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Abstract

The Potterdoal volcanogenic massive sulphide deposit is hosted by a
tholeiitic/komatiitic succession located in northern Munro Township, Ontario. An
integrated surface and drill core study of this property was undertaken to document the
three dimensional structure and stratigraphy of the deposit. Petrography focused on
mineralogical changes associated with the hydrothermal alteration within specific units.
Several geochemical methods were used to determine the effects of hydrothemal
alteration (as quantified by elemental mobility) as well as source magma affinities and
tectonic setting. Based on this information, a model for ore genesis was developed.

The Potterdoal deposit is hosted by volcanic rock of an iron tholeiite affinity,
emplaced within an ocean floor rifting environment. The chemistry of the tholeiites
shows similarities to that of large deposits like Kidd Creek, but lacks the felsic
component of bimodal volcanism. It is suggested that felsic volcanics are absent because
the local crust did not achieve sufficient thickness to allow partial melting of lower
crustal material.

The deposit consists of a stockwork zone overlain by an extensive massive
sulphide lens which lies along a scarp structure defined in the paleosurface. Stockwork
mineralization is narrowly confined to conduits within a fault breccia in the footwall Ore

Flow. gabbro, and widens into an overlying tectonic breccia. Sulphide paragenesis
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appears to be controlled by the thermal solubilities of the sulphide minerals, and consists
of pyrite, sphalerite, pyrrhotite and chalcopyrite in both stockworks and the massive
sulphide lens. The lens occurs at the top of the tectonic breccia near the paleo-seawater
interface, and formed by direct replacement of the tectonic breccia. The lens locally
exhibits ore grade base metal values (i.e. combined Cu and Zn content of at least 3%),
and shows an upward and outward gradation from chalcopyrite to sphalerite-dominated
ore. These features suggest that exhalation of the hydrothermal system was focused into
local vent sites.

Mass change associated with the hydrothermal alteration envelopes surrounding
Ore Flow fault breccia conduits involve loss of Si, Ca, Na and Sr, and gain of Fe, Mg, K,
Cu and Zn. These changes are attributed to fluid-rock reactions which are consistent with
hydrothermal alteration associated with other VMS deposits,

The genetic model suggested for the Potterdoal deposit involves a hydrothermal
system driven by heat from the intrusion of the Munro-Warden Sill at a high /stratigraphic
level. The relatively small size of the deposit is probably due to the rapid cooling of the
sill, which shortened the life-span of the hydrothermal system. The primary source of
metals was the upper portion of the Munro-Warden Sill, as indicated by the high degree
of pervasive hydrothermal alteration of this part of the gabbro.

Drill core information has also revealed the importance of the Buster Fault in the
construction of the currently exposed Potterdoal stratigraphy. Thrusting subparallel to

bedding along the Buster Fault during the Kenoran compressional event (~ 2.6 Ga) was
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responsible for the local repetition of tholeiitic flows, and has effectively removed the

deep footwall rocks originally associated with the Potterdoal mineralization.
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Chapter 1

Introduction and Objectives

1.1  Introduction

Within the Abitibi Greenstone Belt, empirical observation has associated major
volcanogenic massive sulphide (VMS) deposits with hydrothermally altered Archean
felsic volcanics (Spence and De Rosen-Spence, 1975; Franklin et al., 1981; Lydon, 1988).
This observation has lead to the discovery of numerous large deposits including the Kidd
Creek, Noranda, Mattagami and Kamiskotia camps. However, there are some VMS
deposits which do not conform with this historically noted felsic volcanic association.
These deviant deposits have been conspicuously noted in the literature (Fyon et al., 1992;
Barrie et al., 1993), but have received only minimal study due to their relatively small
size. The stratigraphic association of these deposits is dominated by mafic, tholeiitic to
komatiitic assemblages, with little or no felsic component present. Some deposits of this
nature are interpreted to occur within stratigraphic and temporally equivalent rocks of the
considerably larger Kidd Creek deposit (Plate 1-1a), and appear to have formed within a

related tectonic environment.



Plate 1-1a The Kidd Creek Mine located northeast of Timmins, Ontario.

Plate 1-1b The Potterdoal Mine, Northern Munro Twp, Ontario. The fenced
off area encloses the original inclined shaft, which was subsequently open

pitted.






The long abandoned Potterdoal Mine (Plate 1-1b) is one of these mafic associated
deposits, and is located in north-central Munro Township, approximately 39 km by road

east of the nearest town of Matheson, Ontario (Figure 1-1).

1.1.2 Previous Academic Work

A large body of academic research has been preformed on the rocks of the Munro
Township area; however as previously stated, very little of this work was focused on the
local base metal deposits. Initial mapping of the Munro Township area was completed in
1912, after several small gold deposits were discovered in the southwestern corner of the
township. The first comprehensive work describing the geology of the Munro area was
undertaken by Jack Satterly (1952). In this study, Satterly determined the dominant
structural feature of the township to be a large, east-west trending syncline, referred to as
the Munro Syncline, which runs across the northern half of the township. Most of the
following work then concentrated on petrologic studies, which examined the layered
intrusives and especially the komatiitic flows for which Munro Township is world known
(MacRae, 1963, 1969; Pyke et al., 1973; Fleet and MacRae, 1975; Arndt, 1975; Arndt et
al., 1977; Arth et al., 1977; Arndt and Nesbitt, 1982, 1984). A re-interpretation of the
local scale regional geology west of Lake Abitibi was most recently compiled by Robert
Johnstone in 1991. Johnstone's study contains the most ambitious and thorough coverage
of structural geology and tectonic setting of the Munro Syncline structure.

Similar to the petrologic studies, most economically oriented studies have been

concentrated on the "Kambalda type" nickel, PGE and gold potential of komatiitic and



Figure 1-1 Location of Munro Township within the Abitibi Greenstone Belt
(modified from Goodwin and Ridler, 1970). Locations identified by large
diamonds indicate major gold and base metal mining camps within the

Abitibi Subprovince.
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layered flow units (Pyke, 1976; Arndt, 1976; MacRae and Crocket, 1977; Stone and
Crocket, 1993). Some work has also been done on the peridotite-associated talc-
serpentine-asbestos deposits located in southwestern Munro Township and in the north in
Warden Township. The only previous study to directly examine a mafic associated VMS
deposit was performed by Paul Coad (1976). Coad's masters thesis study concentrated on
the petrology, alteration and sulphide replacement at the Potter Mine, in central Munro
Township (Figure 1-2). This copper-zinc dominated ore system was shown to be
associated with a volcanic breccia (hyaloclastite) horizon which dﬁectly overlies a thick,
differentiated gabbroic sill. Most recently, some of the discussion covered within this

thesis is currently in press (Epp and Crocket, in press).

1.1.3 Location and Access

The Potterdoal Mine is located in greenstones of Munro Township (Figure 1-1
and 1-2) situated in northeastern Ontario. The township is situated 19 km east of the town
of Matheson and approximately 50 km north of the Kirkland Lake area. Access to the
township was attained from Highway 101, which runs eastward from Matheson to the
Ontario-Quebec border (Figure 1-2). Highway 101 runs roughly along the southern
boundary of Munro Township, and access to the northern parts of the township was made
by using the Hedman Mine access road (the Hedman Mine is a current producer of
industrial serpentine). This all season gravel road cuts north-northwestward from the
southwest corner of the township, and provides convenient access to the north central

region of the township. The main field area for this thesis (highlighted in Figure 1-2) is



Figure 1-2 Field mapping locations Within Munro Township.
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located at the end of a small, poorly maintained gravel road, which leads westward from
the Hedman Mine gate (approximately 1 km south of the northern Munro Township

boundary).

1.1.4 Mining History

The discovery of the original surface showing of the Potterdoal deposit was made
by Paul Doal of Matheson in 1926. In 1927, 660 feet of diamond drilling was performed,
and a 28 ton bulk sample taken. The massive sulphide bulk sami:le returned grades of
15.22% copper, 4.15% zinc, 2.70 ounces per ton silver, and 0.045 ounces per ton gold
(Ontario Dept. of Mines, 1927). Mining began in earnest in 1928 and continued to 1930,
concentrating on a sheared sulphide lens approximately 8 feet wide and dipping steeply to
the north. An inclined shaft was driven down on the ore lens to a depth of 125 feet, and a
vertical shaft was sunk to 250 feet to the northwest of the showing. A total of 2577 tons
of high grade ore, grading approximately 11% copper, were eventually shipped for
refining in Noranda (Dept. of Energy, Mines and Resources, 1974). The property then lay
dormant until 1979, when Amax Minerals remapped, ran various surface geophysical
surveys and drilled with limited success (Bath, 1990). In 1991, Granges Inc. re-examined
the property, performing more geophysical surveys and diamond drilling, which resulted
in the discovery of a high grade sulphide lens in a structure concordant to the steep south

dipping bedding (Cotnoir, 1993).



1.2 Objectives

Recent drilling on the Potterdoal property, graciously provided by Granges Inc.,
permits an opportunity to incorporate subsurface data into the further study of this poorly
understood deposit type. In this thesis, we will (1) define the stratigraphy, petrology and
structure around the Potterdoal Mine, (2) characterize the chemistry of stratigraphic units
associated with the Potterdoal deposit, (3) examine the chemistry of the progressive
footwall alteration associated with an ore-forming hydrothermal S);stem, (4) discuss base
metal distribution within the ore system, and (5) propose a model for the ore deposit.
Chemical characterization of these focks includes major and trace elements determined
by X-ray fluorescence (XRF) analysis, and rare earth elements determined by
instrumental neutron activation analysis (INAA).

Cémparison of the Potterdoal and Potter Mine deposits was undertaken to
examine local variations of sulphide occurrences. Even though these two deposits are
interpreted to be stratigraphically equivalent (Johnstone, 1991, Granges Staff, pers.
comm., 1993), there are significant differences in the stratigraphic location and rock type

associations of their respective sulphide mineralization.



Chapter 2

Field and Laboratory Methodologies

2.1  Field Work

Field work was performed during the summers of 1994 and 1995. Initially,
remapping of several areas covered by 1:5000 and 1:2500 scale maps supplied by
Granges Inc. was performed to become familiar with the regional geologic units and
stratigraphic relationships within the Munro Township area. Detailed mapping at 1:1000
scale was then focused on areas surrounding known mineral occurrences. The most
significant of these sites are the Potterdoal and Potter mine sites, as well as the area in the
direct vicinity of the Mangan showing (see shaded areas on Figure 1-2). Mapping at most
locations was somewhat facilitated by the presence of old cut line grids, put in during the
winter of 1990 and set out at a 100 metre spacing. The usefulness of these cut lines was
locally limited due to the degree regrowth of the local bush as well as the deterioration of
the line pickets. Base lines for the cut line grids were put in parallel to the dominant
structural trend in the Munro Twp area. The result of this is that the grid line north
deviates 30 degrees east of true north, and it important to note that all mapping was

performed on this skewed grid system.
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During the collection of field samples for geochemical analyses and specimen
petrology, a concerted effort was made to collect fresh unweathered samples. Where
fresh samples were difficult to prepare in the field, large samples (2 to 3 kilograms) were
collected and subsequently cleaned back at the McMaster University sample preparation
room. Samples taken from diamond drill core were typically very fresh and clean, and
therefore did not require any further preparation.

The re-logging of 7,000 metres of core from the Potterdoal property and 1000
metres from the Mangan showing was performed with special emphasis on stratigraphic
and structural correlation. Numerous core samples were also collected for chemistry
because of their freshness and better representation of stratigraphic units which are poorly
exposed on surface. Evidence from these two areas was compared with core information
from the Potter Mine property. Unfortunately, the majority of the core storage on the
Potter Mine property had been vandalized, so only general rock types and mineralization

styles could be observed.

2.2  Petrology

Samples for thin section work were obtained from both surface and diamond drill
core rock samples. Suites of thin sections were selected to provide representative
collections of all major stratigraphic rock units, progressive hydrothermal alteration, and
progressive sulphide mineralization. = Samples showing no significant sulphide
mineralization were prepared as regular thin sections through the Geology Department’s

thin section services at McMaster University. Samples containing minor to massive
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sulphides were prepared as polished thin sections at the Toronto University thin section
facilities run by Mr. George Taylor. Examination of thin section work was done using a
Leitz transmitting/reflecting microscope so that the inter-relationship of primary minerals,
hydrothermal alteration and sulphide mineralization could be directly studied. For some
cases where mineral identification was in question an Energy Dispersive Spectrometer
(EDS) attachment for an electron microscope (Philips 515 high resolution scanning
electron microscope, Brockhouse Institute for Materials Research, McMaster University)
was used to provide semi-quantitative evidence of elemental abundances within the
mineral grain. The elements present and their relative proportions were used in

combination with optical properties to more positively identify the mineral in question.

23 Geochemistry
2.3.1 Sample Preparation

Initial preparation of field samples for geochemical analysis involved the removal
of all weathering effected surfaces from 0.5 to 1.0 kilogram rock samples. This was done
using a hydraulic splitter with high carbon steel cutting blades. Then, approximate 0.5
kilogram portions of each sample were sent to Activation Laboratories in Ancaster,
Ontario where crushing, using jaw and cone crushers, and then pulverization to a less

than 150 mesh powder, using a low chromium “soft steel” shaker mill were carried out.
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2.3.2 Instrumental Neutron Activation Analysis (INAA)

Trace elemental determinations by INAA were a major portion of the laboratory
work performed for this thesis. This work was generally based on analytical procedures
developed by Jacobs et al. (1977), as well as on procedures specifically developed for the
gamma-ray spectrometry instrumentation located within the Geology Department at
McMaster University.

Pulverized samples (<150 mesh) of approximate 500 milligram aliquots (+ 2 mg)
were weighed into polyethylene vials, capped and then sealed usiné an electric soldering
iron. All handling of the vials was done with steel tongs and latex glove to prevent Na
contamination from hands. The samples, along with three international reference
standards (BHVO-1, MRG-1 and SCo-1; Hawaiian basalt, Mont Royal gabbro and Cody
shale, respectively), were labeled with a permanent marker and then bundled between two
plastic, 6 cm diameter petri dishes. Three sets of samples, each containing a common
triplicate sample, were then submitted to the McMaster Nuclear Reactor (MNR) for
irradiation.

Each sample set underwent two separate irradiations in the RIFLS (Reactor
Irradiation Facility for Large Samples) facility of the MNR. During irradiation, the
sample bundles were rotated to allow for even neutron flux across all samples. The first
irradiation consists of a one hour duration, 2 megawatt-hour (MWH) epithermal
irradiation. An epithermal irradiation refers to a lower energy neutron spectrum flux
(~0.4 eV to 1.0 MeV) produced by shielding the sample bundle with a cadmium sleeve.

This irradiation was used for quantitative determination of the short lived isotopes '*°La
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and "*>Sm, with half-lives of 40.2 h and 46.5 h respectively, and **Sc (half-life of 83.8 d).
Gamma-ray spectra were measured after a 3 to 5 day decay time, with counting times
ranging between 3,600 to 7,200 seconds. The second irradiation consists of a 3.5 hour
duration, 7 MWH thermal irradiation. No cadmium shielding was used for the thermal
irradiations, allowing the full neutron energy spectrum to bombard the sample bundle.
Two separate gamma-ray spectral counts were performed after thermal irradiations. The
first was performed after 14 days decay time, with 3,600 to 7,200 second counting times,
allowing the quantitative determination of Nd, .Lu, Th and Yb. The second gamma-ray
spectral count was performed after 50 to 60 days decay time, counting for 14,400 to
28,800 seconds, and gives quantitative determinations of Ce, Hf, Cs, Tb, Ta, Eu and Co.
A list of the spectral energy levels used to calculate abundances of each element for
epithermal and thermal irradiations is summarized in Table 2-1.

Gamma-ray spectra were collected from an Aptec Engineering Ltd. multichannel
analyzer (MCA), coupled with an Aptec model 6300 spectroscopy amplifier. The
spectroscopy amplifier was connected to an intrinsic coaxial germanium crystal detector
(Canaberra Industries Ltd., Meriden, Conneticut) cooled by liquid nitrogen and shielded
by a four inch thick lead housing. The detector geometry consists of a thin beryllium
window and closed end coaxial, with an active facing window area of 19.8 square
centimetres. The detector has a quoted relative efficiency of 23%, with a resolution of
1.90 keV at 1.33 MeV and a peak to Compton ratio of 47.1 : 1. Display and statistical
processing of spectral counts were performed by the Aptec proprietary analyzer software

package, version 5.3, release 4 for Windows 3.1 (copyright 1989-1994, Aptec



Table 2-1: Irradiation schedule for specific elements, determined by instrumental neutron activation analysis.

Epithermal Irradiation: 2 MWH irradiation with cadmium shielding
Decay Time Following Epithermal Irradiation: 3 to 5 days
Counting Time: 7,200 seconds

Nuclide Target Element Product Isotope Half-life Spectral Energy (keV)
La 140La 139La 40.23 h 1595.0 and 487.9
Sm 153Sm 152Sm 46.7h 69.6 and 103.6
Sc 46Sc 45Sc 83.9d 890.8

Thermal Irradiation: 7 MWH irradiation at least 14 days after epithermal irradiation
First Thermal Count

Decay Time Following Thermal Irradiation: 7 to 10 days

Counting Time: 7,200 seconds

Nuclide Target Element Product Isotope Half-life Spectral Energy (keV)
Nd 147Nd 146Nd 10.99d 91.5
Lu 177Lu 176Lu 6.71d 208.6
Yb 175Yb 174Yb 4.19d 396.5
Second Thermal Count

Decay Time Following Thermal Irradiation: 50 to 60 days
Counting Time: 14,400 to 28,800 seconds

Nuclide Target Element Product Isotope Half-life Spectral Energ_y (keV)
Ce 140Ce 139Ce 325d 145.8
Tb 160Tb 159Tb 724d 300.0
Hf 181Hf 180Hf 425d 4833
Cs 134Cs 133Cs 205y 606.0
Rb 86Rb 85Rb 18.66d 1076.01
Ta 182Ta 181Ta 155.1d 12233
Eu 152Eu 151Eu 122y 1409.6

(Modified from Walker, Kirouac and Rourke, 1977)

14
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Engineering Ltd.). All samples utilized a 16,384 channel calibration, which gave an
approximate 0.1 keV channel width resolution. Counting “dead times” were kept below
5%, and if found to be greater than 5%, the sample in question was allowed to decay for
an additional period of time to bring down the dead time.

Detection limits determined by Schwartz (1995), for similar INAA procedures
performed on felsic rocks, quoted limits of 0.5 ppm for all rare earth elements. Since the
majority of rocks analysed in this study were of mafic to ultramafic composition, the bulk
concentrations of rare earth elements were substantially lower,‘ with some elements
having concentrations less than 0.5 ppm. Due to significantly lower background noise
level relative to the felsic rocks, the analysed maﬁé and ultramafic rocks of this study can
attain detection limits significantly lower than 0.5 ppm. Spectral peaks showing peak to
background areas greater than 2:1 to 4:1 can be considered real values (Jacobs et al.,
1977; pers. comm. James Crocket, 1997), allowing lower detection limits down to values
of 0.2 ppm. The extremely low concentrations of rare earth elements in the standards as
well as the bulk of the analysed samples lead to relatively high precision errors, however,

for most elements precision error was kept significantly below 10%.

2.3.3 X-Ray Fluorescence Analysis
X-ray fluorescence spectrometry (XRF) analyses for major and trace elements

were performed at the University of Western Ontario XRF Laboratory. The methods
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used by for the determination of the various elements was outlined in a communication

from Dr. Charles Wu (University of Western Ontario), and are summarized below.

2.3.3.1 Analysis Of Major Oxides

Major element analyses are reported as oxides, and included SiO,, TiO,, Fe;0s,
MnO, MgO, CaO, K0, Na;O and P,0s, each expressed as a relative percentage. Values
for the “loss on ignition” (LOI) were determined by finding the relative loss of mass
which occurred when 1.000 gram of pulverized sample was roasted at 1000°C for 2
hours.

XRF analyses were performed on fused disks which were prepared following a
similar method to that described by Norrish and Hutton (1969), and involved the mixing
of 1.00 grams of pulverized sample, combined with 5.00 grams of the Norrish formula
flux (containing LaO which acts as a heavy absorber). This mixture was fused at 1000°C
for 20 minutes, poured into pre-heated molds and then allowed to cool.

Analyses were performed on a Phillips PW-1450 automatic sequential
spectrometer, which utilized a side-window Rh-target X-ray tube. A 45 keV / 50 mA
potential was applied to the X-ray tube to excite the samples. All analytes were measured
on spectra K-lines on a gas flow proportional counter. The resulting spectral profiles
were then processed using in-house software run on a desk top personal computer.
Calculation of nominal oxide concentrations were then determined relative to a “super

standard” monitor prepared by Dr. K. Norrish. Further correction for inter-element and
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flux matrix effects was obtained from an iteration process using coefficients provided by
Dr. Norrish.

Reference standards used included the CANMET Canadian Certified Reference
Materials Project (CCRMP) standard “MRG-1”, the USGS standard “PCC-1”, and the
Geological Survey of Japan standard “JB-lA”.> These standards were randomly run as
unknowns to check the quality of data during sample analyses. Quoted detection limits
for XRF analysis of major oxides was 0.01 wt%. Precision errors of less than 1% were

obtained for Si, Ti, Al, Fe, Mg and Ca, less than 3% for Mn, K and Na, and 7% for P.

2.3.3.2 Analysis of Trace Elements

Trace elements were analyzed using an XRF methodology and include Nb, Zr, Y,
Sr, Rb, Ba, Ga, Pb, Zn, Cu, Ni, Co, Cr and V. Element determinations were performed
on whole rock pressed powder pellets. These pellets were made by combining 6.0 grams
of pulverized sample with a boric acid backing, and 3 to 4 drops of a 2% polyvinyl
alcohol solution binding agent. This mixture was then transferred to a loose-sleeve type
briquetting press and pressed for five minutes under 10 tons of pressure.

Analysis of trace elements used both the Rh- and W-target tubes with a tube
voltage of 60 keV at 40 mA. A combination of a scintillation detector and flow

proportional counter was used for the measurement of spectral intensities. Mass

absorption coefficients were then calculated from the RhK, and WKy Compton peak
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intensities as described by Willis (1989) and Nesbitt et al. (1976). Spectral profiles were
then finally corrected using pre-calculated interference factors.

A comprehensive set of 24 international rock standards were utilized to calibrate
the determination of this diverse set of elements. In addition, randomly selected duplicate
samples were also run to insure the accuracy and precision of the results. This method
provides quoted detection limits of 2 ppm for Nb, Zr, Y, Sr and Rb, and 5 ppm for Ba, V,

Cr, Co, Ni, Cu, Zn and Pb.



Chapter 3

Regional and Local Geology

3.1 Regional Setting

The Potterdoal Mine lies between splays of the Destor—qucupine Fault system
within the central southwestern Abitibi subprovince (Figures 1-1 and 3-1). The Destor-
Porcupine Fault splays shown on Figure 3-1 include the main Destor-Porcupine Fault to
the south, the Contact Fault, the Munro Fault Zone, and the North Branch Fault not
shown just north of the township. Recent stratigraphic correlation work indicates that
host rocks for the deposit belong to the Kidd-Munro assemblage (Jackson and Fyon,
1991). Most previous work in the area has utilized and older but very similar
stratigraphic correlation, which is presented in Figure 3-2 and was based on the
geochronological correlation performed by Corfu et al, 1989 (Figure 3-3). For the sake of
consistency, the newer stratigraphic correlation scheme was used throughout this work.

The Kidd-Munro assemblage shows a narrow range of extrusion dates between
2717 = 2 to 2714 £+ 2 Ma (Barrie et al., 1988; Corfu et al., 1989), and generally strikes
east-west from north of Timmins to just southwest of Lake Abitibi, where the Potterdoal
deposit is located. Within the Munro Township area, the mafic tholeiitic to komatiitic

Kidd-Munro assemblage is conformably underlain by the older (2730 + 1.5 to 2713 £ 2
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Figure 3-1 Generalized geology map of the northwest Black River-Matheson
area (Johnstone, 1991).
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Figure 3-2 Old and new stratigraphic sub-divisions for the rocks of the Munro

Township area.
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Figure 3-3  Geochronologic sub-division of stratigraphic section within the
southwestern Abitibi Greenstone Belt prepared by Corfu et al., 1989.

Rocks on the Munro Township area are shown in the central column.



Timmins area

Lake Abitibi area

Kirkland Lake area

ut Upper Tisdale Fm.

TU: 2703 + 1.5 M
mt Middle Tisdale Fm.

TK: 2698 + 4 Ma)
a

It Lower Tisdale Fm.

ud Upper Deloro Fm.
(DU: 2727 + 1.5 Ma)

md Middle Deloro Fm.
Id Lower Deloro Fm.

pg Porcupine Gp.

tim Timiskaming Gp.
?
br Blake River Gp.
(BR: 2701 + 2 Ma)
kg Kinojévis Gp.
sr Stoughton—Roquemaure Gp. {l Larder Lake Gp.
(SR: 2714 + 2 Ma) (LL: 2705 + 2 Ma)
? A A A ? -
: ~
hm Hunter Mine Gp. sk Skead Gp.
HM: 2713 £ 2 Ma (SK: 2701*3 Ma)
HMS: 2730 £ 1.5 Ma*®
ca Catharine Gp.

wa Wabewawa Gp. J

\
pt Pacaud Gp.
(PT: 2747 £+ 2 Ma?%)

Supergroups

et
—
—

I

Nortes: Stratigraphic subdivision from MERQ—OGS (1983). Formations (Fm.) as defined by Pyke (1982) for the
Timmins area correspond to groups (Gp.) in the other areas (Jensen and Langford 1985).
°From Mortensen (1987a, and personal communication, 1987).

22



23

Ma) calc-alkalic Duff-Coulson-Rand assemblage to the north, and is in fault contact with
younger (2680 to 2677 Ma) turbiditic sediments of the Hoyle assemblage to the south

(Jackson and Fyon, 1991; Corfu et al., 1989; Corfu et al., 1991).

3.2 Local Structure

The most significant structure affecting the geology of Munro Township area is a
tight, shallowly west-north-westward plunging synclinal structure, referred to as the
McCool Hill Syncline (Johnstone, 1987). This structure is located in the northern half of
the township, and is clearly seen on a regional aeromagnetic map (Figure 3-4), which also
shows the fold closure in the adjacent McCool Township. This syncline folds a laterally
extensive stratigraphy consisting of alternating units of Fe to Mg tholeiitic basalts,
basaltic to peridotitic komatiites, and tholeiitic to peridotitic sills. The komatiitic flows
contain a large relative proportion of magnetite, and are the main rocks which strongly
defined the magnetic profile of the syncline.

The majority of the rocks in the township show no penetrative fabric, even though
the local stratigraphy has been subjected to intense synclinal folding. Some authors have
suggested that the less competent units like the serpentinized peridotite sills may have
taken up most of the strain, leaving the remaining units relatively unaffected (pers.
comm., J.A. Fyon, 1995). Since these sills are poorly exposed and only make up a few
percent of the total stratigraphy, the intense deformation along these sills is not generally

evident.



Figure 3-4  Regional “total field” aeromagnetic map of the Munro Township
area. Darker shade indicates higher magnetic intensity (Johnstone. 1987).
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The degree and complexity of faulting in the township is high, owing to the close
proximity of several major splays of the Destor-Porcupine Shear system (Johnstone,
1991). However, these fault splays generally tend to show a subvertical to steep
southward dip, and trend approximately parallel to bedding in a northwest- to west-
northwest direction (Figure 3-5). This fault symmetry is consistent with thrusting related
to the ~2.6 Ga Kenoran compressional event (convergent in a north-south direction),
suggesting that the fault splays were formed at that time. The Warden Hill and Centre
Hill faults, situated in northern Munro Township (Figure 3-5), are also thought to be
related to the Kenoran compressional event. However, these faults are associated with
bedding plane slip during the isoclinal folding of stratigraphy located in northern half of

the township.

3.3 General Lithologies

Tholeiitic basalt flows are the dominant rock type in the township, accounting for
about 50% of the stratigraphy. These tholeiitic units consist of pillowed to massive flows
of from 1 to 20 m thickness, interlayered with several thicker flows, generally 90 to 120
m thick (Johnstone, 1987). These thicker flows are often layered, grading from
peridotitic bases to gabbroic tops, and are represented in the field area by Theo's Flow
(Arndt, 1977). Komatiitic flows generally appear sheet-like and range in thickness from
approximately 1 to 5 m. Thicker komatiitic flows typically show polygonal jointing,
whereas thinner flows may show the delicate flow top spinifex textures for which Munro

Township is well known.



Figure 3-5  Regional geologic map of the Munro Township area (Modified
from Johnstone, 1991).
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Minor amounts of interflow chemical sediments and crystal tuff also occur at
irregular intervals within the stratigraphy, and only rarely reach thicknesses of up to 3 to 4
m. Chemical sediments are represented by thin (~ 1 m) laminated graphitic chert
horizons, which often contain abundant framboidal pyrite nodules. Crystal tuff units
consist dominantly of well sorted, subhedral to broken plagioclase grains, and show both
normal and inversed centimetre scale bedding, indicative of a possible distal air-fall
origin.

A thick (800 to 1400 m), differentiated, synvolcanic tholeiitic sill is found tightly
folded, around the core of the McCool Hill Syncline (Fig. 3-6). The two main limbs are
referred to as the Munro Lake Sill to the north, and the Centre Hill Complex to the south.
Another sill, referred to as the Munro-Warden Sill, is also found further to the north, and
is interpreted as a faulted repetition of the Munro Lake Sill across the Warden Hill Fault
(Johnstone, 1987). These sills were emplaced at very shallow depths, and appear to have
locally breached the seafloor interface. The main evidence supporting the theory that
these sills breached the seafloor is the presence of an extensive breccia caps (the
"hyaloclastite" unit of Coad, 1976) which immediately overlies the exposed sill.

Large, discordant gabbroic dykes intrude along some of the late bedding-
subparallel faults, formed during folding of the above stratigraphy. There are also two
late sets of diabase dykes produced by separate rifting events. The older swarm (2.63 Ga,
Gates and Hurley, 1973) are the Matachewan olivine diabase dykes, which are generally
small (~ 40 to 70 m wide), have a north trend, and are fairly numerous. Pressiac dykes

represent a younger swarm (2.14 Ga, Fahrig and West, 1986) of thicker (~ 150 m wide),



Figure 3-6 Simplified map of northern Munro Township showing the location

of the main gabbroic sills.
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northeast-trending dykes of a quartz diabase composition, and are much less common
than the Matachewan dykes.

Extrusive rocks in the southwestern corner of the township represent the lowest
portion of local Kidd-Munro assemblage, and contain two thin calc-alkaline flows
intercalated with thick tholeiitic flows. These calc-alkaline rocks may represent the only
example of bimodal tholeiitic volcanism in the Munro Township, or may indicate a slight
temporal overlap of tholeiitic dominated "Kidd-Munro" volcanism with the older,

underlying calc-alkaline "Duff-Coulson-Rand" volcanism (Johnstone, 1987).

3.4 Metamorphism

Jolly (1980) discussed the variations of metamorphic grade in the southwestern
Abitibi Belt, noting that Munro Township lies within an area dominated by a sub-
greenschist, prehnite-pumpellyite facies. The average metamorphic grade appears to be
slightly higher (i.e. low greenschist) in the southwest corner of the township, probably
due to the proximity to two major faults which acted as conduits for fluid movement
(Arndt, 1975). Contact metamorphism is also noted around intrusives such as the
synvolcanic sills in the northern half of the township. These kilometre-thick sills have

prograded the surrounding rocks to lower greenschist.



Chapter 4

Mine Site Geology

4.1 Mine Site Stratigraphy

The Potterdoal deposit lies along the north limb of the McCool Hill Syncline, and
shows topping directions towards the south. Stratigraphic units dip moderately steeply at
about 70° towards the south. A composite stratigraphic section showing the setting of the
Potterdoal deposit is presented in Figure 4-1. Stratigraphic units defined in Figure 4-1
have been generalized from the geology of the field map area shown in Figure 4-2.
Thicknesses of some units in the stratigraphic section have been exaggerated for the sake
of clarity, and actual thicknesses will be provided in the following discussion of each
unit.

The Warden Township tholeiites constitutés the base of the Potterdoal
stratigraphy. These tholeiites occur as a thick unit of mainly pillowed flow basalts, and
generally have a Mg-tholeiitic affinity. These rocks were not studied in detail during this
project, as they exhibited no direct relationship to the ore forming system.

The unit overlying the Warden Township tholeiites is the Munro-Warden Sill,
which straddles the boundary between Munro and Warden townships. This sill can be

subdivided into four distinct phases with a peridotite base overlain by pyroxenite, gabbro,

30



Figure 4-1 Composite stratigraphic section of the Potterdoal deposit.
Thickness of some units within the stratigraphic section have been
exaggerated for clarity. Actual thicknesses are provided in the discussion
of each unit. The portions of the tholeiitic flows designated by “G”

represents coarse grained, massive gabbros, which laterally grade into

pillowed flows, designated by “ q»,



Potterdoal Sulfide Lens Hosted
By Ore Flow Sedimentary Rocks

” \IH LTI
Iy (TN AT

O e Ak e e gy S
wﬂ%ﬁed’s Flow Komatiites i
R R R R TR
. ey R kn('ul H!‘H('Ul

g

il

Ore Flow
Tholeiites

G T A e SR
sedimentory =g~ ¥ = Syl

Rock
LseGaAbbrosce s eIy
“y QS = % E

[
T%i
%
| &ﬂ

1
1§ <.
$
|
|
|

/]

%
AN
3,40

1

4
VAN AN
| A IS WAT S \\ill> N

H NN = SN
- Pyroxenite iys S /s s i
SO/ SOy SO S =
PAN A/ DA A/ BAN) 5 A A/ A
i e R e il e e —]
e T P PP T e = =7
L ——————.— Peridofite =——————=="]

\

i

P
I
e

il

U
x>
7\

x
N

7,
x

\

x>
A
Y&
x>
i\
A
A
Y/

A\

Y/
S
Wil
N7/

NS
\
(N
1
=
N

J

z

/.

/,
o
Y.

11/,

|

S
5
N
‘\
N2
Vi

Vi

7
IS
N
Vi
1/2

|

//”
2\
N
N
g
A\
X

(No scale implied)

31

uster
/B‘F aut

Theo’s Flow
' Tholeiites

Munro-
} Warden
Sill




Figure 4-2 Surface geology of the Potterdoal deposit.
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and finally capped by a thick leucogabbro. The sill has an approximate thickness of 900
metres within the study area, but thins towards the west, apparently due to faulting
(Johnstone, 1991). It contains a nearly continuous series of large, bedded, cherty to
tuffaceous blocks (some as large as 20 m by 50 m), lying near the internal gabbro-
leucogabbro transition. These blocks are interpreted as stoped hanging wall fragments
since bedding orientations within the individual blocks varies significantly (~30° from sill
trend), and the blocks do not appear to be restricted to a specific horizon within the sill.

A chert and crystal tuff unit of a few meters in thickness occurs above the Munro-
Warden Sill. This horizon appears to have been important in controlling the
emplacement of the Munro-Warden Sill, as it can be traced for a significant distance
(approximately 500 m) along the top of the sill. The upper contact of the sill is typically
very irregular against the overlying sedimentary rocks. The upper portion of the sill also
contains many small sedimentary rock xenoliths (1 to 10 cm) which have been stoped off
and partially assimilated, indicating that roof stoping was an active process.

A tholeiitic unit, referred to as Theo's Flow, conformably overlies the sedimentary
horizon (Arndt, 1977). This unit is a thick differentiated flow, approximately 130 m in
thickness, in the western end of the map area. The flow grades laterally towards the east
into pillowed lavas, and thins to approximately 80 m in thickness. The differentiated
portion of Theo's Flow has been extensively studied by Arndt et al. (1977), and is
interpreted as a rapidly extruded lava pond, showing a well developed flow top breccia.
The exact location of the transition from a thick differentiated flow to pillowed lavas is

uncertain. However, lava tube structures have been noted running parallel to the present
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horizontal erosional surface around line 100E, and there are indications of moderately
thick sheeted flows further towards line 0 (refer to Figure 4-2). This interpretation of a
lateral transition in Theo's Flow differs from that originally proposed by Arndt et al.
(1977), who suggested that the massive differentiated unit to the west and pillowed flow
units to the east were originally unrelated, and were later juxtaposed by faulting.

A thin band of interlayered peridotitic and picritic komatiites conformably
overlies Theo's Flow. This unit was probably much thicker than present exposure
indicates and was truncated by the bedding-subparallel fault structure known as the
Buster Fault (Cotnoir, 1993). This fault is responsible for an important small-scale
stratigraphic repetition of tholeiitic and komatiitic units observed within the map area.
The Buster Fault was first recognized in the 1991 surface mapping by Granges Inc. field
geologists, and then was defined underground by the 1992 drill program (reference from
original Granges Inc. field maps, and Cotnoir, 1993).

The unit above the Buster Fault has been designated the “Ore Flow” for the
purposes of this study, since it forms the immediate footwall rocks to the Potterdoal
deposit. The Ore Flow unit has a maximum thickness of about 80 m in the eastern part of
the map area, but thins to the west and eventually pinches out against the Buster Fault.
Due to the removal of the lower portion of the Ore Flow by the Buster Fault, the original
thickness is uncertain. However, the flow thickness must have been greater than the 80 m
exposed in the map area. Like Theo's Flow, the Ore Flow shows a lateral transition from a
massive gabbroic flow to sheeted flows, and finally variolitic pillowed flows. However,

the transition from massive to pillowed flows occurs from east to west, opposite to the
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comparable trend noted for Theo's Flow. The gabbroic phases of the Ore Flow shows no
indication of differentiation similar to Theo's Flow, but does become somewhat more
felsic towards the interior of the massive flow. Despite the differences in flow
morphology, both the Ore Flow and Theo's Flow are thought to represent tholeiitic units
from the same stratigraphic level, which were faulted into their present positions.
Evidence for this interpretation is taken from drill sections and from the general similarity
of the komatiites which cap both tholeiitic flows.

A second interlayered graphitic chert and crystal tuff hérizon, which reaches
thicknesses of up to 4 m where undisturbed, overlies the Ore Flow tholeiite. Locally
these sedimentary rocks are found as thickened chaotic breccias which also include
fragments of the underlying Ore Flow basalts and gabbros. This breccia is referred to as
the “tectonic breccia”, and is a very important unit since it is the primary host rock for the
main sulphide mineralization. The tectonic breccia occurs in what was probably a
paleotopographic low along the top of the Ore flow (the formation of this breccia will be
discussed later). Plate 4-1 shows a transect through typical tectonic breccia, found within
the PD2 diamond drill hole. Note the wide variation fragment types and degree of
angularity which are characteristic of tectonic breccias within the Potterdoal area.

Locally in the west end of the niap area, a thin fragmental flow unit of basaltic
komatiite occurs interlayered with the undisturbed sedimentary rocks overlying the Ore
Flow. These fragmental rocks are texturally and chemically comparable to those which
host the Potter Mine sulphide deposit, approximately 2.4 km to the south of the

Potterdoal deposit (Figure 3-5). A previous study had categorized very similar fragmental



Plate 4-1 Tectonic breccia consisting predominantly of tuffaceous and cherty

fragments, but can also contain gabbroic fragments.
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rocks at the Potter Mine as olivine basalt hyaloclastite, where they locally form the
primary matrix of sulphide mineralization (Coad, 1976). However, since this rock type is
volumetrically insignificant in the Potterdoal stratigraphy and is not associated with the
ore mineralization, it will not be considered further.

Capping this stratigraphy is the second series of komatiitic flows referred to as
Fred's Flow (Arndt, 1977). Within the map area, Fred's Flow is a thick series of sheeted
flows (~ 2 m thick each); however, a few hundred metres to the west, Fred's Flow
becomes a 120 m thick differentiated flow (Arndt et al., 1977). This unit appears not to
have been effected by the hydrothermal system which emplaced the deposit, and
apparently played no major role in the localization of the deposit.

Two late north-trending Matachewan olivine diabase dykes cut the entire
stratigraphy of the map area (Figure 4-2). These dykes are 45 to 55 m wide, show strong
tangential cooling fractures along their margins, and have little or no obvious contact
metamorphic aureoles. The more western dyke coincidentally cuts the thickened
sedimentary breccia package precisely where the ore lens, as defined by drill core data,
would have projected to surface (between lines 400E and 600E overlying the Ore Flow,

see Figure 4-2), and consequently obscures any surface exposure of the ore lens.

4.2 Structure and Associated Rock Textures
4.2.1 The Buster Fault
As briefly discussed in the stratigraphic summary, the Buster Fault played an

important role in the arrangement of stratigraphic units presently exposed at surface. This



Figure 4-3 Diagrammatic model of the isoclinal folding of the McCool Hill
syncline, showing localized repetitions of stratigraphy produced by low

angle, bedding sub-parallel thrust faulting associated with flexural slip.
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narrow, west-northwest trending fault zone was formed by bedding-subparallel flexural
slip during isoclinal folding of the McCool Hill Syncline, and is diagramatically shown in
Figure 4-3. Folding is thought to have occurred primarily during the Kenoran
compressional event, approximately 55 Ma after formation of the stratigraphic section.
Surface shear kinematics of the north limb slip-fault indicate a minor dextral horizontal
shear sense (Plate 4-2a), whereas drill core data indicates strong vertical reverse thrusting
(i.e. south side over north side, Plate 4-2b). These observations agree well with structural
features expected to form along the north limb of a shallowly plﬁnging west-northwest
isoclinal structure, such as the McCool Hill Syncline. Another feature compatible with
flexural-slip folding is the observed repetition of stratigraphically equivalent units, which
involves translation of a tholeiitic unit along shallowly ramped (bedding-subparallel)
faults, followed by upturning and erosion. This is seen in the map area as a northern
"tholeiite and capping komatiite" sequence, repeated on the south side of the Buster Fault
by another sequence of "tholeiite and capping komatiite". The tholeiitic components
involved in this structural repetition north and south of the Buster Fault are Theo's Flow
and the Ore Flow respectively (Figure 4-4). An important result of this thrust faulting is
that the original footwall rocks to the ore-hosting Ore Flow have been removed.
However, since both flows are interpreted to be stratigraphically equivalent, the
undisturbed footwall rocks to Theo's Flow are interpreted to be similar to those of the Ore
Flow. Thus, the Munro-Warden Sill gabbros found within the map area may be equated

with the dislocated footwall rocks of the Ore Flow.



Plate 4-2a The Buster Fault showing C and S fabrics indicating dextral

horizontal shear sense along the flat erosion surface.

Plate 4-2b The Buster Fault intersected in core, looking westward. The hole
was drilled northward at a 45° angle dip from horizontal, and indicates

reverse thrusting (i.e. south over north), highlighted by the black lines.
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Figure 4-4 Structural repetition within the Potterdoal map area caused by
isoclinal folding related thrust faulting.
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A profound change in the character of the Potterdoal ore lens has also been noted
between lines 100E and 200E in the western end of the map area (Figure 4-2). Surface
and drill data suggest that the Buster Fault exits the competent footwall volcanic rocks
and cuts into the massive sulphide horizon at this location (Figure 4-5). This has resulted
in a highly tectonized segment of massive sulphides showing a steep (~ 80°) dip to the
north and extending from about 0 to 150E along the map grid. An example of the sheared
massive sulphide ore is shown in Plate 4-3, displaying shear banded laminations and a
rotated, chalcopyrite rich cherty fragment. All historical mining of the Potterdoal deposit
occurred within this northward dipping, sheared ore lens. The north dip of this lens has
led to some confusion in the past, siﬁce all local stratigraphy shows a southward dip, and
is probably responsible for the lack of success obtained by earlier drill programs.
Subsequent drilling in 1992 eventually found the eastward extension of the unsheared ore

lens which lies conformably along the southward dipping stratigraphy.

4.2.2 Three-Dimensional Diamond Drill Model and The Fault Scarp Structure
Extensive drilling by Granges Inc. has provided sufficient subsurface information
for the construction of geologic cross section shown in Figure 4-5. Combined with
surface map data (Figure 4-6), a three-dimensional model was also constructed, showing
the subsurface geological structure within the map area hosting the newly discovered ore
lens (Figure 4-7). The most striking feature observed in this simplified subsurface model
is an asymmetric trough structure referred to as the “fault scarp”. This fault scarp occurs

along the top of the Ore Flow, and becomes progressively deeper along an east to west



Plate 4-3 Sheared massive sulphide ore with rotated clast, obtained from the

Potterdoal inclined shaft pit.
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Figure 4-5 Geological cross sections constructed from surface drilling.
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Figure 4-6 Surface geology map for area overlying the cross sections shown in

Figure 4-5
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Figure 4-7 Three dimensional structural model of the Potterdoal stratigraphy,

compiled from diamond drill hole information.
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transect. Abundant joints and small shears within Ore Flow gabbros underlie the steep
eastern margin and trough of the fault scarp structure, and have been interpreted to be
oriented subvertically relative to the paleotopography (as defined by bedding).

The abundance of fault and joint structures within drill core of the Ore Flow
gabbros had been somewhat troubling, since no expression of these structures were
readily evident in surface mapping during the first field season. In an attempt to located
these structures in outcrop, a stereo net study was undertaken, using the available
structural data. From the three-dimensional drill model, the trend of the fault scarp
structure was determined (16°/275°). Then from seven drill holes, 43 core angle
measurements of fault and joint structures within the Ore Flow gabbro were measured.
These measurements were then corrected for drill hole dip and the rotation required to
align the fault and joint structures parallel to the trend of fault scarp. From this, an
averages
estimated fault dip perpendicular to the fault scarp structural trend was determined to be
approximately 20° (represented by the trend 20°/005°). This data was then plotted on a
stereo net (Figure 4-8), and the two linear points were joined along a great circle. This
great circle represents the plane of the fault and joint structures which make up the fault
scarp, and is defined by a strike and dip of 238°/24°.

Considering the three-dimensional model, this structural information was
projected to surface and was found to be associated with the depression mapped along the
top of the Ore Flow, between lines 400E to 600E (Figure 4-2). These projected joint and

fault structures would outcrop as shallow, northwest dipping structures within the Ore



Figure 4-8 Stereo net plot defining the planar orientation of fault and joint

structures which formed the sub-surface fault scarp structure
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Flow gabbros. Prepared with this information during the second field season, a more
detailed examination of the map area where the fault scarp structure outcrops was
performed. This mapping is presented in Figure 4-9, and shows numerous shallow
dipping joint sets, all generally trending to the north to the northwest. Previously, many
of these important flat structure were overlooked due to their tendency to become
preferred erosional surfaces. However, in more strongly jointed areas, a stepped habit of
erosion surfaces (as seen in Plate 4-4, location shown on Figure 4-9) accentuates the
appearance of the joint system. Once these joint and fault structures were recognized on
surface, localized associations with “bleaching” alteration and sulphide mineralization
within the Ore Flow gabbros weré also noted (Plate 4-5), confirming the link these
structures have with the ore forming hydrothermal system. A rare surface expression of a
rock texture referred to as “fault breccia” (which is abundantly obvious in drill core) was
also located in outcrop using the three-dimensional data. This rock type will be discussed
further, later on in this chapter.

In summary, the structural analysis of joint structures noted in drill core was
extremely helpful in recognizing several structurally related features in outcrop. Joint
measurements collected at eight separate locations along the Ore Flow gabbro provided
an average planar orientation of 245°/18°. This very closely approximates the stereo net
derived joint orientation of 238°/24°, which was used to help recognize these structures in

outcrop.



Figure 4-9  Detailed surface structural map showing the location and
orientation of joints and faults related to the sub-surface fault scarp
structure. (The structural measurement noted with an asterisk indicated an

average measurement along a mineralized undulating fault).
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Plate 4-4 Outcrop of Ore Flow gabbro showing stepped erosional surfaces
caused by flat, northwest dipping joints. (Photograph taken looking

towards the northeast. Note hammer for scale).

Plate 4-5 Outcrop of Ore Flow gabbro showing pale “bleached” alteration
and oxidized sulphide mineralization in association with flat northeast

dipping joints. (Photograph taken looking towards the north. Note
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4.2.3 Tectonic Breccias

The fault scarp discussed above is interpreted to have formed during the intrusion
of the footwall Munro-Warden Sill. The angular chert and tuffaceous dominated
“tectonic breccias” which fill the fault scarp structure (Plate 4-1), appear to have been
created during seismic activity and fault movement associated with the formation of the
fault scarp. This brecciation process has been discussed by Sillitoe (1985), and it is
important to note that no crustal-scale tectonic process is implied by the term “tectonic
breccia”. These tectonic breccias and the underlying fault scarp structures are very
important since they respectively acted as the principal mineralization site and

hydrothermal conduit for the ore-forming hydrothermal system.

4.2.4 Fault Breccias

Another rock type related to local structure are the fault breccias. These breccias
were first observed in drill core (Plate 5-7b and 5-7¢) locally developed along fault and
joint systems associated with the fault scarp structure. Fault breccia consists of various
sized rounded clasts (1 to 50 cm) in a milled chloritic matrix and occurs at varying
depths solely within the gabbroic phase of the Ore Flow. Due to the relatively fragile
chloritic nature of fault breccia textures (as compared to the enclosing massive Ore Flow
gabbros), it appears that fault breccia textures are rarely preserved in outcrop. The only
outcropping of fault breccias found (Figure 5-7a), is located just east of line 400E (Figure

4-9), and is thought to have been saved from glacial erosion by it’s fortuitous positioning



53

on the leeward side of the erosional resistant Matachewan dyke. The exact process of

formation of this rock texture will be discussed in following chapters.



Chapter 5

Petrography of Major Stratigraphic Units

5.1 Introduction

Detailed petrographic study primarily focused on stratigraphic units directly
affected by the ore-forming system. For this reason, the underlying Warden Township
basalts, the lower portions of the Munro-Warden Sill, the differentiated section of Theo's
Flow, and the bulk of the overlying Fred's Flow komatiites were not included in detailed
examination. Excellent petrographic descriptions of these unit can be found in Johnstone
(1987), Arndt et al. (1977) and MacRae (1969). A petrographic summary of important
units within the map area is presented in Table 5-1, and include the upper Munro-Warden
Sill, the sheeted to pillowed phases of Theo’s Flow, the gabbroic and pillowed phases of
the Ore Flow, the graphitic chert and tuffaceous sedimentary rocks, and the immediate
capping rocks of the Fred’s Flow komatiites. The petrographic data contained in this
table have been averaged from several slides of each rock type, and thus shows the typical
mineral composition range for each unit within the map area. Exact mineral proportions
of each unit is not directly stated in the following mineralogical discussion, so reference

to Table 5-1 should be made for this information.
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Table 5-1: Petrographic descriptions of significant units associated with the Potterdoal mineral occurrence.
Each unit description was averaged from several thin sections which may range in the degree of
alteration (from sub-greenschist to lower greenschist grades) depending upon the specific rock unit.

Mineral

Upper Munro-Warden Sill

-Weak to moderately altered massive gabbro:

Plagioclase
Clinopyroxene
Chlorite

Quartz

Leucoxene
Adularia

Theo's Flow

40 to 50%
10 to 30%
5to 30%

210 15%

Trace amounts
Trace amounts

-Fresh gabbroic textured massive flow:

Clinopyroxene
Plagioclase
Olivine
Chlorite

Ore Flow

~ 55%
~35%
~5%
~5%

-Weakly altered tholeiitic gabbro:

Plagioclase
Clinopyroxene
Chlorite

Quartz
Adularia
Leucoxene

-Weakly to moderately altered pillowed tholeiitic basait:

Plagioclase
Clinopyroxene
Chlorite
Calcite

Quartz
Sulfides

~40%
10 10 40%
510 35%

5to 10%
~0to 4%
~0to 1%

30t0 60 %
510 35%
2510 50%
~0to 7%
~0to 4%
~0to 3%

0.25t0 1 mm
0.1 to 0.5 mm
~0.05 mm

0.5t0 1mm
0.25t0 0.5 mm
0.25t0 0.5 mm

05to2mm
0.1to 0.5 mm
~0.5mm
<0.1mm

0.5t 2 mm
0.25t0 1.0 mm
0.1t0 0.25 mm

~0.5mm
0.25t0 0.75 mm
~0.25

0.05to 1 mm
0.05t0 1 mm
<0.05 to 0.3 mm
<0.05t0 3 mm
<0.05t0 0.1 mm
0.11t00.3 mm

% Volume Graln Size Description

intergranular to tabular, ghosty, sericitized
corroded, intergranular

irregular, radiating, locally pseudomorphs pyroxene
(mainly prochlorite, some penninite)

irregular grains

skeletal to anhedral (pseudomorphed after titanite)
irregular to subhedral grains

intergranular

intergranular to tabular

subhedral, equant grains

fibrous to radiating (mainly prochlorite)

tabular intergranular, sercitized (anorthosite)
tabular, weakly corroded (augite)

lath shaped, locally pset phs clinopyroxene
(both prochiorite and penninite)

irregular grains

irregular grains

subhedral pseudomorphs after titanite

irregular to acicular (locally plumose)

tabular to plumose

irregular, pseudomorphed after clinopyroxene
irregular, polygranular to continuous grains
irregular grains, dominantly amorphous silica
irregular to subhedral overgrowths
(predominantly pyrite and pyrrhotite)

(Calcite and silica found primarily along fractures and within amygdules.)

Sediments
-Fresh graphitic cherts:
Pyrite
Quartz
Graphite(?)
Calcite

510 70%
20 to 85%
~ 210 20%(?)
~0to0 10%

-Fresh to moderately altered crystal tuff:

Plagioclase
Quariz
Adularia
Chilorite
Sulfides
Calcite

50 to 70%
~2to 5%
~1t015%
2to 40%
~1t03%
~0to 30%

0.1to 25 mm
<0.01 mm

~0.1mm

0.05 to 0.5 mm
0.2t0 0.3 mm
0.05t0 0.3 mm
~0.03 mm
0.02 to 3 mm
<0.1mm

<< 0.01 mm

subhedral to framboidal
granular, annealed silica
irregular, "dusty” graphitic carbon

gular to

broken tabular to irregular annealed
large irreguiar grains

irregular grains

irregular to fibrous (replaced glass)
. lar to subhedral to Ao £

irre;ular

(Finer grained samples show significant recrystallization of plagioclase and quartz.)
(Sulfides consist of pyrite replace by pyrrhotite, and trace amounts of sphalerite and chalcopyrite.)

Komatiites

-Moderately altered peridotitic komatiites:
Olivine 70 to 90%
Clinopyroxene 5to 15%
Chromite/Magnetite 210 5%
Chlorite ~0to 10%

-Moderately aitered picritic komatiites:
Clinopyoxene 55 to 65%
Olivine 20 to 25%
Chlorite 15 to 25%
Opaques ~1%

0.25to 1 mm
0.25t0 0.5 mm
0.05to 0.5 mm
0.2t0 0.5 mm

0.1t0 0.4 mm
0.2t0 0.3 mm
~0.01 mm
0.05t0 0.1 mm

subhedral, equant to tabular (now altered to mainly antigorite)
tabular to intergranular, mildly corroded

subhedral octahedrons

irregular bladed (mainly prochlorite)

tabular intergrown

anhedral equant to imegular

fiberous <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>