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EDITOR’S PREAMBLE

Since the discovery of the Brunswick No.12 deposit in April of 1953, a lot of exploration has been conducted in
the Bathurst Mining Camp. In the eary days, many near-surface deposits were found utilizing geochemical and
geophysical methods, but since 1970 only a handfull of new discoveries have been made. Other deposits must exist
because the Camp is like an iceberg with 90% of its mass below surface.

However, in order to find deposits below the "waterline”, i.e. the limit of detection by standard exploration
techniques, the stratigraphy and structure of the Camp must be thoroughly understood. In this regard, a significant
breakthrough occurred when a formal subdivision of the Tetagouche Group was established and extended to the
entire Camp (cf. van Staal and Fyffe 1991; van Staal er al. 1992). Recognition of the structural complexity
(Helmstaedt 1973; van Staal 1985,1986) and the tectonic setting (van Staal 1987) were equally important steps

forward. [See p.21-28 for references]

The purpose of this fieldtrip is to give participants an understanding of the geological setting of the massive-sulphide
deposits in the Bathurst Camp. Deposits in different stratigraphic and structural settings will be visited to illustrate
similarities and differences among them.

There are eight separate papers and two appendicies in this guidebook; each paper has different authorship. The
first paper by McCutcheon et al. gives a stratigraphic and structural overview of the Camp. The next three papers
are focused on the Heath Steele - Stratmat area; the paper by Wilson describes the geology surrounding the deposits,
whereas the papers by Hamilton ez al. and Hamilton and Park are specific to the Heath Steele and Stratmat deposits,
respectively. The fifth paper by Luff er al. describes the Brunswick No.6, No.12 and Austin Brook deposits. The
sixth, by Lentz and Langton, describes the geology of the Key Anacon deposit. The last two, by Cavellero and
Burton, describe the Caribou and Murray Brook deposits, respectively. An attempt has been made to pull together
all the relevant literature on each topic so that the reference lists in each paper should be relatively complete.
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STRATIGRAPHY, TECTONIC SETTING AND MASSIVE-SULPHIDE DEPOSITS
OF THE BATHURST MINING CAMP, NORTHERN NEW BRUNSWICK

. S.R. McCutcheon', J.P. Langton’, C.R. van Staal’ and D.R. Lent?’

INTRODUCTION

The following description provides an overview of the stratigraphic and structural relationships of rock units in the
Bathurst Camp with emphasis on the setting and genesis of the massive-sulphide deposits. Much of this description
is extracted from published papers and other field guidebooks (see References), but some of it is based on previously
unpublished data. The road log at the end of this description gives details about specific stops and/or stratigraphic
sections that will be visited on the first day. Appendix I contains four road maps that show the locations of the
detailed maps referred to in the road logs, whereas Appendix II comprises Lexicon-style descriptions of various
formations in the Bathurst Camp.

REGIONAL SETTING

New Brunswick encompasses three of the five tectono-stratigraphic zones in the northern Appalachians, which have
been defined by Williams (1979). These are, from south to north respectively, the Avalon, Gander and Dunnage
zones (Fig. 1); the latter two zones constitute a Central Mobile Belt (CMB). The Gander Zone is generally thought
to represent a Lower Palaeozoic west-facing passive margin, whereas the Dunnage Zone represents the vestiges of
a back-arc basin plus one or more island arcs (van Staal and Fyffe 1991; Fyffe et al. 1990; Fyffe and Swinden
1991). The Miramichi Highlands (Fig. 1) is the principal area where Cambro-Ordovician rocks of the Gander and
Dunnage zones are exposed in the province.

STRATIGRAPHY

The rocks in the Bathurst Camp, part of the northern Miramichi Highlands, have been separated into three groups
(Fig.2), namely Miramichi, Tetagouche and Fournier (van Stazl and Fyffe 1991; van Staal et al. 1992). The
Tetagouche Group conformably to disconformably overlies the Miramichi Group and is structurally overlain by
the Fournier Group. The Tetagouche Group hosts most of the massive-sulphide deposxts, and therefore is the only
group that is described in detail below.

The Lower Ordovician to Cambrian(?) Miramichi Group comprises a monotonous sequence of quartz wacke and
slate of unknown thickness, which probably represents a flysh apron on the Avalon continental margin (Rast and
Stringer 1974; van Staal and Fyffe 1991). Slate is more abundant and graphitic in the upper part (Knights Brook
Formation) of the group than in the lower part (Chain of Rocks Formation). The Miramichi Group constitutes the
Gander Zone in northern New Brunswick (van Staal and Fyffe 1991).

The Middle to Late Ordovician Fournier Group is divided into the Sormany and Millstream formations. The older
Sormany Formation comprises pillow basalts and minor gabbro. These basalts are mainly primitive :

! New Brunswick Department of Natural Resources and Energy, P.O. Box 50, Bathurst, New Brunswick, E2A4 3Z1
% Geological Survey of Canada, 601 Booth St., Ottawa, Ontario, K1A OE8

3 Geological Survey of Canada, P.O. Box 50, Bathurst, New Brunswick, E2A 3Z1
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Figure 1. Simplified geological map of western New Brunswick showing the distribution of the Dunnage and
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Figure 2. Simplified geological map of the Bathurst Mining Camp showing the locations of selected deposits
(modified after McCutcheon 1992). Legend: Cb = Carboniferous sedimentary rocks, Dv = Devonian volcanic and
sedimentary rocks, Sil = Silurian sedimentary rocks, OF = Ordovician Fournier Group (mafic volcanic rocks),
OT = Ordovician Tetagouche Group (stippled = felsic voleanic rocks, unstippled = sedimentary and/or mafic’
volcanic rocks), CO = Cambro-Ordovician Miramichi Group (sedimentary rocks), crosses = felsic intrusions,
dashes = mafic intrusions, stars = mineral deposits as follows: A. Brunswick No.12, B. Headway, C. Fab, D.
Knights Brook (Maritime Mining), E. Brunswick No.6, F. Key Anacon (New Larder "U"), G. Heath Steele "Al",
H. Stratmat, I. Nepisiguit "B", J. Nepisiguit "A", K. Wedge, L. California Lake, M. Armstrong "A", N. Rocky
Turn, O. Orvan Brook (New Calumet), P. McMaster, Q. Caribou, R. Murray Brook, S. Devils Elbow, T. Halfmile
Lake (Texas Gulf), U. Chester (Clearwater), V. Strachens Lake, W. Canoe Landing Lake, X. Restigouche, Y.

Willett, Z. Armstrong "B", YY. Portage Brook, ZZ. Captain.




tholeiites with MORB-like compositions but they also show compositions intermediate between MORB

and oceanic-island basalts, reflecting their oceanic back-arc depositional setting (van Staal e al. 1991). The
conformably overlying Millstream Formation consists of lithic and feldspathic wackes and slate with minor
intercalated limestone and basalt. The contact between the Fournier and Tetagouche groups is a zone of high
strain, which represents a ductile thrust characterized by blueschist along 70 km of its length (van Staal et al.
1990). The Fournier Group is completely allochthonous upon the Tetagouche Group; together the two groups
constitute the Dunnage Zone in the northern Miramichi Highlands.

The Middle to Late Ordovician Tetagouche Group comprises five formations (van Staal et al. 1992): Patrick
Brook (PB), Vallée Lourdes (VL), Nepisiguit Falls (NF), Flat Landing Brook (FLB), and Boucher Brook (BB)
in ascending stratigraphic order, more or less (Figs.3 and 4). The PB and VL formations are

Figure 3. Schematic stratigraphic column showi
Staal er al. 1992).
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Figure 4a. Geological map of the eastern part of the Bathurst Mining Camp (modified after Langton 1991).
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Carboniferous cover /—/ geological contact
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/ thrust fault

Pabineau granite

SILURIAN

Chaleurs Group

ORDOVICIAN
Gabbro and diabase
FOURNIER GROUP
Mainly thickly bedded dark grey shales and lithic wacke.
Tholeiitic basalt.
TETAGOUCHE GROUP

Boucher Brook Formation: thinnly bedded, dark grey, phyllitic shale and
siltstone.

Boucher Brook Formation: alkaline basalt and minor tholeiitic basalt.

Flat Léndihg'Brodk' Formation: aphyric and quartz+xfeldspar phyric felsic
volcanic rocks.

Nepisiguit Falls Formation: quartz and feldspar crystal-rich volcaniclastic and
voleanic rocks, and fine-grained sedimentary rocks.

ORDOVICIAN (and CAMBRIAN?)
MIRAMICHI GROUP

Interbedded greenish grey, quartz-rich sandstone, light grey to dark grey shale,
quartz wacke, 'and black shale:

Figure 4b. Legend for Figure 4a.
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sedimentary units that occur locally at the base of the group. The conformably overlying NF and younger FLB
formations form a thick felsic volcanic pile and constitute the most voluminous part of the group. The felsic volcanic
pile ranges in composition from dacite to rhyolite (Whitehead and Goodfellow 1978; van Staal 1987; van Staal et
al. 1991)." Sedimentary and mafic volcanic rocks of the BB Formation conformably overlie the FLB Formation in
the type area. A sixth unit of mafic volcanic and minor sedimentary rocks, called the Canoe Landing Lake (CLL)
Formation, is in thrust contact with the type-BB Formation. However the CLL appears to be coeval with, and
therefore laterally equivalent to, most of the above units because it is overlain by rocks that are lithologically
identical to the Boucher Brook. Therefore, the CLL is considered to be part of the Tetagouche Group (van Staal
et al. 1991). Each formation is described below and in Appendix A.

The Vallée Lourdes (VL) Formation (van Staal et al. 1988) generally comprises thin- to medium- bedded, greenish
grey, calcareous siltstone and limestone; however, siliciclastic limestone (calcarenite to calcirudite) and/or calcareous
sandstone predominates in places. This unit occurs intermittently as lenses at the base of the Tetagouche Group, and
can be in conformable or disconformable contact with the underlying Miramichi Group. At one locality on
Tetagouche River, the disconformity is marked by a thin bed of conglomerate, which contains quartzite and slate
pel:;b]es of the Miramichi Group. This unconformable contact probably formed in response to lithospheric doming
associated with the onset of back-arc rifting during the middle to late Arenigian (van Staal and Fyffe 1991).
Brachiopods (Fyffe 1976; Newman 1984) and conodonts (Nowlan 1981) indicate a middle Arenigian to early
Llanvimian age for this formation. These ages confirm that the overlying felsic volcanic pile is mainly Llanvirnian
in age, as deduced from U-Pb geochronology (Sullivan and van Staal 1990; van Staal and Sullivan 1992).

The Patrick Brook (PB) Formation has not been formally defined, but it has been referred to since 1991 (c.f. de
Roo and van Staal 1991; van Staal and Fyffe 1991; van Staal et al. 1991) and lithologic descriptions have been
published (Rice and van Staal 1992; van Staal et al. 1992). The PB Formation, as originally described, comprises
dark grey to black slate and very fine-grained to medium-grained dark grey sandstone that characteristically contains
clear to smoky grey, vitreous, volcanic-quartz phenoclasts (commonly >35%). These rocks were recognized in
several exposures along the Tetagouche River, from the mouth of Patrick Brook to below Tetagouche Falls. This
unit was perceived to be lithologically transitional between the underlying Knights Brook and overlying Nepisiguit
Falls formations. ' :

Recently, Langton and McCutcheon (1993) have argued that a more rigorious definition of the PB Formation is
needed for the following reasons: 1) Some wacke beds in the Knights Brook Formation are dark grey to black; 2)
Volcanic-quartz phenoclasts occur in the Chain of Rocks, Knights Brook, Patrick Brook, Nepisiguit Falls, and
Boucher Brook formations. They are notably more abundant in the Patrick Brook than in the Knights Brook or
Chain of Rocks formations, but are most abundant in the Nepisiguit Falls Formation, where K-feldspar phenoclasts
may be equally or more abundant; 3) The basal contact of the Nepisiguit Falls Formation at the type section is
abrupt; K-feldspar phenoclasts are absent in the underlying rocks of the Knights Brook Formation, indicating that
the onset of volcanism was also abrupt; 4) Many wacke beds in the PB Formation do not contain volcanic-quartz
phenoclasts; 5) Both the wackes and and slates in the PB Formation can contain quartz phenoclasts. Therefore,
Langton and McCutcheon recommended that a unit containing greater than 10% wacke or volcaniclastic beds in grey
to black slate should be mapped as follows: a) as PB Formation if dark grey to black-weathering wacke (+/-
volcanic quartz) predominates, b) as Knights Brook Formation if light grey to white-weathering wacke is most
abundant but constitutes less than 50% of the unit or c) as distal Nepisiguit Falls Formation (see below) if the
associated wacke beds contain greater than 10% K-feldspar and tufflavas are absent. If this recommendation is =
adopted, then some rocks now assigned to the PB Formation must be reassigned to the Nepisiguit Falls Formation.

The Nepisiguit Falls (NF) Formation consists of medium- to coarse-grained, quartz-feldspar-rich volcaniclastic rocks
interlayered with quartz-feldspar porphyritic (2-15 mm) tufflavas and/or subvolcanic sills and fine-grained, greenish
grey sedimentary rocks. Light to dark greenish grey, chloritic mudstone and iron formation (including massive
sulphides) generally occur at, or near, the top of this formation and together constitute the "Brunswick Horizon".




The crystal-rich (10%-50%) NF rocks have been called "augen schists" because of the anastomosing nature of the
cleavages around the crystals and less-altered microlithons. The quartz- and quartz-feldspar varieties are commonly
referred to, respectively, as quartz-augen schist (QAS), and quartz-feldspar-augen schist (QFAS). The terms QAS
and QFAS are non-genetic, although most QAS occurs where hydrothermal alteration and deformation have
obliterated feldspar (Juras 1981; Nelson 1983; Lentz and Goodfellow 1992a, 1993a).

‘Primary features such as cross-bedding, graded beds, and a high percentage of rounded crystals (granular texture),
indicate that much of the QFAS is volcaniclastic, i.e. the tuffite of Schmid (1981), which contains between 25 and
75% juvenile pyroclastic material. This type of QFAS probably resulted from explosive underwater eruptions that
were deposited as cold debris flows (see Stix 1991), the "subaqueous, water-transformed pyroclastic flow deposits"
of Cas and Wright (1991). However, some QFAS is clearly the product of igneous depositional processes and lacks
any evidence of reworking because the rocks typically contain less than 30%. phenocrysts and have a "glassy",
cryptocrystalline groundmass. The near absence of magmatically broken crystals indicates that the emplacement
mechanism was non-explosive, but the lack of carapace breccias and hyaloclastites is atypical of subaqueous lava
flows. In the past some of these rocks were mistakenly identified as quartz-feldspar porphyries (QFP), i.e.
intrusions: However, most of this type of QFAS was probably extruded subaqueously from volatile-rich magma that
remained non-explosive because of the confining pressure of the overlying water column. Notably, rocks with
characteristics intermediate between tuffs and lava flows (tufflavas) have been described elsewhere (Cas 1978;
Creaser and White 1991). In many places, it is difficult to distinguish volcanic from volcaniclastic rock because
deformation’ has obliterated primary textures, i.e. the relative amounts of primary and reworked material are
uncertain. '

The NF Formation has been divided into proximal (Grand Falls Member) and distal (Little Falls Member) facies
by Langton and McCutcheon (1993). The Grand Falls Member consists of interbedded medium to coarse-grained,
quartz-feldspar-phyric volcaniclastic rocks and tufflavas (or hypabyssal sills) with some associated greenish grey
sedimentary rocks, whereas the Little Falls Member consists of greenish grey hyalotuff and fine- to medium-grained,
quartz-feldspar-phyric volcaniclastic rocks interbedded with dark grey slate; tufflavas are absent. A U-Pb zircon age
of 469 4 2 Ma was obtained from rocks of the Grand Falls Member and an age of 471 + 3 Ma was obtained from
the Little Falls Member (van Staal and Sullivan 1992). -

The Flat Landing Brook (FLB) Formation comprises aphyric to feldspar-phyric (+ quartz) rhyolitic flows,
hyaloclastites, crackle breccias and minor sedimentary rocks, including iron formation, and basalt. In the past, many
of these rocks were interpreted as pyroclastic deposits, but now they are considered to be the products of lava flows
(van Staal 1987; McCutcheon et al. 1989; Langton and McCutcheon 1990; Wilson 1990).. Feldspar + quartz
phenocrysts are small (1 to 3 mm) and constitute less than 10% of the rocks; the matrix is cryptocrystalline. The
large areal extent and sparsely porphyritic nature of the lava flows suggests that their parent magma was very fluid.

Chemically, the FLB volcanic rocks are slightly different than those in the NF Formation. The major-element
contents of the two units are similar but the FLB has slightly higher amounts of heavy-rare-earth elements, Zr, Nb,
Y and Th (Table 1). In particular, Th/Yb versus Ta/Yb ratios are lower in the FLB Formation than in the NF
Formation (Langton 1991). The higher abundance of high-field-strength elements in the FLB Formation is probably

related to two-stage partial melting of a single lower-crustal source area (Lentz and Goodfellow 1992b). The U-Pb -

zircon age of 465 + 1.6 Ma from the top of the FLB rhyolite (van Staal and Sullivan 1992) indicates a maximum

time gap of 7 million years between the deposition of the NF and FLB formations, thus allowing time for twd =

melting episodes to occur.
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At or near the base of the FLB Formation there can be an Algoma-type iron formation, and there is at least
one sulphide-bearing sedimentary unit within this formation. For example, rhyolite directly overlies
magnetite-hematite iron formation at the Narrows on Nepisiguit River (see Stop# N-8), whereas the
Stratmat massive-sulphide deposits are within a fine-grained sedimentary unit that appears to be in the
lower part of the FLB Formation.

Locally, minor amounts of tholeiitic basalt are intercalated in the FLB Formation. Enrichment in light-rare-
earth elements within the basaltic rocks indicates a continental within-plate environment of deposition (van
Staal et al. 1991). The basaltic rocks are mainly massive flows but there are also tuffs, sills, breccias and
agglomerates. Pillows, which are common in other basalts of the Tetagouche Group, are rare or absent
suggesting a subaerial environment of deposition for at least some of these rocks.

The type Boucher Brook (BB) Formation conformably overlies the FLB Formation (Figs. 3 and 4) and
mainly consists of thinly bedded, bluish grey, fine-grained wacke and siltstone, which grade upward into
homogenous black slate. However, outside the type area, alkali basalt can constitute the main rock type

. in this formation. Near the contact with the FLB, the wacke appears to be feldspathic but the "feldspar”

actually consists of small fragments of white-weathering rhyolite. Furthermore, at or near this contact, dark
grey to red metalliferous slate commonly occurs, locally with economic concentrations of base-metal
sulphides (e.g. the Caribou and Wedge deposits). The underlying rhyolite has yielded U-Pb ages of 466
+ 5 Ma and 465 + 1.6 Ma (Sullivan and van Staal 1990; van Staal and Sullivan 1992), whereas black
slate near Bathurst, considered to be part of the BB Formation (van Staal and Langton 1990a, 1990b),
yielded Llandeilian to Late Caradocian graptolites (Dean in Skinner 1974, p.43; van Staal et al. 1988).
Notably, much of the lithogeochemical data reported by Connell and Hattie (1990) on exhalative rocks from
the Bathurst Camp (Table 2) is from the Boucher Brook Formation.

Three different, low-chromium (<200 ppm), alkali-basalt suites have been distinguished in the BB
Formation (van Staal et al. 1991). Each suite contains pillow basalt, breccia and hyaloclastite, with
interflow chert and red metalliferous slate; locally, trachyandesite and comendite are present. Most of the
interlayered sedimentary units comprise thinly bedded turbidites that resemble those in the type section,
but minor limestone occurs in at least two localities near Camelback Mountain. This limestone yielded early
to middle Caradocian conodonts (Nowlan 1981). Also, a trachyandesite near Bathurst yielded a U-Pb zircon
age of 457 + 1 Ma (van Staal et al. 1991).

The Canoe Landing Lake (CLL) Formation comprises two basalt suites. One suite consists of high-
chromium (>200 ppm) alkali basalt with intercalated red slate, chert and rare felsic volcanic rocks,
whereas the structurally overlying suite is composed of tholeiitic pillow basalt with intercalated alkali
basalt, red- slate and chert. A small rhyolite body within the lower suite yielded a U-Pb age of 472 + 4
Ma (van Staal et al. 1991). The basal contact of the alkalic suite with BB rocks is a thrust, but BB-type
sedimentary rocks also conformably overlie this suite. Similarily, the basal contact of the tholeiitic suite
is interpreted as a major thrust that is marked by the presence of a narrow zone of phyllonite (van Staal
1986) and the upper contact is conformable with BB-type sedimentary rocks.

STRUCTURE

The structural geometry of the Bathurst Camp reflects an interference pattern produced by polyphase
deformation, something that was first recognized by Skinner (1956). Helmstaedt (1973) recognized three,
and locally four, phases of deformation in the Camp, but detailed analysis by van Staal and co-workers has
shown that there are five groups of folds, which have been designated F, to Fs based on overprinting
relationships. The first two groups of folds are responsible for most of the
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complex geometry (van Staal and Williams 1984; van Staal et al. 1988; de Roo et al. 1990, 1991; de Roo and
van Staal 1991, 1993).

The earliest deformational event (D,) is represented by steeply inclined to recumbent, non-cylindrical folds (F,)
with an axial-planar, layer-parallel transposition foliation (S1), and generally a stretching lineation (L,). The
D, fabric elements are interpreted to have formed in the Late Ordovician to Early Silurian as a result of
imbrication in a northwest-dipping subduction complex (van Staal et al. 1992). They are typically concentrated
in narrow zones of high strain (phyllonites or mylonites) that cross-cut stratigraphy and represent major thrust
faults (van Staal et al. 1990; de Roo and van Staal 1993).

During the second phase of deformation (D,) S, was reoriented into a near-vertical attitude by tight to isoclinal
F, folds, which are interpreted to have formed in the Late Silurian (de Roo and van Staal 1993). The plunge
of F, folds is generally shallow, but locally changes from shallow to steep, largely because of the influence of
existing F, closures. Thus, changes in attitude of F, hinges provide a method of detecting macroscopic F,-folds.
The S, clevage is moderately to well developed and generally steeply-dipping. Along the limbs of the F, folds,
S, and S2 are sub-parallel and may form a composite S,/S, cleavage (Syan). The S, and S, cleavages are the
dominant fabric elements throughout the area.

The D, and D, structures are refolded by open to tight, recumbent F, folds that are probably related to
extensional ¢ollapse (van Staal and Fyffe 1991; de Roo and van Staal 1993). Where D, was intense, S, and S,
were re-oriented to shallow-dipping attitudes, producing so-called flat belts (de Roo et al. 1990; dé Roo and
van Staal 1991). The areas that were relatively unaffected by F; folds are called steep belts. In the past, i.e.
pre=1985, the D, fabric elements were considered to be part of the D; event (cf. van Staal and Williams 1984).
Thus, in the older literature, some large-scale F; folds, such as the Pabineau synform and antiform, are called
F; structures.

All earlier structures are refolded by F, and F; folds, but overprinting relationships between these two are rarely
seen (van Staal 1987). These folds range in scale from millimetres to kilometres, and produce dome and basin
structures. They include the Pabineau synform and antiform (van Staal and Williams 1984), the Nine Mile
synform and the Tetagouche antiform (van Staal 1986, 1987). F, and F; are interpreted to result from dextral
transpression in the northern Appalachians during the Middle Devoniarn.

TECTONIC SETTING

Many years ago Pajari et al. (1977) proposed that the Tetagouche volcanic rocks represent the remnants of an
ensialic arc formed above an eastward-dipping subduction zone. However, the chemical compositions of the
- mafic volcanic rocks are not consistent with an arc setting, but instead are more typical of a rift environment
(van Staal 1987; van Staal er al. 1991). Therefore, van Staal (1987) proposed a back-arc-basin model. In this
model, most of the Tetagouche volcanic rocks represent basin-margin deposits laid down on rifting continental
crust, whereas the Fournier Group rocks represent oceanic crust that formed during spreading of the basin.
Radiometric dates show that the Fournier oceanic crust is slightly younger than the Tetagouche Group volcanic
rocks, consistent with an ensialic back-arc basin model. The development of this back-arc basin is illustrated
schematically in Figure 5.

This back-arc basin started to close in the Late Ordovician by northwest-directed subduction (van Staal 1987)
that lasted at least until the Early Silurian (van Staal er al. 1990). The rocks of the northern Miramichi
Highlands are thought to have been assembled in the subduction complex, i.e. Tetagouche Group rocks were
underplated to the oceanic part (Fournier Group) of the accretionary wedge when the leading edge of the
continental margin descended into the subduction zone. Closure of this basin culminated with the obduction of
trench-blueschist onto the former margin of the basin. The time of closure is constrained by the following: 1)
Ar®/Ar?® dating of crossite and phengite from blueschist at the structural base of
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Table 3a. Average &°'s %&values for various deposits in the Bathurst Mining Camp; data recalculated from
Tupper (1960); n = number of samples; 1s = one standard deviation. See Figure 2 for deposit locations.

[t

DEPOSIT GROUP n &'s ek (1) i
o A

A - Brunswick No.12 2 18 16.0 1.4 U
B - Headway 1 1 16.5
C - FAB 1 1 16.0
C - FAB 1 1 14.6 i
D - Knights Brook (Maritime Mining) 1 1 16.5 ! J
E - Brunswick No.6 2 19 15.4 1.3 -
F - Key Anacon (New Larder “u") 2 12 14.2 3.3
G - Heath Steele "AM" 1 7 13.2 1.8 .-
H - Stratmat 3 13 15.5 1.8 i
I - Nepisiguit "B» 4 9 6.8 4.6 i
J - Nepisiguit VA" 4 10 7.7 4.6 -
K - Wedge 4 7 10.0 1.8
L - California Lake 4 5 6.3 2.3 -
M - Armstrong "A" 4 7 5.9 3.7 b
N - Rocky .Turn : 4 1 8.6 i
0 - Orvan-Brook (New Calumet) 4 4 8.6 1.8
P - McMaster 4 1 8.2
Q - Caribou 4 28 7.7 1.8 i
R - Murray Brook 42 10 10.9 1.8 1
S - Devils Elbow 2 13 11.8 2.3 M
T - Halfmile Lake (Texas Gulf) 1 9 13.7 1.3
U - Chestér (Clearwater) (%4 10 9.5 1.8

L)

Table 3b. Lead isotope values for various deposits in the Bathurst Mining Camp. Unpublished data from the
lead isotope computer file at the Geological Survey of Canada (Thorpe, written communication 1992). Dr. R.
Thorpe was--supplied- samples by Drs. J. Jambor, F.M. Vokes, D.F. Sangster, and G.A. Gross, which were g
analysed under contract by the Geological Survey of Canada. See Figure 2 for deposit locations. .

—a
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DEPOSIT Group “*pbs/"*Pb pb/Pb  **Pb/"Pb : J
“
- Brunswick No.12 2 18.187 15.649 38.100
- Brunswick No.6 2 18.277 15.663 38.219
- Austin Brook 2 18.247 15.658 38.140 )
- Key Anacon (New Larder "U") 2 18.247 15.658 38.140 ”J
- Heath Steele "A1" 1 18.199 15.652 38.124 .
--Stratmat - . -3 18.207 - - 15,641 - - 38.116
- Wedge 4 18.275 15.662 38.198 B
- Armstrong YA" 4 18.287 15.655 38.166 i }
= Rocky Turn 4 18.319 15.668 38.269 '
- Orvan Brook (New Calumet) 4 18.305 15.653 38.195 J
- Caribou 4 18.276 15.654 38.187
- Murray Brook 4 18.309 15.669 38.219 N
- Halfmile Lake (Texas Gulf) 1 18.217 15.659 38.152 ﬂ
- Chester (Clearwater) 4 18.302 15.659 - 38.215 I
- Strachans Lake Bk. 4 18.223 15.649 38.119
- Canoe Landing Lake 4 18.243 15.653 38.191
- Restigouche 3 18.241 15.648 38.163 .
- Willett showing 4 18.295 15.651 38.186 : }
- Armstrong “B" 4 18.298 15.660 38.233 )
YY - Portage Lakes 4 18.230 15.647 38.143
22 - Captian 2 18.279 15.657 38.161 .
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Deposit Group

Figure 6. Average sulpur isotope compositions of massive sulphide deposits in the Bathurst Camp
subdivided into 4 groups as described in text (See Table 3a).

15.68 -
15.67 A
15.66 A

15.65 1

207Pb/264pb

15.64 T H-3

Letter = deposit
15.63 T Number = group

1 1 ! 1

15.62 1 } t ; t } !
18.18 18.2 18.22 18.24 18.26 18.28 18.3 18.32

ZOGPb/204Pb

Figure 7. Lead isotope compositions from various massive sulphide deposits in the Bathurst Camp (See
Table 3b).
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30% chlorite (Saif 1980). The chlorite is typically iron-rich (Davies 1972; Juras 1981; van Staal 1985; Lewczuk
1990; Luff er al. 1992). Similar rocks underlie the massive-sulphide deposits, where they commonly contain
disseminated and stringer sulphides (pyrite-pyrrhotite-chalcopyrite), and are sometimes referred to as the
“footwall iron-formation (Bhatia 1970; van Staal and Williams 1984). In contrast to the oxide iron-formation,
which originated entirely as hydrothermal chemical-sediment, the silicate-facies has a significant volcaniclastic
component (cf., Davies 1972; Whitehead, 1973; Graf 1977; Peter and Goodfellow 1993). However, it is not
clear to what extent hydrothermal alteration has modified the original character of the footwall iron-formation,
i.e. if it mainly represents chemical sediment or if it is largely the product of sub-seafloor alteration.

The carbonate facies is not areally extensive and generally occurs within the other two facies as medium to thick
(5-10 mm) lamina of light grey and buff Fe-carbonate. The rocks predominantly consist of a cryptocrystalline
miixture of carbonate and quartz with subordinate chlorite.

The Caribou-type (group 4) deposits do not contain a laterally extensive iron formation, but lateral zoning is
manifested in the Caribou deposit by a decrease in magnetite, Cu, Zn, Pb-and Ag from the west limb of the
Caribou fold, around the nose to the east limb (Jambor 1979). Elsewhere in the Boucher Brook Formation,
basic iron-formation and red, relatively Fe/Mn-rich slate (RMS) and chert occur. These rocks constitute types
(iv) and (v) of Saif’s (1980) iron-rich rocks, respectively. The term "basic” iron-formation is used to describe
alternating magnetite- and chlorite-rich bands hosted in mafic volcanic rocks (Saif 1980) and represent chemical
sediments and/or hydrothermally altered lavas. Notably, the RMS has higher Ni, Cr, V, and Co contents than
any of the iron-rich rocks in the felsic volcanic pile (see Table 2) and is generally associated with mafic
voicanic rocks. However, these kinds of iron-rich rocks have not been found in contact with, or in close
proximity to, Caribou-type sulphides.

The major-element data from outcrop and drill-core samples obtained by Saif (1980) are summarized in Table
4a. On average, the silicate iron-formation has the highest Al,0;, MgO and Na,O but the lowest Fe,O; and
MnO; the oxide iron-formation has the highest Fe,0,, FeO and P,O; but the lowest Si0,, Ti0,, AlO;, MgO,
Na,0 and X,O; the carbonate iron-formation has the highest TiO,, MnO, CaO, CO, and S, whereas the Fe-rich
shale has the highest SiO, and K,O but the lowest FeO, CaO, P,0s, CO, and S. It is also interesting to compare
the average chemical compositions obtained on Algoma-type iron-formations (Gross and McLeod 1980) with
data obtained by Saif (1980). However, the data presented by Gross and McLeod (1980) represent a compilation
from many areas (dominantly Archean iron-formations), so some differences are expected, as shown in Table
4b.

It has been shown that the variation in Mn/Fe ratio within iron-rich rocks is potentially useful as an indicator
of proximity to ancient hydrothermal vent-complexes (cf. Bonatti et al. 1972; Whitehead 1973; Goodfellow
1975). Low Mn/Fe ratios are proximal, whereas high Mn/Fe ratios are distal. However, from Tables 4a and
4b, it is clear that there are variations in the Mn/Fe ratio among the different types of iron-rich rocks, and more
importantly, among iron formations of the same type from one area to another, because of their relative
affinities for manganese. Therefore, absolute values of the Mn/Fe ratio are less meaningful than relative values
within a single exhalative unit, when it comes to assessing the proximity to a massive-sulphide deposit.

GENETIC MODELS
The Tetagouche Group in the Bathurst Mining Camp contains an abundance of massive-sulphide deposits. The

lower part of this group was deposited during the initial (ensialic stage) opening of a back-arc basin at the
leading edge of Avalonia (Fig.4). Within these Middle Ordovician
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ROAD LOG FOR STRATIGRAPHY OF THE TETAGOUCHE GROUP

Depart from Keddys Hotel and proceed south on King Avenue; at the overpass above Highway (Hwy) 11, this street
becomes Route 430. This is the starting point of the road log.

Distance
(in km)

0.0
4.7
11.6
6.8
0.6
1.2

1.7

o
(=]

STOP NF-1:

STOP NF-2:

Cumulative

_ Distance

0.0

4.7

Description

Drive south on Route 430.

Junction with road to Pabineau Falls; bear right on Route 430.

Junction with Route 360 to Allardville; continue straight on Route 430.
Junction with road to Brunswick No.12 Mine; bear left on Route 430.
Junction with road to Bathurst Mines (Nepisiguit Falls); continue straight..
Junction with dirt road to Brunswick No.6 Mine; turn left.

The road crosses Knights Brook at this point. The large outcrop in the edge of
the trees west of the road, and on the north side of the brook, consists of quartz
wacke and grey slate of the Miramichi Group. Well developed F, folds and S,
cleavage are overprinted by S, (trending 050°) and S (trending 120°) cleavages
in this outcrop.

The stop sign at the forks in the road overlooks the Nepisiguit Falls dam and
power generating station. Bear left and drive down to the parking lot by the
dam. The outcrops in this area constitute the type section of the Nepisiguit Falls
Formation. The roadbed that parallels the Nepisiguit River is all that remains
of the Northern New Brunswick and Seaboard Railway line to the old Austin
Brook Iron Mine. Walk west (upriver) along this roadbed about 450 m, past
STOP NF-3 and STOP NF-2, to STOP NF-1 (Fig.T1).

Outcrops of massive, aphyric rhyolite occur along the hillside northwest of the
roadway. About 600 m farther up the road, just past the Nepisiguit Sport Lodge,
there is a roadeut where rhyolitic hyaloclastites and minor sedimentary rocks
occur with massive rhyolite. All these rocks are part of the Flat Landing Brook
Formation.

Return to roadway and walk back towards the dam about 50 m.

The outcrop in the ditch where the culvert crosses the road contains the contact
between massive rhyolite of the Flat Landing Brook Formation and chloritic iron
formation of the Nepisiguit Falls Formation. Note the contrast in cleavage
development in these two rock types. The chloritic iron-rich rocks outcrop
intermittently along the ditch for 100 m or more, and constitute the "Brunswick
Horizon". Some of the chloritic rocks are magnetic and/or manganiferous
reflecting their original, chemical-sedimentary character, whereas others exhibit
remnant volcaniclastic textures indicating that they are the product of
hydrothermal alteration.




N E \ abandoned
: =| : nilroa&k
L oNes, b
E | )4/F-6 x NF=T><
chloritic E ¥ AN |
iron +
formation B / —Dam Yer Station %
NF-2 = fbridge l |
NF-1 ¥ granular-:«massiye—»}
| = | ,!
Nepisiguit - § | |
Sport , = '
Lodge / E y Knights
—»-fla=Nepisiguit Falls —>{<—Brook Fm.
FLB ’ Fm | .
[ man |
Fm | 250m

Figure T1. Simpliﬁed geological map of the Nepisiguit Falls area showing stop locations. The location of this map
in the Bathurst Mining Camp is shown on the Nepisiguit Falls (21 P/5) road-map in Appendix I.

STOP NF-3:

STOP NF-4:

Walk back towards the dam along the old railway roadbed to the point where
the bridge crosses to the dam. Turn left along the path that goes up the hill and
proceed to the small glaciated outcrop in the path.

Granular texture is apparent in this outcrop of quartz-feldspar-augen schist
(QFAS), which predominantly consists of juvenile volcaniclastic material with
a few accidental lithic fragments. This type of QFAS constitutes part of the
proximal volcaniclastic facies of the Nepisiguit Falls Formation. By comparing
this outcrop with the two closer to the parking lot, one can detect variations in
the grain size and abundance of quartz and K-feldspar phenoclasts. In the water-
polished outcrops at the foot of the dam, thick crudely-graded beds can be seen.
These rocks are interpreted as cold debris flows rather than hot pyroclastic
deposits.

Walk past the vehicles and downriver along the railroad bed about 100 m. Turn
right onto the trail that leads down to the foot of the power station.

In the first part of the rock-cut on the right, a thin layer of hyalotuff caps fining-

upward QFAS. This hyalotuff represents fine-grained glass particles that
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STOP NF-5:

STOP NF-6:

STOP NF-7:

Distance
(in km)

0.0

1.6

0.4

5.3

0.7

Cumulative
Distance

0.0

1.6
2.0

7.3

8.0

separated from the crystal-rich debris flow during its emplacement, and then
settled from the water column before deposition of the next flow. These
hyalotuff beds are rare in the proximal facies of the NF Formation but
predominate in the distal facies.

Return to the old railroad bed and proceed downriver another 200 m.

The roadcut on the left is massive QFAS, which consists of large quartz and K-
feldspar phenocrysts (up to 1.5 cm) in a cryptocrystalline groundmass. This type
of QFAS lacks the microcrystalline groundmass of an intrusive porphyry, but
has characteristics intermediate between lava and pyroclastic flows. Therefore
it is interpreted as tufflava. Such rock constitutes the lower half of the
Nepisiguit Falls section in this area.

Continue along roadway approximately 20 m to the gully on the right, which
contains the remains of an old car. Follow the path down the right side of the
gully to the outcrop.

The basal contact of the NF Formation is exposed in the outcrop halfway up the
right side of the gully. The contact is conformable with some interbedding of
volcanic and sedimentary rocks. The top of the underlying Knights Brook
Formation consists of chloritic siltstone that is in contact with a one-meter-thick
chloritic QAS layer. The QAS is overlain by a 45-centimeter-thick quartz wacke
bed; itself overlain by more QAS that grades upward away from the contact into
QFAS. The QAS is interpreted as QFAS from which the K-feldspar phenocrysts
were lost because of alteration.

Return to the roadway and continue downriver approximately 300 m to the point
where the road widens. Follow the beaten path up over the bank on the right
and down to the river. '

Rusty-weathering quartz wacke and grey slate of the Knights Brook Formation
(Miramichi Group) are exposed near the river. Small (< 1 mm) volcanic-quartz

eyes are present locally and S, cleavage is well developed.

Return to the roadway and then back to the power station. Drive back the same
route to the junction with Hwy 430. Reset the road log to zero.

Description
Turn left and drive west on Route 430, which is a gravel road from this point.

The road on the right intersects the paved road to Brunswick No.12 and leads
to Stone Consolidated’s sawmill.

At this point Route 430 crosses the haulage road between Brunswick No.6 and
No.12 mines.

Junction with Nine Mile East Road on the right; continue straight on Route 430.

Qutcrop on the right side of the road is reddish grey, massive aphyric rhyolite
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Distance
(in km)

2.3

1.3

2.2

1.8
0.2

0.3

STOP N-1:

STOP N-2:

STOP N-3:

Cumulative
Distance

Description
of the Flat Landing Brook Formation. The surrounding area within abouta 2 km
radius constitutes the type-area of this formation.

Turn left on the Flat Landing Brook haulage road.

Outcrop on the left (north) side of the road contains magnetite-hematite iron
formation in Flat Landing Brook rhyolite. Not far past this outcrop, the road
deteriorates. ‘

Y-intersection with the road to Flat Landing Brook; bear right toward The
Narrows and continue east. Ignore side roads.

The road turns sharply left, toward the north-northeast, just past a side road on
the right.

The large glaciated outcrop on the right is massive rhyolite of the Flat Landing
Brook Formation.

At the fork in the road, shown in Figure T2, bear right.
The outcrop in the road, also shown in Figure T2, is FLB rhyolite.

Turn left into the clearing and park. Follow the trail at the south end of the
clearing down over the hill approximately 100 m to the outcrop on the left.

The depositional contact between massive QFAS (tuftlava) and grey fine-grained
sedimentary rocks is exposed in the low outcrop beside the trail. Grading in thin
volcaniclastic layers near the contact indicates that the ridge-forming QFAS
overlies the sedimentary rocks. The quartz and K-feldspar phenocrysts (1-5 mm)
are not as large as those in the type section. Whether the sedimentary rocks are
part of the Nepisiguit Falls Formation or part of the Miramichi Group is unclear
because of the paucity of outcrop.

Continue east along the trail approximately 100 m to the low ridge; climb to the
crest of this ridge another 50 m farther along.

Along the ridge crest, there are several outcrops consisting of dark grey slate
with thin beds of white-weathering quartzose sandstone. Mesoscopic F, folds in
these outcrops plunge to the north even though the megacsopic F, fold at the
river plunges south; this indicates that there is an F, fold closure not far below
the surface. About 50 m farther east, just beyond the edge of the old clearcut,
there is an outcrop that contains mesocopic F, folds refolded by F,; the F,/F,
interference pattern mimics the megascopic fold pattern.

Continue eastward along the ridge approximately 150 m to Nepisiguit River.
Walk downriver along the waterline to the first outcrop.

Both the lower and upper contacts of a 10-m-thick, massive QFAS layer are
exposed. Bedding and cleavage are oblique to one another. The dark grey to
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Figure T2. Simplified geological map of The Narrows area showing stop locations. The location of this map in
the Bathurst Mining Camp is shown on the Nepisiguit Falls (21 P/5) road-map in Appendix I.

STOP N-4:

brownish grey sedimentary rocks that immediately overlie this QFAS (near the
large pine tree) are manganiferous and in places magnetic. They constitute the
"Brunswick Horizon" at this locality. Toward the top (downriver) of this
sedimentary unit there is a thin layer of black rhyolite.

Walk northeastward (downriver) along the shoreline another 50 m to the next
stop (Fig.T2).

Pseudo-fragmental greenish grey rhyolite of the Flat Landing Brook Formation
occupies the core of a southerly plunging, macroscopic F, syncline. The
apparent feldspars (white) and fragments (black) are the product of partial
devitrification of massive rhyolite, which occurred shortly after it was deposited.

Continue downriver along the shoreline another 300 m to the low-relief outcrops
at the waterline.
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STOP N-5:
STOP N-6:
STOP N-7:
STOP N-8:
Distance Cumulative
(in km) Distance
0.0 0.0
4.0 4.0'
5.6 9.6
STOP B-1:
STOP B-2:

Although the contact is not exposed, the boundary between pseudo-fragmental
rhyolite of the FLB Formation and manganiferous sedimentary rocks of the NF
Formation occurs within the group of scattered outcrops in this area. Also an
orthogonal relationship between the S, and S, cleavages can be seen in the
mesocopic folds that occur locally.

Continue northeastward another 500 m to the large outcrop on the bank away
from the water.

Graphitic slates with quartz eyes (1 mm) constitute the entire outcrop. These
rocks are assigried to the Patrick Brook Formation and constitute the base of a
nappe that overlies Boucher Brook basalts to the east (Fig.T2).

Return to STOP N-3 and from there proceed south along the shoreline
.approximately 300 m to the mouth of the small brook.

Granular (volcaniclastic) QFAS is interbedded with greenish grey siltstone in the
outcrop at the mouth of the brook. These beds are overlain by the same
manganiferous sedimentary rocks that occur at STOP N-3.

Continue upriver along the shore another 50 m.

At this locality magnetite-hematite iron formation, at the top of the same
sedimentary unit seen at the last stop, is in contact with rhyolite of the FLB
Formation.

Return to STOP N-7 and proceed downriver along the shore 200 m; turn west
and go up over the bank for about 200 m to STOP N-2 and thence back to the
vehicles along the same trail used to get there. Retrace the same route back to
Route 430. Reset the road log to zero.

Description

Turn left and drive west on Route 430.

Turn right (north) on Nine Mile West road.

Turn left into the borrow pit (Fig.T3) beside the road and park.

Dark grey to black siltstone and lithic wacke of the Boucher Brook Formation
constitute the floor of this pit. At the eastern end, there is a layer of lithic
wacke containing what appears to be white-weathering feldspar grains; however,
the grains are actually small fragments of rhyolite, presumably from the
underlying Flat Landing Brook Formation.

Walk southeast (uphill) about 100 m along the Nine Mile West road to the first
trail on the left. Follow this trail to the end (150 m) and then follow the cut line

northward another 150 m to Nine Mile Brook.

In the large outcrop on the opposite side of the stream, the depositional contact
between Flat Landing Brook Rhyolite and Boucher Brook sedimentary rocks is
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