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As seen in polished sections, the sulphide mineralogy of a vertical section through
a vent proximal ore centre is shown in Plates 6-4a, b and c. The polished thin sections,
prepared from the three massive sulphide specimens shown in Plate 6-2, are largely
dominated by pyrrhotite, which consistently comprises approximately 50% of the total
sulphides of each sulphide specimen. Sphalerite and chalcopyrite show an inverse
relationship in relative abundances, with sphalerite content increasing from 3% to 42%
total volume and chalcopyrite decreasing from 57% to 5% from base to top of the lens.
Gangue minerals comprise about 10% at most of the total volume, and change from fine
granular penninite and acicular epidote at the base of the ore lens to patchy sericite,
twinned albite and lesser penninite at the top.

Ore textures at the base of the lens are dominated by meandering coarse grained
(> 1 mm) replacement veinlets of chalcopyrite, which have obscured most original
textures. Sulphide grain sizes decrease noticeably from approximately 2.0 mm at the base
to 0.5 mm at the top. Towards the top of the lens, sphalerite appears to have
recrystallized, although grain size remains relatively fine (0.2 to 0.5 mm). Lamination
within the fine grained sphalerite is locally defined by gangue minerals, and may
represent exhalative sedimentation. However, there is no persuasive evidence from
sulphide lens textures that any significant quantity of sulphides were accumulated by fall-
out from sea floor vented hydrothermal fluid. Most sulphide accumulation represents
direct replacement of the tectonic breccia, since the massive ore commonly shows "ghost"

outlines of replaced chert fragments.



Plate 6-4 Photomicrographs of polished thin sections in cross-polarized,
reflected light, each representing a portion of the vertical transect through
an ore zone presented in Plate 6-2. a) Upper portion of the ore lens,
showing relatively fine grained sphalerite (sph) and pyrrhotite (po). No
chalcopyrite (cpy) is typically observed in ore from this stratigraphic level
in the ore lens. b) The center of the ore lens, showing a fine to medium
grained texture, with dominant chalcopyrite and pyrrhotite and lesser
amounts of sphalerite. This slide shows the three main sulphide species
existing in apparent equilibrium ¢) Lower portion of the massive
sulphide lens, dominated solely by coarse grained chalcopyrite and
pyrrhotite. The chalcopyrite shows a corrosive contact along and within

the majority of pyrrhotite grains.
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The upper contact of the massive ore with the overlying komatiite flows is
typically sharp. The lack of any significant accumulations of exhalative chert overlying
the massive ore suggests a brief hiatus between the termination of the hydrothermal ore
system and the extrusion of the overlying komatiite. However, the komatiite flows
probably did not smother or seal the hydrothermal system, since little evidence of
hydrothermal alteration was noted within the komatiites.

Where the western edge of the sulphide lens is cut by the Buster Fault, the ore has
been highly sheared, giving it a laminated appearance (see structural discussion in
Chapter 4 and Plate 4-3). This section of shear laminated sulphides was originally
misinterpreted to represent primary bedding (Ontario Dept. of Mines, 1928).
Chalcopyrite tends to be more abundant within the sheared sulphides and was probably
locally remobilized and concentrated by the shearing. This structural remobilization and
reconcentration process likely explains why all past mining activity was focused only

within the sheared portion of the deposit.

6.4 Hydrothermal Alteration and Metal Source

Hydrothermal alteration is primarily restricted to the top of the Munro-Warden
Sill, the Ore Flow fault breccias, and the overlying tectonic breccias which host the main
ore zone. Within both the upper Munro-Warden Sill and the tectonic breccias, alteration
is pervasive but varies in intensity. The random nature of alteration within these two
units makes it impossible to recognize any systematic alteration by the hydrothermal

system. In contrast, Ore Flow fault breccias have well constrained marginal alteration
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envelopes of several centimetres to several metres in scale, which demonstrate decreasing
alteration away from the fluid conduits. A series of progressively altered Ore Flow
gabbros, shown in Plate 6-5, were thin sectioned and studied to examine mineralogical
changes associated with progressive hydrothermal alteration. A similar series of rock
samples, specifically selected for their homogeneity and lack of sulphide mineralogy,
were also used to assess the major element mass changes associated with the progressive
hydrothermal alteration. The details of this mass balance study will be discussed in the

following chapter.

6.4.1 Progressive Alteration of The Ore Flow Gabbro

Examination of thin sections indicates that least altered Ore Flow gabbro consist
of roughly equal proportions of plagioclase (45%) and clinopyroxene (45%), and minor
titanite (2%; Refer to Plate 5-8 for photomicrograph of least altered gabbro). Quartz may
constitute up to 8%, but is thought to be mainly of regional metamorphic origin (lower
greenschist facies), since it typically appears as large irregularly shaped grains, which
displace primary minerals. Macroscopic appearance of the least altered Ore Flow gabbro
(top left core sample in Plate 6-5) is medium to pale green in colour with distinct
plagioclase and pyroxene grain margins.

The lowest grade hydrothermal alteration on the margins of alteration envelopes is
characterized by the initiation of pervasive replacement of clinopyroxene by prochlorite
and magnetite, notable sericitization of the plagioclase, and replacement of subhedral

titanite by leucoxene (Plate 6-6a). Locally, penninite can first be found replacing



Plate 6-5 Core samples showing progressive hydrothermal alteration of Ore

Flow gabbros.
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Plate 6-6 Photomicrographs of progressive hydrothermal alteration of Ore
Flow gabbros, taken from a fault breccia alteration envelope (all sample
photographed under cross polarized light). a) Shows a mildly altered
gabbro, with only limited break-down of clinopyroxene (cpx) into
prochlorite (pro) and penninite (pen), and fairly pervasive replacement of
plagioclase by sericite (ser). b) Moderate hydrothermally altered gabbro
showing strong sericitization and near complete replacement of all
clinopyroxene by near equal amounts of prochlorite and penninite. c)
Highly altered gabbro showing predominant replacement of all previous
mineral assemblages by hydrothermal penninite. Other residual minerals

include quartz (qtz) and K-feldspar (kspar).
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prochlorite and clinopyroxene in close proximity to fracture systems. In hand specimen,
this rock shows a characteristic medium to dark olive green colour (top right core sample
in Plate 6-5), and individual grains of plagioclase and clinopyroxene become less distinct
along grain margins.

Intermediate alteration involves the progressive replacement of all pyroxene by
prochlorite and penninite, pervasive sericitization of plagioclase, and conversion of
leucoxene to titaniferous magnetite (Plate 6-6b). This rock has a peppered, black and
white appearance (bottom left core sample in Plate 6-5), and individual grain boundaries
have become very indistinct.

The most intense alteration along and within fault breccia conduits is dominated
by extensive replacement of all minerals by hydrothermal penninite (plate 6-6¢). Minor
amounts of large, secondary quartz and K-feldspar grains are also present. The
identification of the K-feldspar grains was not readily evident, since the grains were
irregularly shaped, showed no twinning, and had irregular extinction. However, the
grains were determined to be K-feldspar (possibly adularia) as indicated by elemental
profiles (Figure 6-3) obtained from the EDS attachment of the McMaster University Life
Sciences electron microscope. Locally within the highest altered fracture systems,
epidote is also found (Plate 6-7) and appears to be replacing any residual feldspar. In
hand specimen, very little primary textures appear are preserved, and the rock attains a

dark black colour (bottom right core sample in Plate 6-5).



Figure 6-3  EDS elemental spectrum showing constituent elements of K-
feldspar grains found within the highest hydrothermally altered fracture
systems within the Ore Flow gabbros. Dominance of Si, Al and K

indicates a K-feldspar composition.
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Plate 6-7 Photomicrograph of epidote located within highly hydrothermally
altered fractures within the Ore Flow gabbro. (Sample photographed

under cross polarized light).
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6.4.2 Metal Source

The exact source of metals found within the Potterdoal deposit has always been in
question, since the immediate footwall rocks (i.e. the Ore Flow) shows only limited
hydrothermal alteration. Upon more extensive examination of the Potterdoal footwall
rocks, the Munro-Warden Sill is now thought to be the primary source of remobilized
metals. The Munro-Warden Sill appears to have been the main heat source which drove
the ore-forming hydrothermal system, and evidence supporting this hypothesis is found in
the abundant alteration textures in the top of the sill. Specifically, gabbros in the upper
sill show intense chloritic replacement of all pyroxene, strong sericitization of feldspars,
and extensive fracturing along which the hydrothermal chlorite, penninite (see Plate 5-1
and 5-2), and high temperature sulphides occur (primarily pyrrhotite and traces of
chalcopyrite). According to Pirajno (1992; p. 60-69), alteration textures of this nature are
common in large sills emplaced at high structural levels into water-rich environments.
Pirajno (1992) suggests that this alteration style is created by the contact of circulating sea
water with hot, recently solidified intrusive rocks. Rapid cooling induced by the water
creates a network of thermal contraction cracks, allowing convecting fluids to penetrate
further into the intrusive along a "cracking front", which may advance downward at
several meters per year. The propagation of this crack network continuously exposes a
large surface area of rock ranging in temperature from 450 to 700°C. The alteration in
the upper section of the Munro-Warden Sill suggests that these gabbros were exposed to
such conditions, and were leached to produce a very hot hydrothermal fluid enriched in

various metals. This metal-rich fluid quickly traveled through the permeable faults scarp
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structure which transects the Ore Flow, causing only limited alteration and leaching of

metal within the Ore Flow.



Chapter 7

Geochemistry

7.1 Introduction

As described in the chapter on methodology, major elements (expressed as
oxides) and two suites of trace elements were determined by X-ray fluorescence (XRF)
analysis. Rare earth elements, as well as a short list of other trace elements, were
determined by instrumental neutron activation analysis (INAA). These data (compiled in
Table 7-1) were used to help confirm parental magmatic affinities, probable tectonic
setting of the volcanic suite, and to quantify the effects of alteration on mass changes in
the Ore Flow gabbros. Elemental determinations of some lithologies (i.e. tuffs,
komatiites and the upper Munro-Warden Sill gabbro) were based upon fairly small
sample sets. While generalizations of chemistry from these small sample sets may not be
truly representative of the full compositional variation for the lithology as found in the
map area, the averages do appear consistent with those specific unit compositions

established by Johnstone (1987), whose work was based on an extensive regional survey.
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Table 7-1 Geochemical composition of surface and drill core rock samples.
Elements and oxides denoted by plain font indicates analysis by XRF, and
elements denoted by italicized font indicates analysis by INAA. Pb was
analyzed, however, most samples were below detection limits, and only
one sample contained more that 7 ppm of Pb (SPD-23 contained 27 ppm
Pb). Sc contents showed small variation for all samples, ranging between

18 to 40 ppm.



Table 7-1

Ore Flow Basalt Ore Flow Gabbro

Sample SPD-11 SPD-14 SPD-22 SPD-23 SPD-28 PD2-287 PD4-195 PD11-318 PD12-182 PD12-188 PD12-197
Si02 47.35 47.15 51.80 49.10 52.89 53.14 4593 52.98 54.32 54.05 53.19
TiO2 1.52 1.64 1.38 1.47 0.77 0.89 0.58 0.84 0.94 0.95 091
ARO3 13.28 14.80 12.63 13.46 15.04 14.61 15.90 14.49 15.90 14.63 14.85
Fe203 17.85 1521 15.19 17.02 9.86 10.58 20.36 12.28 12.80 11.99 15.56
MnO 027 0.29 0.25 034 0.15 0.15 0.25 0.17 0.13 0.16 0.18
MgO 6.18 6.41 526 6.37 6.35 5.51 8.16 6.12 6.58 594 5.87
Ca0 8.75 7.02 9.08 734 8.12 8.71 241 8.98 335 473 292
Na20 1.96 3.14 3.03 1.18 275 344 0.79 1.83 1.40 225 1.87
K20 099 0.06 0.10 1.63 0.94 0.34 031 0.38 0.54 0.53 033
P205 0.13 0.14 0.1 0.13 0.07 0.10 0.08 0.09 0.10 0.09 0.10
L.O.L 1.89 3.68 1.39 239 2.60 2.59 5.68 1.99 4,08 4.47 445
Total 100.17 99.54 100.22 100.43 99.54 100.06 100.45 100.15 100.14 99.79 100.23
Ni 60 31 56 57 58 44 116 43 43 40 40
Cu 160 123 154 156 44 0 807 66 21 20 200
Zn 142 150 121 266 2 63 124 72 94 158 67
Cr 40 15 31 35 167 36 303 51 46 26 34
Co 45 52 45 45 32 33 49 36 31 35 43
Ba 1133 76 102 387 242 141 57 109 105 86 79
Sr 288 207 306 186 242 199 50 131 119 150 123
Zr 115 128 102 110 66 67 46 82 83 77 72
Y 26 29 24 25 20 20 13 20 19 26 19
Rb 23 11 3 59 29 16 9 15 19 15 16
Ta 0.11 0.38 0.29 0.26 0.03 0.18 0.19 0.28 0.00 0.01 0.23
Hf 1.53 2.30 1.81 143 1.22 0.87 0.31 1.17 099 091 0.78
Cs 0.34 0.28 0.15 0.73 0.53 0.49 0.64 0.40 0.72 0.50 0.34
La 7.82 9.73 8.12 824 8.26 6.93 4.04 8.19 11.76 6.77 7.53
Ce 20.04 20.80 16.59 16.56 10.48 12.37 12.17 13.49 13.50 11.84 11.22
Nd 13.50 14.59 13.02 12.77 6.16 5.40 6.01 1.77 823 6.39 532
Sm 451 439 368 433 239 268 1.68 2.86 3.99 3.08 238
Eu 138 1.53 1.16 123 0.56 0.67 0.19 0.63 0.54 0.72 043
by 0.80 097 0.77 0.82 047 0.50 0.22 045 0.58 0.55 0.39
b 2.63 3.10 242 233 1.40 1.69 0.94 1.80 1.76 1.59 1.41
Lu 0.38 0.38 0.34 0.36 0.23 0.25 0.14 0.24 0.26 027 0.25

L6



Table 7-1 (continued)

Theo's Flow Basalt M-W Sill Gabbro Komatiite Tuff

Sample SPD-7 SPD-8 SPD-32 SPD-34 SPD-3 SPD-12 PD1-105 SPD-24 SPD-31 PD4-108.5
Si02 41.72 49.86 53.76 53.38 n/a 40.99 48.04 90.48 74.72 n/a
TiO2 1.16 1.53 0.76 0.76 n/a 0.25 1.31 0.05 0.71 n/a
ARO3 9.76 13.33 16.51 15.70 n/a 5.33 12.77 433 11.95 n/a
Fe203 15.17 12.09 8.97 8.64 n/a 11.03 16.40 1.27 3.07 nfa
MnO 0.23 0.14 0.14 0.16 n/a 0.17 0.16 0.02 0.10 n/a
MgO 10.11 9.79 6.87 6.20 n/a 28.20 7.12 0.32 0.81 nfa
Ca0 12.18 596 6.68 933 n/a 481 7.40 0.77 1.74 n/a
Na20 1.12 426 2.69 2.08 n/a 0.05 3.62 045 4.12 n/a
K20 0.53 0.05 0.97 0.48 nfa 0.00 0.04 0.82 091 n/a
P205 0.09 0.13 0.09 0.07 na 0.02 0.12 0.02 0.16 a
L.O.L 1.79 2.98 229 3.09 n/a 827 3.09 1.20 .19 n/a
Total 99.86 100.12 99.73 99.89 n/a 99.12 100.07 99.73 99.48 n/a
Ni 183 134 81 71 na . 1432 78 13 25 n/a
Cu 154 141 63 123 n/a 0 138 25 31 n/a
In 98 132 48 52 n/a 43 323 6 178 n/a
Cr 599 286 288 . 218 2749 3924 126 24 52 103
Co 38 43 33 35 76 92 45 3 13 24
Ba 175 29 21 117 n/a 3 37 92 212 n/a
Sr 131 78 248 156 n/a 2 93 12 142 n/a
Zr 80 126 60 69 n/a 16 98 103 126 n/a
Y 23 32 10 12 n/a 6 21 33 20 n/a
Rb 20 8 34 28 n/a 9 3 27 20 n/a
Ta 0.04 0.40 0.07 0.33 0.00 0.00 0.32 0.88 0.38 0.38
Hf 0.82 229 1.22 1.19 047 0.26 2.15 4.00 301 285
Cs 0.12 0.39 0.36 0.24 093 0.55 0.33 026 0.23 0.96
La 5.58 9.40 624 9.09 0.52 0.93 7.54 21.30 10.53 15.61
Ce 12.49 20.79 11.34 13.30 829 3.07 19.95 57.73 29.05 28.76
Nd 7.48 17.46 6.60 6.57 0.00 2.08 14.24 29.46 17.58 17.28
Sm 3.52 4381 223 271 1.02 0.56 3.17 497 248 3.70
Eu 0.70 130 0.55 0.58 0.40 024 122 0.42 1.01 1.70
¥ i 048 1.10 0.44 046 0.19 0.09 0.76 123 0.69 0.68
Yb 1.85 297 123 132 1.39 0.7t 272 475 275 227
Lu 0.24 0.44 0.18 0.23 0.11 0.07 0.32 0.57 0.35 0.26

86



99

7.2 Major Element Discriminator Plots

Figure 7-1 shows the chemical affinities of various extrusive units from the map
area on a Jensen cation plot (Jensen, 1976). This diagram emphasizes the iron tholeiite
parentage of the Ore Flow in contrast to the magnesium tholeiite affinity of Theo's Flow.
This supports the proposal that the Ore Flow and Theo's Flow represent different parental
magma sources even though they are interpreted to be stratigraphically equivalent.

The Munro-Warden Sill gabbros (even though they are intrusive) plot at the calc-
alkaline end of the linear array displayed by the Ore Flow basalts and gabbros. This calc-
alkaline affinity appears to be the result of in situ fractional crystallization which
significantly increased the relative proportion of plagioclase relative to other mafic
minerals. The chemical similarity between the highly fractionated Munro-Warden Sill
gabbros and the more felsic examples of Ore Flow gabbros suggests a similar parental
magma composition and a possibly origin from the same deep-seated magma source.

Prior to this geochemical study, the emplacement of the hyaloclastites found
within the map area were thought to be associated with one of the two main tholeiitic
flow units. However, their distinct clustering on the Jensen plot suggests a unique
composition unrelated to either the Ore Flow or Theo's Flow. The basaltic komatiitic
composition of the local hyaloclastites is very similar to the olivine basalt composition
(Johnstone, 1987) of breccias formed on top of the Centre Hill Complex, 1.5 km to the
south. Since both these rock units are interpreted to exist along the same stratigraphic
horizon, it is therefore probable that they were formed at the same source area (i.e. along

the top of the seafloor-breached Centre Hill Complex), and was then distributed into the



Figure 7-1 Jensen cation plot (Jensen, 1976) showing rock type affinities for units
within the Potterdoal deposit stratigraphy. The majority of the data shown on
this diagram is summarized in Table 7-1 (PK, peridotitic komatiite; BK,
basaltic komatiite; HFT, high iron tholeiite; HMT, high magnesium tholeiite;
CB, calc-alkaline basalt; TA, tholeiitic andesite; CA, calc-alkaline andesite; TD,
tholeiitic dacite; CD, calc-alkaline dacite; TR, tholeiitic rhyolite CR,
calc-alkaline rhyolite). The plot illustrates the similar chemistry of the Ore
Flow and The Munro-Warden Sill and the distinction of these units from
Theo's Flow. |
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Potterdoal map area either by volcanic flow, or by some type of subaqueous pyroclastic
fall-out.

Tuffaceous sedimentary rocks group tightly indicating a calc-alkaline dacite
affinity. This supports the interpretation from mapping that the relatively thins beds of
tuff had an origin outside the local tholeiitic dominated domain, and were introduced into
the local stratigraphy by means of distal air-fall. Only one komatiitic sample from the
map area was analyzed, and shows the expected peridotitic komatiite affinity.

A ternary plot (Figure 7-2), defined by Irvine and Baragar (1971), shows the
variations of tholeiitic to calc-alkaline affinity within the Potterdoal suite. This figure
shows that the majority of the suite fall within a tholeiitic affinity, as would be expected
for rock extruded along a mid-oceanic ridge system. Samples which show a calc-alkaline
affinity are either highly altered basalts and highly fractionated gabbros of original
tholeiitic affinity, or are true calc-alkaline material, represented by the tuffs, which were

derived from outside of the nearby stratigraphic area.

7.3 Trace Element Discriminator Plots

Tectonic setting of the deposit was examined using a Pearce and Cann (1973) plot
shown in Figure 7-3. The majority of mafic flows plot within the ocean floor basalt
(OFB) field, implying a rifted, mid-oceanic ridge environment. The tuffs generally fall
within the calc-alkaline basalt (CAB) field, supporting an independent distal origin. The
upper Munro-Warden Sill gabbros fall in the within-plate basalt field (WPB). However,

since these sill gabbros are not extrusive rocks and may have easily incorporate some



Figure 7-2 A volcanic affinity plot (defined by Irvine and Barager, 1971),
showing the dominent tholeiitic composition of the Potterdoal rock suite.
Sample points plotting within the calc-alkaline are either true calc-alkaline,
highly fractionated or strongly altered.
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Figure 7-3 Pearce plot (Pearce and Cann, 1973) showing the dominant ocean
floor basalt (OFB) tectonic setting of the principal mafic-ultramafic volcanic
units of the Potterdoal stratigraphy. (A,B - LKT, low potassium tholeiite; B
- OFB, ocean floor basalt; B,C - CAB, calk-alkaline basalt; D - WPB, within
plate basalt)
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crustal contamination, their designation as a WPB is not reliable and should therefore be
ignored.

A similar ternary plot, shown in Figure 7-4 (Pearce and Cann, 1973), also displays
a strong clustering of data points around the OFB envelope. This diagram does however
show a strong linear dispersion trend along the axis defining Sr content. This dispersion
of data points probably indicates high Sr mobility due to sea water interaction during

extrusion, or during the subsequent hydrothermal alteration.

7.4 Rare Earth Elements

Rare earth element (REE) profiles are presented in‘ Figure 7-5. Chondrite
normalizing factors for each REE were taken from suggested average chondritic
meteorite values defined by Boynton, 1989, and are summarized in Table 7-2. These
REE profiles are generally compatible with an ocean ridge tectonic setting (as suggested
by the Pearce-Cann plot, Figure 7-3), with the majority showing fairly flat profiles with
slight negative slopes, indicative of a tholeiitic affinity. Normalized LaN/YbN ratios for
tholeiitic Ore Flow basalts and gabbros vary between 1.00 to 3.60 with an average
LaN/YbN of 2.57. This average value falls within the range of 0.8 to 3.0 defined by
Barrie et al. (1993) for a Group I volcanic succession, which is the most likely volcanic
succession type to host VMS deposits. The tholeiitic affinity of the Potterdoal
stratigraphy, as indicated by REE, is also supported by immobile trace element contents.
A Y-Zr plot (Figure 7-6) for rocks of the volcanic suite produces a regressed average

Zr/Y value of 4.3. This value falls within the range of 3 to 5, representative of a tholeiitic



Figure 7-4 Another trace element Pearce plot (Pearce and Cann, 1973) showing
a linear dispersion of data points centered around an ocean floor basalt
(OFB) affinity. This dispersion is due to the relative high mobility of Sr
caused by either sea floor alteration during extrusion, or by the alter
hydrothermal system. (IAB - island arc basalts, CAB - calc-alkaline
basalts).
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Figure 7-5 Normalized rare earth element profiles for various units within the
Potterdoal stratigraphy. = Normalization used recommended average

chondrite values (Boynton, 1989; p.91).
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Table 7-2: Recommended Average rare earth element chondrite values (Boynton, 1989).

Recommende
REE Chondrite Valu(ls
La 0.310
Ce 0.808
Pr 0.122
Nd 0.600
Sm 0.195
Eu 0.0735
Gd 0.259
Tb 0.0474
Dy 0.322
Ho 0.0718
Er 0.210
Tm 0.0324
Yb 0.209
Lu 0.0322
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Figure 7-6 Y vs. Zr plot of units making up the Potterdoal stratigraphy. The

regressed average Zr/Y ratio indicates an overall tholeiitic affinity.
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affinity, and is very distinct from the 7 to 30 range typical of a calc-alkaline suite (e.g.
MacLean and Barrett, 1993). A Zr/Y against Y plot (Figure 7-7, after Barrie et al., 1993)
also suggests a strong association of the Potterdoal tholeiites with ore-associated Group I
tholeiites, as indicated by their similarity with ranges defined for Noranda and the lower
Y end of the linear trend defined for Kamiskotia.

The REE patterns of extrusive flow basalts (Figure 7-5A and B) show relatively
smooth profiles with slight negative dips indicative of tholeiitic compositioned rocks.
REE profiles for the various local gabbros (Figure 7-5C and D) genérally show small, but
prevalent negative Eu and positive Sm anomalies. The depletion of Eu in these gabbros
was most likely caused by Eu fractionation into early plagioclase soon after their
emplacement. The slight enrichment in Sm may be due to mobilization and concentration
into epidote, which was introduced by the late hydrothermal system.

Only two komatiitic were analyzed for REE, producing very flat profiles with low
relative abundances of REE typical of ultramafic rocks. The observed roughness of the
profiles is not so much a feature of the chemistry of the komatiites, but is a factor of the
low concentration of these elements, which are only slightly above detectable limits.

The tuffaceous sediment profiles (Figure 7-5F) show a relatively steep, negatively
dipping REE patterns, with high relative REE concentrations, typical of calc-alkaline
rocks. The strong variability in Eu enrichment-depletion could indicate that the tuffs may
have originated from a number of different calc-alkaline eruptive centres, each showing a

different degree of magmatic evolution at the time of eruption.



Figure 7-7 Zr/Y vs. Y diagram showing the close association between
Potterdoal tholeiites and other mafic tholeiitic suites (shaded in dark grey)
associated with VMS occurrences. The lightly shaded ranges indicate
tholeiitic suites which do not show an association to VMS occurrences

(modified from Barrie et al., 1993).
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7.5 Mass Balance Of Progressive Hydrothermal Alteration

Progressive hydrothermal alteration within the footwall Ore Flow gabbros was
examined using the mass change procedure of MacLean and Barrett (1993). Mass change
in progressively altered samples was corrected to a least altered sample, which was then
calibrated to the least mobile element. Alumina (Al;O3;) was used as the preferred
immobile “element” due to its high relative abundance in the rock suite, and because
calculated mass change values were consistent with observed changes in relative
abundances of the significant major elements for samples of the alteration suite (similar
reasoning used by Lentz and Goodfellow, 1993). Using the formulae below, a
reconstructed composition (R.C.), and then the relative mass change (M.C.) were

determined:

R.C. = (ALL,Osprecursor / Al,Osaltered) * (% or ppm Component altered)

M.C. =R.C. - Precursor Composition

These calculated mass change values are shown in Figure 7-8, expressed as a
relative percent mass change of the particular element or oxide within the sample.
Sample PD2-287 was selected as the least altered sample because it is characterized by
minimal alteration of clinopyroxene to chlorite and only minor sericitization of
plagioclase, an assemblage typical of the local regional metamorphism. All mass change

values are calculated with respect to this sample.



Figure 7-8 Mass change diagrams showing the mobility of specific elements
with increasing alteration. The alteration is associated with hydrothermally
altered envelopes surrounding fault breccia conduits within Ore Flow

gabbro. (Mass change is expressed as a relative percentage).
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The precursor composition of the Ore Flow gabbro is assumed, for the purposes of
this assessment, to be homogeneous. This assumption is supported by the relatively
consistent mineral proportions seen in thin sections of numerous gabbroic samples, and
by the minimal lithological variation throughout the Ore Flow gabbros observed in
outcrop and drill core. The suite of samples chosen to represent a typical progressive
hydrothermal alteration suite were taken from alteration envelopes of 2 to 3 m maximum
width, and ranging from a weakly altered periphery to the strongly altered core of a fault
breccia conduit. The sample suite was taken from several different drill holes, since low
sulphide content and homogeneity of alteration was required to optimize the probability
that mass change would be dué mainly to hydrothermal alteration, rather than
hydrothermal mineralization.

Since the "least altered” gabbro sample, PD2-287, is representative of the
background lower greenschist metamorphic grade, only the alteration attributable to
hydrothermal fluid-rock reactions should be indicated by the mass change diagrams
(Figure 7-8). Weak alteration on these diagrams is represented by sample PD11-318,
which shows weak chloritization of clinopyroxene and moderate sericitization of
plagioclase. Sample PD4-195 is representative of strong hydrothermal alteration with
almost complete replacement of all primary minerals by hydrothermal chlorite. The
remaining samples found on the mass change diagrams (PD12-197, PD12-188 and
PD12-182), represent gradational alteration steps in between the weakly altered and most

altered samples described above. The designation and ranking of these intermediately
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altered samples were assessed visually using macroscopic features, since at the time of
sample preparation no thin sections had been prepared.

For SiO,, mass change is relatively insignificant except in the most intensely
altered rocks. Loss of Si is probably due to large-scale destruction of original feldspars
under intense hydrothermal conditions. Similar mass losses of Na,O and Sr, as well as by
CaO (not shown in Figure 7-8), occur in conjunction with SiO, loss. Persistent losses of
Na, Sr and Ca during the early stages of alteration are due to sericitization and
conversion of primary plagioclase to K-feldspar. As noted before, the K-feldspar
composition was confirmed by optical crystallographic properties and by energy
dispersive X-ray spectrometry, which indicated the presence of only K, Al, Si and trace
Na. The colourless, translucent character of the mineral, the lack of any twinning and its
irregular anhedral habit suggests this mineral is adularia. As noted for Si, the major
decrease in mass of these three elements under extreme alteration is due to the pervasive
destruction of precursor silicates and replacement by the hydrothermal chlorite, penninite.

The erratic behaviour of K in weakly altered samples appears to be due to minor
local variations in sericitization, generated during the subsequent regional lower
greenschist metamorphism. However, with increasing alteration, sericitization along with
more persistent replacement by K-feldspar (probably adularia) explains the mass gain in
K. The final rapid drop in K content in highly altered samples is due to the wholesale
replacement of all minerals by hydrothermal chlorite.

Mass change for Fe,O3 and MgO indicate addition of both Fe and Mg related to

the incremental replacement of in-situ chlorite and clinopyroxene by hydrothermal
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chlorite. The substantial mass gain in the most altered sample is related to the large
increase in modal abundance of hydrothermal chlorite which replaces of all other
minerals.

Both Cu and Zn show mass gains through all levels of alteration. Cu shows fairly
consistent addition in all samples, but Zn enrichment is erratic, possibly due to variable
resorption by the hydrothermal fluid.

Using the information covered above, the footwall alteration associated with the
emplacement of the Potterdoal deposit can be summarized as folléws. With increasing
degree of alteration, Fe, Mg, Cu and Zn show moderate mass gain, whereas Si, Na, Ca
and Sr show strong mass loss. Mass change for K is erratic, but generally there is a
positive mass gain. These chemical mobility systematics found within the alteration
features of the Potterdoal deposit are generally consistent with those of alteration pipes

associated with many Archean VMS deposits (Lydon, 1984).



Chapter 8

Discussion

8.1 Tectonic Setting

The discriminator plots described above place the Potterdoal volcanic succession
within an ocean ridge tectonic setting, and indicate a general tholeiitic ocean floor basalt
affinity. This interpretation appears applicable to the majority of the rocks in the eastern
end of the Kidd-Munro assemblage within Munro Township (Johnstone, 1991). The Y-
Zr plot (Figure 7-6) supports a tholeiitic affinity, and further suggests that a chemistry
closely related to that of bimodal tholeiitic mafic volcanic and high silica rhyolite
successions (i.e. Group I type volcanic succession shown in Figure 7-7, Barrie et al.,
1993) which are most often associated with large VMS deposits. The chemical
similarities between the mafic volcanic of the Potterdoal sequence and those at Kidd
Creek and Kamiskotia suggest that these rocks may have had a similar petrogenesis.
However, the critical difference is the nearly complete absence of any felsic component
within and surrounding the Potterdoal stratigraphy. This observation has led some
authors (Barrie et al., 1993) to a comparison with currently active volcanism along the
Icelandic ocean ridge system. Sigmarsson et al. (1991) determined that the production of

high silica rhyolites associated with the East Iceland Rift results from partial melting at
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the base of a thick tholeiitic basalt assemblage. To attain the crustal thicknesses required
to generate such partial melting, an off-axis setting away from the high heat flux and
rapid spreading about an oceanic ridge is required. This type of off-axis sefting has
recently been suggested (Fyon et al, 1992; Barrie et al, 1993) as a plausible
interpretation of the bimodal character of the western Kidd-Munro assemblage, as well as
other assemblages which host major VMS deposits. Tholeiitic successions produced in a
ridge-proximal environment do not attain sufficient crustal thickness to permit the
production of high silica rhyolites by partial melting, and therefore do not show
successions with a bimodal rhyolite component. Such a ridge-proximal environment may
explain the general lack of bimodal felsic volcanism within the eastern end of the Kidd-

Munro assemblage.

8.2 Ore Deposit Model -- A Genetic Summary

The shallow emplacement of thick, hot synvolcanic sills is considered the main
thermal energy source for the formation of many Archean VMS deposits (Campbell et al.,
1981; Fyon et al., 1992; Barrie et al., 1993). The shallow emplacement of the Munro-
Warden Sill within the Potterdoal stratigraphy is proposed as an example of such an
energy source.

Figure 8-1 is a diagrammatic representation of the ore-forming system responsible
for the emplacement of the Potterdoal deposit. The upper portion of the Munro-Warden
Sill was intruded under a relatively thin (100 to 200 m) cover of the tholeiitic Ore Flow.

The fault scarp structure which cuts across the Ore Flow tholeiites is interpreted to have



Figure 8-1 Conceptual illustration showing interpreted relationships of rock
units, the hydrothermal system and sulfide mineralization. Percolating
seawater, which has reacted with the upper portion of the Munro-Warden
Sill, rises through constricted fault breccia zones through the Ore Flow, and
then disperses throughout the overlying tectonic breccia causing intense

alteration pipes under a capping lens of massive sulfide.
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formed primarily during the intrusion of the Munro-Warden Sill. The precise origin of
this scarp structure is uncertain, but two possibilities exist. The scarp may have formed
during ocean ridge synvolcanic rifting. The subsequent intrusion of the Munro-Warden
Sill then initiated the formation of a hydrothermal system within the highly permeable
fault zone, and thus localized the sulphide deposit. Evidence which supports this
interpretation is found in the shallowly plunging, west-northwest trending fault scarp
orientation, which conforms closely with the regional rifting orientation suggested by
Johnstone (1987). A second possibility is that the fault scarp fonﬁed after the extrusion
of the basaltic stratigraphy, concurrent with the intrusion of the Munro-Warden Sill.
Dilational forces, induced by the lateral intrusion of the sill, would cause the thin
overlying stratigraphy to break into fault-bounded blocks, with local subsidence to form
the scarp.

The tectonic breccia (composed primarily of angular chert and tuffaceous rock
fragments) which fills the fault scarp depression is considered to have formed during the
tectonic disruption accompanying the initial intrusion of the sill. At approximately the
same time, the hydrothermal fault breccias were also formed by the first high
pressure/temperature fluids generated by heat loss from the sill magma. Once the sill was
fully emplaced, channellized hydrothermal convection was established within the fault
and overlying tectonic breccia systems. Hydrothermal fluids coming in contact with the
hot sill created a rapid downward-propagating crack front, which caused the pervasive
hydrothermal alteration and leaching of the upper portion of the sill. The metal-rich

hydrothermal fluids were then rapidly channelled through the thin overlying tholeiitic



120

skin and exited at localized vent sites, depositing the entrained metals just below the
seafloor interface.

Hydrothermal alteration within the overlying Ore Flow tholeiites was restricted to
a few meters width along the margins of fault breccia conduits. The narrowness of these
alteration envelopes along with the pervasive mass gains of Fe, Mg and base metals,
suggest that very little (if any) of the Potterdoal sulphide mineralization was derived
directly from the Ore Flow tholeiites. Hence, most of the metals must have been derived
from other source rocks, of which the pervasively altered upper Muﬁro-Warden Sill is the
strongest candidate. Another possible source might be residual, metal-rich deuteric fluids
resulting from crystallization of the sill. However, input from such a source appears to be
limited since precious metals which are often concentrated in deuteric fluids (see, for
example, Good and Crocket, 1994, with respect to the Coldwell Complex) are in very low
concentrations in the deposit. A similar conclusion was reached for the nearby Potter
Mine deposit (Coad, 1976), where sulphide mineralization occurs within the mafic
fragmental cap of the Centre Hill Complex.

Due to the high permeability of the joint and fault breccia systems to downward
percolation of seawater, the thin layer of Ore Flow tholeiites provided very little thermal
insulation to the underlying Munro-Warden Sill. Hence, the sill would have cooled
rapidly and thus shortened the time during which the associated hydrothermal system was
active. The short duration of hydrothermal activity appears to be the most important
factor leading to the relatively small size of the Potterdoal deposit (estimated at

approximately 200,000 tons).
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Metal zonation within the Potterdoal deposit shows strong evidence that sulphide
deposition was controlled by the thermal stability of individual sulphide minerals within a
cooling hydrothermal fluid. Hydrothermal circulation was restricted to specific highly
permeable routes through the fault and tectonic breccias, and therefore only a relatively
small proportion of these breccias have ore grade mineralization. The cooling rate of the
hydrothermal fluid within the breccia conduits was relatively slow, owing to the
insulating effect of the wall rocks, and thermal gradients were probably very steep.
Sulphide mineralization within these breccia conduits was therefore dominated by the
higher temperature assemblage of chalcopyrite and pyrrhotite. Migrating upwards
towards the tectonic breccia/seawater interface, the hydrothermal fluid eventually came in
contact and mixed with downward-moving seawater. Mixing caused rapid cooling and
the subsequent deposition of all remaining dissolved lower temperature sulphides
(predominantly sphalerite) within the interstitial pore space between tectonic breccia
fragments. Where the hydrothermal flow was more intense, partial to complete
replacement of sedimentary rock fragments is observed. This sulphide precipitation
should have reduced the permeability of the tectonic breccias, causing isotherms to rise
under the massive sulphide lens. Evidence which suggests the rising of ore system
isotherms is indicated by the upwards and outwards zonation within the ore lens from a
Cu-rich core to Zn-rich peripheries. This zonation was controlled by the preferential
precipitation of progressively lower temperature minerals, as the cooling hydrothermal

fluid migrated away from vent sites just below the seafloor interface. Following the
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mineralizing event, the accumulated massive sulphide were probably buried quickly by
the relatively unaltered komatiitic units of Fred's Flow.

The rotation of the Potterdoal stratigraphy into its present subvertical orientation
was then initiated by marginal tilting, related to basinal subsidence along the regional
rifting centre, as proposed by Johnstone (1987). A similar process was proposed by
Jensen and Langford (1985), where initial up-turning of the rapidly extruded stratigraphy
is accomplished by ridge proximal subsidence along ridge parallel listric faults.

This subsidence formed an open syncliﬁal structure which.was later compressed
into the tight isoclinally folded McCool Hill Syncline during the late Kenoran
transpressional event. This isoclinél folding require a significant amount of bedding-
parallel thrust faulting for the conservation of local stratigraphic volume. One of these
bedding-subparallel faults includes the Buster Fault, which was produced the small scale
stratigraphic repetition represented by Theo's Flow and the ore bearing Ore Flow,

exposed along the current erosional surface.

8.3 Comparison Of The Potterdoal Deposit with the Potter Mine Deposit

As previously noted, the Potterdoal and Potter deposits are closely related owing
to their similar tectonic setting and general position within the regional stratigraphy.
Both deposits appear to occupy the same stratigraphic horizon on opposite sides of the
McCool Hill syncline; however, small local variations in the regional stratigraphy has

produced two deposits of very different formational style.
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Correcting for the structural repetition found within the Potterdoal area, the local
stratigraphy of the Potterdoal deposit is seen to consist of a thick layered tholeiitic sill
(Munro-Warden Sill) overlain by a tholeiitic flow (the Ore Flow), and capped by a thick
komatiitic succession (Fred’s Flow). The Potter Mine deposit shows a similar
stratigraphy, with a thick, cyclically layered tholeiitic gabbro base (the Centre Hill
Complex), overlain by the basaltic komatiitic “hyaloclastite” layer, and capped by a thick
sequence of komatiitic flows (Coad, 1976). For both deposits, sulphide mineralization
roughly occurs along the top of the extrusive unit which is sandwiched between the thick
footwall gabbroic unit and the capping komatiites.

Aside from the above noted‘ similarities in general deposit stratigraphy, the role
which key units played during the transport and emplacement of sulphide ore within each
stratigraphy varies significantly. As noted in the genetic model of the Potterdoal deposit,
the main heat engine driving the ore forming hydrothermal system was the Munro-
Warden Sill. This sill intruded under a thin skin of extrusive tholeiites (approximately
150 m thick), forcing the hydrothermal system to circulate through the pre-existing
tholeiitic layer before the contained sulphides could be precipitated within the overlying
tectonic breccias, just below the sea water interface. Economic deposits of base metal
sulphides are concentrated above highly permeable hydrothermal conduits which transect
the tholeiitic unit.

A genetic model for the Potter Mine deposit was first proposed by Coad (1976),
however, some inconsistencies existed with this model. Currently, no expression of the

Potter Mine mineralization exists on surface and all available stored diamond drill core
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had been vandalized, making the direct examination of the Potter Mine deposit difficult.
However, from the examination of available footwall outcrops within the mine site area
and by using Coad’s (1976) thorough petrographic descriptions of drill core, other local
occurrences like the Mangan showing can be seen to have experienced very similar
genetic processes.

Figure 8-2 shows a surface map of the area surrounding the Mangan showing,
located roughly east of the Potter Mine deposit (see Figure 1-2). Being on the north limb
of the McCool Hill Syncline, the stratigraphic younging direction‘ is towards the south,
similar to the Potterdoal deposit. The Mangan showing shows a near identical
stratigraphic profile as is found at thé Potter mine, consisting of a thick, footwall gabbroic
unit overlain by a fragmental “hyaloclastite”, and capped by komatiites.

Personal field observations and personal communications with several other
geologists (primarily Andy Fyon, James Crocket and Tucker Barrie, 1995) support the
interpretation that the Mangan and Potter Mine stratigraphies were created by the
breaching of a large sill above the sea floor interface. This breached sill would then have
appeared as a large subaqueous lava lake, which formed a thick breccia cap by quench
shattering and phreatic activity along the top of the ponded magma. This breccia cap is
represented by the fragmental unit overlying the gabbro at the Mangan showing, and by
the hyaloclastite horizon, identified by Coad (1976), which directly overlies the Centre
Hill Complex in the Potter Mine area. Escaping heat from the ponded lava then initiated
a convecting hydrothermal system through the breccia cap, leaching the recently

crystallized gabbro and depositing the entrained metals within the breccia cap. Alteration



Figure 8-2 Geology map of the Mangan showing. The Mangan showing shares
a very similar stratigraphy with the Potter Mine deposit, however, since the
Mahgan showing is on the opposite limb of the McCool Hill Syncline, the
younging directon is opposite (i.e. towards the south) to the Potter Mine.
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and sulphide mineralization probably occurred initially at some depth within the breccia
cap owing to the high permeability of the breccia. However, as the porosity decreased
within the breccia cap (due to the interstitial precipitation of sulphide and gangue
minerals), the effects of alteration and mineralization would have moved upwards within
the breccia. The highest degree of alteration and sulphide mineralization would have
developed along the upper contact of the breccia cap where the hydrothermal gradient
was the most intense. These processes could explain why there are a number of irregular
mineralized horizons within the breccias of the Mangan showing, and why silisification is
so intense within the upper portion of the breccia unit. Initial hydrothermal convection
within the breccia cap would have generally been unfocused, leading to wide spread but
limited mineralization of the bulk of the breccia cap. However, as the permeability of the
breccias decreased, hydrothermal convection would have become more focused, allowing
for the concentration and deposition of economic base metal grades.  Evidence
supporting the late stage concentration of hydrothermal flow can be seen underlying the
main Mangan showing, where hydrothermal chlorite veins and sulphide mineralization is
much more evident within the upper portion of the footwall gabbros.

Both the Potterdoal and Potter deposits show strong chloritic alteration pipes
associated with the main hydrothermal conduits which emplaced the massive sulphides.
The most intense hydrothermal alteration is indicated by a pervasive replacement of all
other minerals by chlorite (penninite), epidote and varying amounts of sulphides.
Silicification of the hyaloclastite horizon, surrounding and along the flanks of the massive

sulphide mineralization, also seems to be a prevalent alteration style associated with the
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Potter and Mangan deposits. The presence of widespread silicification of the tectonic
breccias is not as obvious within the Potterdoal deposit. However, due to highly focused
venting found beneath the Potterdoal deposit, it is likely that overlying silicified breccias
would have been replaced by massive sulphides as the thermal regime rose within the
tectonic breccia pile.

Sulphide mineralogies for both deposits are very simple and are virtually identical.
The predominant sulphide assemblage (in descending order of abundance) for the
Potterdoal is pyrrhotite-chalcopyrite-sphalerite-pyrite, whereas the Potter has a pyrrhotite-
pyrite-chalcopyrite-sphalerite assemblage. The higher abundance of pyrite in the Potter
Mine deposit may be due to the rapid, less restricted convection of meteoric sea water,
producing a relatively less reducing environment which would have allowed pyrite to be
more stable.

As noted before, the small size of the Potterdoal and Potter Mine deposits
(approximately 200,000 tons and 600,000 tons respectively) are a direct result of the rapid
cooling of the underlying, shallowly emplaced gabbros. The somewhat larger size of the
Potter Mine deposit may be explained by the cyclic layering within the Centre Hill
Complex, which suggests multiple injections of new magma. This extended period of
periodic magma injection could have prolonged the activity of the hydrothermal system
which formed the Potter Mine deposit, allowing significantly more sulphides to
accumulate relative to the other occurrences like the Potterdoal deposit and the Mangan

showing.



Chapter 9

Conclusions

9.1 Genetic Summary Of The Potterdoal Deposit

This study provides a new interpretation for the poorly understood
tholeiite/komatiite dominated VMS occurrences (e.g. Potterdoal and Potter Mine
deposits) of the Kidd-Munro assemblage. Whole rock geochemistry demonstrates an iron
tholeiitic affinity for the rocks which host the Potterdoal deposit. Thesé tholeiites have
geochemical properties consistent with ocean floor basalts, erupted in a mid-ocean ridge
tectonic setting. The Potterdoal deposit was emplaced into this stratigraphy by a
hydrothermal system driven by heat from the Munro-Warden Sill which was intruded at a
high stratigraphic level. The relatively small size of the deposit probably resulted from
the rapid cooling of the sill, and consequent short duration of the hydrothermal system.
The cooling of the sill was accelerated by the lack of sufficient stratigraphic cover, along
with an efficient convecting hydrothermal system. The primary source of metals for the
deposit was the upper portion of the Munro-Warden Sill, as indicated by the high degree
of pervasive hydrothermal alteration of gabbros.

A three dimensional interpretation of subsurface geology of the Potterdoal

deposit, based largely on new drill core data, shows a typical VMS cross-section,
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consisting of a mineralized footwall stockwork zone overlain by an extensive massive
sulphide lens, with local ore grade Cu-Zn values. The lower stockwork mineralization is
confined to narrow, highly altered joints and fault breccia conduits within the massive
Ore Flow gabbros, footwall to the main mineralization. Above the Ore Flow gabbros, the
mineralized stockwork ;apidly widens into a tectonic breccia which fills the fault scarp
structure defined in the paleosurface. Intense chloritic alteration surrounded by a halo of
sericitic alteration accompanies the stockwork mineralization, and mass changes observed
within these altered rock are consistent with mass change associatea with alteration pipes
of other VMS deposits. However, it is important to note that the alteration aureole
surrounding a typical Potterdoal hydrothermal fault breccia conduit measure only several
meters wide, whereas alteration pipes underlying a typical major VMS deposit typically
show widths of 100 m. The massive sulphide lens at the top of the tectonic breccia
stockwork formed by the wholesale replacement of the tectonic breccia just below the
seawater interface, and shows an upward and outward gradation from a Cu-rich core to
Zn-rich margins.

Drill core information demonstrates the importance of bedding subparallel
thrusting along the Buster Fault, during the Kenoran compressional event (~ 2.6 Ga).
This thrusting was responsible for the local repetition of stratigraphically equivalent
tholeiitic flows, and has effectively removed the deep footwall rocks originally associated

with the Potterdoal deposit.
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Sample Descriptions and Locations

Samples preceded by “SPD” are surface samples, and are located on the field map
shown in Figure A-1. Samples preceded by only “PD” are diamond drill core samples.
The number following the “PD” is the drill hole number, and the number after the dash is
the depth into the hole (measured in metres) at which the sample was located. Diamond
drill core samples are located within abbreviated diamond drill logs summarized in Table

A-1.
Sample Rock Type Alteration
Ore Flow Basalts
SPD-11 Variolitic basalt Moderately altered (spilitization)
SPD-14 Massive basalt Strongly altered (hydrothermal alteration)
SPD-22 Variolitic basalt Moderately altered (spilitization)
SPD-23 Variolitic basalt Moderately altered (spilitization)
Ore Flow Gabbros
SPD-28 Medium grained gabbro Weakly altered, nearby sulphides (hydrothermal alt.)
PD2-287 Coarse grained gabbro Relatively fresh (regional metamorphic alteration)
PD4-195 Gabbro Very strongly altered, most primary texture destroyed
(hydrothermal alteration)
PD11-318 Medium grained gabbro Weak to moderately altered (hydrothermal alt.)
PD12-182 Medium grained gabbro Strongly altered (hydrothermal alteration)
PD12-188 Coarse grained gabbro Moderately altered (hydrothermal alteration)
PD12-197 Medium grained gabbro Moderately altered (hydrothermal alteration)
Theo’s Flow Basalts
SPD-7 Sheeted flow basalt Moderately altered (spilitization)
SPD-8 Pillowed basalt Moderately altered (spilitization)



Sample

Rock Type
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Alteration

Munro-Warden Sill Gabbros

SPD-32

SPD-34

Komatiites
SPD-3
SPD-12

PD1-105

Tuffs
SPD-24
SPD-31

PD4-108.5

Leucogabbro

Leucogabbro

Picritic komatiite
Peridotitic komatiite

Hyaloclastite

Cherty tuff
Laminated tuff

Laminated tuff

Weak to moderately altered (hydrothermal alt.)

Moderate to strongly altered (hydrothermal alt.)

Moderately altered (spilitization)
Moderately altered (spilitization)

Moderately altered (spilitization)

Weakly altered (regional metamorphic alteration)
Weakly altered (regional metamorphic alteration)

Weakly altered (regional metamorphic alteration)



Figure A-1  Potterdoal area surface sample location map.
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Table A-1: Abbreviated diamond drill logs showing sample locations.

Hole ID: PD1 Dip: -60°N Collar Location: 1+00E / 0+75S
From To Rock Type Comments
0.0 5.7 Casing
57 105.4 Komatiite Fred's Flow
*+4% PD1-105 Komatiite Sample
105.4 159.9 Variolitic Basalt B
159.9 171.8 Mineralized Basalt Breccia Ore Flow Gabbro
171.8 172.0 Fault Buster Fault
172.0 193.6 Komatiite Komatiite Overlying Theo's Flow
193.6 End Of Hole
Hole ID: PD2 Dip: -70°N Collar Location: 1+00E / 14508
From To Rock Type Comments
0.0 3.0 Casing
3.0 235.8 Komatiite Fred's Flow
235.8 236.8 Fault
236.8 2383 Komatiite Fred's Flow
2383 2476 Variolitic Basalt Locally brecciated and mineralized
247.6 2487 Massive Sulphide
248.7 268.4 Tuff/Chert Breccia Tectonic Breccia
268.4 291.0 Gabbro Ore Flow Gabbro
*&* PP2-287 Ore Flow Gabbro Sample
291.0 End Of Hole
Hole ID: PD4 Dip: -60°N Collar Location: 3+00E / +-50S
From To Rock Type Comments
0.0 3.5 — Casing
35 90.8 Komatiite Fred's Flow
90.8 91.4 Fault
91.4 93.4 Massive Sulphide
934 159.9 Tuff/Chert Breccia Tectonic Breccia
. **% PD4-108.5 Tuff Sample
159.9 2348 Gabbro Ore Flow Gabbro
*** PD4-195 Ore Flow Gabbro Sample
234.8 2358 Fault Buster Fault
235.8 315.0 Basalt Theo's Flow Basalts
315.0 End Of Hole
Hole ID: PD11  Dip: -65°N Collar Location: 1+00E / 1+29S
From To Rock Type Comments
0.0 1.8 Casing
1.8 285.3 Komatiite Fred's Flow
2853 350.0 Gabbro Ore Flow Gabbro
*** PD11-318 Ore Flow Gabbro Sample
350.0 End Of Hole
Hole ID: PD12 _ Dip: -60°N Collar Location: 2+92E / 1+128
From To Rock Type Comments
0.0 2.0 e Casing
20 161.8 Komatiite Fred's Flow
161.8 162.3 Tuff
1623 166.3 Massive Sulphide
166.3 176.9 Tuff/Chert Breccia Tectonic Breccia
176.9 206.0 Gabbro Ore Flow Gabbro
***PD12-182 Ore Flow Gabbro Sample
***PD12-188 Ore Flow Gabbro Sample
**+PDN12-197 Ore Flow Gabbro Sample
206.0 End Of Hole
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Table B-1: Precision and accuracy calculations for XRF data.

R.V. -—— Recommended value
S.D. ——— Standard deviation about the mean
Prec% —— Precision or "reproducibility” = (S.D./Mean)*100
Var. - —— Variance = ((X1-R.V.)*2+(X2-R.V.)A2+...+(Xn-R.V.)A2)/n
Dev. —— Standard deviation about the recommended value = SQRT(Var.)
Accul.% —— Accuracy 1 =(Dev./R.V.)*100
Accu.2% —— Accuracy 2 = (Mean-R.V)/R.V.*100

Sample Si02 TiO2 Al203  Fe203 MnO MgO Cal K20 P205 Na20
PCC-1 41.34 0.01 0.46 8.49 0.12 43.76 0.51 0.00 0.01 0.00
PCC-1 41.63 0.00 0.49 8.43 0.11 43.63 0.52 0.00 0.01 0.00
R.V. 41.67 0.01 0.67 8.25 0.12 43.43 0.52 0.00 0.00 0.00
Mean 41.49 0.01 0.48 8.46 0.12 43.70 0.52 0.00 0.01 0.00
S.D. 0.145 0.005 0.015 0.030 0.005 0.065 0.005 0.000 0.000 0.000
Prec. % 0.35 100.00 3.16 0.35 4.35 0.15 0.97 0.00 0.00 0.00
Var. 0.055 0.000 0.038 0.045 0.000 0.074 0.000 0.000 0.000 0.000
Dev. 0.235 0.007 0.196 0.212 0.007 0.273 0.007 0.000 0.010 0.000
Accul.% 056 70.71 29.19 257 5.89 0.63 1.36 0.00 0.00 0.00
Accu2.% -0.44 -50.00 -29.10 2.55 -4.17 0.61 -0.96 0.00 0.00 0.00

Sample ~ SiO2 TiOo2 A203  Fe203 MnO MgO Ca0 K20 P205 Na20
JB-1A 52.06 1.26 14.51 8.91 0.14 7.85 9.10 1.43 0.256 2.51
JB-1A 51.98 127 14.63 9.02 0.14 8.00 9.12 1.42 0.256 2.53
JB-1A 52.13 1.25 14.52 8.93 0.14 8.03 9.15 1.43 025 2.54
R.V. 52.16 1.30 14.55 9.10 0.15 7.75 9.23 1.42 0.26 274
Mean 52.06 1.26 14.55 8.95 0.14 7.96 9.12 1.43 0.25 253
S.D. 0.081 0.008 0.054 0.048 0.000 0.079 0.021 0.005 0.000 0.012
Prec% 0.12 0.65 0.37 0.53 0.00 0.99 0.23 0.33 0.00 0.49
Var. 0.014 0.002 0.003 0.024 0.000 0.050 0.012 0.000 0.000 0.046
Dev. 0.120 0.041 0.054 0.154 0.010 0.224 0.109 0.008 0.010 0.214
Accul.%  0.23 3.14 0.37 1.70 6.67 2.89 1.18 0.57 3.85 7.80
Accu2.% -0.20 -3.08 0.02 -1.61 -6.67 27 -1.16 0.47 -3.85 -7.79

Sample Si02 Ti02 Al203  Fe203 MnO MgO Ca0 K20 P205 Na20
MRG-1 39.23 3.75 8.48 18.06 0.17 13.57 14.66 0.16 0.06 0.82
MRG-1 38.99 3.75 8.44 18.16 017 13.62 14.69 0.16 0.07 0.73
R.V. 39.09 3.77 8.46 17.93 0.17 13.55 14.71 0.18 0.06 0.74
Mean 39.11 3.75 8.46 18.11 017 13.60 14.68 0.16 0.07 0.78
S.D. 0.120 0.000 0.020 0.050 0.000 0.025 0.015 0.000 0.005 0.045
Prec% 0.31 0.00 0.24 0.28 0.00 0.18 0.10 0.00 7.69 5.81
Var. 0.015 0.000 0.000 0.035 0.000 0.003 0.001 0.000 0.000 0.003
Dev. 0.122 0.020 0.020 0.187 0.000 0.051 0.038 0.020 0.007 0.057
Accul.%  0.31 0.53 0.24 1.04 0.00 0.38 0.26 11.1 11.79 7.70
Accu2.%  0.05 -0.53 0.00 1.00 0.00 0.33 -0.24 -11.11 833 4.73
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Table B-1: Precision and accuracy calculations for XRF data (continued).

Sample
G-2
G-2
R.V.

Mean
S.D.

Prec. %
Var.
Dev.

Accul.%
Accu2.%

Sample
BE-N
BE-N
R.V.
Mean
S.D.

Prec. %
Var.
Dev.

Accul.%
Accu2.%

Sample
NIM-G
NIM-G
R.V.
Mean
S.D.
Prec. %
Var.
Dev.
Accul.%
Accu2.%

Sample
BHVO-1
BHVO-1
R.V.
Mean
S.D.
Prec. %
Var.
Dev.
Accul.%
Accu2.%

Zr
313
319
309

316.0
3.0
0.9

58.00

7.62
2.46
227

268
266
265
267.0
1.0
04
5.00
224
0.84
0.75

Zr
295
298

296.5
15
0.5

14.50

3.81
1.27
-1.47

Zr
180
179
179

179.5
0.50
03
0.50
0.7
0.40
0.28

12
12
1
12.0
0.0
0.0
1.00
1.00
9.09
9.09

28

29.0
1.0
34

2.00

1.41

471

-3.33

144
141
143
1425
1.5
1.1
2.50
1.58
1.1
-0.35

Y

27

28
276
275
0.50

1.8
0.26
0.51
1.85
-0.36

Sr
492
488
478

490.0
2.0
0.4

148.00

1217

2.55
2.51

Sr
1378
1374
1370

1376.0
2.0
0.1

40.00
6.32
0.46
0.44

Sr
1"
10
10
105
05
4.8
0.50
0.71
7.07
5.00

Sr
404

403
404.5
0.50
0.1
2.50
1.58
0.39
0.37

Rb
169
168
170
168.5
0.5
0.3
250
1.58
0.93
-0.88

Rb

47
47
475
0.5
1.1
0.50
0.71
1.50
1.06

Rb
316
319
320

3175

15
0.5
8.50
292
0.91

-0.78

Rb
12
12
11
12.0
0.00
0.0
1.00
1.00
9.08
9.09

Zn
102
104
105

103.0
1.00

1.0
5.00
224

213
-1.90

Sample
BIR-1
BIR-1

R.V.
Mean
S.D.
Prec. %
Var.
Dev.
Accul.%
Accu2.%

Sample
MRG-1
MRG-1
R.V.
Mean
S.D.
Prec. %
Var.
Dev.
Accul.%
Accu2.%

Sample
NIM-P
NIM-P
R.V.
Mean
S.D.
Prec. %
Var.
Dev.
Accul.%
Accu2.%

Cu
137
134
136
1355
1.50
1.1
2.50
1.58
1.16
0.37

Zn .
65
63
71
64.0
1.0
16
50.00
7.07
9.96
-9.86

Zn
189
191
191

190.0

1.0
05
2.00
1.41

0.74
-0.52

Zn
105
103
100
104.0
1.0
1.0
17.00
412
412
4.00

Ni
123
119
121
121.0
2.00
17
4.00
2.00
1.65
0.00
Cu Ni
127 157
124 158
126 166
1255 157.5
15 0.5
1.2 0.3
2.50 72.50
1.58 8.51
1.25 5.13
-0.40 -5.12
Cu Ni
129 191
133 190
134 193
131.0 190.5
20 05
15 0.3
13.00 6.50
3.61 2.55
269 1.32
-2.24 -1.30
Cu Ni
18 563
17 564
18 560
175 563.5
0.5 0.5
29 0.1
0.50 12.50
0.71 3.54
3.93 0.63

-2.78 0.63



Sample
SCo-1
SCo-2
SCo-3

R.V.
Mean
S8.D.
Prec%
Var.
Dev.
Accu1.%
Accu2.%

Sample
MRG-1
MRG-2
MRG-3

R.V.
Mean
S.D.
Prec%
Var.
Dev.
Accul.%
Accu2.%

Table B-2: Precision and accuracy calculations for INAA data. Elemental determinations for the
SCo-1 and MRG-1 standards where calculated relative to the BHVO-1 standard.

Sm
5.63
494
5.57
5.30
5.38
0.310
5.77
0.103
0.321
6.05
1.52

Sm
4.46
4.03
4.60

4.5
4,36

0.244
5.59
0.079
0.280
6.23
-3.07

La
31.52
29.72
29.91
29.50
30.38
0.808

2.66
1.435
1.198
4.06
3.00

La
9.88
9.65
9.29

9.8
9.60

0.241
2.51
0.097
0.311
3.17
-2.01

R.V.
S.D.
Prec%
Var.
Dev.

Accutl.%
Accu.2%

Nd
33.29
34.78
33.77
26.00
33.85
0.621

1.83
63.534
7.971
30.66
30.56

Nd
13.37
10.97
13.82

19.2
12.72
1.250
9.83

43.578
6.601

34.38
-33.76

Lu
0.47
0.47
0.44
0.34
0.46

0.016
3.55
0.014
0.119
35.03
34.70

Lu
0.09
0.11
0.07
0.12
0.09

0.013
14.16
0.001

0.032
26.50
-24.23

Recommended value
Standard deviation about the mean

Precision or "reproducibility” = (S.D./Mean)*100

Variance = ((X1-R.V.)\2+(X2-R.V.}A2+...+(Xn-R.V.}*2)/n

Standard deviation about the recommended value = SQRT(Var.)
Accuracy 1 = (Dev./R.V.)*100
Accuracy 2 = (Mean-R.V)/R.V.*100

Yb
2.63
2.92
2.46
2.27
2.67

0.191
7.16
0.195
0.442
19.45
17.54

Yb
0.62
0.72
0.38

0.6
0.57

0.142
24.84
0.021
0.145
2414
-4.57

Sc
13.61
14.44
13.76
10.80
13.93
0.364

2.61
9.959
3.156
29.22
29.03

Sc
44.80
42.20
44.25

55
4375
1.117

2.55
127.809
11.305
20.55
-20.45

Ce
147.07
124.51

74.66
62.00
115.41
30.250
26.21
3767.996
61.384
99.01
86.15

Tb
2.02
1.64
1.46
0.70
1.70

0.235

13.77

1.062

1.030
147.21
143.34

Hf
8.89
7.95
6.02
4.60
7.62
1.186
15.69

10.561
3.250
70.65
65.69

Rb Co
149.66 17.05
56.43 17.12
269.55 13.92
112.00 10.50
158.55 16.03
87.235 1.491
55.02 9.30
9776.546 32.815
08.876 5.728
88.28 54.56
41.56 52.68

Ta
1.53
1.04
1.16
0.92
1.25

0.211
16.93
0.150
0.387
42.11
35.33

Eu
1.92
1.75
1.48
1.19
1.72

0.178
10.40
0.308
0.555
46.63
4416

(44!



Samples
SPD-22-1
SPD-22-2
SPD-22-3
Mean
S.D.
Prec%

Sm
3.97
3.77
3.31
3.68
0.28
7.53

La
9.10
8.76
6.50
8.12
1.15

14.21

Table B-3: Precision calculations for triplicate samples.

- Standard deviation about the mean
- Precision or "reproducibility” = (S.D./Mean)*100

S.D.
Prec%

Nd Lu
13.37 0.38
10.70 0.34
15.01 0.29
13.02 0.34

1.78 0.04
13.65 10.72

Yb
232
2.05
2.82
2.40
0.32
13.40

Sc
24.56
26.37
24.72
25.22

0.82
3.26

Ce
8.11
8.77

15.98
10.95
3.56

32.52

Tb
0.35
0.49
0.70
0.51
0.14

27.74

Hf
1.54
1.83
2.07
1.81
0.21

11.87

Co
43.51
4428
46.27
44 .68

1.16
2.60

Ta
0.26
0.34
0.28
0.29
0.03

11.90

Eu
1.12
1.15
1.18
1.15
0.02
1.97

1341



