intercalated_uithin an individual outcrop. However, ¢5¥
without the-presence of microcline porphyroblasts it is

difficult to discern these two varieties in the field. The
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\\\sodic member was estimated to be five times more abundant

tHan the potassic member (Simony, 1960).
In thin section, the Apsley biotite gneiss e .

relatively unaltered and consists of a fine- to medium-—

. : .

gfained intergrowth of granular quartz and feldspar (120°

interfacial angles are Zummon)‘with a preferred orientation

of biotite laths parallel to thé banding. Plagioclaﬁe

(AN, 0-ANi,) is commonly untwinned (S%muny,l?bO) and

occassionally exhibits a pervasive sericitic a1t5;3¢;0n,

especially near fracturgs. Microcline is easily recognized by

cross—-hatched® twinning and, as mentioned above, often occurs

as porphyroblasts and, more commonly, Egﬁkiloblasts {up to 4 \\\\\\\\

hd

mm in diameter). Tiny incluSiQns of quartz, plagioclase and
biotite are common in the poikiloblasts and have been
interpréted by Simony (1940) as relicts from a previous
mineral assemblage. In this study, microcline was pbserved to
have a variety of habits. Im addition to the poikiloblagts,
examples of which cén be found in samples AGB, 9 and 12,
microcline was observed as discrete, ;ine—grained crystals in
an intertocking quartz—plagioclase—microciine~biotite'musaic )
,(eg._AG 3,103 and as isolaped nebul ous gsfches (eg. AG 5,7).
The sampleé containing pniki}pblasts or-isolated patche; of
microcline clearly demonstrate that this mineral, @n some

cases, formed subsequent to the crystallization of the‘other

essential minerals. There argp two varieties of biotite in the

A
Apsley biotite gneiss, dis

'adt{+ereﬁfeslin



pleochroism; one has a dark to pale brown and the other a
dark fb_pale reddish brown colour scheme (Simony,19560}. A few

samples investigated in this study (see Table Bi.1) have |

minor occurrences of Mn-rich garnet, hornblende, muscovite,
tnurmaline and chlorite (as an alteratian product after
biotite) and most contain the following accessory minerals;

apatite, carbonate, opaques, and zircon. The samples used for

a
the U-Pb study (see section 3.2.4) also contain monazite

and/or sphene.

e

N 3.2.2/ GEDCHEMISTRY

}

Additional support for the potassic—sodie subdivision
. ) .
for. samples from the Apsley biotite gneiss is the bimodal

LY

chemical ‘distribution on a Kz0/KzO0+Naz0 histogram -
(Simony, 1960)..Simony n9ted two maxima (Figure 7 in Simany,
19460) correspnndfng to Kz0/Kz0+Na-0 vallaes of 0.3 to 0.4
(sbdic) and 0:6 to 0.7 (potassic). He also noted the close
agreement betwéen the major element composition of the scdic
Gand potassic members to the average chemica;»chpésition of
graywacke and shale, respectively and to a quartzo-—

=y }‘
feldspathic biotite gneiss from the-Adirondack Mountains:

;egidh described by Enggl and Engel (1958). The maior element
data base for the Apsley gneiss has been substantially
eplarged since Simony‘s study and the following is a

summary of thsﬁg data. -

The Kz0/KzD+Naz0 values for 140 samples including thl
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results reported by Simony (1960), Van de Kamp (19;8), the
unpublished data for samples discussed by Shaw (1972) and -
- data presented in Appendix B (Table BZ.1) are summarized in
Figure & and compared to the results reported b& Simony
(1960). The majority of the data in Simony’'s histogram were’
calculated using qpe set of chemical analyses for the major K
anF Na bearing mineral phases (ie. K-feldspar, biotite and
plagioclase) in these rocks combined with the corresponding
mndél mineralngiés }or each sample. The distribution of
Kz0/K=z0+Na=0 values for whole rock samplés (non-stipled area)
indicatés'that, although the Apsley Eﬁeiss samples may have a
bimodal distribution, the majority of«samples that have been
analysed are "sodic" in that they have Kz0/Kz0+Na=0 values

— A :
less th&h 0.5 w%th a skewness towards more Ka0O-rich
compositibns. pe . ;

There is some uncerfainty as to the meaning of the
chemiéal subdivision shown in Figure & for samples of high
gréde gneiss "like the Apsley gneiss. SeQeral samples with
greater than 10% modal microcline have K,D/K;D+Na30'va1ues
less than 0.5 and -pn‘a purely chemical basis would be
incorrectly classified as sodic gneiss. Furthermore, some
samples with high values (ie. > 0.7) contain the unusual
biotite-microcline rich layers deécribed in the previbus
section and may not be representative of the original sample

chemistry.

The major and trace element data obtained for samples
< :

kY

L



-ss1aub 331301q Aaisdy ayl} J0j ©IEPP OTEN+OTH/0FH 0 Adewuns y

L

O%eN + O /O

g aanbrg

r\ h_ b 7
-
. _\_f_.
Iy
e “
I -
P s!_“\
E ]
\z.l\\... -
——
x»:»ﬁl\ . ’
-
|
]
1
21SSB}0d _
! _ 21poOS |
!
|
\ -
. 1
]
" —
. . .
I
e

(4

9i

814

ve




46

of the Apsley biotite gneiss are compiled in Appendix B
(Table B2.1). Althougﬁ the majority of these sample% are
"grey gneiss" there is a sqbstantial range in sample
chemistry (see the range of values reported in Table 3.1).
The average chemical composition for all the samples anal ysed
in this study is presented in Table 3.1 and is in

reasonable agreement with the average Apsliey biotite gneiss
composition reported by Shaw (1972).

AN Examinatinn of the major element data tabﬁlated in
Appendix B (Table 82.1)‘reveals some obvious geochemical
anomalies. For. example, there are three samples from
different sampling sites (AGS, 7 a;;\%9E) that have
noticeably higher SiD: (;é fb BOlweight percent) and lower
Alz0s (9 to ll\weight percent) compared to ;11 other samples.
The overall chemical composition of these three samples is
similar to the average composition of arkose (see Table-3.1)
reported by Pettijohn (1963) and it is possiblé that the
different compusitioh of these samgles reflects the presence
of a primary compositional variation within the unit. Anothep-
géochemical anomaly is thé high FE:O;‘and‘Kza values.in the
samples AGB and 43. Both samples (plus AGL2) contain unusual
biotité—microcline layers that might account for these
anomalously high Fe and K abundances and, depending on the
origin of these unusual mafic layers, may not be
representative of the primary composition of the “grey

gneiss”. Finally, the high Ca0, Sr, and P20n and low SiOa
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TABLE 3.1 - Average chemical composition of Apsiey biotite
gneiss and possible protoliths

.,

Apsley Bnelss

(nud7)
MEAN s
510, 49.0 6.5
Ala0; 13.7 1.
Fea0;, 5.7 .
Fed -
MgD {.8 1.2
CaD 1.9 1.9
NazD 4.3 1.1
K20 2.5 1.2
Ti0, 0.34 0,22
Mn0 0.14 0.05
P20, 0.18 0.20
Rb 45 22
Sr 153 17t
"AB19D
(n=4q)
Nean 3
510, 4.0 2.2
Alz0s 15.9 0.8
Fea0, 7.0 0.9
FeD
Moo 2.1 0.3
Ca0 1.6 0.2
NazD 5.8 0.5
K20 2.8 0.3
Tiog 0.7 0,11
MnQ 0.17 0.03
P20, 0.12 0,01
Rb - 38 3
Sr 148 4

l-
(a)
(b)
(c)

R

.8
of
.03

8
37

(n=13)
ANGE HEAN s
- BO 70.2 4.5
- 17 14,0 1.5%
- 10 I R Y
-4 1.4 0,7
- 11 1.3 0.6
-7 4.7 1.4
-7 2.3 0.8
-1 0.48 0.14
- .3 0.t4 0.03
-1 0.11 0.04
- 163 42 22
- 648 105 22
AB19E Avarage
in=%) AB
®an [ 2 (a)
7.8 1.9 66.5
0.4 1.1 14,6
3.6 0.5 3.8
© _ 1.8
.89 0,12 2.2
100 0.7 1.9
5 1. 3.9
2 0.2 3.9
.35 0,09 0.564
.12 0,06 0.10
.16 0,09 0.17
Q
23 5 )
98

standard deviation-
Shaw (1972)
Pettijohn (1943
Nockolds (1954)

" Sitewd

Sites2
(n=§)
HEAN s

Average
Arkose
(b)

N v OO =m
.
O U A~ -

Sitee3
(nag§)
HMEAN 5
71.8 3.7
13.0 0.8
0.5
2.9 1.3
0.94 0.44
4.4 1.2
2.0 0.9
0.43 0.10
0.13 o0.02
0.11 0.03
29 13
90 19
. Average
Rhyolite
1)
74.2
13,6
2.1
0.3
1.1
3.0
5.4
0.2
0.1
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~y
valuESQ0+ sample AG25 reflects the presence of carbonate-rich

zones in this sample.

The sampling site where AG25 was collected from, as a
whole, has an unusuél chemical composition compared to the
average Apsley biotite gneiss (Table 3.1). This sampling site
is located near the‘base of the“Apsley formation {(see Figure
8) ana its unusual chemistry, more mafic character, and lack
of layering are interpreged to indicate that either the
nature of sedimentation and/or volcanism within the unit
changed with time or this sampling site\?bes not truiy
represent an exposure of Apsley biotite gneiss.

The chemical variation observed for the entire unit
is also present within iné}v&dual sahpling sites. For the two
sites that have visible layering (#1 and #3), the average
compuﬁition for each sampling site is similar (Table 3.1) but
the composition of individual horizons are quite distinct.
Perhaps the best example of this is the contrasting -

A

compositions of two adjacent layer; from one sample {(AG19D
and E in Table 3.1) where layer D has has a composition’
Close to the average composition for the enéire unit and
layer E, as menginned above, has a composition more akin to
arkose. ’

Although much of the chemical variation observed for

different horizons within the Apsley gneiss is interpreted to

be primary, there is always the possibility that some of this

~
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variation has been produced by secondary geological events.
To examine the possibility of sec;ndary element mobility in
more detail, a series of thin slabs were prepared from one
sample (AG19) that contains two lithologic horizons (layers b——
and E). portion of sampling site#l1 where AG19 was collected
is shownlin Plate 1b. Layer E is much more heterogeneous in
appesrance and contains significantly more gquartz than layer
D. Each layer was sliced parallel to the layering
(approximately parallel to the foliation) tb‘give a slab of
average dimensions 3 cm x & cm x 1.5 cm. The actual slab
thickness varies {roﬁ 1.2 to 2.0 cm. The major element data
for the nine slabs prepared from this sample are presented in
the form o; histogramsfin Figure‘?. The average composition

-

for each iayér was described above (see Table 3.1) as being

~

| .
quite'dif;erent and this difference is visually portrayed in

Figure 7 as an abrupt change in compnsition fram layer D4 to
El. In addi%fon to this abrup{ change in composition from one
layer to the next, there is significant internal chemical
variation within individual laygrs. The most noticeable
internal variation is the diff;rence in the composition of

slab E3 compared to the other slabs from layer E with

anomalously low Naz0 and KzO0 and high Ca Feals, MNO and

Pa20a abundances. lnternal chemical variations)such as those
in layers E and D might be anticipated for a/poorly sorted
(immature} sedimentary rock but more likely

- .
-~
variations induced by secondary processes, possibly

epresent
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metamorphism.

Several geochemical approaches have been used in the
past to decipher the parentage of "grey gneisses" like the
Apsley gneiﬁﬁ (see the review by Prabhu and Webber, 1984)
with varying degrees of success. Shaw (1972) addressed this
same question with regard to the origin of the Apsley biotite
gneiss and'propnsed that the following geochemical
discriminant function (DF=10.44-0.2151i02-0.32Fez05—

0. 78Mg0+0.55Ca0+1.46Na=0+0.54K=z0) , derived from multivariate
analyses, is wefl suited for discerning igneous (DF?O)-from
sedimentary (DF<0) protoliths. With reference to the Apsley
ipeiss, Shaw concluded that this unit represents an
intercalated 5ucces§inn'of silicic volcanics (ca. &0%) ;n;

L ,
sandstones. The DF values for samples of Apsley gneiss
collect;a in this study are listed in Table B2.1 and
approximately 60% have positive values suggesting an igneous
protolith, in agreement ;ith the estimate of Sha; (1972). Of
the reinning samples that have negative DF values, the three
samples that have compnsition; similar to ah arkose (ie. AGS,
7, and 19E) have large negativé DF values, supporting a
sedimentary origin. This is in contrast with 1he observation

of Van de Kamp et al. (1976) who reported the inability of

this discriminant function to correctly identify’some

Californian arkoses. //’,/

P

Finally, suppbrt for the intercalation of sedimentary

and volcanic units within the Apsley gneiss is provided by

~
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fhe geochemical investigation of an individual sampling site.
Samples from visibly layered sampling sites, such as sampling
site#1, have a large range in DF values (-1 to +4). In fact,
the DF values for the two adjaceAE layers in sample AG1%
(shown 1in Plateflb and Figure 7) indicate one layer (E} is

.

sedimentary and the other (D) is igneous.

3.2.3 Strontium Isotopes

-

.

3.2.3.1 Intrndﬁctinn - Samplé collecting
The most important step ih any Rb-Sr age determinatqth
is the selection of samples for isoé&pic analysis. The
conventional approach for sample collecting is to obtain fresh
hand samples from numerous outcrops so that there is likely
to be a range iﬁ Rb/Sr; a necessary requirement for a’'precise
age determination. Often, within an individual unit, samples
with obvious differences in m@heralog? are preferred because
they usually have different Rﬁ/Sr ratios. Nothing is more
frustrating to a geochrnnologisé than to collect a suite of
samples and then subsequently find that there is no,va}iatiun
in the Rb/Sr ratio! The assumptions implicit in all Rb-Sr
whole rock studies have already been outlined in section 1.3
alang with some serious problems related to determining the
age of metamorphic rocks such as the Apsley gneiss. In this

regard, a variety of sampling techniques have been employed

to test whether the method of sample collecting has any

1

L)
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bearing on the resulting age deterpinaticn. The locations 0%
Apsley gneiss samples discussed in this study are shown in
Figure B. Many of the samples are-from individual , widely
spaced sampling sites but multiple samples were collected
from three speéific sampling_sites alang highway 28. Twor
samples, AG1Y? and 50, were examined in more detail by slicing
the hand samples into a series of thin slabs to test for
small scale isotopic vériations. The analytical procedures
for determining the Rb/Sr and strontium isohppic data are
outlined in Appendix AZ and ASxfl/
\ s

3.2.3.2 ‘Regional Stud? o

SEVE;;] whole rock samples from the Apsley gneiss were
previq:ily analysed (Heaman, 19809_Heaman et al., 19B0Ob;
Heaman et al., 1982b) in an‘attemﬁt to deterainé the age of
the unit. It was noted that certain samples, especiaily the
Sﬁes with the vnusual mafic layers or abpndént microcline,
had anomalous i;otopic.comﬁosition;. By isolatinggthe unusual
Q?fic layers it was demonstrated that much of the observed
data scatter was related to anomalous isotopic compositions
in these ﬁafic ayers. Six other samples, without mafic -
layers, yielded an unusually old age 11444£}72 Ma) for rocks
in this region but tqg large error gssociated with this age,
- anomalously low Ra {0.7016) and anomalously high MSNﬂ (10.48)
all indicate t§:t this age is suspect- In this case, the data

scatter was caused by something other than the, presence of



55

thin mafic bands. One of these samples (AG7) was shown to be

[
.

very discordant so thg age was’ re-calculated excluding this

sample (t=1402157 HE;R.=G.7022;;?ND=3.BI). Al though the error

associated with this re—calculgted age is significantly

reduced, the MSWD value still indicates that there is scatter

in the data outside analytical error. The"main prablem with

discarding AG7 from the age calculation is that there
appeared;-at the time, to be no geological reason for doing
- so. Regardless of whether AG7 is included or nSt; the
previous study indicated that the'age of the Apsley gneiss
may be as much as 100 Ma older than the age known for any
ather rnck; in the area.

Before discussing the Rb—-5r data Dbtai?ed in this\/f__*

study it is impur%ant to realize the cunsequehces of

~

combining data from sedimentary and igneous rocks for Rb~Sr
dating. If a succession of sedimentary and vdicanic rocks was

deposited in-h relatively short period of time, it is likely

that different h;rizons unuld“?ve djfférent initial

strontium ratios, depending on the origin of each horizon.
) .
For example, a felsic volcanic rock might hatg an isotopic

-) ‘ signature refleﬁting the éource from which the magma‘wés

-

derived whereas a sedimentary rock, such as an arkose, may

(3

- .
inherit a more radiogenic isotnﬁ?c composi tion .because it was
, - - -

formed by the erosion of older sialic crust. If the various

horizons in the supracrustal package retain their isotopic .

integrity du#ing diagenesis and/or burial metame;ghism, then -

1 . .
. I~

s 2N

f
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collecting a variety of samples for ag# dating from widely
spaced outcrops can only lead to data scatter anq potentially
meaningless geological agés{ On the other hand, if the
isotopic composition of every horizon is homogenized during
diagenegis and/or burial metamorphism and this homngenizafion
éonk place shortly after depdbitfﬁgzgr if the. sedimentary

horizons represent the erosion of nearby felsic volcanic

rocks genetiqaily related to the volcanic horizons that occur
witﬁin the Apsley gneiss, then the Rb-Gr age determined from
regionally collected samples shnulq approximate the time when
the rocks formed. The fact that éxcessive daﬁa scatter was
reported.fnr‘samples from the Apsley gneiss in a previous

Rb-Sr study (Heaman, 1980) combined with tﬁe information

reported in section 3.2.2, that primary chemical variations

exist between adjacent horizons within individual outc}ops,
implies that some original chemical and isotopic
heterogeneiity may be prgsarved in these rocks. The Rb-Sr
data reported in thig'chapter were dété}mined in order to
evaluate the nature of the data scatter observed for samp}es\/
c;11ected from widely sgacea outcrops and, ultimately, the
geological signiffcance of the ”of;“ age previously 'reported
far thé Apsley gneiss. '

The Rb-Sr data for the six regionally collected

samples discussed by Heaman {1980) are plptted on a
0

Nicolaysen d:agram (Fxgure 91. Additional Rb, Sr and Rb/Sr

data were obta:ﬁed for these samples in th:g\wyudy so the
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data presented in Table B3.1 has been modified slightly
compared to the data reported by Heaman (1980)}. Also plotted
on this diagram are the average Rb—-Sr data for three isolat;d
samp}ihg sites (these are discqgsed in more detail in section
3.2.3;3), the 1402  Ma regression line (dashed line) reported
by Heaman (1980), and a best fit regression line calculated
Exciuding the four spurious data points AG 2, 5, 7, and 11.
The ensuing discussion attempts to explain the geological'
rationale for omittiﬁg these four samples from the age
calculation and the advantages of using average outcrop data.
in regional scale Rb—-Sr studies.

In the previous two sections, a petrographic and
geochemical investigation of the six regionally collected
samples plotted in Figure 9 revealed that three samples (AG

-

3, 7, and 11) probaﬁly have a sedimentary protolith (eq.

v
they all have laéée negative DF wvalues). It is alse apparent
that these ;;me three samples have anomalous strontium
isotopic compositions and do notlilnt within analytical
:uncertainty of the calculated bést fi£ line. Of particular
interest is the fact that the two saﬁplés AG S and 7, samples
Nth;t also have chemical compositions %?mpatible with an
arkosic protolith, plot significantly above the best fit line

in Figure 9. These data could be generated either by a net

loss of Rb (gain of common~6<l at some time after the unit

4
.

formed or by the incorporation of excess radiogenic strontium
L0

at the time of formation. Since there is no obvious disparity

»
G

.
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in Rb and/ar Sr abundances in these samples compared to the

average composition of the Apsley gneiss, the latter
hypothesis is preferred. A scepario can eaéily'be envisaged
: 2

whdFfe excess radiogenic strontium might be preserved in an
immature sediment such as an arkose if some allogenic
(detrital) minerals are present and retained an inherited
isotopic composition through diagenesis to amphibolite grade
ﬂsfamurphi5m. The net effect of either process (ie. Rb anginr
Sr\mobility after formation or inherited radiogenic
strontium) for Rb-Sr dating is to generate, in most cases,

anomalously old and geologically meaningless ages.

One other sample, AG2, is different from the other six

a -
v

regiénally collected ﬁamples because itvcontains visible
banding (see Plate 2Za). It was demonstrated in the previous

) sect{on'that individual layers within a sample can have
vastly éifferent chemic;l compositions possibly reflecting
different protoliths, sn'analy;;RE‘thé st;nntium isotdpic
compesition of a layered sample such as AGZ may result’in the
mixing of two unrelated and isotopically distinct layers.

N .

. This sample is aiso suspect for a second reason. Although the
layering in AB2 is parfly a consequence of variations in the
abundance of biotite, the biotite laths in the light coloured
layer are oriented at an angle to the layering whereas the
smalleF, more abundant biotite lafhs in the darker layer show

.a strong preferred orientation parallei to the layering;

indicating that the layerjing in this samp}e may not be *

.
-
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primary. This unique layering coupled with the anomal ousl y
low Kz0 and Rb abundances ‘in AG2 provide éupport that the
chemical, and probably isotopic, composition of this sample
has been modified subsequent to the formation of_the unit and
is nat a good chdice for Rb—Sr dating. However , further
research is required to elucidate the origin of the lﬁyering
in AG2.

Only two samples, AG1 and 3, out of the six sambles
analysed by Heaman (1980) have a probable igneous precursor
(ie. positive DF values) and have chemical compositions close
to the average Apsley biotite gné;ss composition reported in
Table 3.1. These two samples plot below the 1402 Ma reference
line reported by Heaman (1980) .

’ A slightly different approach to déterming the age of
the Apsley gneiQs, using regionally collected éamples, is to
use the average Rb-Sr data for several #amples from an .
individual sampling site. The main advantage of this approach
is that a data point representing the average composition for
the sampling site is less susceptible to the effects of local
metamorphic resetting that may alter tﬁe Rb-Sr systematics of
an individual sample. Foraéxampie, if the strontium isotopic
Composition of an entire sampling site was hbnogenized during ”
metamorphism to a value coincident with the average
comgnsitioh for ghe sampling site then the isotopic
composition of_any one sample from the sampling site will be

modified but the average composition will remain on the

\

, N

-

3
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presmetamorphic i1sochron. This approach is discussed in more
detail by Roddick and Campston (1977).

As mentioned above, three data points representing tﬁe
average composition for three widelx'quced sampling sites
({labelled D01, D2, and D3) are also pfctted in ;igure ?. The
majority of samples used to calculate the average outcrop
composition probably have an igne?us pfntolith (positive DF
values) and in general should not Bé influenced by problems
that can affect sedimentary rocks (eq. excess radiogenic
strontium). One possible exéeption is AGLI9E because it, like

f
AGS and 7, has a peculiar chemical cgmposition. However,
eﬁcluding this saﬁple’does not have a significant effec% on

the age calculation. The interesting result is that these
k-3

three data points are colihear and define a best—fit
regsession line with a slope corresponding to an age of 1315
Ma (Table 3.2). It is also interesting that the two

meta-ignedus samples discussed above, 'RGIZ and 3, plot on this

regression line. The regression line sh

P,

‘in Figure 9 was
calculated using the three Qampling site average§ plus AG1
and 3 and corresponds to.an age oﬁ€13291;2;ﬂa with no
detectable data scafter ocutside analytical uncertainty
(MSWD=1.58) and does not differ significantly from the age
calcu{ation using only the thrae sampling site averages. If

the 1328 Ma regressioh line is geologically meaningful then

either the Rb—-Sr data obtained for AG1 and 3 must be close to

the average Qompositinn for their respéctive sampli tes
" *
1
-~
I L]
i -~ .
- N - "



&2 ' \

or the ﬁb—Sr system at the sites where AGL and 3 were
collected has not been disrupted on the scale of meters
durxng qgtamorphism. Support for the latter hypothesis is
presented in section 3 2.%. 4 ‘

Another piece of evidence that can bé used.tn evaluate
the geological significance of a Rb-Sr whole rock age is the
initial étrantium ratio. A value signifitantly lower than
that predicted for a magma derived from the mantle at the
time the rock formed is usually an indication of a rotated
isochron and geologi;ally meaningless old age. The low
initial strontium ratio (0.7014) obtained when all six
regionally collectfed samples are combined (Héaman, 1980)
Eould reflect the effect of including samples with efcess
radiogenic strontium or samples that have inst Rb or gained
Sr sometime after formation (see the.discussiun abugs),
producing an ano@alously “old" age and low initial,sf?ont{um
ratio. The initial strontium ratio nbtagned whe he
regionally“;oliected samples are 5creengd as described above \
(0.7033+2) is geélogically more {easible and is intarprbted
to reflect the isotopic signature of’ the source rock from
uhxch igneous members of the Apsley gne:ss were derived.
Based on the strontium isotope initial ratio alone it is
impaésible to distinquish between a low Rb/Sr source material
in the mantle (such as garnet lherz;litl; ﬁenzics and Hucthy;ﬁ

198Y) or lower crust (such as mafic granulite; Drury, 1973)

but it is clear that the Apsley gneiss samples were not
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TABLE 3.2 - Two-Error Regression Results for Samples
from the Apsley Biotite Gneins

SAMPLES n tiNRa) * R, 1] HEWD
Regional :
a) A6t,3,0/cl,2,3 5 1328 32 0.7033 2 1,58
b) o/c1,2,3 31315 113 0.7034 % 3,54
Sitedl . -
a) AG619,20A,B,22,50A,B & 1273 bb 6.7043 13 1.73
b) AG19D,20A,B,50A,B" 5 . 1303 204 0.7034 31 2.94
c) AB20A,B,50A,B 4 1341 131 0.7033 1B 0.48
Site#2 ‘
a) AB25,246,28,29,30 35 1181 195 0.7041 9  3.B8
b) AB2%,24,28,29 4 1256 119 0.7037 7 1.70
Sited3 . , {,,___,,>’
a) AB31,32,33,36,37,39 & 1101 163 0.7051 B 19.88
b) AG31,32,33,38 4 1244 141 0.7037 1& 3.28

L

Composite

a) AB1,3,20A,B,25,26,
. 28,29,504,B \\\{o 1333 24 0.7034 | 1.2B

b) AG19,20A,B,22,25,

26,28,29,50A,B 10 1323 27 0.7035° 3 2,12
c) AB19,20A,B,25,24, -~

28,29,50A,B 9 1343 3 0.7033 3 1.23
d} AB204,B,2%,25,28, ‘

29,%0A,B B 1344 32 0.7033¢ 2 1.33
Blab . ..
a) AG19D1~4,E1,3-5 8 115 67 0.70%6 5.02
b) ABI9D2,3,E1,4,5 5 1337 269 0,7034 (3 4.44
c} ABL9D1-4 4 946 134 0.709% 0.11
d) ABL19E1,3,% 3 1188 b5 0.70%6 k 0.19

+ - arror reported at the 93X confidence lavel
]

L]
-

.o‘mﬂ

MODEL?®

L}
H2

L}
M2
Mt

M2
Nt

M2
M2

n1
1
M1 .
M 1y
n2
N2

LH
L}

Hl = Mclntyre Model I; n2 = Hclntyre Model II tnglntyre-ntlll.,l966)
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derived from or did not interact with retlatively old, high
Rb/Sr crustal material.

The 1328 Ma age is significantly younger, and more
precise, than the 1402 Ma age proposed by Heaman (1980) and,
without any other data, is considered a better estimate of
the formation age for igneous members of the ﬁpsley_biotite
gneiss.iHowever, there+is still some unéertainty regarding
the geological significance of this age because sampLgé from

‘five d1f+erent cites were used in.the age calculation and it

is possible that not all the sample

analysed are cogenetlc,
a requisite for Rb-Sr whole rock dating. "The following
' B\

cection-contains the results from a s pliné experiment

designed to alleviate the assumption of nguineity by

analysing numerous samples from fhaigame strat;graphic

horizon.

5.2.3.3 Individual Sampling Site Study

To avoid.the problems inhereﬁi in regional scale
}

sample collecting 64 a'layered'metamorphic sequence (see
- .
previous section), three large exposures of Apsley biotite /

gneiss were selected for detailed study. Multiple samples
o

were c?lleeted from relatively homogeneous porainns of the
outcrop at each siéa where Eﬁg—pﬁerequisites that all the
sampleS are cogenefic and have th; sa-;'initial strontium
ratios are more likely to be 5atxs§1ed.-5nnpling sites#l and

#3 have visible layering but” some of these layers :re thlck
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(> 1 meter) and relatively homogeneous. The location of each
sampling site along highway 28 is shown on Figure B and the
Rb-Sr data for individual samples are presented in Table
B3.1.

The Rb-S5r data for samples from a single sampling site
are plotted separately in Figures 10 a-c and the results from
a two~error regression treatment of these data are Eompiled
in Table 3.2. Also included in Figure 10 are the average
"7Rb/"™*Sr compositions for each site (open circles) us;d in
Figure 9. For all fhree sites a range in Rb/Sr is present
even though the samples are very similar in appearance and
were collected from relatively homogeneous portions at each
site. Although the raﬁge for an rhdividd:; site is not large
enough ta determine a 5tatisticaliy precise age (note the
large ﬁrrors associated with the quoted ages in Table 3.2),
the majority of samples from individual ouﬁerdps are
colinear. ‘ '

There are two features abnu¥ Figuré 10 that shﬁuldl}
be clarifi%d before discussing the results. On all‘ghrae
Nicolayseﬁ diagrams in Figure 10 the solid line repressnts

the preferred regression line calculated by omitting spurious

data points. The rakionale for omitting certain samples

fr?m the age calculatio discussed below. At least one
‘sample fr¢m each outcrop is interpreted to have an anomalous
isotopic/composition and, in all cases, omitting the

anomalgus samples from the regression treatment increases the
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calcqlated age by about 100 Ma f{compare the results ;n’?able
%.2). The second point that should be mentioned is that all
the datalplotted on Figure 10 represent whole rock analyses
except AG19. This sample was sliced into several slabs (see
* section 3.2.3.4) so the data EDint plotted on Figure 10a

represents the weighted mean of the individual slab analyses;
One slab (Eé) was omitted in calculating the weighted mean
eecause it has an anomalous isbtopic composition (see section

/ <

3.2.3.4). ‘ ‘ !
The majority of samples analysed from site#l were
cellected from a two meter wide area with four samples
(AGZOA,ZOB,SOA,SOB) collected fgom one homogeneous  layer. The.
remaining two samples (AG22,19) were collected from different
pnPt1ons D+ the outcrop and f Dm dxfferent 1#%ers. An example

of the layering at site#l is shqwn in Plates 1a and b. The

fact that AG227was collected from a different statigraphic

horizon may explain the higher Rb and Kz0 and fhence higher

Rb/Sr ratio compared to the other.samples frgm this outcrne;///riﬁr“\‘/

Altelnatively, this sample may have gained Bb (and K)

v this sample is

nﬁitting it

subgequent to its formation. In either cas

\ . =
uniyque J/; because it has a higher Rb/Sr tio,

fromhthe age calculatlon has a profbund effect; 1ncrea§1ng

——

the age from 1273 to 1303 Ha. fhe unusual chemical F\\\ ™~
compositiun of layer E in sample AGl9 (see section %i?.z), )__
the similarity to two discordant regionally collected’ samples =

(ie. AGS,7), and the fact that it Has,cnllected, like AGZZ,

Ny . ) ! - S /~/
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F. ]
from a different stratigraphic horizon make this sample

[

likewigse less favourable for determirming a geologically
meaningful age. Although the Rb-5r age is m?re precise if
AG1? and 22 are included in the age calculation, the

F

preferred age is 1341+131 Ma (R,=0.7035118;HSND=0.68)f

- calculated using the four samples collected from the same

stratigraphic hor?znn.

Site#2 is located near the contact beiween the Aps?ey
gneiss and the ﬁnderlying marble and aﬁphibdlite members of
tﬁe Dungaéﬁon Formation (see Fiqure a;f This outcrop is

relatively homogeneous {(ie. no visible layering) qissft for a

cross-cutting amphibolite and'pegmatite dike. The samples

. ” -
collected from this site (AG23-30) contain significantly more

. L
Carbonate (note the high Cal contents in Table BZ.ITE’have

the lowest Rb/Sr values, and the smallest range in Rb/Sr
compared to samples from the other two sites. A consequence
—~—

of the latter two features is that a regression treatment of
e

these data -{see the results listed in Table 3.2) Zjeld a more

—

precise initial strontium ratio (0.7041+9) but a more

r -~

imprecise age (114614195 Ma).

One of the samples collected from this site (AG30),

‘the sample collected closest (ie. 30 meters away) to the

amphibolite dike, is enriched in Rb and Kz0 (4.1% and 103
. . -
ppm) compared to average composition for. the other samples

(2.8% and &7 ppm). This enrichment in alkalies has been
~ "

bserved in other units within the study arfi and may be

4
- - . \
- .

-3
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related to secondary chemical modification either during
emplacemqpt of the dikes or during late—s;age hydrothermal
activity thaﬁ affected this area (see section 4.2.5.1). I+
AG30 is omitted from the age_calculatibn for site#2 there is
‘a significént reduction in data 5catte; about the best—fit
regression line (the MSWD value is lowered from 5.88 to 1.70,
Table Sfé) and the preferred age for this site is 1256+119% Ma
(R, =0.7037+7) using the four samples AGZS, 26, 28 and 29.

Sampling site#}_aléu contains visible layering with
numerous 1 to 20 centimeter wide biotite-rich horizons,
layefs with abund:;E microcline puikilnblasps (see Plate 2c)
énd a few mafic layers containing garnet coronas. This is the

ES

Qply exposure examined in detail that consists primarily of
“potassic" Apsley gneiss. The Rb~Sr results fog six samples
from this site (AG31-33,36-38) ara/ﬁ;;;Enteﬁ in Tab}e.3.2 and
Figure 10c. The slope of the bﬁftlfit regression line gbrough
these data currgsponds to an imp;ecise age of 11014145 Ma
(R1=0.7051). with considerable data scatter putside analytical
uncertainty (MSWD=1%.88). The results for site#3 are
analagous to the results for site#l in that samples collecteqd
from individual, homogeneous layers, such as AG31, 32, and
33, and have similar chemical compositions, have cohérent‘
Rb-Sr systems. Two samples from this site (AGS&, 37) have
unusual chemical compasitions with noticeably higher N;zD and

MgQ and lower Si0Oz abundances (Table B2.1). The sample AG34

is also enriched in Ka0 and Rb which, in some instan
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réflects secondary chemical modification (see section
4.2.5.1).(Dmitting these two samples from the age calculation
significantlx increases the calculated age to 1264+161 Ma,
laowers the initial strontium ratio to 0.7037+16, and reduces
the associated data scatter (MSWD=3.28) . Although there is a
significant reduction ip data scatter, the calculated errors
remain agput the same’ because there is a reduction in the
range of Rb/Sr values. The preferred Rb-Sr age for site#3 is
1264 Ma.

TheAprefgrred Rb—5r ages for the three sampling sites,
range between 125& and 1341 Ma; clearly older than the
presumed égg of Grenvillian metamorphism (ca. 1150 Ma) and,
except for gite#l, in general agreement with the period of
time (1286 to 12-26 Ma) previocusly suggested for the
 deposition of thé 6Grenville Supergroup from U-Pb zircon
studies (Silver and Lumbers, 1946&6). The narrow range in
"Rb/Sr per site precludes a precise age determination by the
Rb-5r whole rock technique but the results do support the

: ‘ -
contention expressed in the.previous section that the Apsley
gneiss is younger than the 1402 Ma age suégested by Heaman
(1980). S
) All the data plotted in Figure 10 are cumbined into
one composite diagram (Figurelll) along with the two
regionally collected samples, AG1 and 3. Many of the samples

from site#3 {open circles), expecially AG346 and 37, are

displaced towards higher Rb/Sr values compared to the
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majority of samples analysed and, considering their
"potassic” nature, are excluded from the composite age
calculation. A s;milar observation was made by Heaman (1980)
for potassic Apsley gneiss samples collected from widely
spaced sampling sites. In addition, the three other samples
that were omitted from the age calculations above (AG1?, 22,
39) are also not inclgded in the composite age calculation.
+

The slope of the resulting isochron in Figure 11, calculated

using the remaining ten samples, corresponds to an age of

»

1333+24 Ma (R;=0.703411i with no detectable data scatfer
outsidé analytical erfnr (MéHD=1.28). This age is slightly
'Dlder than the oldest U-Pb zircon age (fe. 12és Ma; Silver
and Lumbers, 1966)lqbtaihed for any ugit beloéging to

the Grenville Supergroup and, if geoclogically meaningful,
challenqes the ;eginnal stratigrabhic correlation proposed by
Lumbers (12467), that the Apsley Formation overlies the Tudor
meta-volcanics. The fact that these results are in excellent
agreement ;ith the results calculated using the average

0 SN '

®7Rb/®&5r and ®7Sr/®¢S5r values for the three sampling sites
plug samples AGl1 and 3 (Figure Q;Table 3+2) provides support
for the contention that the isotopic systeﬁatics of the sodic
Apsiey eiss has not been seriously disr;pted, on the scale
of metgrs, by Brenvillian metamu#bhism. If there was large
scale homogenization at about' 1150 Ma, samples from the éame

stratigraphic hariszuch as AG20A, 20B, 50A, and S0B,®

would not lie on the 1333 Ma line in Figure 11.
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In the remainder of this chapter, the:composite data
from Figure 11 are considered the best estimate of the age
and initial strontium ratio for ignenﬁs members of the Apsley
biotite gneiss.

3.2.3.4 Slab Study
hn important observation from the out;rnp study is
:Fhat allﬁthe ages determiqed for a single sampling-sité are

older than the presumed age of meéamdrphism in the study area
(ca. 1150 Ma; Martinez-Lopez and York,1983). Therefore, the
scale of Rb and S5r migration in the sodic Apsley gneiss

during Grenvillian metamorphism, as mentioned above, must be

less than the minimum distance between adjacent samples {ie.

~

< 1 meter) otherwise the ages determined above would approach

the time of metamorphism. It should be posg?ble, aweyer, o

samﬁle small suﬁvnlumes of rock where fhe Rb—SﬁZsystem‘has

been reset by metamorphism thus réﬁnrding-the age af
metamorphism (Hofmann, 197zi. With this ;n mind,\two 5ample§
from site#1 (AG19 and 50} have been investigated in more
detail to: -

a) determine whether the Rb/Sr vAriation observed mithin a
relatively homogeneous layer also extends to an individual
homaogeneous samplé.

b} determine how the chemical migration across a lithologic

,
boundary affects the Rb—Sr systematiés of a layered sample.

<) establish the extent of Rb, Sr and Sr isotopic re-

distribution associated with a late fracturé“system.
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<y

d) better define the scale of Rb and Sr migration in the
.Apsley gneiss and the age of Grenvillian metamorphism in
thelstudy area.

The two samples examined in detail were sliced into a

series of thin slabs parallel to the layering in the rock. A

descriptiqp‘n+ sample AG19 has been presented in section

3.2.2 and the location aof this sample at site#l is shown

in Plate 1b. The Rb-Sr data for tne nine slabs prepared fram

AG19 are presented in Table‘BS.l and Figure 12. Accompanying

the N1cnlaysen diagram in Figure. 12 are four bar-— d1agrams

out11n1ng the Rb, Sr, ®7Rbh/®eg- and S7Sr/®eg- mp051t1un in

‘:each slab. The Rb and Sr profiles in the nine s)abs not,

indicate a difference in the average comp051t§n between the
two layers tlabellgd D and E in Figure 12):uﬁzreveal some
anomalies within individual slabs. The most noticeable
anomaly is the composition of slab E3. Compared to the other

slabs from zhis layer (ie. E1-5), E3 is depleted in both Rb

‘and Sr with a distinctly lower ®7Rb/®4Sr and ®7Sr/®egr;

®onsistent with the anomalous major element composition
—

reported earlier (section 3.2.2). Slab E4 is also depleted in
Sr althuugh, unlike slab ES, this is not re;19cted in the
*7Rb/"™4Sr ratio. Another anomaly is the_radiogenic nature of
slab E2. The Rb and Sr abundances and ®7Rb/®™*Sr ratio in this
slab ére similar to the other ;labs from ‘this layer (except
E3) which mean%}the excess radiugeni:ISr is unsupported (ie.

the Rb abundance is too low). This can occur by'a net

1+
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accumulation of radiogenic strontium, a net‘loss of Rb, or
alternatively, E2 has preserved a very old isotopic component
of strontium. Fer example, model ages for this slab, assuming
initial strontium rating of 0.7035 and 0.70465, would be circa
2890 and 2610 M?, rgspectively; suggesting an Archean
companent of stront;um may be present. .

Another feature of these profiles is the abrupt change

in composition across the boundary between the two layers D

{stippled) and E (random slash._pattern). There is a
indication thaﬁ slabs E1 and D4 both have elevated Rb and Sr
abundances, possiblysreflecting an accumulation of Rb and ?r —
at the bmundar?. Overall, the chemical and isotopié
. C , -

composition of these two layers are quite h;terogeneous.a

The resulés‘frnm a two-error redfessioﬁ treat;ent of
the Rb~Sr data %DF each layer plus the ent;re sample‘are
tabulated in Table 3.2 and plotted in Figure 12. Also shown
is the isochron (solid line) representing the éreferred Rb—Sr.
age for the Apsley gneiss from section 3.2.3.3. Five of tha,
slabs (D2,3tE1,4,5) plot very close to the 1333 Ma reference
line and give the impression that they have not been ’.
significantly modified during metamarphism. In fact, the
regression results for these five slabs (t=1332 Ma;R,=
0.7034;MSWD=4_.44) are indistinguishablé from fhe Eomposite
data reported in the previous section. Houever: two slabs

(E2,3) plot distincfly above and two others (D1,4) plot below

this reference line. It is noteworthy that the two slabs that

o) "
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plqt below this reference line are frnm-the margins of the
layer and are also enriched in Rb compared to the slabs
sliged from the central portion of the layer. The addition of
Rb to these slabs subhsequent to the formatioﬁ of the laver
might explain their displacement to thé right of the
reference line. If the four slabs from layer D are considered
separately, they yield a relatively young age (t=946+154
Ma;R:=0.7091+ 22;MSWD=0.11). This young age; could represent
the time when Rb was added to these slabs or reflect the time
when Rb migration ;n the scale of a few centimeters ceased
but is clearly younger than the estimated time of
metamorphism (ca. 1150 Ma).

No attempt is made here to c#eulate an age for laver
E because, as mentioned above, at least three of the five
slabs (EZ, E3, and E4) havé anomalous chemical andldL
isotopic compositions. It is noteworthy that slab E3, a slab.
that is interpretéd to have‘lnsg both Rb and S5r sometime
after layer E fdrmed, plots on a 11350 Ma reference line. One
interpretation of thls datum is that there was some mig;ation
o; Rb and Sr on the scdle of a few centimeters during
metamorphism at about 1150 Ma but this element migration was
not pervasive throughout the egtire layer (otherwise all
slabs would plot on a 1156 Ma isochron). The significantly
lower Rb/Sr ratio obtained for slab EJ, compafed to the other
slabs, strongly controls the resulting age calculation using
all the slabs, excludiﬁ; E2 (t=1151+67 Ma3;R,=0.7056+7; Q\\’

-
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MSWD=5-02} . N .

Add@tional suppoart for a metamarphic episodelat“about
1150 Ma ago that disrupted the Rb-5r systematics of thin
sfabs is indirectly revealed bY calculating the initial
strnntium.ieotnpic composition of AG19? at 1150 Ma ago
assm;lming the sample has a bulk ®7Rb/®4Sr combsition equal to
the weighted mean of the individual slabs (ie. 0.842) and
fnrmed'1333 Ma ago. Therefoﬁe, resetting the Rb-Sr system of
AG19 at 1150 Ma ago should elevate the initial strontium

\
ratio from 0.7033 to 0.7056; exactly the value determined in

this slihtudy.
A ough there is sgme'ﬁndicatiun that chemical and
- )
isotopic mudi#i:atien has occurred in small subv lumes of the

Apsley gneiss dur1ng metamorphism, there are anomalies such
as the data for slab E2 that are difficult to reconcile with
an hypothesis that in:nkes complete isotopic homogenization
during metamorphism. Appafently, anomalous isotopic domains
can he preserved nr possibly created within relatively smalll
volumes of rock which militates aga1n;t any model for the

resetting of the Rb—Sr system during metamorphism as purely a

volume diffusion cnntrolled process.

. /’
g . .
The second sample examined in detail, AG30, contains

. N L 4
numerous fractures and was selected specifically to
1nvest1gate the effect these fractures might have on the
"Rb-5r systemat1c5 o{ an otherwise homogeneous sample of

tonal1te gneiss. The nature of these fractures is illustrated
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in Plates 3a and b. The main fracture that passes through the
central portion of the sample (see Plate 3a) is sealed with

v

biotite and bordered by a bleached zone. This bleached zohe

Al
.

consists primarily of quartz and plagioclase and, as can be
seen in the photomicrograph in Plate 3c, is typica&ly
coarser—grained than the rest of the sample. The plagioclase
gfains in this zone are intensley cericitized. Additional
fractures can be récognized in Plate 3b but are Agt as .
prominent as the fracture desc;ibed above. A series of eleven
slabs were prepared from this sample with the average slab
Himension (1 cm x 1.2 cm x 0.5 cm) considerably smaller than
those prepared from AGLY. The location of each slab is
indicated in Plate 3b. k\ )
| The Rb-Sr data for each slab from AGS0 are compiled in
Table B2.1 and presented in a’similar manner as the slab I
study results for AG19 (Figure 13). The Rb and Sr
concentrations and Rb/Sr ratios are 1e§5~pfgzi5e than the
results from AG19 because there was only enough sample powder
to prepare one powder pellet per slab for XRF analysis-. A
thin powder pellet was also prepared from a sampie (AGSCA)
that-uas analysed repeatedly by the conventional procedure:
the results from both methods are identical suggesting that
the thin powder pellet results, although not precise, are
quiteTaccurate. There are two impurtant features of AGSO

revealed through the bar-—diagrams in Figure 13. Except for

the three slabs S4, S5, and S6, the ®"7Rb/®*Sr and o7Sr /=45



Plate 3

Sample AGS0 shawing an obvious fracture with

bleached zone. This sample was used for a slab
study

Sample AGS0- -showing the location of individual
slabs

Photomicrograph of the fracture visible in
Plates 3A and 3B. The is a coarsening of grain
size near the fracture. The fracture is sealed
with biotite and the surrounding bleached zone
is depleted in biotite
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ratios do not vary sign
observed for the slabs
fact that slab S10 and
fracture discussed abov
to a lesser extent SS,

lower ®7Rb/®¢Sr and ®75

fracture and, despite t

cealed 'with biotite (a
modifi€agion is an enri
prominent fracture in s
alteration because it i
only noticeable change
Therefore, the two impo
from thes-e slab results
without fractures (0.91
to .determine a Rb—-Sr ag
fractuées in AGS0 have
sample cﬁemistry.

The Rb-S5r data f
a Nicolaysen diagram in
whole rock saﬁples, AGS
section. A very Iérge,ﬁ
collected for a U-Pb st
and the sample used her
different hand size pie

addition to these data,
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ificantly compared to the variation
from AG19; especially considering the
part of slab S9 contain the prominent
e. Compared to the other slabs, S6 and
have nnti&aably higher S5r cémtents and
r/°~Sr ratios. Both contain a small
he fact that the fracture in S6 is
Rb-rich mineral), the major chemical
chment in Sr. One might expect the
1ab 59 to show a similar chemical
s also sealed with biotite, but the
is ; slight enrichment in Rb.
rtant pieces of information gained
are that the range in Rb/Sr for slébs
to 0.986) doe; not vary su#ficiently‘
e and.only some nf.the visible

significantly affected the original

or fhe individual slabs are blutted on
Figure 13 albng with thg'hata for two
oA and 50B, repnrdgd in the previous
ample (54 kilograms) from site#l was
udy (next section} and AGS0A and 350B

e for the slab study repr?sent

cés from this larger sample. In

the 1333 Ma reference isochron (solid
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« R
iine), representing the best estimate for the age of the
Apsley biotite gneiss, and a 1150 Ma reference isochron
{dashed line), representing the presumed time of
metamorphism, have been iﬁcluded in Figure'13. Many of the
slabs (ie. S52,5,8,10,11) plot on or very claose to the 1333 Ma
,referénce line possibly indicating that the composition of
these slabs has not been modified during metamorphism.,
However, the Rb/Sr ratios for these slabs (0.82 to 0.96)
exactly coincide with the region where the 1333 and 1150 Ma
reference lines intersect so it is difficult to interpret.

The remaining five slabs {53,4,6,7,9) are noticeably .
discordant ;rnm the 1333 Ma line. In fact, three slabs
(53,4,7) also plot below the 1150 Ma reference line. These
discordant samples may indicate that the composition of some
slabs have been-mudified by a geological event ynﬁnger than
1150 Ma ago or has cnntinunusly changed in response to slow
cooling after the peak of metamérphism. In contrast, slabs S&
and 59 do contain fractures that can account for the Dbserved
chemical alteration. The net chemical change in these two
slabs .is quite different, S& has gained Sr whi;e 59 has
gained Rb. Buth‘glaﬁs”plot close to the 1150 Ma line
indicating that the fractures, at least some of them, may
have formed during or soon atter the peak of metamorphism.

3.2.4. U-Pb Study

In addition to the Rb~Sr age dates reported in the
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pfeciﬁhg three sections, two large samples (ca. SO kilograms
each) we%e collected for U-Pb zircon, sphene dating. One
sample’éas collected from site#l (ABSO) and the second

N
(LHB@-I)\DRS collected from the exposure where sample AG3 was
taken (see\Fig: Q)K\Recent refinements to tHe U-Pb zircon
dating technique (Krogh, 19825; 1982b) cnmbized with a low
contamination method for the dissolution of zitcon and
extraction of U and Pb (Krogh, 1973) have made it possible to
determine very precise U-Pb zircon ages using small
quantities of zircon. The zircon separation, chemistry and U
and Pb isotopic analyses were performed at the Royal Ontario
Museum and an outline of the U-Pb zircon dating procedure
plus the U-Pb data are presented in Appendix AS.2 and Table
B4. Unfortunately, ;oth samples selected from the Apsley
biotite gneiss contain relatively few zircons and the
majority of these are tiny (< 325 mesh) and rounded
(resorbed?). Based on morphoingy alone thése tiny, rounded
zircons are similar to zircons formed during metamorphism or
found occasionally in felsic volcanic rocks. 1§ these
zircons are not metamorphic in origin then the selected
samples represent either an inte?mediate volcanic rock or a
sediment derived from the erosion of a vole;nic deminated
terrin. A second zircon population consisting of large
prismatiF gra?ns with cloudy cores and clear rims
(overgrowths?) was identified in AGS0 but this variety is

even less abundant.
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Tuu-zircun fractions from sample AGSO were prepared
for U and Ph éxtraction and isotopic analyses. Both fractions
‘rEprESEﬂ; the tiny, rounded and gsually clear variety but the
clearest grains were hand picked and gently abraded to
produce an abraded (0.04 mg) énd‘non—abraded (0.17& mq)
,fraction. As a consequence of the small sgmple sizes and
small amnunts-of Pb, the Pb isotopic data for these two
samples (Table B4) are very pénr and a precise U~Pb Zircon
age can not be determined for this sample. The =°7ph/Zoepp
(7/6) age for the clear, abraded fraction is about 1230 Ma
and is approximately 30% d%scqraant whereas the 7/46 age for
thé unabraded fraction is about 1180 Ma but plots above
concordia. Two interpretations can be envisaged for these 7/6
ages. }he 1230. Ma age could represent a minimum estimate for
the time of depasition of the Apsley gneiss or the tiny
zircons are metamorphic in origin with some inheritance. With
reference to the latter possiblity the twp zircon fractions
analysed in this study would define“a mixing line between the
‘time of metamorphism and the age of the older zircons.
However, additional researéh is required to evaluate‘%he
possibility of determining a precise U-Pb zircon age for the
Apsley gneiss.

The second Apsley gneiss sample collected for the
U-Pb study also contains very little zircon but abundant
sphene. The U-Pb data for one sphene fraction is presented in

Table B4. Although the sphene contains abundant common lead
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(ie. 717 pg) this fraction is slightly discordant with a 7/6
age of 1078 Ma. Four sphene separates from différent u;its in
the study area are colinear on a *°7Pb/=°4Pb versus
2oepp/204ph (Figure 39} and define an age of about 1080 Ma
(see section 5.3.3). This 1080 Ma U-Pb sphene age is |
interpreted to represent a minimum estimate for the time of
met;mnrphism in this area at which time there was new growth
of sphene or an older sphene in the Apsley gneiss was totally

reset (see the discussion in section 5.3.3).

<

3.3 SILENT LAKE GNEISS *

3.3.1 Introduction
The region surrounding Silent Lake fFigure 14) was
mapped on a reconnaissance scale by Adams and Barlow (1910),
on a scale of 1"=1/2 mile (Hewitt, 199%), in greater detail
(1"=1/4 mile) by _Jennings (1964) and Breaks (1971), and more
recently by Lumbers and Vertolli (pers. comm.)}. The main rock
types include §mphibolite, quartzo—{eldspathic gneiss,
leptite (a term useq b*vJennings tn'denote‘h piﬁk, fine—-
grained quartz—feldspar—-mica rock of upceﬁtain oéigin) and
marble. These lithulngies can be traced along strike for overd
&0 kilometers from ﬂayo taownship, where they are truncated by
the McArthurs Mills fault, pastward to the Silent Lake area
and through the northern and central portions of Chandos and
(3en5truther tnwhships, respectively;

. J

iy
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There is some controversy, however, regarding the
stratigraphic position of these rocks. Hewitt and James
(1954) referred to these rocks as the Hermon Eormatinn after
the exposures of gquartz—-feldspar-biotite gneiss and schist
near the town of Hermon in Mavyo township.rﬁc:ording to these
authors é;;—germnn Formét;nn Qelongs to a relatively young
metasedimentar;_package called the Mayo Group. However, an]
alternative interpretation was proposed by Lumbers (19247). He
suggested that the Hermon Formation was.ﬁredominantly
metavolcanic a;d not part of the Mayo Group but correlative
Jifh the metavnlcanic members of the Tudor and Dak.Lake
Formations in‘Limerick township. If the {atter inaérpretatian
is correct then. the supracrustal rocks in' the Silent Lake
area are part of the Hermon Group metavolcanic succession and

underly the metasedimentary rocks discussed in section 3.2

that occur in central and southern Chandos township.

3.3.2 Geulog; and Petéography

The distribution of lithologies in the Silent Lake
area is shown in Figure 14 and is modified slightly frﬁm the
'deﬁailed map of this area presented by Jennings (1969). The
main modification in Figure 14 is that the two map units,
quartzo—feldspathic gneiss and leptite, from Jennings map'
have been combined into one map unit called quartzo-
feldspathic gneiss: not an uhreasonable simplification since

Jennings (p.11) reports that "leptite is seen to grade

.
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laterally into quartzo—feldspathiq gneiss parallel to the
gneissosity". Thereforé, in a simplified way, tﬁe
supracrustal rocks in the Silent Lake area consist of a NE-SW

o
trending‘band of guartzo-feldspathic gneiss that is bordered
by amphbjibolite which is, in turn, hounded by marble.
According to Jennings (1949; p.28) these rocks are "... right
side up underlying marbles of the Dungannon Formation" and
"... can be subdivided in a general way into a lower
amphibolite, a middle unit of interfingering quartzo-
-feldspathic gneisses and leptites, an upper amphibolite and
an upper iepéite“.

0Of particular in£erest to this study are the

quartzo~feldspathic gneisses and leptites because of their
potentialras stratigraphic marker horizons. The leptites are
fine—grained, pink, quartz—feldspar—-mica rocks with
égnspicuods muscovitg porphyraoblasts and tourmaline. Similar
rqéks are relatively rare in the CMB but have been reported
in Methuen, Lake and Nnilastan townships (ie. the Dak Lake
Formation). Hewitt (19462, p.37) states that fine—-grained pink
"arknseé" from the Ridge Dome in Nﬁllastun and‘Lle townships
"are very similar to the arkose of the Hermon Formation in
Chandos, Cardiff and Faraday townships". tunsequéﬁtly, if the
leptites are indeed useful marker horizons then they could be
extremely valuéble for unravelling tﬁe stratigraphy in this
geologically complex area. Although Jennings used a non-—
genetic term to identify the Fine—gréined, pink rocks in the
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Silent Lake area, similar rocks in other/areas are
interpreted as arkoses. (Hewitt and James, 19565 Hewitt, 19460;
19625 Laaskg, 1968), felsites- (Adams and Barlow, 1910},
recrystallized rhyolitic tuffs (Hewitt, 1962) and felsic

“
metavolcanics (Lumberé,'1967; 1969). An example of the

problems‘facing the field geologist regarding the origin of

such rocks is reflected in the statement by Hewitt (192625

-

-

p-.34) "“these pink arkosic rocks much resemble fine grained,
pink_biotite granite gneiss".

For this study; multiple samples were collected from
five sepafate exposure; of quartzo—+e1dspathic gneiés and
ieptite in the Silent Lake a;ea‘(see Figure 14). Four of the
sampling sites (#1 = HG1-S; #2 — HG&-10; #3 — HGll—%?; #3 -
SL1-7) are fine—grained, pink leptite and one site (¥4 -
HG18-23) is from an area mapped as qua?fzu—feldspathic gneiss
by Jeng}ngs (19;@). ?ﬁe leptites contain on average 374
quartz, 30% plagioclase, 18% microcline, 9% muscovite qith
subordinate biotite, garnet, magnetite, carbonate and
accessory tourmaline, apatite, zircon, sphene, allanite and
pyrite (refer to Table Bi.2 for mﬁdes). hngt of the samples
examined'shnw,some sign of alteration, frnﬁ slightly
'sericitized‘plagioclase to the more extreme case of
quartz;muscovite—microclihe—carbonate veining. The
concentration of ‘muscovite along grain boundaries in some
samples, associétiﬁn wiéh cross—-cutting veinlets and

fractures and common occurrence as large, anhedral
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poikiloblasts all indicate that the presence of muscovitelis
related to the alteration. This alteration is considered
responsible, at least in part, for the variable abundance of
muscovite (2 to 22%) and microcline (5 to 33%). Although much
of the texture is dominated by alteration products, most
‘samples contain gquartz-plagioclase rich domains with goad
pulygonalltexture.

The quartzo—feldspathic gneiss samples from site#4 are
lavered with alternating micaceo&s and quartz-plagioclase
rich bands and have a pronounced schistosity. These rocks'
contain 5igni+ican£1y more mafic minerals than tﬁe leptites,
especially biotite (upyto 35%), generally no K-feldspar and
do not show the types of alteration-observed in the leptites.
There is a weak but pervasive sericitic alteration in the
plagicclase grains and biotite in one sample (HG19) is
slightly altered to chlorite. A minor component at site#4 is
amphibalite (HG21) consisting primarily of hornblende (63%)
and plagioclase (31%4).

In the immediate vicinity of Silent Lake, an
ellipsoidal shape& budf, referred to as the Silent Lake
Complex in Figure 14, is distinguished fromlthe\+elsic gneiss .
and leptite mentioned above because if forms a large
discontinugus lense that appears, in places, to be discordant
to the regional foliatidn and contaiég abundant quartz-—
sillimanite nodules (Breaks and Shaw, 1973). This unit has

been previously referred to as the Pine Lake‘granite (Adams

S

3
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and Barlow, 1910), Srlent Lake granite (Hewitt, 195;;
Jennings, 19469) and the Silent Lake pluton (Breaks and Shaw,
1973) but, except for th® nodules, is similar to the
fine—grained, pink quartz—-feldspar-mica rocks (leptites)
reported elsewhere in the belt. In places the nodules are

ubiquitous, forming prominent, greyish DVDi?S (5 mm to 30 cm
i? Iengthf Dfﬁen surﬂnﬁﬂded by a biotitejr{ch zone and, in \§
addition to quartz and silljmanite, contain minnr\aﬁnunts of
muscovite, tourmaline, biotite, and plagioclase (Breaks and

~‘Shaw, 1973).

a 3.3.3 Geochemistry- . ET///* S

The presence of guartz-muscovite-microcline—-carbonate
A : : .

p s

veinlets, concentration of musco&ite and other altération
_prnﬁucts along grain boundar@es and‘fhe replacement of
pPlagioclase by mu;covite_iﬁlsnme samﬁles indicétq that at
least some of the leptite minéﬁalogy is not prim;ry.*There
- are also indications that the.development of this sécundary
mineralogy hag been accompanied by a mg&i{icatinn of the
original sample chemistrf. For example;\the leptite sample "\
showing the least amount of qiteratinn-(Hﬁlb)fhas a

significantly'di++erent chemical composition compared to the

average leptite composition reported by Jennings (196%9) or in

this study (see Table Jhe most noticeable differences
are thE‘lnwer”Alzb3, Cal, Kz0 and Rb and the higher Fez0sx,
MgO, MnO and Y in sample HG16. The abnormally high modal

o
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TABLE 3.3 —- Geochemical comparison of the least altered
leptite sample (HG1&) with estimates for the
average leptite compositiony

—

"HG1& a b
n=9 n=46
S5i0xz 78.43 78.08 75. 66
Al 20 10.99 11.59 11.53
Fez0s 7 3.87= 2.83% ,2.90
Fel - - 0.89
R MgO 0.93 0.50 0.25
Cab . 0.09 0.35 0.61
Naz0 3.58 3.25 2.57
K=0 1.30 2.71  4.57 .
TiO= . 0.22 0.14 0.19 _
MnO 0.24 ‘0.07 0.03 -
™ Pz0s 0.02 0.02 0.064 :
LoIr 0452 o.44 - -
Rb - ' 38 © 80 93
Sr ' 33 30 as -
.Y 158 114 77
ir . . 623 514 - 1119

Nb Y 39 27 Y-

'

a — Average leptlte composition from this study
b - Average leptite. composition repnrted by Jennings (1959)
% — Total iron expressed as ‘Fez0x L

o . T
abundance of biotite in HGlb can account for the high

(Fezls)r, HgD and MnD contents but the relative enrlchment of

LY.

the other elements mentioned above in the more altered

samples is attr:buted to the dévelopment uf a secandzry

parageneszs. One anohaly ‘that was noted by Jennings (1969)

and Breaks hnd Shaw (1973) is the gxtremely ldw abUndanqe nf}

1

Cal, often less than 0.1 weight pér nt (see Table B2.2), in

‘the leptites. The fact that the samples with higher CaO

contents, such as HGB and)HG?, also contain the largest

.
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pﬁoportion of carbonate (often associated with veins and
- ‘ fractures) suggests that the effect of alteration has been to
increase the CaD and Sr content of the leptite. Therefore,
Fhe low Ca0 is either primary,. produced by an earlier period
of alteration unrelated to the development of secondary
muscovite—micrnc]ine—carbﬁnate in veins etc., or reflects an
alter;tion ﬁrocess whereby Ca and Sr are depleted from large
quantities of leptite and lncglly concentrated in veins and
fractures. Regardless of the alteration mechanism, the
depletion of Sr and enrichment in Rb could seriously affect
the Rb-5r systematics, especially if the alteration occurred
a long t;me after the formation of the rock.
The compositions of two quartzo-feldspathic gneiss
samples (HG22 and 23) from site#4 are alsc presented in Table
B2.2. The_compogitions of these two samples are in tlose %
agreémeht with the average composition for 13 samples
Pepurted by Jennings (19&9; pP-90) except for a noticeably

‘lower Naz0 content (0.19 compared to 2.41 wt.%).

L8

3.3.4 Rb-Sr Whole Rock Study
§ | - -
3;3.4,1 Individual Sampling Sites
The Rb-Sr data for 24'quartzo—feldspathic gneiss and
leptite sahples, collected from four widely spaced sampling
sites (see Figure 14}, are tabulated in Table B3.2 and

plotted in FigurecigféThe Rb-Sr whole rock ages determined

*
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using several Eamples”{rom each site range between 1021 and
B&42 Ma (Table 3.4) and are significantly younger than agés,
determined in a similar manner, for the sodic Apsley gneiss
{see section 3.2.3.3}) and the presumed age for - the deposition

TABLE 3.4 - Two-error regression results for quartzo-
feldspathic rocks from the Silent Lake area

SAMPLESH n t (Ma) LE Ri #&  MSWD  MODEL
(2} HG &-10 5 290 181 0.711 7 18.4 M2
(3) He 11-17 7 862 137 0.720 10 47.4 H2
{4) HB 1B8-20,22,23 b] 1021 263 0.711 9 53.%5 LV
{5) 8L 1-7 7 G988 0.710 1 24.5 M2
{Cl) HG&-20,22-2335L1-7 24 1001 \\6 0.7450 1 45,4 M2
(C2) HBG&-1738L1=-7 19 994 44 0,710 1 38.5 M2
{(C3) HBA4-14,16-17;5L1-7 18° 10035 39 0710 1 27.5 N2

’

"% - Numbers in parentheses refer to specific sampling sites. The letter
C indicates composite data sets.
%% - errors quoted at the 95% confidence level.

* of the Grenville Supergroup (ca. 1250 Ma; see section 2;%<3).
Compared to the results obtained for the sodic Apsley gneiss
in section 3.2-3.3, the Sileqt { ake gneisses have a larger
range in ®7Rb/®¢5r, higher initial strontium ratios (0.710 to
0.720) and considerably more data scatter (MSWD=18.4 to ,
53.95).

It is clear from thé anomalous data scatter and
unreasonably young ages presented in ﬁiguré 15 that the Rb-Sr

" whole rqck aées foﬁ‘fhé‘Silent Lakeancks do not represent
the pqimar& age of formation but, instead, reflect a

disturbance in the Rb-Sr system. In fact, there is very
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little difference between the ages calculated using samples
from individual sites and those calculated using samples from
ngeral widely spaced sites {compare the results abtained +or
individual sites to the three composite data sets in Table
3-4). The composite data set Ci includes all the samples
analysed from the Silent Lake area whefeas data set C2
represents only th "leptite” samples and C3 exciudes the
most dicordant leptite sample HG15S. Therefore, the common
occurrence of 1000 Ma Rb-Sr whdle rnck~age57for the Silent
Lak;_:gkfs is iﬁterpreted to represent a minimum estimate for
the time of this disturbance. The high initial strontium
ratios are also not primary and, at best (assuming complete
isptopic homogenization during the 1000 Ma disturbance), can
e interpreted to reflect the averége strontium isotopic
composition of each sampling sife ;t the time of the 1000 Ma
disturbance.
-
One approach to estimate the time of formation for

these rocks is to calculate model ages. To do this, two

-

unknowns have to be approximated; the primary initial
strontium and the_average Rb/5Sr ratios for the rock volume
? .

being :nnsidered.;The initial strontium ratio for most rocks
in the CMB varie?;between 0.7025 and 0.7035 S0, to a first
approximation, 0?7030 is not an unreasonable estimate of this
ratio. To estimafe the average Rb/Sr ratio, in the case of

the Silent Lake rbcks, is more difficult because the primary
/

Rb/Sr ratios ha#é been modified by Rb enrichment (and/or Sr
! .
J "
,
!

¥
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loss). The best estimate is to select a sample or averagqge of
samples that have been least affected by this secondary
alteration. To make this calculation, the ®7Rb/®¢Sr and
®7Sr/®%Sr ratios for the least altered sample (HG1&) are used
{ie. 3.35 and 0.7626, respectively). The model age calculated
in this way is 1243 Ma and is within the age range (ie. 1284
to 1226 Ma; Silver and Lumbers, 1944) suggested previously
for the deposition of the GrenvilleiSupngrDup. This model .
age is circa 100 Ma younger than the preferred age for the
éodic Apsley gneiss (1333 Ma) presented in section 3.2.3.3.
Rb:Sr whole rock ages in the range 200 to 1000 Ma have
been reported for otHer units in this area including
pegmatites (970 to 980 Ma; Heaman, 1980; Fowler and Doig,
1983} the potassic Apsley gneiss (979 Ma; Heaman, 1980) and
‘samples from the Tallan Lake sill that are near or contain
microfractures (1023 Ma; see section 4.2.5.1). In all cases,
these units are enriched in K and Rb and have probably
interacted with a K-rich solution. A disturbance around 1000
Ma is also recoéded in other parts of thé Grenville Province
and is Eonsidered'responsible for generating new, metamorphic
zircons in the French River area (Krogh and Davis, 1973) and
releasing-radiogenic afgnn trapped in hDrﬁbJende and biotite

from gabbroic rocks located in the Haliburton Highlands

X
(Berger andIXDrk, 1981; see section 2.3.2). The nature of the

a

1000 Ma dysturbance in the Chandos: township area is discussed

further,in Chapter 5.
4

W
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;.3.4.2 Nodul es

Rb-Sr data were also obtained for three nodul e—matrix
pairs from thHe Silent Lake Complex and are included in Table
B3.2. These samples were collected by Breaks f1971; for the
sample locations refer to his Figure 3) not far inland from
the shoreline exposure where samples SL1-7 (this studf) were
collected. The agundance of Rb and Sr in these samples
repo?ted by Breaks (1971) are included in Table 3.5 far
comparison with the data obtained in this study. There is
generally good égreement between the two studies for the
abundance of Rb, however, the Sr values determined in this
study are significantly lower, by as much as 70 ppm. Although
it is obvious that the concentration of Sr rﬁ these samples
is lawer than p;evinusly reported, it is-‘important to
recognize that the nodules hagé anﬁmalausly low Sr ' -
concentrations and that both Rb and Sr appeér to be‘depleted

in the naodules.

There is cnnslderable uncertainty in the Rb/Sr ratios

-
' Q

of the nodules because the Sr concentration is below the
level where the abundance of 5r can be determined accurateiy
by XRF. For this reason, these data have not been plotted onl
.
a Nicolaysen diagram. However, it is interesting that all the
nodules, and théir cnrresdEEUing matrices, are rich in
radiogenic strontium with ®¥Gr/®eSr ratios greater than 1.
This information alone supports the contention of Breaks and

. - P

,:;



Shaw (1973) that the nodules were involved-in a de-alkalini-
zation process unless the anomalously low S5r contents in the

nodules is a primary feature.

TABLE 3.5 - Comparison of Rb and Sr abundances
in the Silent Lake nodules determined
by Breaks (1971} and th15 study

, ¢
SAMPLE* Rb Sr
A B A . B

JN24M 198 195 44 18
JN2AN 32 40 30 2
JN43M a2 108 87 16
JN43N 27 24 . 7B .2
JNG2M 138 154 S3 18
JNG62N : 31 35 45 3

*A - Breaks (1971) B - This Study * — N refers to nodule and M
refers to the surrounding matrix

3.4 éUMMARY

The data reported in this chapter fof'samples‘{rnm thé
Apsley biotite Qne;ss and the Silent Lake gneiss were
co{}ected with two objectives in mind} to evaluate the
puténfial for usfng Rb-5r: whole rock geochronology to unravei
complex stratigraphic relationships in thzs part of the
Grenvtile Province and to evaluate the extent of element and
strontium i§otnpe mnb;lity during an hmphibolite gfade
metamnrphic'evenf. Tn_donthis, various sampling techni ques
Qere emplayga to test whether the method of sample collection

affects the resulting age defermination and, in the case of
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the Apsley gneiss, an attempt was made to compare age
information from both the RB—Sr and U-Pb zircon methods.

The previously repnrted‘age {1402 Ma) for the socdic
Apsley gneiss (Heaman, 198¢; Heaman et al;, 1980bsz 1982b) is
anomalously old and the result of mixing genetically
unrelated samples_cullected from widely spaced sampling
sites. A range of ages between 1256 and 1341 Ma was obtained
for samplés collected ffﬁm individual sites indicating that
extensive migration of Rﬁ and Sr aid‘npt occur on the scale
of meters in these rocks during metamorphism. The best
estimate for the age of the Apsley gneiss is 1333+24 Ma
{Ry=0.7034+1;MS8WD=1.28) and has been obtained by combining
‘'samples that have been examined in detail, have igneous
pratoliths and have siﬁilar, if not identical, initial
strontium ratios.

A slab study of one lavered sudic_npsley gneiss sampie
resulted in two relativel;‘ybung Rb-Sr ages, 11?1 and 9246 Ma.
Since some of these slabs plot close to or onrthe 1333 Ma
reference isochron, there is an indicatién that the effect of
secun&ary isotopic ;nd :heﬁical mndificafion has not been .
recorded in every slab. If this is true, then the effect of
hetamorphism on ﬁhe Rb—Sr'system is not pervasive even on the
scale of a few centimeters. The young ages from éhi; slab
study are di{fifult to interpret with any certaiﬁgy but the
1151 Ma age, using eight of the nine slabs,Lprovides an
estimate for the time cf metamorphism in this region.

s’?-’\

A
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It is difficult to distinguish with any certainty
whether the Apsley gniess is older or younger than the Silent
Lake gneiss using the Rb-Sr whole rock data obtained in this
study because the latter has been reset at about 1000 Ma ago.
However , there is a suggestion that the Apsley gneiss is
older than the rocks in the Silent Lake area if the best age
estimate for the sodic Apsley‘gn9155 (1333 Ma) is compared to
the model age for the least altered Silent Lake sample_HGIb
(1243 Ma). ”

The final point worth mentioning is that a range in
Rb/Sr values was found +oq/5amp1e5 collected from homogeneous
layers within a siﬁgle ampling site. Although this range is
not large enough to determine a precise Rb;Sr age, these ages
are probably more geologically meaningful than ages
Ealculated using samples collected on a regional scale

because they avoid the assumption of consanguineiity.

-
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CHAPTER 4

INTRUSIVE ROCKS

4.1 - INTRODUCTION .
The CMB is well known as a unique area in the western

rd

portion of the Grenville Province that contains thick
accumul ations of Neohelikian supracrustal rocks; however,

there is annfher important element present in this beli, the

-
o

ubiquituus.ignEDUS'blutnnic'rucks. Reference has already been

made to the variety of 1gnenus rocks present in the CMB in

section 2.2.4 and the meager genchrnnolog1ca1 data available
indicates that fhere'fs more than one period of igneous
activity (Silver and Lumbers, 1966§ Bell and Blenkinsuh,
19803 Heaman, 1980§ Heaman et‘al.,}19BOa4 Baer, 1981). In
this, chapter an attempt is made to evaluate the Rb Sr dating
technzque as a method for .obtaining relxable geological ages
for CHMB grahituidlrncks by cnmparing_the results with the
more precise U-Pb zircon téchniqde. 7

Three units have been selected for detailed study; the

103 °
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Tailan Lake s5ill, Methuen Complex and Loon Lake pluton. The
isotopic data from these units will be combined with other
geochemical and geolagical information to provide a
foundatiog‘far discussing the evolution of these granitnid

rocks. ‘ ) "
4.2 . TALLAN LAKE SILL \g

4.2.1 Geological Setting s

The fallan Lake sill (TLS) 15'3 NE-S5W trending baody of
amptiibolite exposed iﬁ fhe‘Nw portion of Chandos townsﬁip.
There are two outcrop areas of amphibolité presently
considered to belong to the sill; the élongafe& mass .north of -
Tallan Lake (circa 12 km long and 0.3 km wide) that dips
60 70 SE and then re—appears in a domal structure centered
arcu?d Clydesdale Lake (see Figure 16)2 The sill is located
betweeﬁ marble horizons of the Dungannon Fnrmaficn and; if
truly intrusive, can be used as a qniqué marker horizon.
'#ield evidence for an intrusive origin is ihdica£Fd by_the
. presence of a large'marble inclusion in én outcrop e*pusure

» !

a}nng Hwy. 620 (Plate 4a) and possible cﬁilled hargin (Griep,
1975).» . .

* Associated with amphibolite in the twg main‘ﬁutcrop
areas is a minor émount af felsic ?Dck (Figure 16). Shaﬂ

(1962) pointed out the similarity of the felsic rocks in the

two outcrop areas and referred to them as syenites. However,

ey
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most of the samples examined in this study (re;er to section
4.2.2 and Table B1.3) contain abundant quartz and are
tnnalités to granodiorites in the UGS classificafion 5pheae
(Figure 17). Although there is some variability ;n the modal
composition of these rocks, in.particular K—{éldspar
abundance, they are referred to as granodiorite throughout
this Study.-Plate 4b illustrates an expoéure'd+ foliated
granodiorite located immediately south of Clydesdale LaﬁeA
along Hwy. 620 that is cross—cut by a 25 cm wide felsic dike

N

with coarse—grained margins., Griep (19735) concluded from a
petrograph1c and geochemical .study that these rocks are
actually part of the sill and the sequence amphlbollte
grading downward to grancdinrite represents an inverted
‘ i ) .
differentiated sill.

To further evaluate the rélationship between the
amphibolite and granodiorite members of the TLS and the .
.pverall evnlutinn of this unit, additional elemental and
isotopxc data have been obtalned to compliment the previous
5tudxes by Shaw (1962) and Gr1ep 11975).

"4.2.2 Petrugraphy

The follouxng is a summary of the salient petrngraph1c
'_features of the Tallan Lake rocks extracted from the detailed
study by Griep (1975) and observations from this study.

The ampﬁibnlite samples are medium— to coarse-grained,

-

'weakly fnliated and consi;t.oflamphibole {53%), olignclasé

.
)

.

-



Tallan Lake Sill
Granodi_orite

* South Limb

o Griep-1975

= Fracture-
bearing

o North Limb

-

Figure 17

Modal quartz—plagio:laée-K—feldspar diagram for
samples frem the Tallan Lake sill. The various
fields are numbered as follows: 1 - Alkali-
Feldspar Granite, 2 -~ Granite, 3 — Granodiorite,

4 ~ Tonalite, 5 - Alkali-Feldspar Quartz Syenite,
6 — BQuartz Syenite, 7 - Quartz Monzonite,

8 — Quartz Nunznndioritg. 9 - Ruartz Diorite



Plate 4 A - Exposure of the Tallan

Lake amphibolite along
Hwy 620 with large mart

le inclusiaon (grey)

B - Expnsure of the Tallan Lake granodiorite along
Hwy 420 with cross~cutting aplite dike. Note
the large feldspar crystals at the margins
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(2974), ilmenite and m;gnetite (53X combined) with traces of
allanite, apatite, biotite, célcite, quartz, sphene, and
zircon. Near the amphibolite-granodiorite coﬁbact, Griep
found that both units céntain significant amounts of apatite
up to 7%}, cummingtonite (5i) and garnet (2%). One sample
examined by Greip (#1317) contains abundant gedrite (19%) and
a mnrg detailed nuéraprobe study of this sample (Hawthorne et
al., 1980) 1nd1cates the presence of a three—amphxbnle
equilibr;um assemblage including gedrite-cummingtonite-
hﬁrnblende. The exposure is not adequate tb attempt a
comprehensive study of mineralogical variations with depth in
the sill but, in a general way, a major mineralogical
division was detected by Griep. H; noted two varieties of
hornﬁlende in the amphibolite samples, a bluish-green and an

~

D]ive-greeqfq§:£ety. The bluish-green variety contains
ilmenite iﬁklu%ions that intersect at right angles and this
texture was interpreted by Griep to represent titaniferous
clinupyruxene pseudomorphs. In the current position of thé
sill, the bluish-green variety is absent in samples collected
Wwithin a 30 meter zone near the amphibé&ite—granndiorite
contact. Note that‘if the sill is inverted then this variaety
of amphibole is absent from the upper 30 meters of tQ?
amphibolite unit.

A granodiorite outcrop from the saouth lipb of the 5111,

exposed along Hwy. &20 (Figure 16) has been investigated in

detail in this study. In thin sectxon, the granodiorite is



medium— to coarse—grained hypidiomnﬁphic granular with én
average mode, based on nine samples (Table B1.3), of 47%
Dligoclgse, 217 quartz, 13% biotite, 11%Z K—feldspar, 7%
hornblende, 1% carbonate with subordinate apatite, fluorite,
graphite, sphene and zircon. The samples examineefirnm this
sampling site have a prominent foliation (Plate 42 and 5b)
but generally do not show signs of recrystallizati&n. AN
exception is sample TL1S which contains a few zones along
grain boundaries that are recrystallized to a +iner‘grained
pnlygqnal quartz-plagioclase mosaic. These granodiorite
samples are also generally free of secondary alteration
‘except for the partial breakdown of hornblende to éhlorite
along cleavage planes in crystals, grain boundaries And
cracks. . n
However, there are some significant deviations from
the average modé reported above; For example, samples TL13
and 16, tonalites in the IUGS classification scheme, contain
‘noticeably more biotite (24 and 26%, respectively) than the
other samples (5-17%). In addition, samples identified as
:onfaining microfractures, like the one shown in Plate Sb,
contain gignificantly more microcline on average (17%) tftan
the samples wi£huut fractures (&6%). ther than this greater
abundance of minncline, there is no obvious mineralogical
difference between the fracture-bearing and fracture-free

samples. Griep (1973) also noted the presence of these .

fractures and claimed they often contain carbonate. The



majority of samples with fractures examined in thig study do
not contain carbonate mineralization along the fracfure. The
plagioclase grains near the fractures in snmé samples show g
more severe sericitic alteration but generally the fracture-—
bearing samples are not associated with any visible
alteration. In one fracture—bearing sample, fL12, biotite was
observed growing at the expense of Plagioclase (Plafe Sa) .
Since these fractures are diffiCQIt to recognize at thisg
sampling site, no estimate of fracture density could be made.
The sample collected from the felsic unit in the
. Morthern limb of the sill (TLS) has significantly more quartz
{Table B1.3) than the majority pf graﬁndiorite Samples fronm
the south l1imb and the Plagiaclase grains exhibit a severe
and pervasive alteration to sericite. The altered nature of
this sample is alsgg reflected in the presence of a minor

amount of sSecondary muscovite,

4.2.3 Geuchemistry

"samples from the TLSg }5 Presented in Table Bé.3 andlinqlude

. ‘ .
data abtained by two analytical techniques, atomic absorption
spectéuscupy (AAS) and X—ra* fluorescence spectrometry (XRF)._
The AAS data (denoted by an asterisk in Table B2.3 ang 4.1)

are from Shaw and Kudo (1965) , Griep (1975) and Shaw

‘\\_
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tunpublished data) whereas the majbrity of XRF data were
determined in this study, except the results for 11 samples
reported by Griep (1975). The analytical procedures used for
determining the XRF data are presented in Heaman (1980) and
Appendix A2.

- In total, ﬁB samples from the sill havF been anal ysed
for major elements. To facilitate cﬁmparison, all the data
are normalized to 100%Z excluding loss on ignition. The data
"for most elements determined by the two techniéues agree
quite well but the XRF data are presented in Table B2.3 where
possible. The two ex:eﬁtinns are Naz0 and MgO where the AAS
values are more ac:urate and precise. Initially, there was a
discrepancy between‘the'ﬁzﬁg values'determined.hy the two,
techniques,\especially the samples with high phosphorus
contents (ie.'>.1 wt.%Z}. In these caség, the phosphorus
content exceeded the levels present in the standards used to
define the XRF working curve. Many of the samples were
re—analysed for Pz20s using a selection of standards with a
higher“ range in PaDs values and these results are in better
agreeﬁent with the AAS .data.

' The data presented in Table B2.3 are plotted on a
conyentional AFM diagram in Figure 1B. From this diagram it
is clear that the TLS samples can be éubdivided into four
distinct groups. In order of decreasing total iron ‘content
these are amphibolite (high—Fe tholeiite}, émphibolite

(transitional) and gFanodiorite from the south and north
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limbs, respectively. Although the data for two groups are
meager, the above subdivisions can be distinguished on most
major element variation diagrams. Perhaps with more analyses
the gaps between adjacent groups migﬁt be filled but for the
remainder of ﬁhis chapter this subdivision of the TLS samples
will he used. The average m#jor element composition of each
group is presented in Table 4.1. By reading acrosé the table
from left to right it is apparent that, in addition to a
decrease in the average total iron content of each group,
there is also a decrease in CaO, TiBz, MnO and Pz20s and an .
increase in 5i0= and Kz=0. |

From a considerably smaller dafa base, Griep (1975}
concluded that the TLS magma‘has a tholeiitic nature with a
strong iron—enrichment trend and is geochemically similar to
other differentiated layered mafic bodies such as the
Skaergaard and Michikamau intrusions in E._Greenland and
Labrador, regpectively. The Fe-enriched, tholeiitic nature of
the amphibolite samples is clearly illustrated on the AFM\
-diagram in Figure 18. Ali the amphibolite samples plot above‘
the line separating the tholeiitic from calc—alkaline fields
'according to the classification scheme of Irvine and Béragar
(1972). The field for the amphibolite samples shows a general
trend toward extreme iron—enhi:hment, as previnusiy nated by
Griep (1975), follawed by a slight increase in alkalies.

Dne of the most striking features of the data

presented in Table B3.2 is the peculiar major element

A
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TABLE 4.1 - The Average Major amd Trace Eleaent Composition
for the Four Sample Groups Delineated in Flgure 18

AMPHIBOLITE TRANSITION GRANODIORITE
. ) SOUTH LINMB NORTH LIMB
nos X S n X ] n X S n X

5i0, 48 48.32 4,81 4 63.20 3.95 14 48.98 1.52 2 76,51
Al204 48 12.78 3.25 4 14.44 1,58 14 14,26 0.92 2 12.80
Fez03{(t) 40 18.71 3.52 2 .65 - 11 3.74 0.40 2 2.43
Fealy 40 3.83+« (.78 3 2.86% 0.34 3 {.76% Q.85 1 0.48#
Fel 40 13.7B8% J.48 3 7.71% 0.73 3 4,02+ 0.09 i 1,78+«
Mg 48 4,07+ 2,32 4 0.5 0.35 14 0,71 0.91 2 0.33
Cal 48 B.10 2,03 4 3.33 0.41 i4 {.68 0.57 2z 0.82
Naz0 48  3.58% 0,90 4 5.71 0.75 . 14 5.98 0.94 2 4.60
K20 48///%.71 0.40 4 1.41 0.45 14 2.43 0.67 2 2.41
Ti0z 48 7 3.36 0.440 4 0.8 0,30 14 0.40 0.03 -2 0.l8
MnO 4B 0.34 0,09 4 0.24 0.1l 14 0.11 0.04 2 0.04
P20q 48 t.01% 0,30 4 0.21 0.09 14 0.08 0.06 2 0.03
s 45. * tr - 2 tr - 9 tr - 2 3
B ) 7 12.4 4.2 1 7.83 - 4 7.43 1.03 1 13.3
Baw 34 223 106 1 300 - 1 440
Cos 47 30 11 2 27 - 9 16 4 2 21
Cra 47 49 54 2 33 - 9 33 23 2 3
Cu 43 74 198 2. tr - 9 tr - 2 tr
Hfs 2 13.8 - 1 40 - 1 29 - 1 18
Li# 14 19 9 1 13 - 1 25
Ni# 47 28 135 2 9 - 9 -] 3 2 14
Pb 45 11 3 2 15 - 9 7 -2 tr
Rb 48 .2t 22 4 29« 20 14 37 31 2 25
Sc# 11 40 16 : .
Sr 48 255 65 2 182 ~ 14 136 3% 2 S0
Tas 2 0.72 - 1 1.9 - 17 1.9 -1 :s.o
Ths 7 1.81 0,75 . | 5.8 - 4 9.1 0.8 1 .
Tles 27 588 445 1 150 | 1 "iao
Ve 47 291 215 2 12 . - 9 13 2 2
Y 47 95 35 2 203 - 13 290 39 2 234
In 45 215 70 2 193 - 9 BOQ A4 2 20
ir 47 387 390 2 1301 - 13 1089 124 2 49]
S - standard deviation , :
t - Total iron expressed as FezD, '

*+ = Values deterained by Atomic Absorption {(Shaw,unpublished data).
Scandium was determined by esission spectrograph (Shaw and Kudo,
{9465), B by prompt-gamma neutron activation analysis and Hf, Ta and Th
by instruasental neutron activation analysis. Al]l others determined by
X-ray Fluorescence (Table B2.3). tr - trace

#% - All trace element data reported at the ppe level except Tl {ppb).
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chemistry of the TLS amphibolites. The high-Fe tholeiitic
nature of these samples has already been mentioned but most
unusgal are the anomalously high TiOz {(up to 6.44 wt.%) and
P20s {(up to 3.69 wt.i) contents of many samples. A review of
the major element compositions for other well studied layered
mafic intrusions, such as the Skaergaard intrusion in E.
Greenland (Wager and Brown, 19267}, and differentiated basic
sills, such as the Palisades sill in New Jersey (w;lker,
1969),.indicate that titaniwm and phosphorus levels above 2
or 3 weight percent are quite rare. Such values ar; also rare
for other amphibolite dits studied from the GrenQille
Province (eg. Maclean et al., 1982). These data, combined
with the trace element data reported in the next section, ~
indicate that the TLS magma is eifher highly evelved, having
experienced extreme differentiaﬁion, or is a untiB magma
type. This topic will be discussed in more det;il'in section
4.2:7. -

Angther interesting aspect of thé amphibolite
chemistry is the unusually low Ca0 and high Naz0 contents of
certain samples..The average abundaﬁce of these elements
reported in Table 4.1 is 8.10 and 3.58 weight percent, .
respectively, but some amphibolite samples listed in }able
B2.3 have Cal cohtents as low as 5 to &z {eg. 6125, &B753,
69304, TL4) and NazO cnn&ents as high as 4 to 5% (eq. 727-8,

728-4, 729-2, 613S, 68763): The anomalous abundances of

sodium and calcium in the Tallan Lake amphibolite were also

1]
3
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recognized by Griep (1973) who sugéésted this probably
occurred as a reéult of spilitization during.diagenesis.
and/or low grade metamorphism. However, it is also
coﬁéeivable that these anomalous concentrations could be
geﬁerated/ﬁ} extreme differentiation; a possibility:aiso
supported by the high ievels of incnmp?tible elements in
these samples. Griep (p.53) rejected this hypothesis because

‘ [4
of "the difficulty in reconciling alkali contents of the

-

. sodic syenites with a simple differentiation mechanism” but

there is substantial evidence that the alkali content, ‘¢

especially potassium, has been enriched by late-stage fluid
L

migration (see the ensuing discussion) so differeptiatiap

N

remains a possible explanation. Furthermore, thé& Naz0 and CaD
content of the four transition samples delineated in Figure
18 can be best explained by extreme differentiation of an_

- .

-

already highly evolved basaltic magma.

t There‘are two importént features of the granodiorite

v,

data revealed in Figure 18. The first is tg;t the two -
granudidriﬁe éiﬁgles analyséd'from‘the northern limb plot in .
a separate field with what appears to be a higher total

alkali content. In fact, the position of thé north limb
granodiorites in Figdre 18.is attributed to a higher Si0= and
lower total Fe content (compare the data for the two groups

+in Table 4.1). It ;s interesting that these data plot uithin

. 5 -

the field for various undeformed pegmatite and.aplite dikes -

from this area (Heaman, unpublisth.data). Th;‘secdnd feature
' ~

,

P,
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of the granodiorite chemiétry worth noting is the data
scatter in the south limb granodiorite field. Some of this
scatter appears to be related to the presence of the tiny
microfractures alluded to in the previouslsectiun. The

: ©

results from a slab study of one fracture-— —~hearing sample (spe

below) indicate that there is a profound depletion of MgOo in
these samples and‘this might explain why most of the
fracture—bearing samples (denoted by solid squares in Figure
18) plot near the AF side of the diag;am. #nur fracture-free
samples (TLB,15,16,40)xclear1y plot within'the calc—alkaline
field in Figqure 18 and, if these samples are representative
Df the original granodiorite compus1t1on, then it is unlikely
that the amphibolite and granodiorite formed by differentia-
tion of a s1ngle magma. reservoir. One fracturEHbearlng sample
(69303 plotted on Figure 18 appears to be enriched in Mg

{refer to Table B2.3).
\

The chemical camposition of th4 fracture—bearing
~granodiorite samples has been significdﬁtdy altered as
mentioned above and this alteration has also had a profound
ef%ect on the Rb—Sr system (segtion 4.2.5.1). In orqéP to
better underséand the nature of this alteration, a detailed
investigation of one fractureibearing sample (TL12) was.
performed. This sample was sliced into approximately’l cm
slabs parallel to the orientatiDn.of fhe fracture to
determine thqbexte;t ﬁf element and fsntopic mobility caugea
by- fluid interaction along the fracture. The location of éhe

.-
'



Plate 3 -A - Photomicrograph of Tallan Lake fracture-
‘ bearing granodiorite showing the secondary
growth of biotite at the expense of. feldspar

B - Sample of Tallan Lake granodiorite (TL12)
that was used for the slab study. The slab
containing the fracture is labelled 12FR

C - Three samples from theé Methuen Complex
illustrating the variety of reck types present
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two slabs that are discussed in detail below are shown 1n
Flate 5b. A slab containing a fracture (TL12FR) and a second
slab sliced approximatgly 4 cm away from the fracture (TLIZF)
have been analysed for major and trace elements and strontium
isotopes. There is no petrographic evidence that slab TL12F
.was affected by fluid interaction but immediately adjacent to
the fracture the plagioclase is more severely segricitized and
there is a slight increase in the amount of K-feldspar. The
major element data for these two slaSs is'presenfed in Table
4.2 combined with tHe average compaosition for three samples
(TLB,15 and 16}, collected'frum‘the same outcrop, éﬁat do not
contain fractures. It is difficult to gstablish whether any
of the nine granodiorite samples collected froem this sampling
site have been entirely unaffected by fracturing, however,
these three samples are the least affe;ted. The enrichment/
dEplgtiun factors reported in Table 4.2, and presented
graphically in Figure 19, were‘calculated by dividing the
slab composition by the présumed unal tered whole rock
composition (ie. column 1 in Table 4.2). Values less than 1
indicate element depletion whereas values greater that 1
indicate element enrichment. The elements plotted in Figure
19 are arranged in order of increasing atomic number .

There are twﬁ important results from this slab study.
From Figure {9 it is clear that the presence of tﬁese
microfractures has a profound effect on the sample

composition, causing substantial enrichments in P, K, Ca and



-

Figure 19 Enrichment/depletion patterns determined for
a fracture-bearing granudiurite sample
(TL12). Solid bars represent the
composition of a slab containing a fracture
iwhile open bars represent the composition of
a.slab collected 4 cm away from the
fracture. The elements are arranged
according to increasing atomic number.
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TABLE 4.2 - The Major and Trace Element Results
frea the TLLI2 Slab Study

1 2 TLIZF 3
810 af 49.85 49.48  1.00  69.25 0.99
Alz05 13.95 14,42 1.03 14.52 1.04
Fea05 5.31 5.43 1.02 5.80 1.09
MgO ~1.86 0.03 .02 0,54 0.29
Cao 0.86 £1.76 2.0% 1.52 1.77
NazD 5.64 4.37 0.78 4,81 0.85
K20 2.19 3.86 1.76 ~2.90 1.32
Tidz 0.37 0.39 1.05 0.41 1.11
Hn0 0.07 0.14 2,00 0.14 2,00
P20s 0.05 o.11 2.20 “0.11 2.20
4

Rb 41 150 3.66 148 3.61
sr B 148 1.83 146 1.80
Y 298 255, 0.689

Ir 1020 1137 1.13

1 - The average cheaical composition of TLB, 15 and 14

2,3 - Enrichaent/Depletion factor calculated by dividing the
* individual slab composition by the unalterad sample

TL12FR

chemistry (colusn 1).

Mn and depletions in Mg and to a lesser extent Na with

relatively little effect on the Al, Si, Ti and Fe abundances.

The effect of Mg depletion has already been mentioned above

with regard to position of the‘granodiorite sampl

es on an AFM

diagram and mobility of Mg may also explain some of the data

scatter observed for the amphibolite samples. The second

conclision is that although the enrichment and depletion of

certain elements is greater near the fracture there is still

evidence of element mobility up to 4 cm or more away from the

-

fracture (compare the data for the two slabs in Figure 19).

This is particularly interesting because there is no

convincing petrographic evidence for egktensive fluid
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interaction in this sample.

4.2.3.2 Trace Elements

Over the pést 20 years samples from the Tallan Lake
sill have been analysed for a number of trace elements A
utilizing a variety of analytical techniques. A list of 30
trace elements are presented in Table B2.3 and, although some
of these elements have been analysed by more ;han one
technique, only the best estimates are listed. The majority
of data lisfed for Li, V, Cr, Co, Ni, Ba, Tl, determined by
Atomic Absorption Spectroscopy (Shaw, unpublished data), and
Sc, determined by Emission Spectrograph (Shaw and Kudo,
1965), were already available at the timé of this study. In
this study, most of the Tallan Lake sill samples were
anal ysed for Cu, Zn, As, Rb, Sr, Y, Zr, Nb, and Pb (X-ray
Fluorescence Spectrametry — XRF) and a few for REE, Hf, Ta,
‘Th (Instrumental Neutron Activation Analysis — INAA), B ﬁnd
6d (Prompt-Gamma Neutron Activation Analysis — PGNAA) to
compliment the existing data base. The analytical procedures
for determining trace elgment abundances by XRF, INAA and
PGNAA are presented in Appendix A; A summary of the average
iréce element composition for £he four groups delineated in

the previous section are presented in Table 4.1.

Lithium and Boron
— -
The average abundance of Li and B in the amphibolite

S~
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samples is 19 and 12 ppm, respectively (fable 4.1). The
abundance of B in these samples is between the B coﬁtent of
relatively unal tered basalts (¢ to 3 ppm; Bergeron et

al., 1983) and continental spilites from the French Alps (&0
to 90 ppm; ibid). If B is enriched during hydrothermal
alteration and spilitization, as indicated by the enriched
nature of the spilites from the French Alps and the
éxperimental dataMfrom Seyfried et al. (1984), then the
relafively'high Na contents of the Tallan Lake samples might
be expected to correlate with high B contents if they have
experienced spilitization as _suggested by Griep (1975). The
fact that there is no such correlation indicates that either
spilitization is not the reason for the high Na content of
some Tallan Lake amphibolite samples Wr the B c;ntent,
enriched by spiiitization, was subsequently depleted by
amphibolite grade régional metémorphism.

The Li content of some amphibolite samples (the total
range of Li concentrations is 7 to 123 Ppm) overlaps with the
Li content reported for unaltered, highly evolved island arc
basalts from St. Vincent (& to 12 ppm; Dostal et al., 1983)
so the samples with less than 15 ppm Li could represent
.prihary ;bundances. Hu;ever, a number of samples are enriched
in Li and these high LiWQalues, assuming Li follows the
behaviour of B, could be a result of alteration and/or

regional metamorphism.
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The Tallan Lake amphibolite samples cantain ynusually
1ow concentrations of Cr and Ni #ompared to other
differentiated mafic sills (eo. the Palisades Sill; Walker,
1969}, layered mafic intrusions (eg. the Skaergaa;d «\\
Intrysion; Wager and Brown, 1947) and other ﬁafic volga;¥§
rocks in tﬁe CMB (eg. Condie and Moore, 19773 MaclLean et al.y
1982; Holm et al., 1984). For e§améle, cémpared to the
average Ni and Cr content iﬁ samples from the Palf;ades Sill
(84 and 187 ppm, respectivel?; Walker, 1967}, the Tallan Lake
samples are somewhat depleted in these elements (the average
Nﬂyand Cr content is 28 and 49 pﬁm, respectively, Table 4.1).
One possible explanation for these low Ni and Cr
concentrations is that prior to tpe emplacement of the sill a
significant guantity of olivine and/or clfnopyroxene
:rystallized and settled out oOF the magma. A model teo explain

the highly evol ved geuchemical\pature of the Tallan Lake
\\

samples will be developed in section 4.2.7.

Rubidium_and Strontium

The Rb and Sr data for samples from the Tallan Lake
cill are shown in Figure 20 and most samples have Rb and 5r
contents close to the average values reported in Table 4.1. A
prominent feature nﬁ this diagram ié the anomalously high Rb
contents of several granudinrité samples (eg. AH9303,TL12,

TL23) and two amphibolite samples (69311,TL20)._ln the case
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o the granodiorite samples, the Rb enrichment in certain
samples can be correlated with the presence of microfractures
(refer to the slab study results in Figure 19) and it is

probable, although not observed, that the overall chemistry
aof the amphibolite samples that show this Rb enrichment has
been modified by fluid:rock interaction. The association of

alkali enrichment with the presence_o+ microfractures will be

discussed further in the section 4.2.5.1.

Yttrium and_ Zirconium

Incompatible trace elements like Y and Zr are
particularly useful for characterizing mafic‘ignegds'rocks in
shield regions because they are relatively immobile elements
during metamorphjsm keg. Pearce and C%Pn, 19733 Shith and
Smith, 19763 Morrisnn; 1978). Taking this into cqnsiderh&inn,
three incompatible element variation diagramslfgr the Tallan
Lake sampies are plotted in Figure 21; a) Y-Ir, D) TiOzx—ZIr
and c) Pa0s—Zr. In all three variation diagrams the results
for the amphibolite samples are indicated by clnsédncirCIES\

while the other three sample groups are represented as

variously shaded fields. In the previous section, reference

 was made to the anomalously high levels of Ti and P in the

: : \
amphibolite samples compared to other differentiated mafic

suites and this enrichment in incompatible elements is
further substantiated by the anomalously high Y and ZIr

contents in these same samples.

ar

b
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Figure 21 Incompatible element variation diagra for

samples from the Tallan Lake sill. aT ¥
versus Zr, pb) TiOz versus Zr and c) Pz0s .
versus Zr. The amphibolite samples are
represented by solid circles. The fields for
transition (dotted pattern){ granodiorite
from the south limb (cross ppttern) and
granodiorite-from.the nortfF’limb (random Y
slash pattern) rare alsoc shown. The roman
numerals refer to specific trends discussed
in the text and the mineral vectors

represent the composition of a magma
crystallizing 507 of the indicated minerals.
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The grénodiorite samples from the south and north.
limbs plot in distinctly different fields 1in Figﬁre 21 with.
the latter group having ?istinctly lower Ir andvTiDZ
abundances. The significant compositional difference between.
these two groups on ﬁnst major and trace element variation
diagrams and the simiiarity between the north limb
granodiorite samp'les and undeformed pegmatite samdies from
éhis region indicate that these two grannﬁiorite occurrences
are probably not geneticélly related.

One of the main questions concerning the Tallan Lake
sill is the relationship getween tQF granadiorite and
amphibolite members. Griep (1975) concluded that both members
are part of the same differentiatedfﬁody. The data presented
in Figure 21 could be interpreted in terms of a continuous
fracticqal‘crystallization médel where the amphibolite,
‘transition and‘granudinritévsamples represent progressively
.more diffe;entiated magma compositions. However, there are
two problems with this model. Thé first is tﬁat many of the
granodioriée sample; have lawer Ir contents than some of the
amphibolite samplei, a feature not easily explainéd by
continuous fracfﬁonal crystallization. The second problem is
that for a mafic magma'crystallizing minerals such as
clinopyroxene, orthopyroxene, plagioclase, magnetite and
passibly even zircon éna apatite it is impossible to explain
the magnitude.of the enrichment in incompatible elements if
the starting magma composition is similar to the sample with

p v

A
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the lowest incompatible element content (ie. 728-3; Table
B2.3). This problem will be discussed in more detail later
(section 4.2.7).

To evaluate the Fhemical evolution of the sill
further, a series of tie-lines connecting saﬁgles that have
been collected approximately perpendicular to the strike of
the sill have been drawn in Figure 21. The solid and dashed
lines represent traverses across the northern and southern
I?mbs of the sill, respectively. For all traverses, the
direction of the arrows indicates the relative position of
the samples from the present stratigraphic fop to bottom
(refer to Figure 27). For example, the tie-lines in Figure
21a all point towards the right side of the diagram.

Therefore,.a sample at the extreme left of ény given trend is
closer to the sﬁratigraph?c top, whereas a sample_at the
extreme right is closer to.the stratigraphic bo.:m. These
trend lines indicate that Y and Ir {Figure 2l1a) increase
systematicallf from top to bottom but Ti and P (Figures 21b
and c) show and initial enrichmgnt Fol!oued by a'depletion of
these eiements towards the bottom.

By constructing these crude traverse lines it is
possible to delineate th;ee general patterns in the data,
denoted by ihé roman numerals 1, Il,fand III in. Figure 21.
‘The change {Fom pattgrr I to 1I in Figures 21b and c is
marked by the abrupt.change in slope at about 150 ppm Ir.

Pattern III in all the diagrams is only seen in samples with
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high Zr contents and is characterized by a trend with nearly
zero slope (ie. there is very little change in Y, TiOz and

' PaDs contents with increasing Zr levels. These trends are
interpreted to be primary magmatic varigliﬂns reflecting
changes in the dominant crystallizing phases tQat control the
trace elemeént composition of the Tallan Lake sill magma and

will be discussed further in section 4.2.7.

Rare Earth Elements

The chondrite nofmalized rare earth element patterns
for 13 samples from the Tallan take sill are shown in Figure
22. Included in this'diagrém.are separate diagrams for
'samples from the amphibolite and granodiorite members (Figure
2Za and b, respectively) and a composite diagram (Figure
22c).

@ 4 -

The REE data for four granodiorite samples from the
south limb of the sill (Figure 22b) all show identical
patterns with nearly flat LREE éﬁafslightly +ractiuﬁate& HREE
tfends with prominent negativg'Eu anaomaliesa. It was <
demonstrated in previous sections that the major and trace
element composition, especially the alkalies, for one of
these samples (TL12) has been altered by fluid:rock
interaction but there is no indication that this cheaical
modification Has affected the total REE content or pattern.-

The REE data for one sample from the north limb granodiorite

q.(TLS) i# also included on this diagram (npen‘squares) and,
L j - 7 .



Figure 22 - Chondrite normalized rare earth element
patterns for sample from the Tallan Lake
sill; a) amphibolite samples, b}
granodiorite samples . (open triangle —
transition sample) and c) composite.
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compared to the south limb granodigrite, has a lower total
REE content with a more fractionated LREE trend.

The REE patterns for seven mafic samples from éhe
sill,fﬁresented in Figure 22a, display a variety pf trends
with ;arge variations in the total REE content. However, it
is slear that the high total REE content in these samples
compared to Dther mafic volcanic rocks in the EMB {(eg. Condie
and Moore, 1977; Maclean et al., 1982) is congistent with the
conclusion reached above that the Talian Lake émphibolite
samples are anomalously enriched in incompatible elements.
The Cen/Yn value for all samples is greater than 1 (the total
range is between 1.2 and, 1.9) indicating that there is a
slight fractionation from LREE to HREE. A characteristic
feature\ of these patterns is the general enrichﬁent in the '
middle REE with a slightly positive to negligible Eu anomaly.
To investiqa%e the REE variation with depth in the sill a
series of fivé_samples (the TL&4) series) collected along a
traQerse perpendicuiar.tu the north limb of the silllhave
been analysed. The following 5aé;le sequence indicates the \
relative position of these #amples within the sill starting
from the stratigraphic top; T161;7S, 55, 45, 35 and 25 (see
Eigure 27). The stippled pattern in Figure 22a\encompasses
the REE patterns for the five sampleé T16125-55. 1t is
interesting that mo:; of these samples have identical LREE

trends and content® and only show variations in the HREE.

This could be explained by fractional crystallization of a

:
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mineral phase that concentrates the‘HREE such as
clinopyroxene, orthopyroxene, amphibole or zircon. These data
alone suggest that there is no significant variation in the
abundance of the REE wiéh depth. However, the sample
collected closest to the stratigraphic top (TL&1-7S) clearly
has a much lower total REE content. The two samples collected
from the south limb (TL1 and TL41) also show this difference
in total REE content between samples collected near the
stratigraphic top and the other samples (ie. the position of
sampie TL1 within the sill is closer to the stratigraphic top
.thén TL41). The unigque REE content of the samples from near
the top of the sill can be interpreted in three ways: 1)‘
these sémples may represent a primitivé magma compusftion
that subsequently evolved by differentiétiun to produce the
high total REE contents observed in the other samples, 2)
they may represeﬁt a ;umu1ate part of the sill where minerals
that do not concentrate the REE have accumulated or 3) they
may represent a separate and geochemically distiﬁct magma

~7
batch.

In a previous section, a geochemically distinct group
of sgmples from the sill was recognized and called transition
because their composition field often falls between‘the
fields for amphibolite and granodiorite on major and trace
element variation-diégrams. The REE pattern of one gfansitioh‘

" sample| (TL22) is presented in Figure 22a. This sample has the

highest\ total REE content of the mafic samples analysed and

\

g
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has Eu, Yb and Lu contents similar to those obtained for the
granodiorites (see Figure 22Zb). The overall pattern of this
sample is similar to the patterns observed for the other
amphibolite samples exceht for a slight enrichment in the

HREE.

A summary of the REE data presented in Figures 22a and
-
b is presented in Figure 22c and sna; general statements can
be made concerning the possible relafinnship between the
amphibolfte and granodiorite members. The total REE content

L & .
of the granodiorite suite is distinctly higher than the

amphibolite unit but the genEfa; flatness in the trends for
both Qnits suggests that they are possibly cogenetic and
related by magmatic processes. It is unlikely that a
granodibritic magma could be generatea from a basaltic source
uigh a REE pattern and content similar to those observed in
the Tallan lLake granodiorite (refer to Barker et al., 1976) .
As an aside, the range in Sm/&d ratios obtained for the
amphibolite samples (0.310 to 0.454) is large‘pnpugh that a
Sm—Nd age could be determined for this unit which would

provide an interesting comparison with the U-Pb zircon and

Rb~Sr whole rock ages reported in the next two sections.

4.2.4 U-Pb IZircon Geochronology
The Tallan Lake sill is an important marker horizon

within the supracrustal sequence that occurs in the study

" area so a precise age for the emplacement of this sill would

&
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also provide a good est{mate for the end of volcanism and
associated sedimentation in this area. Two samples from the
=ill were collected for a U-Pb zircon study, one granodiorite
(TL40) and one amphibolite (TL41) weighing 20 and 25

«
kilograms, respectively.

The U-Fb dafa for six zircon fractions from the sill
are presented:in Table B4 and Figure 23. Four of the six
fractions were separated from the g}anodiorite sample (opén
ellipses) and the remaining two are from the amphibolite
sample (ellipses with solid circles). All the zircon
fractions analysed were hand picked from a sgngle pnpuiatiun

. .
consisting Df-euhédral, colourless, prismatic EF?iﬁs. AN’
example of a bulk zircomn population from sample TLAO is showrl
in Plate &a. The selected grains are devoié of inclusions or
visible alfhration and have been abraded to remove the-guter
surfaces. An example of the zircon grains from sample TL41
after abrasion is sh;;n in Plate &b. It was much more
difficuit su obtain a large amount of good quality zircon
from the amphibolite sample because many of the grains have

_é.tlargé magnetite inciusions so many of the grains ended up in
magnetic splits puring niheral separation using‘a Frantz
isodynamic separator. Most of the zircnn‘+ractions anal ysed
were selected from the leaét magnetic (zero degree tilt,

*®
nnn—magne:}é) split from a frig;z’ﬁsodynamic separator and

-~

differ only in the degree of abrasion, the number of grains

analysed and the presence or absence of a few cracks. One




Plate &6 A - Bulk zircon fraction (+100.mesh}) from the
Tallan Lake granodiorite {(TL40). A single
zircon grain in each Plate is approximately
0.1 micron in diameter . o

B - Abraded zircon fraction from the Tallan Lake
amphibolite (TL41) R
C - Bulk zircon fraction (+200 mesh) from the Loon

Lake quartz monzonite (LLZ2)

D - Abraded zircon fraction from the Loon Lake
quartz monzonite (LLZ2). These are a few .
grains from fraction #21 in Table B4
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exception is fraction #7 (Table B4). This fraction also’
consisted of good quality zirgon but the grains were smaller
(-200 mesh) and more magnetic,

Three features of the U-Pb data are readily discerned
from Figure 23; 1) all the zércnn fractions analysed are less
than 10% discordant, 2) "all four fractions from the
granodiorite sample are less discordant than the two
fractions from the‘amphibulite sample and 3)‘zirc0n
fractions from both Eaﬁples plot on, or very close to, the

\

same discordia line. This latter point is gomewhSQ of a

s/
surprise because the amphiboljite sample was originally

-

collected to ;Etermine the time of metamorbhism. Rocks of
basaltic‘gompnéitioh rarely contain primary zircon but their
high grade metamorphic counterparts commonly contain
metqufphic zircons formed, in part, with zirconium released
during the breakdown of clinopyroxene to amphibole. The

Tallan Lake amphibolite apparently contains primary igneous

zircon. Q2

The two leasE discordant fractions in Figure 23 (0.9
and I;SZ discordant, respectiveiy) are so close to concordia
'that their 2°7pPb/2°4Ph ages (1251 and 1249 Ma) are a. =
reasnnable##;;imate for the time of_ emplacement of the
granodiorite and perhaps the sill- as a whole. A slight
corrections has been made to the data fr;m fraction #4 (Table

B4) to compensate for a=<3 Ma shift in the *°7pb/*°4Pb age

that occurs for overspiked analyses. The fact that these two

L]
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fractions were given the most severe abrasion treatment and
have a total common Pb content (13 and 10 pg.} close to the
total Pb blank indicates that all the common Pb in these

. .
zircons must reside near the ;urface of the graid%. These

N
exceptionally low total common Pb values provide a maximum
estiméte for the total Pb blank. The greater discordance
observed for the remaining samples cnkresponds with highérr
common Pb contents (up to 91,.pg.) and reflects-tﬁe effect of
analys%ng zircon grains that contain a few ;racks ar grains
where the outside surfaces have not been completely removed

by abrasion. $ ' {

The four zircon fractions from the granodiorite sample

%
/

define a discordia line (97%4 probability of fit) that has an
" upper intercept age of 1254 +23/-4 Ma (at the 957 confidence
level) énd a lo;er intercept age of 678 Ma. This precise
Qpper intercept age.oi?1254-ﬂg is interpreted as the t?me of
‘zircon crystallization dgying empl acement of the i ‘
_granodioritef I+ all six zircun‘fracg&ons are combined, there
is no chande in the upper intercept%age but thereiis a -
reduction in the associated error (ie. 1254 +11/-4 Ma).
However, including the two fractions from the‘amphibolite
sample reduces the probability of fit to 86%Z so it is

P
possible that this saggL? is slightly younger than the
granodiorite szmple. Additional zircon analyses will be

required to test whether 'there is a sigﬁificant age

difference betﬁeen these two units. At present, a differenﬁe
W

& .y
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in ages 1is suggested i¥ the amphibolite zircon data are

treated separately (ie. 1239 Ma’.
4.2!&' Rb-5r Géochronology -

4.2.5.1 Granodiorite
The Rb-5r data for ten whole rock samples ;nd two slaﬁ
sgctions-from one granodiorite sampling site (south limb) are
‘presented in Table 'B3.3 and Figure 24a. if all the data are
“combined, the scatter abéut a best—fit regression line is in
excess of analytical error (MSWD=25.7)- The slope of this
'errorchron corresponds to Lp age of 1089+83 Ma with an
elevated initial. strontium isotope ratio (Ri) of 0.7051+B.
One sample (&9303) has' a significantly higher Rb/Sr ratio i
than the other samples and, at first glance, maylbe suspected
v
of controlling the Rb;Sr regression results but excluding
this sample has éhly a minor effect on the age cal;ulatinn
(£=1103 qa;ni=0.7oso;nsuo=25.5). The source of this
"geqingical error' becomes apparent when the samples are.
subdivided into fracture—bearing and fracéure—free. It has
been~wmentioned alre dy, that the +racture—b‘aring 5amp1?5 are
distinguished by qj;igher mod;l proportion of K—feldspar and.
this rappears to correlate with Rb concentration. The average
Rb content for the & samples without fractures is 33 ppm,'a

value consxderably lower than tﬁ/)average (178 ppm) for three

of the fpur fractured samples (TL12, TL23, 69393). One

[ »



Figure 24

[‘\

Rb-Sr whole rack data for samples from the
Tallan lake granodiorite {south limb); a)
Composite diagram and b) data subdi vi ded
based on Fracture—bearing
fractune—free (open circles). Sample 12FR
represents a thin slab from sample 12 that
contains a fracture and sample 12F ‘
d 4 cm away from the

represents a slab slice
fracture.

a

(open squares) and
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Fracture—béaring sample (TL2) is depleted in Rb (16 ppm}
compared to the fracture-free samples, even though it also
contains abundant K-feldspar.

The results for the six fracturé*frée samples‘are
treated separately in Figure 24b. The fracéure—free sample
with the lowest Rb/Sr ratio (TL22) was classified as a
transition sample in a previous section‘but considering the
incompatible element content of this sample it is considered
to be genetically related to the granodiorite member .
Excludiﬁgfthis sample from the regtession treatment has a

negl1gxb1e effect on the calculated age. The best-fit

regress1nn line tJ;ough these data defines a much more [

precise age of 1244432 Ma, compared to thg compos1tf age
reported above; with Au detectable scatter outside analytical
error (thDBO-QZ). This age is also in excellent agreement
with the U—Bb.zircon age of 1254 Ma aetermined using a sample
collected from the same outcrop. Therefore,'2£7considering
only the samplesa that are fracture—free, a geologically
meaningful Rb-Sr whole rock age is obtained far  the
granodiorite that does nqt appéar to bé‘aFfected by
subsequént geological disturbénces. The initial strontium
ratio for the six fracture—free samples is 0.7037+4 and is
within the “normal® range for CMB granitoid ‘rocks (refer to

Chapter:  35.9).

t

A secundrRh;S( whole rock isochron is obtained for the

same outcrop when the fracture-bearfng samples_are ev7}6$€éd

N

% rd - P /* "
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separately. The results for four fracture-bearing samples
plus the two slab sections from one of these fracture-bearing
5amgfes (TL12, see Plate Sb) are treated separately in Figure
24b. The slgbe‘of the best—fif regression line corresponds tao
an age o+.k023117 Ma (Ri=6.7059t4) with fo detectable scatter
outside analytical error (MSWD=0.3B). The relativgly small
error associéfed with this age reflects both the colinearity
of the data and the large.variation in the Rb/Sr ratio. This
age is considerably younge; than the age defined by the
samples without fracturés (1244 Ma) and the age of zircon
crystallization (1254 Ma) and represents the time when Rb and
Sr ceased to migrate:along these fractures. Therefore, the
fordation of fractures and ensuing fluid mig;ation occurred
some 200 Ma or more after the sill was emplaced. ‘
Perhaps thé most convincing evidence that these
fractures have been been instrumental in resetting thgxﬁb-Sr'
-whole‘roc# system;.at least on thé scale of a few ,/j
centimeters, ;; tﬁe-resu;t obtained from tﬁe slab study.
Campared to the totél rock Rb content of 1#0 ppm for sample
TL12 the slab containing the fracture UTLléFR) is enriched in
A\\~Rb>(149 ppm} while the slab a_few centimeters away from the
fracture contains significantly less Rb‘(l21‘ppm) with only a
slight'decfease in Sr abundance. Therefore, the total rock Rb
content is dominatéd by the Rb introduced by fluid-rock
inﬁqgaction along the fractures. This effect is evident on :

. Figure 24b. The slab that .contains the fracture plots to the



.
P

145

right and of the total rock value but still lies on the 1023
Ma' isochron whereas the slab that was sliced 4 cm away frn;
the fracture, which élso lies on the 1023 Ma isochron, plots
a0 the left of the total rock value. Although the Rb content
of the slab cuntaining the fracture has more influence on the
total rock Rb-Sr system, it is interesting that the
introduction of'Rb via fluids migrating along these Frac;ures
also has a prnfounﬂ effect on the beh#viour of the Rb-5r
system in thelslab sliced 4 cm'auay from the fracture even
though there are no visible signs of alteration. If a linear
relationship between.Rb gain agd distance away from_the
fracture is assumed then the extéﬁt ot Rb d{;:;zzgzjcan be
estimated to be on the Prde} of 15 to 20 centimeters.

The Rb-Sr .data for two samples from the north limb
granogiorite aré\i::§ented in Table B3.3. The slope of a -~ s
regression line through these &wo samples indicates an age of
about IISQ Ma (Ri=0.7061). However, one sample (63764)>pldt5
on a 1254 ha're+erence line. This may be f;;tuitnus and tHe
north limb granddiorite is ;eally younger an the south limb
granodiorite, however, it isjglso possible at both units
were emplaced it about’ 1250 Ma but the Rb—S:‘s atem of sample
TLS has been modified by a subsequent disturbarnce. This

disturbance might be related to an alteration aveﬁt £hat is

reéponsible for the growth of secondary muscovite in this

sample.
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4.2.5.2 Amphibolite

The Rb-Sr data for 11 amphibolite samples are
presented in Figure 25 along with a reference line with a
slope that corresponds to an age of 1250 Ma., the approximate
age of the amphibolite unit determined from the U-Pb zircon
study. Unlike the granodiorite Rb—-Sr study, many Df»the
amph;bnlite samples were collected from hidely spaced
sampling sites. The samples dennted by solid squares.pn'this
d1agram are anomalously enriched in Rb (eg. sample 69311
contains 135 ppm) and thexr compositions have probably been
altered by alkali metasomatism similar to the effect
discussed above for the fracturé—bearing grénodiorite
samples. Tu6 of these ranriched” samples (TL&61-3S and 69311)
plot significantly t; the right ofsthe 1250 Ma reference
line. A number of the samples with low Rb/Sr ratios do plot
on or very close to the reference line and indicate thét the
Rb-Sr integrity of these samples has ;nt been sigﬁificantly

\ . ~ -

mndified by subsequent geolugiqal disturbances. At present,

-

it is not posszble to explain the p051t10n of samples like /
TL61-45 and TL& that have low RblSr ratios (and Rb cuntents)

but plot sigqificantly below the reference line.
VA o

1f all the data plotted in Figure 25 ar@® used to

v

calcuh:je an age for the gmpﬁgaokite unit, an errorchron

age of 1099+170 Ma is obtained (R1=0.703515;HSND=7.93). This

B

age is probnbly geologically meanxngless and at best

approximates the time of metamorphxsm. Dm;ttxng the four

‘\ .
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Figure 25

Rb-5r whole rock data for samples frnﬁhe
Tallan Lake amphibolite. The solid squares
represent samples that show anomalous
geochemical features and are suspected of
containing microfractures.

-
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samples with high Rb contents and sample TL&61-4S from the
calculatfpn increases the age to 12461 Ma, which is in c{;;g:
agreement with the U-Pb zircen age, but there is still
considerable'data scatter outside an&lytical uncertainty
(MSWD=3.233;Ri=0.7034). The age calchlated for the four

’
samples that are enriched in Rb is 975 Ma (Ri=0.704%5)

indicating that :the Rb-Sr system in some of the amphibolite

_gamptes may have been disturhed during the late—stage

) o

'{rjcture fnrmlng and fluid migration eent that had a

profound ef&ect on the Rb-Sr system of many granudlorxte
samples. Therefore, it is concluded that the unusually large

range in Rb/Sr ratios obtained for ;he amphibolite unit has

'been generated by secondary geological processes that have,

~

in part, enriched these samples i It is ;Tzz’possible
that some of the samples such as &1-25 .and -35 (=ee Tfable
B3.3) have been depleted in Sr.

”r

The best estimate of the initial strontium ratio for

fhe amphiboiite unit is the average model Ri (0.7034) for the

v

five samples that plot on or very close -to th eference line

(ie. TL ,10,41,61—55,&1—75); assuming t the age for these

sample {; similar to the 1234 Ma ag. ined in the U-Pb
zireon  study. With the pfesent data, t F Ri for the

granudi;}ite‘(0.7037:ﬁ) and hmphib@lite (0.7034:5)'over‘a;,
within analytical uncertainty. ‘

S

\
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4.2.46 Oxygen Isotopes
“ An interesting aspect of the geochemical study

preeented above is the recognition that the chemical and
ieotopic composition of numerous samplesagrom the silf have
-been altered by flqip:rnck interection along irregulatly
spaced microfractures. The timing of this fluid infiltration
seems to have occurred some 200 Ma or more after the sill was
emplaced (refer to section 4.2.5.1). An bx?gen isotope sfudy
of the Tallan Lake samples was perfdrmed in cmnjunctien witﬁ
'-Yuch Nihg Shieh (Purdue University,'anipna) in order to
further characterize this fluid, eepecially to test whether
the fluid may have been derived from decarbunation rese'tions
-in the high *=Q marbles, and to compare the oxygen 1sutop1c
cnmpnsition of the amphibolite, transition and anndHiorite-

members of the sill.

3 . a

The oxygen isotopic compositions for sixteen .camples.

d .
from the sill are presented in Table B3.3 and Figure 2&6. In

«
addition to subdividing the samples according to

v
compositional differences as described above, the
granodiorite samples that contain microfractures are dencted

by solid symbols. The amphibo{ite samples have a large range

in *®0 from B.1 to 10.7%. but clearly do not overlap with the -

Fange observed for the fracture-free granddiorite samples
(11.1 to 12.0£:). The variation observed withih each unit as

well as the hiatus in oxygen isptopic compnsxtlon between

granodlorlte and amphibolite can. not be explained by normal
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igneous processes. The only transition Sample analysed
(10.4%.) falls within the range determinea fgr-the
amphibolite sa;ples. There are two features of the
amphibolite data reveéled in this diagram; 1) two samples
collected from near the present énp of the sill, and possibly
representing a cumulate portion of the sil} {refer to section
4.2.7.1), have the lowest =0 values (8.1 and 9.0%.) and 2)
a4 sample that is suspected of chemical modification by
fluid:rock interaction (ie, TL41-35) has one the Highest 2=
values observed for this unit (10.1%.).

The majority of fracture—bearing granodiorite samples
have a narrow range of 180 petween 10.7 and 10.9%. and are
clearly lower tﬁan'the fracture—free Samples. The only
exception is sample TL1Z (11.4%.). The clustering of data for
the ffacture—bearing Eémples indicates that fluid interaction
has effectively lowered the *P0 composition of the
‘fracfure~+ree granodiorite samples. This ig contrary to what
would be expected if the fluid was derived by decarbonation
reactions \in the adjacent marble horizons {average
"D=25.6Z.; Shieh et al., 1%75)._Therefore, the fluid must
have been deriv%d from some other extraneous source such as
emanations 4raﬁ the nearby late—tec{onic Loon -Lake 'pluton ar
metasomatism accompanying the emplacement of post-tectonic

felsic dikes.

»
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4_.2.7 Discussion

S

Y 'Summarizing the results presented above, it is clear

that the T&llan L;ke sill was eép}aced at about 1250 Ma and,
at the time of émplacement,‘consié?ed o% a unique, highly
evolved magma composition. In this section, the critical |

3
petrograshic, geochemical and isntnpic‘daté presently
available will be used to discuss the Qriginrand evolution of

the amphibeolite unit and the relationship between the

amphibolite”apd granodiorite members of the sill.

4.2.7.1 Amphibolite Petrogenesis

A schematic‘drawing of the Qill,in-its present '’
stratigraphic position is shown in Figure 27 as a visual
reference for the following discuﬁsiﬁn with the apprqximéte
locatibn of amphibolite samples collected along travek#es
perpendicﬁlar to the strike of the sill. The following list
sqmmarizeé the salient features of th& amphibolite geology
and geochemistry that are considered to pertain ta the
primary magma characteristics:

a) one sample, collécted at the contact betwéen
amphibnlite and marble, is f}peqqgfined and interpreted
by Griep (19735) as evidence for a ch;}(aa-margin.

b) the’presence of large marble xenoliths. _

c) 'clinopyrnxene pseudomorphs are abhsent from a.éo meter

wide zone near the amphibolite-granodiorite contact. .’

Samples from this zone show extreme enrichments.Q§?

<
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