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APPENDIX A 

~UR~FORCOMP.nATIONOF~ 

The map in Figure A. I 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-intelpretation 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 (198Sa, 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 c). 
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Fig. A.1 Tectonic map of Gagnon terrane in southwestern Labrador showing the sources 
for the compilation of the map of Figure 1 A (in pocket). RAF = Rivi~re aux Fraises area. LC 
= Labrador City, W- Wabush. 



APPENDIXB 

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 

Cbapter7. 

:MINERAL NAMES 

Abbreviations for mineral names according to Kretz (1983). capitalizing the 

first character for mineral phases and using all lower case chaiacters for components. 

Abbreviations marked • are not from Kretz (1983) 

Ab albite Cpx Ca clinopyroxene 

Act actinolite Cum cummingtOnite 

Aim almandine Czo clinozoisite 

Aln allanite Di diopside 

Ais· aluminum silicate Dol dolomite 

(and9 ky or sil) Ep epidote 

Amp• ampluoole Fe-Dot· ferrodolomite 

An anorthite Gr graphite 

And andalusite Grs grossul,.rite 

Ank ankerite Grt garnet 

Ann annite Gru grunerite 

Ap apatite Gt goethite 

Bt biotite Hbl hornblende 

Cal calcite Hem hematite 

cet· ccladonite Hyp hypersthene 

Chl chlorite Dm ilmenite 

Od cbloritoid Kfs K-fel~ 



Ky kyanite Rdn 

Liq• granitic melt Rt 

Lm limonite Scp 

Mag magnetite Sd 
Me microcline Sil 
Mgs magnesite 

Spn 
Mrg margerite 

Sps 
Ms muscovite 

St 
Opx orthopyroxene 

Or orthoclase 
Stp 

Pg paragonite 
Tr 

Phe· phengite Tur 

Phi phlogopite v· 
Pl plagioclase Wo 

Prp pyrope Zm 

Qtz quartz Zo 

THERMODYNAMICS ABBREVIATIONS 

G = Gibbs energy 

H =enthalpy 

K = equih'brium constant 

P =pressure 

R = gas constant 

S =entropy 

T = temperature 

V =volume 

6 = change of a quantity (G, H, S or V) in a Ieadion 
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rhodonite 

rutile 

scapolite 

siderite 

sillimanite 

sphene 

spessartine 

staurolite 

stilpnomelane 

tremolite 

tourmaline 

~0 

wollastonite 

zircon 

zoisite 



APPENDIXC 

LITHOLOGICAL DESCRIPTION OF THE ROCKS OF THE KNOB 

LAKE GROUP 

The tables on the following pages contain a short description in point fonn 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 CHARACTER!SllCS 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 ~assigned to different stratigraphic units from pre-existing maps. The 

re-interpreteations were based on carefull examimtion in the field and on detailed 

petrographic studies. The following characteristics of the stratigraphic units were used 

as criteria. 

ArdJean basement 
- Stratigraphic position below the Sokoman Formation. 

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

reworla:d 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. 



- 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. 

Attikamagrn Formation 
- Stratigxaphic 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 garnet. 

- K-feldspar and amphiboles do not commonly occur. 

- Graphite occurs locally. 

MenihrJr Formation 
- Stratigraphic position above the Sokoman and Denault formations. 

- Graphite is commonly present. 

- Sedimentary layering is preserved at low metamorphic grade. 

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

- Kyanitc and garnet are common in rocks of appropriate metamorphic gi3de. 

- K-feldspar and amphiboles are uncommon. 
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Table C. 1 Stratigraphy and lithological characteristics of the Knob Lake Group 

rock type field appeerance 

Formation name greenschist facies amphibolite facies greenschist facies amphibolite facies 

MENIHEK FM Graphitic schist or pelitic schist or •fine grained, •madlum grained 
slate gneiss •dark grey to black, • gorphyroblastlc 

•homogeneous, minor • rown weathering colour 
com~osltlonal variations, •foliated 
loca ly lnterlayered with 
quartz·rlch layers 

•well foliated, commonly 
crenulated 

SOKOMAN FM banded carbonate - banded absent or thin In west of •fine to medium grained 
Upper member quartzite Iron slllcate·carbonate the area •por~hyroblastlc 

formations Iron formation •fine grained •dar red·brown or ochre to dirty white 
•red·brown, ochre, rarely colours 
white •tayered 

•banded with •foliated and llneated 
carbonate·rlch and 
quartz·rfch layers 

•aldorlte concretions 

Middle member banded cherty oxide quarultlc oxide Iron •ve~ fine to ffne·gralned •tine to medlum·grained 
Iron formation formation •dar bluish grey •dark bluish grey, with high quartz 

•thinly banded to massive contence light grey 
•banded to massive 

Lower member banded carbonate • banded silicate Iron •fine grained •medium to coarse grained 
silicate Iron formation •red brown or ocre •porfhyroblastlc 
formation •banded to massive •dar red brown to ochre 

•siderite concretions 

WISHART FM orthoquartzite •medium to coarse grained 
Upper member •white 

•massive 

Lower member pelitic schist •tlne·medium grained 
•brown·rod weathering colour 



Table C.1 continued 

rock type 

Formation name greenschist facies amphibolite facies greenschist facies 

MCKAY RIVER FM chloritlc schist amphibolite •f!ne·grained 
•IJght ore.,··oreen 
• well foliated, schistose 
•mm to em scale layering 

DENAULT FM dolomitic marble 

ATIIKAMAGEN biotite schist/gneiss 
FM western and or pelitic schist 
eastern facies 

field appearance 

amphibolite facies 

• medium to coarse grained 
• porphyroblastlc 
•dark green 
•foliated 
• compositional layering 

•medium to coarso·oralned 
•white, with a yellow weathering colour 
•massive 

•medium to coarse·oralnod 
• porfthyroblastlc 
•wh te, yellow or light brown 
•well foliated 
•gneissic or differentiated layering 
• abundant granitic veins 

~ -·-



Table C.2 Mineralogy and depositional environment of the formations 

Formation name mlnerelogy depositional environment/ 

greenschist grade amphibolite grade 11dlmentarv facies 

MENIHEK FM Otz + Ms + Bt + Chi + Otz + Bt + Ms :t PI :t deep marine platform sequence 
Gr :t Ab Grt :t Ky :t St 

SOKOMAN FM Otz + Dol + Sd :t Gru Otz + Dol + Sd + Gru platformal chemical sediment 
Upper member :1: Mag :1: Hem :t Mgs :t Grt :t Cpx :t Opx :1: 

± Rdn Chi :t Mag :t Hem 

Middle member Otz (chert) + Mag or Otz + Mag or Hem 
Hem (rarely Mag + Hem) 

Lower member Otz + Dol + Sd :1: Gru Otz + Dol + Sd + Gru 
:t Mag :1: Hem :t Mga :t Grt :t Cp)( :t Opx :t 
± Rdn Chi :t Mag :t Hem 

WISHART FM 
Upper member 

Otz littoral deposit 

Lower member Otz + Ms :t Grt :t Ky 
:t St 

MCKAY RIVER FM Otz + PI + Chi + Zo Hbl + Bt + PI + Grt :t metavolcanlcs/tuffs 
Otz :t Ep :t Chi 

DENAULT FM Dol :t Dl ± Tr ± Otz stromatolitic reef 

ATIIKAMAGEN Otz + Ms + Bt + Grt :t western facies: shallow platform 
FM PI :t Ky :t Sll :t St :t sequence and basal 
western and Chi conglomerate 
eastern facies eastern facies: turbiditic deposits 



APPENDIXD 

STRUCTURAL ORIENTATION DATA 

All structuial 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 ~ 

QUICKPLOT, by van Everdingen et al. (m 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 5. 

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 ~ta taken from the 

maps by Rivers (1980a,b,c) for the areas that were not sufficiently covered by field 

observations. The data sets that 2~ ~redominantly taken from the maps do not 

distinguish between different ages of folds and all fold axes are grouped together and 

presented as F2 folds. The dip angles of the orientation data in the published maps were 

originally rounded to multiples of 5 (Rivers, 1980a, b, c). 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. 



- - - - - - - - - - • boundary for orientation data set 

M 8 = Mont Bondurant area 

S D = Sokoman Duplex 

SLSZ = Sickle Lake shear zone 

l.C = Labrador City 

w =Wabush 

0 5 10km 
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MOLSON 
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TERRANE 

Fig. 0.1 Map of distribution of datasets (A) and stereoplots for the different thrust 

314 

sheets in the map area (8 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 a.-e given as 
multiples of uniform distribution, best fit great circles and fold axes of planar data were 
calculated using eigenvectors. So is sedimentary bedding, generally me~ured only where it 
is not parallel to S1, S, is the oldest foliation in an outcrop, S2 is the axial plane to an F2 fold, 
F, is a fold axis of an F, fold or an 50·51 intersection lineation, F2 is the fold axis of a fold 
that affects the S,, Ls is a stretching or mineral lineation. 
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APPENDIXE 

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.l gives the assemblages in the 

meta-pelitic and quartzo-feldspathic rock types for each of the metamorphic zones, 

together with the name of the fonnation 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 types1 

Forma- Ott PI Kfs Bt Ms Chi 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 = = ::Act, ± Carb, :::A In 
B X X X X X R X = ±Carb, ±Zr 
B X X u X X X X = = :: Zr. =Act. = Carb 
B X X X X X X = ±Act, ±Ain 
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- Otz PI Kfs Bt Ms Chi Grt Ep Gr Ap Spn Others 
tion2 

Zone3 

B X X X X X R X X ±Tur. :::Py, ::: Carb 
B X X X X X ±R X :t ± ± Carb. ± Aln. ::: Zm. 

±Mag 
B X X X X R R 
8 X X X X X 
B X X X X Zm 
8 X X X :t X X ± :tAct. :t lim 
8 X :t X X X ± :Tur 
B X X X X :t X :t :t :t: Carb. :t:Aln 
8 X X X X 
M X X X X ±R X :t :t: ± :Tur 
M X X X :t:R X 
M X X X X 
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Table E. 1 continued 

Forma· Otz PI Kfs 8t Ms Chi Grt St Ky Ep Ap Spn Others 
tion2 

Zone 4 

8 X X X X X = = ::Carb 
B X X X X R X Py 
8 X X X X X 
B X X X X = = X A ::Zr. ::Ain 
8 X X X ::R X A ::Py 
B X X X 
A X X X X X A Tur 
A X X X X A In 
w X X X X X 
w X X 
w X X R X u X Tur. Cld(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 Cld(Rl. Hem 
w X X X X 

Forma- Otz pt Kfs Bt Ms Chi Grt Ky Ep Ap Spn Others 
tion2 

Zone 5 

A X X X X X X 
A X X X R X X ± :t ±Gra. ±Tur 
A X X X X X X A Rt 
A X X X R X X = St(U). Sil. Rt. Zm 
M X X X X X X A St(U). Rt. Gra 

Zone 6 

A X X X X X X A A 
A X X X X X X Gra. :t Rt. :t Tur 
A X X X R R X :t :tZm 
A X X X X R X X 
A X X X X ± :tCarb 
A X X X X A 
A X X X :t X ± ± ±Tur 
, A = accessory mineral. R = retrograde growth. U = unstable relic. X = major 

or minor component. ± = appears in some sam~l9s 

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

Forma- Otz PI Bt Chi Grt Ep Act Hbl Spn lim Others 
tion2 

Zones 1 and 2 

B X X X X X A A 
B 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 Zo. :tArf. ::: Opx(U) 
B X X X X X X A 
B X X X X X X X A Zo 
B X X X X X X Cpx(U). Ap 
B X X X X X Carb 
G X X R X X X 
MC X X X X X X 

Zone4 

B X X X X X X A Carb 
B X X X X X 
B X X X Carb 

Zone 5 no observations 

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 

1 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) 



APPENDIXF 

GARNET ZONING PROFn.ES 

This appendix presents chemical profiles through 16 garnets 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 garnets. 

CHEMICAL ZONING PATI'ERNS IN GARNET 

Slow diffusion rates in garnet are the cause of both the creation of a chemical 

zoning pattern and its preservation. Material in the interior of a garnet is not pan of 

the chemical system in the matrix and minerals in the matrix react with, or are in 

equilibrium with, the outer rim of the garnet only. Chemical zoning patterns in garnets 

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 precesses during retrograde metamorphism, which give diffusional or 

retrograde zoning patterns. 

GROWTH ZONING 

Two processes control the distribution of elements in a growing garnet. Bulk rock 

composition determines which process prevails. One of the processes is reaction 

partitioning (Trzcienski, 19'n; Loomis, 1986). With changing P and T, the 

partitioning of some elements between the garnet 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, Chl, St) and Ca minerals (Pl, 

Ep, Amp) is available for garnet-forming reactions, zoning in the garnet 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 garnet by fractionation, thereby effectively taking them out of the 

system. The matrix is progn:ssively depleted of these elements during growtll, 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 is 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~uence 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 garnets. 

Figure F.l.A shows the shematic growth zoning patterns (from the litterature) for 

garnets 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 Mgf(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 

controlled) effect. In a composition map of the garnet grains, the zoning patterns are 

concentric. 

DIFFUSION (RETROGRADE) ZONING 

At approximately 650°C diffusion rates within garnet 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; TJ.ang 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; T131lg and Lasaga, 

1990). Generally the trends for Mn and Mg an: the reverse of those observed in lower 

gi3de growth zoning patterns (Fig. F .l.b). Fe and Ca patterns are less straightforward 
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Fig. F.l Schematic chemical profiles through zoned garnets 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 patterns 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 gam.et and 

diffusion can proceed to lower temperatures (Tracy et al., 1976; La.saga, 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 ~ets (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 170p., the 

majority being around 1001£. Grain sizes of the garnets analyzed for chemical profiles 

varied from approximately 1 mm to S.Smm. 

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 garnet profiles 

and the samples for thcrmobarometry. 



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 Mgf(Fe + Mg) x 1 00. 
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. c = 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 thermobaromeuv. Sample numbers in boxes 
indicate that several samples were taken from one outcrop or several closely spaced 
outcropS. The figure also shows the subdivision of the map into three sub-areas as wen as 
the names of the thrust sheets mentioned in Section 7 .3. CJE • central/eastern area. N • 
northern area. W • western area. The characters (A to Dl after the sample numbers indicate 
mineral assemblages: 

A= Qtz+Grt+Bt+Ky+Pl±Ms 

B = Qtz+Grt+ Bt+ Ky±Ms 

C = Qtz+Grt+Bt+Pl±Ms 

D = Qtz+Grt+Bt±Ms 



APPENDIXG 

ELECTRON MICROPROBE ANALYTICAL PROCEDURES 

With the exception of garnet profiles for samples 88-50 and 88-87, all mineral 

chemistry analyses were performed on a JEOL 733 wavelength dispersive electron 

microprobe at Dalhousie University. Halifax, using UF. PET and TAP analysing 

crystals. Operating conditions were a 10 nA specimen current. 15 kV accelerating 

potential, beam width of lO~t and 40 ~nds 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 av~~. of two to three 

separate analyses. In each thin section two or three garnet/matrix pairs Wt...--= cnalyscd. 

For garnet profiles, each point of the profile represents a single analysis. A calculauon 

of analytical errors for the microprobe at Dalhousie follows below. 

Gamet profiles 88-50 and 88-87 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 22 nA specimen current. 15 

kV actelerating potential, a beam width of 10~ot and 30 seconds counting time to a 

maximum t;,l60,COO counts. Data were corrected according to the Bence and Albee 

(1968) method. For these garnet profiles only Si, AI, Fe, Mn, Mg and Ca were 

analysed. 

ANALYTICAL STATISTICS 

During microprobe sessions the equipment was calibraled using minerals with 

known compositions. The analyses of these standards were used to estimale 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 a 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. 

Repeattd 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 be--~ s:andards 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 actuat·· 
deviation composition 

Si02 41.46 0.34 41.45 
Ti02 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 actuar·· 
deviation composition 

Si02 40.31 0.40 40.37 
Ti02 4.73 0.08 4.72 
A1203 14.34 0.30 14.25 
FeO ... 10.57 0.28 10.91 
MgO 12.72 0.28 12.80 
cao 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. 
• •• All iron as Fe2• 



APPENDIXH 

THERMODYNAMICS AND CALIBRATIONS OF THE APPLIED 

TBERMOBAROMETERS 

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 vinually independent of pressure (low~ V. 

steep slope in P-T space). The location of these reaction curves is mainly temperature 

dependent (high ~H). 

Geobarometer reactions arc net transfer reactions which arc p~ure sensitive 

because of the difference in volume (large~ V) 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 gcothennometry and gcobarometry 

(see also Essene, 1982, 1989). 

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

~Gr:c11 • ~G + RTlnK • ~H-TtlS• (P- 1 )6V • RTlnK • 0 

(at P and T of interest) 

where t::.G rx11 = change in free energy of the mldion, 6 G = free energy at standard 

state, t::.H =enthalpy, 6S =entropy and 6V =volume change of the reaction, R = 

gas constant, T = temperature in °K, P = pressure in bar and K = reacti"" constant. 

This is based on the assumption that 6 V is independent of P and T, and that 6 H and 

t::.S arc independent ofT. 



This equation can be rewritten for the calculation of equilibrium pressures or 

temperatures: 

-~H ... T ~S- RTlnK P• •1 
~v 

T __ - tl_H_-....::(~P_-_l...;;.)_~_V 

RlnK- D.S 
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(H 1) 

(H2) 

Solution of these equations requires that enthalpy, 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 ~t 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 e.:J,uations (Hl) 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 cahbrated by 

Hodges and Crowley (1985) based on a dataset of natural mineral assemblages for 

which the pressu1-es and temperatures were calculated using the Hodges and Spear 

(1984) Gn-Bt thermometer and the Hodges and Royden (1984) calibration of the 

Gn-Als-Pl-Qtz barometer. These barometers and thermometers together form a set 

which should give consistent results in different 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 P'fJIP' are thus assumed 

to 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 - BI01TI'E GEOTBERMOMETER 

The garnet biotite thermometer is based on the reaction: 

Fe,AI:Si,O~: + KMg,AISi,010(0fih = Mg,AI:Si,O~: + KFe,AISi,010(0fih [R91 

almandine pblogopite pyrope annite 

which involves exchange of Mg and Fe between garnet and biotite. It has been 

calibiated empirically by Thompson (1976) and Goldman and Albee (1977) and 

experimentally by Ferry and Spear (1978) and Perchuk and Lavrant'eva (1983). Many 

oJler 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, 1985), 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 garnets with compositions of 

(Ca+Mn)/(Ca+Mn+Fe+Mg) < 0.2 and forbiotites which fall within the 

compositional range of (AlVI+Ti)/(Alvt+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: 

T• 2089+9.56P 
lnK+0.782 

(Ferry and Spear, 1978) 

2089+9.56P•l661XCJ,., 
T·----------~--~~~­lnK + 0.782 + 0.7SSX Qn 

(Hodges and Spear, 1982) 

with 

K. (Mgl Fe)cn 
(Mg/Fe)llr 

(H3a) 

(H3b) 

:: 
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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-M..s-Bt-Pl 

(GMBP), give results that are very compatible. The third barometer, Grt-Bt-Ms-Ky 

(MABS), for assemblages laclcing plagioclase, is less accurate and is mainly gi~ 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 gam~ plagioclase 

aluminum silicate and quartz: 

3Ca.Al:Si:01 = Ca,AI:Si,OQ + 2 Al:SiO, + SiO~ [RIO] 

anorthite grossular Al-silicate quartz 

which was first calibrated by Ghent (1976) with the assumption of ide!l mixing in 

garnet and plagioclase solid solutions. Subsequent workers refined cite calibration using 

mixing models for non-ideal solid solution of garnet 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: 

p. -133S2+36.709T-RTlnK + l 
6V 

(kyanite as stable alumino-silicate) 

with 

(H4) 



The change in partial molar volume for the reaction is dependent on the garnet 

composition and has to be calculated separately for each pressure determination. 

Newton and Haselton (1981) gave the following expressions for calculation of the 

voh:me change: 
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6 V r.actaon = V grs + 2V Ky + V Qt=- 3V an:= 22.688 + 2X 44.09 + F grs- 320.37 

X prp • V gr;- prp + X alm • V grs-alm v (11'$ = __,;..~_,;;._;.....;.... ___ .....;;..._ __ 
X prp+ X alm 

V - •125.24+0.512(1-X ) 2 -0.418(1•(0.06 -X~,.)(l-X~,,)) 
grs prp grs 0.006889 

(
-(0.06- X 13,.1 )

2
) .exp 

0.013778 

V • 125.24 + 1.482( 1- X ) 2 - 0.48( 1 • ( 0 ·
086

- X orsH l -X"")) 
grs-altrl grs 0.004356 

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,AJ:Si,Oa: + Ca,AJ:Si,Oa: + KAI,Si,010(0lfh = 3~i:O, + KF~A1Si,010(0H): [Rll) 

almandine grossular muscovite anorthite annite 

and its Mg counterpart involving prp and phi instead of aim 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, 1985; 



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 Pat lower pressures (P < 7 kbar) 

and overestimates Pat higher pressures (P > 7 kbar). Activity models for garnet. 

plagioclase and muscovite are given in table H.2. The expression for pressure 

calculation is: 

-16722•38.956T-RTlnK l 
P= • 

1.802 
(HS) 

with 

3 a an .a a_ K·-----
aatm .ag,.s .ams 

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 Sn.ICATE 

In metapelitic mineral assemblages which lack plagioclase the MABK 

geobarometcr based on the reaction: 

KA1,Si,010(0H>: + Fe,Al:Si,012 = KFe,A!Si,010(0H): + 2AI:Si0, + SiC: [Rl2l 

muscovite aliiWidine 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 D. V make it an 

unreliable barometer with a calculated error of up to 18 Iebar 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 (1985). 



with 

p = -641S+S.48T-RTlnK + l 
0.225 

K== 
aaiUl 

345 

(H6) 

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) 

R1 

R2• 

R3 

R4· 

··2454 4.662 

13352 36.709 

16722 38.955 

6415 5.480 

• with kyanite as alumino silicate 

•• dependent on garnet composition 

Data from Hodges and Crowley (1 985) 

A v (Callbar) 

0.057 

•• 

1.802 

0.225 

,. 
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Table H.2 Activity- composition relations 

{ (
(l.ST-3300).(Xprp·Xor=))}

3 

aatm"" X atm • exp RT 

{ ( 
(3300- l.ST) .(X~r:: +X atm .X or::+ X or:: .X :p::))} 3 

aP'P- Xprp'exp RT 

{ (
(3300- l.ST). CX!,P • X atm·X prp • X prp .X ::ps)) }

3 

a r~rs - X or• • ex p RT 

•(X X2 ) exp((XNa,,. •. X~, ..... ) 2
.(W ... +2XK .... c·X~1 .... (Wp9 -W,..))) 

a,.. "·"'". At ..... • RT 

aann- X!M 

x. 

= Fe/(Fe + Mg + Mn + Ca) in garnet 

= Mg/(Fe+Mg+Mn+Ca) in garnet 

= Ca/(Fe + Mg + Mn + Ca) in garnet 

= Mn/(Fe + Mg + Mn +Cal in garnet 

= Ca/(Ca + Na + K) in plagioclase 

= K/(Ca+Na+K) in muscovite 

= Na/(Ca+Na+K) in muscovite 

= AIVIJ(Fe + Mg + Mn + Ti + AIV') in muscovite 

= Fe/(Fe + Mg + Ti + AIV1) in biotite 

= Mg/(Fe + Mg + Ti + Alvt) in biotite 

= 2923.1 + 0. 1590P + 0. 1698T 

= 4650.1 T 0. 1 090P + 0.3954T 

R = 1.9871 cal/mole °K 

Tin °K 

Pin bar 

Data from Hodges and Crowley (1 985) 



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 (Gam~ 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 3ection 

containing several garnet grains, r = for garnet rim analysis or matrix mineral in 

contact with a garnet rim, c = garnet 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 garnet analysis halfway between core and rim. mat = a matrix 

mineral at a distance from all garnets in a section. All iron is given as Fel•. 



Table 1.1 Gamet analyses 

SAMPLE 
GRAIN 

142-86 142-86 158-86 158-86 87-51 87-51 87-65 87-65 87-75 87-75 87-81 87-81 
ga3 r1 ga3 c2 ga2 r1 ga2 c2 ga2 r1 ga2 c2 ga1 r1 ga1 c2 ga2 r1 ga2 c2 _ ga2 h3 . -=. ga2 r!_ 

Si02 
Tt02 
Al203 
Cr203 
FeO 
MnO 
MgO 
cao 
Na20 
K20 
TOTAL 

36.72 
0.04 

20.71 
0.00 

30.86 
3.14 
2.18 
6.28 
0.03 
0.00 

99.96 

Cations per 12 oxygen 

Sl 
Tl 
~ 
Cr 
Fe2+ 
Mn 
Mg 
ca 
Na 
K 
Total 

X arm 
Xpyr 
Xgro 

= 

Xspe 
Mgt(Mg+Fo) 

2.97 
0.00 
1.97 
0.00 
2.08 
0.21 
0.26 
0.54 
0.00 
0.00 
8.05 

67.13 
8.45 

17.50 
6.92 

0.112 

36.88 
0.06 

20.40 
0.00 

29.91 
3.97 
1.75 
6.91 
0.00 
0.00 

99.88 

2.98 
0.00 
1.95 
0.00 
2.02 
0.27 
0.21 
0.60 
0.00 
0.00 
8.04 

65.16 
6.79 

19.29 
6.76 

0.094 

36.90 
0.13 

20.69 
0,00 

27.05 
5.11 
2.31 
7.10 
0.00 
0.01 

99.29 

2.98 
0.01 
1.97 
0.00 
1.83 
0.35 
0.28 
0.61 
0.00 
0.00 
8.03 

59.53 
9.06 

20.02 
11.39 
0.132 

36.66 
0.11 

20.78 
0.00 

27.57 
6.01 
2.27 
5.91 
0.00 
0.00 

99.32 

2.97 
0.01 
1.99 
0.00 
1.87 
0.41 
0.27 
0.61 
0.00 
0.00 
8.03 

60.90 
8.93 

16.72 
13.44 
0.128 

36.61 
0.10 

21.00 
0.00 

26.89 
6.76 
1.66 
7.06 
0.04 
0.00 

100.12 

2.95 
0.01 
2.00 
0.00 
1.81 
0.46 
0.20 
0.61 
0.01 
0.00 
8.05 

68.79 
6.47 

19.78 
14.97 
0.099 

36.35 
0.09 

20.58 
0.00 

23.47 
10.60 

1.26 
7.08 
0.07 
0.00 

99.50 

2.96 
0.01 
1.98 
0.00 
1.60 
0.73 
0.16 
0.62 
0.01 
0.00 
8.05 

51.66 
4.93 

19.93 
23.6A 
0.087 

36.76 
0.09 

21.03 
0.00 

26.95 
5.74 
1.32 
7.64 
0.00 
0.00 

99.52 

2.97 
0.01 
2.00 
0.00 
1.82 
0.39 
0.16 
0.66 
0.00 
0.00 
8.02 

60.02 
5.24 

21.80 
12.95 
0.080 

37.13 
0.08 

20.60 
0.00 

27.48 
5.69 
1.39 
7.18 
0.00 
0.01 

99.76 

3.00 
0.00 
1.96 
0.00 
1.86 
0.40 
0.17 
0.62 
0.00 
0.00 
0.02 

60.90 
6.49 

20.39 
13.22 
0.083 

36.67 
0.07 

20.87 
0.00 

34.89 
1.22 
0.74 
6.48 
0.00 
0.05 

100.89 

2.06 
0.00 
1.99 
0.00 
?..36 
0.08 
0.09 
0.56 
0.00 
0.01 
6.05 

76.27 
2.88 

18.15 
2 .70 

0.036 

36.19 36.76 36.87 
0.10 0.07 0.07 

20.67 20.76 20.70 
0.00 0.00 0.06 

33.43 27.04 30.21 
2.70 5.53 2.70 
0.67 1.67 1.04 
5.00 6.82 6.83 
0.00 0.00 0.00 
0.01 0.00 0.00 

~.65 __ 9~!.~~L-~~.28 

2.96 
0.01 
1.99 
0.00 
2.29 
0.19 
0.08 
0.52 
0.00 
0.00 
8.04 

74.47 
2.66 

16.70 
6.09. 

0.034 

2.96 2.99 
0 .00 0.00 
1.98 1.98 
0.00 0.00 
1.09 2.05 
0.38 0.19 
0.20 0.22 
0.59 0.59 
0.00 0.00 
0.00 0.00 
0.03 __ O.Q~ 

61.65 
6.59 

19.35 
12.40 
0.097 

67.17 
7.29 

19.46 
6.08 

0.098 



Table 1.1 Gamet analyses (continued} 

SAMPLE 87-81 87-83 87-83 87-86 87-86 87-86 87-86 87-93 87-93 87-94 87-94 87-94 
GRAIN ga1 c2 ga2r1 ga2c2 ga2r1 ga2c2 ga4r1 ga4c2 ga1 r1 gat c4 gat r1 gat !3 ---11~1_~5 . 

SI02 36.89 36.66 36.65 36.98 37.00 36.44 36.90 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 20.94 20.74 20.70 20.48 20.74 20.03 20.05 20.08 
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 26.38 29.33 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 2.17 7.73 1.49 1.51 2.04 
MgO 1.36 1.77 1.73 1.85 1.74 1.86 1.30 1.19 0.70 1.05 1.00 0.95 
CaO 6.37 6.63 6.46 6.42 6.05 6.00 5.15 5.42 5.20 5.02 5.20 6.41 
NB20 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 99.48 99.21 99.31 99.80 99.90 99.46 99.26 99.06 99.?_9 _99.34 _100~L_!~_!.~! 

Cations per 12 oxygen 

Sl 3.00 2.98 2.98 2.98 2.98 2.96 3.00 2.99 2.96 3.01 2.99 2.96 
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 
N 1.96 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 1.96 1.94 1.89 2.01 1.69 2.28 1.99 2.40 2.35 2.28 
Mn 0.62 0 .27 0.34 0.32 0.42 0.33 0.71 0.16 0.54 0.10 0.10 0.20 
Mg 0.16 0.21 0.21 0.22 0.21 0.23 0.16 0.15 0.09 0.13 0.12 0.12 
Ca 0.65 0.58 0.56 0.55 0.52 0.62 0.45 0.48 0.46 0.44 0.46 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 
Total 8.02 8.03 8.03 8.02 8.02 8.04 8.00 8.02 8.04 8.02 8~01 ·- _J~,03 

X aim 56.26 65.15 63.86 63.92 62.11 64.92 56.06 74.73 64.94 78.12 77.65 74.41 
Xpyr 6.37 7.01 6.83 7.32 6.89 7.37 6.24 4.76 2.78 4.17 3.99 3.77 
Xgro 18.09 18.87 18.34 18.26 17.21 16.92 14.94 15.58 14.84 14.34 14.93 15.42 
Xspe 20.Z1 8.98 10.97 10.50 13.79 10.79 23.76 4.93 17.44 3.37 3.43 6.40 
M9l(Mg+Fe) 0.087 0.097 0.097 0.103 0.100 0.102 0.086 0.060 0.041 0.051 0.049 0.048 

f.;J 

'--•CJ 



Table 1.1 Gamet anayses (continued) 

sAMPLE 87-117 87-117 87-117 87-120 87-120 87-196A 87-198A 87-255b 87-255b 00-271 00-271 07-279 
GRAIN ga2r1 g~c2 _g~c3 o~r1 _ g~c2_ .. _ o~t r1 · -; .: · o~J-~~..:-==-JJ~ ~L..:_'"'0~11., __ , ~~ 1~ OA14c oa1 r 1 

6102 36.35 37.26 36.82 30.33 36.49 36.63 30.60 36.73 36.01 39.37 38.34 37.34 
Tl02 0.03 0.02 0.03 0.05 0.03 0.20 0.10 0 .06 0.07 0 .03 0.04 0.07 
Af203 20.98 20.95 20.63 21.03 20.92 20.70 20.00 21.30 21.39 20.49 20.34 20.93 
Cr203 0.00 0.00 0.00 0.00 0.00 0.13 0.11 0.11 0.15 0.00 0.00 0.00 
FaO 33.22 33.85 34.60 35.15 38.67 32.32 31.88 36.66 37.15 20.13 34.14 28.33 
MnO 0.39 0.22 1.26 0.28 0.06 1.34 2.3.1 1.18 0.04 5.01 1.02 3.29 
MgO 1.41 1.85 1.16 1.73 2.34 1.96 1.84 2.03 3.00 0.08 1.55 2.40 
CaO 6.60 5.83 5.77 6.69 2.08 6.74 6.01 0.85 0.54 6.80 4.70 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 99.98 100.27 100.18 100.60 99.11 99.90 90.61 90.88 J00.8~ ____ !_~g_1 ____ ___ 9~~tQ . 

Cations per 12 oxygen 

Sl 2.96 3.00 2.98 2.94 2.00 2.98 2.95 2.98 2.97 3.12 3.08 3.01 
n 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 
N 2.02 1.99 1.97 2.01 2.00 1.98 1.99 2.04 2.04 1.91 1.92 1.00 
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 
Fe2+ 2.27 2.28 2.34 2.38 2.62 2.20 2.16 2.48 2.61 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 O.'i1 0.22 0.14 0.21 0.28 0.24 0.22 0.32 0 .37 0.12 0.10 0.20 
Ca 0.58 0,60 0.60 0.49 0.18 0.60 0.62 0 .07 0.05 0.68 0.41 0 .68 
Na 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.01 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 8.04 8.02 = 8.05 - ~,QP 8,00 7.03 7.00 0.00 

_,;_:~_·.:..::.....:::_·:.:..._-:.;:: .;; : -;- ;_;;.: ;:.~-;:.:..._~:..:....:__: 

XaJm 74.61 76.49 76.32 76.95 84.87 72.69 70.60 83.99 84.64 04.43 77.53 63.GO 
Xpyr 6.64 7.35 4.66 6.76 9.16 7.84 7.25 10.77 12.41 4.0(1 6.27 0.60 
Xgro 18.97 16.66 16.31 16.68 6.85 16.52 17.03 2.50 1.57 10.0~\ 13.05 10.35 
Xspe 0.89 0.60 2.81 0.62 0.13 3,05 6.22 2.75 1.48 11.62 2.35 7.40 
MQ/CMg+Fo) 0.070 0.089 0.056 0.081 0.097 0.098 0.003 0.114 0.128 0.058 0,075 0.131 

IJI 
v. 
0 

''· 



Table 1.1 Gamet an~ses (continued) 

sAMPLE 87-279 87-283 87-283 87-2876 87-287b 88-32 88-32 88-4sA 88-45A 88-40 08··40 88-50 
GRAIN ga1c2 gatr! _ga1c2 _ga1 r1 Dft1 c2 :. .. = ,9~tfiL-=-.::..g"J cfL_ . oM rL . 0~~£~--~--0~{l "-o;~R~~c'"2. Qll~ q_ 

SI02 37.10 36.98 36.90 37.93 37.79 36.58 36.76 37.10 37.08 37.84 36.70 36.72 
Ti02 0.11 0.07 0.18 0.06 0.04 0.05 0.09 0.10 0.09 0.10 0.17 0.00 
Al203 20.91 20.84 20.83 21.68 21.90 21.19 21.00 21 .60 21.39 21.86 21.40 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 26.11 27.72 27.68 32.68 32.69 31 .63 32.00 33.60 33.63 32.65 
MnO 6.68 4.34 6.09 0.98 0.91 2.16 2.63 0 .49 0.60 0.13 0.42 0.69 
MgO 1.82 1.79 1.60 4.20 6.03 1.68 1.66 4.61 4.82 6.69 3.83 4.49 
CaO 8.34 8.65 8.68 7.07 6.93 5.48 6.70 3.30 3.38 1.61 3.45 2.80 
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 99.~ 98.94 99.45 99.77 100.31 99.83 100.61 98.96 99.70 100.95 99.80 98.86 

~--------·-··---- -· -- --- .. - - --- .. -..-- ' 

Cations per 12oxygen 

SJ 2.99 2.99 2.98 2.99 2.96 2.96 2.96 2.97 2.96 2.97 2.94 2.96 
T1 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0 .01 0.00 
AI 1.98 1.99 1.98 2.01 2.02 2.02 2.00 2.04 2.01 2.02 2.03 2.02 
Cr 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 
Fe2+ 1.71 1.78 1.69 1.83 1.81 2.21 2.20 2.12 2.14 2.20 2.26 2.20 
Mn 0.38 0.30 0.42 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 0.67 0.65 0.448 0.64 
Ca 0.72 0.76 0.76 0.60 0.68 0.48 0.49 0.28 0.29 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 6.01 8.01 8.02 6.00 8.02 8.03 8.03 8.01 ~.04 8.pg_ - 8.04 8.03 

'.,L.--~~ 

XaJm 66.64 68.448 55.49 61.24 69.62 72.76 71 .95 71 .26 70.33 73.43 74.18 72.66 
Xpvr 7.20 7.10 6 .30 16.64 19.36 6.69 6.12 18.10 18.84 21.77 15.10 17.81 
Xgro 23.72 24.66 24.68 20.02 19.15 15.68 16.07 9.52 9.50 4.51 9.78 7.98 
Xspe 12.55 9.78 13.63 2.19 1.98 4.89 6.86 1.12 1.33 0.29 . 0.94 1.50 
MQI(MQ+Fe) 0.113 0.108 0.102 0.213 0.245 0.084 0.078 0.203 0.211 0.229 0.169 0.107 

f#l 
fJI 



Table 1.1 Gamet analyses (conlinued) 

sAMPLE 88-50 oo-52b 88-526 oo-55 88-55 
=G=~==N~====g~a~1=c=2==~g~~==r1==~g~~~==~c~==~g~a=1ru!~ga1c3 

8102 36.88 37.10 37.17 37.67 37.19 
Tl02 0.12 0.07 0.06 0.00 0.00 
AJ203 21.33 21.72 21.52 20.00 20.77 
Cr203 0.09 0.10 0.08 0.00 0.00 
FeO 32.38 35.45 34.68 30.67 28.84 
MnO 0.81 0.28 0.63 2.80 3.00 
MgO 4.67 4.66 3.72 2.84 1.80 
CaO 2.87 0.85 2.90 6.42 8.20 
Na20 0.10 0.04 0.08 0.00 0.00 
1<20 0.00 0.00 0.00 0.00 0,00 
TOTAL 99.16 100.17 100.64 100.26 99.80 

Cations per 12 oxygen 

81 
n 
AJ 
Cr 
Fe2+ 
Mn 
Mg 
Ca 
Na 
K 
Total 

X aim 
Xpyr 
Xgro 
Xspe 
Mo/(Mg+Fe) 

2.96 
0.01 
2.02 
0.01 
2.17 
0.06 
0.55 
0.26 
0.02 
0.00 
8.03 

71.92 
18.09 
8.17 
1.82 

0.201 

2.96 
0.00 
2.04 
0.01 
2.36 
0.02 
0.54 
0.07 
0.01 
0.00 
8.02 

78.87 
18.08 
2.42 
0.63 

0.186 

2.96 
0.00 
2.02 
0.01 
2.30 
0.04 
0.44 
0.26 
0.01 
0.00 
8.03 

76.06 
14.58 
8.17 
1.18 

0.161 

3.01 
0.00 
1.97 
0.00 
2.04 
0.19 
0.34 
0.46 
0.00 
0.00 
8.01 

67.32 
11.14 
15.29 
6.25 

0.142 

2.99 
0.00 
1.97 
0.00 
1.94 
0.20 
0.22 
0.71 
0.00 
0.00 
8.03 

63.26 
7.04 

23.04 
6.66 

0.100 

88-67 88-57 88-68 88-58 88-61 88-61 80-66 
gat rt - -11~t.9~-=-'-=~-U.!1-fL_, -_ D!!t£~ '"··-=--'l~J ~~ _. _p_!)1_ ~2 u~ r 1 

38.13 
0.09 

22.03 
0.18 

26.47 
0.70 
4.80 
7.99 
0.07 
0.00 

38.50 37.47 37.17 37.14 37.30 37.31 
0.08 0.07 0.11 0.04 0.05 0.12 

21.81 21.77 21 .42 21.32 21.33 20.42 
0:14 0.08 0.10 0.06 0.04 0.09 

26.63 36.20 35.69 32.20 31.32 24.05 
1.44 0.43 0.41 0.30 0.38 2.07 
5.80 3.83 4.32 4.49 4.97 2.18 
6.01 1.65 1.71 3.38 3.53 11.89 
0.08 0.05 0.05 0.00 0.00 0.09 
000 ~00 000 000 000 000 

100.47 _ _100.63 __ JQt!1!!._ __ 100.08 -----~~~~~ - --· · . ~~J)Q . -·-· 99.72 

2.97 
0.01 
2.02 
0.01 
1.72 
0.05 
0.66 
0.67 
0.01 
0.00 
8.0_1 --

57.58 
18.61 
22.27 
1.54 

0.244 

2.99 
0.00 
2.00 
0.01 
1.73 
0.09 
0.67 
0.60 
0.01 
0.00 
8.0_1 __ 

57.74 
22.41 
16.69 
3.16 

0.280 

2.96 
0.00 
2.03 
0.01 
2.39 
0.03 
0.45 
0.13 
0 .01 
0.00 
8.02 

79.65 
15.02 
4.37 
0.00 

0.159 

2.95 
0.01 
2.01 
0.01 
2.37 
0.03 
0.51 
0.16 
0.01 
0.00 
H:Q~ 

77.60 
16.74 
4.70 
0.90 

0.177 

2.98 2.00 2.98 
0.00 0.00 0.01 
2.02 2.01 1.92 
0.00 0.00 0.01 
2.16 2.09 1.67 
0.02 0.03 0.18 
0.54 0.69 0.26 
0.29 0.30 1.02 
0.00 0.00 0.01 
0.00 0.00 0.00 

.. .. D!Ol · -' -~""-Jh9.t .c .. ,.· !·~-

71.82 
17.85 
9.66 
0.60 

0.199 

69.47 
19.64 
10.03 
0.05 

0.220 

63.34 
0.31 

32.57 
6.70 

0.135 



Table 1.1 Gamot anayses (continued) 

sAMPLE 88-66 88-72 88-72 88-74A aa-74A 88-76A 88-76A 88-60 o8-8o 88-85 88-85 88-06 
GRAIN ga2c2 QC!1 c1 gat r2 ga1 r1 ga1 c2 o!.lr1 gtU c2 .Q~C2 ~~~@.'~ "··· 0~ f1 .. JJ.B?I2 Q~l _r 1 , 

8102 37.24 37.18 37.37 37.46 37.33 38.48 37.94 37.71 37.00 36.86 37.10 37.62 
Ti02 0.14 0.13 0.09 0 .03 0.03 0.04 0.01 0.11 0 .00 0.06 0.07 0.00 
Al203 20.42 20.57 20.95 21.71 21.61 21.70 21.77 2t.63 21.62 21 .20 21 .45 20.70 
Cr203 0.07 0.07 0.08 0.04 0.05 0.11 0.09 0 .07 0 .00 0.07 0.08 0.00 
FeO 24.85 26.01 26.02 32.76 32.26 24.86 27.31 26.06 26.21 33.20 31 .73 33.24 
MnO 3.02 2.78 2.30 2.09 1.90 0.79 1.02 4.08 2.44 0.44 0.65 0.66 
MgO 2.18 1.62 1.62 4.63 6.19 3.76 3.60 6,95 6.91 4.30 6.01 6.08 
CaO 11.62 12.22 12.32 1.40 1.67 11.27 8.69 4.66 4.38 3.26 3.07 2.43 
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 
1<20 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 99.62 100.56 100.80 100.16 99.94 100.99 100.60 100.36 ~J!!._ 99:.41!. .. _ -~~--- -~=~g. 

Cations per 12 oxygen 

81 2.98 2.96 2.96 2.98 2.97 2.99 2.98 2.96 2.97 2.96 2.95 3 .00 
n 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0 .00 
~ 1.93 1.93 1.96 2.03 2.02 1.99 2.01 2.00 1.99 2.01 2.01 1.96 
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 2.23 2.11 2.22 
Mn 0.20 0.19 0.16 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 0.65 0.62 0 .43 0.42 0 .69 0.81 0.51 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 8.04 - . .. 8,03 .. :"' ~J)~·==-=:._{1_,04 - .;:-- !»:9~ 

XaJm 63.23 65.12 65.34 72.92 70.79 63.13 59.61 55.72 56.24 72.90 68.97 72.14 
Xpvr 8.32 6.74 6.14 18.37 20.29 14.29 13.98 22.67 26.42 16.85 19.41 10.65 
Xgro 31.89 33.18 33.67 3.99 4.69 30.87 24.26 12.77 12.04 9.18 10.21 6.76 
X ape 6.65 6.97 4.95 4.71 4.22 1.71 2.25 8.84 6.30 0 .98 1.42 1.45 
Mg«Mg+Fe) 0.135 0.094 0.100 0 .201 0.223 0.212 0.190 0.289 0 .320 0 .188 0.220 0.214 

'.;• 
' Jo 
' .;• 



Table 1.1 Gamet an~ses (conllnued) 

sXMPL£ 
GRAIN 

8102 
TI02 
Al203 
Cr203 
FeO 
MnO 
MgO 
CaO 
Na20 
1<20 
TOTAL 

88-86 
ga1 c2 

38.12 
0.00 

20.81 
0.00 

32.63 
0.49 
6.87 
2.30 
0.00 
0.00 

100.22 

Cations per 12 oxygen 

88-87 
ga2r4 

37.16 
0.05 

21.17 
0.11 

33.38 
1.00 
4.42 
2.29 
0.04 
0.00 

99.61 

88-87 
ga2c5 

36.67 
0.06 

20.85 
0.09 

34.05 
1.07 
3.81 
2.36 
0.06 
0.00 

99.03 

88-87 
aa1 r1 

37.32 
0.06 

21.01 
0.10 

33.10 
0.76 
4.82 
2.69 
0.05 
0.00 

99.79 

88-87 
Q!11C2 

37.19 
0.05 

21.30 
0.09 

33.30 
0.96 
4.70 
2.10 
0.05 
0.00 

99.72 

88-89 
g!!j r1 

37.65 
0.07 

21.65 
0.04 

27.07 
0.94 
6.86 
6.92 
0.03 
0.00 

100.13 

88-89 88-90 88-90 08-08 88-08 88-104 
ga1 c2 _____ ga2rt__ Qa2fg ... JJ~-~1~ __ _ , __ p_af! ~ . _ .. 9a1 r1 

38.04 37.66 37.66 36.85 36.76 38.00 
0.05 0.05 0.00 0.07 0.04 0.09 

22.26 21.78 22.04 21.16 21 .52 21.82 
0.00 0.06 0.08 0.04 0.10 0.03 

26.87 30.23 28.89 32.81 34.73 'Z1.97 
0.84 1.37 1.13 0.76 0.34 1.06 
7.28 5.64 7.05 3.85 4.69 6.18 
6.19 3.95 3.61 3.75 1.80 6.91 
0.03 0.06 0.05 0.04 0.00 0.04 
0.00 0.00 0.00 0.00 0.00 0.00 

100.63 100.70 100.61 99.33 99.98 101.17 ·------------------- - -·-- ·--- --··- -·-- ------- -· 

Sl 3.01 2.98 2.97 2.98 2.97 2.95 2.94 2.95 2.94 2.96 2.94 2.96 
Tl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
AJ 1.94 2.00 1.99 1.98 2.01 1.99 2.02 2.01 2.03 2.01 2.03 2.00 
cr o.oo 0.01 0.01 0.01 0.01 o.oo o.oo o.oo o.oo o.oo 0.01 o.oo 
Fe2+ 2.16 2.24 2.31 2.21 2.23 1.77 1.67 1.98 1.88 2.21 2.32 1.82 
Mn 0.03 0.07 0.01 0.05 0.06 0.06 0.05 0.09 0.07 0.05 0.02 0.07 
Mg 0.69 0.63 0.46 0.67 0.66 0.68 0.84 0.66 0.82 0.46 0.58 0.60 
Ca 0.19 0.20 0.20 0.22 0.18 0.68 0.51 0.33 0.30 0.32 0.15 0.68 
Na 0.00 0.01 0.01 0.01 0.01 o.oo 0.00 0.01 0.01 0.01 0.00 0.01 
K o.oo 0.00 0.00 0.00 o.oo o.oo o.oo o.oo o.oo o.oo 0.00 o.oo 
Total 8.02 8.02 8.03 8.03 8.02 8.05 8.05 8.04 8,05 8.03 8.04 8.04 
~==-=============~==================~'========'=====~=============.;-~:-..;=::=:-~...;_: .. ,, 
Xalm 
Xpyr 
Xgro 
!'spe 
MQI(Ma+Fe) 

70.12 
22.48 

6.33 
1.07 

0.24.1 

73.84 
17.42 
6.49 
2.24 

0.191 

76.76 
16.11 
6.73 
2.41 

0.166 

72.32 
18.77 
7.26 
1.66 

0.206 

73.45 
18.47 
6.93 
2.14 

0.201 

67.19 
22.06 
18.73 
2.01 

0.278 

64.32 
'Z1.24 
16.65 
1.79 

0,334 

64.69 
21.61 
10.83 
2.97 

0.260 

61.18 
26.60 
9.79 
2.42 

0.303 

72.62 
16.16 
10.62 
1.70 · 

0.173 

76.93 
18.27 
6.04 
0.75 

0.194 

59.35 
19.59 
18.79 
2.28 

0.248 



Table 1.1 Gamel anayses {continued) 

sAMPlE 88-104 88-112 88-112 88-113 88-113 88-119 88-122 88-122 88-122 88-122 88-123 88-123 
GRAJN gat c2 ___ga1 !1 ga1 c2 gat r6 . ga1 c8 ga3c2 _ ga1J1 Q{!!_C3 _g~1L .. _JJ~,~?. .. -_u~tr.1 - __ g_~1-~~-= 
8102 36.88 36.82 37.08 36.31 37.39 37.21 37.76 37.27 37.38 37.40 36.99 37.09 
Ti02 0.10 0.00 0.06 0.05 0.05 0.18 0.06 0 .26 0.06 0.10 0.08 0.11 
Al203 21.63 20.26 20.14 20.11 20.06 21.21 21 .60 21 .33 21.13 21.70 21.16 20.99 
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 26.37 28.60 28.67 28.16 28.24 28.62 29.62 28.94 29.73 28.62 20.12 20.26 
MnO 0.94 3.94 3.74 3.70 2.76 1.16 1.70 1.98 3.32 1.37 1.65 1.10 
MgO 6.66 1.21 1.26 1.26 1.44 1.93 2.68 1.77 2.23 2.76 2.80 1.97 
cao 6.88 8.70 8.94 9.37 9.49 9.66 7.77 7.97 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 98.61 99.54 99.79 98.97 99.42 100.17 101.06 99.65 100.10 !9Q.07 -- _ _ 99.66 --- -~~~ 

Cadons per 12 oxygen 

Sl 2.93 2.99 3.00 2.97 3.02 2.96 2.98 2.98 2.99 2.97 2.96 ?..98 
T1 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.01 0.00 ('.01 
~ 2.03 1.94 1.92 1.94 1.91 2.00 2.01 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+ 1.76 1.94 1.93 1.92 1.91 1.90 1.95 1.94 1.99 1.89 1.95 1 ... 
Mn 0.06 0.27 0.26 0.26 0.19 0.08 0.11 0.13 0.23 0.09 0.11 u.uf 
Mg 0.67 0.16 0.16 0.16 0.17 0.23 0.30 0.21 0.27 0.33 0.33 0.2-4 
Ca 0.59 0.76 o.n 0.82 0.82 0.82 0.66 0.68 0.63 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 8.04 8.04 6.06 8.02 8 .03 8.01 7.99 8.01 8.01 8.04 8.02 - · ---~~-;: • ..=-=.:..~=-=-:. ;..;.... -:;:..:.~.:.':. :.: 

Xalm 67.05 62.32 62.03 61.01 61.73 62.67 64.46 65.31 66.16 63.03 63.78 64.98 
Xpyr 21.82 4.70 4.88 4.86 6.61 7.66 10.04 7.12 8.84 10.83 10.93 7.80 
Xgro 19.07 24.29 24.87 26.01 26.68 27.19 21.74 23.04 17.63 23.0~ 21.63 24.75 
Xspe 2.06 8.70 8.22 8.12 6.09 2.68 3.76 4.63 7.46 3.07 3.66 2.47 
Ma/lMa+Fe! 0.277 0.070 0.073 0.074 0.083 0.108 0.135 0.098 0.118 0.147 0.146 0.107 

..... 
'J• 
'.J• 



Table 1.1 Gamet an~ses (continueD) 

sXMPlE 88-129A 88-129A 
GRAIN ga1 r2 qa1c3 

6102 38.71 37.80 
Ti02 0.04 0.14 
Al203 21.28 21.25 
Cr203 0.07 0.10 : I 

FeO 31.53 33.04 
MnO 0.44 1.00 
MgO 6.82 3.16 
CaO 3.11 4.92 
Na20 0.04 0.08 
K20 0.00 0.00 
TOTAL 101.04 101.48 

Cadons per 12 oxygen 

Sl 3.02 2.98 
Tl 0.00 0.01 
AI 1.96 1.98 
Cr 0.00 0.01 
Fe2+ 2.06 2.18 
Mn 0.03 0.07 . ' 
Mg 0.68 0.37 
Ca 0.26 0.42 
Na 0.01 0.01 
K 0.00 0.00 
Total 8.00 8.02 

Xalm 68.05 71.87 
XPVr 22.38 12.21 
Xgro 8.60 13.71 
Xspe 0.96 2.20 
Mgi(Mg+Fo) 0.248 0.145 ., 

l# 
VI 
0\ 



Tablel.2 Bkltlt" an~ses 

liAMPLE 142-86 168-86 87-51 87-85 87-75 87-81 87-83 87-88 87-86 87-93 07-04 07-04 
GRAIN ga3r1 ga2r1 ga2r1 ga1 rt ga2r1 ga2r1 ga2r1 ga2r1 ga4 r1 .. o~Ht . __ g~ J. rt _ .... 0~1.@ 

SI02 35.46 36.43 35.69 35.38 33.83 35.97 36.14 36.15 35.02 35.13 33.72 34.05 
TI02 1.64 2.00 1.28 1.57 0.81 1.62 1.41 1.76 1.80 0.12 0.66 0.67 
AJ203 16.41 18.10 16.00 16.74 17.92 17.67 17.60 17.34 17.42 18.03 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 19.30 10.60 18.93 23.03 26.55 25.66 
MnO 0.16 0.16 0.19 0.11 0.14 0.14 0.10 0.07 0.09 0.07 0.00 0.00 
MgO 8.36 11.73 10.74 9.35 6.45 10.32 11.08 10.87 11 .09 7.60 6.10 6.60 
CaO 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 9.55 9.27 8.74 9.23 8.97 8.80 8.63 9.12 0.34 8.01 7.82 7.92 
TOTAL 94.82 95.67 93.70 94.67 94.69 94.20 04.22 03.83 94.63 ---~4.z.~ ____ Qg~L __ 93._12 

Catbns per 22 oxygens 

Sl 6.65 6.47 6.60 6.61 6.41 6.63 6.64 6.65 6.60 5.48 6.46 6.45 
n 0.19 0.23 0.16 0.18 0.10 0.19 0.16 0.20 0.21 0.01 0.00 0,08 
/ttJ 3.03 3.21 3.27 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 2.25 2.45 2.89 3.67 2.64 2.48 2.38 2.42 3.12 3.69 3.43 
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 2.63 2.47 2.17 1.30 2.36 2.53 2.49 2.63 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 1.79 1.02 1.77 1.02 1.62 
TOTAL 16.70 16.60 16.58 16.68 15.72 16.55 15.67 16.57 16!g4 __ _ __ H?,6ti _ __ J~!W . . . 1~,6Q. 

Al4 2.45 2.53 2.60 2.49 2.69 2.47 2.46 2.45 2.60 2.52 2.64 2.65 
NIJ 0.58 0.68 0.77 0.69 0.79 0.71 0.70 0.70 0 .64 0.96 0 .70 0.81 
Mgi(Mg+Fe) 0.39 0.64 0.50 0.43 0.26 0.48 0.50 0.61 0 .61 0.36 0.29 0.32 

·~· fJ , ,, 



Tablel.2 Biotite anattses (contlnuod) 

SAMPLE 07-117 07-120 87-198A 87-2656 87-271 07-279 87-283 07-2876 88-32 8S-45A 80-48 88-50 
GRAJN ga2r1 ga2r1 ga1 r1 ga2r1 ga1 r1 ga1 r1 ga1 r1 ga1 r1 ga1_r2 _ga4 rt_ __ _ g~J1 .. _ - .D~1 !l 
8102 34.61 35.43 36.05 35.68 35.73 37.38 36.33 36.11 36.19 36.82 37.19 37.43 
Ti02 0.13 1.12 1.76 1.28 0.64 1.63 1.71 1.72 1.45 1.62 0.95 1.72 
Al203 17.34 18.28 16.97 17.66 17.34 16.83 17.76 17.73 17.69 18.72 19.16 19.31 
Cr203 0.00 0.00 0.07 0.06 0.00 0.00 0.00 0.16 0.05 0.09 0.04 0.05 
FeO 24.14 22.88 18.62 22.65 22.76 21 .08 18.69 16.68 21.04 16.63 14.16 15.93 
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 
MgO 8.40 8.73 11.11 7.83 8.11 10.43 10.61 11.82 9.67 12.48 14.22 13.18 
CaO 0.30 0.02 0.02 0.03 0.00 0.16 0.03 0.06 0.02 0.01 0.00 0.00 
Na20 0.03 0.09 0.08 0.24 0.11 0.00 0.00 0.28 0.19 0.26 0.38 0.32 
K20 7.44 9.43 9.78 9.69 9.01 7.62 9.25 9.16 9.73 7.64 9.06 8.60 
TOTAL 92.42 95.98 94.68 94.90 93.72 95.02 94.34 93.78 96.01 93.17 95.13 96.44 

Cations per 22 oxygens 

81 6.62 6.45 6.63 6.64 6.61 6.67 6.65 6.61 6.62 6.65 5.60 6.48 
Tl 0.02 0.13 0.20 0.16 0.06 0.17 0.20 0.20 0.17 0.18 0.11 0.19 
~ 3.26 3.31 3.07 3.22 3.21 3.01 3.20 3.19 3.16 3.32 3.34 3.33 
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+ 3.22 2.94 2.39 2.94 2.99 2.67 2.38 2.13 2.68 1.97 1.76 1.95 
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 2.64 1.82 1.90 2.36 2.42 2.69 2.20 2.80 3.13 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 1.91 1.93 1.81 1.46 1.80 1.78 1.89 1.45 1.71 1.69 
TOTAL 16.69 16.71 16.70 16.69 16.64 16.38 16.66 16.62 16.70 16.36 J5.63 _16!60 

AJ4 2.48 2.65 2.47 2.46 2.39 2.33 2.45 2.49 2.48 2.45 2.60 2.62 
MJ 0.78 0.76 0.60 0.77 0.83 0.68 0.76 0.70 0.68 0.87 0.83 0.81 
Mp/(Mg+Fe) 0.38 0.40 0.62 0.38 0.39 0.47 0.60 0.56 0.65 0.69 0.64 0.60 
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Tablel.2 Bk>tite ana.,ses (continued) 

sAMPl£ 88-52b 88-55 88-67 88-58 88-61 88-66 88-72 88-72 88-74A 86-76A 88-80 88-85 
GRAIN ga2r1 ga1 r1 ga1 r1 ga1 r1 ga1 r1 ga2r1 ga1 c1 ga1 12 .ga1 r1 __ga1 r1 na2.r~t=~- D~rt r 

8102 35.79 36.65 36.92 35.06 36.21 35.21 35.10 35.09 36.31 36.66 37.08 37.29 
Ti02 2.52 0.06 1.61 2.23 1.73 3.96 3.69 3.47 1.83 2.29 1.13 1.50 
Al203 18.36 18.35 17.81 17.62 18.09 14.54 16.08 16.70 17.89 17.30 18.04 18.56 
Cr203 0.08 0.00 0.10 0.08 0.06 0.07 0.09 0.10 0.09 0.16 0.09 0.11 
FeO 17.31 19.78 16.09 19.41 18.75 21 .33 23.10 23.43 17.06 16.53 11 .88 14.90 
MoO 0.00 0.19 0.15 0.08 0.04 0.20 0.16 0.20 0.07 0.11 0.13 0.01 
MgO 11.42 9.87 12.63 10.22 10.40 9.01 7.49 7.64 13.03 11.67 15.43 12.80 
CaO 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 9.66 9.23 9.26 9.53 9.52 9.39 8.33 9.01 8.09 8.10 
TOTAL 95.12 94.60 94.93 94.17 94.72 93.99 95.39 95.11 04.09 93.85 95.06 03.66 --- --.. - - ---·--.. -
Catbns per 22 oxygens 

Sl 6.40 6.61 5.65 5.42 5.62 6.54 6.47 6.50 6.45 6.56 5.55 5.69 
n 0.29 0.01 0.17 0.26 0.20 0.47 0.43 0.41 0.21 0.26 0.12 0 .17 
~ 3.27 3.32 3.16 3.21 3 .25 2.70 2.94 2.90 3.17 3.10 3.26 3.28 
cr 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 
Fe2+ 2.19 2.54 2.02 2.51 2.39 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 2.57 2.26 2.81 2.35 2.36 2.11 1.74 1.76 2.92 2.65 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 1.91 1.69 1.68 1.60 1.75 1.68 1.65 
TOTAL 16.62 16.67 15.64 16.65 15.68 15.61 15.69 15.60 15.61 15.52 - 1~~59 -- _J~,~ 

Al4 2.60 2.39 2.45 2.58 2.48 2.46 2.53 2.50 2.55 2.44 2.45 2.41 
MJ 0.67 0.94 0.71 0.63 0.77 0.24 0.41 0.39 0.62 0.66 0.82 0.86 
MW(Mg+Fe) 0.64 0.47 0.58 0.48 0.60 0.43 0.37 0.36 0.58 0.56 0.70 0 .60 
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Tablel.2 Bk>tlta an~sas (continued) 

SAMPLE 88-85 88-86 88-87 88-87 88-87 88-89 88-90 88-98 88-104 88-122 OS-122 88-123 
GRAIN ga212 aa1 r1 ga2r4 ga1 r1 mat ga1 r1 ga2 r1 ga2r3 gat r1 ga1rt __ ga2_rt__ . -A~t!l 

8102 36.89 37.01 36.15 35.74 35.98 37.60 37.36 35.76 37.24 34.78 36.33 35.88 
TI02 1.44 1.77 2.31 2.43 2.45 1.42 1.02 1.41 1.46 1.34 1.79 2.06 
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 
FaO 15.46 16.38 16.10 16.14 16.01 13.73 13.91 19.19 13.43 20.38 10.98 18.60 
MnO 0.03 0.02 0.07 0.05 0.06 0.04 0.02 0.05 0.06 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 0.32 0.28 0.30 0.30 0.15 0.25 0.40 0.17 0.18 0.22 
K20 8.28 8.73 8.74 9.02 8.76 9.11 8.80 8.37 8.74 8.74 9.53 9.51 
TOTAL 94.31 95.58 93.79 93.64 93.43 95.64 94.88 93.84 93.60 94.18 95.03 95.21 

Catbna per 22 oxygens 

Sf 5.61 5.48 5.48 5.44 5.48 5.63 6.62 6.49 6.69 5.38 6.48 6.45 
Tl 0.16 0.20 0.26 0.28 0.28 0.18 0.11 0.16 0.16 0.16 0.20 0.24 
AJ 3.28 3.42 3.26 3.30 3.30 3.09 3.27 3.28 2.98 3.30 3.28 3.26 
Cr 0.01 0.00 0.01 0.01 0.02 0.00 0.01 0.01 0.01 0.01 0.01 0.01 
Fa2+ 1.93 2.03 2.04 2.06 2.04 1.69 1.72 2.47 1.68 2.64 2.40 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 2.97 2.61 2.65 2.61 2.67 3.38 3.25 2.43 3.42 2.42 2.33 2.37 
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 1.58 1.65 1.69 1.75 1.70 1.71 1.66 1.64 1.67 1.73 1.84 1.84 
TOTAL 15.60 15.47 15.51 15.64 16.48 15.66 16.58 16.56 _15.65 HP9 -_15~61 16.6~. 

AJ4 2.49 2.52 2.62 2.66 2.62 2.47 2.48 2.61 2.41 2.62 2.52 2.55 
AAJ 0.79 0.90 0.74 0.74 0.77 0.62 0.79 0.77 0.67 0.68 0.76 0.71 
Mg/(Mo+Fe) 0.61 0.56 0.57 0.66 0.66 0.67 0.65 0.50 0.67 0.46 0.49 0.50 
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Table 1.2 Bbtite ana~ses (continued) 

sAMPl£ 
GRAIN 

8102 
1102 
Al203 
Cr203 
FeO 
MnO 
MgO 
CaO 
Na20 
K20 
TOTAL 

68-129A 
ga1 r2 

36.51 
3.37 

18.69 
0.08 

14.20 
0.04 

11.74 
0 .00 
0.11 

10.21 
94.95 

Catbns per 22 oxygem 

Sl 5.45 
T1 0.38 
/IJ 3.29 
Cr 0.01 
Fe2+ 1.77 
Mn 0.01 
Mg 2.61 
Ca o.oo 
Na 0.03 
K 1.95 
TOTAL 15.51 

Al4 
.MJ 

M9f(Mg+Fe) 

2.55 
0.75 
0.60 

. I 
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Tablel.3 Muscovito ana¥ses 

sAMPLE 168-86 87-51 87-81 87-83 87-86 87-86 87- 117 87-283 87 287b 88-45A 88-50 88-52b 
f~N ga21r ga21r ga21r ga21r ga21r ga41r ga21r ga11r ga11r ga41r ga1 1r _ ga21r 

Si02 47.27 46.27 46.33 48.10 49.03 49.55 48.48 49.08 47.67 47.41 45.72 46.77 
Ti02 0.66 0.45 0 .36 0.29 0.45 0 .42 0.00 0.32 1.00 0.65 0.73 0.82 
Al203 34.65 35.84 35.82 35.20 34.11 34.10 34.86 34.10 30.01 35.51 35.59 34.59 
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 1.57 1.71 2.03 1.76 2.85 0 .94 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 
CaO 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.02 o.oo 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 
1<20 9.03 7.57 7 .83 7.26 9.16 8 .98 9.49 9 .94 9.96 8.62 8.55 9.64 
TOTAL 95.76 93.91 93.86 95.12 96.21 96.76 96.68 97.05 94.30 95.64 94.11 95.34 

Catbns per 22 oxygen 

Sl 6.22 6.15 6.17 6.30 6.39 6.42 6.32 6.38 6.46 6.22 6.11 6 .20 
Tl 0.07 0.04 0.04 0.03 0.04 0 .04 0.00 0.03 0.10 0.06 0.07 0.08 
AJ 5.37 5.61 5.62 5.43 5.24 5.21 6.36 5.23 4.79 6.49 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 0.25 0.20 0.26 0.39 0.17 0.19 0 .20 
Ca 0.00 0.00 0.00 0.00 o.oo 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 1.52 1.48 1.58 1.65 1.72 1.44 1.46 1.63 
Total 13.84 13.70 13.69 13.66 13.77 13.76 13.88 13.86 13.99 13.9Q 13.94 13.98 

AJ4 1.78 1.85 1.83 1.70 1.61 1.58 1.68 1.62 1.54 1.78 1.89 1.80 
N8 3.59 3.76 3.79 3.73 3 .64 3.63 3.68 3.61 3.25 3.71 3.71 3.61 
1</K+Na 0.93 0.92 0.95 0.87 0.92 0.90 0.89 0.93 0.90 0.78 0.79 0.04 
N~a+K 0.07 0.08 0.05 0.13 0 .08 0.10 0.11 0.07 0.10 0.22 0.21 0 .16 
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Tablel.3 Muscovite an~ses (continued) 

sAMPlE 88-65 88-74A 68-60 66-65 68-65 68-66 86-67 88-67 88-122 88-122 o6-12a ao-129A 
GRAIN ga11r ga11r ga22r ga21r ga221 ga11r ga24r ga11r ga11r ga21r gaUr _____ Qat?.r_ 

8102 60.46 46.65 46.31 47.65 47.10 46.96 46.64 46.74 45.97 47.44 46.61 48.80 
TI02 0.38 0.65 0.41 0.80 0.67 0.67 0.74 0.76 0.34 0.39 0.48 0 .06 
Al203 31.48 33.65 35.06 33.69 34.49 35.24 34.00 33.36 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 2.57 2.56 1.79 1.16 1.13 1.25 1.20 1.41 1.95 2.04 1.83 1.61 
MnO 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 O.o1 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 1.29 1.66 
CaO 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 0.16 1.69 2.06 1.42 1.69 0.94 1.16 0.97 0.48 0.51 0.64 0.25 
K20 10.49 6.65 8.02 6.70 8.46 9.24 9.21 9.59 10.34 10.33 10.39 10.72 
TOTAL 97.28 94.76 94.G3 94.66 94.67 95.42 93.91 94.25 93.31 95.19 94.66 06.85 

Catkxls per 22 oxygen 

Sl 6.58 0.24 6.17 6.32 6.25 6.20 6.25 0.27 6.27 6.33 6.26 6.38 
Tl 0.04 0.06 0.04 0.08 0.09 0.07 0.07 0.08 0.03 0.04 0.05 0.01 
1J 4.84 5.31 6.51 6.28 5.39 6.46 5.38 5.28 5.29 5.21 6.29 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 0.15 . J.24 0.20 0.22 0.21 6 .26 0.26 0.27 0.26 0.32 
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 0.63 0.37 0.41 0.24 0.30 0.25 0.13 0.13 0.17 0.06 
K 1.74 1.46 1.36 1.47 1.43 1.56 1.68 1.64 1.80 1.76 1.78 1.79 
Total 13.86 14.00 13.98 13.88 13.69 13.90 13.92 13.95 14.01 13.97 14.02 13.94 

Al4 1.42 1.76 1.83 1.68 1.76 1.80 1.75 1.73 1.73 1.67 1.74 1.62 
~ 3.42 3.55 3.68 3.69 3.64 3.68 3.63 3.55 3.56 3.64 3.66 3.69 

J) 

KJK+Na 0.97 0.77 0.72 0.80 0.78 0.87 0.84 0.87 0.9~ 0.93 0.91 0.97 
N~a+K 0.03 0.23 0.28 0.20 0.22 0.13 0.16 0.13 0.07 0.07 0.09 0.03 
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Tablel.4 Plagioclase ana~ses 

sAMPLE 168-86 87-61 87-81 87-83 87-86 87-86 87-117 87-283 87-287b 00-45A 00-60 00-6~ 

GRAIN ga21r ga21r ga21r ga21r ga21r ga41r ga21r ga11r ga11r .na4J r . .D~1._1L -~JIH.tlL 

SI02 62.84 61.80 63.23 63.39 64.14 63.45 65.66 63.86 60.76 62.03 62.65 62.93 
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 
AJ203 24.72 24.46 23.66 22.97 23.04 23.24 22.66 22.43 24.40 23.45 24.44 23.40 
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 
MgO 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.02 o.oo 0.00 0.00 
CaO 6.24 5.00 4.64 4.09 4.45 4.66 3.88 4.36 6.36 4.88 6.64 5.15 
Na20 7.26 7.85 8.45 9.03 7.61 8.45 8.10 9.40 7.76 8.23 8.24 8.94 
1<20 0.05 0.10 0.10 0.08 0.09 0.07 0.07 0.03 0.03 0.00 0.00 0.18 
TOTAL 100.23 99.71 100.43 100.06 99.35 99.83 100.43 100.26 09.40 99.40 100.89 100.60 ------

Cations per 8 oxygen 

Sl 2.76 2.74 2.78 2.80 2.83 2.80 2.86 2.82 2.71 2.70 2.'/6 2.77 
Tl 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 
~ 1.28 1.28 1.23 1.20 1.20 1.21 1.17 1.17 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 0,0(') 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 O.OC1 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.26 0.24 0.21 0.19 0.21 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 4.99 4.89 4.96 4.91 6.00 4.08 .. 4A.)5 ··- .. 4.97 6!9.1 . 

r·~r ...- -- -· 

Xalb 0.71 0.74 o.n 0.60 0.75 0.77 0.79 0.79 0.69 0.75 0.73 0.75 
XM 0.28 0.26 0.23 0.20 0.25 0.23 0.21 0.20 0.31 0.25 0.27 0.24 
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Tablel.4 Plagioclase an~ses (continued) 

sAMPLE 88-74A 88-74A 88-76A 88-0IJ 88-86 88-87 88-87 88-122 88-122 88-12~ 
GRAIN ga11r ga11c ga11r -41a21r ga11r ga24r ga11r ga11r ga21! _m!!Jr. 

8102 64.80 65.87 62.36 63.24 64.69 62.92 63.36 61.67 61.32 61 .72 
TI02 0.04 0.00 0.00 0.04 0.00 0.01 0.01 0.00 0.00 0.00 
AJ203 21.83 21.44 23.86 22.68 22.74 22.51 22.22 23.94 24.42 23.77 
Cr203 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 o.oo 0.01 
FeO 0.12 0.12 0.03 0.25 0.03 0.15 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 o.oo 0.02 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 3.02 2.45 5.18 4.11 4.10 4.10 3.75 5.67 6.74 6.40 
Na20 9.64 10.58 8.31 9.43 8.79 9.10 8.97 8.00 7.90 8.19 

. \ 1<20 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 
TOTAL 99.47 100.48 99.74 99.79 100.43 98.79 08.39 99.28 09.62 99.20 

Cations per 8 oxygen 

81 2.86 2.88 2.76 2.80 2.83 2.81 2.83 2.76 2.73 2.76 
n 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
AJ 1.14 1.11 1.25 1.10 1.17 1.19 1.17 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 
Mg 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 0.75 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 
Total 4.98 5.01 4.97 5.01 4.95 4.99 4.97 4.07 4.07 4.98 --= -:==--m=z:r--~ 

X alb 0.85 0.89 0.74 0.81 0.79 0.80 0.81 0.72 71.4 0.73 
X an 0.15 0.11 0.26 0.19 0.20 0.20 0.10 0.20 20.0 0.27 
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MINERAL CHEMISTRY 

The samples used for geothermobarometry have been subdivided into four 

different groups. Three groups represent the quanzo-feldspathic rocks in the three 

sub-areas defined in Chapter 7 (north, west and central/~ Fig. F.3 in Appendix F. 

or Fig. 7 .6), the fou...-th 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 (mcluding the mafic rocks in the founh group) are of the amphibolite facies. 

The minerals considered here are those analyzed for geothermobarometry: garnet. 

bioti~ muscovite and plagioclase. In figures 1.1 to 1.4 the compositions of these 

minerals have been plotted, representing all analyses perfonned for ta'te project, 

including those that were not used in the final database as presented in the first pan of 

this appendix. 

GARNET 

In Figure 1.1 compositions of garnets are shown in four diagrams, in which 

analyses from garnet cores and rims have been separated (m 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 garnets are rich in 

almandine. The garnets in the low grade areas, near O'Brien Lake and the nonhero 

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 garnets 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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sps = spessartine Mn3AI2Si3012 

Fig. I. 1 Partial triangular diagrams of the compositions of the garnetS used for 
geothermobarometrv. separated for core and rim analyses. The data are annotated 
separately for the three sub areas defined in Appen<foc F. Figure F.3 and for gamets in mafic 
rocks. 
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Fig 1.2 Composition diagram of the biotites used for geomermobaromeuy. 
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Fig. 1.3 Composition diagram of the white micas used for geothermobarometrY. The 
micas are plotted with respect to the occupation of the alkali 5ite in a) and with respect to 
the occupation of the tetrahedral and oct3hedral sites in b). The data are separated in the 
two figures for 1he three sub-areas. defined in Appendix F. Figure F.3. 
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Kfs = K-Feldspar KAISi308 

Ab = Albite NaAISi308 

An = Anorthite CaAI2Si208 

Fig. 1.4 Partial triangular diagrams of the composition of plagioclase used for 
geothermobarometry. The data are separated for the three sub-areas. defined in Appendi:ot F. 
Figure F.3. and for mafic reeks. 
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shown that rhe spessartine and grossular contents in garnet do not significantly influence 

rhe Fe-Mg exchange between garnet and biotite. TemperatureS calodatetf from garnets 

wirh XMn + XCa up to 0.44 used in this study fall within rhe range of those calculated 

from garnets with compositions within the range proposed by Ferry and Spear (1978). 

The upper limit of XMn = 0.25 in garnets, as proposed by Hodges and Crowley 

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

the garnets. 

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 = Fel• and the Tschermak substitution (Mg,Fe2•)sirv = 
AlvtAlrv. 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 < Alvt < 1.0. This substitution is weakest in 

the mafic rcclcs. The low grade metapelitcs contain biotitcs in which Mgi(Mg + Fe) 

ranges from 0.25 to 0.55, with biotitcs from the higher grade metapelitcs ranging from 

0.5 to 0. 7. Anorher important variation in biotite composition is the substitution of Ti 

in the octahedral sites. In most of the pelitic rocks the n in biotite falls within the 

range of0.15 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 (AlVI+Ti)/(Alvt+TI+Fe+Mg) < 0.15 is not met in a 

fairly large pcrtion of the biotitcs. Only biotitcs with compositions within or close to 

this range were used for thermometry. However, the biotitcs 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 biotitcs 

from pelitic rocks fall well within the limits set by Hodges and Crowley (1985) for 

activity calculations of 20 mole ~ AlVI or S mole % Ti in the octahedral sites. 



WID'I'EMICA 

Figure 1.3 contains all white :nica 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 L3.a shows the compositions in the NaAIOz - KA102 - CaA~O.a - Al::OJ -

Si~ - ~0 system. With respect to the three end members margarite. muscovite and 

paiagonite, 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 contctlt in the higher grade m:a (plot #3) is caused by the narrowing of the 

muscovite-p313gonite immiscibility gap at higher temperatures (Guidotti. 1984). 

Apart from the Ms-Pg binary, the Tschermak substitution {or celadonite 

substitution) in muscovi~ {Mg,Fel•)Si = AlVIAirv. must also be considered. 

However, because no distinction is made in the analyses between Fe2• and Fel•. the 

Fel+ = Alvt substitution cannot be separated from the Tschermak substitution. Figure 

I.3.b lumps ferric and ferrous iron together and therefore does not distinguish between 

the two substirutions. The data are plotted following the approach of Guidotti ( 1984) 

and show the celadonite component in muscovite. For all three areas the compositions 

of tbe 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 AnlO to An30 (oligoclase). No pcristeritc gap has 

been recorded, a continuous range of compositions seems to exist, perhaps due to 

sub-mic:rosc:opic exsolution. The majority of the plagioc:lascs from the high grade 

central/eastern area has a somewhat higher XAn than those from the lower grade 

western and northern areas. PlagjoclU"S with XCa < 0.18 (approximately) used for 

barometric computations yielded unrealistically high pressures. Oa!a from these 

plagiociases 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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associott:d mop (FJ9. TA). Major structures and lithologicol 
boundaries ant coincident in mop and sections. but small 
structurn and details of the distribution of units. both 
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GEOLOGICAL MAP 
OF THE BRUCE LAKE AREA 

IN GAGNON TERRANE, 
SOUTHWESTERN LABRADOR 

Mapping 
Memorial 

A.M. van Gool 
Newfoundlanl 

by Jeroen 
University of 

1992 

LEGEND 

MIDDLE PROTEROZOIC 
I.;~· I SH.\130CAMO INlRUSIVE SUITE Metagabbro at'ld omphibolite 

LOWER PROTEROZOIC (KNOB LAKE CROUP) 

0 MENIHEK FORMA110N ltlica-sc:hist or slate. commonly groDIJite-b«Jrlng 

D SOKOMAN FORMA TlON Silicattt. carbonate. or oKidfl bandtHJ Iron formation 

D WISHART FORMAllON M?fte. coarH-gralned crystalline quortzlte and minor 1'1 

ARCHEAN 
~ ASHUANIPI METAMORPHIC COMPLEX (a) Crxnt: grained. two-p)lf'f»tene ban~ 

migmatlte. locally finflt"-gralnfld amphibolite. lnttt~d«J by coane 
granite; (b) Locally inten$0/y f'flwori<fld In Gogttcn Tet't'OtJe 

SYMBOLS 

Bedding tmdlnfld. 'lerllcal. overlumed} 

S 1 foliation (inclined. verllcol) 

S 2 oxlol plane (inclined. vertical) 

Gn~e banding in the Ashuanlpl ltletamtxphit: Ccmplfnt 

F 7 fold axis cr intersection lineation 

Elongation lineation 

Antiform. s)lt'fotm. with dir«:tion of pf:.mgtt 

Owrlumed antiform. synform. .,;tit di'ectlon of plunge 

Gtlologicof ccntoct (defined. cnsumed) 

Thtt~st fault. r.Jpper sptttm or c;t't$pt1Cifled (defined. appTOxlmattt) 
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LEGEND 
MIDDLE PROTEROZOIC 

~ ~.-_: . j SHo\!30CAt.10 INiRUSI'VE SUITE Metagabbro and amphibolit• . 

LOWER PROTEROZOIC (KNOB LAKE CROUP) 

0 MENIHEK F'ORMA110N Mica-schist t:Jf' slat~ commonly grachit.-boarlng 

D SOKOMAN FORMA ilON Silicate. carbonate. or oxidft band«! lrott fomJtztlon 

D VASHART F'ORMAllON Mt/te. c0Qf"S1t-gra/nt!td C?$tcflir• quartz/tilt and minor metapellt• 

ARCHEAN 
~ ASHUANIPI METAMORPHIC COMPLEX (a) Cotne gt'Oint!td. two-p:,n»tene band«! gnel= or 

migmatlt._ IOt::Q/Jy finer-grrzlned amphibolit•. Intruded by coan.-grolnt!td 

grat'llt~: (b) Locdly inten$e/y Tflworiced In Gagnon Temme 

SYMBOLS 
B~dlng (~ndlned. vertlcol. oWirlumt!td) 

S 1 foliation (indined. Wlrllcal) 

S 2 axial plane (int::llnt!td. Wlrllcal) 

Gn~lsslc banding itt the Ashuanlpl ltletam«phit: CCmplftJt 

F 1 fold axis or intersection lineation 

F- fold axis 
" 

Elongation lineation 

Antiform. synform. with direction of pl:.m9ft 

Overlumed antiform. synform. with direction of plunge 

G«JJogicaf c:c;ntact (d•flned. assumed) 

Thrust f011Jt. r.1pper sptem or l:l'l~et::ifled (dt!tflned. appn~xlmat•) 
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MIDDLE: PROTEROZOIC 
0 SH.;BCGA\.K' ! ~~ i'Ri.>~:vt: S' .. J<~ •.Jercgc:J::rc C!"C c~p.'l~o:itf! 

LOWER PROTEROZOIC (KNOB LAKE GRCUP) 

I I t.tE!\:IHEK P="ORMA iiiJl" Mlcc-:;ct:I:sr or sic:e. co!Timonly ~cphito-bccring 
D SCKCM.:.:-.1 FCRI.~A ilCN SiTiccte. ccr:;cnctf!, ar cxi<Jt! :Jar.dt!d lrcf" fO'mation 

D ,.,,$)-!ART FORM.:. il::'N VA:i:tt, c.::Cr'$~gramt!d C'p:c'lire au~.:iet! arc mircr 

ARCHEAN 
~ ASHUANI?I METAMORPHIC COMPLEX (c) Co~ t;rciru:d. twc-pyrcxt:!f'Ztt bandc 

migma.tlre, /ocafly ~er-t;rah~ cmpni:Jolittt. mtr.Jdttd by co013 

t;rar.ite: (b) !.acclly intensely rewcri<ed irt Gagnon ierrar.c 

SYMBOLS 

\ \ \ B~di::;; (incfin~. Yerticcl. ow:rt.:.Jmcd) 

\ \ S 1 foliation (incfir:t:d. verliccl) 

\ S 2 axial plane (indinttd. vttrllcal) 

\ Gneissic banding in the Ashuanlpl Mtttamcrphic Ccmplex 

\ F 7 fold axi$ or inttJf"St!JCtion lineation 

~ F 2 fold axi$ 

\ £Jcngation lirtttation 

~ ~ Ar.ti~. synform. with dirttetion of pf:Jr.~ 

~ ~ Owtrtumed antiform. s;,nform. lflfith direction of plunge 

"'"-'-. Gttolcgicaf r:cntact (defined, assumed) 

""""" Thrust fault, upper system 01' un:;pttcified (dttflned, approximate) 

"""q_ 'ct. Thrust fault. loWtlf' S}'$tem (thflnttd. approximate) 

~ ~ ~ striJ<~:dip fault (definttd. 0$$./med) 

~ ~ Al)lonitlc foliation in the Ashuanlpl MetamQI'phic Complttx 
~ -....-
.,_ ~ Location of cross section (SH Fig. 5.14) 

0 5 km 

----·t-l .. i --· 
scale 1:50,000 

_'-' 

Figure 2 
For 'the location of the map see Agure 5. 
Source3: . 
Napping by the author end RM:rs (1 980a . 
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MIDDLE: PROTEROZOIC 
! _---_ 1 s;..;~scc;..~~c ! ~~7R~~: '-·t: S'...1t :"'E 

LOWER PROTEROZOIC (KNOS LAKE GRCUP) 

I I ME~I~EK F"JRM;. ii01" M,.cc-:.cf'll$~ or sic:c. c;o!'rimonly grc;:hito-t>ccrim; 

D SCKCM.:0.:-.1 FCRt.~A TlCN Sificct~. ccr::cncte. ar cxitt~ ~antt~ lror fO'Mation 

D .,.,,51-lART FORM;. TI::'N 't'.f:i~~. ccef'$~grcm«! cry.::c'tire Qucr.:it~ arc mircr rr.otapf!llittt 

ARCHEAN 
~ ASHUANI?I META.\10RPHIC CCMPl.EX (c) Coat'$e gramt:e. twc-pyrcxt!ntt bantt~ gneiss cr 

migmQ_t/ttt, locally finer-~i!te<J cmp'Ji!>olittt, intr.Jd«! by coarstt-grainttd 

~ar:ite; (b) Laccfly intensely r~wcrk«J in Gagnon ierrar.e 

SYMBOLS 

\ \ \ Beddifl;; (inclined, llef'ticcf, overt:Jmcd) 

\ \ S 1 foliation (indir:ed. verticcl) 

\ S 2 axial plane (indinttd. wrtlcal) 

\ Gnei$$/c banding in the Ashuanlpl Mtttcmcrphic Ccmplttx 

\, F 1 fold axis or int~ion lin~atlon 

\ F 2. fold axis 

\ Elongation lineation 

~ ~ Ar.t~. s:,rtform. with direction of pl:.mgtt 

~ ~ Overtumfld antiform, SYJiorm, ,;th drection of plunge 

' '-, '-... , Geolcgi'caf centact (defln«<, assum«<) 

"""" ""\ 'Thrust fault, uppttr system or un$pecified (dttfln«<, approximate) _ 

"""'q_ "'\ 'Thrust fault. lower system (dflflnttd. apprr»timattt) 

~"'"' ~ Striktt-!llip fault (defined. 0$$./m«<) 

"';:::::::_ -::::...___~ M)lonitlc foliation in thtt Ashuanlpl MetamOI'phic Ccmp/tt)( 
~~-
..,_ ~ Location of cross section (sett Fig. 5.74) 

0 5 km 

-----·t-1 .. ---· 
scale 1:50,000 

_..., 
For "the location of the map see Agure 5.1 
Source3: . 
Mapping by the author end Rivers (1980a _and b) Figure 2 






