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INTRODUCTION

The present report is a detailed mineralogical study of the hydrothermally 
altered Lorrain quartzites and sulfides around Drill Hole 92-1 on the property of 
Flag Resources in Mackelcan Township, Ontario. The sediments in Hole 92-1 
are characterized by massive silicification, as well as albite, carbonate, chlorite 
and sericite alteration (Goad, 1991). Emerald green fuchsite (Cr-rich muscovite) 
was identified in quartz veins in the drill cores by Goad (1991) at depths of 71.9m 
and also in a continuous sections between 1, 267m and 2,276m. It has been 
suggested by Schandl (2001) that the presence of fuchsite in the silicified rocks 
implies the introduction of Gr by hydrothermal fluids from an external source - 
such as a mafic or ultramafic intrusion at some depth. Considering that Cr is 
immobile under most geological conditions, these source rocks cannot be far.

Surface sampling was recently undertaken by Flag Resources Ltd. in the 
vicinity of Drill Hole 92-1 for a detailed mineralogical study on the altered Lorrain 
quartzite, in order to characterize the alteration, and the nature of the fluids 
involved in the hydrothermal evolution of the rocks. Because the alteration 
assemblages previously described in the drill logs are unusual, a more detailed 
investigation, leading to the evaluation of mineral potential in the area is 
warranted. Sample locations are listed in the Appendix.

OBJECTIVES

The primary objective of this mineralogical study was, to investigate the 
economic potential of the Cobalt Hill property (around Drill Hole 92-1) of Flag 
Resources Ltd. by characterizing the hydrothermal mineral assemblages and the 
fluids involved in the precipitation of sulfides and silicates. Within this framework, 
the other objectives were:

1. To identify all minerals present in the suite of 14 samples from Drill Hole 
92-1 (and its vicinity) at Cobalt Hill, Mackelcan Township, using a 
petrographic microscope and an electron microprobe; describe the texture, 
specific alteration assemblages and the paragenetic sequence of observed 
alteration in the rocks

2. To identify the types of sulfides present

3. To positively identify fuchsite and to determine its chemical composition by 
using an electron microprobe
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4. To determine the textural and temporal relationship of fuchsite to other
  silicates and sulfides, and

To re-construct the hydrol
obtained from the mineral assemblages

 | 5. To re-construct the hydrothermal evolution of the area using all information

DISCUSSION 

P| Mineralogy and Texture of Silicates, Carbonates

  Detailed mineralogical description of individual samples is presented in the 
section on Petrography, and some of the salient features in the rocks are 
illustrated by photomicrographs. A summary of estimated 07o minerals present in

  individual rocks is shown in Table 1, and microprobe analyses of selected 
fuchsite grains are shown in Table 2.

Quartz:

The mineralogy of sediments suggests that volumetrically, quartz 
represents the most significant alteration in the rocks. The addition of SiO2 in the 
form of quartz veins and pods implies large-scale hydrothermal activities within

Di
forn

* and around Drill Hole 92-1. At least two quartz generations were identified on the 
. . thin section scale, the earlier quartz is represented by coarse-grained veins 

which were later fractured and fragmented and fractures were healed either by 
H second generation quartz or by fine-grained muscovite and carbonate. Quartz 

- grains are often iron-stained, and the parallel alignment of minute hematite 
needles in some quartz suggests that they fill hairline fractures. Although fluid 
inclusions are abundant in most quartz in the Cobalt Hill rocks, in the Fe-stained 
quartz within veins that contain hematite needles, fluid inclusions are absent. 
They were evidently destroyed during hematization of the rocks.

Fluid inclusions in quartz:

Primary and secondary fluid inclusions in quartz contain cube-shaped salt 
crystals in all samples (with the exception of CH-6) from Cobalt Hill. Primary 
inclusions with salt cubes occur in quartz veins and in fragmented quartz derived 
from quartz veins, whereas secondary inclusions with salt cubes also occur in 
quartz clasts within the quartzite. Evidently, the quartz veins crystallized from 
extremely saline solutions, where the salinity of the fluid must have been ^8 
equiv. wt07o NaCI (or CaCI2). That saline solutions circulated through the entire 
sediment pile is evident, as secondary fluid inclusions with salt cubes also occur 
in sedimentary quartz clasts within the quartzite.
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Muscovite, fuchsite and biotite:

Muscovite is the most abundant mica in the Cobalt Hill rocks. Fuchsite 
was also identified in quartz veins and in the altered sediments. Both types of 
micas occur as contorted veinlets in fractured quartz veins, as radiating 
aggregates and as rims on some pyrite. Textural evidence suggests that 
muscovite and fuchsite represent the final stage in the hydrothermal evolution of 
the rocks. The significance of late fuchsite is, that it suggests the introduction of 
Gr to the sediments from an external source. Microprobe analyses of selected 
fuchsite grains is presented in Table 2. Apparently, fuchsite contains not only Gr 
(1.5-2.5 wt07o Cr2O3) but also up to 0.49 wt07o vanadium (V2O5), thus, both 
elements were substituted in the muscovite structure for octahedral Al. A mafic or 
ultramafic source is suggested for the inclusion of Gr and V in muscovite. Some 
muscovites are Fe-stained, suggesting the late circulation of oxidizing fluids. 
Biotite is relatively rare, but when present, it also fills fractures and occurs in 
contorted late veinlets.

Carbonate:

Carbonate is a relatively rare mineral in the suite of 14 samples, and where 
present, it is generally a fracture-filling late mineral. Most carbonates are fine 
grained, Fe-stained aggregates with compositions of ankerite and Fe-dolomite 
(spot analyzed by electron microprobe). Some fine-grained carbonates occur 
with radiating muscovite, and muscovite forms rims on carbonate aggregates - 
suggesting that although the carbonates post-dated fracturing and deformation in 
the quartz, they pre-dated the micas.

Albite-oligoclase:

The rocks contain a mixture of albite and oligoclase. Contrary to the 
generally held hypothesis, most feldspars are part of the original sediment and 
only a small fraction of the albites crystallized during sodium metasomatism. This 
is apparent from the relative abundance of subrounded and partly corroded 
feldspars (having resorbed grain boundaries) with respect to the replacement 
albite. Most feldspars are Fe-stained and contain minute hematite needles or 
oxy-hydroxide globules. This is not surprising, as partial dissolution of feldspars 
and the introduction of Fe was probably taking place during late-stage 
hydrothermal alteration. Oligoclase are all sedimentary in origin.

Chlorite:

Chlorite is volumetrically insignificant in the present suite of rocks. It 
generally occurs in trace amounts and only the drill core sample (CH-4B)
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i contains up to 7 07o chlorite (Table 1). In this particular rock, Mg-Fe-chlorite 

(ripidolite) occurs as radiating aggregates interstitial to the sediment.

Sulfide Mineralogy

The only sulfide identified in the polished thin sections is, pyrite. Pyrites 
occur as poikiloblasts over-growing the sediment fabric, and as coarse-grained 
aggregates which occur within quartz veins and in the fragmented vein quartz. 
Most pyrite are fractured, fragmented and brecciated and fractures are filled by 
quartz, micas and carbonate. Some pyrite are rimmed by fine-grained muscovite, 
fuchsite and carbonate. The textural relationship between pyrite, sediment, late 
quartz and other alteration minerals suggests that pyrite was introduced at the 
time of silicification. Small quartz inclusions in pyrite poikiloblasts indicate that 
pyrite was not part of the original sediment as it over-grows the sediment fabric. 
However, as pyrite and quartz are both fractured and fragmented, they must 
have been present prior to brecciation of the rocks, thus pre-dated the fracture- 
filling carbonates and micas. Carbonate inclusions are absent from pyrite 
poikiloblasts.

CONCLUSIONS

1. The hydrothermal fluid which introduced large quantities of Si02 (in the form of 
quartz veins and pods) to the Lorrain quartzite at Cobalt Hill was highly saline 
^28 equiv. wf^ NaCI). This is evident from the ubiquitous presence of salt cubes 
in primary fluid inclusions in all but one of the 14 samples (CH-6). Fluid inclusions 
with cube-shaped halite crystals, similar to those identified at Cobalt Hill, have 
been reported from interstitial quartz in the deep copper zone of the Strathcona 
mine, in the Barnet property and in the epidote zone of the Fraser mine at the 
Sudbury Ni-Cu-PGE deposit (Farrow S Watkinson, 1992). The saline fluids at 
Sudbury are considered to have been late magmatic in origin and are believed to 
have mobilized the PGE, as well as the Cu (Farrow and Watkinson, 1992; Jago 
et al., 1994). Saline fluids are known to be associated with other magmatic 
sulfide-PGE deposits as well, such as the Lac des Iles Complex (Tellier et al., 
1991), Merensky Reef, Bushveld Complex (Ballhaus and Stumpfl, 1986) and the 
New Rambler deposit, Wyoming (Nyman et al., 1990). It should be emphasized 
here that fluid inclusions with salt crystals have not been previously identified in 
the Huronian sediments to my knowledge, nor in quartz veins associated with the 
sediments. In fact, fluid inclusions with such saline fluids are relatively rare, and 
they are generally associated with magmatic - porphyry-type ore deposits. 
Apparently, late quartz veins in the Cobalt Hill quartzites are unique, as they 
crystallized from super-saline fluids - similar to those documented at the Sudbury 
Igneous complex.
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Based on the present petrographic study, it is concluded that the Cobalt 
Hill area in the vicinity of Drill Hole 92-1 represents a center of extensive 
hydrothermal activity. This hydrothermal activity was associated with (a) 
"quartz-flooding" or silicification of the Lorrain quartzite (b) addition of Fe 
as pyrite (c) brecciation, which resulted in extensive fracturing of pyrite and 
quartz (d) introduction of fine-grained Fe-rich carbonate (e) introduction of 
micas (including fuchsite) and chlorite, and (f) evolution of oxidizing fluids, 
forming hematite needles and minute oxy-hydroxide globules in quartz, 
feldspars and some micas.

The significance of fuchsite in the quartz veins at Cobalt Hill are two-fold: 
(a) Gr and V-bearing fuchsite veinlets and aggregates within the fractured 
and brecciated quartz suggests the introduction of these elements from an 
external source. It is suggested that the source of Cr was probably a mafic 
or ultramafic intrusion at some depth. Because Cr is an immobile element, 
it is unlikely to have moved far from its source (the mafic-ultramafic 
intrusion), (b) Cr-rich micas are known to be associated with some 
Archean gold deposits such as Dome, Kerr Addison and Aquarious mines, 
where Cr has been derived from the host ultramafic rocks. Late 
metamorphic fluids also remobilized Cr from the ultramafic rocks at the 
Kidd Creek VMS deposit (Timmins, Ontario) and deposited it in the contact 
rhyolite as fuchsite (Schandl, 1989; Schandl and Wicks, 1993; Smith et al., 
1993). Vanadium in the fuchsite at Cobalt Hill is intriguing, as vanadium- 
rich micas are known to be associated with the Hemlo gold deposit.

Late-stage oxidizing fluids were responsible for the introduction of minute 
hematite needles (aligned parallel) to some of the fractured quartz and 
relict albite, and the subsequent destruction of fluid inclusions in these "Fe- 
stained" quartz and albite. Although albite alteration was observed in some 
sediments, sodium-metasomatism was not a major nor an important 
alteration in the Cobalt Hill quartzites as has been previously suggested by 
others. Most feldspars in the sediment were identified as relict albite- 
oligoclase clasts.

m 
m

RECOMMENDATIONS

The path of saline fluids and Cr-bearing fluids should be identified at 
Cobalt Hill in order to find the (mafic-ultramafic) source rocks. Consequently, 
nearby structural features should be carefully examined, and the hydrothermal 
assemblages properly identified and evaluated. For example, an increase in 
fuchsite in the quartzites would be a good indication for the close vicinity of a 
mafic-ultramafic intrusion.



The geological boundaries of the area should be defined where the fluid 
inclusions in quartz veins and pods contain salt crystals, as saline fluids can be 
good indicators of magmatic, ore-bearing fluids.

A fluid inclusion study of the present suite of rocks from Cobalt Hill is 
currently under way. The study will determine the temperature (and exact 
salinity) of the fluid in fluid inclusions in the Cobalt Hill quartz veins. It will 
compare the temperature, salinity and type of salt crystals present to the fluids 
associated with the Sudbury Igneous Complex, where mobilization of PGE and 
Cu has been attributed to saline, late magmatic fluids (cf. Farrow and Watkinson, 
1992; Jagoetal., 1994).
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TABLE 1. ESTIMATED "/o MINERALS IN SELECTED ROCKS FROM COBALT HILL, MACKELCAN TOWNSHIP

Sample #

Quartz
Albite-oligoclase
Orthoclase
Muscovite
Fuchsite
Biotite
Chlorite
Carbonate
Epidote

Rutile
Monazite
Apatite
Zircon
Tourmaline
Jarosite

Pyrite
Magnetite

Fluid inclusions in qtz

with salt crystals

x z trace amount

CH-1

65
30

5
x
x

x
x
x
x

x

CH-2A-1

68
25

5
x
x
x

x
x

0.5
x

2

x

CH-2A-2

50
35

3
X

x
x
x

x
x

x

12

x

CH-2B

60
39

x

x

x
x
x
x

1
x

x

CH-3A

60
12
x
x
x
3

x
x

x

25

x

CH-3B

70
20

x
x

x
x
x

0.1
x
x

10

x

CH-3C

70
23

5
0.2

x

x
x

x
x
x
x
x

2

x
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TABLE 1. ESTIMATED "/o MINERALS IN SELECTED ROCKS FROM COBALT HILL, MACKELCAN TOWNSHIP

Sample #

Quartz
Albite-oligoclase
Orthoclase
Muscovite
Fuchsite
Biotite
Chlorite
Carbonate
Epidote

Rutile
Monazite
Apatite
Zircon
Tourmaline
Jarosite

Pyrite
Magnetite

Fluid inclusions in qtz

with salt crystals

CH-4A

85
8

7
x

x
x

x
x
x
x

x

CH-4B

70
23

7
x

x
x
x
x

x

CH-5

55
45

x
x

x
x
x
x

x

x

CH-6

45
45

x

x
x
x
x

10

CH-7A

96

2

x
2

x

x

CH-7B

79

0.5

x
0.5

x
x
x

20

x

CH-7C

77

3

x

x
x
x

20

x
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STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC

STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC

STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC

STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC
STEC

STEC
STEC
STEC
STEC
 :TEC
STEC
STEC
STEC
JTEC
STEC
STEC
JTEC

COBALT HILL FUCHSITE
zaf cycles 6

COBALT HILL FUCHSITE
zaf cycles 6 bc drifts. 973

fac %el %ox stfm
SI02 0.66 21.39 45.76 5.696
TI02 0.83 0.10 0.17 0.016
AL203 0.72 16.68 31.51 4.623
CR203 0.83 1.20 1.75 0.172
V205 0.84 0.27 0.49 0.040
FEO 0.83 1.67 2.15 0.224
MGD 0.59 0.78 1.30 0.241
K20 0.85 8.52 10.26 1.630
total 50.62 93.40 20

COBALT HILL FUCHSITE
zaf cycles 6 bc drifts. 854

fac %el %ox stfm
SI02 0.64 21.88 46.81 5.834
AL203 0.75 20.10 37.99 5.580
CR203 0.83 0.95 1.39 0.137
V2O5 0.83 0.15 0.27 0.022
FEO 0.83 0.42 0.54 0.056
MGO 0.61 0.00 0.00 0.000
K20 0.84 6.73 8.11 1.289
total 50.24 95.11 21

COBALT HILL FUCHSITE
zaf cycles 6 bc drifts. 841

fac *el %ox stfm
SI02 0.64 21.94 46.94 5.876
AL203 0.75 20.01 37.81 5.579
CR203 0.83 0.75 1.10 0.109
V205 0.83 0.15 0.26 0.022
FEO 0.83 0.30 0.39 0.041
MGO 0.61 0.00 0.00 0.000
K20 0.84 6.45 7.77 1.241
total 49.61 94.27 21

COBALT HILL FUCHSITE
zaf cycles 6 bc drifts. 929

fac %el %ox stfm
SI02 0.66 21.85 46.74 5.986
AL203 0.73 17.21 32.52 4.910
CR203 0.83 1.42 2.08 0.211
V205 0.83 0.16 0.29 0.024
FEO 0.83 1.19 1.53 0.164
MGO 0.60 0.92 1.52 0.290
K20 0.85 8.45 10.18 1.664
NA20 0.41 0.00 0.00 0.000
total 51.20 94.86 21

COBALT HILL FUCHSITE
zaf cycles 6 bc drift^l.038

fac %el %ox stfm
SI02 0.65 21.10 45.13 5.868
TI02 0.83 0.09 0.15 0.015
AL203 0.73 17.68 33.41 5.120
CR203 0.83 1.71 2.50 0.257
V205 0.84 0.21 0.38 0.033
FEO 0.83 0.97 1.24 0.135
MGO 0.59 0.35 0.59 0.114
K2O 0.85 8.37 10.08 1.672
total 50.49 93.50 21

TABLE 2*

* Electron microprobe analyses of fuchsite (Cr-rich muscovite) from Cobalt Hill
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	APPENDIX 
Sample locations for Petrographic Report on the Cobalt Hill area

CH-1 From outcrop 20 m north of DDH 92-1

CH-2A-1 From shaft opening, west side of Cobalt Hill (31 m west of DDH 92-1)
CH-2A-2 From shaft opening, west side of Cobalt Hill (31 m west of DDH 92-1)
CH-2B From shaft opening, west side of Cobalt Hill (31 m west of DDH 92-1)

CH-3A From muck pile of shaft area (41 m west of DDH 92-1)
CH-3B From muck pile of shaft area (41 m west of DDH 92-1)
CH-3C From muck pile of shaft area (41 m west of DDH 92-1)

CH-4A From DDH 92-1; depth: 2100 feet
CH-4B From DDH 92-1; depth: 2100 feet

CH-5 From east side of Cobalt Hill

CH-6 From gossan zone, north end of Jones Lake (20' north of lake)

CH-7A From shaft dump
CH-7B From shaft dump
CH-7C From shaft dump

11
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Sample Number: CH-1 

Petrographic Summary:

Rock Type: Arkosic quartzite

Fine-grained metasediment consists predominantly of quartz, albite and minor orthoclase. 
Fine-grained matrix between anhedral quartz and the feldspars is predominantly albite and minor 
quartz. Two quartz generations were identified: first generation quartz is part of the original 
sediment and second generation quartz are clasts from a fragmented quartz vein. Fe-staining of 
albite is pervasive throughout, and the introduction of iron represents a relatively late stage in the 
evolution of the rock. Minor fine-grained fuchsite is interstitial to feldspars, they occur in small 
aggregates and as cross-cutting veinlets. Fine-grained muscovite aggregates are also present in the 
matrix, as are rutile aggregates, a few titanite, zircon and monazite grains.

The weakly albitized metasediment, which originally consisted of quartz and feldspars 
(arkose) shows evidence of weak deformation, brecciation and granulation. The fuchsite was 
introduced during or after deformation, as deformed twin planes of albite are Fe-stained and 
fuchsite occurs in small cross-cutting veinlets. Primary and secondary fluid inclusions in quartz 
contain one or more salt crystals, suggesting that the salinity of the fluid was very high (X26 wt 
07o), whereas the presence of fuchsite suggest that the fluid had a relatively low pH.

Detailed Mineralogy

Mineral

Quartz

"/o

65

Grain size(mm)

0.5-4

Comments

Albite 30 Variable up to 3

Orthoclase Up to 2

Subrounded quartz clasts represent the original 
quartz in the metasediment, whereas angular 
quartz clasts with ragged, embayed grain 
boundaries represent fragments of a quartz 
vein. All quartz are strained, they have 
undulose extinction and many are partly 
recrystallized at the grain boundaries.

Twinned albite is interstitial to quartz. First 
albite generation is fragmented and partly 
recrystallized, and second generation albite is 
interstitial to quartz clasts.

Untwinned orthoclase is interstitial to quartz 
clasts and also show signs of Fe-staining and 
partial replacement by Fe-oxide.

Fuchsite 8c -^1 Contorted fuchsite and muscovite veinlets are 
muscovite interstitial to quartz and the feldspars, but

fuchsite also occurs in minute late veinlets. 
Accessory Minerals: rutile, monazite, apatite, zircon.

13
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Sample Number: CH-2A-1 

Petrographic Summary:

Rock Type: Arkosic quartzite

A siliceous metasediment, consisting predominantly of quartz, lesser albite and orthoclase. 
Fractured and fragmented pyrite occur as small poikiloblasts, some of which are rimmed by late 
fuchsite veinlets. The original quartz in the metasediment is weakly subrounded and most have 
smooth grain boundaries, whereas anhedral, coarse-grained quartz appear to represent part of a 
fragmented vein or a siliceous pod. The coarse-grained quartz have ragged, embayed grain 
boundaries, suggesting disequilibrium crystallization and apart from the recrystallized fine-grained 
rims, interstitial matrix (cement) is absent. Relict albite and orthoclase in the metasediment are 
weakly Fe-stained, strained and partly recrystallized to fine-grained aggregates at the grain 
boundaries. Late albite is mostly interstitial to quartz and the relict feldspars (minor albitization). 
Some pyrite occur as poikiloblasts, and the fragmented, anhedral grains are rimmed by late 
fuchsite veinlets. The rock texture and mineral texture suggest that the sediment is weakly 
deformed and brecciated. Fine-grained apatite aggregates are interstitial to quartz. Just as in 
sample CH-1, fluid inclusions (both primary and secondary) in quartz contain cube-shaped white 
salt crystals, suggesting that fluid salinity was high during the recrystallization of late quartz.

Mineral

Quartz

"/o

68

Detailed Mineralogy 

Grain size(mm) Comments

O.5-4

Albite 25 O.5-1.5

Orthoclase Av. 0.8

Subrounded quartz with relatively smooth grain 
boundaries represent the original grains in the 
quartzite. Anhedral quartz aggregates with 
ragged, embayed grain boundaries probably 
represent a fragmented, partly recrystallized 
quartz vein or a siliceous pod. Fine-grained 
cement (albite+quartz) is interstitial to the 
subrounded grains, but cement is absent from 
the anhedral quartz aggregates, which would be 
consistent with a vein origin.

Most albite are interstitial to quartz, some are 
single grains, others are interstitial aggregates, 
partly replacing the original fine-grained matrix 
(albitization). Twin lamellae of the larger grains 
are bent, suggesting that the rock has been 
subjected to deformation and granulation.

Anhedral, untwinned orthoclase is interstitial to 
quartz and albite. The K-feldspars that were 
part of the original sediment are Fe-stained,

14



Pyrite Variable

Fuchsite trace

Rutile trace

Apatite 0.5

strained and weakly recrystallized at the grain 
boundaries.

Anhedral pyrite occur as poikiloblasts with 
small quartz inclusions and as fragmented, 
fractured grains within the coarse-grained 
quartz aggregates. Some are rimmed by small 
fuchsite veinlets and fractures are filled by 
fuchsite veinlets.

Very fine-grained fuchsite occurs in small 
veinlets, as well as fine-grained aggregates 
interstitial to coarse-grained quartz. The 
veinlets cross-cut fractured pyrite, suggesting 
that they represent the late-stage introduction 
of Cr-rieh micas.

Fine-grained rutile occur in aggregates often 
associated with pyrite. They are not detrital in 
origin, but appear to have crystallized from the 
break-down of titanomagnetite during late- 
stage alteration.

Fine-grained apatite is interstitial to quartz and 
the albite. They are probably detrital in origin.

Accessory Minerals: muscovite, biotite, zircon, monazite.
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Sample Number: CH-2A-2 

Petrographic Summary:

Rock Type: Arkosic quartzite

A more feldspar-rich version of CH-2A-1. The rock contains an abundance of pyrite, 
mostly in the coarse-grained quartz. As in the previous sample, pyrite is fragmented and fractured, 
and fractures are filled by quartz and muscovite/fuchsite veinlets. The coarse-grained, fragmented 
quartz are extensively strained, deformed and have semi-mosaic texture. Most feldspars in the 
rock are twinned albite, but a few corroded orthoclase grains are also interstitial to quartz and 
albite. Relict, partly fragmented and strained albite is interstitial to quartz and forms interlocking 
aggregates. Late albite forms rims on some quartz grains, suggesting minor albitization.

Detailed Mineralogy

Mineral

Quartz

07o

50

Grain size(mm)

O.5-5

Comments

Albite 35 0.5-2

Subrounded quartz grains were part of the 
original metasediment, whereas the large, 
anhedral, angular quartz grains represent 
fragments of quartz veins. The latter have 
embayed, ragged grain boundaries, they are 
extensively strained and many are fractured. 
Fine-grained quartz is also part of the cement 
between coarse-grained quartz and the 
feldspars.

Albite grains have polysynthetic twinning and 
they are mostly interstitial to quartz. Some of 
the grains are deformed and the twin lamellae 
are kink-banded. Fine-grained albite also occurs 
as cement between quartz and the coarse- 
grained feldspars. Weak albitization is evident 
as some of the quartz are rimmed and partly 
replaced by fine-grained albite.

Untwinned orthoclase is interstitial to albite and 
quartz-it is evidently part of the metasediment.

Fractured and fragmented pyrite is mostly 
associated with the coarse-grained quartz, or 
they are poikiloblasts which over-grow the 
sediment fabric.

Accessory Minerals: Fuchsite, muscovite, biotite, rutile, monazite, zircon, chlorite.

Orthoclase 3 

Pyrite 12

Av. 0.8

O.5-2.5
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Sample Number: CH-2B 

Petrographic Summary:

Rock Type: Arkosic quartzite

Semi-equigranular arkosic quartzite. The rock consists predominantly of quartz and albite. 
Most quartz grains are subrounded, strained and have smooth grain boundaries. Albite occurs as 
clasts and as matrix interstitial to quartz. Subhedral albite grains show evidence of strain and 
deformation, having bent twin lamellae, thus, suggesting their presence in the original sediment. 
The fine-grained matrix consists of twinned albite and quartz - both of which are strained and 
locally granulated. Late quartz veinlets cross-cut albite and quartz clasts, suggesting that 
silicification continued after deformation. A few small fuchsite aggregates occur with rutile 
aggregates and also as small veinlets along late quartz and pyrite selvages. Subhedral-euhedral 
pyrite are fragmented and granulated. The rock shows evidence of granulation, deformation, 
partial recrystallization and weak albitization. Fragmented quartz vein contains fluid inclusions 
with cube-shaped salt crystals.

Detailed Mineralogy

Mineral

Quartz

"/o

60

Grain size(mm)

0.5-4

Comments

Albite 39

Pyrite Up to 2.5

Large, subrounded quartz occur as clasts, 
whereas angular grains are probably part of 
fragmented a quartz vein. Fine-grained quartz 
occur as granulated aggregates interstitial to 
the large quartz and albite clasts, and small 
quartz veinlets cross-cut the rock fabric. Most 
grains show evidence of strain and deformation.

Partly deformed, twinned albite clasts are part 
of the original rock. Albite also occur in weakly 
granulated, fine-grained aggregates (intergrown 
with quartz) within the matrix. Fine-grained late 
albite forms rims on some quartz, partly 
replacing quartz (albitization).

Subhedral pyrite are partly fractured and some 
grains are granulated to form fine-grained 
aggregates. The latter occurs within the 
recrystallized matrix.

Accessory Minerals: Rutile, fuchsite, zircon, magnetite, chlorite.
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Sample Number: CH-3A 

Petrographic Description:

Rock Type: Brecciated arkosic quartzite

A brecciated, granulated quartz-rich rock, consisting predominantly of quartz, albite and 
mica (fuchsite, biotite and muscovite) veinlets. Extensively Fe-stained, large, angular quartz 
fragments represent a disseminated quartz vein within the arkosic quartzite (quartz flooding). The 
coarse-grained angular quartz fragments are strained and show evidence of brecciation. The 
original albite clasts in the sediment are fragmented, partly recrystallized, and some are cross-cut 
by late quartz veinlets. A massive pyrite vein cross-cuts the rock fabric and appears to be 
associated with the early coarse-grained quartz vein. Most pyrite are fractured and fragmented 
and fractures are filled by late fine-grained quartz ( mica) veinlets. Fe-staining of coarse-grained 
quartz pre-dated the late quartz veinlets. Very fine-grained granular quartz forms a matrix to the 
coarse-grained quartz and its vein-like appearance is consistent with late silicification. Coarse- 
grained quartz (in fragmented vein) contains fluid inclusions with cube-shaped salt crystals.

Mineral

Quartz

"/o

60

Detailed Mineralogy 

Grain size(mm) Comments

Albite 12  ^0.5-3.5

Pyrite 25 0.3-4

Biotite fine-grained

Three quartz generations were identified: 1) 
original quartz in the arkosic sandstone 2) 
coarse-grained quartz vein and 3) late fine 
grained quartz veinlets that cross-cut the rock 
fabric. The early quartz vein is fractured, 
fragmented and partly recrystallized, and the 
late quartz vein represents late silicification that 
post-dated or it was contemporaneous with 
brecciation.

Most albite occurs as part of the original 
sediment. Twin lamellae are often bent or 
fractured and some albite clasts are cross-cut by 
late quartz veinlets.

Coarse-grained pyrite occurs in a vein that 
cross-cuts the rock fabric and appears to be 
part of the early coarse-grained quartz vein. 
Most pyrite are fractured and fragmented and 
fractures are filled by late fine-grained quartz 
veinlets and/or by biotite, fuchsite and 
muscovite veinlets.

Late micaceous veinlets form partial rims on
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pyrite, they occur within pyrite and quartz 
fractures, and as fine-grained aggregates within 
the fine-grained silicieous matrix. Most are 
biotite, but fuchsite and muscovite are also 
common within contorted, small veinlets. Micas 
represent a late-stage alteration that post-dated 
brecciation and fragmentation.

Accessory Minerals: Muscovite, fuchsite, rutile, chlorite, orthoclase, zircon, monazite

•l
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Sample Number: CH-3B Rock Type: Arkosic quartzite

m 
m 
m

i

i
i

Petrographic Description:

Extensively silicified rock. The original rock was an arkose consisting predominantly of 
albite and lesser quartz. Quartz flooding resulted in the inclusion of fragmented albite in coarse- 
grained quartz. Quartz poikiloblasts contain partly corroded and fragmented albite and the large 
quartz grains are dissected by numerous fine-grained, narrow, late-stage quartz   albite veinlets. 
These late veinlets also contain fine-grained hydrothermal monazite, suggesting that the quartz 
veinlets were contemporaneous with REE mobility in the rocks. This scenario is similar to the 
Sheppard gold property in the MacLennan Township where hydrothermal monazite was dated at 
1700 Ma (Schandl et al., 1994). Late quartz veinlets and aggregates probably represent a second 
event of silicification. Micaceous veinlets generally form rims on pyrite and are interstitial to 
quartz. Subhedral-euhedral pyrite occur in aggregates and most are fractured, fragmented. Fluid 
inclusions in vein quartz contains cube-shaped inclusions of salt crystals.

Detailed Mineralogy

Mineral

Quartz

"/o

70

Grain size(mm)

Albite 20 variable

Pyrite 10 0.5-1.5

Micas Trace Fine-grained

Comments

Three quartz generations were identified: 1) 
early quartz was part of the arkose 2) very 
coarse-grained quartz poikiloblasts are weakly 
deformed and contain albite inclusions and 3) 
late-stage fine-grained quartz that occurs in 
veins which cross-cut the large poikiloblasts. 
The youngest quartz is generally extremely 
fine-grained and occur in veinlets that cross-cut 
the earlier poikiloblasts.

Albite with polysynthetic twinning represents 
the original mineralogy of the rock, but albite 
also represents weak albite alteration as it 
partly replaces some coarse-grained quartz. The 
anhedral grains are locally deformed and some 
contain small monazite aggregates.

Subhedral-anhedral pyrite is disseminated 
through the siliceous rock. They are fractured 
and fragmented, and fractures are filled by late 
quartz veinlets.

Most micas are muscovite and minor fuchsite. 
They generally occur in aggregates or form

20



Monazite 0.1 Av. 50 m|o.

small veinlets that wrap-around pyrite.

Fine-grained monazite aggregates (LREE-rich 
phosphate) commonly occur in late quartz 
veinlets, as rims on pyrite and as inclusions in 
some albite and quartz. They are identified by 
their high relief and high birefringence.

Accessory Minerals: Carbonate, epidote, zircon, chlorite, apatite.
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Sample Number: CH-3C 

Petrographic Description:

Rock Type: Arkosic quartzite

A deformed and fragmented quartz-rich rock, consisting predominantly of quartz and 
feldspars. Sheared, elongate quartz fragments are aligned parallel, locally defining the rock fabric. 
These angular elongate clasts represent fragmented quartz veins, whereas subrounded quartz and 
coarse-grained oligoclase feldspars are part of the original sediment. Fine-grained granular quartz 
and late albite are interstitial to the coarse quartz fragments and the clasts. Some of the fine- 
grained quartz and albite aggregates represent the original matrix, and some crystallized as the 
result of granulation of the larger grains. Fe-staining is relatively pervasive, particularly in the fine 
grained matrix (porosity affect) and small fuchsite aggregates occur within the recrystallized 
matrix, as well as small veinlets along outer rims of pyrite. Subhedral-anhedral pyrite poikiloblasts 
are fractured and fragmented and fractures are filled by late quartz and micas. Small quartz 
veinlets cross-cut the rock fabric, indicating that silicification of the metasediment continued after 
fragmentation, brecciation and granulation of earlier quartz and feldspars. Rare tourmaline occurs 
in the late quartz veins. Coarse-grained quartz (in fragmented vein) contains fluid inclusions with 
small cube-shaped salt crystals.

Mineral

Quartz

Detailed Mineralogy 

Grain size(mm)

70 0.5-4

Plagioclase 23

Comments

Several quartz generations are present: 1) 
quartz grains part of the original quartzite 2) 
quartz veins (now fragmented), plumose, 3) 
granular quartz in matrix (recrystallized quartz 
clasts) and 4) small quartz veinlets that cross 
cut the rock fabric. Silicification - or quartz 
flooding produced the coarse-grained angular 
quartz (as veins) which were subsequently 
fragmented as long "ribbon-like" fragments, 
and silicification gave rise to late (minor), 
cross-cutting quartz veinlets.

Two types of plagioclase were identified: relict 
oligoclase-albite which were part of the original 
sediment (they have deformed twin planes and 
granulated grain boundaries), and minor late 
albite which partly replaces some of the quartz 
clasts at the grain boundaries. Fine-grained 
albite is also part of the matrix.
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Orthoclase 5 Av. 1.5 Anhedral orthoclase was part of the original
metasediment. Some grains are partly replaced 
by albite and some are Fe-stained.

Pyrite 2 0.5-2.5 Pyrite are fractured and fragmented and some
are poikiloblasts with quartz inclusions.

Micas 0.2 Fine-grained fuchsite and muscovite occur in
aggregates within the matrix and as contorted 
veinlets along pyrite. They are commonly 
associated with Fe-stained minerals.

Accessory Minerals: Carbonate, rutile, tourmaline, zircon, apatite, monazite, chlorite.
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Sample Number: CH-4A 

Petrographic Description:

Rock Type: Quartz vein with sediment fragment

A coarse-grained quartz vein with fragments of quartzite. Large, anhedral quartz in the 
vein are extensively strained and deformed. The vein contains small sediment fragments consisting 
of quartz, albite, minor carbonate, fuchsite and muscovite. Muscovite is the predominant mica. 
Muscovite ( fuchsite) veins are interstitial to coarse-grained quartz, and radiating mica aggregates 
are also included in the quartz. Fine-grained carbonate veinlets and aggregates are intergrown 
with prismatic muscovite and also occur as inclusions in quartz. The muscovite veins (and 
fuchsite) were introduced during a late hydrothermal event that post-dated or was 
contemporaneous with fracturing and deformation of quartz in the vein. Most radiating micas are 
Fe-stained and contain fine-grained carbonate in the center. Sulfides are absent. Primary fluid 
inclusions in vein quartz contain small salt crystals.

Detailed Mineralogy

Mineral

Quartz

"/o

85

Grain size(mm)

0.5-7

Comments

Plagioclase 8

Micas 7

variable

0.5-1

Carbonate 0.5 0.5

Coarse-grained, anhedral, angular quartz is the 
most abundant mineral in the rock, it represents 
part of a vein. Subrounded quartz occurs in the 
sediment, which in turn is included in the 
coarse-grained quartz vein.

Oligoclase and albite both occur in the sediment 
fragment. Most feldspars are relict grains and 
there is no evidence of albitization in the rock.

Muscovite and some fuchsite occur in acicular, 
radiating aggregates interstitial to coarse- 
grained quartz, as inclusions in quartz or as 
contorted veinlets within the coarse-grained 
quartz aggregates. Most are Fe-stained and are 
intergrown with fine-grained dark carbonate.

Dark carbonate aggregates occur mostly with 
the micas, but some are also included in quartz, 
or they are interstitial to the fine-grained 
matrix.

Accessory Minerals: Chlorite, rutile, monazite, zircon, apatite.
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Sample Number: CH-4B 

Petrographic Description:

Rock Type: Arkosic quartzite

The rock has a sedimentary texture and it consists predominantly of quartz, feldspars 
(albite-oligoclase) and chlorite. Most feldspars are detrital in origin and range in composition 
between albite and oligoclase, although minor albitization is suggested by the partial replacement 
of quartz are the grain boundaries and also by the local replacement of fine-grained interstitial 
quartz by fine-grained albite. Radiating, fan-shaped chlorite is interstitial to quartz and replaces 
some of the detrital feldspars. The dark green color of chlorite, its relatively high relief and biaxial 
+V6 interference figure are consistent with ripidolite. Carbonate (calcite) is an accessory mineral, 
often intergrown with quartz. Mica is conspicuously absent, but rutile aggregates, a few grains of 
monazite and zircon occur within the thin section. As most other rocks, this rock is also Fe- 
stained, particularly the quartz and locally some plagioclase.

Mineral

Quartz

Vo

70

Detailed Mineralogy: 

Grain size(mm) Comments

O.5-3

Albite- 
oligoclase

23 0.5-2

Chlorite

Anhedral, angular quartz clasts are strained, 
they have undulose extinction and ragged, 
embayed grain boundaries. Evidently, the rock 
is partly recrystallized and recrystallization was 
probably contemporaneous with chlorite. 
Hydrothermal alteration that produced chlorite 
represents the last episode of hydrothermal 
activity in this rock.

Relict, detrital feldspars are mostly oligoclase. 
They are interstitial to quartz and some are 
replaced by chlorite. Albite is a replacement 
mineral, as fine-grained albite partly replaces 
some of the quartz. This late albite is often 
interstitial to quartz and it represents part of the 
matrix.

Radiating ripidolite (Fe-Mg chlorite) 
aggregates are interstitial to quartz and the 
feldspars. The fan-shaped chlorite aggregates 
crystallized at the expense of albite, and 
represent late-stage hydrothermal alteration in 
the evolution of the quartzite.

Accessory Minerals: Carbonate, rutile, monazite, zircon, apatite.
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Sample Number: CH-5 

Petrographic Description:

Rock Type: Albitized arkosic quartzite

Equigranular sediment, consisting almost exclusively of quartz and albite. Subrounded 
quartz grains have typical sedimentary texture, some of the subrounded and corroded albite grains 
are detrital, but most albite are hydrothermal in origin. Some of the late albite grains are interstitial 
to quartz, they partly replace quartz grains, occur as fine-grained rims on quartz and as fine 
grained cement between quartz and the detrital albite. Although most quartz are weakly strained 
and show undulose extinction, there is no evidence of deformation or brecciation. The rock is Fe- 
stained and fine-grained diarist aggregates are locally interstitial to quartz. Micas are more or less 
absent, only a few fuchsite grains were identified in the matrix. Rutile aggregates, several zircon 
and monazite are disseminated through the rock. Monazite most commonly occurs with rutile.

Mineral

Quartz

"/o

55

Detailed Mineralogy: 

Grain size(mm) Comments

O.5-3

Albite 45

Jarosite trace variable

Most quartz are subrounded, detrital grains. 
Some are partly replaced by albite or rimmed 
by fine-grained albite. Several grains are Fe- 
stained and some contain small veinlets with 
fine-grained jarosite. The fine-grained matrix 
quartz is also replaced by fine-grained albite.

Detrital, subrounded albite represents clasts in 
the original sediment. Many of the detrital 
grains are weakly recrystallized at the grain 
boundaries to fine-grained albite aggregates. 
Late hydrothermal albite was introduced during 
Na-metasomatism of the sediment and occurs 
as replacement after quartz clasts and as 
replacement of the fine-grained quartz-rich 
matrix.

Jarosite occurs in iron-rich veinlets within the 
rock, also clusters of fine-grained aggregates 
interstitial to quartz and the feldspars. It was 
identified by its orange-brown color and strong 
birefringence.

Accessory Minerals: Fuchsite, muscovite, rutile, zircon, monazite, apatite.
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Sample Number: CH-6 

Petrographic Description:

Rock Type: Albitized quartzite

Equigranular, fine-grained sediment, consisting of ea. equal proportions of quartz and 
albite. Albite was introduced during sodium-metasomatism as most quartz are partly replaced by 
albite. Replacement generally occurs along grain boundaries and fractures. Pervasive 
recrystallization of the rock is apparent from the ragged grain boundaries of both quartz and 
albite. Blebby textured matrix consists mostly of albite with minor fine-grained quartz. Subhedral- 
euhedral pyrite poikiloblasts over-grow the rock fabric, they have sieve texture and contain 
numerous quartz and a few albite inclusions. Late acicular muscovite forms rims on some pyrite. 
In general, micas are rare. Important (abundant) accessory minerals are rutile and fine-grained 
monazite. They occur together and monazite over-grows rutile. The texture and mineralogy of 
this rock is very similar to the arkose described from the Sheppard property in the MacLennan 
Township (Schandl et al., 1994).

Detailed Mineralogy

Mineral

Quartz

"/o

45

Grain size(mm)

Av. 1.5

Comments

Albite 45 ^.5-2.5

Pyrite 10 Av. 2.5

Detrital quartz represents the original clasts in 
the sediment. Most quartz grains are partly 
recrystallized and have ragged grain 
boundaries. Quartz are often rimmed by fine- 
grained albite which may also replace domains 
within individual grains. Fine-grained quartz, 
intergrown with fine-grained albite cements the 
larger quartz-albite grains.

Fine-grained albite forms rims on quartz, it 
occurs in minute aggregates within the matrix, 
and as larger grains interstitial to quartz. The 
texture of the rock suggests that most albite 
crystallized during sodium metasomatism. 
Some relict detrital albite grain have deformed 
twin lamellae, suggesting their presence prior to 
albitization. Late albite grains often contain 
aggregates of rutile and monazite.

Pyrite poikiloblasts over-grow quartz and albite 
and contain numerous inclusions. They 
evidently post-dated albitization in the rock.

Accessory Minerals: Rutile, monazite, muscovite, zircon, apatite.
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Sample Number: CH-7A 

Petrographic Description:

Rock Type: Quartz vein

A very coarse-grained quartz vein, representing several generations. The earlier quartz in 
the vein are fractured and included in subsequent coarse-grained quartz, some of which are 
euhedral. Most anhedral, angular quartz grains form interlocking aggregates, they are extensively 
strained, fractured, fragmented, weakly brecciated and developed a semi-mosaic texture. Fine 
grained carbonate veins and aggregates occur in fractures, suggesting that they post-dated the 
quartz vein. Most carbonates are Fe-stained, suggesting an ankeritic composition. Late muscovite 
aggregates and veinlets are also fracture-controlled. The muscovite veinlets are contorted and 
they are intergrown with illite or hydromuscovite. Radiating muscovite also forms rims on 
carbonate, evidently, they post-dated the carbonates. Both carbonate and muscovite are iron- 
stained, and a network of oxidized Fe-veinlets cross-cut most quartz. Only some of the fluid 
inclusions in quartz contain salt crystals.

Mineral

Quartz

Detailed Mineralogy 

Grain size(mni)

96 Up to lcm

Carbonate O.5-0.7

Muscovite variable

Comments

Most quartz grains are extensively strained, 
have undulose extinction and plumose texture. 
Fracturing of earlier quartz resulted in mosaic- 
like texture, particularly near the grain 
boundaries. Second generation quartz is less 
strained, it is interstitial to earlier quartz and 
also include earlier quartz.

Fine-grained carbonate aggregates (ankerite?) 
are interstitial to quartz and represent a late 
vein within quartz fractures. They occur as fine 
grained aggregates and veins within fractures. 
Extensively Fe-stained, carbonate is generally 
rimmed by fine-grained muscovite veinlets.

Contorted muscovite veinlets occur in fractures 
and also form rims on carbonate aggregates. 
They represent the latest mineral in the vein. 
Most muscovite are Fe-stained.

Accessory Minerals: Chlorite, rutile.
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Sample Number: CH-7B Rock Type: Quartz vein

H 
M 
H

Petrographic Description:

Quartz vein with numerous pyrite inclusions. Euhedral-subhedral pyrite poikiloblasts 
contain small quartz inclusions and some are rimmed by muscovite aggregates. Just as in sample 
CH-7A, the only inclusions in pyrite are fine-grained quartz. At least two quartz generations were 
identified, the first generation quartz is partly recrystallized at the grain boundaries, and the 
second generation quartz intrudes along fractures and include some of the first generation quartz. 
Fe-stained carbonate (ankerite?) and contorted muscovite veins occur in fractures and both post 
dated the late quartz vein. Muscovite also occurs in radiating bundles interstitial to quartz and the 
carbonates. As they are all Fe-stained, the composition of muscovite is difficult to identify 
optically. Only some fluid inclusions (in quartz) contain salt crystals.

Mineral

Quartz

"/o

79

Detailed Mineralogy: 

Grain size(nim)

Av. 3-8

Pyrite 20 0.5-4

Carbonate 0.5

Muscovite 0.5

0.5

0.5

Comments

At least two quartz generations were identified: 
the first generation are large anhedral grains, 
they are strained, fractured and some have 
recrystallized at the grain boundaries to fine- 
grained aggregates. The second generation 
quartz are represented by euhedral grains, over 
growths on the earlier quartz and by fine 
grained interstitial granular quartz.

Euhedral-subhedral, blocky pyrite poikiloblasts 
over-grow both first and second generation 
quartz. Some pyrite are rimmed by muscovite 
and fine-grained carbonate and some are 
fractured and fractures are filled by muscovite.

Fine-grained ankerite is interstitial to quartz and 
occur in Fe-stained aggregates. They are 
always rimmed by fine-grained muscovite.

Muscovite occurs in veinlets, as rims on pyrite, 
it is intergrown with fine-grained carbonate and 
it forms rims as radiating clusters on carbonate. 
Muscovite is the last mineral crystallized in the 
vein.

Accessory Minerals: Rutile, chlorite, monazite, apatite.
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Sample Number: CH-7C 

Petrographic Description:

Rock Type: Quartz vein

Coarse-grained quartz vein contains large pyrite poikiloblasts. Euhedral pyrite over-grows 
quartz and contains numerous small quartz inclusions. The original quartz vein was strained, 
deformed and fractured and individual grains have plumose and semi-mosaic texture. Late quartz 
is interstitial to the earlier vein, and occur as small (ea. 1mm) euhedral grains. Later quartz is 
much less strained, although it also has weakly undulose extinction. Fine-grained Fe-carbonate 
and muscovite are interstitial to quartz and they partly replace some of the older quartz in the 
vein. Fine-grained hydrothermal monazite is restricted to the carbonate-muscovite-rich domains. 
Quartz (both generations) contain fluid inclusions with cube-shaped salt crystals.

Mineral

Quartz

07o

77

Detailed Mineralogy 

Grain size(mm) Comments

Up to 2 cm

Pyrite 20 1-5

Muscovite

Coarse-grained quartz (strained, fractured) 
represents the first quartz generation. The 
second generation quartz is often euhedral, 
interstitial and unfractured. Fractures in earlier 
quartz are often filled by fine-grained muscovite 
veinlets.

Euhedral pyrite poikiloblasts contain small 
quartz inclusions. Some pyrite are fractured, 
fragmented and fractures are filled by fine 
grained muscovite veinlets. Some pyrite are 
rimmed by fine-grained carbonate and radiating 
muscovite.

Fine-grained late muscovite is interstitial to 
quartz as veins, as well as small radiating 
aggregates partly replacing the quartz. They are 
often intergrown with fine-grained Fe-stained 
carbonate (ankerite?) and form rims on pyrite. 
Hydrothermal, fine-grained monazite occurs 
with carbonate-rich domains in the rock.

Accessory Minerals: Chlorite, monazite, rutile, apatite.
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CH-1. Oxidized albite. Note small secondary globules (dk. brown) of oxy- 
hydroxide. Width of photo: 1.7mm. Ppi.

CH-1. Oxidized and partly recrystallized twinned relict albite in arkosic quartzite 
(same grain as above). Width of photo: 4mm. XN.
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CH-1. Salt cubes in fluid inclusions in quartz (arrows). Width of photo: 0.45mm. 
Ppi.

CH-1. Salt cubes in fluid inclusions (arrows) in another quartz grain. Width of 
photo: 0.45mm. Ppi.



CH-2A-1. Fuchsite veinlet (green Se pink) cross-cuts the rock. Width of photo: 
4mm. XN.

CH-2A-2. Pyrite (black) in coarse-grained quartz. Width of photo: 4mm. XN.



CH-2B. Late narrow quartz vein cross-cuts the partly recrystallized quartzite. 
Width of photo: 4mm. XN.
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CH-3A. Fragmented, brecciated coarse-grained pyrite. Width of ph 
Refl. light.

loto: 4mm.
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CH-3A. Fine-grained pyrite vein cross-cuts the rock. Width of photo: 4mm. Refl. 
light.

n
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CH-3B. Coarse-grained quartz vein (light background) with inclusions of relict 
albite (dark-in partial extinction). Width of photo: 4mm. XN.



CH-3B. Epidote aggregates (multi-colored) in coarse-grained quartz. Width of 
photo: 1.7mm. XN.

CH-3B. Fine-grained monazite aggregates (multi-colored) in quartz. Width of 
photo: 1.7mm. XN.



CH-3B. Fractured pyrite (light area). Width of photo: 4mm. Refl. Light.

CH-3C. Fine-grained monazite aggregates in quartz and albite. Width of photo: 
1.7mm. Ppi.
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CH-3C. Large black-green tourmaline in quartz vein. Width of photo: 1.7 mm. 
Ppi.

CH-4A. Prismatic, radiating muscovite and some fuchsite (multi-colored) in 
quartz vein. Width of photo: 4mm. XN.



Ch-4A. Fluid inclusion with 2 salt cubes (arrows) in coarse-grained late quartz. 
Width of photo: 0.45mm. Ppi.

CH-4A. As above.
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CH-4A. Contorted muscovite veinlets (multi-colored) infills fractures in quartz 
vein. Width of photo: 4mm. XN.

CH-4B. Radiating dark green chlorite bundles (arrows) interstitial to 
recrystallized sediment. Width of photo: 4mm. XN.



CH-5. Large pyrite poikiloblast in center (black) with small quartz inclusions 
(light). Width of photo: 4mm. XN.

CH-5. Typical sediment texture - note smooth grain boundaries of quartz. Width 
of photo: 4mm. XN.



CH-6. Large pyrite poikiloblast (black) with small quartz inclusions (light). Width 
of photo: 4mm. XN.

CH-7A. Chlorite-altered quartz (yellow grain with dark chlorite) included in 
coarse-grained quartz (light background). Width of photo: 4mm. XN.



CH-7A. Fractures in quartz filled by fine-grained Fe-carbonate vein (dk brown) 
and fine-grained muscovite vein (multi-colored). Width of photo: 4mm. XN.

CH-7B. Fine-grained radiating Fe-stained muscovite (multi-colored) in coarse- 
grained quartz vein. Width of photo: 4mm. XN.



CH-7C. Fractured pyrite (light color). Width of photo: 4mm. Refl. light.

CH-7C. Fine-grained muscovite (multi-colored) is intergrown with fine-grained 
Fe-rich carbonate (dk. brown). Width of photo: 4mm. XN.



CH-7C. Fluid inclusion in quartz (adjacent to black pyrite) with salt cube (arrow). 
Width of photo: 0.45mm. Ppi.
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APPENDIX 
Sample locations for Petrographic Report on the Cobalt Hill area

CH-1 From outcrop 20 m north of DDK 92-1

CH-2A-1 From shaft opening, west side of Cobalt Hill (31 m west of DDK 92-1)
CH-2A-2 From shaft opening, west side of Cobalt Hill (51 m west of DDH 92-1)
CH-2B From shaft opening, west side of Cobalt Hill (31 m west of DDH 92-1)

CH-3 A From muck pile of shaft area (41 m west of DDH 92-1)
CH-3B From muck pile of shaft area (41 m west of DDH 92-1)
CH-3C From muck pile of shaft area (41 m west of DDH 92-1)

CH-4A From DDH 92-1, depth: 2100 feet
CH-4B From DDH 92-1; depth: 2100 feet

CH-5 From east side of Cobalt Hill

CH-6 From gossan zone, north end of Jones Lake (20* north of lake)

CH-7A From shaft dump
CH-7B From shaft dump
CH-7C From shaft dump
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ONTARIO MINISTRY OF NORTHERN DEVELOPMENT AND MINES

Transaction No: 

Recording Date: 

Approval Date:

Client(s):

132132

Survey Type(s):

W0270.00635 

2002-APR-30 

2002-AUG-12

Work Report Summary

Status: APPROVED

Work Done from: 2002-FEB-06

to: 2002-FEB-06

FLAG RESOURCES (1985) LIMITED

MICRO

Work Report Details:
Perform Applied 

Claim* Perform Approve Applied Approve Assign

G 7000035 34,800 S4.800 SO SO 32,400

S 1125684 SO SO 51,600 S1.600 SO

S 1125685 SO SO S800 S800 SO

S4,800 S4,800 S2.400 S2.400 S2.400

External Credits: SO

Reserve:

Assign Reserve 
Approve Reserve Approve Due Date

2,400 S2.400 32,400

0 30 SO 2002-NOV-08

0 SO SO 2002-NOV-08

S2.400 52,400 52,400

52,400 Reserve of Work Report*: W0270.00635

S2.400 Total Remaining

Status of claim is based on information currently on record.

41I15SE2029 2.23350 MACKELCAN 900

2002-Aug-14 09:03 Armstrong-d Page 1 of 1



Ministry of
Northern Development
and Mines

Date:2002-AUG-13

MURDOC. MCLEOD
FLAG RESOURCES (1985) LIMITED
1210-540 5THAVE. S.W.
CALGARY, ALBERTA
T2P OM2 CANADA

Ministers du
Developpement du Nord 
et des Mines Ontario

GEOSCIENCE ASSESSMENT OFFICE 
933 RAMSEY LAKE ROAD, 6th FLOOR 
SUDBURY, ONTARIO 
P3E6B5

Tel: (888) 415-9845 
Fax:(877)670-1555

Dear Sir or Madam

Submission Number: 2.23350 
Transaction Number(s): W0270.00635

Subject: Approval of Assessment Work

We have approved your Assessment Work Submission with the above noted Transaction Number(s). The attached 
Work Report Summary indicates the results of the approval.

At the discretion of the Ministry, the assessment work performed on the mining lands noted in this work 
report may be subject to inspection and/or investigation at any time.

The revisions outlined in the Notice dated July 10, 2002 have been corrected. Accordingly, assessment work 
credit has been approved as outlined on the Declaration of Assessment Work Form that accompanied this 
submission.

If you have any question regarding this correspondence, please contact BRUCE GATES by email at 
bruce.gates@ndm.gov.on.ea or by phone at (705) 670-5856.

Yours Sincerely,

Ron Gashinski
Senior Manager, Mining Lands Section

Gc: Resident Geologist

Flag Resources (1985) Limited 
(Claim Holder)

Assessment File Library

Flag Resources (1985) Limited 
(Assessment Office)

Visit our website at http://www.gov.on.ca/MNDM/LANDS/mlsmnpge.htm Page: 1 Correspondence 10:17353
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MINING LAND TENURE 

MAP

Dale/Time ofljsue Jul42002 

TOWNSHIP/AREA 

MACKELCAN

14:09h Eastern

PLAN 

G-2894

ADMINISTRATIVE DISTRICTS l DIVISIONS
Mining Division Sudbury 
Lend TltbsfReglstry Diviiion SUDBURY 

Ministry of Natural R oso ureas District SUDBURYlfir

LAND TENURE WITHDRAWALS

IMPORTANT NOTICES

LAND TENURE WITHDRAWAL DESCRIPTIONS

iBSFT FIIE UIH
V*i' l HW FiUDDHO OF MHW LMU.WHEL LJ*t JtMQ LiUfti C'FttIK, H.t 14AZI 

W-K- IOIA4 B1.1MI4 E&H 1H1H

jui n ifwa w .
hnd *id l*.d

WTHDHAWM fra* MrtllH *"V 4itfir Vi 

Wrrf

RSO 
i* *M.l JBBIMIOB l .Hw. 21. Hi 11 (tot* riHi nauivj HY tfeiaf r if r MI rt i hi

Ihjri H I*MB piaiDMdrnr inaHWrm Hid may tin wbiKltiluntor rkna*.

General Informfltton and Limitations d Inw vi4 . 
, rl|fcl rf Miyi, Heeding ilgMt, Ihmifi, vi 

I dkpainton irri|flti HID inwtfl iron tnocrvvn. KIH eimw ant 
iiH4lhwr**rlct M priHbl hH Hrtrvta *tHM miMitM a*n* nw rar

tHH mining ID *Mn mlnlnu c W Pi •iviild cuiwull Min lHi PI awlnciri W mini H t* g nw f wiiw QI tn* MHiMrv ft Nprtturn 0*vil*p Ttifll *M4 Hint r*F i^Menil.'itfPi nmn.an Ihi vtitui
m hviuor. r rt*m*pniinjl MlurdBdrDi mvlgaUinjl, *FV*y, tl W4TIU4 ditwrnihJIUhPHlpo^M* MtttinrurwaMUit fhv^n gr ihi* mp HI W* S HW n*ntVllK.-ui wurun. 

toTipw^tc* will KtlVMv jrtrmitLiif *iMW9, MdFlKrnri litfgritirtbfl miy Mo 01 oBiiinwi ItiiDugh Iha local L*H* Tim H R.MlMn, Offlt* D r (ha Mkitatiy *l H Auivl


