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APPENDIX A

SOURCES FOR COMPILATION OF MAPS

The map in Figure A.1 shows the sources from which the maps in the thesis were
compiled. Some well-exposed parts of the map area were completely re-mapped in
detail (1:10,000 scale), but these form only a minor part of the total map area. Other
areas were re-interpreted, based on reconnaissance traverses, air photo interpretation,
re-interpretation of original data of Rivers (pers. comm. and outcrop data on 1:50,000
scale maps, Rivers, 1980a,b and c) and extrapolation from adjoining areas which were
mapped in detail. A few localities in the southeastern part of the map were visited for
sample collection only (see Fig. F.3).

In several parts of the map outside the areas mapped in detail, new thrust
boundaries were drawn, based either on reconnaissance traverses or on re-interpretation
of pre-existing maps. In most cases this involved the re-interpretation of geological
contacts in maps by Rivers (19853, b and c) as thrust faults. This was done only if it
was geometrically feasible and possible to do so with a high level of certainty, The
trace of the Grenville Front was interpreted from air photos and backed up by
reconnaissance in the field through helicopter traversing. The trace of the Bruce Lake
shear zone north of Grace Lake was taken from Fahrig. The remainder of the
information was taken from maps of Rivers (1985a, b and ¢).






APPENDIX B

ABBREVIATIONS

The following are two lists of abbreviations used in the text. The first is a list
of mineral names. The second list explains abbreviations used in thermodynamics in
Chapter 7.

MINERAL NAMES
Abbreviations for mineral names according to Kretz (1983), capitalizing the

first character for mineral phases and using all lower case characters for components.
Abbreviations marked * are not from Kretz (1983)

Ab albite Cpx Ca clinopyroxene
Act actinolite Cum cummingtonite
Alm almandine C2o clinozoisite
Aln allanite Di diopside
Als® aluminum silicate Dol dolomite

(and, ky or sil) Ep epidote
Amp® amphibole Fe-Dol® ferrodolomite
An anorthite Gr graphite
And andalusite Grs grossul-rite
Ank ankerite Grt gamet
Ann annite Gnu grunerite
Ap apatite Gt goethite
Bt biotite Hbl hornblende
Cal calcite Hem hematite
Cel* celadonite Hyp hypersthene
Chl chlorite Im ilmenite
Cd chloritoid Kfs K-feldspacr



Phe®
Phl
Pl

Prp
Qz

kyanite
granitic melt
limonite
magnetite
microcline
magnesite
margerite
muscovite
orthopyroxene
orthoclase
paragonite
phengite
phlogopite
plagioclase
pyrope
quartz

Rdn
Rt
Scp
Sd
Sil
Spr
Sps
St
Stp
Tr
Tur
v

Wo
Zm
Zo

THERMODYNAMICS ABBREVIATIONS

G = Gibbs energy

H = enthalpy

K = equilibrium constant

P = pressure

R = gas constant

S = entropy

T = temperature

V = volume

A = change of a quantity (G, H, S or V) in a reaction

rhodonite
futile
scapolite
siderite
sillimanite
sphene
spessartine
staurolite
stilpnomelane
tremolite
tourmaline
H,0
wollastonite
Zircon

zoisite



APPENDIX C

LITHOLOGICAL DESCRIPTION OF THE ROCKS OF THE KNOB
LAKE GROUP

The tables on the following pages contain a short description in point form of the
most important lithological and mineralogical characteristics of the formations in the
Lower Proterozoic Knob Lake Group and of the Archean basement in the map area.
The descriptions are given for greenschist and amphibolite metamorphic grade
separately. Not all formations are represented at both metamorphic grades. The
descriptions in the paragraph below emphasize the differences between the lithilogical
units which in the field can have similar appearances.

DISTINCTIVE CHARACTERISTICS OF SIMILAR ROCK TYPES

As stated in Section 3.1.2, rocks of the Archenan basement, the Attikamagen
Formation and the Menihek Formation can have similar field appearances in certain
states of strain and at certain metamorphic grades. Rocks in several parts of the area
have been re-assigned to different stratigraphic units from pre-existing maps. The
re-interpreteations were based on carefull examination in the field and on detailed
petrographic studies. The foilowing characteristics of the stratigraphic units were used
as criteria.

Archean basement
- Stratigraphic position below the Sokoman Formation.

- The presence of low strain lenses of granulite-grade rocks or granitoids in the
reworked basement rocks.

- Felsic and mafic rocks locally occur interlayered.
- Exsolution of rutile needles in biotite (see Chapter 7).

- Amphibole is more common in parts of the basement than in the Attikamagen and
Menihek formations.
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- K-Feldspar and epidote are common in the basement rocks, especially at lower
Grenvillian metamorphic grades.

- Gamet is uncommon in basement rocks and alumino-silicates are absent.

- Mica-rich rocks are uncommon and contain predominantly biotite.

Anilsamaen Formation
Stratigraphic position below the Sokoman and Denault formations.

- Kyanite is locally present in the higher thrust sheets.

- Pelitic schists contain both biotite and muscovite and commonly contain gamet.
- K-feldspar and amphiboles do not commonly occur.

- Graphite occurs locally.

Mgnm Eormation
Stratigraphic position above the Sokoman and Denauit formations.

- Graphite is commonly present.

- Sedimentary layering is preserved at low metamorphic grade.

- Pelitic schists are common and contain both biotite and muscovite.

- Kyanite and garnet are common in rocks of appropriate metamorphic grade.
- K-feldspar and amphiboles are uncommon.



Table C.1 Stratigraphy and lithological characteristics of the Knob Lake Group

fleld appaarance

MENIHEK FM

mphlbomo facles

pelitic schist or
gneiss

grenschlst facles R

*fine gralned,

*dark grey to black,

*homogeneous, minor
compositional variations,
locally interlayerod with
quartz-rich layers

*well follated, commonly
crenulated

| amhlbite fals

*meodium grained
'gorphytoblastlc
*brown weathering colour
*foliated

SOKOMAN FM
Upper member

banded carbanate -
quartzite iron
formations

banded
gilicate-carbonate
iron formation

absent or thin in west of
the area

*fine grained
*red-brown, ochre, rarely

white
*banded with
carbonate-rich and
quartz-rich layers
*gidorite cancretions

*fine to medium grained

*porphyroblastic

*dark red-brown ar ochre to dirty white
colours

*layered

*foliated and lineated

Middle member banded cherty oxide

iron formation

quartzitic oxide iron
formation

*very fine to fina-grained
*dark blulsh grey
*thinly banded to massive

*fine to medium-grained

*dark bluish grey, with high quartz
contence light grey

*banded to massive

fbanded carbonate -
sllicate fron
| formation

Lower member

banded siticate iron
formation

*fine grained

*red brown or ocre
*banded to massive
*siderita concretions

*medium to coarse gralned
*porphyroblastic
*dark red brown to ochre

WISHART FM
Upper member

orthoquartzite

*medium to coarse grainad
*white
*massive

Lower member

pelitic schist

*fine-medium grainad
*brown-red waatharing colour

01¢



Table C.1 continuad

rock type

field appearance

Formation name graenschist facies

amphibolite facles

greenschist facles

amphibolite facles

MCKAY RIVER FM |ichloritic schist

amphibolite

*fine-grained

*light grey-green

*wall follated, schistose
*mm to cm scale layering

*medium to coarse grainod
'por‘;()hyroblast[c

*dark green

*foliated

*compaositional layering

DENAULT FM

dolomitic marble

*medium to coarse-grained
*white, with a yellow weathering colour
*massive

ATTIKAMAGEN
FM waestern and
eastern facles

blotite schist/gneiss
or pelitic schist

*medium to coarse-grained
*porphyroblastic

*white, yellow or light brown
*well follated

*anelssic or differentiated layering
*abundant granitic veins




MENIHEK FM

Table C.2 Mineralogy and depositiona) environment of the formations

mineralogy

Formation name |

gresnschist grade

Otz + Ms + Bt + Chi +
IGr £ Ab

amphibolite gra

Quz + Bt + Ms + Pt
Grt £ Ky £ St

depositional environment/
udmenary aclu

p marine plaorm SOQUGI'\

SOKOMAN FM
Upper member

Otz + Dol + Sd + Gru

+ Mag + Hem = Mgs
+ Rdn

2 Grt £ Cpx +Opx ¢
Chl + Mag £ Hem

Middle member

Qtz {chert) + Mag or
Hem

Qtz + Mag or Hem
(rarely Mag + Hem)

Lower membar

Qtz + Dol + Sd + Gru
+ Mag = Hem = Mgs

{ £ Rdn

Otz + Dol + Sd + Gru
+ Grt £ Cpx £ Opx =
Ch! + Mag * Hem

Qtz + Dol + Sd + Gru |platformal chemical sediment

WISHART FM
Upper member

aQu littoral deposit

Lower member

Qtz + Ms £ Grt £ Ky
z St

MCKAY RIVER FM

Qtz + Pl + Chl + Zo

Hbl + B8t + Pl + Grt + {metavolcanics/tuffs
Qtz + Ep x Chi

DENAULT FM

Dol £ Di + Tr £ Qtz stromatolitic reef

ATTIKAMAGEN
FM

waestern and
eastern facies

Pl £+ Ky £ Sil £ St 2 sequence and baaal
Chi conglomerate

—

Qtz + Ms + Bt + Grt + |westarn facles; shaliow platform

eastern facles: turblditic deposits

(A%



APPENDIX D

STRUCTURAL ORIENTATION DATA

All structural orientation data and a map showing the subdivision of the data sets
are presented in Figure D.1. The data are plotted in lower hemisphere equal area nets
and contoured using a computer program for manipulation of orientation data,
QUICKPLOT, by van Everdingen et al. (in press). Bedding and foliations are plotted
as poles to planes. For the contouring, the program uses a Gauss-like counting curve
which produces contour lines in multiples of uniform distribution (Robin and Jowett,
1985). No distinction was made between structural elements related to the upper or the
lower thrust system. The data are discussed in Chapter §.

The orientation data sets contain measurements from the field for the areas that
were mapped in detail and data collected in the field combined with data taken from the
maps by Rivers (1980a,b,c) for the areas that were not sufficiently covered by field
observations. The data sets that ar» predominantly taken from the maps do not
distinguish between different ages of folds and all fold axes are grouped together and
presented as F, folds. The dip angles of the orientation data in the published maps were
originally rounded to multiples of S (Rivers, 1980a, b, ¢). For the contouring of these
data a random number between -2 and +2 was added to each of the dips or plunges, to
avoid artificial maxima introduced by the rounding. Presumably, this does not
significantly change the accuracy of the data set. A rounding of the directions of the
dip or the plunge was not detected in the maps.

Eigenvalues of the orientation data sets were calculated to fit great circles through
planar data that represent at least a partial great circle distribution. Most of the data
sets cover large areas and reflect distribution patterns caused by both small scale and
large scale structures. The data sets of foliation measurements that are large enough
will show point maxima for the dominant orientation, possibly defining partial great
circles. Very small data sets generally lack well defined patterns.
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----------- boundary for orientation data set
M B = Mont Bondurant area

S D = Sokoman Duplex

SLSZ = Sickie Lake shear zone
LC = Labrador City
W = Wabush

Fg. D.1 Map of distribution of datasets (A) and stereoplots for the different thrust
sheets in the map area (B to X). All diagrams are plotted in lower hemisphere, equal area
projection. Planar structures are plotted as poles to planes. N = number of data points,
MAX gives the orientation of the highest concentration of data, Contour levels ace given as
multiples of uniform distribution, best fit great circles and fold axes of planar data were
calculated using eigenvectors. S, is sedimentary bedding, generally mezsured only where it
is not parallel to S,. S, is the oldest foliation in an outcrop, S, is the axial plane to an F, fold,
F, is a fold axis of an F, fold or an S,-S, intersection lineation, F, is the fold axis of a fold
that affects the S,, L is a stretching or mineral lineation.



Y]
s
N

PRE—GRENVILLIAN FOL!ATIONS IN BASEMENT ROCKS

SRUCE LAKE BRUCE LAKE CORINNE LAKE
MAFP ARZA SHEAR ZONE THRUST SHEET
N = 86 /'.\ = 27 < = 33 >
. F 4 A e
| MAX. AT: P /Q’;f\‘?@,\ MAX. AT: N ,3:’; t\’Q\‘\ MAX. AT: . :‘.\\:f' N \.‘_‘
wsagse ST 7 s 80 SAN| aese mSpSL 0
07 - % drow axs. ﬂ\ - *¥ Hrow aus: 1y, -
\ AN I oag->er L @ i ao-sm | .
\/""E\j Lo \ ¢ 4 \§ =
CONTOURS: < Q) |contours: ) .~ | conTOURS: > '
12345 e 12468 N2 1245

BASEMENT EAST OF

SOUTH FLATROCK LAKE

EMMA/O°BRIEN LAKES

BRUCE LAKE THRUST SHEET MAP AREA
N= SO - 2 N =4 “T\)%\
MAX. AT: @E\\ MAX. AT: //_‘O\ MAX, AT: ,J?@ §\ E
s/ [ oAl asse 120/2¢  / Al
Fous axis: | \ ’/\Mﬂ l g\: 2 : fg@ IRl
27->132 ’@/ AL , ORI -@/ GEPe @
CONTOURS: q"S_\.\\vh CONTOURS: \@// CONTOURS: GO .
12468 1246810 123655\/[
LAC VIROT
MAP AREA
= 68
MAX, AT:
173/74
FOLD AXIS:
12=>123
CONTOURS
12468

OF THE BRUCE

LAKE MAP AREA

GRENVILLIAN OVERPRINT IN BASEMENT ROCKS

S, Ls
N =74 2
MAX, AT:
154/59 ! F
CONTOURS: f
12488

Fig. D.1 continued



SRUCE LAKE | CORINNE LAKE
C  SHEAR ZONE D! THRUST SHEET
N = 18 /§—/:—\ N = 2971 /‘:\
MAL AT S . |max. am oY .
222758 [ ~ &=L | 1s0/2¢ SN \
S o i /,J// . drow axis: | '
) - '
CONTOURS: © ,/ e->212 | =x/
1510 N CONTOURS:
15 20 28 N |1 246
N = 97 - N = 340 z
T / MAX, AT: //_\
MAX, AT: \ . AT: /
26780 (Y N re2/33 hﬂ’g \\ \\
s == . rowp axis: L
1 R M| 15=>200 /
CONTOURS: 7 |contcurs:
1246810 1246 v
N = 58 <
-
MAX, AT: AS
148/55 [@3 ?5’2@&
: a7 €@
S2 4S) %07
J /
CONTOURS:
1,2 3, 4 85 6
N = 44 -
MAX, AT:
26-=>164
F
CONTOURS:
1246810
N = 8BS
MAX, AT:
6=>17¢
F2
CONTOURS
12348
N = 30 = e
MAX, AT: MAX. AT:
78->160 ‘f 15=>180
Ls
CONTOURS: CONTOURS:
1481216 136912

Fig. D.1 continued

316



3!

NGRTH FLATROCK LAKE SOUTH FLATROCK SICKLE LAKE
E THRUST SHEET F {LAKE THRUST SHEET . SHEAR ZONE
N = b N = 224 = =7 =
NEs /"“ ) A_\ ) PR
MAYX AT: ) MAX, AT: 2 MAX. AT: - *
ZN2 e A
1‘7/37 l/ @\aﬁ/ (%\ ' lss/“ ',‘/ @ \\ " /2‘ "/ﬁ) /\ ’
XA PN S SO
s . ¢ S |
L s .
' = - T, | CONTOURS: =)
CONTOURS: ° . | CONTOLRS: Y 7 11 s 10 \‘\% ,
15101520\/ 12468 15 20 25 \_/
N = 33 /1\ N = 770 Nz sa =
- /’
MaX, AT: ;’{_ff\\ffgp\%\,‘h MAX. AT: K MAX. AT: ‘/' .N/—\}\
150/33 V%\\ 168/20 ) 126/41 _m
s FOLD axis: . A , FOLD AXIS: {7 o T N
1 35=->18% ! oy =% '} 30->166 d) -
/’ ’
CONTOURS: Q CONTOQURS: /| CONTOURS: °
1369812 12468 t 246
N=12 - N = 135 - N = 22 -
MAX. AT: S S [max. ar MAX. AT: m
1e/es | e Q| m/a 120737 e
s - @)
2 = i
/ N |
CONTOURS: # | CONTQURS: CONTOURS: S !
136912 1246 1246
N =9
MAX, AT:
60->140
Fy
CONTOURS: »
1246810
[ »
N = 1§ N = 188 N 38
S | N
MAX. AT: @ MAX. AT: MAX. AT:
40->170 ® 26->136 31->163 [
Fa @®
CONTOURS: CONTOURS: CONTOURS:
151015 20 1234 1246810
N=9 ~ N = 219 = N = 40 =
MAX, AT: MAX. AT: MAX. AT:
40=->140 16=>168 3t1=>199
Lg r
CONTOURS: CONTOURS: CONTOURS: <
1481216 136912 1481216 =

Fig. D.1 continued

-



WIDE VALLEY NORTH ELMER LAKE _SOUTH ELMER 'LAKE
H AREA | : THRUST SHEET J: THRUST SHEET
N =8 /:\ N =7 /.\
N
MAX, AT: /\ b | ™axX, aT: / N
d \ «
es/2s }@Q) \ 188/20 KD”/,\\_\
S g '\ %} J .' s
CONTOLRS: CONTOURS: \ .
1510 1S 1018 N N
15 20 25 30 20 25 30 35 ~___
N = 47 . N = 144 = =
4 /?S-g:\ N 180 /\
MAX, aT: //::’ (0 s [MAX. aT: MaX. AT: ; =N
102/35 V' O 120/26 180/12 | XY,
A @ e (S
{ \,/ O / =
\ /
CONTOURS: '\ \~ oN/ comouas CONTOURS: ,
'12;6310\;%_’:/ 246810 12456
N = 11 > - N = N = 1?7 =
>,
MAX, AT: Fﬁk N\ MAX. AT: @ AN
164/84¢ /4\‘:/" \ 111/59 6 @' & \
{ R , \' 'f-/ - c ]
S 2 ‘@ ! i c\ "
\ CONTOURS: ;
CONTOURS: &> | 510 CONTOURS: /
1481216 15 20 23 1481216
N=3 = N = 23
MAX. AT:
16->169
Fa -
CONTOURS:
1851015 a CONTOURS:
20 25 30 1481216
N =21 - N = 18 N = 36
MAX. AT: / MAX. AT: MAX. AT:
90=->360 @ 21=>131 35=->185
F2
CONTOURS: f\d
151015 CONTQURS: CONTOURS:
20 23 30 38 12¢68 A 1246810
N o= 12 N = 38 2 N = 33
MAX. AT: MAX. AT: MAX, AT:
49->192 " 21=>184 21->18%
{
\(::) 2 CONTOURS:
= CONTOURS: 1810
136912 151015 20 1S 20 28

Fig. D.1 continued



1,2

‘O

ETHITE BAY MONT SONDURANT
. SoEThr — SOKOMAN DUPLEX | —
K THRUST SHEET L: M- AREA
N = $% - N =3’ /F-\ N =a /.-;\\
MAS AT - o '\ | MAX. aT: ~
H , ) \ ; .
168/20 /\ S ; @ \| 16c/12 = .
. Ve H | \ o "’\ .
S g oy & ?' U @ ﬂ) ; NS
coNTOwRS: |\ T < ; |contours: \ L J \ i
1t 510 18 2 1 S 10 18 \/ CONTOLRS: .
25 30 35 40 -~ |20 25 30 38 xw:osow\_/
N = 161 /-—"\ N = 62 /‘L\ N = 141 /-\
. 4 / ﬁ \‘
MAX. AT: SN N\ {max. ar: ’ MAX, AT: J
156/20 '}éé/\'(?‘ 220702/ ,}/q \ 100/12 ( X\'\;;ﬁ—_“\ \ \.\
FOLO axis: ¢ O . 1 4‘%} (C= \
ST | s ’3/ / % / /
CONTOURS: | e’ |coNTOURS: 9 . CONTOURS:
151018 20 1246810 12468
N =35 /-\ N =13 O. N = 16
- MAX, AT: ‘ MAX. AT:
@Mg raosso & @ 126741 é
. g8 | -

2 ' J /
CONTOURS: / \ @ o,
1510 15 / |contours: CONTOURS: /
20 28 39 1481216 1246810 -

LJ
N =28 - N=8 Nata
MAX. AT: MAX, AT: MAX, AT:
16=>159 6=>158 €->341 o
Fq )
CONTOURS: CONTOURS: CONTOURS: Q)
1S5 10 1§ 151018 1810 )
28 30 3% 0 20 25 30 15 20 28
N =N - N = 24 N = 3
MAX, AT: MAX, AT:
11->210 6=>161
Fa
CONTOURS: CONTOURS: CONTOURS:
1481216 136912 12468
-
N =73 N = 2§ N = 48
MAX, AT: MAX. AT: MAX, AT:
21=>154 16=>176 6=>171
Ls
CONTOURS:
181018 CONTOURS: CONTOURS:
20 25 30 136912 t 36912

FAg. D.1 continued



RIVIERE AUX FRAISES EMMA LAKE &
— — . 7 LAC VIROT &REa
N: AREA QO'BRIEN LAKE aREA | P
Nz 2% /’\ N o= 183 /'-\ N=9 >
e . \ N
MAX AT: /7 A L MAX. AT: ﬁ- \"\.‘ \ | MAX. AT: /j?\ .
s [ e | e [YEES | ez [ R
o, [rowans i FEHY dreoms i RER VN
0 16=3150 '_‘./ &,’}f‘a / 4=>213 | N %‘\ - \\ \\:@D‘
CONTOURS: N CONTOURS: - © CONTOURS: S
1369 12 12468 15 10 15 20 RS
N = 189 E N = 532 /\ N = 148 /:;K\
- 2N ~
MAX, AT: fo N |eax, aT: /—\ \ |wax. at: n.\‘{ oD -
won [ oS | s [0 B\ s G :
i ij\\f\.*,"‘x =N | | ~.g/’ ) ; !;‘\/. |
S \ \ / 2 :‘
\
CONTOURS: /| contouss: CONTOURS: ./
1359:2v 136912 12468 =
N =22 = N =37
(:\\m
MAX, AT: . 1)) N\ [MAX. AT:
148/5S (6(.'@’ °@°) \| 138741
S, - J
CONTOURS: CONTOURS: CONTOURS:
t¢8 1216 1 481216 136912
» » LJ
IR N = 66 N =7
MAX. AT: MAX, AT: MAX. AT: \
16=->162 21->139 31->120 \
|
F 2R/
CONTOURS: CONTOURS:
131018 CONTQURS: 131018
20 25 30 3% 1246810 20 2% 30
N = 37 - [x = 69 N =18 -
MAX. Al: MAX, AT: MAX, AT:
16->219 3->60 $3->93 ) Q
F2 Jis)
(@)(®)
CONTOURS: CONTOURS: CONTOURS: @
1246 1246810 136912
N = 47 - N = 203 = N = 52
MAX, AT: / MAX, AT: MAX. AT:
16=->162 16->173 26->1768
Ls Q )
CONTOURS: CONTOURS: CONTOURS:
15101520 136912 12468

Fig. D.1 continued



Y}

[ ]

L CARGCL LAKE L LORRAINE LAKE DENAULT FORMATION
Q . THRUST SHEET R ! THRUST SHEET EAST OF WABUSH LAKE
N = 12 - :
//\ S l
MAX, aT: N =
w7/37 .G , ‘
i .\-/-:ﬁ SN
So &= 20
CONTOURS: & .
t %10 4
1$ 20 25
N = 85 /L\ N = 166 - N = 47 =
MAX. af: . N, |max. am: ’ Y MAX, AT:
NN . N s
160/21 | \(7/-’\;:9/-——-;\ 098/33 140/37
s FOLS axiS: | )@g / Yrow axss: FOLD axis: |
1 B->162 YT, / 22->182 29->162
4
CONTGURS: . % . ' |conTours: CONTOURS:
12468 1246810 136912
NZ=8 - N SS9 > N z 10
MAX. AT:  / Max. s/ /a\ MAX. Al: .
31=->1%0 % 16=>148 / 31=>129 / \
{ 1 A
R - ! S ' !
s / CONTOURS: A7)
CONTOURS: CONTOURS: 1510 O Ji
1481216 1481216 ‘ 1S 20 23
N =8 - N =8 =
MAX. AT: MAX, AT:
2t=>169 31=>154
Ls
CONTOURS: CONTOURS:
1S 101520 151015 20

Fig. D.1 continued

«



322

NCRTH WABUSH LAKE

SOUTH WAZUSH LAKE

DULEY LAKE

[T TeausT SHEET U: THRUST SHEET V- THRUST SHEET
Nz=S§ -
MAX, AT: //—\‘\
s [
So K @ .
CONTOURS: \ ,
181015 :
20 28 30 3% ‘
Nz 92 . N = 224 - N :,
u: aT 4 =z Max, AT /f\' un: i /_\
. R . NP SN . H . T 2 ~
«1/59 -./,.':\ E V=] eese . ;: 132/43 //’SEP;J \
s FOLS axis: ::,' Py FOLD aXS: A "'7 Velf. 5 e
1 20-3131 \'}.‘*@ N 33-3181 "‘/)‘ / ?\ i
'«{/’7 -/ / / RS ) )
CONTCURS: &3 CONTOURS: . CONTOURS:
125456 123258 136912
N = 2 - N =29 = N=2 -
MAX, AT: MAX, AT: Max. al:  / /\
0->150 31=5>339 { 35->185 { \
F 2 i ) /
CONTOURS:
CONTOURS: CONTOURS: 1 10 20 (@}
t2468 1246 30 40 30
-
N=4&
MAX. AT:
21=3146
Ls
CONTOURS:
1510 1S
20 2S5 30 35

Fig. D.1 continued



fLORA LAKE MOLSON LAKE
W: SHEAR ZONE X i TERRANE
N = 19 - N = 143 /‘\
MAX, AT: R N [max. am: -\;\ -
68/69 . A o CA| soses 7= _,\
! O -~ e~
S FOLD axis. :‘.,-’\g\‘_u 7y HFOLD axis: -_:\)\\\_v/_-; N J
1 27->151 (&~ Uil 27->1m2 Y
\' C'\/ J *ﬁ-", 2
CONTOURS: ‘o « - (contours: T
1246 123 h
N = 10
MAX. AT:
115/50 J o)
S2
CONTOURS: )
1481216
N =6
F i
CONTOURS:
1510
15 20 25
»
=
MAX. AT: V
35-~>148
F2
CONTOURS:
1510195 20
N =18 /‘\
MAX, AT:
16=>155 /
L's
CONTOURS:
KRS @
1S 20 2§
Fig. D.1 continued

s

tos



APPENDIX E

OBSERVED MINERAL ASSEMBLAGES

The two tables in this appendix are lists of the mineral assemblages that were
observed in samples from the map area. Table E.1 gives the assemblages in the
meta-pelitic and quartzo-feldspathic rock types for each of the metamorphic zones,
together with the name of the formation in which it was observed. Table E.2 contains
the observed mineral assemblages in the mafic rocks.
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Table E.1 Mineral assemblages in the meta-pelitic and quartzo-feldspathic
rock types?

Forma- Qz Pi Kfs Bt Ms Chl Ep Gr Ap Spn Others
tion2

Zone 1

B X X X X X A Carb, Zrn, Opq

Zone 2

B X X X X X X = = = mct, =Carb, zAin

B X X X X X R X = =Carb, =2r

B X X U X X X X = = +=Zr, =Act, =Carb

B X X X X X X > =Act, =Aln

B X X U X X A

B X X X X X A Act, Opq

M X X X X X X <+ = Carb, =Act

M X X X X X A Hem

M X X X X X

Forma- Qu PI Kfs Bt Ms Chl Gt Ep Gr Ap Spn Others

tion2

Zone 3

B X X X X X R X X =Tur, =Py, = Carb

B X X X X X =R X : = +Carb, xAln, =2,
+=Mag

B X X X X 3] R

B X X X X X

B X X X X Zm

B X X X == X X = =Act, =lim

B X = X X X 3 =Tur

B X X X X = X = = =Carb, =Aln

B X X X X

M X X X X =R X + T = =Tur

M X X X =zx=R X

M X X X X

A



Table E.1 continued

Forma- Qz Pl Kfs Bt Ms Chl Grt St Ky Ep Ap Spn Others

tion?

Zone 4

B X X X X X = = =Carb

8 X X X X R X Py

8 X X X X X

8 X X X X = = X A +Zr, =Aln
B X X X =R X A =Py

8 X X X

A X X X X X A Tur

A X X X X Aln

w X X X X X

w X X

w X X R X U X Tur, CId(R)
w X X R X X Cld(R), Hem
w X X X X Hem

w X X X Tur

w X X X X

w X X X R X CId{R), Hem
w X X X X

Forma- Qz Pl Kfs Bt Ms Chl Gt Ky Ep Ap Spn Others

tonz2

2one 5

A X X X X X X

A X X X R X X = = =Gra, =Tur
A X X X X X X A Rt

A X X X R X X = St(V), Sil, Rt, Zmn
M X X X X X X A St(il), Re, Gra
Zone 6

A X X X X X X A A

A X X X X X X Gra, =Rt, +Tur
A X X X R R X = =2Zm

A X X X X R X X

A X X X X = = Carb

A X X X X A

A X X X = X = = =Tur

' A = accessory mineral, R = retrograde growth, U = unstable relic, X = major
or minor component, = = appears in some samplas

The zone numbers refer to the mineral assemblages zones in the meta-pelitic and
quartzo-feldspathic rock types (section 7.2)

Abbreviations for mineral names as in appendix 1. Carb = unspecified carbonate.
2 A = Attikamagen Formation, B = basement, M = Menihek Formation, W =

Wishart Formation



Table E.2 Mineral assemblages in the mafic rock types®

Forma- Qu Pl Bt Chi Grt Ep Act Hbl Spn Ilim Others
tion2

Zones 1 and 2

B X X X X X A A

8 X X X X X X Kfs, Ap
MC X X X X X X A X Ap

MC X X X A A Zo, Carb
zones 2 and 3

B X X X X Zo

B X X X X = X = X 2o, zArf, =0px(U)
8 X X X X X X A

B8 X X X X X X X A 20

B X X X X X X  Cpxtu), Ap
B X X X X X Carb

G X X R X X X

MC X X X X X X

Zone 4

B X X X X X X A Carb

B X X X X X

B X X X Carb

Zone 5 no observatons

Zone 6

G X X X X X Cpx

MC X X X X Scp

MC X X X X = X X £ =Rt, £Ap
MC X X Cpx

MC X X X X X Carb

' A = accessory mineral, R = retrograde growth, U = unstable relic, X = major
or minor component, £ = appears in some samples

The zone numbers refer to the mineral assemblages zones as defined in the
meta-pelitic and quartzo-feldspathic rock types (section 7.2)
Abbreviations for mineral names as in appendix 1. Carb = unspecified carbonate.

2 B = mafic basement rocks, G = reworked gabbro of the Shabogamo Intrusive
Suite,

MC = McKay River Formation (or mafic lenses in the Attikamagen Formation)



APPENDIX F

GARNET ZONING PROFILES

This appendix presents chemical profiles through 16 gamnets of the map area,
together with a location map for the samples used for geothermobarometry. The
presentation of the data is preceded by an introduction to zoning patterns in gamets.

CHEMICAL ZONING PATTERNS IN GARNET

Slow diffusion rates in gamet are the cause of both the creation of a chemical
zoning pattern and its preservation. Material in the interior of a garnet is not part of
the chemical system in the matrix and minerals in the matrix react with, or are in
equilibrium with, the outer rim of the gamet only. Chemical zoning patterns in gamets
can be attributed to either one of two processes (Tracy, 1982), 1) fractionation and/or
reaction partitioning during prograde growth, producing growth zoning patterns, or 2)
diffusional processes during retrograde metamorphism, which give diffusional or
retrograde zoning patterns.

GROWTH ZONING

Two processes control the distribution of elements in a growing gamet. Bulk rock
composition determines which process prevails. One of the processes is reaction
partitioning (Trzcienski, 1977; Loomis, 1986). With changing P and T, the
partitioning of some elements between the garmet and minerals in the matrix changes,
causing progressively decreasing or increasing concentrations of these elements in the
garnet. If an abundant supply of Fe-Mg minerals (Bt, Chi, St) and Ca minerals (PI,
Ep, Amp) is available for garnet-forming reactions, zoning in the gamet will reflect
changes of the partitioning coefficients with changing P-T conditions.

In the second process, during growth of a garnet at greenschist to middle
amphibolite facies the slow intracrystalline diffusion causes concentration of some of
the elements in the gamnet by fractionation, thereby effectively taking them out of the
system. The matrix is progressively depleted of these elements during growth, which is
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reflected in bell-shaped curves for the concentration profiles of these elements through
the garnet (Hollister, 1966). This is especially obvious for Mn, derived mainly from
chlorite, which 1s strongly partitioned into the garnet, but is not a major constituent of
the matrix in pelitic rocks (Loomis, 1982, 1983; Loomis and Nimick, 1982; Tracy,
1982). Elements which are abundant in the matrix, specifically Fe and Mg, will not be
significantly depleted by this process and fractionation will have little ir<luence on the
zoning patterns for these elements. Loomis (1982, 1983, 1986) and Loomis and
Nimick (1982) numerically modelled garnet growth in a pelitic matrix and reproduced
growth zoning profiles for Mn, Mg and Fe similar to those found in natural gamets.

Figure F.1.A shows the shematic growth zoning pattemns (from the litterature) for
gamets from metapelites at metamorphic grades ranging from greenschist to lower
amphibolite grade. Both spessartine and grossular show bell-shaped profiles, whereas
pyrope and almandine concentrations, as well as the ratio Mg/(Mg + Fe), usually
increase towards the rim. Both spessartine and pyrope profiles commonly show
reversals of slope near the rims, which is interpreted to be a retrograde (diffusion
controlleq) effect. In a composition map of the garnet grains, the zoning patterns are
concentric.

DIFFUSION (RETROGRADE) ZONING

At approximately 650°C diffusion rates within gamet increase significantly, to
such an extent that homogenization of garnets can take place in a geologically
reasonable time and existing zoning patterns are commonly destroyed (Woodsworth,
1977; Tracy, 1982, Trzcienski, 1977; Lasaga, 1983; Dempster, 1985; Muncill and
Chamberlain, 1988; Jiang and Lasaga, 1990). Zoning patterns of garnets affected by
medium to high temperature metamorphism are restricted to the rims, with flat
chemical profiles in the interiors of the grains (Fig. F.1.B). The zoning in the rims is
caused by inter- and intracrystalline diffusion during the retrograde part of the
'metamorphic event or during a younger lower grade metamorphic event. Lasaga
(1983) described the kinetics of these retrograde reactions and the effect of diffusion
rates on the zoning pattern (see also Muncill and Chamberlain, 1988; Jiang and Lasaga,
1990). Generally the trends for Mn and Mg are the reverse of those observed in lower
grade growth zoning patterns (Fig. F.1.b). Fe and Ca pattemns are less straightforward
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Fig. F.1 Schematic chemical profiles through zoned gamets in metapelite. A} is a
prograde zoning profile for garnets at greenschist to amphibolite facies and B) is a retrograde
zoning profile for garnets at upper amphibolite to granulite facies. The relative
concentrations of the four components and the slopes of the curves depend on bulk rock
composition, growth/diffusion rates and P-T conditions during growth. The dotted curves
near the rim in A} represent retrograde diffusion at the rims.
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and vary, mainly with bulk rock compositions and reactant phases present in the matrix
(Crawford, 1977; Woodsworth, 1977). Zoning pattems in composition maps are
commonly concentric, but localized patterns at the rim near contacts with Fe-Mg phases
(mainly biotite) may occur in high grade rocks. This is because in these sites the
diffusion paths are shorter than for elements in minerals separated from the garnet and
diffusion can proceed to lower temperatures (Tracy et al., 1976; Lasaga, 1983).
Tucillo et al. (1990) showed that zoning patterns in compositional maps of garnets in
high grade rocks are not necessarily concentric and do not have to coincide for different
elements. Different diffusion rates may cause variations in homogenization between
elements (see also Tracy, 1982). Specifically calcium has a lower diffusion rate and is
slower to homogenize than the other elements in garnet (Tucillo et al., 1990).

CHEMICAL PROFILES OF GARNETS IN GAGNON TERRANE

A total of 16 garnets was selected from several parts of the study area for detailed
analysis of chemical zoning patterns. Each grain was analyzed in approximately 20 to
30 spots along a profile from rim to core to rim, with the exception of the garnet of
sample 87-75, which was only analyzed from core to rim. Analytical procedures are
presented in Appendix G. For each sample the largest garnet in the thin section was
selected, to minimize the cut effect that occurs when a grain is cut tangentially through
the margin rather than radially through the core. A second selection criterion was the
crystal shape. The most idioblastic grains in a section were preferred for analyses, in
order to avoid loss of information by resorption of the garnets (Duebendorfer and
Frost, 1988). In some samples all garnets were strongly resorbed and idioblastic or
even subidioblastic crystals could not be found. In these cases an effort was made to
find a profile line through the garnet which would encompass both the original rim and
the original core (with respect to the grain shape before resorption). Spacing of the
analysis spots was dependent on the grain size and ranged from 40 to 170y, the
majority being around 100u. Grain sizes of the garnets analyzed for chemical profiles
varied from approximately 1 mm to S.5mm.

12 of the 16 profiles are shown in Figure F.2, the remainder are presented in the

text of Section 7.2. Figure F.3 is a location map of the samples for the gamet profiles
and the samples for thermobarometry.



Fig. F.2 Chemical profiles through garnets from the map area. The vertical scales are
concentrations of components in mole fractions x 100, and the ratio Mg/(Fe+ Mg} x 100,
Note that the vertical scales for the Mg/(Fe + Mg) ratios vary. in the diagram for sample
87-120 3, the vertical scale for grossular, pyrope and spessartine is different from that for
almandine. Furthermore, the range of the scale for the almandine component is not
constant. ¢ = core, r = rim. Sample locations are indicated in Figure F.3. (continued on

following pages)
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Fig. F.3 Location map for samples used for thermobarometry. Sample numbers in boxes
indicate that several samples were taken from one outcrop or saeveral closely spaced
outcrops. The figure also shows the subdivision of the map into three sub-areas as well as
the names of the thrust sheets mentioned in Section 7.3. C/E = central/eastern area, N =
northern area, W = western area. The characters {A to D} after the sample numbers indicate
mineral assemblages:

A = Qz+Grt+Bt+Ky+Pl+Ms C = Q+Gnt+Bt+Pl+Ms
B = Quz+Grt+Bt+Ky+Ms D = Qtz+Grt+Bt+Ms



APPENDIX G

ELECTRON MICROPROBE ANALYTICAL PROCEDURES

With the exception of gamnet profiles for samples 88-50 and 88-87, all mineral
chemistry analyses were performed on a2 JEOL 733 wavelength dispersive electron
microprobe at Dalhousie University, Halifax, using LiF, PET and TAP analysing
crystals. Operating conditions were a 10 nA specimen current, 15 kV accelerating
potential, beam width of 10 and 40 secnnds counting time to a maximum of one
standard deviation of the total counts for the standard. Data were computed using the
Tracor Northern ZAF correction method. Synthetic and natural minerals of known
composition were used as standards. Most of the core-rim analyses in garnet and the
analyses of biotite, muscovite and piagioclase were taken as the averagr. of two to three
separate analyses. In each thin section two or three garmnet/matrix pairs wesz analysed.
For gamet profiles, each point of the profile represents a single analysis. A calculation
of analytical errors for the microprobe at Dalhousie follows below.

Garnet profiles 88-50 and 8-87 were obtained using a JEOL JXA-50A
wavelength dispersive electron microprobe at Memorial University, with LiF, PET and
RAP analysing crystals. The garnets were analysed using a Z2 nA specimen current, 15
kV accelerating potential, a2 beam width of 10x and 30 seconds counting time to a
maximum of 60,000 counts. Data were corrected according to the Bence and Albee
(1968) method. For these garnet profiles only Si, Al, Fe, Mn, Mg and Ca were
analysed.

ANALYTICAL STATISTICS

During microprobe sessions the equipment was calibrated using minerals with
known compositions. The analyses of these standards were used to estimate the
precision and accuracy of the microprobe. Tables G.1 and G.2 show the results of
approximately 30 analyses of a garnet (K GNT) and 2 Kaersutitic amphibole (KK),
performed on the JEOL 733 at Dalhousie University. Most of the major constituent
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elements have a standard deviation which is within 2% of the measured average.
Repeated analyses of each unknown would have improved the margin of error. The
averages are well within one standard deviation of the actual composition, except for
Fe, which for bein standards is 0.3 weight % oxide too low. The effect of this will
cancel out in the Grt-Bt thermometer which depends on Fe-Mg ratios of the two
minerals.

Table G.1 Statistics of analyses of K GNT

oxide average’ standard actual™
deviation compasition
Si02 41.46 0.34 41.45
TiO2 0.44 0.03 0.51
Al203 23.44 0.28 23.50
FeO*** 10.42 0.20 10.74
MnO 0.31 0.03 0.33
MgO 18.54 0.41 18.51
Cao 5.23 0.06 5.09

based on 30 analyses

Table G.2 Statistics of analyses of KK amphibole

oxide average® standard actual®*®
deviation composition
Si02 40.31 0.40 40.37
Ti02 4.73 0.08 4.72
Al203 14.34 0.30 14.25
FeO"** 10.57 0.28 10.91
MgO 12.72 0.28 12.80
Ca0 10.29 0.14 10.30
Na20 2.58 0.15 2.60
K20 2.04 0.06 2.04

based on 35 analyses

*  oxide weight percentages

Composition data from Dalhousie University, Department of
Geology, Electron Microprobe sample collection.

*** Alliron as Fe2+



APPENDIX H

THERMODYNAMICS AND CALIBRATIONS OF THE APPLIED
THERMOBAROMETERS

Calculation of metamorphic pressures and temperatures from an assemblage of
minerals in equilibrium is based on the positioning of a reaction curve in a petrogenetic
grid, using thermodynamic and compositional data from the phases involved in the
reaction. Thermometers are reactions involving the exchange of similar atoms (Mg and
Fe in case of the Grt-Bt thermometer) between two or more sites in one or two
minerals. Differences in volume between end-members of the geothermometer
assemblages are minor, which makes them virtually independent of pressure (low A},
steep slope in P-T space). The location of these reaction curves is mainly temperature
dependent (high A H).

Geobarometer reactions are net transfer reactions which are pressure sensitive
because of the difference in volume (large AV') between reactants and products in the
reaction. They have a shallow slope in a P-T diagram. Wood and Fraser (1977) give a
review of the basic thermodynamic principles of geothermometry and geobarometry
(see also Essene, 1982, 1989).

The equilibrium condition for solid-solid reactions can be written as:

AG,.,=AG+RTINK=AH-TAS+(P-1)AV+RTInK=0

(at P and T of interest)
where AG ., = change in free energy of the reaction, AG = free energy at standard
state, A H = enthalpy, AS = entropy and AV = volume change of the reaction, R =
gas constant, T = temperature in °K, P = pressure in bar and K = reacuun constant.
This is based on the assumption that AV is independent of P and T, and thatA H and
AS are independent of T.
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This equation can be rewritten for the calculation of equilibrium pressures or
temperatures:

-AH<+~TAS-RTInK
- “1 H1
P NG (HD)

_-AH-(P-1)AV

T RIRK-AS

(H2)

Solution of these equations requires that eathalpy, entropy and volume change of
the reaction are known, as well as the concentrations or activities of the end-members
in the solid solutions in case of ideal or non-ideal mixing models respectively.
Calculation of the equilibrium c2astant K from compositions and activities fixes the
position of the reaction curve in P-T space.

Tables H.1 and H.2 at the end of the appendix give the thermodynamic data used
here. Expressions for calculating P and T are found by substitution of values found in
Tables H.1 and H.2 into equations (H1) and (H2).

A justification for the choice of thermometers and barometers is given in the main
text of Chapter 7. A group of thermometers and barometers have been calibrated by
Hodges and Crowley (1985) based on a dataset of natural mineral assemblages for
which the pressures and temperatures were calculated using the Hodges and Spear
(1984) Grt-Bt thermometer and the Hodges and Royden (1984) calibration of the
Grt-Als-PI-Qtz barometer. These barometers and thermometers together form a set
which should give consistent results in differeat pelitic mineral assemblages. The
activity models were used as provided by Hodges and Crowley (1985). Significant
deviations from ideal behaviour in mixing of garnet end-members is assumed only for
the pyrope-grossular binary. All Margules parameters, except W,,, ., are thus assumed
1o be zero, following Ganguly and Kennedy (1974). A detailed evaluation of the activity
models is beyond the scope of this thesis. All expressions and thermodynamic data
given in this appendix are in calories.
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GARNET - BIOTITE GEOTHERMOMETER

The gamet biotite thermometer is based on the reaction:

Fe,ALSL,0,. + KMg,AISi,0,,(OH), = Mg,ALS1,0,; + KFe,AlSi,0,(OH). (R9]
almandine phlogopite pyrope annite
which involves exchange of Mg and Fe between gamet and biotite. It has been
calibrated empirically by Thompson (1976) and Goldman and Albee (1977) and
experimentally by Ferry and Spear (1978) and Perchuk and Lavrant'eva (1983). Many
o.er calibrations exist using different thermodynamic data sets or activity models (see
reviews by Essene, 1982, 1989). The calibrations used in this thesis are by Ferry and
Spear (1978), based on ideal mixing, and from Hodges and Spear (1982) (identical to
the calibration used by Hodges and Crowley, 1985S), which is based on the same
calibration, but uses non-ideal mixing instead. Ferry and Spear (1978) noted that their
calibration is suited only for gamets with compositions of
(Ca+Mn)/(Ca+Mn+Fe+Mg) < 0.2 and for biotites which fall within the
compositional range of (AIVI+Ti)/(AIV'+Ti+Fe+Mg) < 0.15. Outside these
compositional ranges the mixing in the solid solution diverges too much from ideal
behaviour, which is why several other calibrations have been published to correct for
this non-ideal mixing. The expressions for temperature calculations are:
2089 +9.56°P

" InK+0.782 (H3a)
(Ferry and Spear, 1978)

_ 2089+ 9.56P+1661X .,

InK +0.782+ 0.755 X gry

(Hodges and Spear, 1982)

(H3b)

with
(Mg/Fe)%*
KadZ977€¢)
(Mg/Fe)*™
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GEOBAROMETERS

Three barometers for pelitic rocks were used in the study, each for slightly
different mineral assemblages. The first two, Grt-Ky-Qtz-Pl (GASP) and Grt-Ms-Bt-Pl
(GMBP), give results that are very compatible. The third barometer, Grt-Bt-Ms-Ky
(MABS), for assemblages lacking plagioclase, is less accurate and is mainly given for
comparison with the previous two.

GARNET - ALUMINUM SILICATE - QUARTZ - PLAGIOCLASE

The barometer which has been most widely used for metapelitic rocks is the

GASP barometer, based on the net transfer reaction between garne., plagioclase
aluminum silicate and quartz:
3CaALSi.0; = C2,ALSi,O;, + 2 ALSIO, + SiO, [R10]

anorthite grossular  Al-silicate quartz
which was first calibrated by Ghent (1976) with the assumption of ideal mixing in
garnet and plagioclase solid solutions. Subsequent workers refined e calibration using
mixing models for non-ideal solid solution of gamet and plagioclase (Ghent et al.,
1979; Newton and Haselton, 1981; Hodges and Royden, 1984; Koziol and Newton,
1988; Powell and Holland, 1988). Since in the study area kyanite is the only stable
alumino-silicate (with the exception of one sample which does not have the appropriate
assemblage for application of this barometer), only the reaction involving kyanite will
be considered here. The calibration used here is that of Hodges and Royden (1984),
which is based on Newton and Haselton's (1981) calibration with the grossular activity
model from Hodges and Spear (1982). Activity expressions are given in Table H.2.
The expression for pressure calculation is:

_-13352+36.709T - RTInK _
AV

(kyanite as stable alumino-silicate)
with

P

1 (H4)
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The change in partial molar volume for the reaction is dependent on the gamet
composition and has to be calculated separately for each pressure determination.
Newton and Haselton (1981) gave the following expressions for calculation of the
volume change:

BY regenon =V grs* 2V oy * V g = 3V ¢, = 22.688 + 2X 34.09+ ', - 320.37

V _ xprp -V grs=prp * Xclm 'Vgrs-clm
ors
Xprp he Xclm

0.06= X ;,)(1 =X ors)
Vgraepep = 125.24+0.512(1 - X, 2-0.413(1J or ors )
pranpre (1= Xers) 0.006889

N (-(o.os-x,,,)z)
i 0.013778

0.086-X 3, )(1 = X or)
Vorematn = 125.24+ 1.482¢1 - X, 2-0.43( ¢ : o )
eravain (= Xom) ! 0.004356

- - 2
exp( (0.086 x,,,))
0.008712

Combination of the above equations results in a quite lengthy expression which is not
shown here.

PLAGIOCLASE - BIOTITE - GARNET - MUSCOVITE

For mineral assemblages which lack alumino-silicates, Ghent and Stout (1981)
calibrated a barometer based on the reaction (GMPB):
Fe,ALS§,0,. + C2,ALS},0.. + KALSi,0,,(OH). = 3C2ALSi,0, + KFe,AlSi,0,((OH). [RII]
almandine grossular muscovite anorthite annite
and its Mg counterpart involving prp and phl instead of alm and ann. The barometer
was originally based on an empirical calibration assuming ideal mixing (Ghent and
Stout, 1981). Several new calibrations have been published based on larger data bases
and different mixing models for garnet and plagioclase (Hodges and Crowley, 198S;
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Powell and Holland, 1988; Stowell, 1989; Hoisch, 1990). For this study the calibration
of Hodges and Crowley (1985) was chosen. It was empirically calibrated based on
pressures calculated with the GASP barometer. Compared to the Ghent and Stout
(1981) calibration, the one used here underestimates P at lower pressures (P < 7 kbar)
and overestimates P at higher pressures (P > 7 kbar). Activity models for gamnet,
plagioclase and muscovite are given in table H.2. The expression for pressure
calculation is:

_-16722~ 38.956T - RT lrK |

£ 1.802

1 (HS)
with

3
A gn-Aaan

K=

aclm -agr: 'am:

Since the activity for muscovite in white mica is pressure dependent (Table H.2) a
pressure term has to be extracted from the right hand side of the expression. As a result
the final expression for P is quite lengthy and not shown here.

MUSCOVITE - GARNET - BIOTITE - ALUMINUM SILICATE
In metapelitic mineral assemblages which lack plagioclase the MABK

geobarometer based on the reaction:
KALSi,0,(OH). + Fe,ALSi,0,, = KFe,AlSi,0,(OH). + 2ALSIO, + Si0,  [R12]
muscovite almandine annite kyanite  quartz

can be used. For this reaction there is also another version which involves Mg instead
of Fe. The large uncertainty in the thermodynamic data and the small AV make it an
unreliable barometer with a calculated error of up to 18 kbar for certain compositions
(Hodges and Crowley, 1985; Essene, 1989). Several calibrations of the MABK
barometer are available (Spear and Selverstone, 1983; Robinson, 1983; Hodges and
Crowley, 1985; Holdaway et al., 1988). The one used here is that of Hodges and
Crowley (1589).



_-6415+5.48T -RT InK |

P 0.225 ! (H6)

with

o= San
aalmoams

Because of the pressure dependence of the activity of muscovite in white mica, the final
expression for P is quite lengthy.

Table H.1 Thermodynamic data

Reaction AH(Cal) As(Cal/mol °K) AV {Cal/bar)
R1 12454 4.662 0.057
R2° 13352 36.709 e
R3 16722 38.955 1.802
R4 6415 5.480 0.225

* with kyanite as alumino silicate
** dependent on garmet compaosition
Data from Hodges and Crowley (1985)
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Table H.2 Activity - composition relations

(1.5T =3300).(X prp-Xors) \\°
aalm'{qum'exP( RT = )}

3300-1.5T) (X2, * Xatm-Xore* Xore- Xo0:) V2
aPrp-{xprp'exp(( )( i RTGI - ¢ = ))>

p((asoo- 1.ST). (X2 0% Xatm-X prp* x,,,.x,,,,))}’

a,,,-{xm.ex AT

Qo= Xan.exp(613_'34-0.383?)

Qe = (X & -xil )'exp((XNc.m:'xil.m:)z-(W-u"'ZXK.mc-xil.nc(Wpe_wnl)))

RT

Qann ™ x:nn

Aone= X :M

Xum = Fe/(Fe+Mg+Mn+Ca) in garnet
) S = Mg/{Fe+Mg+Mn+Ca) in garnet
Xor = Ca/(Fe + Mg+ Mn +Ca) in garnet
X, = Mn/(Fe+Mg+Mn+Ca) in garnet
X = Ca/(Ca+Na +K) in plagioclase

X e = K/{Ca+Na+K) in muscovite
Xnawe = Na/{Ca+Na+K) in muscovite
Xy = AMY(Fe+Mg-+Mn+Ti+AlY) in muscovite
) S = Fe/(Fe +Mg+Ti+AM) in biotite
X = Mg/(Fe +Mg+Ti+AM) in biotite
W, = 2923.1 + 0.1590P + 0.1698T
W, = 4650.1 + 0.1090P + 0.3954T
R = 1.9871 cal/moie °K

Tin °K

Pin bar

Data from Hodges and Crowley (1985}




APPENDIX I

MICROPROBE ANALYSES AND MINERAL CHEMISTRY

ELECTRON MICROPROBE ANALYSES

Tables 1.1 to 1.4 contain the electron microprobe analyses that were used for
geothermobarometry in Chapter 7. Sample locations are shown in Figure F.3. The
analyses are grouped by mineral (Garnet, biotite, muscovite and plagioclase) and are
numbered by year of collection (for 1986 the format is sample number - year, eg.
142-86, for all others the year precedes the number, eg. 87-51 for sample 51 in 1987).
The analyses are ordered firstly by years, then by sample number. The code used in
the line labelled 'grain' gives the number of a garnet (abbreviated ga) in a thin section
containing several gamet grains, r = for garnet rim analysis or matrix mineral in
contact with a garnet rim, ¢ = gamet core analysis or matrix mineral that was used for
the calculation of P or T in the garnet core, i = inclusion in garnet or garnet analysis
near an inclusion, h = a gamnet analysis halfway between core and rim, mat = a matrix
mineral at a distance from all garnets in a section. All iron is given as Fe+,



Tablel.1 Gamet analyses

SAMPLE 142-86 142-86 168-86 166-006 87-561 87-51 B87~65 ©B7~65 07-75 B87/~75 87-81 87-81
GRAIN gadrl _ga3c2 ga2rl  ga2c2 ga2rl ga2c2 galrl__galc2 ga2rl ga2c¢? ga2h3 _ ga2ri
Si02 372 36888 3890 36606 3661 3635 3876 3713 3667 3619 3676  36.87
TiO2 0.04 0.06 0.13 0.11 0.10 0.09 0.09 0.08 0.07 0.10 0.07 0.07
AI203 207¢ 2040 2069 2078 2100 2058 2103 2060 2087 2067 2076  20.70
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06
FeO 3086 2991 2705 2757 2689 2347 2695 2748 3489 3343 2784  30.21

MnO 3.14 397 6.1 6.01 676 1060 6.74 5.89 1.22 2.70 6.53 270
MgO 2.18 1.76 2,31 227 1.66 1.26 1.32 1.39 0.74 0.67 1.67 1.84
Ca0 6.28 6.91 7.10 5.91 7.06 7.08 7.64 7.18 6.48 5.88 6.82 .83
Na20 0.03 0.00 0.00 0.00 0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.05 0.01 0.00 0.00
TOTAL 9096 0988 6920 9932 10012 9950 9952  99.76 10089 9965 9945  909.28

Cations per 12 oxygen

sl 297 298 298 297 285 296 297 3.00 296 2.96 298 299
m 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00
Al 1.97 1.95 1.97 1.99 200 1.98 2.00 1.06 1.99 1.99 1.08 1.08
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 208 202 1.83 1.87 1.81 1.60 1.82 1.86 2,36 2,29 1.89 2,05
Mn 0.21 0.27 0.35 0.41 0.46 0.73 0.39 0.40 0.08 0.19 0.38 0.19
Mg 0.26 0.21 0.28 0.27 0.20 0.16 0.16 0.17 0.09 0.08 0.20 0.22
Ca 0.64 0.60 0.61 0.61 0.61 0.62 0.66 0.62 0.56 0.562 0.69 0.59
Na 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0,00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Total 8.05 8.04 8.03 8.03 8.05 8.05 8.02 8.02 805 _ _ 8.04 8.03 8.02
Xalm 6713 6516 5963 6090 6879 6166 6002 6090 76827 7447 6165  67.17
Xpyr 845 6.79 9.06 8.93 6.47 4,93 5.24 6.49 2.68 2,66 6.59 7.29

Xgro 1750 1929 2002 1672 1978 1993 2180 2039 1815 1678 1935 1946

Xspe 6.92 876 1139 1344 1497 2358 1285 1322 270 609 1240 6.08
Mg/(Mg+Fo) 0112 0094 0132 0128 0099 0087 0080 0083 0036 _ 0034 _ 0097  0.098




Tablel.i  Gamet anayses (continued)

BAMPLE 87-81 67-83 B87-83 67-86 B87-86 07-80 B87-66 ©87-93 07-93 87-94 07-04 07-94
GRAIN flalc2 qga2rl ga2c¢2 ga2y] ga2c2 gadrl gadc2 galrl  galc4d galrl  pgalrd  galcs
§i02 36.69 36.66 36.65 36.98 37.00 36.44 386.90 36.45 36.19 36.67 36.94 36.37
Ti02 0.00 0.06 0.06 0.07 0.07 0.05 0.08 0.03 0.08 0.04 0.04 0.12
Al203 20.45 20.76 20.70 20.99 2094 20.74 20,70 20.48 20.74 20.03 20.05 20.88
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 25.38 2933 28.82 28.79 27.97 29.50 24,76 33.31 29.16 35.03 34.66 33.44
MnO 9.03 3.99 4.89 4.67 6.13 4.84 10.36 217 7.73 1.49 1.61 284
MgO 1.36 1.77 1.73 1.85 1.74 1.88 1.30 1.19 0.70 1.05 1.00 0.95
Ca0 6.37 6.63 6.46 6.42 6.05 6.00 5.16 542 6,20 6.02 5.20 541

Na20 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.00 0.00 0.00 0.03 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00
TOTAL 9948 9921 9931 9980 9990 9946 0926 90908 9979 9934 10021 _ 100.01

Cations per 12 oxygen

Si 3.00 298 298 2.98 298 2.96 3.00 299 296 3.01 299 296
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

Al 1.6 1.99 1.98 1.99 1.99 1.99 1.99 1.98 2.00 1.94 1.99 2.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 1.72 1.99 1.66 1.94 1.89 2.01 1.69 2.28 1.99 240 235 2.28
Mn 0.62 0.27 034 0.32 0.42 0.33 0.71 0.15 0.54 0.10 0.10 0.20
Mg 0.16 0.21 0.29 0.22 0.21 0.23 0.16 0.16 0.09 0.13 0.12 0.12
Ca 0.55 0.58 0.56 0.55 0.62 0.52 0.45 0.48 046 0.44 0.45 0.47
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Té!‘g__ll 8.02 8.03 8.03 8.02 8.02 8.04 8.00 8.02 8.04 8.02 8.01 8.03
Xalm 66.26 65.16 63.88 63.92 62.11 64.92 56.06 74.73 64.94 76,12 77.65 74 41

Xpyr 6.37 7.01 6.83 7.32 6.09 7.37 5.24 4.76 278 417 3.99 3.77

Xgro 18.09 18.87 18.34 16.26 17.21 16.92 14.94 15.58 14.84 14.34 14.93 15.42

Xspeo 20,27 8.98 10.87 10.50 13.79 10.79 23.76 493 17.44 3.37 3.43 6.40

M(Mgﬂ-'o) 0.087 0.097 0.097 0.103 0.100 0.102 0.086 0.060 0.041 0.051 0.049 0.048

ore



Tableil.! Gamet analyses (continued)

SAMPLE  87—117 87117 0B7-117 67-120 B7—120 B7-108A B7-108A 87-2550 B7-255D 00-271 00-271 087-279
GRAIN __ ga2rl ga2c2 ga2cd ga2rl ga2c2  galel galcd _ga2cl ga2id GA11r GAldc gatnl

8i02 3635 3726 3682 3633 3640 3663 3660 3673 3681 39937 3834 M

Tio2 0.03 0.02 0.03 0.05 0.03 0.20 0.19 0.08 0.07 0.03 0.04 0.07

AI203 2088 2085 2063 2103 2092 2070 2090 2130 2139 2049 2034 2093
Cr203 0.00 0.00 0.00 0.00 0.00 0.13 0.1 0.11 0.15 0.00 0.00 0.00

FaO 3322 3385 3460 3516 3887 3232 3188 3666 37.45 2843 3444  28.33
MnC 0.39 0.22 1.26 0.28 0.06 1.34 2.33 1.18 0.64 5.01 1.02 3.29

MgO 1.41 1.85 1.16 1,73 2.34 1.96 1.84 2,03 3.06 0.08 1.55 2.40

Ca0 6.60 5.83 6.77 6.69 208 6.74 6.01 0.85 0.64 6.80 4.76 6.73
Na20 0.00 0.00 0.00 0.00 0.00 0.09 0.14 0.09 0.07 0.05 0.05 0.00
K20 0.01 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01

TOTAL 98.99 0908 10027 10018 _ 10060 _ 99.11 0000 9061 _ 0988 10087  100.24 _ 900.10

Catlons per 12 oxygen

8i 2.06 3.00 2.98 294 206 298 295 298 297 3,12 3.08 3.01

T 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
A 202 1.09 197 2.01 200 1.08 1.09 2,04 2,04 1.91 1.92 1.99
Cr 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00
Fo2+ 227 228 234 238 262 2.20 2.16 2.48 251 1.86 2.20 1.91

Mn 0.03 0.01 0.09 0.02 0.00 0.09 0.16 0.08 0.04 0.34 0.07 0.22
Mg 0.% 0.22 0.14 0.21 0.28 0.24 0.22 0.32 0.37 0.12 0.19 0.20
Ca 0.58 0.60 0.50 0.49 0.18 0.50 0.62 0.07 0.05 0.58 0.41 0.68
Na 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.0% 0.01 0.01 0.01 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 8.03 8.01 8.03 8.05 804 802 .05 800 800 _ 703 796 800
Xalm 7451 7549 7632 7695 8487 7259 70650 8399 8454 0443 7753  63.GO
Xpyr 5,64 7.35 4,56 6.76 9.15 7.84 725 1077 1241 4.00 6.27 0.60
Xgro 1897 1666 1631 1568 685 1662  17.03 2.50 157 10084 1385  19.35
Xspe 0.89 0.50 2.81 0.62 0.13 305 5.22 2.76 148 11.62 2.35 7.48

Mg/(Mg+Fe) 0070 0089 0056 0081 0097 0098 0093 0114 0128 _ 0050 _ 0076  0.131

&C



Tablel.1 Gamet analyses (continued)
SAMPLE _ 67-279 87-203 B87-203 87-287D 67-287D 0B-02 60-32 08-46A ©60-45A 08-480 00--48  68-60
GRAIN gatc2 gatrl gaic?2 gairl gaic2 gair2 gaicd _ gadri gadc2 qgadrl ga3c2 galrl
8i02 37.16 36.98 38.96 37.83 37.79 36.68 38.76 37.10 a37.08 37.84 36.70 36.72
Tio2 0.11 0.07 0.18 0.06 0.04 0.05 0.09 0.10 0.09 0.10 0.17 0.08
AlR03 20.91 20.84 20.83 21.68 21.90 21.19 21.00 21.60 2139 21.86 21,48 21.24
Cr203 0.00 0.00 0.00 0.16 0.13 0.06 0.06 0.11 0.13 0.12 0.12 0.10
FeO 26.47 26.27 25.11 27.72 27.68 32,68 32.69 31.63 32.08 33.60 33,63 32.65
MnO 65.68 4.34 6.09 0.98 0.91 2.16 263 0.49 0.60 0.13 0.42 0.69
MgO 1.82 1.79 1.60 4,20 5.03 1.68 1.66 451 4.82 6.59 3.83 4.49
CaO 8.34 8.65 8.68 7.07 6.93 548 6.70 330 338 1.61 3.456 280
Na20 0.00 0.00 0.00 0.07 0.00 0.05 0.03 0.12 0.16 0.10 0.10 0.09
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 9939 9804 9945 6977 10031 9983 10051 9896 9970 10085 _ 99.80 _ 98.88
Cations per 12 oxygen
8i 2909 299 298 299 296 208 298 297 2.98 297 294 298
T 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00
A 1.8 1.99 1.98 2.01 202 202 200 204 2.01 202 203 202
Cr 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.04 0.01 0.01
Fe2+ 1.71 1.78 1.69 1.83 1.81 221 220 212 2.14 220 2.26 220
Mn 0.38 0.30 042 0.07 0.06 0.16 0.18 0.03 0.04 0.01 0.03 0.05
Mg 0.22 0.22 0.19 0.49 0.69 0.20 0.19 0.64 0.57 0.85 0.46 0.64
Ca 0.72 0.78 0.76 0.60 0.68 0.48 0.49 0.28 0.290 0.14 0.30 0.24
Na 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.02 0.02 0.02 0.02 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 8.01 8.01 8.02 8.00 08.02 8.03 8.03 8.01 804 _ 8 Qg__ 804 803
Xaim 66.64 50.46 65.49 61.24 60.62 7276 71.95 71.26 70.33 73.43 74.10 72.66
Xpyr 7.20 7.10 6.30 16.64 19.36 6.69 6.12 18.10 18.84 21.77 156.10 17.61
Xgro 23.72 24.66 24,58 20.02 19.16 15.68 16.07 B.62 9.50 4.51 0.78 7.98
Xspe 12.66 9.76 13.63 2.19 1.98 4.89 5.86 1.12 1.33 029" 0.94 1.60
Mg/iMg+Fe) 0413 0408 _ 0102 0213 0245 0084 0078 0203 0211 _ 0229  0.169 __ 0.197

Yos
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Tablel.i Gamet analyses (continued)
SAMPLE 88-50 BB-62b BB-62D OB-65 0B-55 88-57 00-57 60-58 B0-68 8B-G1 B6-G1 60-G6
GRAIN gatc2 ga2ri ga2c2 _gai(l _qQalcd _ galrl__galc2 galrl galc2 _gatrl gatc2 az2n
8i02 36.88 37.10 37.17 37.67 37.19 38.13 38.50 37.47 37.17 37.14 37.30 7.9
TiO2 0.12 0.07 0.06 0.00 0.00 0.09 0.08 0.07 0.11 0.04 0.05 0.12
Al203 2133 21.72 21.62 20,99 20.77 22.03 21.81 21.77 21.42 21.32 21.33 2042
Cr203 0.09 0.10 0.08 0.00 0.00 0.18 0.14 a.08 0.10 0.068 0.04 0.09
FeO 32.38 35.45 34.68 30.67 26.84 26.47 26.63 38.20 35.69 32.20 31.32 24.95
MnO 0.61 0.28 0.63 260 3.00 0.70 144 0.43 0.41 0.30 0.28 207
MgOo 457 4.56 3.72 284 1.80 480 £.80 3.83 4932 4.49 4.97 2.18
Ca0 287 0.85 290 542 8.20 799 6.01 1.65 1.71 3.38 3.63 11.89
Na20 0.10 0.04 0.08 0.00 0.00 0.07 0.08 0.05 0.05 0.00 0.00 0.09
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 99.16 10017 10064 10026 9980 10047 _ 10063 _ 101468 10008 9893 9890  09.72

Cations per 12 oxygen

8l 296 296 296 3.01 299 297 2909 208 295 298 208 298
Ti 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01
Al 2.02 204 202 197 197 202 200 203 2,01 2.02 2.01 1.92
Cr 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.01
Fe2+ 2147 2.36 230 204 1.94 1.72 1.73 239 2397 2.16 209 1.67
Mn 0.06 0.02 0.04 0.19 0.20 0.05 0.09 0.03 0.03 0.02 0.03 0.18
Mg 0.85 0.64 044 0.34 0.22 0.56 0.67 045 0.61 0.54 0.69 0.26
Ca 0.25 0.07 0.26 0.48 0.71 0.67 0.60 0.13 0.16 0.29 030 1.02
Na 0.02 001 0.0% 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 8.03 802 803 8.01 8.03 8.01 8.01 802 B804 801 _ B8O1 806
Xalm 7192 78.87 76.08 67.32 63.20 67.69 57.74 79.65 77.60 71.82 69.47 63.34
Xpyr 18.09 18.08 14.68 11.14 7.04 18.61 22.41 16.02 16.74 17.85 10.64 8.31
Xgro 8,17 242 8.17 15.29 23.04 22.27 16.69 437 4,70 9.66 10.03 32.57
1.82 0.63 1.18 6.26 6.66 1.64 J3.16 0.98 0.0 0.68 0.85 5.78
Q‘Mg-i-!-’el 0.201 0.186 0.161 0.142 0.100 0.244 0,280 0.169 0.177 0.199 0.220 0.135




Tablel.i Gamet analyses (continued)

SAMPLE B8-66 86-72 08-72 BB-74A 00-74A 08-70A O0-76A 66-80 60-80 60-85 66-85 66-00
8i02 37.24 a37.18 37.97 37.46 37.33 38.48 37.94 37.71 37.96 36.86 J37.19 37.02
Tio2 0.14 0,13 0.09 0.03 0.03 0.04 0.07 0.11 0.09 0.06 0.07 0.00
A203 20.42 20.57 20.95 21.71 21.61 21.70 21.77 21.83 21.62 21.20 2145 20.79
Cr203 0.07 0.07 0.08 0.04 0.05 0.1 0.09 0.07 0.09 0.07 0.08 0.00
FeO 24.85 26.01 26.02 32.76 32.28 2485 27.31 26.06 26.21 33.20 31.73 33.24
MnO 3.02 278 2.30 209 1.90 0.70 1.02 4.08 244 0.44 0.65 0.68
MgO 2.18 152 1.62 463 6.19 .76 360 6.95 6.91 4.30 6.01 6.08
Ca0 11.62 1222 1232 1.40 1.67 11.27 8.69 4.68 4.38 3.26 3.07 243
Na20 0.09 0.08 0.05 0.05 0.00 0.00 0.01 0.10 0.08 0.04 0.07 0.00
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 9962 10066 10080 100.16 9994 10089 10060 100,36 99.78 90.43 99.80 89.62

Cations per 12 oxygen

8i 208 296 296 208 297 299 2.08 296 297 296 295 3.00
T 0.01 0.01 0,01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00
A 193 1.83 1.68 203 2.02 1.69 201 200 1.60 201 201 1.86
Cr 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.00
Fe2+ 1.66 1.73 1.72 2,18 2.16 1.61 1.79 1.71 1.71 223 211 222
Mn 0.20 0.19 0.156 0.14 0.13 0.05 0.07 0.27 0.16 0.03 0.04 0.04

Mg 0.26 0.18 0.19 0.55 0.62 0.43 0.42 0.69 0.81 051 0.59 0.60

Ca 1.00 1.04 1.05 0.12 0.14 0.94 0.73 0.39 0.37 0.28 0.31 0.21

Na 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.02 0.01 0.01 0.01 0.00

K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 8.05 8.07 8.05 8.01 8.02 8.02 8.01 804 803 _ 803 804 _ 802

Xalm 63.23 65.12 65.34 7292 70,79 63.13 69.51 65,72 66.24 7299 68.97 72.14

Xpyr 8.32 5.74 6.14 18.37 20.29 14.29 13.98 2267 26.42 16.85 19.41 10.65

Xgro 31.89 .18 33.67 399 4.69 30.87 24.26 12.77 12.04 9.18 10.21 6.76

Xspe 6.65 697 495 4.71 422 1.71 225 8.84 6.30 0.98 1.42 1.45

Mm-ﬂ-'e) 0.135 0.094 0.100 0.201 0.223 0.212 0.180 0.289 0.320 0.188 0.220 0.214
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Tablel.1 Gamet analyses (continued)

SAMPLE 80-86 60-67 08-87 060-B87 60-87 60-80 00-09 060-90 ©6D-~90 06-08 60-08 OB-104
GRAIN galc2 ga2rd ga2c5 _galrl gaic2 galel _galce ga2¢l ga2c2 ga2ci8 ga2rd3 galri
8j02 38,12 37.16 36.67 37.92 37.19 37.65 38.04 37.66 37.66 36.85 J36.76 38.00
Tio2 0.00 0.05 0.06 0.06 0.05 0.07 0.05 0.05 0.00 0.07 0.04 0.09
A203 20.81 21.17 20.85 21.01 21.30 21,65 2226 21.78 22,04 21.16 21.52 21.82
Cr203 0.00 0.11 0.09 0.10 0.09 0.04 0.00 0.06 0.08 0.04 0.10 0.03
FeO 3263 33.38 34.05 33.10 V.30 27.07 26.87 30.23 2689 32.81 .73 27.97
MnO 049 1.00 1.07 0.76 0.96 0.94 0.84 1.37 1.13 0.76 0.34 1.06
MgO 5.87 4.42 3.81 4.62 4.70 6.68 7.28 5.64 7.05 3.85 4.69 5.18
Ca0 2.30 229 236 2.69 210 6.02 6.19 395 3,61 3.76 1.80 6.91
Na20 0.00 0.04 0.06 0.05 0.05 0.03 0.03 0.08 0.05 0.04 0.00 0.04
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 10022 9961 0903 9970 6972 100.13 _ 10063 10070 _ 10061 _ 99.33 9998  101.17

Cations per 12 oxygen

8 3.01 208 297 298 297 295 294 295 294 296 294 288
T 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
A 164 200 189 1.98 201 1.99 202 201 203 2.01 203 200
Cr 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Fe2+ 2,16 224 231 2.21 223 1.77 1.67 1.98 1.88 .21 232 1.82
Mn 0.03 0.07 0.07 0.05 0.06 0.06 0.05 0.09 0.07 0.05 0.02 0.07
Mg 0.69 0.63 0.48 0.567 0.68 0.68 0.84 0.66 0.62 0.46 0.66 0.60
Ca 0.19 0.20 020 0.22 0.18 0.68 0.61 0.33 0.30 0.32 0.16 0.68
Na 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TYotal _ 802 802 803 803 _ 802 805 8.05 __ 8,04 8,05 803 804 804
Xalm 70.12 73.84 76,76 7232 73.45 67.19 54.32 64.69 61.10 72.62 76.93 69.35
Xpyr 2248 1742 16.11 18.77 18.47 22,08 27.24 21.61 26.60 16.16 18.27 19.69
Xgro 6.33 6.49 673 726 5.93 18.73 16.65 10.83 09.79 10.62 5.04 18.79
Yspe 1.07 224 2.41 1.66 214 201 1.79 297 242 1.70- 0.75 2.28
Mg/(Mg+Fe) __0.243 0.191 0.166 0208 _0.201 0.278 __ 0.334 0260 0303 0,173 0.194 __ 0.248
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Tableli Game!analyses (conlinued)

SAMPLE 88~104 B88-112 88-112 88-113 86-113 88-119 88-122 88-122 B86~122 B80-122 80-123 88-123
GRAIN galc2 galrl gatc2 gal__gaic8 ga3c2 galrl _galc3 _ ga2¢1 ga2c2 gairl galcd
8102 3688 3682 3708 3631 3739 3721 3776 9727 3738 3740 3699  37.09
Tio2 0.10 0.00 0.08 0.05 0.05 0.18 0.06 0.25 0.06 0.10 0.08 0.11
Al203 2163 2026 2044 2041 2006 2127 2160 2133 21143 2170 2116 2099
Cr203 0.07 0.00 0.00 0.01 0.00 0.14 0.08 0.09 0.08 0.07 0.08 0.07
FeO 2637 2860 2857 2616 2824 2862 2062 2804 2073 2052 2012 2026
MnO 0.94 3.04 3.74 3.70 276 1.16 1.70 1.98 3.32 1.37 1.65 1.10
MgO 5.66 1.21 1.26 1.26 1.44 1.03 258 1.77 223 2,76 2.80 1.97
Ca0 6.88 8.70 8.94 9,37 0.49 0,66 7.77 7.87 6.16 8.16 7.71 8.70
Na20 0.06 0.01 0.00 0.00 0.00 0.10 0.00 0.05 0.02 0.01 0.08 0.04
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 9861 0954 9970 9807 9942 100.17 10106 _ £9.65 100.10 10007 _ 99.66 _ 99.33

Cations per 12 oxygen

8l 203 200 3.00 297 3.02 2.96 268 208 2.09 2,97 296 2.98
T 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.01 0.00 .01
A 2.03 1.94 1.92 1.94 1.91 2,00 201 2,01 1.99 2.03 2.00 .99
Cr 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.00
Fe2+ 1.75 1.84 1.03 192 1.91 1.80 1.96 1.94 1.89 1.89 1.85 1%,
Mn 0.08 0.27 0.26 0.26 0.19 0.08 0.11 0.13 0.23 0.09 0.11 vur
Mg 0.67 0.15 0.16 0.16 0.17 0.23 0.30 0.21 0.27 0.33 0.33 0.24
Ca 0.59 0.76 0.77 0.82 0.82 0.82 0.66 0.68 0.53 0.69 0.66 0.75
Na 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.00 0.00 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 8.05 0.04 8.04 8.08 8.02 8.03 8.01 7.99 _801 801 804 802
Xalm 5705 6232 6203 6101 6173 6267 6448 6531 6645 6303 6378 6498
Xpyr 21.82 4.70 4.88 4.86 5.61 766 1004 7.12 8684 1083 1093 7.80
Xgro 1907 2420 2487 . 2601 2668 2749 2174 2304 1753 2308 2163 2475
Xspo 2.06 8.70 8.22 8.12 6.09 268 3.76 4563 7.48 3.07 3.66 2.47
Mg/Mg+Fe) 0277 0070 0073 0074 0083 _ 0108 0135 _ 0098  0.118 _ 0.147 _ 0.146 _ 0,107
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Tablel.1 Gamet analyses (continued)

88-1 -1
GRAIN galr2 gatel
8i02 38.71 37.80
Tio2 0.04 0.14
Al203 21.28 21.26
Cr203 0.07 0.10
FeO 31.63 33.04
MnO 0.44 1.00
MgO 5.82 3.16
Ca0O an 492
Na20 0.04 0.08
K20 0.00 0.00
TOTAL 101.04 101.48
Cationis per 12 oxygen
8i 3.02 298
T 0.00 0.01
Al 1.96 1.98
Cr 0.00 0.01
Fo2+ 206 2.18
Mn 0.03 0.07
Mg 0.68 0.37
Ca 0.26 042
Na 0.01 0.01
K 0.00 0.00
Total 800 802
Xalm 68.05 71.87
Xpyr 2238 1221
Xgro 860  13.79
Xspo 0.96 2.20
My/MatFo) 0248 0145
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Table|.2 Biollta analyses

SAMPLE  142-08 166-80 87-61 687-6 76 87-81 07-83 07-80 B87-86 087-93 07-04 07-04
GRAIN _gad ga2 1 ga2r1 __gal 1 ga2r ga2rl __ga2ri ga2ri gad il gatrl __galrt_  gal@d
8i02 35.48 36.43 35.69 35.38 33.83 35.97 38.14 38.16 35.92 a5.13 33,72 34.05
Ti02 1.64 200 1.28 1.67 0.81 1.62 1.41 1.76 1.80 0.12 0.66 0.67
AI203 16.41 18.10 18.00 16.74 17.92 17.67 17.60 17.34 17.42 18.93 17.45 17.80
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 23.23 17.88 19.02 22,16 27.45 19.78 19.36 18.60 18.93 23.93 26.655 26.66
MnO 0.16 0.16 0.19 0.11 0.14 0.14 0.10 0.07 0.09 0.07 0.09 0.08
MgO 8.36 11.73 10.74 9.35 6.45 10.32 11.08 10.87 11.09 7.60 6.16 6.80
Ca0 0.01 0.03 0.04 0.05 0.12 0.00 0.00 0.02 0.04 0.02 0.14 0.14
Na20 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
K20 9.65 9.27 8.74 8.23 8.97 8.80 8.63 2.12 0,34 8.91 7.82 792
TOTAL 94.82 95.67 93.70 94.67 84.69 94.20 04.22 03.83 94.63 94.71 0261  93.12
Cations per 22 oxygens

8l 6.65 6.47 5.60 6.51 6.41 6.3 6.64 6.65 5.60 5.48 6.40 645
LL 0.19 0.23 0.16 0.18 0.10 0.19 0.16 0.20 0.21 0.01 0.08 0.08
A 3.03 3.2 .27 3,07 3.38 3.18 3.16 3.14 3.14 3.48 3.33 3.36
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 3.04 225 245 2.69 3.67 2.64 2.48 238 242 3.12 3.69 343
Mn 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01

Mg 1.95 263 247 217 1.30 2.36 2563 249 263 1.77 1.49 1.62
Ca 0.00 0.00 0.01 0.01 0.02 0.00 0.00 0.00 0.01 0.00 0.02 0.02
Na 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 1.91 1.78 1.72 1.83 1.83 1.73 1.69 1.78 1.82 1.77 1.62 1.62
TOTAL 16.70 156.60 15.68 15.68 16.72 16.55 16.67 16.57 1664 165665 1660 __ 165.60
A4 2.45 253 2.50 249 2.69 2.47 246 2.45 250 2.52 264 2565

A8 0.68 0.68 0.77 0.69 0.79 0.71 0.70 0.70 0.64 0.9G 0.79 0.81

Mg/(Mg +Fe) 0.39 0.54 0.50 0.43 0.26 0.48 0.50 0.51 0.51 0.36 0.29 0.32
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Biotite analyses (continued)

8i02 34.61 35.43 38.05 35.68 35.73 37.38 36.33 36.11 36.19 36.82 37.19 37.43
Tio2 0.13 1.12 1.78 1.28 0.64 1.63 1.71 1.72 1.45 1,62 0.95 1.72
AI203 17.34 18.28 16.97 17.66 17.34 16.83 17.78 17.73 17.69 18.72 19.16 19.94
Cr203 0.00 0.00 0.07 0.08 0.00 0.00 0.00 0.16 0.05 0.09 0.04 0.05
FeO 24.14 2288 18.62 2265 22,75 21.08 18.69 16.68 21.04 16.63 14.16 15.83
MnO 0.04 0.00 0.12 0.08 0.13 0.10 0.08 0.05 0.08 0.00 0.00 0.00
MgOo 8.40 8.73 11.11 7.83 8.11 10.43 10.61 11.82 9.67 12.48 14.22 13.18
Ca0 0.30 0.02 0.02 0.03 0.00 0.16 0.03 0.08 0.02 0.01 0.00 0.00
Na20 0.03 0.09 0.08 024 0.11 0.00 0.00 0.28 0.19 0.26 0.36 0.32
K20 7.44 9.43 9.78 9.69 8.01 7.62 9.26 9.16 9.73 7.64 9.06 6.60
TOTAL 8242 09598 9468 9490 9372 68602 9434 9378  96.01 93,17 9513 96,44
Cations per 22 oxygens

8l 6,62 6.45 5.63 6.54 661 6.67 6.65 6.61 6.62 6.65 5.60 5.48
T 0.02 0.13 0.20 0.16 0.08 0.17 0.20 0.20 017 0.18 0.11 0.19
Al 3.26 3.31 3.07 3.2 3.21 3.01 3.20 3.19 a.16 3.32 3.34 333
Cr 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.01
Fe2+ 322 294 239 294 209 267 238 213 2.68 1.97 1.76 1.85
Mn 0.01 0.00 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00
Mg 2,00 2,00 254 1.82 1.80 236 242 269 220 2.60 313 2,87
Ca 0.05 0.00 0.00 0.01 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.00
Na 0.01 0.03 0.02 0.07 0.03 0.00 0.00 0.08 0.06 0.08 0.10 0.09
K 1.61 1.86 191 1.93 1.8 1.46 1.80 1.78 1.89 1.45 1.7 1.69
JOTAL 16,60 16.71 16.70 16.69 165.64 16.38 16.66 16.62 16.70 16.36 1563 1550
Al4 248 2565 247 248 239 233 245 249 248 2.45 250 2562
Al8 0.78 0.76 0.60 0.77 0.83 0.68 0.76 0.70 0.68 0.87 0.83 0.81
Mg/(Mg+Fe) 0.38 0.40 052 __ 038 0.39 0.47 0.60 0.58 0.65 0.59 0.64 0.60
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Table 1.2 Biotite analyses (continued)

~62 ~65 —67 68-58 B8-61 86-66 60-72 068-72 08-74A BO-70A 0B-80 08-85
GRAIN ga2rl gatrl galrl qgatel gatrl ga2el gatel gale2 gatel  galrl  ga2r2 ga2rl
sio2 3579 3655 3692 3508 3621 3521 3510 3509 3631 3666 3798 3720
Ti02 2,62 0.06 1.51 2.23 1.73 3.08 3.69 3.47 1.83 2209 1.13 1.60
A203 1838 1835 1781 1762 1809 1464 1508 1670 17689 1730 1894  18.56
Cr203 0.08 0.00 0.10 0.08 0.06 0.07 0.09 0.10 0.08 0.16 0.09 0.11
FeO 1731 1978 1608 1941 1876 2133 2310 2343 1708 1653 1168 1490
MnO 0.00 0.19 0.16 0.08 0.04 0.20 0.18 0.20 0.07 0.11 0.13 0.0t
MgO 11.42 987 1263 1022 1040 9.01 7.49 764 1303 1167 1543 1280
Ca0 0.02 0.02 0.04 0.05 0.00 0.05 0.08 0.05 0.01 0.03 0.04 0.02
Na20 0.38 0.00 0.22 0.18 0.17 0.09 0.17 0.16 0.38 0.20 0.44 0.35
K20 9.24 9.68 9.56 9.23 9.26 9.63 9.62 9.39 8.33 9.01 8.99 8.10
TOTAL 0512 9450 9493 9447 9472 9399 90539 9511 9499 0385 0506 9366
Cations per 22 oxygens
8 5.40 6.61 5.65 5.42 6.52 6.54 6.47 6.60 5.45 5.56 5.65 5.59
T 0.29 0.01 0.17 0.26 0.20 0.47 0.43 0.41 0.21 0.26 0.12 0.17
Al 3.27 332 3.16 3.21 325 2.70 2.94 2.90 3.17 3.10 3.26 3.28
Cr 0.01 0.00 0.01 0.0t 0.01 0.01 0.01 0.01 0.01 0.02 0.0% 0.01
Fo2+ 2.19 254 2,02 261 239 2.81 3.01 3.07 2.14 2.10 1.45 1.87
Mn 0.00 0.02 0.02 0.01 0.01 0.03 0.02 0.03 0.01 0.01 0.02 0.00
Mg 2.67 226 2.81 2.35 2.36 2.11 1.74 1.76 292 265 3.36 2.86
Ca 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.00
Na 0.11 0.00 0.06 0.05 0.05 0.03 0.05 0.05 0.11 0.06 0.12 0.10
K 1.78 1.90 1.83 1.82 1.80 1.01 1.89 1.68 1.60 1.75 1.68 1.55
T0 1562 16567 1664 1665 1568  156.61 1660 1660 1661 1562 1559 _ 1542
. 2:60 2.39 2.45 258 248 2.46 2.63 2.50 255 244 245 2.41
A6 0.67 0.94 0.71 0.63 0.77 0.24 041 0.39 0.62 0.66 0.82 0.86
Mg/Mg+Fe) __ 0.54 0.47 058 048 0.50 043 037 036 058 056 070 0.60
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Table!2 Biotite analyses (continued)

SAMPLE 89-85 ©08-86 08-87 ©08-67 ©8-87 00-69 ©68-90 0B-08 BD-104 80-122 ©80-122 88-123
GRAIN ga2i2 galrl ga2r4 gairl mat _galrl qa2ri @qa23 _galrl gairl___ga2rl  gatrl
8102 36.89 37.0¢ 36.16 35.74 35.98 37.60 37.36 35.76 37.24 34,78 36.33 35.88
Tio2 1.44 1.77 2.3 243 245 1.42 1.02 1.41 1.46 1.34 1.79 206
Al203 18.61 19.56 18.24 18.38 18.38 17.85 18.80 18.09 16.87 18.09 18.42 18.20
Cr203 0.05 0.00 0.12 0.09 0.13 0.03 0.05 0.07 0.05 0.07 0.10 0.10
FeO 16.46 16.38 16.10 16.14 16.01 13.73 13.91 19.19 13.43 20.38 18.98 18.60
MnO 0.03 0.02 0.07 0.0 0.08 0.04 0.02 0.05 0.08 0.14 0.12 0.12
MgO 13.33 11.80 11.74 11.60 11.35 16.44 14.75 10.62 16.31 10.48 10.36 10.48
CaO 0.01 0.03 0.00 0.03 0.03 0.02 0.02 0.02 0.04 0.00 0.02 0.04
Na20 0.20 0.28 032 0.28 0.30 0.30 0.15 0.26 0.40 0.17 0.18 0.22
K20 828 8.73 8.74 9.02 8.76 9.11 8.80 8.37 8.74 8.74 9.63 9.51
TOTAL 94.31 95.68 93.78 93.64 93.43 05.54 94.86 03.84 03.60 94.18 95.83 85.21
Cations per 22 oxygens

8i 6.61 548 5.48 6.44 5.48 6.63 6.62 6.49 6.69 65.38 6.48 6.45
Ti 0.16 0.20 0.26 0.28 0.28 0.16 0.11 0.16 0.16 0.16 0.20 0.24
A 3.28 3.42 3.26 3.30 3.30 3.09 3.27 3.28 298 3.30 3.28 3.26
Cr 0.01 0.00 0.01 0.01 0.02 0.00 0.01 0.01 0.0 0.01 0.01 0.01
Fe2+ 1.93 2.03 204 208 204 1.69 1.72 2.47 1.68 2.64 240 2.36
Mn 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.02 0.02 0.02
Mg 297 261 265 261 2,57 3.38 3.26 243 3.42 242 233 237
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01
Na 0.06 0.08 0.09 0.08 0.09 0.09 0.04 0.07 0.12 0.05 0.05 0.06
K 1.68 1.65 1.69 1.76 1.70 1.7 1.66 1.64 1.67 1.73 1.84 1.84
TOTAL 1650 1547 1651 1664 1648 1568 1668 _ 1566 15656 1670 _ 16.61 15,63
Al4 249 2.62 2.52 2,66 252 247 2.48 2.51 241 262 252 255
Alé 0.78 0.90 0.74 0.74 0.77 0.62 0.79 0.77 0.57 0.68 0.76 0.71
MME*FO) 0.61 0.56 0.57 0.668 0.66 0.67 0.65 0.50 0.67 0.48 0.49 0.50
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Table!.2 Biotite analyses (continued)

SAMPLE 80—120A
GRAIN gai r2
8i02 38.51
TiO2 3.37
AI203 18.69
Cr203 0.08
FeO 14.20
Mno 0.04
MgO 11.74
Ca0 0.00
Na20 0.11
K20 10.21
TOTAL 94.95

Catlons per 22 oxygen!

8l 6.45
Ti 0.38
Al 3.20
Cr 0.01
Fe2+ 1.77
Mn 0.01
Mg 261
Ca 0.00
Na 0.03
K 1.95
TOTAL 16.51
Al4 265
. NGB 0.76
Mg/(Mq+Fe) 0.60




Table 1.3 Muscovite analyses

SAMPLE __ 168-86 ©7~61 B7-81 B7—83 67-86 07-80 B7—~117 87-283 87-28/D BB-45A 6B—50 00-52D
CRAIN pa2ir _ga2ir ga2ir _ga2ir _Qa2ir Qadir _Qga2ir gatdr gqgalir gadir gqgalir _ga2ir
8102 4727 4627 4633 4810 4903 4955 4848 4908 4767 4741 4572 4677
Tio2 0.66 0.45 0.38 0.29 0.45 0.42 0.00 0.32 1.00 0.65 0.73 0.82
A203 3465 3584 3582 3520 3441 3410 3486 3410 3001 3851 3559 3459
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.01 0.00 0.03
FeO 2.00 1.90 2,04 2.21 157 1.71 2,03 1.76 2.85 094 1.07 1.26
MnO 0.01 0.01 0.00 0.00 0.00 0.00 0,00 0.00 0.01 0.00 0.00 0.00
MgO 1.72 1.44 1.20 1.33 1.33 1.32 1.05 1.34 1.92 0.87 0.95 1.02
Ca0 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 0.00 0.00 0.00
Na20 0.43 0.43 0.28 0.73 0.55 0.66 0.76 0.50 0.73 1.63 1.50 1.21
K20 9.03 7.67 7.83 7.26 9.16 8.98 0.49 9.94 9.96 8.62 8.55 9.64
TOTAL 9576 9391 0386 96542 9621 0676 9668 97.05 9430 0564 9411 9534
Cations per 22 oxygen

Si 6.22 6.15 6.17 6.30 6.39 6.42 6.32 6.38 6.46 6.22 6.11 6.20
T 0.07 0.04 0.04 0.03 0.04 0.04 0.00 0.03 0.10 0.08 0.07 0.08
Al 5.37 5.61 5.62 5.43 5.24 5.21 5.36 5.23 4.79 5.49 5.60 5.41
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Fe2+ 0.22 0.21 0.23 0.24 0.17 0.19 0.22 0.19 0.32 0.10 0.12 0.14
Mn 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.34 0.29 0.24 0.26 0.26 0.26 0.20 0.26 0.39 0.17 0.19 0.20
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.11 0.11 0.07 0.19 0.14 0.17 0.19 0.13 0.19 0.41 0.39 0.31
K 1.62 1.28 1.33 1.21 152 1.48 158 1.65 1.72 1.44 1.46 1.63
Tolal 1384 1370 1369 1368 1377 1376 1388 1386 1399 1390 1394 1398
Al4 1.78 1.85 1.83 1.70 1.61 1.58 1.68 1.62 1.64 1.78 1.89 1.80
A6 3.59 3.76 3.79 3.73 3.64 363 3.68 3.61 3,25 3.7 3.71 3.61
K/K+Na 0.93 0.92 0.95 0.87 0,92 0.90 0.89 0.23 0.90 0.78 0.79 0.84
Na/Na+K 0.07 0.08 0.05 0.13 0,08 0.10 0.11 0.07 0.10 0.22 0.2 0.16
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Table 1.3 Muscovile analyses (continued)

SAMPLE 80-65 0B-74A ©68-80 86-85 606-85

8886

e8-uv7

66-0/ 00—122 B0-122 0B-123 60—120A

GRAIN galir galir ga22r ga2ir gQa22f galir ga24r gatir galir ga2ir _galir___gal2r
8102 60.48 46.65 46.31 4755 47.10 46.96 46.54 46,74 45.07 47.44 46.61 48.80
Tio2 0.38 0.55 0.41 0.80 0.87 0.67 0.74 0.78 0.34 0.39 048 0.06
Al203 31.48 33.65 35.06 33.69 34.49 35.24 34.00 33.38 32.88 33.10 33.41 33.85
Cr203 0.00 0.04 0.08 0.01 0.02 0.00 0.03 0.05 0.04 0.00 0.00 0.00
FeO 257 256 1.79 1.16 1.13 1.26 1.20 1.41 1.85 2.04 1.83 1.61
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00
MgO 1.70 0.97 0.78 1.21 1.00 1.11 1.03 1.31 1.30 1.38 1.20 1.66
Ca0 0.00 0.00 0.04 0.00 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Na20 0.18 1.69 2.06 1.42 1.69 0.94 1.186 0.97 0.48 0.61 0.64 0.28
K20 10.49 8.65 8.02 8.70 8.46 9.24 8.21 9.59 10.34 10.33 1039 10.72
TOTAL 97.28 04.76 94.63 04.66 04.67 95.42 03.91 84.26 93.91 95.19 94.66 06.85
Catons per 22 oxygen

Si 6.68 6.24 8.17 6.32 6.25 6.20 6.26 68.27 6.27 6.33 6.26 6.38
T 0.04 0.06 0.04 0.08 0.09 0.07 0.07 0.08 0.03 0.04 0.05 0.01
Al 484 6.31 6.61 6.28 6.39 6.46 5.38 6.28 6.29 5.21 5.20 6.21
Cr 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Fe2+ 0.28 0.29 0.20 0.13 0.13 0.14 0.13 0.16 0.22 0.23 0.21 0.17
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.33 0.19 0.16 V.24 0.20 0.22 0.21 026 0.26 0.27 0.20 032
Ca - 0,00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.05 0.44 0.563 0.37 0.41 0.24 0.30 0.25 0.13 0.13 0.17 0.08
K 1.74 1.48 1.38 1.47 143 1.66 1.68 1.64 1.80 1.76 1.78 1.79
Total 13.86 14.00 13.98 13.88 13.89 13.80 13.92 13.95 14.01 13.97 14.02 13.94
A4 142 1.78 1.83 1.68 1.76 1.80 1,76 1.73 1.73 1.67 1.74 1.62
AlS 342 3.55 368 3.69 3.64 3.68 3.63 355 3.56 354 3.66 3.59
KAC+Na 0.97 0.77 0.72 0.80 0.78 0.87 0.84 0.87 093 093 001 0.97
Na/Na+K 0.03 0.23 028 020 0.22 0.13 0.16 0.13 0.07 0.07 0.09 0.03
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Table1.4 Plagloclase analyses

SAMPLE 168-86 B7-61 67-B1 87—-83 07-86 07-66 B87—117 B7-283 87-207D 08-45A 60-60 08-6%
GRAIN ga2ir __ga2ir _ga2ir ga2ir__ga2ir gadir ga2ir gatir galir gadir _galir _ galir
8i02 6284 6180 6323 6339 64.14 6345 6556 6386 6076 6293 6265 6293
Ti02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00
Al203 2472 2446 2366 2297 2304 2324 2266 2243 2440 2345 2444 2340
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00
FeO 0.11 0.50 0.44 0.50 0.12 0.06 0.07 0.17 0.06 0.00 0.02 0.08
MnO 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgOo 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00
Ca0 5.24 5.00 4.54 4,09 4.45 4,56 3.88 4.38 6.36 4.88 6.64 5.15
Na20 7.26 7.85 8.45 9.03 7.51 8.45 8.19 9.40 7.76 8.23 8.24 8.94
K20 0.08 0.10 0.10 0.08 0.09 0.07 0.07 0.03 0,03 0.00 0.00 0.18
TOTAL 10023  99.71 10043 10006 9935  99.83 10043 100256 6940 9949 100.89  100.68
Cations per 8 oxygen
| 2.76 2.74 278 2.80 2,83 2.80 2.86 282 2,71 270 2.76 2.77
T 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.28 1.28 1.23 1.20 1.20 1.21 1147 117 1.28 1.23 1.26 1.22
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 0.00 0.02 0.02 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.25 0.24 0.21 0.19 0.24 0.22 0.18 0.21 0.30 0.23 0.26 0.24
Na 0.62 0.68 0.72 0.77 0.64 0.72 0.69 0.80 0.67 0.71 0.70 0.76
K 0.00 0.01 0.01 0.00 0.01 0.00 0,00 0.00 0.00 0.00 0.00 0.01
Total 4.91 4.96 4.97 4.89 4.89 4.96 4.91 6.00 4.08 495 497 6501
Xalb 0.71 0.74 0.77 0.80 0.75 0.77 0.79 0.79 0.69 0.75 0.73 0.75
Xan 0.28 0.26 0.23 0.20 0.25 0.23 0.21 0.20 0.31 0.25 0.27 0.24




Table 1.4 Plagloclase analyses (conlinued)

SAMPLE __ ©60—74A B0-—74A ©6D—76A 80-00 60-86 68-87 0808-87 B6-122 ©60-122 ©86—123
GRAIN gatir _gaiic gatir ga2ir galir ga24r gatir galir__ga2ir  gatlir
8102 6480 6587 6236 6324 6469 6292 6336 6167 6132 6172
Ti02 0.04 0.00 0.00 0.04 0.00 0.01 0.01 0.00 0.00 0.00
AR203 2183 2144 2386 2268 2274 2261 2222 2394 2442 2377
Cr203 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01
FeO 0.42 0.12 0.03 0.25 0.03 0.16 0.08 0.09 0.24 0.11
MnO 0.00 0.00 0.00 0.02 0.00 0.00 000 0.00 0.00 0.00
MgO 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Ca0 3.02 2.45 6.18 4.11 4.10 4.10 3.76 6.57 5.74 5.40
Na20 064 1068 8.31 9.43 8.78 9.10 8.97 8.00 7.80 8.19
K20 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00
TOTAL 9947 10048 9974 0979 10043 9878 0839 0928 0062  09.20
Cations per 8 oxygen
8l 2.86 268 276 2.80 283 281 2.83 2,76 273 2.76
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.14 1.11 1.26 1.19 1.17 1.19 147 1.26 1.28 1.26
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.14 0.11 0.25 0.20 0.19 0.20 0.18 0,27 0.27 0.26
Na 0.83 0.90 0.71 0.81 0.76 0.79 0.78 0.69 0.68 0.71
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
olal 4.98 5.01 4.97 5.01 4,95 4.99 4.97 497 497 498
Xalb 0.85 0.89 0.74 0.81 0.79 0.80 0.81 0.72 714 0.73
Xan 0.16 0.11 0.28 0.19 0.20 0.20 0.19 0.28 28.0 0.27'
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MINERAL CHEMISTRY

The samples used for geothermobarometry have been subdivided into four
different groups. Three groups represent the quartzo-feldspathic rocks in the three
sub-areas defined in Chapter 7 (north, west and central/east, Fig. F.3 in Appendix F,
or Fig. 7.6), the fourth group contains the mafic rocks of the central/eastern sub-area
(gamet-amphibolites of the McKay River Formation and mafic inclusions in the
Attikamagen Formation). The northern and western sub-areas contain rocks of the
upper greenschist to lower amphibolite facies. The rocks from the central/eastern
sub-area (including the mafic rocks in the fourth group) are of the amphibolite facies.
The minerals considered here are those analyzed for geothermobarometry: gamnet,
biotite, muscovite and plagioclase. In figures 1.1 to 1.4 the compositions of these
minerals have been plotted, representing all anzalyses performed for the project,
including those that were not used in the final database as presented in the first part of
GARNET

In Figure 1.1 compositions of garnets are shown in four diagrams, in which
analyses from garnet cores and rims have been separated (in a and b). Garnets are
plotted in terms of their end members, in both Ca-Mg-Fe and Mn-Mg-Fe triangular
plots, in the left and right of the diagram respectively. All gamnets are rich in
almandine. The garnets in the low grade areas, near O'Brien Lake and the northern
sub-area, as well as garnets from the mafic rocks are poor in Mg, the latter relatively
rich in Ca. The low grade garnets have the highest Mn content, whereas those from the
metapelites in the Wabush Lake thrust sheet have a very low Mn content, and are
enriched in Mg. A comparison of core and rim analyses shows that there is a strong
trend of Mn decrease from core to rim. In the Ca-Mg-Fe triangles no obvious trend is
present.

Of these gamets a majority falls outside the range of compositions used for
calibration of the Ferry and Spear (1978) thermometer. XCa + XMn should be below
0.2, but often exceeds this value, especially in the low grade areas because of the
relatively high XMn. However, Hodges and Royden (1984) and Schreurs (1985) have
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a n/l GARNET RIMS

0

GARNET CORES

-
288 ;

&\«»ﬁﬂ “
Fe
O Mafic rocks alm = almandine Fe3AI2Si3012
+ Central/eastern sub-area grs = grossular Ca3AI2Si3012
> Northern sub-area prp = pyrope Mg3AI2Si3012
a Western sub-area sps = spessartine Mn3AI2Si3012

Fg. 1.1 Partial triangular diagrams of the compositions of the garnets used for
geothermobarometry, separated for core and rim analyses. The data are annotated
separately for the three sub areas defined in Appendix F, Figure F.3 and for gamets in mafic
rocks.
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-« Central/Eastern sub-area = Waestern sub-area
ann = annite K2(Fe6)(Al2Si6020)(0OH)4

phl = phlogopite K2(Mg6)(Al2Si6020)(OH)4

sid = siderophyllite K2(Fe4Al2)(Al2Si6020)(0H)4
eas = eastonite K2(Mg4Al2) (AI2Si6020)(OH)4

Rgl.2 Composition diagram of the biotites used for geothermobarometry.

1



1 = Northemn sub-area Cid = Celadonite [K2(Mg2 Fe2)(Si8020)(OH)4]
2 = Westemn sub-area F Ms = Ferrimuscovite [K2(Al2Fe2)(AL2Si6020)(0H)4]
3 = Central/Eastern sub-areaF Phe = Ferriphengite [K2(MgFe)FeAI2(AISi7020)(0H)2)
Mrg = Margarite [Ca2Al4(Al4Si4020)(0H)2)
Ms = Muscovits [K2AIK(AI2SI6020)(0H)2]
Pg = Paragonite [Na2Al4(AL2Si6020)(0H)2]
Phe = Phengite [K2(MgAI3)(AISI7020)(OH)4)

Fig. 1.3 Composition diagram of the white micas used for geothermobarometry. The
micas ars plotted with respect 1o the occupation of the alkali site in a) and with respect to
the occupation of the tetrahedral and octahedral sites in b). The data are separated in the
two figures for the three sub-areas, defined in Appendix F, Figure F.3.

—TT
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) 1
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SO > .. . Ab An
1 = Mafic rocks Kfs = K-Feldspar KAISIi308
2 = Central/Eastern sub-area Ab = Albite NaAlSi308
3 = Northern sub-area An = Anorthite CaAl2Si208

4 = Western sub-area

Fg. 1.4 Partial triangular diagrams of the composition of plagioclase used for
geothermobarometry. The data are separated for the three sub-areas, defined in Appendix F,
Figure F.3. and for mafic rocks.



371

shown that the spessartine and grossular contents in garnet do not significantly influence
the Fe-Mg exchange between garnet and biotite. Temperatures calculated from garnets
with XMn + XCa up to 0.44 used in this study fall within the range of those calculated
from gamnets with compositions within the range proposed by Ferry and Spear (1978).
The upper limit of XMn = 0.2S5 in gamets, as proposed by Hodges and Crowley

(1985) for their calibration of the barometers used in this study, is not reached in any of
the gamets.

BIOTITE

Biotite compositions have been plotted in Figure 1.2 showing the major
compositional variations with respect to the four end members annite, phlogopite,
siderophyllite and eastonite. The two axes of the diagram represent the substitutions in
the octahedral sites of Mg = Fe?* and the Tschermak substitution (Mg, Fe2+)Siv =
AIVIAIV_ The distribution of compositions is in accordance with that described by
Guidotti (1984) for different rock types. The main variation with respect to the
Tschermak substitution lies between 0.2 < AIV? < 1.0. This substitution is weakest in
the mafic rocks. The low grade metapelites contain biotites in which Mg/(Mg + Fe)
ranges from 0.2S to 0.55, with biotites from the higher grade metapelites ranging from
0.5 t0o 0.7. Another important variation in biotite composition is the substitution of Ti
in the octahedral sites. In most of the pelitic rocks the Ti in biotite falls within the
range of 0.15 to 0.30 Ti per 6 octahedral sites. In the mafic rocks Ti values are higher,
ranging between 0.4 and 0.6. With respect to the Ferry and Spear (1978) Gnt-Bt
thermometer, the restriction of (AI'+Ti)/(AIV'+Ti+Fe+Mg) < 0.15isnot metina
fairly large portion of the biotites. Only biotites with compositions within or close to
this range were used for thermometry. However, the biotites falling outside the
proposed range yielded temperatures similar to those that did meet the requirements.
This indicates that the Ferry and Spear (1978) thermometer can be extrapolated outside
the range of compositions of biotite that was used for their experiments. All biotites
from pelitic rocks fall well within the limits set by Hodges and Crowley (1985) for
activity calculations of 20 mole % AlV or 5 mole % Ti in the octahedral sites.



WHITE MICA

Figure 1.3 contains all white mica analyses. Three diagrams are presented in
figures a and b for data from the three sub-areas separately. No white mica analyses
were performed for the mafic rocks.

Figure 1.3.2 shows the compositions in the NaAlQ, - KAIO, - CaAl,0, - ALO, -
Si0, - H,0 system. With respect to the three end members margarite, muscovite and
paragonite, all analyzed white micas have a composition close to the muscovite end
member. None of the other end members was encountered in the study. The higher
paragonite content in the higher grade area (plot #3) is caused by the narrowing of the
muscovite-paragonite immiscibility gap at higher temperatures {(Guidotti, 1984).

Apart from the Ms-Pg binary, the Tschermak substitution (or celadonite
substitution) in muscovite, (Mg,Fe2+)Si = AIVIAI™, must also be considered.
However, because no distinction is made in the analyses between Fe2* and Fe3+, the
Fe3+ = AIM substitution cannot be separated from the Tschermak substitution. Figure
I1.3.b lumps ferric and ferrous iron together and therefore does not distinguish between
the two substitutions. The data are plotted following the approach of Guidotti (1984)
and show the celadonite component in muscovite. For all three areas the compositions
of the white micas lie in between the muscovite and phengite field, fairly close to the
ideal muscovite composition.

PLAGIOCLASE

Plagioclase analyses are presented in Figure 1.4. The majority of the plagioclase
compositions lies in the range of An10 to An30 (oligoclase). No peristerite gap has
been recorded, a continuous range of compositions seems 1o exist, perhaps due to
sub-microscopic exsolution. The majority of the plagioclases from the high grade
central/eastern area has a somewhat higher XAn than those from the lower grade
western and northern areas. Plagioclases with XCa < 0.18 (approximately) used for
barometric computations yielded unrealistically high pressures. Data from these
plagioclases were not used in the study. This means that the majority of the samples
from the western area could not be used for barometry, in spite of the fact that they
contained otherwise suitable assemblages.
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ARCHEAN
ASHUANIPt METAMORPHIC COMPLEX (@) Coorse groined, two—pyroxene banded gneiss or
migmatlte, locally finer—grained gmphidolite, intruded by coerse—grained
gronite; (b) Locdlly intensely reworked in Gagneon Terrone

SYMBOLS -
\

\ \X Bedding (indined, vertical, overturned)

'\\ S, foligtion (inclined, vertical)

'}

52 axlel plene (indined, verticol)

Gneissic banding in the Ashuonipl Metarmarphic Cornplex

F, fold axis or intersection linection

Fz fold oxis

Vil 2 Pl 4

Elongation linection

XX\ Antiform, synform, with direction of plunge

\é'g\ég Overturned antiform. synform, with direction of plunge
\\\ Gevlogical centact (defined, ossumed)

\\\ Thrust foult, upper system or unspecified (defined, opproximate)

\ \\, TRrust foult, lewer <sstem (defined, czorcrimets)
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SHAJCGAMC 'NTRUSNVE SHTE dercgedsre orc empritoiite
PROTERQZOIC (kno8 LAKE GRCUP)

MENINEK FORMATION Micc—-schise or sicte, commonly grechite—bdecring
SCKCMAN FORMATICN Siiccte. cersencte, cr cxide donded lror formation

WSHART FORMATION khite, coceorse—grained crysic'lire gucrisite ard mirer
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ASHUANIPI METAMORPHIC CCMPLEX () Cocrse groined, twe—pyrexene bond
migmatite, locclly finer—grainec cmghidolite, intruded dy coars
granite; (b) Lccclly intensely rewcrked in Gagren Terrorne

SYMBOLS

Bedding (iciined, verticcl, overturned)

S, folietion (incliced, verticcl)

S, axial plane (inclined, vertical)

Gneissic bonding in the Ashucripi Metermcrphic Complex
£, fold axis or intersection lineation

Fo fold axis

Elengation iinection

Arntiforrn, synform, with direction of plunge

Overturned contiformn, synform, with direction of plunge
Geolcgical centect (defined, assumed)

Thrust foull, upper system or unspecified (defined, cpproximate)
Thrust fault, lower system (defined, cpproximate)
Strike—slip fault (defined, assumed)

Mylonitic foliction in the Ashuanipl Metomorphic Complex ‘

Location of cross section (see Fig. 5.14)
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scale 1:50,000

Fig ure 2 ' mby the author ond Rivers.(~1980cf

For ‘the location of the map see Figure 5.
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SHASCGAMC INTRUSIVE S3ITR Uetagedore e~¢ crmpnitoiite
PROTEROZOIC (xNOB LAKE GRCUP)

MENIHEK FORMATION Micc—schist or sicte, commonly groghite~decring
SCKCMAN FCRMATICN Siiccte. ccreoncle, cr cxide danded iror forrmation

WSHART FORMATION White, ccerse—grained crysiclire gquertlite ard mircr metopolite

ARCHEAN A
E@ ASHUANIPI METAMORPHIC COMPLEX (o) Cocrse greined, two—pyroxene bonded gneiss or
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migmatite, locally finer—grainea cmghidolite, intruded by ccorse—grained
grarite; (b) Locclly intensely rewerked in Gagnon Terrore

SYMBOLS

Bedeing (inclined, verticel, overturned)

S, foligtion (indlined, verticcl)

S eoxial piane (inclined, verticol)

Gneissic ponding in the Ashuenipl Metemcrphic Complex
F, fod axis or intersection lineation

Fo fold axis

Blengation lineation

Artiform, synform. with direction of plunge

Overturmned ontiform, synform, with direction of plunge
Geoicgical centoct (defined, gssumed)

Thrust foull, upper system or unspecified (defined, ocpproximate)
hrust foult, lower system (defined, opproximate)
Strike—slip fault (defined, assumed)

Myfonitle foligtion in the Ashuanipl Metomorphic Complex ‘

Location of cross section (see Fig. 5.14)

5 km We/

scale 1:50,000

Figure 2 255, o crer o s im0 ane )
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For ‘the locction of the map see Figure 5.1 |










