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Fig. 3.5 Andalusite and cordierite in sample BB-97-2. Field of view is 1 x 2 mm. 
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Fig. 3.6 Quartz rich lithology of group 4. Field of view is 1 x 2 mm. 
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Fig. 3.7 Parallel alignment of sulphides defining S 1 in group 4 samples. Field of 
view 10 x 14 mm. 
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Fig. 3.8 Parallel alignment of elongate sulphides in group 5 san1ples. Field of 
view is 10 x 14 mm. 
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Group 6 is represented by sample BB-97 -6 which occurs 860 m from the contact of 

the SMB, and includes porphyroblasts of andalusite and cordierite (fig. 3.11 ). This sample 

is in its own group because andalusite does not occur in other samples more than 620 m 

from the contact. This sample contains 30% subidioblastic andalusite porphyroblasts up to 

3 mm across which are rimmed by graphite and 20% idioblastic cordierite porphyroblasts 

up to 0.5 mm in diameter. Sample BB-97-6 also includes minor pyrite in the groundmass. 

3.3 Mineral Chemistry 

Microprobe analyses (Appendix C) were performed on five samples representative 

of the study area. Both sulphides and silicates were analyzed and show consistent results 

with distance from the contact. A plot of percent iron versus distance shows the relatively 

constant iron content of sulphides and silicates (several grains averaged per sample) from 

samples throughout the contact aureole (fig. 3.12). Slight changes in iron content are 

within the margin of error. 

Groups are based primarily on silicate mineral assemblages, and show a definite 

relationship to distance from the contact, as shown from a plot of samples according to 

group against distance from the contact (fig. 3.13). 
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Fig. 3.9 Pyrite spheres in pyrrhotite from sample BB-97-3. Field of view is 1 x 2 mm. 

Fig. 3.10 Cordierite and pyrrhotite porphyroblasts from sample BB-87-7. Note 
fabric and pyrrhotite wrapping around cordierite. Field of view is 10 x 14 mm. 
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Fig. 3.11 Porphyroblasts of andalusite and cordierite from sample BB-97-6 at 860 
m from the contact. Field of view is 1 x 2 mm. 
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Fig. 3.12 Plot of percent iron from sulphides and silicates against distance from the 
contact of the SMB. This plot shows that iron content does not change dramatically with 
distance from the contact. Data points represent sample averages from several grains. 
Biot =biotite, cord= cordierite, chal =chalcopyrite, ilm = ilmenite, py =pyrite, po = 
pyrrhotite. 



CHAPTER 3 PETROGRAPHY 28 

3.3.1 Sulphide Mineral Assemblage and Grain Size 

A plot of modal percent total sulphides versus distance (fig. 3.14) shows no pattern 

of sulphide abundance with distance from the contact. There is also no pattern observed 

when modal percent sulphide by type (pyrrhotite-pyrite) versus distance is plotted (fig. 

3.15). The grain size of sulphides versus distance from the contact was also plotted (fig. 

3.16). Pyrite coarsens toward the contact but pyrrhotite shows no distinct pattern with 

distance from the contact. Pyrrhotite is monoclinic away from the contact and hexagonal 

close to the contact, determined by increasing iron content. 

3.3.2 Silicate Mineral Assemblage 

A plot of modal percent silicate minerals versus distance from the contact shows a 

transition from cordierite to andalusite through sillimanite, toward the contact (fig. 3.17). 

Four distinct fields can be identified which illustrate a progressive change in mineral 

assemblage. These include a cordierite field from the outer limits of the study area; an 

andalusite plus cordierite field at 380-860 m from the contact; an andalusite field from 

200-380 m from the contact; and a sillimanite (fibrolite) plus andalusite field which 

extends 200m from the contact (Table 3.2). 
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Fig. 3.13 Plot of samples by group with distance from the contact of the SMB. Groups 
are based on silicate porphyroblasts, and reflect the thennal effect of contact 
metan1orphism. 
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Fig. 3.14 Plot of modal percent total sulphides versus distance from the contact. There is 
no pattern of sulphide abundance with distance from the contact. 
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Fig. 3.15 Plot of modal percent sulphide by type versus distance from the contact. There 
is no pattern of pyrite or pyrrhotite abundance with distance from the contact. Po = 

pyrrhotite~ py = pyrite. 
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Fig. 3.16 Sulphide grain size (mm) versus distance from the contact. Different symbols 
are used to indicate elongate and equant grains. This plot shows that pyrite coarsens 
to\vard the contact but pyrrhotite shows no distinct pattern 'With d-istance from the contact. 
Po = pyrrhotite, py = pyrite, gran= equant grains, elong = elongate crystals. 



CHAPTER3PETROGRAPHY 31 

Table 3.2 Silicate mineral assemblage fields with distance from the contact of the SMB 

Field 1 Field 2 Field 3 Field 4 
sillimanite+ andalusite andalusite + cordierite 

andalusite cordierite 
perthite k-feldspar 

biotite + muscovite biotite + muscovite biotite + muscovite biotite + muscovite 
0-200 m 200-380 m 380-860 m 860-1270 m 

3.4 Generalized Silicate and Sulphide Relationships 

Group 5 samples span a wide range of distances from the contact (470-1270 m) and 

show variable amounts of pyrrhotite and cordierite. Group 6 is represented by sample BB-

97-6 at 860 m from the contact. Regional cleavage is well developed in this sample. Group 

4 samples occur 340-400 m from the contact, and there is no (S 1) fabric. Group 4 

represents a more quartz-rich lithology and is coarse-grained relative to other samples. 

Group 3 samples include fine-grained sulphides ( <5%) with andalusite and cordierite at 

550-620 m. Regional cleavage (S 1) is poorly developed in group 3 samples. Sulphides in 

Group 2 samples are medium-grained and occur with both andalusite and cordierite at 380-

450 m. Parallel elongate grains define a foliation in group 2 samples. Group 1 samples 

include fibrolite, are closest to the contact ( 0-200 m), and have minor fine-grained 

sulphides. Regional cleavage (S 1) is annealed. These relationships can be seen in Table 

3 .2, which summarizes mineralogy with respect to distance from the contact. 
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Fig. 3.17 Plot of modal percent silicate porphyroblasts versus distance from the contact. 
This shows four distinct fields from cordierite to cordierite + andalusite to andalusite to 
andalusite + sillimanite (fibrolite) toward the contact. And= andalusite, cord= cordierite, 
sill = sillimanite. 
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Microprobe results were plotted on a standard AFM diagram (fig. 3 .18). The iron 

content (Fe/Fe+ Mg) of silicates increases with increasing contact metamorphic grade (not 

indicated in the plot of percent iron versus distance shown in fig. 3 .12). Sulphide variety 

was included on the diagram and shows that hexagonal pyrrhotite is associated with 

highest grade samples. 
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Fig. 3.18 AFM diagram plotting cordierite (c.), biotite (b) and andalusite 
compositions from microprobe analyses, a.) shows analyses for sample BB-97-7. 
Sulphides present include pyrite and monoclinic pyrrhotite which occur in different beds. 
b.) shows analyses for sample BB-97-2 which includes monoclinic pyrrhotite. c.) shows 
analyses for sample BB-97-Sb which includes hexagonal pyrrhotite. d.) shows the general 
trends of the analyses. Iron content (Fe/Fe+ Mg) of both cordierite and biotite increase 
with increasing metamorphic grade (BB-97-7 to BB-97-2 to BB-97-Sb). Hexagonal 
pyrrhotite occurs only in highest grade sample. 
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Table3.3 Sample data ordered by distance from the contact with the South Mountain Batholith, 

Sample Distance 
# (m) 

BB-97- 140 
20 

BB-97- 180 
18 

BB-97- 205 
15 

BB-97- 205 
16 

BB-97- 340 
22 

BB-97- 380 
10 

BB-97- 380 
11 

BB-97- 400 
21 

BB-97-8 425 

BB-97- 440 
12 

BB-97- 470 
13 

BB-97-2 550 

BB-97-4 620 

BB-97-3 630 

BB-97-6 860 

BB-97-7 1270 

* * po = pyrrhotite 
py =pyrite 

P'blasts Texture 0/o And. 
(*fibrolite present) 

and. Fine- 15 * 
grained 

and. Fine 10 * 
Hornfels 

and. Fine 20 * 
Hornfels 

and. Fine 20 

NA medium 0 

and., Hornfels 30 
cord. & Elongate 

biot. and. 
Parallel 

187° 
py elongate 0 

grains 
parallel 

NA medium 0 

and., Hornfels 20 
cord. & Fabric 

biot. parallel 
170° 

and., Elongate 25 
cord. & grains 

biot. parallel 
Hornfels 

cord. & Hornfels 0 
po fabric 

parallel 
086° 

and., fme 30 
cord., & 

biot. 
and., fine 20 

cord. & 
biot. 
po elongate 0 

grains 
parallel 

and., Fabric 30 
cord. & deflects 

biot. around 
and.? 

cord& fabric 0 
po parallel 

238° 

cord = cordierite 
and = andalusite 

biot = biotite 
p 'blasts = porphyroblasts 

0/o Cord. 0/o Po 0/o Py 

0 5 0 

0 7 0 

0 10 0 

0 10 0 

0 0 0 

10 0 10 

0 0 15 

0 0 0 

10 10 0 

25 7 0 

10 30 0 

20 5 0 

30 2 0 

0 15 0 

20 0 <1 

20 10 0 

Group# 

1 

1 

1 

1 

4 

2 

4 

4 

2 

2 

5 

3 

3 

5 

6 

5 
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CHAPTER4 

Interpretations and Discussion 

4.1 Introduction 

The objectives of this study include determination of the relationship between 

porphyroblast gro\Vth and fabric development in the study area, documentation of 

changes in sulphide mineralogy with distance from the contact of the SMB, and 

correlation between changes in sulphide and silicate mineralogy with distance from the 

contact. The following is a discussion of data relevant to these objectives. 

4.2 Porphyroblast Growth and Fabric Development 

To determine the relationship between porphyroblast gro\Vth and fabric 

development the temporal sequence of metamorphism was identified through 

petrographic analysis. 
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Low grade regional metamorphism at 395-388 Ma (Hicks eta!., submitted) 

produced cleavage which constitutes the dominant fabric (S 1) observed within the contact 

aureole of the SMB. In the outer part of the contact aureole, biotite grains are aligned 

parallel to cleavage (S 1) (fig. 4.1 ). 

Cordierite crystallization occurred after biotite gro\Vth and (S 1) cleavage 

development , as interpreted from cordierite inclusions (biotite and opaque minerals) 
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Fig. 4.1 Biotite grains parallel regional cleavage (S 1 ). Field of view is 2 x 4 nun. 

Fig. 4.2 Inclusions in cordierite parallel cleavage. Field of view is 2 x 4 nun. 
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parallel to cleavage (fig. 4.2). The timing of sulphide growth is uncertain from textural 

relationships: it may be syn-cordierite growth, or it may pre-date fabric development 
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(S 1 ). Field observation of sulphides stretched along cleavage (S 1) planes suggests pre­

cleavage sulphide growth. However, sulphides may be syn-regional cleavage (S 1) and 

pre-fabric deflection (S2), but this cannot be determined from textural relationships in the 

present sample set (see study by Pradeep Bhatnagar, 1998). 

Reactivation of the regional cleavage (S 1) occurred after cordierite and sulphide 

growth. As a result, the regional fabric is deflected (S2) around cordierite grains, and 

biotite and sulphides are also deflected around cordierite (fig. 4.3). 

Andalusite crystallization occurred after cordierite growth, as andalusite crystals 

grow across cordierite (fig. 4.4). Andalusite also grew after deflection of the regional 

fabric (S 1 ). This is determined from andalusite grow1h parallel and perpendicular to the 

regional fabric (fig. 4.5), which shows that S2 fabric did not reorient andalusite 

porphyroblasts. Deflection (S2) of the regional fabric around andalusite is common, but 

does not always occur and where there is deflection, a cordierite grain is usually 

associated with S2 (fig. 4.6). This relationship suggests that the apparent deflection of 

regional fabric around the andalusite is actually a deflection of fabric around cordierite. 

Finally, retrogression of cordierite produced biotite and muscovite randomly 

oriented relative to both S 1 and S2 fabrics (fig. 4. 7). This temporal sequence is 

illustrated in figure 4.8. 
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Fig. 4.3 Biotite and sulphides deflected around cordierite. Field of view is 2 x 4 mm. 

Fig. 4.4 Andalusite crystal growing across cordierite ( cd). Field of view is 1 x 2 mm. 
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Andalusite growing parallel and perpendicular to regional fabric (S 1 ). 

Fig. 4.6 S2 fabric deflected around cordierite ( cd) into andalusite. Field of view is 
1 x2 mm. 
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!.SULPHIDES =t> 2.REGIONAL ==¢> 3. BIOTITE 
(diagenetic?) CLEAVAGE 

(metamorphic?) Sl 
4.CORDIERITE =t> 5.FABRIC ==¢> 6.ANDALUSITE =t> 

DEFLECTION 
S2 

7.RETROGRESSION 

Fig. 4.8 Temporal sequence of metamorphism in Halifax Group rocks of the contact 
aureole of the South Mountain Batholith, as determined through petrographic analysis. 
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This temporal sequence of fabric development and porphyro blast growth is based 

on relationships in samples at the greatest distance from the contact, where early regional 

fabrics (S 1) are preserved. Nearer the contact of the SMB regional cleavage (S 1) is 

annealed, and fabric-porphyroblast relationships cannot be determined. 

4.3 Changes in Mineralogy with Distance from the Contact 

Pyrrhotite and pyrite are the dominant sulphide minerals in the contact aureole of 

the SMB and in the Meguma Supergroup (Robinson, 1996; Jones, 1997). In general 

these two sulphide phases do not occur together as porphyroblasts. Data presented 

suggest that sulphide occurrence has a lithological rather than thermal control. In 

particular, sulphide abundance shows no relationship with distance from the contact. 

Pyrite coarsens toward the contact but pyrrhotite shows no pattern in size with distance 

from the contact. This suggests that temperature has little effect on sulphide grain size. 
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Fig. 4.7 Randomly oriented mica (m = muscovite, b = biotite) inside cordierite 
(cd) grains. Field of view is 1 x 2 mm. 

42 
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Contact metamorphism may have affected pyrrhotite. Pyrrhotite ranges from monoclinic 

to hexagonal, and hexagonal pyrrhotite occurs in higher grade samples (fig. 3 .18). 

Silicate mineralogy changes systematically with distance from the contact of the 

SMB. This systematic change, documented in figure 3.17, suggests that silicate mineral 

assemblage reflects the thermal effect associated with contact metamorphism. Cordierite 

and biotite are abundant from the outer limits of the study area up to approximately 

400 m from the contact. As metamorphic grade increases cordierite is more altered. 

Andalusite first appears at 860 m from the contact and persists to the contact. In 

samples within 200 m of the contact, sillimanite begins to appear as fibrolite. Fibrolite is 

seen growing around and between andalusite grains, as well as in association with biotite. 

K-feldspar was analyzed from sample BB-97-2 at 550 m from the contact. 

The succession from cordierite to andalusite to sillimanite is typical of contact 

aureoles in pelitic rocks ( eg. the Ballachulish aureole, Scotland; Pattison and Tracy, 

1991). Mahoney (1996) documented this succession in the contact aureole ofthe SMB in 

Halifax Group rocks from around the batholith. 

Microprobe data of silicate and sulphide iron contents suggest that contact 

metamorphism did not strongly affect the sulphide phases present in the country rocks. 

This finding is somewhat contradictory to findings presented in the literature (Mohr and 

Newton, 1983; Tracy and Robinson, 1988) which suggest that during metamorphism 

pyrite is converted to pyrrhotite and silicates become depleted in iron. In the present 

study, as contact metamorphic grade is increased, there is no systematic change in 

sulphide mineral assemblage and silicate iron content increases only slightly (fig. 3 .18). 

Sulphur fugacity is also considered a controlling factor in determining silicate iron 
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contents in the presence of sulphides (Hutcheon, 1979), but this cannot be tested with the 

data available in this study. 

\Vhile it is clear that the origin and distribution of silicates such as sillimanite, 

andalusite, and cordierite are thermally controlled in the contact aureole of the SMB, the 

origin and distribution controls of sulphides are not so easily determined. Country rock 

lithology is the most obvious control on sulphide distribution, from petrological, 

chemical, and field data. Sulphide origins cannot be determined directly from the 

available data of this study, but hypotheses can be made. 

The preferential occurrence of the sulphides in organic-rich slates suggests a 

diagenetic origin for regional pyrrhotite and pyrite. An Early Ordovician anoxic event 

(Schenk, 1991) could provide the reducing environment necessary to precipitate 

sulphides (Waldron, 1987) in black shales (i.e. the Cunard Formation). Regional 

pyrrhotite could be easily formed by a release of sulphur from pyrite. Textural 

relationships between pyrrhotite and pyrite determined petrographically (fig. 3.9) indicate 

that the two formed at approximately the same time. 

The temporal relationship between sulphides and fabric (S 1 & S2) development is 

unclear, but sulphides may have formed syn-S 1 fabric, during low grade regional 

metamorphism. It can be stated "With certainty that sulphides pre-date the development of 

S2, which could be related to the emplacement of the SMB. Under these conditions, 

sulphides formed during low grade regional metamorphism but were not chemically 

affected by contact metamorphism. 
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4.4 Pressure-Temperature Conditions 

The contact aureole of SMB was documented by Mahoney (1996). She concluded 

that the width of the contact aureole around the SMB varies significantly, and is widest 

where highest pressures were recorded. The aureole in the Halifax area is among the 

widest, where P-T conditions of 3.7 +/- 0.2 Kbar and 520 +/- 40°C were calculated. 

The P-T conditions for emplacement of the Halifax pluton, in the study area, of 

the SMB are estimated here using aP-T diagram from Pattison and Tracy (1991). From 

this diagram (fig 4.9) a maximum pressure of approximately 3.0 Kbar is determined. This 

estimate is significantly lower than that calculated by Mahoney (1996). The maximum 

temperature estimated from Pattison and Tracy's (1991) diagram is between 590°C and 

620°C. This estimate is also quite different from that calculated by Mahoney (1996). 

The presence of andalusite and K-feldspar suggests lower pressure in the contact 

aureole than calculated by Mahoney (1996), however, a direct comparison using 

techniques applied by Mahoney ( 1996) are not possible with the microprobe data and 

mineral assemblages in the present study. 
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Fig. 4.9 P-T diagram showing kyanite-andalusite-sillimanite fields plus reactions 
relevant to the mineral assemblages of samples in the present study. Both Pattison (P) and 
Holdaway (H) triple points are shown. Arrows (one for each triple point) indicate 
temperature path from the country rocks toward the contact assuming constant pressure. 
From this diagram a maximum pressure of 3.0 kbar and a maximum temperature between 
590°C and 620°C are estimated. Diagram modified from Pattison and Tracy, 1991. 
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CHAPTERS 

Conclusions 

5.1 Conclusions 

Petrographic evidence presented in this study indicates that the silicate mineral 

assemblage of Halifax Group rocks in the contact aureole of the SMB varies 

systematically with distance from the contact in rocks of similar composition, and is 

therefore thermally controlled. The thermal energy was provided by the cooling SMB, 

and is thus described as a contact metamorphic effect. 
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Petrographic, mineral chemistry, and field data presented in this study indicate 

that the sulphide mineral assemblage of Halifax Group rocks in the contact aureole of the 

SMB is lithologically controlled. It is therefore concluded that sulphide mineral 

assemblage has no direct relationship to contact metamorphism. 

Petrographic and field data have been used to develop a temporal sequence of 

events in the contact aureole of the SMB to better understand silicate-sulphide-fabric 

relationships. 1. Sulphide growth (diagenetic or low-grade metamorphic), 2. regional · 

cleavage (S 1 ), 3. regional biotite, 4. cordierite growth, 5. deflection of regional cleavage 

around cordierite (S2), 6. andalusite growth, 7. retrogression of cordierite. 

In conclusion, the complicated relationships of porphyroblasts and fabrics in the 

contact aureole of the SMB result from thermal effects superimposed on lithological 

differences. Halifax Group lithological variations give rise to different sulphide 
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assemblages. Silicate porphyroblasts resulted from contact metamorphism of Halifax 

Group rocks by the SMB. Regional cleavage (S 1) is primarily the product of regional 

low-grade metamorphism, and the later reactivation of fabric (S2) is an emplacement 

effect (S2 occurred between cordierite and andalusite growth). 

5.2 Future Work 
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Future work in Halifax Group rocks in the contact aureole of the SMB should 

include a systematic geochemical study of sulphides and country rocks to better 

understand the relationship of sulphide mineralogy to rock type. This would have both 

academic as well as practical applications, eg. the problem of acid rock drainage (ARD). 

Future work may also include extending the present study farther into the country 

rocks to find the biotite isograde. Isograde mapping in the aureole would be an excellent 

supplement to current data from the contact aureole. Determining the distribution of K­

feldspar in the aureole would improve current estimates ofP-T conditions. 

The presence of bitumen in samples of this study was noted by Nick Wilson, and 

this should be examined by future workers. 
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APPENDIX A: PETROGRAPHIC DESCRIPTIONS A 1 

Sample Descriptions 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

BB-97-2 
Fairmont 
NA 
and & cord 
30o/o (and.) 20% (cord.) 
qtz, muse., biot., opaques 
biot. concentrated around cord. 

BB-97-3 
Fairmont 
NA 
sulphides 
15% 
qtz, muse., biot. 
preferred orientation of muse. and 
sulphides, inclusions in sulphides 

BB-97-4 
Fairmont 
160° 
and. & cord. 
20% (and.) 10% (cord.) 
qtz, opaques, sericite, muse. 
inclusions in cord., some hexagonal cord. 
crystals 

BB-97-5a & BB-97-5b 
Northwest Arm Drive 
NA 
and., cord., sulphides 
5% (and.) 15% (cord.) 5% (sulphides) 
qtz, biot., sericite, muse. 
biot. Rimming cord., very altered 

BB-97-6 
Main Street 
NA 
and. & cord. 
30% (and.) 20% (cord.) 
qtz, muse., biot., sericite 
preferred orientation of cord. & muse. 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS A 2 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENT A TION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX CO PM OSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENT A TION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MA TRlX COMPOSITION 

OTHER 

BB-97-7 
Dunbrack Street 
238° 
cord. & sulphides 
20%( cord.) 10%(sulphides) 
qtz, biot., opaques 
foliation & opaques at 238° 

BB-97-8 
Exit lA, Highway 102 
170° 
and. & cord. 
20% (and.) 1 Oo/o (cord.) 
qtz, biot., muse., opaques 
sulphides at 170° 

BB-97-10 
Exit 1A, Highway 102 
187° 
and. & biot. & cord. 
30o/o (and.) 25o/o (biot.) 10% (cord.) 
qtz, muse., sericite, opaques 
opaques rim and., biot. Rims opaques 

BB-97-11 
Exit 1A, Highway 102 
NA 
sulphides 
15o/o 
qtz, muse., biot. 

BB-97-12 
Exit 1A, Highway 102 
264° 
and. & cord. 
25% (and.) 25% (cord.) 
qtz, biot., opaques, sericite 
elongate and. crystals at 174°, opaques rim 
and 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS A 3 

SAMPLE# 

LOCATION 

ORIENT A TION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENT A TION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENT A TION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

BB-97-13 
Exit 1 A, Highway 1 02 
086° 
opaques & cord. 
20o/o (opaques) 10% (cord.) 
qtz, biot. 
fabric at 086° 

BB-97-14 
Lovette Lake Court 
NA 
and. 
5% 
qtz (20% ), opaques ( 1 0% ), micas ( 60%) 

BB-97-15 
Lovette Lake Court 
303° 
and. 
20% 
qtz, biot., chlor., muse. 

BB-97-16 
Lovette Lake Court 
NA 
and. 
20% 
qtz, opaques, sericite 

BB-97-17 
Lovette Lake Court 
NA 
NA 
NA 
qtz, biot., muse., chlor., and., sulphides 
coarse, subhedral qtz, 



APPENDIX A: PETROGRAPHIC DESCRIPTIONS A 4 

SAMPLE# 

LOCATION 

ORIENT A TION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

SAMPLE# 

LOCATION 

ORIENTATION ANGLE 

PORPHYROBLASTS 

MODAL PERCENTAGES 

MATRIX COMPOSITION 

OTHER 

Abbreviations: 
qtz (quartz) 
and. (andalusite) 

cord. ( cordierite) 
muse. (muscovite) 

BB-97-18 
Otter Lake Crescent 
140° 
and. 
10% 
qtz, sericite, opaques 

BB-97-19 
Otter Lake Crescent 
108° 
NA 
NA 
qtz, muse., biot., chlor 
schist - 80% mica 

BB-97-20 
Otter Lake Crescent 
078° 
and. 
15% 
qtz, sulphides, biot., muse. 
few altered feldspars 

BB-97-21 
behind Kmart, Bayers Lake Industrial Park 
NA 
NA 
NA 
qtz, biot., muse., opaques, sericite 

BB-97-22 
behind Kmart, Bayers Lake Industrial Park 
300° 
NA 
NA 
fine-grained equant qtz 
sericite, chlor. veining 

biot. (biotite) 
chlor. (chlorite) 



APPENDIX B: ELECTRON MICROPROBE METHOD 

JOEL 733 Electron Microprobe 
Department of Earth Sciences 
Dalhousie University 

Analytical Methods: 

B 

Analyses were carried out on a JOEL 733 electron microprobe equipped with four 
wavelength dispersive spectrometers and an Oxford Link eXL energy dispersive system. 
The energy dispersive system was used for all elements. Resolution of the energy 
dispersive detector was 137ev at 5.9Kev. Each spectrum was aquired for 40 seconds with 
an accelerating voltage of 15 K v and a beam current of 15 nA. Probe spot size was 
approximately I micron. The raw data was corrected using Link's ZAF matrix correction 
program. 
Instrument calibration was performed on cobalt metal. 
Instrument precision on cobalt metal ( n=10) was+/- .5% at 1 standard deviation. 
Accuracy for major elements was+/- 1.5 to 2.0o/o relative. Geological standards were 
used as controls. Detection limits for most elements using the energy dispersive system 
range from approximately 0.1 to 0.3 percent. 



APPENDIX C: MICROPROBE DATA C1 

IAndalusite 

Sample# 88-97-2 88-97-2 88-97-2 88-97-2 88-97-2 BB-97-5b BB-97-5b BB-97-5b 
Analysis# 1 2 3 4 5 1 2 3 
Group# 3 3 3 3 3 NA NA NA 
wt% oxide 
Si02 37.1 37.22 37 36.78 37.18 36.13 35.95 36.96 
Al203 62.83 63.21 61.56 63.53 62.86 63.58 63.47 62.81 
FeO 1.06 
total 99.93 100.43 99.62 100.31 100.04 99.71 99.42 99.77 
Si 1 1 1.005 0.99 0.98 0.975 
AI 2 2 1.975 2.015 1.995 2.03 2.03 2 
Fe 0 0 0.025 0 0 0 0 0 
total cations 3 3 3.005 3.005 2.995 3.01 3.005 3 

I Garnet 

Sample# BB-97-1.1 BB-97-1.1 BB-97-1.1 
Analysis# 4 8 9 
Group# NA NA NA 
wt% oxide 
Si02 37.11 37.52 37.99 
Al203 20.7 20.4 20.99 
FeO 27.17 26.2 28.55 
MnO 12.02 11.61 9.94 
MgO 1.65 1.96 2.64 
CaO 1.13 1.49 1.29 
total 99.78 99.18 101.4 
Si 3.024 3.06 3.024 
AI 1.992 1.956 1.968 
Fe 1.848 1.788 1.896 
Mn 0.828 0.804 0.672 
Mg 0.204 0.24 0.312 
Ca 0.096 0.132 0.108 
total cations 7.992 7.98 7.98 
A 0.418013 0.420099 0.402261 
M 0.057252 0.069602 0.084643 
Fe/Fe+ Mg 0.942748 0.930398 0.915357 



APPENDIX C: MICROPROBE DATA 

I Biotite 

Sample# 
Analysis# 
Group# 
wt% oxide 
Si02 
Ti02 
Al203 
FeO 
MnO 
MgO 
Na20 
1<20 
total 
Si 
Ti 
AI 
Fe 
Mn 
Mg 
Na 
K 

BB-97-1.1 88-97-1.1 88-97-1.2 88-97-1.2 88-97-2 88-97-2 
6 11 12 1 2 

NA NA NA NA 

34.16 
2.66 
19.1 
20.3 
0.34 
7.67 
0.26 
8.49 

92.98 
5.346 
0.308 

3.52 
2.662 
0.044 
1.782 
0.088 
1.694 

35.25 
2.52 

19.43 
20.21 

0.48 
7.48 

0 
9.35 

94.72 
5.412 
0.286 

3.52 
2.596 
0.066 
1.716 

0 
1.826 

35.81 
3.5 

19.71 
21.06 

0.33 
7.05 

0 
7.85 

95.31 
5.434 
0.396 

3.52 
2.662 
0.044 
1.584 

0 
1.518 

35.34 
3.14 

19.67 
19.97 

0.31 
6.63 
0.41 
9.02 

94.49 
5.434 
0.374 
3.564 
2.574 
0.044 
1.518 
0.132 

1.76 

3 

36.22 
2.04 

19.66 
19.45 

0 
8.82 

0 
7.85 

94.04 
5.5 

0.242 
3.52 

2.464 
0 

2.002 
0 

1.518 

7 
3 

35.86 
2.14 

20.02 
18.86 

0 
9.22 

0 
8.55 

94.65 
5.434 
0.242 
3.564 
2.398 

0 
2.09 

0 
1.65 

C2 

88-97-2 BB-97-3 
8 5 
3 5 

35.93 35.19 
2.57 

18.72 
18.37 

0 
8.62 

0 
8.46 

92.67 
5.544 
0.308 
3.388 
2.376 

0 
1.98 

0 
1.672 

2.12 
19.22 
20.86 

0 
7.94 

0 
8.3 

93.63 
5.456 
0.242 
3.498 
2.706 

0 
1.826 

0 
1.65 

total cations 15.444 15.422 15.158 15.4 15.246 15.378 15.268 15.378 
A -0.29491 -0.45202 -0.15822 -0.3847 -0.15956 -0.25078 -0.32759 -0.24567 
M 0.274222 0.270134 0.2508 0.249248 0.311992 0.328348 0.319378 0.275694 
Fe/Fe+ Mg 0.725778 0.729866 0.7492 0.750752 0.688008 0.671652 0.680622 0.724306 

BB-97-5b BB-97-5b BB-97-5b 88-97-7.1 88-97-7.1 BB-97-7.1 BB-97-7.1 BB-97-7.2 BB-97-7.2 
5 7 9 5 6 7 8 2 4 

NA NA NA 5 5 5 5 5 5 

35.91 
3.05 

19.28 
20.25 

0 
7.72 
0.25 
9.11 

95.57 
5.456 
0.352 
3.454 
2.574 

0 
1.738 
0.066 

34.2 
2.3 

18.72 
19.49 

0 
7.93 
0.29 
8.61 

91.54 
5.412 
0.264 
3.498 
2.574 

0 
1.87 

0.088 

35.76 
2.66 

19.11 
19.82 

0 
8.04 

0 
8.79 

94.18 
5.478 
0.308 
3.454 
2.552 

0 
1.848 

0 

34.86 
2 

20.14 
17 
0 

11.72 
0 

6.98 
92.7 

5.302 
0.22 

3.608 
2.156 

0 
2.662 

0 

36.07 35.7 
1.67 2.01 

19.64 20.48 
16.48 15.22 

0 0.41 
11.14 9.24 

0 0.251 
7.71 7.54 

92.71 90.851 
5.478 5.5 
0.198 0.242 

3.52 3.718 
2.09 1.958 

0 0.044 
2.53 2.134 

0 0.066 

36.14 
1.56 

19.57 
16.45 

0.3 
11.67 
0.27 
7.71 

93.67 
5.456 
0.176 
3.476 
2.068 
0.044 
2.618 
0.088 

36.07 
2.02 
19.2 

17.04 
0 

11.39 
0.34 
7.79 

93.85 
5.456 

0.22 
3.41 

2.156 
0 

2.574 
0.11 

35.99 
1.7 

19.77 
16.49 
0.31 

11.58 
0 

7.94 
93.78 
5.434 
0.198 

3.52 
2.09 

0.044 
2.596 

0 
1.76 1.738 1.716 1.364 1.496 1.474 1.474 1.496 1.518 
15.4 15.444 15.356 15.312 15.312 15.136 15.4 15.422 15.4 

-0.4041165 -0.35007 -0.35243 -0.02865 -0.14463 -0.09588 -0.14495 -0.17189 -0.16861 
0.27601001 0.289205 0.288586 0.408078 0.403331 0.37776 0.415007 0.400633 0.41254 
0.72398999 0.710795 0.711414 0.591922 0.596669 0.62224 0.584993 0.599367 0.58746 



APPENDIX C: MICROPROBE DATA C3 

lcordierite I 
Sample# BB-97-1.1 BB-97-1.1 BB-97-1.2 88-97-2 88-97-2 88-97-2 BB-97-5b BB-97-5b 
Analysis# 5 13 4 1 2 4 11 12 
Group# NA NA NA 3 3 3 NA NA 
wt% oxide 
Si02 40.24 42.72 48.21 47.76 48.89 49.06 48.56 49.16 
Al203 26.71 30.32 32.27 32.16 32.64 33.2 32.54 32.65 
FeO 11.3 5.84 9.19 8.91 9.51 9.49 9.54 9.91 
MnO 0.3 0 1.36 0.33 0.27 0.43 
MgO 6.79 3.26 6.38 7.18 7.16 7.62 7.22 6.9 
CaO 0.68 0 0 0 0 0 0 0 
K20 1.26 6.37 0 0 0 0 0 0 
Na20 0.214 0.55 0.31 0.3 0.31 0.33 
total 87.28 88.724 97.96 96.65 98.2 99.94 98.6 98.95 
Si 4.86 5.022 5.04 5.022 5.058 5.004 5.022 5.058 
AI 3.798 4.194 3.978 3.996 3.978 3.996 3.96 3.96 
Fe 1.134 0.576 0.81 0.792 0.828 0.81 0.828 0.846 
Mn 0.036 0 0.126 0.036 0 0.018 0.036 0 
Mg 1.224 0.576 0.99 1.134 1.098 1.152 1.116 1.062 
Ca 0.09 0 0 0 0 0 0 .o 
K 0.198 0.954 0 0 0 0 0 0 
Na 0 0.054 0.108 0.072 0 0.054 0.072 0.072 
total cations 11.34 11.376 11.052 11.052 10.962 11.034 11.034 10.998 
A 0.558996 0.551945 0.67454 0.666528 0.661935 0.659909 0.660041 0.660129 
M 0.375345 0.358242 0.409762 0.44624 0.429514 0.445354 0.430788 0.41047 
Fe/Fe +Mg 0.624655 0.641758 0.590238 0.55376 0.570486 0.554646 0.569212 0.58953 

Sample# BB-97-5b BB-97-7.1 BB-97-7.1 88-97-7.1 88-97-7.1 
Analysis# 13 1 2 3 4 
Group# NA 5 5 5 5 
wt% oxide 
Si02 48.52 48.52 50.43 48.49 48.59 
Al203 32.75 32.8 32.12 32.84 33.04 
FeO 9.82 6.92 6.94 7.18 7.1 
MnO 0.44 0.7 0.72 0.75 0.62 
MgO 7.1 8.64 8.38 8.74 8.57 
CaO 0 0 0 0 0 
K20 0 0 0 0 
Na20 0.45 0.47 0.29 0.33 0.52 
total 99.08 98.05 98.88 98.33 98.44 
Si 5.004 5.004 5.13 4.986 4.986 
AI 3.978 3.978 3.852 3.978 3.996 
Fe 0.846 0.594 0.594 0.612 0.612 
Mn 0.036 0.054 0.054 0.072 0.054 
Mg 1.098 1.332 1.278 1.332 1.314 
Ca 0 0 0 0 0 
K 0 0 0 0 0 
Na 0.09 0.09 0.054 0.072 0.108 
total cations 11.052 11.052 10.962 11.052 11.07 
A 0.659352 0.678246 0.677066 0.673503 0.6783 
M 0.419622 0.55527 0.546997 0.548995 0.546905 
Fe/Fe +Mg 0.580378 0.44473 0.453003 0.451005 0.453095 



APPENDIX C: MICROPROBE DATA C4 

I Plagioclase I 
Sample# 88-97-1.1 88-97-1.1 88-97-3 88-97-7.1 88-97-7.2 

Analysis# 5 6 9 3 5 
Group# NA NA 5 5 5 
wt% oxide 
Si02 62.95 63.26 66.61 65.19 64.82 
Al203 24.26 24.54 21.28 22.28 22.05 
CaO 5.42 5.5 1.59 3.17 3.17 
Na20 8.3 7.31 9.45 8.6 9.75 
Feo 0 0 0.3 0 0 
P205 0 0 0.43 0 0 
Total 100.93 100.61 99.66 99.24 99.79 
Si 2.76 2.768 2.912 2.872 2.856 
AI 1.256 1.264 1.096 1.16 1.144 
Ca 0.256 0.256 0.072 0.152 0.152 
Na 0.704 0.624 0.8 0.736 0.832 
Fe 0 0 0.008 0 0 
p 0 0 0.016 0 0 
total cations 4.976 4.912 4.904 4.92 4.984 

IK-Feldspar I 
Sample# 88-97-2 88-97-2 
Analysis# 9 3 
Group# 3 3 
wt% oxide 
Si02 64.52 63.99 
Al203 18.94 18.27 
Na20 1.38 1.45 
K20 13.63 12.73 
P205 0.85 0 
total 99.32 96.44 
Si 2.96 3.016 
AI 1.024 1.016 
Na 0.12 0.136 
K 0.8 0.768 
p 0.032 0 
total cations 4.936 4.936 



APPENDIX C: MICRPROBE DATA C5 

I Muscovite I 
Sample# BB-97-1.1 BB-97-2 BB-97-5b BB-97-5b BB-97-7.2 
Analysis# 14 10 14 15 1 
Group# NA 3 NA NA 5 
wt% oxide 
Si02 47.75 47.06 47.27 48.16 47.13 
Ti02 0 0.68 0.64 0.5 0.27 
Al203 30.83 36.08 35.76 37.09 36.93 
FeO 5.27 0.9 1.08 1.03 0.55 
MgO 2.69 0.47 0.72 0.48 0.53 
Na20 0 0.32 0.36 0.45 0.65 
K20 8.06 7.93 7.63 7.84 7.35 
total 94.6 93.44 93.46 95.55 93.41 
Si 6.424 6.248 6.27 6.248 6.226 
Ti 0 0.066 0.066 0.044 0.022 
AI 4.884 5.654 5.588 5.676 5.742 
Fe 0.594 0.11 0.11 0.11 0.066 
Mg 0.55 0.088 0.132 0.088 0.11 
Na 0 0.088 0.088 0.11 0.176 
K 1.386 1.342 1.298 1.298 1.232 
total cations 13.838 13.596 13.552 13.574 13.574 



APPENDIX C: MICROPROBE DATA 

lchalcopyritel 
Sample# 
Analysis# 
Group# 
Atom.% 
Cu 
Fe 
s 
total 
Formula 

I Ilmenite 

Sample# 
Analysis# 
Group# 
Atom.% 
Fe 
Mn 
Ti 
total 
Formula 

I Pyrite 

Sample# 
Analysis# 
Group# 
Atom.% 
Fe 
s 
total 
Formula 

Sample# 
Analysis# 
Group# 
Atom.% 
Fe 
s 
total 
Formula 

BB-97-3 
6 
5 

24.64 
25.55 
49.7 

99.89 
Cu0.99Fe1.03S2 

BB-97-1 
3 

NA 

39.66 
10.23 
50.09 
99.98 

(Fe0.8Mn0.2)Ti03 

BB-97-3 
1 
5 

34.09 
65.66 
99.75 

Fe1.04S2 

BB-97-5b 
3 

NA 

24.52 
25.75 
49.72 
99.99 

Cu0.99Fe1.03S8 

BB-97-2 
2 
3 

47.95 
1.97 

50.08 
100 

(FeO. 96Mn0.04 )Ti03 

BB-97-3 
2 
5 

33.61 
66.33 
99.94 

Fe1.01S2 

BB-97-7.1 BB-97-7.1 
2 3 
5 5 

32.46 33.16 
67.37 66.74 
99.83 99.9 

Fe0.96S2 Fe0.99S2 

C6 

BB-97-7.1 
4 
5 

38.07 
10.46 
48.83 
97.36 

(FeO. 78Mn0.21 )Ti03 

BB-97-3 BB-97-3 BB-97-7.1 
3 3b 1 
5 5 5 

35.52 33.63 33.5 
64.35 66.3 66.37 
99.87 99.93 99.87 

Fe1.1 S2 Fe1.01 S2 Fe1.01 S2 



APPENDIX C: MICROPROBE DATA C7 

I Pyrrhotite I 
Sample# 88-97-1 88-97-1 88-97-1 88-97-2 88-97-2 88-97-3 88-97-3 
Analysis# 1 2 4 1 3 4 5 
Group# NA NA NA 3 3 5 5 
Atom.% 
Fe 46.88 46.65 47.21 46.75 46.3 46.96 47.06 
s 53.05 52.84 52.79 53.18 53.48 52.75 52.67 
total 99.93 99.49 100 99.93 99.78 99.71 99.73 
Formula Fe7.07S8 Fe7.06S8 Fe8.9S10 Fe7.03S8 Fe6.9S8 Fe8.9S10 Fe8.9S10 

Sample# 88-97-3 BB-97-5b BB-97-5b BB-97-5b BB-97-7.2 BB-97-7.2 BB-97-7.2 
Analysis# 2 1 2 4 1 2 3 
Group# 5 NA NA NA 5 5 5 
Atom.% 
Fe 46.91 47.4 47.54 47.36 46.21 46.46 46.34 
s 52.99 52.52 52.39 52.54 53.58 53.47 53.57 
total 99.9 99.92 99.93 99.9 99.79 99.93 99.91 
Formula Fe7.08S8 Fe9S10 Fe9.1S10 Fe9S10 Fe6.9S8 Fe6.95S8 Fe6.92S8 


