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. ABSTRACT . Ly
The mid- Cretaceous Anv11 bathollth located 10

km northeast of Faro 1n south central Yukon, 1ntrudeSu

late Proterozolc to 1ate_Pa1e0201c metasedlmentary and

metavolcanic‘rocks; Blotlte, garnet and staurollte—
andalusite 1sograds near the pluton were deflned in

-prev1ous work. Because of the truncatlon of 1sograds

at the granltlc contact because of a marked varlatlon_

in the width of the metamorphlc zone, and because the ~
mlneral assemblages appeared more typlcal of reglonal
than contact metamorphlsm the metamorphlc zone was
1nterpreted as ‘a contact aureole From the nearhy.
presence of unmetamorphoSed Devonlan rocks directlyh
. overlying hiotite-grade rocks of;Cambrian age, meta~
lmorphlsm was 1nterpreted as pre Devonlan in age A
model of archlng of reglonally metamorphosed rocks by
the pluton;to produce the "1sograds" was proposed.
Subsequent work has suggested that the’ mineral
Aassemblages 1n the Cambrlan SChlSt ad)acent to the o

f 1ntrus1on represent a stable assemblage reflectlng

condltlons at the time of emplacement

The present study has. refined the 51111man1te,‘"

staurolite, andalusite,fgarnet and biotite iSograds

o




. . . R
. R -

_which are concentrie to the pluton in the study area.
{ < The isograds dip away from the* pluton at the

\ present level of exposure and follow the contact at

\ depth. This accounts for varlatlon in the width of the
)

»;/Qnmtamorphlc zone. , ' :ﬁif
0 Porohyroblast—matrix relathionships in the.

metamorphlc rocks 1nd1cate that metamorphlsm occurred
‘ durlng the D2 event, the intrusion of the pluton

Geothermometry results indicate that country rock
adjacent to the Anvil bathollth was heated to
‘temperaturesvof more than 600 Oc. a consistent trend
of decreasing temperatures away from the 1ntru51ve
margins is recorded., Geobarometry results indicate that
the average pressure was 4.9 + 1.6 kbar and suggests a
maximun‘thickneSSpof cover during emplacement{of about
16 km‘(i 5 km).

Large;scale uplift of the Mount Mye area is
implied by the geobarometry results; Previously pro-
posed cogenetic relatlonshlps between the Anvil Plutonlc
Suite and the South Fork yolcanics cannot be reconc1led
w1th thls ev1dence. As there is no evidence for 51m11ar
1arge~scai¥ uplift since the m1d Cretaceous in' the

’ gYukon—Tanana terrane to. the west 51gn1f1cant ff
\:€d1fferenth£ upllft across Tlntlna fault 1n thls area ‘;EM  

is 1mp11ed 4
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I. INTRODUCTION

This thesis feports'on a detailed,stﬁdy éf a
metamorphic aureole\geveloped in ﬁ%drynian (?) to
Ordovician (?) échists gpjacént to the mid—Cfetaceous Anvi;
batholith, 200 km ﬁortheast of.Whitehorse, Yukon Terfitqry
(Figure 1). S | |

Most Lerr énd mid—Cretaceous plutons in the eastern

.CanadianlCordillera were emplaced into sedimentary or
greenschist~faciss metasedimentary rocks. They exhibit
clearly-defined metamofphicfaureoles chépactefizéd by
andalusite énd (or) cordierite and staurdlit?‘(Reesor,
1973), as well as structufal“aureblesf 3

Tempelman-Kluit (1972) rgported.éransgresqidn of

isograds by the Anvil pluton, and a marked vériaﬁion in the
:width of the metamorphic zone. Mineral assemgiages were
interﬁreted_as typical of regional rather than‘COnFact
metamorphism and, as a résult, the metamorphism of ﬁhe.

"pelitic sediments was interpreted as a‘regional event

preceeding the intrusive event.

Front the nearby presence of unmetamorphoéed Devonian

- rocks apparently overlying biotite-grade rocks of Cambrian

A

- . (?)' age, the regional metamorphism was interpreted as

pre-Devonian in age. A model of arching of regionally
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Figure 1.

L]
-
-
-

-

" Location map modified after Mortensen and Jilson

(1983), dense stipple = Yukon-Tanana terrane;
open stipple = North Amerigan miogeoclinal
strata; ruled pattern = Slide Mountain terrane;.
solid black = Mississippian orthogneisses; FLFZ
= Finlayson Lake fault zone; NRMT = Northern
Rocky Mountain Trench. The study area is
indicated by the sta¥*. . = - '



metamorphos rocks by the pluton to produce the '"isograds"
wvas proposed (Tempelman Klult 1972). |

Pigage and Anderson (1985) suggested that the
mineral assemblages in the pelitic schist adjacent- to the

intrusion represent a stao}e assemblage reflecting
conditions at the time of emplacement. ,They.coﬁcluded that
the structural setting of the area indioates'shallow
intrusion of the Anvil plutonic-suite, COntemporaneous with
or slightl; younder than secpnd-phaseldeformation in the
area. ’

The present study was carried out to.examine the
_4xe1ationship of the mineral isograds to the intrusive body,
toidetermine the pressure ahd temperature of metamorphism,
.ppand tﬁeltiming of emplacement of the Anvil batholith with
{respectgto;regional metamorphism and deformation.

Five weeks of geological mapping and sample
collectlon from helicopter- supported fly-camps was followed
by detalled petrologlc work on 150 thin sectlons.’ |
Mlcroprobe”analyses of garnet- biotite pairs and of
garnet—plaglooﬁase—Al 5510g~ quartz assemblages were used
in geothermo—barometry,studles.

The sillimanitelustaurolite, andalusite, garnet‘and

biotite isogradsfare concentric to the pluton in the study

1

area.
»  The Amyil batholith‘was emplaced under approximately
5 kilobars of pressure, and heated adjaoent country rock to-

P

temperatures of more than 600 °C. °



The moderately high pressures of metamorphisﬁ
indicate large scale uplift since the mid-Cretaceous.
Significant differential uplift since the mid-Cretaceous

across Tintina fault in this area is inferred.

v



ITI. REGIONAL GEOLOGY

Setting ' ‘ v

The Anvil Range lies on the_soutﬁ&éstern edge.of the
Selwyn Basin inlthé’OminecanCrystalline Belt (OCB). Thé
Anvil district, is characterizéd'by several uplifts of
polydeférmed and metamorphosed strata (Jenningé and Jilson,
1986) . pgrge, laté— to syn-kinematic, 100 Ma-old granites
fqrmethe cores .of these uplifts.

The c;re of the Anvil Range is largely underlain by
granodiorite and porphyritic 'quartz monzonite of the Arnvil
: \

Batholith (Tempelman-Kluit, 1972)..

Metasedimentéry rock units that flank ‘the Anvil
Batholith range in grade from upper greenschist to
_almgndine—amphibolité fécies; They are considered to be
the_metamorphic equivalents of the prer Proterozoic to
‘Lowef‘Paleozoic clastic and carbonate sequences in‘the e
SelwynABasin (Tempelman-Kluit, 1972; Blusson, 1966).

The North American miogeoéliné is separated from
the allochthonous Yukon-Tanar~ terrane (YTT) (Coney et al.,
1980) by the steeply southwést;dipping Vangorda fault zone
(Figure 1, Pigage and Andérson, 1985). Right-lateral move-
"ment on the Tintina fault system subsequen?ly’offset ali
uniFs. The Anvil plﬁtonic suite intrudes the Vangorda

p— | \
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fault and is displaced .along the Tintina fault. Rb - Sr
age determihations on the batholith by Pigage and Anderson
(1985) prov1ded an age of (100+ 2 Ma) Rb - Sr geochrono-
loglcal results also provide a minimum age of deformation
of th% metasedlmeneary rocks ahd a maximum age (99+ 2.5 Ma)
for movement along the Tintina; K - Ar (mineral) isotopic
data overlaps with the Rb - Sr (isochron) data around 100
Ma. This 1ndlcates rapld cooling and therefore, likely,
rapid uplift in the area (Plgage and Anderson, 1985).
Adjacentlga/Tintina fault, steeply-dipping
northwest-trending, faults splay from the Tintina and
Vangorda faults and out the Anvil'Range. Moveﬁent along
some of these faults involves a complex hlstory of early
’reverse, strlke -slip, and late normal periods of movement
which may record the, final stages of upllft 1n the area

(Pigage and Jilson, 1985).
Stratigraphy

The Anvil Range Qas first mapped by Roddick and Green
(1961). Detailed work on the stratlgraphy was completed by
Tempelman Kluit (1972) and Jennlngs et al (1980) Gordey
(1983) recognized two subhorizontal‘thrust fa .l1ts in the -
area. Jennings and dilson_(1986) studied the lOWer,portion,
of the Precambrian to Permian stratigraphic sequence,

specifically the pre-Ordovician.part in which



Pb-Zn-Ag-barite deposits occur (Figure 2, Table 1).
. ' ) ’ . ,
The Upper Proterozoi¢ to Mississippian miogeoclinal®

rocks can be divided.into an upper and a lower division '
(Jilson, 1984). ‘The present study is concerned only wiﬁh
“the lower division, whigh compris;s approximately 5 konf
laté Precambrian to Silurian metasedimentary and lesser
mafic volcanic rocks (Jennings and Jilson, 1986).

The oldesf sequence is 2 km thick. It consists of
lower Cambrian (?) and/or Hadryniaﬁ (?), muécévite—qUartz—
biotite schist, phyllité’and‘hornfels.with laminated
calc-silicate réck, p?le grey marble and rare lenses of
amphibolite (uﬁit 2 of Témpeiman—Kluit, 1972; unit 1 of
Gordey, 1983; HEmm of Jennings and»Jilsdn, 1986). The
schist generally hosts'almandine—amphiboiitp facies
assémblages which includelsillimanite + staurolite +
andaiusite i gérnet + biétite + mugéovite + quartz +
feldspar. Schist, phyllite and Calc—silicate rocks aref
conformably (?) overlain .by Middle:and Upper Cambrian .(?)
to, lower Ordovician phyllitic rocks. TQ; phyllife véries
_frém 0.5 to 2 kilometers.in thicknesé: includes 15% basic
igneoﬁé roCks‘and becomes more ééicareous up seqtion;
Regional correlation 6ﬁ the lower division rocks has beeny
discuSsed by Jenniﬁgs and Ji;sbn (1986) .

The lower division'is:cagggd by early Ordovician

basalts interleaved with black phyllite. The iaterally

extensive volcanic rocks reach up to 1.5 kilometersTin
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LEGEND - .
Tertiary (?)

Tv ™ rhyolite plug
Cretaceocus '

;@j "L Ki * porphyritic horhblende diorite
 Kgr -granite (Anvil Batholith)

SOPRN ubm rslat®, cherty greywacke,
2.t ) conglarerte, limestone
T o
JTirll - MK crinoidal limestone . \
1 - '

Ordovician to Devonian

sq medium grained orthoquartzite

< SDs  black phyllite with middle
\\\‘ ' . . Devonian limestone lenses

© oSrr | black slate, chert . § .-’

Vlw}Oxdcv’ician (and yunx;ér?) ] K-

I.I -
vty . Omc  argillite, silstone, basdlt
v :

p . .

Cambrian to lower Ordocivian (?) .

EQv  phyllite, chloritic tuff .

lower Cambrian and Hadryman ?)

Emm HBmm skarmn, ms-qz-bi sd_iist,' -
amphibolite, marble. :

SYMBOLS

= - : -

'L _j‘ autline of study area -
—_ i o ' -
I /u

- _. pormal fault, ball on downthrown side
¥ . D ’
A khrust fault- :

i

—_— fogerately or shallowly dipping fault
of unkorwm sense of displacement
© (mostly 45° or less).
< 52 foliation (mostly less than 45°)

Figure 2. Continued.

.
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PERIOD/ | MAP-
EPOCH UNIT LITHOLOGY THICKNESS
Tempel - Gordey. |Jennings
man-Kluit | (1983) & Jilson
(1972) (1986) X
T 14b v, Fhyolite plug
R -
F* intrusive into units 3, 4 of Gordey (1983)
W\ or 13 Ki porphyritic . )
T . hormblende diorite
— intrusive into units 1, 2, 3 of Gerdey (1983) v
K 11 9 Kgr granite
(Anvil Batholith)
intrusive into units 1, 2, 3 of Gordey (1983)
D 7 8 ulM slate, chert, grey- 500 m +
M " wacke, conglamerate,
liJneﬁt':one"
§ thrust fault contact (?) with overlying younger rocks
a ) :
- b 6 7 Mk crinoidal limestone 0 -~
>
— 30m
fa)
M S 5 6 Sq medium grained 40 m +
@ .
Q, D orthoquartzite
o . ’ i
uncoiformable  (?)
. 2 )
o 4 5 .SIB:S('(l) black slate, 130 m .
s ) chert :
c 4 O5rr(?) | argillite, siltstone 400 m
o G (?) basalt
o o 8b 3 ome basalt up to
D - ' 1500 m
e, _ :
<3 3, 3a 2 BEov phyllite, chloritic 500 -
o \ tuff ' 2000 m
o
f.} 2 1 HEmm skarmm, ms-qgz-bi 2000 m
> schist, amphibolite,
3 L marble | -
TABLE 1. Table of formations modified after. Jennings and

Jilson (1986).

*
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© thickness (Jennings and Jiléon,v1986). “The volcanic rocks
and underlying calcareous phyllites represent'Campbeil's
(1967) Anvil Range Group. |
| The upper and lower divisions are‘separated by
Ordoviciap to»Silurian grey-black slafe, black shale,_ahd
argillite, which contain late middie-Devonian limestone
_lepses'and are overlain by thick-bedded orthoquartzite and
by limestone and ddlomite.

The lower division is unconformably overlain by a
series of chert—fich clastic and carbonate strata that
range in age fr;m mid-Ordovician to Perﬁian._ All cr part
of this sequence may be allochthonous (Jilson, 1984).
These rocks correlate with the Earn Group and include the
Fxpe locality of the Anvil Range Group as qefined by
Jennings and Jilson (1986) after Tempelman-ﬁlﬁit (1972) .
Detailed desqriptibns of the strétigraphy of the upper
division are given by Tempelman—Kiuit (1972), Gordé;-

(1983), and Jennings and Jilson (1986).

Nomenclature - Anvil Range Group

Gordey (1983) determined that rocks includ-d in
.Campbell‘s (1967) Anvil Range Group are parautqcﬁthonous in
nature and Cambro-Ordovician in age. He suggested that the
Upper Paleozoic volcanic‘rocké exposed on the.southwest

side of the Anvil Range have a strong affinity with the

allochthonous Yukon-Tanana terrane. These should be

11
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excluded from the Anvil Range Group sinceithey are distinct //
from those. rocks orlglnally deflned by Campbell (1967). |
Jennlngs and Jllson (1986), follow1ng )

Tempelman-Kluit (1972), suggest that the name Anvil Range
Grbup be applied to the upper Paleozoic basalt and
underlylng chert and tuffaceous chert exposed-on the
‘soutﬂwest flank of the Anvil Range.
Intrusive Rocks

. The most extensive iﬁtrusive»assemblage is formed of
the Mid-Cretaceous granitic roeks of the Anvil plutonic
suite in the core of thevAnvil Range. Pigage andlAnderson
(1985) have mapped three distinct phases; the Orchay and
Marjorie phases, hornblende—biotite grenodiorite and minor
granite intrusions, and the Mount Mye phase, a
muscov1te—blot1te granlte Locally, these grani*: rocks

are cut by porphyrltlc hornblende diorite dykes and plugs

Structure

f

Arching of the Paleozoic rocks that flank the Anvil

intrusive forms a relatively young regional structure.

Tempelman-Kluit (1972) termed this irregular, asymmetrical,
northwest—trending,4structpral culmination, the Anvil Arch.
Evidence for four (Tempelman-Kluit, 1972) or five

. . | " ‘
(Jennings and Jilson, 1986) phases of deformation in the
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area has been presented. Foliation associated with the
second deformation event dominates the metasedimentary
package. The Anvil Arch is related to the thirad (or later)

deformation event (Tempelman-Kluit, 1972; Pigage and

a .

‘Anderson, 1985) .

N
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ITII. GEOLOGY OF THE STUDY AREA

In the Mt. Myelarea, good bedrock exposure is fOUnd
along ridges and locally along streams in broad U-shaped
valleys (Figure 11 in pocket).  Contacts.are eﬁarp. A 600
meter-thick, 7 kilometer-wide sleb of metasedimentary rocks
forms a roof pendant in the Anvil Batholith and is exposed
at the higher elevations in the study area.

Layering and schistosity in the metasedimentary

rocks dip moderately northeast in the northeast portion of

the map area and southwest in the southwest. Compositional

-

banding defined by pelitic and calc-silicate layers likely
represents premetamorphic layering. The stratigraphic
thickness of the studied assemblege is approximately 2.3

km.

METASEDIMENTARY ROCKS
N 7
The metasedimentary rocks are divided into‘phyllite,

calc—silicate énd schist units.

Phylllte‘ - o _ | , «
Phyllltlc rocks weather rece551vely and are exposed

along Vangorda Creek road and on slopes 8 km'

e

14
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north-northeast of Mt. Mye. A 550 meter-thick unit of
phyllite is exposed in the study area (Figure 11, in pocket).
The friable phyllite is lustrous silver-grey on
fresh and weathered surfaces. The rock breaks readiiy
along the main foliation plane and weathe%s to distinctive
~ small, flatvchips. ‘The rock is locéllytguffaceous,
contains pods of andesitic greenstone, and 1s interlayered
with graphitic phyllite and thinly banded calc-silicate.
Detailed petrography of this unit is reported by
Tempelman-Kluit (1972) and»Jennings and Jilson (1986}.
The phyllitic rocks were probably originally a si}ty
shale. The chloritic tuffris liLely of volcanic
deri#ation. The_greenstone pods may be intrusive in origin

(Tempelman—Kluit, 1972).

Calc-silicate Rocks : - ‘ \

" Laminated calc-silicate rock forms resistant, blocky
ouggrops. Calc-silicate is exposed on the
sb&%ﬁﬁsoutheastérn slopes of Mt. Mye and in the roof

_&pendant'(Figure 11, in pocket).‘vLayers of calc-silicate
are over 50 m thick in the Study area.

In outcrop,;competent, discontinuous, light green to
cream and purplish-brown bands vary in thickness from 1e$s
than l-mm to 8 mm. |

Finely banded calt-silicate contains more pelitic

material and commonly more graphite than coarsely banded
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calc-silicate. Coarsely béhded calc-silicate locally
contains discontinuous schistose partings defined by -
parallel arrangement of micas.

Rare, foliated amphibolite pods and coarsely
érystalline grey marble are included in this unit. The
marble.is banded (Plate 1) and generally less than 10
meters thick. Marble is locélly folded‘into tigﬁt,
disharmonic structures (Plate 2).

Detailed petrography of this unit is~reported by
Tempelman-Kluit (i§72) and Jennings and Jilson (1986).

» Contacts betﬁeen alternating'pelitic and calcareous
layers are sharp, aé are contacts with overlying and
underlying units. )

The calc-silicates probably repreéent a thin—bedded,
‘fine—grained succession of calcareous, silty, and |

argillaceous sediments. The amphibolite was probably

originally a volcanic rock (Tempelman-Kluit, 1972).

Schist
% Grey, rusty-weathering, sfroﬁgly foliated schist is
generally recessive. Outqrops of schist are found on all
flanks of Mt. Mye. Schist makes up a 1300 m thick
(stratigraphicbthickness) uﬁit in the.study area.
In outcrop, quartz stringers, veins typically leés
than 0.5 m in width, boudins, and fist-sized blobs stand

out from the soft, dark-coloured schist. The stringers,
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THE QUALITY QF.THIS MICROFICHE
IS HEAVILY DEPENDENT UPON THE
QUALITY OF THE THESIS SUBMITTED
FOR MICROFILMING.

UNFORTUNATBLY THE.  COLOURED

ILLUSTRATIONS OF ° THIS THESIS

CAN ONLY YIELD DIFFERENT TONES
OF GREY. - -

LA QUAtITE DE CETTE MICROFICHE

DEPEND GRANDEMENT DE LA QUALITE DE LA
THESE SOUMISE AU MICROFILMAGE.

MALHEUREUSEMENT, LES DIFFERENTES
ILLUSTRATIONS EN- COULEURS DE:- CETTE

THESE NE PEUVENT DONNER QUE DES
TEINTES DE GRIS.



PLATE 1

- Pods of coarsely crystalline banded grey marble
are generally less than 10 m thick.

PLATE 2

MarBle is locally folded into tight disharmonic
structures. :

LI



boudins and blobs iie in the schistosity and may reflect
original compositional changes, but more likely represent
post-depositioﬁal quartz precipitatés; Small quartz veins‘
cut séhistosity defined by the parallel arrangement of
micaceous and fibrous'minerals.

Sillimanite, stauroclite, andalﬁsiteﬂjgarnét.and
biotite porphyroblasts are pfééent ih the mica-rich
laminae. Sphene, toﬁrmaline,_ilmenite, zircon and varyiﬁg
amounts of graphite are comhon accessory p@ases.

Porphyroblasts iﬁ the échists locally preserve.
well-developed inclusion trails. An earlier foliation is

preserved in microlithons between foliation surfaces. A

discussion of microstructure is given in Chapter IV. ‘

The schist includes foliated amphibolite bodies and
thin layers of dark amphibole-rich, sulphide-bearing rock
near the uppermost part of the unit. The amphibqle—rich
layers may be derived from tuffaceous unit; (Jennings and
Jilson 1986).

The_schist is gradational with the underlyiﬁg
‘phyllite. The appearance of large andalusite
porphyroblasts and an’increase in graphite c&ktent mark the
gradational change in rock type. Contacts with
interlayered calc-silicate horizons are sharp;

Schist and phyllite are compositionally similar, and
probably represent the same pglitic package at different

metamorphic grades (Jennings and Jilson 1986) .

18



Jennings and Jilson '(1986) suggested that these
fine-grained, thinly banded, homogéﬁeous rocks may have
accumulated in ‘relatively deep water on or at the foot of a

continental rise.

I‘sograds =,

Metamorphic mineral assemblages in the schist vary
consistently with distance from the intrusive contact. - i
Phases include sillimanite, stahrolite, andalusite, garnet,
biotite, and muscovite. The mineral isogréds are defined
~ by the appearance of specific minerals in the schist and
are thérefore compositionally controlled (Appendix 2;
Figure 13).'

Sillimanite (in), staurolite (in/out), andalusite
‘(in/out), garnet (in), and‘biotite'(in)-isograds'have been
recorded in the study area (Figure 12, in pocket). From
present mapping, the isograds are well constrained along
the north—nbrtheést and ?ast margins of the batholith and
more loosely defined along the southern and southWwestern
margins.. Along tye notrth-northeast margin, isograds cﬁt
across topqgraphic contourmlines at a high angle,
5§uggeéting steeply-dipping isograd surfaces and high
”;-temperature gradients. A similar though lesé

well-developed pattern is observed in the south (section

A-B, Figure 14, in pocket). Isograds dip at progressively

lower angles away from the intrusive. The underlying

4
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intrusive contact is interpreted to dip more shallowly aw;}\
from the exposed contact. The topographic trace of the -
contact and the wide spaciné of isograds in the eést and in
the southwest suégeét that the intrusive contact gips moré h
shallq&}y than at the north-northeast and southerﬁ
contacts. Staurclite persistsﬂio the east, be?ond the
limit of the‘study area. Andalusite persists to the .
southwest, beyond the limit of the study érea.

The Aﬁvil pluton outside the study area is elongate
in a northwest—southeast direction. This subportsﬁthe |

intérpretation that the intrusive contact extends shallowly

ifor some distance to the east. ‘It crops out to the east.
INTRUSIVE ROCKS

Anvil Batholith

Resistant granite of the Anvil -Batholith underlie§
Moﬁnt ﬁye, the highest'peak in the study area. Blocky, :
locally castellated oﬁtdrops are characteristic. ‘

Detailed study indicates thht the batholith
comprises three qistinct bhasés thch range in composition ,
from muscovite-biotite granite to hornblende-biotite
granodiorite (Pigage and Anderson, 1985).

The Mt. Mye‘phase'uﬁderlies fhe study area. It is
medium-grained, hypidiomorphic to granular, biotite-

muscovite granite that is locally porphyritic and foliated
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near the margin. The mérginal foliation is defined by mica.

' aggregates.

Granitic Sills o e

The intrusive's boundaries are marked by
crosscutting dykes anq sills (Plate 3) and by litfparélith
layéring of éranite and schist. The granitic sills r&nge»
from 1 mn to 25‘m in thickne§s (Plate 4), are locally
foliatéd (Platé\S), and are commonly garnet-bearing. The

foliation, defined by mica aggregates, is parallel to

 foliation in the adjacent schist.

" In thin section, fractured euhedral garnets less
than 1 to 2 mm in diéﬁeter cbnstitute 2 - 3% of the rock
The granitic 51115 are otherw1se petrographlcally similar
to the Mount Mye phase .\\\\,,//

‘Muscovite - biotite -~ potassium feldspar (with
graphic intergrowth of quartz) :\qgfrtz —,tourmaline‘dykes‘

occur at the bathollth contacts and are steeply dlpplng

They cut across foliation.

-
At

‘Diorite Dykes

Northeast-trending, grey-areen diorite dykes up to 3

m.across cut the Anvil baEholit, They fo§$ small, blpéﬁy..

-
ridges in the schist.

-~

- Hornblende diorite dykes have been described by

Tempelman-Kluit (1972), Pigage and Anderson (1985) and .
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PLATE 3 - Locally intrusive contacts are marked by
crosscutting dykes and sills. .

22
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PLATE -4

PLATE 5

Granitic sills are injected along the main

v

foliation plane in the schist. Sills range from

1 m to 25 m in thickness..

.
-

t T LA A .

A weakly foliated a granitic s
foliation is defined by mica a
concordant with theé main folia
in the:adjacent schist. :-.

B ’

i11. The
ggregates and is
tion plane (s5)
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Jennings and,Jilsoh (1986), who describe alterations
including replacement of plagioélase‘by séusserite and
replacement of hornblende_phenoérysts'by chlorite-epidote
aggregates. Diorite dykes in the study area have less than
10% pyroxené phenoérysts that have been completely replaced,
by chofite + calcite as well as strongly sausseritized |
plagioclase.

These late dykes may be associated with a late phase-
of the Anvil batholith 6r'they may result from an entirely
separate event (Tempelman-Kluit, 1972) .

F
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'IV. STRUCTURE

The structure of the area has begn described by

Tempelman-Kluit (1972) ' _ .\\

, A detailed study of the structure on the southwest
bflank of the Anvil Range by Jennings and Jilson (1986) -
 demonstrated that structural style is similar to the rest
of the district. " |

The preéent study follbws.the structural
inferpre}ation of Tempelman-Kluit (1972) .

‘The phyllite, schist,'and'calc—éilicéie rocks part
along a well-developed crenulatioﬁ foliation S, defined
by muscovite + chlorite + biotite in the phyllite and by
the parallel arrangement of coarse-grained biotite and fine\
grainéd muscovite i fibrous sillimanite in the schist.
Foliation planes are several millimeters thick and separate
slightly thicker quartz and feldspar layers; \

Locally, an oldér surface (Sl) defined by a
compésitional layering where qﬁartz4rich iaye;s alternate
Qith'mica—rich‘layers (Plate 6) and/or defined by preferred
mica orientation (Plate 7) can-be identified in
microlithons between,foliation ﬁlanes. S, is a tectonic

fabric that likely parallels original bedding (55) - The

intersection of S; and S, defines a lineation (L,)

-

(\ 25



PLATE 6

Sl is also defined by preferred mica

26

S, 1is defined by compositional layering where
quartz-rich layers alternate with mica-rich

layers in the microlithons between S, planes.
Field of view = 4.5 mm x 2.8 mn.

”‘tﬁ- 3
SR o ¢ 4
* PRSI y

orientation in the microlithons between S
planes. Field of view = 4.5 mm X 2.8 mm

¥ -

.
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observed most readily on S, cleavage surfaces.
Locally, S, is crenulated into éymmeﬁrical broad
or open wrinkles with an amplitude of less than f.mm and a
wavelength of 4 mm.or'less. S, is locally asymmetrically
crenulated into tiny folds (F5) with amplitudes of less
than 1 mm and wavélengths of less than 2 mn. Alignment'of
_micas along the long limbs of the crenulations (iﬁcipient‘
S, .development) is obServed‘(Plate 8). s, is also
folded on a thin-section scale into sub-isoclinal folds
(F3) with amplitudes of less than 3 cm. Minor slip on
S, surfaces indicates that S, is a locus of shear"
strain (Plafe 9).
| Jennings a;d Jilson (1986) déscribed three late sets
of crenulations affecting S,/ aﬁd,corrésponding foliation
surfaces (S; through Sg) and crehulation lineations
(L3 through Lg). Evidence for the ;elative timing of
these late crenulations is not presented. The late
crenulations afe,only locélly developéd.

Plates 10 and 11 illustrate the largest-scale F,

. folds Obsérﬁed. In two locations a gentle warping of the

- F5 axial plane surface was observed.

The final deformation event as described by
Tempelman-Kluit (1972), is a regional culmination produced
by arching of the Paleozoic rocks around the Anvil

batholith during intrusion.



Asymmetrically'crenulated S,. Incipient S

develops alohg the longer 1imb. Field of view
1.8 mm x 1.0 mm

PLATE 8 -

S, is defined by compositional layering.
Incipient crenulation foliation, Sy, is
indicated. _ Minor 'slip (in the order of mm)
occurs along'sz,locally, Field of view =
4.5 mm x 2.8 mm. :



"PLATE 10

A large-scale F, fold. The folded surface
S,, the main scﬁistosity in the
metasedimentary rocks.

is

PLATE 11

F5 folds in pelitic schist.

29
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Porphyroblast-matrix relationships

Porphyroblast - matrix reiationships can be used to
understand foliation deQelopﬁent and defprmation histo;y.
Many textural criteria have been proposed for the
implications of the time relafibnships between
porphyroblast gréwth and foliaéion development (Zwart,
1950, 1962; Spry, 1969; Olesen, 1978} Vernon, 1978). |

Recent models for the origin of inclusion trails in

.crenulatedzrocks (Bell and Rubenach 1983; Bell, 1985) allow

the reiative timingfof porphyroblast growth and cleavage
development to be determined more preciSely. Where

textures allow, the petrologic determination of a simple

relative time sequence of porphyroblast growth is possible.

The géometry-of internal-inclusion trails in
porphyroblasts (S;) and their reiatiohship to the
external foliation (Sg) has been attributed to rotation
of the porphyroblasts (e.g. Spry; 1963).

’ A mbdel presented by Bell (1985).suggests that
po£phyrobiasts'comm§nly grow syntectonically in locations:
controlled by strain partitioning (Figure 3). ‘The model - -
suggeéts that most porphyroblasté do not rotate during
ductile deformation.: Insfead, the surrounding foliation

rotates and reactivates due to partitioning of deformation

. around the porphyroblast. Commonly observed sigmdidal

inclusion trails may thus represent earlier crenulations

rather than .a record of porphyroblast rotation.



Figure 3.
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a) Diagram showing a distribution of deformation
partitioning on a strain-field diagram
constructed for the X2 plane, representing a
block of rock which has undergone non-coaxial
progressive bulk inhomohgeneous shortening. No
strain occurred inside the dashed ellipsoid
regions, progressive shortening strain dominated
the region between the dashed and dotted lines;
and progressive shortening plus shearing strain
oczurred betweer the dotted lines. : ‘

b) Sketch of strain field resulting from non-
coaxial progressive bulk inhomogeneous shorten-
ing where the deformation has repartitioned about
1 porphyroblast. Zones of deformation partition-
ing are delineated as in Figure 3a. The shearing
component of the deformation is partitioned about
the porphyroblast which thus protects an
ellipsoidal island of matrix from the effects of
progressive shearing. Both modified after Bell
(1985) . :



Helicitic and planar inclusion patterns are regarded

as a sYntectonically preserved foliation at one of 6 stages
in the progressive process of crenulation cleavage
development (Bell and Rubenach, 1983; Bell 1985, 1986; Bell
et al, 1986). Figure 4 illustrates each stage of the
development. A hom%geneous'early foiiation, S, (stage
one) is crenulated (stage two) . Crenulatlon is eventually
accompanled by metamorphic dlfferentlatlon (stage three)
and growth of new micas parallel to the axial plane of the
crenulations forming S, (stage four). Finally,
destruction of relict S, occurs$ in the quartz—rich
domain; (etage five) and a homogenized new foliation, Sy, -
results (stage six).

Inclusion trail fabric (5;) may be truncated by
“\the matrix fabric (Sg) 1if a reorientation of the matrix
foliation or a reactivation of an earlier fabric preserved
in the matrix occurs af%er porphyroblast growth (by
continued or subsequeht.deformation) Si may be obiique
and dlscontlnuous w1th the matrix in one porphyroblast and
partially or completely continuous w1th Se in another
porphyroblast in the same thin' section (Figure 5).
Fe:merly.this,would have been interpreted as porphyroblast
growth bothvbefore‘and after the developmeet of the matrix
foliation. Bell's ﬁodel is a more siﬁple interpretation
which allows us to considervthese porphyroblasts as

: syndeformational.

32



Figure 4.

l I I/, l l“/!
:::!g g“ &b!@
LG "‘_ "/'n'uﬁ//'%'.

S

. —
Six stages of development of a new schlst051ty
via a crenulation cleavage. Stage 1 shows the
original foliation S,. Stage 2 shows
crenulation of S,. Stage 3 shows crenulation
accompanied by solution transfer and consequent
metamorphic dlfferentlatlon Stage 4 shows
growth of new micas parallel to S2 Stage 5
shows destruction of relic crenulations in
quartz-rich domains. Stage 6 shows homogenized.
foliation S,. Modified after Bell and
Rubenach (1983).
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Figure 5.

)

RS

LR RS
AN

1&\
1 l\\
/H ll\\\\\\,l

- An example of porphyroblasts that have overgrown

four stages’ of development of a crenulation
cleavage durlng Dy. A fifth stage of
development is ‘shown in the matrix. = The S,
orientation reJealed in each (orlented N- Sf 1s
parallel to the S foliation in the matrix.
Modified after Beil (1985) .
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Notation | (;::;:::::3\ o s

S, is used here to refef to the earliest

foliaéion,'eithér in the matrix or as inclusion.trails.
S, is used for a fabric demonstrated to'be a second
pervasive foliation. Si» in£erna1 foliation; and Sg,
external foliation, are used -for general reference to-
inclusion trails and matrix fabrics respeCtively. Bell and
Rubenach's (1983) terminolqu for crenulation cleé&age

v development is used here for‘description nf %nclusion tréii

geometry (Figure 4).

Application
The application of Bell's interpretation requiresA
porphyroblasts with weil—developed'inCIusion trai}s as in
the study afeé. } v\\
The main/;chiétosity in the schist is SZ;J It is
defined by the parallel arrahgement of micas and
’compositionalvSegregation. -An early fabric:(sl) is
similarly'definéd and is presérvéd in the microlithqns
_\between S, planes. 5; 1is also éreserved as inclusion
traiIS'ih porphyroblasts. |
Sfages two through six of crenulation cleavage
formation defined by Bell and Rubenach (1983) are
recognized.'-Each pdrphyrobléstic mineral may preserve

differént stages in different §amples'but the sequence of

a*
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’ growth ls consistent. ' Y

In the study area, sillimanite/gs abundant .n the
roof pendant and adjacent to intrusive contacts. It‘occdrs
as fibrolite in bundles intergrown with biotite. More
rarely, it isccoarser'grained (Plate 12). Fibrous
l;_sillimanite.defines a foliatiqn which wraps_afound
porphyroblasts. Sillimanite is also pfesent as inclusions
in staurolite, andalusite, biotlte and feldsar. These |
relationships suggest that silllmanite preceeds the growth
~of all other lsograd—defining minerals. gowevet, silliman—
Cite could be . a prograde’product of reactions involvlng the
alum1n05111cates in whlch it appears to be included.

Purplish-reqd, subhedral to euhedral almandlne Cos
porphyroblasts range from less than 1 mm to 5 mm.in
dianeter.~ A few preserve stage t@o of crenulation cleavage
development. Preservation of ‘stage two has been obseived
in only one section (Plate 13). :Ilmenite, graphite and
quartz inclusions -in the core ‘of these garnets outllne the
early ‘crenulation of Sq 1nd1cat1ng that these garnets »
formed early in the development of the crenulatlon cleavage
(82)3 The rim of inclusion-freg material (Plate 13)
indicates a second phasevof garmét gtowth. |

;@ More typically garnets preserve stage six of the

- crenulation cleavage development and'oontain inclusions
(Si) parallel to S, (Plate 14)}A Some garnets contain

an 7. at an angle to S,

)
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PLATE 12

Schist in the roof pendant and within 1.5 km of
the intrusive contact is a high grade assemblage
of Sillimanite—garnetfbiotite—muscovite schist.
Sillimanite occurs in felted masses associated
with biotite and rarely, as bundles of tiny
slender prismatic crystals (shown here) .

Field of view = 4.5 mm X 2.8 mn.

ot
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PLATE 13

A garnet porphyroblast includes quartz,
ilmenite and graphite (?) inclusions which
define a crenulated S, (Stage two of
crenulation cleavage éevelopment). An
inclusion-free rim suggests two stages of
garnet growth. Field-of view = 4.5 mm x
2.8 mn. .

4
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PLATE 14

‘Strongly aligned ilmenite ang graphite(?)

included in a garnet porphyroblast. an
iriclusion free zone at the rim of the
perphyroblast suggests two stages of garnet
growth. Si parallels S, but is not

continuous with it. Se Wraps around the

garnet:developing a weak wrap~around texture._

The garnet porphyroblast grew after the
initiation of 'S, but before the final stages
of téphteningio% the S, schistosity.
Field of view 4.5 mm . "2 8 mm,
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‘Stage-six- preserv1ng garnets are locally partlally
dls\olved against S, .-due to pressure solution at gtaln
boundarles in contact with. the 82 surface . These garnets
also have 1ncluslon-éree rims (Plates 13 and 14) whlch
1nd1cates a second‘phase of garnet growth. These
porthroblasts-typically have_foliation-defining micas
forming a wrapjaround’texture. ;

o The garnets that preserve stage two to stage six of
crenulatlon cleavage development are considered syntectonlc
w1th respect to 82 development The drapgng of matrlx
| micas around the porphyroblasts indicates that éhe’
porphyroblasts formed after the initial development of
S5 and beforeffinal tightening (and possibly reactivation)
of S,. ‘ S e
: The garnets descrlbed above are normally zbned; w1th
"higher concentratlons of Mn (and to =a. lesser extent Ca) in
the éore and hlgher concentratlons ‘'of Fe and Mg in the rlm'
'(Flgure_Ga). Complex zonlng of syntectonlc garnets was
also,observeﬁ (Flgure 6b). -

Other garnet porphyroblasts postdate s,
homogenlzatlon.v These grains are quite small,
, .

1nclu51onffree, and show no wrap-around. features (i.e.

matrix mica is not deflected, Plate 15). Microprobe"

analysis of these post—tectonic garnets‘indicates‘that they

are normally zoned (Figures 7a and b).
Staurolite is fine-grained where it first appears at

.
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‘ 6 a)
Sample 16-6
as.oex&_‘.
Total
1500 R F6000 peak
q % 29.24% .__f\\ counts
. / N -
e . * Relative '
. : . | * Lails -
m‘:&;‘ 11004 ! 4 [S600 amount ‘d’é
of MnO z of FeO
] / !
: yd .89% ,./ ,
7004 / ﬂ'_f‘\-‘ 5200
2.85%G]__ 2500 pm — " O Analyzed
. ' points

Figure 6. Traverses across syntectonic garnet grains;
a) A syntectonic garnet with an inclusion-
filled core and an inclusion-free rim. The
garnet is normally zoned. Amount of FeO and
MnO is relative to the amount of these oxides
in the standards used (35.29 wt$ and 4.87 wt%
respectively). S
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6. b) e
Sample 11-6 : ﬁf o

6400 7

. ‘ /.aazszx Total
o peak

x 6200

counts
M\ A 1/‘
\_/ J’\ \. /"\Gf\
S0 sasex r 6000

* Relative

amount
of FeO

* Relative
amount : 5800

N TaVA
\\' /

of MHQ 10004

9004

O Analyzed
points

8oQ-

b) A syntectonic garnet with no inclusions.
Matrix micas are draped over the porphyroblast
developing a wrap-around texture. The garnet .is
complexly zoned. Scales are separated for
"clarity. Amount of FeO and MmO is relative to
the amount of these oxides in the standards used
(35.29 wt% and 4.87 wt% respecitvely). :
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PLATE 15

A post—82 garnet porphyroblast.

These are

small, inclusion-free, and normally zoned.

Field of view = 4.5 mm x 2.8 mm.
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7. b)
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of, MnO ] )i xe of FeO
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/ \ H2e.sex \
) LI L
15004 7.49% ‘ A ! ' 5000
e 70 OAnalyzed
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1
Figure 7. Traverses across two post-tectonic garnet

grains; both garnets have few inclusions, show
no wrap-around“texture, and are normally zoned.
Amount of FeO and ‘MnO is relative to the amount

of these oxides in the standards used (35.29 wt$
: and '4.87 wt% respectively). :
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the intrusive contact a;d becomes coarser grained (up to 1
cm iAflength) and more abundant away from the contact.

This may reflect iﬁsreesed nucledtion away from the co?tact
where fluids‘may be 1e57;abundant In thin section’ <v’*““\\/\\

taurollte commonly exhibits a branching habit, where

has oc red by segregatlon (Bard, 1980),

g5 P, .
of the main

schjstosity (SQ)}apd§EIoﬁ"}mezearller follatlon (S1) »
(Plate>1637“\1bis hébié egoéhtuates stage four of foliation
development , _ -

Stiwrollte porphyroblasts are comménly subhedral to

euhedral and contain inclusions of garnet, biotite, quartz,
> , -

. 1lmenite, tourmaling and graphite. Some are euhedral and

include a sigmoidal S;. S5 is at an angle to Se (due

ol

to relative rotation of Se and S; ?). A weakly togi//l\

well- developed wrap-around texture is commonly dev )
Textures preserved by the anhedral branching staurollte rd

the subhedral staurollte porphyrobiasts indicate that ¥

staurolite growth occurred during the late stages of

crenulation cleavage development. }

Other éobhedral staurolite porph;roblaéts include a
slightly sigmoidal Si-which extends into the matrix,
where S, forms orenulatione of similar.wavelength (Plate
17). These porphyroblasts are subhedral and appear. to have
been static with respect to S;. This texture indicates

that crystal growth occurred after S, homogenization
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PLATE 16 | "Branching" staurolite grows along mica-rich
domains, which define S,, and along S-.
Staurolite preserves stage four in the
, development of the new schistosity (S5)
Field of view = 4.5 mm x 2.8 mnm.
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PLATE 17 Slightly sigmoidal internal inclusion trails in
these staurolite pozphyroblasts are continuous
with the external fabric (Sg) which has
undulations of 'a similar wavelength. Stauroli}e
growth occurred at the end of foliation
development (stage six). This explains its
static appearance with respect to sj.
Field of view = 4.5 mm x 2.8 mm.
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(Bard, 1980). s ' ‘
Staurolite encloses gdrnet. Staurolite is éommOnly
enclosed and (or) reblaéed,by andalusite.. Thus, étaurolite
growth occurred late in the‘develbpméﬁt of S,. ‘Locally
post-tectonic staurolite is‘obsefved. - g
Andalusite porphyroblasts are ﬁost éommonly karge (6
'mm‘iong), anhedral poikiloblasts which.incihge fibroﬁs
sillimanite, staurolite; biotite, feldspar, quartz, : "
o ilmenite, muscovite, tourmaline, and graphite. Elongate

\\ inclusions {ilmenite, quartz, bioﬁite) are parallel to

[

1

S Subhedral andalusite parphyroblasts are also -

e

poikiloblastic. S:

; is continuous §ith Se which wraps

around the suﬁhedral grains (Platg 18). These andalusite
poikiloblasts_preserve stage six of crenulation cleavagé |
development. They are interpreted‘to have grown late in the
process'of S, develqpment, afté: S, homogenization.
Andalusite porphyroblasts locally exhibit a .
,' ] | branching habit‘similar‘tq staurolite,‘outlining béth Sq
and S, surfaces (Plateﬁlé). ‘

Elongate, dark green-grey pseudomorphs after

andalusite‘are'bést exposed on weathered foliation surfaces
near cpnﬁééfs with phyllite. The“pseudombrphs'are commonly
4ﬁﬂj§$éﬁ’long and 1 cm across but”ﬁéy be up to 10 cm in
ffyaiéngth, and are formed of chlorite and/or biotite (?).
Because andalusite frequently mantlesgéfaurolite,

encloses both feldspar and biotite porphyroblasts, develops
b .



. PLATE 18

o

b i

-

-y . - , -

Andalusite porphyroblast (An) partially
enclosing staurolite (St).  S: is continuous
with Se- A strong wrap—arouné,texture is
developed in the matrix indicating that
porphyroblast growth occurred after the initial
development of S, but before the final -
tightening of the S, schistosity:

Field of view = 4.5"mn x 2.8 mm.
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PLATE 19° = Andalusite growth by segregation develops a
' * "branching" habit similar to that observed in
the late kinematic staurolite porphyroblasts.
Andalusite growth occurs along mica-rich S
planes. Field of view = 4.5 mm x 2.8 mnm.

=4
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weak Yrap=around texture, and typically preserves stage six
of S, fSliation development, it is considered a late
syn-kinematic to post—kinenatié mineral.

Biotite typically 1ncludes zircon inclusions (with
}radlatlon metamict haloes), ilmenite, tourmallne and
graphlte. Quartz feldspar, and muscovite also occur
locally as~inclusions in biotite. Biotite occurs as
anhedral_grains which define the foliation and as subhedral
porphyroblasts. S; in biotite is commonly planar, M

-
parailel, and coﬂrinuous with §; in neighbouring
andalusite porphxroblasts and with Sg

Biotite porphfrobiasts 10callyf preserve stage rhgﬁe
to four of foliation development (Plate 20) The same "
stage(s) are preserved in. the matrix and are less
well-preserved in branchlng staurollte

S, is defined by pompoedtional‘segregation of
mica-rich foliae and quartz + feldspar—rich foliae, and
' preferred'nica orientation. Muscovite is the dominant

él—defining miCa, although minor annedral biqtite graihs
aléo define Sq- ‘

As biotite deflnes S{ locally, is 1nt1mately
1nt¢rgrown with early 51lllﬁgn1te, locally preserves stages
three and-four of crenwlatjion gleavage development with
séagrolite,ﬂand‘locally is static with respect to
andalUsife,,it is interpreted to ke forming tnroughout the

X , e
foliation development process.



PLATE 20

vy

w o o

A blOtlte poxphyroblast preserves graphlte (? )

1nclu510ns, which define S as well as a |,
gently undulating S, schls%051ty. Stage four
of the foliation development is preserved.
Field of view = 4.5 mm X 2.8 mm.
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Rare anhedral to'sﬁbhedral plégioélase porphyro-~
blasts are observed in'%he schist.R!Thése porphyroblasts
ihclude graphite, ilmenite, biotite and muscovite which
outline and presef&éﬁ§tage three and four 6% the foliation
development (Pléte§ 21 and 52).

Where plagio;laée porphyroblasts coexisibwith
andalusite they do not hévelwell—developed internal -
inclusions. They are included in. the poikiloblastic
apdalusite which préserves stage three and four of S,

T ~
development.

As plagioclaée porphyroblasts preserve stage three

and four or are included by a porphyroblast that preserves
stage three and four, it is assumed that plagioclase grew
between homoéeneous 51 and homogeneous S, foliation
developmént. S ‘.

PorphyrobLast - matrix relationships indicate

syntectonic growth (with respect to S, development) of

all perphyroblasts as well as some post-~tectonic growth of

most porphyroblasts. The timing of porphyroblast =

development is summarized in.Table 2.
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PLATE 21
PIATE 22

Rare plagioclase feldspar porphyroblast with
‘intricate opaque inclusion trails (S,). The
porphyroblast preserves Stage two (?} of
crenulation cleavage development.

Field of view = 4.5 mm x 2.8 mm

muscovite, quartz and opaque.grains which
define a crenulated S, (Sstage Three).
Field of view = 1.8 mm x 1.0 mm.

54
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V. GEOTHERMOMETRY AND GEOBAROMETRY

ke

In otder to determine a unique tempec-ature and
pressure estimate for each mineralnassemb;age analyzed, the
Ferry and Spea;“(19fé) geothermometer and the Ghent et al.
(1979) geobaréﬁeter were solved iteratively. Temperatures
were initially ealculated for each garnet-biotite pair

[

. assuming 4 kbar pressure. This giveg rise to a maximum

temperature. Maximum temperature results were"than used to

«calculate pressures for each sample, this in turn, gives
rise to a maximum pressure result. Two iterations of this
processnwere carried out. A third iteration resﬁlted in
less than 1% change in the pressure result. An average
pressure was then determined for the area and used in

subsequent geothermometric caiculations.

’Plagioclase—garnet—Al2Si05—quartz geobaroﬁetry

Micropfobe data collected from plagioclase-garnet-
AlZSiOS—quartz assemblages ip éksamples of scﬁist were
used in geobarometric calculations. A calibration of the
anorthite—grossular geobarometer has beenfapplied.fe 21
| assemblages within éﬁéLB.samples. |

The equations used are those of Ghent et al. (1979)

i3
(Appeédix IV). Assuming ideal solid-solution, the activity

56
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of CaA1281208 in the plagloclase is equal to Xear

w1th XCa = atomic Ca/atomic (Ca + Na + K) Similarly,

the activity of Ca3A1281 12 in the garnet is equal

to XCa3' with Xeca = atomiC'Ca/atomic (Ca + Fe + Mn +

Mg). Activity- coeff1c1ent terms are necessary to account

- for non- 1dea11ty. An emplrlcal act1v1ty coefflclent -ratio

4

term (BIOg'XGr/XAn) of -0.4 was estlmated by Ghent et

al. (1979) This value ( 0 4) was uSed for the act1v1ty—-

coefficient ratlo in the geobarometer appiled to the L

assemblages in the schist. .
e

The pressure results are glven for each mlneral
assemblage in Table 3. g

Sample 11-6.2 gives an unusually hlgh pressure
resulﬁ The st01chlometry of the garnet 1n thlS sample is
poor relative to an ideal darnet, An extreme result is
also obtained for sample 27—4; The Ca content in the
garnet and plagloclase is much higher 1n this sample and

the act1v1ty of Ca 1n the garnet and plagloclase may not

be adequately expressed. For these reasons, .the results

_1ncluded in the overall pressure estimate for the area.

-~

Remalnlng results range from 2.8 to 6.5 kbars. ' Thé -

average within-sample stahdard deviation is 12.62. An

average pressure for each sample was caleulatedf The
average of the pressures for each sample is taken to

represent the mean pressure in the area. As the data are

57

for these samples '(11-6.2, all 27-4 samples) have not been (\/)/
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not spatially skewed;(i.e. a range of pressure results is
typicai in all partggof ﬁZ:/Etudy area), a common pressufe
i$ used for the entire'ar , i.e. 4.9 kbar. | T
Error on the pressure calculated for egéh‘asseﬁblage
is + 1.6 kbér (Gheht et al 1979). Pigége énd Anderson
(1985) suggesteé sﬁallow intrusion at,low pressure (leés
than 4 kbar) for the Anvil plutonic s;ite. This estimate
is within error of the result of this étudy. A pre;sure of
4.9 1‘1.6 kbar suggests a (st;5Eigraphic ?) cover of abouﬁ

16 km (+ 5 km) duringfempiagement.

Garnet-biotite geothermometry ‘v

<

~ Data colleéted from 38 garnetzbiotite pairs in 13

samples was used in the garnet-biotite geothermometer

~

(Ferry and Speér, 1978)'(Appendix Iv). Results’ara given’
in Table‘4land presented graphically in Figure 8.
The highest temperatures are recorded in the roof-
pendant.rocks; | ;
Resultsfrange from?509 to 872/°C._'The average
within#%aﬁbleistandard dé&iation ié 2.82. A general trend

-

of decreasing temperature away from the intrusive is

a

. recorded. All previous workers have noted that metamorphic

grade decreases rapidly away from the intrusive from upper
_ \ ‘

amphibolite facies to lower greenschist facies.
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TABLE 4. Geothermometry résults, wheréYT (°c)

60

is
-~ calculated using the Ferry and Spear (1978)
. garnet-biotite geothermometer at 4.9 kbar.
SAMPIE Mg Fe Mg Fe Mg/Fe Mg /Fe TEMF
NRMBER Garmet Garnet Biotite Biotite Garmet Biotite K  ©c
x 107
8-4.1  0.4542 5.0926 1.0328 3.7159 8.9188 0.2779 0.3208 872
8-4.3  0.4438 5.1156 1.2062 3.5863 8.6754- 0.3363 0.2579 757
8-4.4  0.3234 5.1944 1.2062 3.5863 6.2259 0.3363 0.1851 620
8-4.6  0.3633 5.2393 1.0155 3.5058 6.9341 0.2897 0.2394 723
11-6.1 0.4307 4.4647 1.58%0 3.3786 9.6468 0.4679 0.2062 657
11-6.2  0.3870 4.2708 1.4751 3.2375 9.0615 0.4556 01989 644
11-6.3  0.4476 4.4194 1.5613 3.1011 10.128 0.5035 0.2012 648 - .
11-6.4 0.3864 4.2774 1.6244 3.2639: 9.0335 0.4?77 0.1815 621
12-8.1 0.4366 4.6117 2.1136 3.0428 9.4672 0.6946 - 0.1363 - 523
12-8.2 0.4643 4.6109 1.9802 3.1296 10.083 0.6327 0.1594 570
12-8.3  0.4447 4.7574 1.9969 3.0052 9.3475 0.6645 0.1407 532
12-8.4 0.4946 4.7528 2.0274 3.0393 10.407 0.6671 0.1560 563
12-8.5 0.5347 4.8170 2.0376 3.1472 11.100 0.6474 0.1714 594
13-8.1 0.3081 4.556 1.8099 3.7659 6.7465 0.4806 0.1404 549
13-8.2  0.3596 4.5795 1.8911 3.6729 7.8524 0.5149 0.1525 527
13-3.3 0.3690 4.6374 1.7421 3.3071 7.9570 0.5268 0.1511 552
15-5.1 © 0.4674 4.5394 1.7053 2.9988 10.297 0.5687 0.1811 612
15%5.2  0.4828 4.5694, 1.6914 3.0304 10.566 0.5581 0.1893 628
15-5.3  0.4891 4.4886 1.7329 2.9106 10.896 0.5954 0.1830 615
©15-5.4  0.4891 4.4886 1.7329 2.9106 10.896 0.5954 0.1834 616
15-5.5  0.4998 4.6532 1.7592 2.9825 10.741 0.5898 0.1821 614
15-7.1 0.4864 4.575 1.6040 2.7696 10.632 0.5791 0.1836 . 616
16-6.1 0.5767 4.7955 1.9298 2.9905 12.026 0.6453 0.1864 622
16-6.2 0.6199 4.8162 1.8171 3.1206 12.871. 0.5823 0.2210 687 (\J,z
17-11.1 -0.4948 4.7061 1.7895 3.0345 10.514 0.5897 0.1283 606
17-11.2 0.4948 4.7061 1.8792 3.0611 10.514 0.6139 0.1713 593
18-6.1 0.4778 4.7427 . 2.0960 3.0050 10.074 0.6975 0.1444 542
18-6.2  0.5154 4.8785 1.9042 3.0462 10.565 0.6251 0.1690 592
18-6.3  0.5047 4.8612 2.0533 3.0863 10.382 0.6653 0.1561 566
20-1.1  0.5001 4.8981 .2.0734 2.6435 10.210 0.7843 0.1302 509 ‘
20-1.2  0.5644 5.0147 2.0173 2.9673 11.255 0.6798 0.1656 581 \\-165"
20-1.3  0.4851 4.8085 1.9823 2.7657 10.088 0.7167 0.1407 531 N
20-1.4  0.4757 4.8435 1.9364 2.7843 9.8214 0.6955 O0.1412 532
24-4.1 0.4533 4.7257 1.8267 3.5826 9.5922 0.5099 0.1881 625
25-2.1  0.4121 4.4827 1.6346 3.2472 9.1931 0.5034 0.1826 615
27-4.1  0.4025 4.2313 1.8295 2.9985 9.5124 0.6101 0.1559 562
27-4.2° 0.4391 4.3966 1.7454 2.9932 9.9873 0.5831 0.1713 592
27-4.3  0.4708 4.2738 1.5617 11.016 0.4562 0.2415 725

3.4231
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The average P—T.determination'for.each'sample is
plotfed_in Figure 9 along with Holdaway's (1971) anql-
Richardson's (1969) phase diagrams for thé
aluminosilicates. Error bars indicate an error of + 50
Oc (Ferry and Spear, 1978) for the temperature'results
(the err_ r is larger when the error associated with the
geobarometer is .also considered) and + 1.6 kbar (Ghent et
al, 1979) for the pressure result.

On Holdaways's (1971) phase diagram, four of the
seveh points plot within the stability field cansisteht
with mineralogy. Three andalusitefbearing assemblages

(12-8, 13-8, 18-6) plot outside the andalusite stability

field. 1In one sample (13-8) the error bar extends into the

andalusite field. The average pressure value for these
samples is high. |
On Richardson's (1962) phase diagram, four of the

seveh points plét within the,stablility field consistent
with mineralogy. Tw0»andalusite—bearing (12-8 and 18-6)
samples plot above thg andalusite field. In both cases the
error ?ar extends ingo the andalusite field. One
sillimanite-bearing assemblage (11-6) plots below the
sillimanite stability field, with the error bar extending
‘into the sillmanite field.

. Andalusite may be stabilized at higher pressures and

coexist with sillimanite due to the presence of minor

/

<
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Dots represent the average P-T determination for
each sample. Error bars indicate an error of
+ 50 °C (Ferry and Spear, 1978) for the
temperature results and + 1.6 kbar (Ghent et al,
1979) for the pressure result. Dashed line '
represents Holdaway's (1971) phase diagram for
the aluminosilicates. Dotted line represents .
Richardson's (1969) phase diagram for the
aluminosilicates. .



impurities in the andalusite structure. As a result,
sillimanite and andalusite coexist in a divariant field.

. : S ‘3 _
In saﬁple 12-8 minor fibrolite is observed to coexist with

andalusite. Microprobe analysis of andalusite»indicates
that minor elements make up a very small proportion of the
composition (less than 0.6 wt %). {

Another possible reason for :he high ﬁressdre’results
is that the emplrlcal act1v1ty ‘coefficient-ratio term
ca (5—'—0 4) may not be adequate.

The plagloclase garnet -Al 8105 -quartz assemblage

in these samples may not be 1n equlllbrlum. Mlnor~

Eetrograde alteration of garnet and biotite to chlorlte is

7

ed in sample 13-8. Some retrograde chlorlte .

of garnet and minor ser1c1tlc alteratlon of

fase is observed in sample 18-6.

“The garnets analyzed -in 6 of the samples used for
geobarometry are normally zoned. Garnet in the remaining
. sample, 11-6 (garnet 2), shows a slight (< 0.5 wt 9)

variation in Cao from core to rim. Biotite an? plagloclase

o \,
h Y

gralns were~not examlned for homogenelty
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AN ~ VI. DISCUSSION

Interpretation of Metamorphic Conditions

~ The contact aureolc of the Anvil batholith is wider
than the narrow zones of contact metamorphlsm around other

mid-= Cretaceous bathollths 1n the Cordlllera ( e.qg. Reesor

1958: Campbell 1967, Blusson, 1968, Reesor;-1973L
'GabrieISe,et.al, 1973; Anderson, 1982; Anderson, 1983}'Smit
eu al;'l985){ |

Contacts between mid-Cretaceous intrusives and

’country‘rock are typically steep, sharp, and discordant.‘

Country rock is not notably deformed. Layering in

metasedimentary rocks dips‘away from the contact. THe

-

aureoles are well-developed and characterized by

'andalusite, cordierite, staurolite, and biotite hornfels or .

.4
141& :

mﬁnotted schlst in the pelltlc unlts, and by calc- s111cate‘
hornfels, skarn or marble 1n ’calcareous unl' Contact
metamorphlsm affects narrow zones (typlcally less than 1
km) of country rock;‘

Altnoughgcqgtact felationships are similaé, the
mlneral assemblages in the the*mal aureole around the Anvil

bathollth,41 e. s1111man1te zone adjacent to the contact)

' réflect hlgher-grade metamorphlsm than around other

v

mid-Cretaceous intrusives.



The thermal imprint around the Anvil Batholith
affects at least a 2%90 meter;thick (true thickness)
envelope'of metaseaimentary rocks. Furthermore, the rocks
at the contact are not hornfelsed and pelitic rocksjhave
weli—developed schistosity.

Two series of contact metamorphism, distinguished'by
differences in pressure conditions, have‘been defined by
Reverdatto et al. (19@0) | -

The, first is the common hornfe151o rock low- pressure
series, or non-abyssal contact metamorphism. This type of

contact metamorphlsm is limited to pressures of 1ess than 3

‘ kbar.,,In this series the initial temperature of the-

N
v

country rock is low and the temperature reached during

“3p N
metamorphism’ depends essentially on®"magma temperature and
composition.

. ) . v N ‘
The characteristic narrow hornfelsed zones around

. .

most Cordilleran-mid-Cretaceous intrusives belong to this ™

serles. o 1 s - | .

‘ ?he second series is a thermally-transformed
'“gneissose,rook series, oﬁ‘abYsSai contact metamorphism."
;This type of metamorphism oocurs'under moderately high
pressﬂne, such that the temperature field in the

' nelghbourhood'of the 1ntru51ve 1s superrmposed on. a "'
reglonal termpergture fleld Thls results in 1arger
contact aureoles, and p0551bly 1n the development of‘

»schlstoje texture in the&rocks. In is series the 1n1t1é§

~

"!
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temperature of the count;y rocks may be high. Pressure
exceeds 3 kbar. The result is rock transformaz -on under
conditions of regional metamorphism: The temperature o%
rocks in direct contact with a granitoid intrusive reach
" 600 - 700 °C and peripheral parts of the aureoles reach
about 400, °c.

“ The contact aureole around the Anvil batholith fits

© .
the description of this abyssal, contact-metamorphic series.

Geothermometry results indicate an average

\temperature of 685 °C for the roof pendant rocks, an

\ ‘

AN

average tqmperature of 620 OG for rocks adjacent to the
1mtru51ve margin, and an average temperature of 550 ©c
for rocks up to 8.7 knm (horlzontal dlstance) from the

1ntru51ve contact.

These temperatures would be impossible to attain if .

the temperature and composition of the magma were the main.

‘ controls of the temperature in the aureolevrocks. At the
estimatedvpressure (4.9 i‘i.6 kbar), the corresponding
minimum temperature of water- saturated granlte is 660 °C
(Flgure 10) assumlng perfect heat transfer from the
1ntrus1ve to the country rock. The temperature of the

rocks adjacent to the Anvil bathollth must have HEen

-

Wlnltlally hlgh (under condltlons of reglonal metamorphlsm):}

. =t PR

1n order- for temperatures of 600 =° 700 °€ to be attalned
“in the aureole.

Geobarometry 1nd1cates an average pressure of 4.9 +
&

-
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1.6 kbar. ‘ht 600 ~,700 ©°C, the abscence of kyanite does

not restrict pressure to less than 4 kbar. Kyanlte might

be expected as a contact metamorphic mineral only if

”pressure exceeded 6 kbar (Holdaway, 1971).

Pressure estimates for the area thus imply moderate
depths and rock transformation under regional or
: -~
near-regional metamorphic conditions as charaélerized by.

Peverdatto's et al (1970) abyssal contact-metamorphic

series. Assuming an average geothermal gradlent rock in

the Anvil area was hot (300° °C) at the time .of 1ntru51on

-

Regional Implications R ) o i

."' » AA
The pressure estimate together with regional -

geological relationships provldes some constraints‘on the -
\ - :

rate of uplift in the Mt. Mye area. |, =

)

)

Unmetamorphosed Paleocene  conglomerate (unit 15a -

Tempelman—Kluit,.1972) is exposed at several localit#és in

- the }elly River Valley, 28 'km west of the study area.

e
The presence of this conglomerate implies that

underlylng metamorphosed strata'were upllftedibetWeen midfpl

Cretaceous and Pal¥eocene time If the presSure estimate

for the area is reallstlc, large scale uplift is 1mp11ed

)

Rapld upllft 1s 1mp11ed by the K ;Ar geoéh’onolog}cal
/ =

.“results summarlzed by Plgage and Anderson (1985)

2%
he PalLocene age othhe conglomerate does not

' prov1de a llmltlng tlme for unrooflng of the granlte as the

N | N - \ ‘/
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conglomerate does not cohtain}granitic clasts. A youngest
age for unroofing of the plutonic suite hasvnot been .
determinegi The presence of the large, continuous roof
pehdant ahd the .fact that isograds are conformable to and
dip away from the granitic contact suggests that the
presently exposed level of the Anvil hatholith is near the
| top~of the plhtonﬁ |

\‘The granite must“have come to its preséht;position
‘at a ldter time-(post—Paleocene) possibly through hovement
“along fauits. Uplift may have been facilitated by

steeplY dlpplng, northwest-trending faults that splay fréﬁa

iya@gorda.faqlts._ This assumes that the
:glfs deposited in situ and was not transported

* to its present location. 'The conglomerate is;-in places,
separated from the granitic- intrusive by strike slip

f;glts. If the- cdgglomerate was transported to its present\
locatlon by fault movement, or if the metamorphlsm of thev

Ilunderlylng strata is assoc1ated w1th the earllest ;

_ deformation event (1 e " the Sl—formlng event), ‘then no’

prec1se tlme co,stralnts for uplift can be inferred.
‘ Post ~Palegcene unrooflng of -the granite would 1mp1y
lower rates ,of uplif {In any case, the.average pressure
estlmate for the area i dlcates that some 16 km of
overlylng cover has been‘removéh 51nce the mld-Cretaceogs T
‘lThe overlylng cover may have been a, structurally*thlckened

stratlgraphlc plle, i.e. a series of Me50201c nappes;‘_

° - £
* - N
, . . B s 4
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The proposed spatial, temporal and geochemical link
between some,phases of the Anvil batholith.and’the South
Fork volcanics (Pigage and Anderson, 1985) conflicts with
this evidence of large-scale uplift and erosion in the
.’a‘rea'. ' ‘ { ‘ . v" .

Rapid upllft (since the’mid;Cretabeous)ﬁofAthe
Yukon—Tanana terrahe to the southwest of the study.area
cannot be demonstrated.: Similarly, the Tantalus Formation,
an‘Gpper Jurassic to'Lower Cretaceous unmetamorphosed
conglomerate, lies'uﬂ§8nformably across Yukon Crystalline

Terrane and Whitehorse Trough strata (Tempelman-Kluit,

1980) . . X

The estimated average’pressure for the Mt. Mye area
-indicates large- scale upllft for the reglon In view of
the lack of ev1dence for 51m11ar uplift in nelghbourlng
Yukon-Tanana terrane and the proposed relatlonshlps between
the aAnvil plutonlc suite and the South Fork volcanlcs, the
pressure estimate for the area-may'be high. However, even
at the lower llmlt of error assoc1ated with the pressure
estlmate (3 3 kbar), relatlvely large scale uplift (removal
of at least 11 km of (stratlgraphlc) ‘cover is 1mp11ed

Slgnlflcaﬁt dlfferentlal upllft across Tintinz Fault -n

thlS area 51nce the mld-Cretaceous is also ir plled
N

> - L i &



“VII. CONCLUSIONS

1. The isograas‘ére;cpnceﬁtric to the pluton in the

~

) study area. | - ' ‘ i

2. Ispgrads dip away from thé pluton at the preseﬁt
level of exposure. Isograd surfaces are'steeply—dippihg
where the intrusive contact is steep1y~dipping and
shalllowlyvdipping where the intrusive dontéct is
shall lyﬁdipping. This accounts for the variaﬁioh in the

width of e metamorphic zone. The dip of the isograds

lessens with distance from thé intrusive contact. The dip
of the granitic contaé%s'is similarly interpreted to lessen

~with distance.

W
3. As granitic sills are injected along the S,
foliation plane in-the schist,‘and as'foliéiibn developed‘
in the grénitic sills atvintruéive mérgiﬂg.is parallel with
= iﬁ'the séhiét, the;énvil batholith must have been
emplaced after,ﬁofmatiagiqf'the;sz'surfacé‘and before the»i

N .

final stages of thé‘S2—forminq'deformation event.

4. all porphyroﬁiast;matrix rélat}on§Pips indicate

syntectonﬂc¢growth‘(withlrespeét to S,) of po}ghyro—
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blasts, as well as some post-tectonic growth.

5. The average pressure for the Mount Mye area is
4.9 + 1}6 kbar. A pressure of this magnitude suggests a

max1mum thlckness of cover during emplacement of about 16

. km (+ 5 km)

6. Temperatures ranged from 509 to 872 °c + 50
°c. The hlgyest temperatures are recorded in roof
pendant rock%g A general trend of decreasing temperature

away from theﬁ”ntruslve margins is recorded

7. The contactﬂaureole developed adjacent to the

Anvil batholith is di mct from contact aureoles around

'd

other Cordilleran mld;
L
contact is sharp, locax.y steep, and dlscordant. The

aceous intrusives. The intrusive

hlgh-grade nature and extent of contact metamorphism, as -

jlwell as the_presence of a well—develbped/schistosity in

f{ﬁmVr . ;
~ . pelitic rocks, is unique to the aureole around the Anvil

Batholith.

é. ‘The characé%ristics of the contact aureole

develope ln he e11t1c schlsts around the Anv1l bathollth
P

© are. thos of a. thermally transformed gnelssose rock series:

(abyssal contact metamorphlsm) ThlS type of cont&ct

-

metamorphlsm cccurs under noderately hlgh
t .

/

2 .



;
pressure, and the temperatufé field aroéﬁa the intrusive is
superimpos~d on aaregidhal fieid.

9. Large—sdale uplift in the Mt. MYe,area is
implied by theﬂggobarometry results. Eﬁﬁh at the lowermost
end of the effof;aésociated wifﬂ the average pressufe
estimate fér tﬁé éféa, removal of 11 km bf overlying cover
sincewghe mid-Cretaceous iéAimplied. Previously proposed
relationships between the Anvii plutonic suite and the
South Fork volcanics, aﬁd the present evidence for

large-scale uplift and erosion in the area cannot be

reconciled.

10. There is no evidence for similar large-scale
Juplift sinée the mid-Cretaceous in the neighbouring
Yukon-Tanana terrane. Significant differential upiift

across Tinfina fault in this area is, implied.

A
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% APPENDIX 1. SAMPLE LOCATIONS |
v ‘ > 5 . M o . h »

S

¢ s

. , N T
v a LEN . ’ 3 3

EASTING .~ NORTHING
T 597950. E 6912675 N
- ' 557850 E 6912608 N
. : -+ . 597100 E 6912625 N
‘ 597125 E 6912675 N
598175 E 6913325 N
597800 E - 6913400 N
598075 E . 6914100 N
) . 5981Q0 E r 6914225 N
) 598125 E 6914300 N
§ 598125 E .+ . 6914475 N
. 598200 E | 6915500 N
598200 E 6915500 'N
597975 E 6910950 N
597975 E_ 6910950 N
2 597800 E 6910850 N
597800 E 6910850 N
v 598100 E 6910625 N
598200 E 69104%0 N
598675 E 6910175 N
598675 E 6910175 N
598875 E 6910200 N
g 599300 E 6910725 N
599625 E 6911075 N
599500 E- 6912000 N
599500 E 6911825 N
600400 E 6913050 N
600400 E 6913050 N
N 601400 E 6914750 N
o 600750 E- 6913750 N
) 597075 E 6911800 N
- 596650 E 6911950 N
o 596650 E 6911950 N’
= 596500 E ~ 6912550 .N
' 596450 E 6912500 N
. 596100 E 6912800 N
597700 E

80



12 11-8 . L ) S 598125

igll-l0 T T :

SAMPLE NUMBER. 'EASTING - NORTHING

. 6915300
6918000
6918525
6918150
6917625
6917500

. 6917325
6917275
6916350
6916000
[ .

600125

o 600150
. o 599300
. . 599375
599600

599775

600125

600225

600975

600725

\1\11\1\1\1\"1\1'\':\1'\1
3 |
PO & WN R

O

6912600
6912400
6912400
6912550
16913025

"597900
597625
597525
596925
597375.

o gl W)
29

6911995
6912050
6912450
6912675
6915000
6915500
6915650
6915750
6916125

599525
599800
. 600175
'600400

.. 601400

o 601300
o " 601325

| [
-
~

© 601375
601450

HEHEEE N S b

VWV WVIWWYW WYY WYY
]
OO ULD W

¥

6911150
6910750
6910550
6910550
- 6910675
69109Q0
"6911775

10-1. - . o 598975
©10-2 . T . 599250
10-3 . S~ - ..598150
~10-4 v .~ 598150
16-5.. ... 598100
10-6. - . 598000
10-; B .. - 598075

oA

g’ bbbt b b

. 6913925
6913925
6914075
6914400
6915250
6915025
6914375
6914575
6914375
6913600

11-1 598500,
11-2 S 40 - 598500
S11-3 0 - . . 598450

11-4 SR R 4 598600

11-5 - . . .. L 598175
A1-6 - » 598125 -
S11-70 0 - o - 598125

3

11-9. e T - 598125"

6917250
Sy 76917400
ey '69:1";770 0.

6916900

Ad2-1 00 0 T L e T 2601325
12-2 - e LT 7 601825
12-3 . T T 602200
12-4 T ' 602075

Fo12=5 0 c 602050

bbb b et BB b bt b
{zzzéz;zzzzzzzzzz ZZAZZZZ ZZRAZAZZZZZ ZZZZZ ZZ2AZ2Z2Z2ZARZZZ

P



SAMPLE NUMBER - - “EASTING NORTHING - N
12-6 -t ' “gbasso E 6916500 N
12-7 S 601700 E . 6916275 N
12-8 _— " 601425 E - - w» 6916225 N <
12-9 . ' " 601350 E 6916500 N ‘
+ 7 12-10 ; 601325 E '~ 6916700 N
13-1 _ 601250 E 6917150 N
13-2 ¥ 601250 E 6917150 N
13-3 , 601250 E- ' 6917025 N
13-4 ; 602250 E 6916925 N
1%e5 ‘ . - 601300 E 6916775 N
., 13-6 _ 601100 E 6916850 N
13-7 . 3 601100 E 6916850 N
"13-8 - - \ : 600600 E 6917300 N
13-9 A .. 600400 E 6917450 N
13-10 S 600650 E 6918250 N
13-11 : 601150 E . 6917300 N
14~1 603225 E ~ 6919625 N
14=2 603325 E 6919650 N-
14-3 . _ 603325 E 6919650 N
- 15-1 ’ 601475 E 6916350 N -
15-2 : S o 601400 E 6915575 N
15-3 } 601425 E 6915150 N ¥
15-4. T 601425 E 6914900 N
15-5 .. 601700 E 6914900 N
15-6 . oo - 602000 E 6914925 N
'15-7 R 602150 E 6915050 N
15-8, ' '~ 602450 E 6915150 N ' °
15-9 , ‘ 602775 E 6915500 N
95~10 . R S 603200 E 6915450 N
15-11 - o 602550 E 6916250 N
15-12 - 602400 E 6916300 N -
15-13 _ U 602025 E 6916350 N
15-14 . = 7 . 601400 E 6917125 N
16-1 . , . 601650 E 6911275 N
16-2. _ 601400 E 6911175 N
o 16=3 600950 E . 6911075 N
A6=-4 I 600550 E 16910975 N
1 16-5 ‘ o - 600400 E & 6910875 N .
16-6 ’ ' 600350 E 6910775 N >
-16-7 600750 E 6911050 N
- 3
17-1 604750 E 6913275 N
17-2 604900 E 6913450 N
Yo 173 a . 605025 E 6913575 N.
174 v ' . 605425 E 6914000 N
L 27=5 .. - . . " ‘605900 E 6914125 N E
T E 6914050. N .

606500 N

RPN




" SAMPLE NUMBER

17-7" 7
o 17-8 ¢
©17-97 -
”17¥JO'A
17-11
©o17-12v

18-1
18-2
- 18-3
18-4

.. 18-5

.18~6
18-7
18-8
18-9

19-1
192
19-3

©19-4

:19-5

1 19-6
19-7 -
19-8
19-9

. 20-1 . ‘
20-2

20~3

20~4

20-5

21-1
21-2
2.-3
21-4
21-5
.21-6
21-7
21-8

22-1

23-1
23~2
23-3 .

L 23-4
235" -
23-64 ...
23-70

. -‘_(" BRI
—

S

«

C. . \.

© 605000 E
605600 °E
605825 E

606300 E

607150 E

606475 E
606700 E

' 606550 E
606300 E.

604525 ‘E
605050 E
605950 E
605950 E
606350 E

606700 E

606650 E
606200 E
603500 E

- 611000 E

611150 E
611350 E
610275 E
609900 E

591225 E
590625 E
590625 E
590425 E
589900 E

© 589425 E

589200 E

588400 E

588500 E

596700 E

596500 E
596350 E ..
596625 E.. .~

59777% E
598000 E

. 597975 E

B .

4

L

., 1606900 E '

606150 E.
‘605575 E ‘
605400 E .~ -
. 605300 E
.. 604725 E

- EASTING |

L

-

NORTHING *

6914025

6913825 .
. 6913525"
6913325
6913150 "
6912500

©. 6912475
6942200

6912125

. 6911825
. 6912425
6912850

6911700
6911300
6911600

6911150
6911900
6912025

6911300

6910975
6910450

6910875
-~ . 6911300

6912100

6912225
6911000

6911225
6910125
6909900

5913325

6913525
6913375

6913300.
©,6912900
6912700
© 6912500
6911525

6910675
6905000

6905150
6905525

6905625
6906000

6905800
6905650"

ZZZ. ZZZEZZ zzzzzzzzz zzzzzzzzz AR LT

mEZZZEE 2 ZmEZZE

cl

83



p S

‘598900

' 598950

587500

586900

.588400

~. 583000
585400

- EASTING

597300 E

596275
598775
598600
598375

599400
599825
599550
598950
599100

591675
561900
587200

589000
588150
588000
587975
587700

586675
585000

586475
587125

588300
587775

582800

m «

HHE MO NN RN HEH HObdbHHME D

\

16905050

6904275
6905075
6906000
6906050
6906625

6906800

69Q6650
6906200
6906150
6905600
6905350

6906750
6907050
6909275

6906425
6906675
6906950
6907200
6907425

" 6907575

6908325
6909075

6910625

6910750
6910800

6910725

6909350
6910125

13350

6913250 -

6911500

NORTHING

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

~— e

A

L

\

A
)

o
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MINERAL -ASSEMBLAGES

APPENDIX 2.

I

SAMPLE m(QIBtMS'GtSi:AnStHszE‘SZrTinCtCz‘insTrRl;qaq

TYPE

NO.

kY

oM XXX

2-1
2-2
2-3
2-4
2-5
' 2-6

®H RN

® X AHX

3-1
3-4
3-7
. 3-8

&

x

VEVEVEVEVE

R XA
0/.
. /.kn
X X v
X X
XX
x X XX X
4
MM XXX XM
Xxxxxx X XX
&
- X L.
/x.
‘,_x X X
AK\ %
XM x % X b4
XX MUN XN
XX
558849 949

XX MR XN

XXMM, XXX
) -
SR XXX
- e

X X X

X X x X
LI

gch

" 20-1a

sch
sch’
'sch

. 10-2

10-4
10-4

sch
sch
sch

10-5

. 10-6B

10-7

XXX X% M

HRXXRR X%

xxx.x, x x

X

—t

§89§5539
. B.
—+ ) Y-

EREEER N



86 . Vv.

Vs Tr Ru Opg

b Q@ Fs 2r T To ct ¢z Di

SAMPLE ROCK - Ch Bt Ms Gt Si An St

L oMM XN L I B |

HXAR XXX

b

H-X X X™xx

x

X

L

Imst

14-3

“

XX XX b X %

HXMHHRXRXN XM XX

HUXARARNR X NN HHNMX

b XX XXX X
XX XX

-

EEE R VY X X%

XUXX  xx XX %
L R VY] B

LR R %%

X

XXX XXX x

X AX XX XK

LR R

MM N XX NN X

AN

LI -

XHHX X
x x
XX X X X

XHXX N R %X
XXX MM KR NN

®

19999454

17-1
17-3
17-4
17-7
17-8
17-9
17-11
17-12

‘18-2.°
18-4

XX XX

PRV VIRV v

XXX XN )

18-6
18-7
18-8

X b3
= %
x % %

XXX XX b

xX X t X X X




-

SAMPIE mc;stis_ctsimstmozmz:nfmptaDist_'n—m,q':q B

S/

. e
21-1 sch X : X X x
21-2B skn X X x X X X
21~4A sch b4 X X X x - )
21-58B sch X X X X X X X
21-7 sch X X b d X x X,
21-8 sch X X X X x X X
22-1 - skn X X X X X X X x . b4
s 23-1B , Sch X X X X X X « X
23~-2 skn be X X b4 X X X
23-3 sch X X % X x X X
23-4 int X % X X ,
23-5A sch X X X X X X
23-5B sch - X X X X X g .
23-7 phyl X X X X X - , X
23-8 phyl X X X X x : ’ x
r~
24-1 phyl X x X X
24-2 sch X X X X x X b d
24-3 skn x X X X X X b d
24-4A skn X X X X b4 ’
24-4B sch X X X X X X X bld X
24-5 skn X X X X X b d
24-6 sch X X be X X b d
24-7 skn x X X X X X
24-10 iyl x x x x b4 .
25-2A skn x X
25-2B sch X X x X x X
25-3 sch X X X . X X X b d X
26-3 sch X . X X X x t
264 sch X X X X X X X X x
26-5 amph X X X X
266 sch x x X X X X ) x
s . -4
27-1 sch - X x X X X ‘X x
27-2 sch x X x X X x x x
27-4 sch X x X X X X X X X
27-5 sch x x x X x - f
" 27-6 Imst x —— : X X x x
29-2 phyl x x x x
29-3 Pyl X X X x
294 phyl X X x X X . X
t *

(\, . ) . s
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. APFENDIX 3. ANALYTICAL METHODS- AND ;}MI_(':“ROPRC‘)BE"— DATA BASE.*
AT - ‘ ' ‘ i ‘ - ) - /\"\
Analytical Methods . .. < T

oo

Analyses of garnet, plagloclase and blotlte were done”
'at the Un1vers1ty ‘of Alberta by the wavelength dlsper51ve .-3

-technlqge u51ng an automated ARL-SEMQ electron mlcroprobe
/

.. An acceleratlng voltage of' 15 kev, an aperature current of

- Q
0.6 X 10 -7 amperes and a probe current of 0. 079 x 10 -7

‘amperes was used for all analyses | The beam was rastered
,over an area of 5 x 10 -8 to 10 x 10 -8 cn? for

:plagloclase anilyses All othe¥ analyses were done w1th a
: beam spot area of 2 x 10 8 cmz._ Countlng tlme for both
}”the standards ‘and- the samples was 100 seconds. Background:

A

countlng time was 40Jgeconds ’

For garnet analy91s the standards used were.
"grossular for Sl, Al Ca, chromlte for Cr, Fe; willemlte S
for Mn pyrope for Mg, and rutlle for Ti. 'Eor plagiOclase'
ana1y51s the standards used were: sanldlne for Si, K;
pyrope for Al and Fe, dlops1de for ca, Mg, and tugtuplte:
for Nar, For blOtlte ana1y51s the standards used were
dlop51de for Si, ca, Mg, 11men1te for T1, Fe, kyanlte for

Al;. - lemite for Mn, and sanldlne for Na and K.

ZAF correctlons were applied and 1on1c proportlons

.88

4 st
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“calculated by the program MAGIC'Q\»(Colby,‘1968) &he

detectlon of the anaisses is 0.1 wt%. The statistical
v .

error at the 99% conf1dence~1eve1 is nearly + 1% of the

amopnt present for the major elements and up to + 10% for -
) : : ¥
minor elements.

» . ~,

-
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APPENDIX 4. GEOTHERMOBAROMETRY CALCULATIONS

-~

Plagioclase-garnet-Al sloS—Quartz Geobarometer,

> Ghent (1976)

for the reactlon

5

3CaA1281208 = Ca3Al Sl3012 + 2A128105 + 8102

the equilibrium can described by:

|
0 = = 2551.4 + 7.1711 - O.2842(P(bars) =-_1)

T(°k) (%)

wherevgillimanite is the Al,510g polymorph and by:

0 = = 2817.2 + 7.4351 - 0.2678(P(bars) -1)

T(°K) . - T(°))

© e

t\ )
~ where andalusite is the Al,SiOg polymorph.
For the discussion of the derivation of équilibrium‘

_ constant equations, see Carmichael et al. (1974, p.107 et

seq.) .
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Since the minerals are not pure phases, terms or
actiwvity of anorthite in.plagioclase and activity of

grossular in garnet must be added,

~

0 = = 2551.4 + 7.1711 - 0.2842(P(bars) -1) + log Kg + log Ky

T(°K) ' T (°K)

where sillimanite is the Al,5i0g5 polymorph
and Ky = Y3
: 3
(XAn)
- 3
v.and Kg = (Xgy)

‘(XAn)3 | . t

In the absence of experimental data, Ghent ét al.
(1979) proposed the use of an empirical activity

coefficient, KX , and estimate KX = -0.4.

The solids activity product, Kg, varies

.systematically as a funbtioh\bf the Al,Siog
. ‘ .

A

— E . |
Xgr = Ca » o

polymorph present,

Ca + Mg + Fe + Mn

(where total Fe is treated as ferrous iron)

103
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and,

O The garnet—plagioclase-Alzsi05—quartz
geobarometer has a resolution of approximately + 1.6 kbar

Ghent et al. (1979).

7~

The Garnet-Biotite Geothermometer, Ferry and Spear (1978)
/\
for the cation exchange reaction:

4G = ol - TaS + PAV + 3RTInK = 0 (1)

where K = (Mg/Fe)garnet/(Mg/Fejbiotite
‘ | LA
'Preferred\estimatés for H and S of the‘exchange
reaction are 12,454 cal and 4.662 e.u., respectively. ¢

AV = +0.057 cal/bar

‘Ferry and Spear's. (1978) results ére,éonsistent with

the following expression:
Ve



- o . B X

by

* 1lnK = -2109/T(°K) + 0.782 (2) -
by s:ubstltutlng AH 58S, and aV into equation (1), we

get.fio' o o v . T a

,u12,454_-'4.662T(°K)¢+ 0.057P(h9rs) + 3RT1nK = 0

Fe and Mg are assumed to mix ideally. Fe. and Mg mix
1deally in biotite and garnet solid solutlons at least in

the comp051tlon 1nterval 0.8ngrFeﬁ4Ee‘+ Mg)lgvl;oof

%The Ferry and Spear‘(l978) calibration'may be used on
natural assembalges for COmponents up to 0;1 (Ca/Ca + Mn +°
_ Fe + Mg), 0.3 (Ca +'Mn)/(Ca ¥ Mn + Fe'+ Mg).invgarnet_and
up to 0.15 a1Vl 4 Tl)/(AlVI + Ti + Fe + Mg) in
blotlte'
. The geothermometer has a maximum practloal resolutlon of +
50 OC whlch corresponds to the error in temperature that
results when + 0 o1 errors in X X and |

ann’_ phl' alm

ar

X§§ are propagated through ‘equation (2).
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