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DESCRIPTIVE NOTES

Carmanville map-area spans the boundary between the Gander and Dunnage zones of the Appalachian orogen
(GRUB Line, Williams et al., 1988) where this boundary passes out to sea at the northeastern end of the orogen. The
map-area contains two of the rare examples of suturing plutons in the northeast Appalachians, as well as significant
mineralisation. Natural outcrop is generally poor except for the seacoast, rocky islands in Hamilton Sound and Gander
Bay and a few prominent rocky hills. The rest of the gently rolling terrane supports a dense cover of coniferous forest
growing on organic soil and a thin cover of boulder till deposited from northeast-advancing ice. In the southeastern part
of the area, boulder accumulations, possibly representing outcrop, are abundant. Much of the map-area was burned
over by large forest fires in 1962, and a network of forest access roads (now mainly ATV tracks) built to harvest the
timber, together with segments of provincial highways, provide access to the inland parts of the area, while the
sea-coast and islands can easily be reached by small boat.

East of the GRUB Line the late Cambrian-early Ordovician Gander Group comprises feldspathic psammites with
black shale and minor volcanogenic horizons toward the top. To the west of the GRUB Line, the Indian Islands Subzone
(Williams et al., 1993) of the Dunnage Zone comprises a basal disrupted lower Ordovician ophiolite (Gander River
Complex) which is imbricated with diverse assemblages of unconformably overlying sedimentary rocks of late Arenig to
Caradoc age (Davidsville Group). The Davidsville Group in turn has been over-ridden by a composite allochthon
(Hamilton Sound Group) including Caradocian black, sulphide-rich shale, Llanvirn? basalt flows, volcanic breccia and
conglomerate, and coticule-bearing siltstone of uncertain age. The Hamilton Sound Group includes a major component
of Ashgill mélange which contains large fragments of an older mélange with deformed and metamorphosed clasts. The
Hamilton Sound Group is unconformably overlain by the Llandovery-Wenlock Indian Islands Group, a marine shelf
assemblage, which is juxtaposed against the Davidsville Group along high angle faults. All stratified rocks are intruded
by granitoid rocks of Late Silurian to Devonian age. The youngest pluton, the spectacularly megacrystic Deadmans Bay
biotite granite, is surrounded by a broad aureole of intricately deformed and metamormphosed Gander Group strata
(Flinns Tickle complex). Slightly older biotite-muscovite (+garnet) granite sutures Gander and Dunnage zones (Ragged
Harbour Pluton) and the Davidsville and Hamilton Sound groups (Island Pond Pluton). The oldest granitoid rocks form
distinctive differentiated plutons, ranging from tonalite to granite, associated with high-level dykes and igneous breccia.
The youngest rocks in the map-area are dykes of biotite-titanaugite lamprophyre of probable Jurassic age along Gander
Bay.

The Gander Group (unit COG) comprises a lower, mainly psammitic, unit (Jonathons Pond Formation, COGJ),
an upper unit of interbedded pelite and psammite (Cuff Pond Formation, COGC) and a discontinuous intermediate unit
of volcanogenic rocks (COGvV). The Jonathons Pond Formation (O’Neill, 1991) consists of monotonous white to pale
green psammite with minor interbedded black pelite and rare calc-silicate lenses. Recognizable primary sedimentary
structures are virtually absent. The psammite consists predominantly of rounded, embayed or slightly sutured quartz
with subordinate plagioclase and minor biotite and chlorite. At the top of the Jonathons Pond Formation, abundant
amphibolite lenses up to 10 m thick occur, together with apple-green fine-grained rocks rich in chlorite and epidote,
interpreted to be deformed tuffs (COGvV). In a chute in Ragged Harbour River a few deformed pillows (elongation 5-10:1)
were observed but there is little other evidence whether the amphibolites represent transposed mafic dykes, flows or
both. Volcanogenic rocks constitute 15-30 percent of the section over an interval estimated to be 300 m thick. The Cuff
Pond pelite comprises black pelitic schist with 10-40 percent of sandstone beds up to a meter thick. This unit is well
exposed along the lower part of Ragged Harbour River, where it is intricately deformed on a small scale. The age of the
Gander Group is not well constrained in Carmanville map-area. The depositional age must be younger than 540 Ma
detrital titanite and zircon found in it (O’Neill, 1991) and older than the late Arenig Indian Bay Big Pond Formation
(Wonderly and Neuman, 1984), the top of the Gander Group in the map-area to the south. The possible age range is
late Cambrian to Arenig. The thickness of the group is unknown, since the base is not exposed, and the rocks are locally
complexly small-folded, but a thickness of hundreds or even thousands of meters for the Jonathons Pond Formation is
suggested by the very widespread occurrence of the formation.

O’Neill (1991) proposed the name Gander River Complex (COGR) for the fault-dissected assemblage of plutonic
and volcanic rocks which form two narrow discontinuous belts within Carmanville map-area. These belts consist of five
units, namely pyroxenite, serpentinite, gabbro, mafic volcanics and trondhjemite (generally brecciated). Contacts
between these units are faulted where exposed. The (structural) base of the eastern belt is everywhere faulted against
the Gander Group along a fault whose latest motion was high-angle sinistral (Piasecki, 1992), while the base of the
western belt is faulted against the Weirs Pond Formation of the Davidsville Group along a similar fault. Although the
Gander River Complex is generally assumed to be a disrupted ophiolitic allochthon emplaced in early Arenig time
(Colman-Sadd et al., 1992), its internal stratigraphy remains uncertain due to structural complexity. Coarse,
greenish-black pyroxenite (COGR p) occurs around Shoal Pond. Large (3 mm to 6 cm) pyroxene crystals float in a matrix
of serpentine. Microscopic examination shows that the rock consists mainly of diopsidic augite, commonly with exsolved
orthopyroxene lamellae, and small amounts (<15%) of independent orthopyroxene grains. Alteration to tremolite, bastite
(for orthopyroxene), talc, carbonate and prehnite is ubiquitous. Mappable amounts of deep green serpentinite (COGRs)
occur along the structural base of the Gander River Complex on Ragged Harbour River, but also as isolated pods within
the pyroxenite. Although the unit consists largely of a felted mass of serpentine, magnesite is an important constituent
in many specimens, and locally forms monomineralic layers interspersed with serpentine. Talc, tremolite and remnant
clinopyroxene occur in variable amounts. Magnesite layers are locally rich in chromite seams which can be readily
recognised by their colour. Quartz veins commonly occur in the serpentine- magnesite rock. Gabbro (COGRg) forms a
brecciated belt south of Island Pond, varying from massive to strongly foliated, and from medium-grained to pegmatitic.
The rock consists of strongly saussuritized andesine, diopsidic augite variably altered to amphibole and chlorite and
other secondary minerals (carbonate, prehnite, epidote). The gabbro is cut by numerous finely comminuted breccia
veinlets. Volcanic rocks (COGRb) form a sizeable body southwest of Shoal Pond, consisting of amygdaloidal massive
to pillowed, plagioclase-phenocrystic basalt and basalt breccia profusely veined with epidote and carbonate.
Trondhjemite (COGRt) forms small pods and plugs south of Island Pond which are invariably brecciated, in some cases
to the extent that rounded fragments "float" in a fine- grained comminuted matrix. The rock consists essentially of quartz
and oligoclase, with trace amounts of opaque. Minor secondary chlorite, epidote and carbonate may be present.

The Davidsville Group (OD) comprises clastic sedimentary rocks whose base rests directly on the Gander River
Complex. The stratigraphy of the Davidsville Group has been a problem since its original definition by Kennedy and
McGonigal (1972) because it consists largely of dark grey shale and mudstone whose intense cleavage masks isoclinal
folding and fault imbrication, both of which are known to be present from observations on good exposures. O’Neill and
Blackwood (1989) formally divided the group into a basal Weirs Pond Formation, a medial Hunts Cove Formation of
shale rhythmites and an upper Outflow Formation with sandstone and pebble conglomerate interlayered with shale
rhythmites. Currie (1992) pointed out that "Weirs Pond Formation" as used by O’Neill and Blackwood (1989) includes
two diverse units, namely (i) a calcareous quartz sandstone, limestone and limy shale unit accumulated in a relatively
stable marine environment, and (ii) a turbiditic sequence ranging from basal brecciated Gander River Complex with
minor sedimentary infilling, through conglomerate to granule sandstone with shale beds. The name Weirs Pond
Formation is here restricted to the calcareous rocks.

Within the map-area, Weirs Pond Formation (ODW) forms a narrow, fault-bounded strip extending more than
20 km from near Cuff Pond to south of Shoal Pond where it pinches out. The rocks consist mainly of red and grey-green
calcareous phyllite with limestone beds up to 1 meter thick. Subordinate amounts of fine, laminated sandstone with
well-rounded, well-sorted grains and well preserved sedimentary structures also occur, as well as minor black shale.
The Weirs Pond Formation lies unconformably on the Gander River Complex at Cuff Pond. This locality yielded two late
Llanvirn to Llandeilo conodont faunules (Currie et al., 1980). The thickness of the Weirs Pond Formation is uncertain
because of intricate internal faulting, but probably <200 m. The Weirs Pond Formation is faulted against Gander River
Complex over most of its length, but against turbidites of the Outflow Formation east of Island Pond. No stratigraphic
relations are known between the Weirs Pond Formation and the rest of the Davidsville Group, and inclusion of the
formation in the group is purely an historical artefact.

The turbiditic part of the Davidsville Group consists of basal Outflow Formation (ODO) overlain by Hunts Cove
Formation (Currie, 1995a). The lower part of the Outflow Formation, well-exposed around Barrys Ponds, comprises
thick beds (30-100 cm) grading upward from pebble or cobble conglomerate to laminated sandstone and grey-green
siltstone-shale rhythmites. The conglomerate unconformably overlies Gander River Complex (Currie, 1995a), and
serpentine pebbles are characteristic, but the bulk of the debris is felsic, mainly blue quartz, plagioclase porphyry,
trondhjemite and grey feldspathic psammite clasts. Bed thickness and grain size decrease upward and much of the
formation has bed thicknesses of 5-10 cm although thick (to 1.5 m) beds of graded or massive sandstone occur rarely
in the upper part of the formation. The Outflow Formation grades to Hunts Cove Formation by thinning of beds and
increase in proportion of siltstone-shale rhythmites. The boundary is arbitrarily defined at 25 percent sandstone, which
corresponds to an average bed thickness of about 3 cm.

The Hunts Cove Formation (ODH) includes the "shale" portion of the Davidsville Group including siltstone-shale
rhythmites and several varieties of shale. The lower parts include pale green siltstone or siltstone-shale rhythmites,
bedded on a centimeter scale, with sporadic pale purple intervals up to a meter thick. Occasional massive sandstone
beds 2 to 65 cm thick occur. The upper part of the formation consists of homogeneous dark grey shale, commonly
intensely cleaved. Rare exposures in fold cores preserve cleavage-bedding relations, showing that beds were 5 to
20 cm thick. Indirect evidence (Currie, 1995a) suggests the thickness of the Outflow and Hunts Cove formations does
not excede 1200 m. The age of the formations is not directly known since they are unfossiliferous but the age is
constrained between the Arenig obduction of the Gander River Complex (Colman-Sadd et al., 1992) and
Caradoc-Ashgill thrusting of Hamilton Sound Group over Davidsville Group.

The Hamilton Sound Group (OH) appears to form a stack of south-vergent thrust slices. The structurally lowest,
but probably stratigraphically highest slice, consists of chert and black shale (Main Point Formation, OHM). These rocks
are black and sulphide-rich, commonly producing gossan-like outcrops. The proportions of shale to chert vary

considerably, but overall, shale probably forms 75 to 85 percent of the unit, with chert present in the form of lenses, or
as bedded chert with thin shale interbeds. The bedded cherts Mn-rich (pyrolusite, rhodocrosite?). At Main Point the
rocks contain graptolites belonging to the D.clingani zone of the Caradoc (Williams, 1972). The Main Point Formation is
intricately internally deformed, to the extent that primary sedimentary structures can only be recognized in competent
chert layers, and grades into the Carmanville Mélange, of which it forms much of the matrix. No contacts between the
Main Point Formation and the Davidsville Group have been found, but strata close to the contact in both units are
strongly deformed, suggesting presence of a fault.

Much of the Noggin Cove Formation (OHN, Johnston, 1992) consists of spectacular volcanic breccia and
conglomerate with amygdaloidal, angular basalt blocks up to 20 cm across rimmed by devitrified glass, and set in a
green tuffaceous matrix. Amygdaloidal basalt flows with rare interstitial carbonate lenses occur between Carmanville
and Noggin Cove, and green tuffs, commonly with a carbonate matrix, occur sporadically. The basaltic volcanics have
non-arc chemistry (Johnston, 1992). Injection of Noggin Cove Formation by thin veinlets of homogenised black shale
and mélange along the shore between Carmanville and Main Point suggest that the Noggin Cove Formation forms a
thin sheet thrust over the Main Point Formation. The age of the formation is unknown, since all the carbonates have
proved to be barren of fossils. However it chemically and lithologically resembles Llandeil-Llanvirn volcanics of the
Exploits Subzone 30 km to the west (Currie, 1995b).

The Woody Island Formation (OHW) comprises thinly-layered, coticule-bearing siltstones on islands in Hamilton
Sound and Gander Bay as well as more metamorphosed correlative strata south of Aspen Cove. On Green Island these
beds contain several mélange horizons up to a metre thick which contain a few exotic clasts. On Noggin Island the rocks
are black-and-white striped siltstones, plicated but without mélange horizons. Both contain numerous vermicular
masses up to 10 cm long which are rich in pyrolusite. South of Aspen Cove the rocks contain distinctive pink
garnet-quartz coticules. Siltstone on Gander Island does not contain Mn-rich lenses, and may belong to a different unit.
The age and thickness of the Woody Island Formation are unknown. They resemble coherent coticule-bearing siltstones
within the Arenig or older Dunnage Mélange west of the map-area (Currie, 1995b).

The Carmanville Mélange (OHC) forms a chain of relatively small, lens-like occurrences which fringe the Noggin
Cove Formation, and patrtially fringe the Main Point and Woody Island formations. The largest single occurrence, about
2 km long and 500 m wide, forms Teakettle Point on the east side of Carmanville Arm. Other occurrences range down
to a few tens of metres across. Each occurrence comprises a matrix of rusty black graphitic shale or pebbly mudstone
(disaggregated Main Point Formation), with fragments from cm to m size of pillowed basalt, gabbro, trondhjemite,
ultramafic rocks and greywacke. Various volcanic lithologies can be matched in the Noggin Cove Formation, and
ultramafic blocks (for example at Aspen Cove) resemble the Gander River Complex, but the source of many fragments
remains unknown. Lee and Williams (in press) have drawn attention to large blocks of an older mélange (OHCt) which
contains mafic schist, and which had been deformed three times and disaggregated before incorporation into the
mélange. The distribution of mélange suggests that it formed a thin, discontinuous film between formations of the
Hamilton Sound Group. Age of mélange formation is constrained between the late Caradoc Main Point Formation,
which forms its matrix, and the unconformably overlieing early Llandovery Indian Islands Group.

The Indian Islands Group (SI) forms a Silurian marine shelf assemblage found along the west side of Gander Bay
(Williams et al., 1993). The Indian Islands Group consists of discontinuous basal Halysites-bearing limestone or
limestone breccia (Seal Island formation, SIS), which rests unconfomably on black sulphidic shale (Main Point
Formation) on Seal Island and the nearby mainland, and grades up into calcareous siltstone (Charles Cove Formation,
SIc). Halysites occurs on Seal Island and in coralline limestone lenses in the Charles Cove Formation on Fox Island
and Dog Islands (Williams, 1972). A loose block of Charles Cove Formation near Rodgers Cove yielded a Wenlock
fossil (Wu, 1978). The thickness of the Indian Islands Group is thought to be about 600 m (Currie, 1995a). No unfaulted
contacts have been found between the Indian Islands Group and the Davidsville Group.

Igneous rocks of late Silurian to Devonian age cut all older rocks throughout Carmanville map-area.
Tonalitic-granodioritic rocks form Tims Pond, Frederickton, Rocky Bay and Aspen Cove plutons (SDg). The most
distinctive lithology is coarse-grained, grey, biotite tonalite with large irregular biotite flakes poikilitic with small
plagioclase oikocrysts. All plutons exhibit granodioritic to alaskitic rims up to 200 m wide which may be foliated. Aspen
Cove Pluton also contains marginal muscovite(+garnet) aplite, suggesting a gradation to the Ragged Harbour Pluton.
These plutons are surrounded by narrow andalusite-cordierite hornfels aureoles, commonly less than 100 m wide,
although the hornfels aureole around the Tims Pond Pluton is much larger than the pluton suggesting a shallow
subsurface extension. K-Ar biotite ages for the Rocky Bay Pluton are 405+15 Ma (Wanless et al., 1965). The Rocky Bay
Pluton is probably connected to the Frederickton Pluton at depth. A widespread suite of dacitic dykes and igneous
breccia found around Gander Bay appears to be equivalent to these plutons. The Ragged Harbour and Island Pond
plutons (SDm) consist of two-mica and muscovite-garnet granite and aplite. The Island Pond Pluton is essentially
medium- grained and massive, with a central belt of foliated material, and exhibits a narrow (<100 m) andalusite-bearing
aureole. The Ragged Harbour Pluton includes relatively homogeneous massive to foliated granite in areas up to 500 m
wide, but much of the Pluton is heterogeneous, migmatitic and contains numerous screens of metamorphosed and
assimilated country rocks. The Pluton is surrounded by a broad (>5 km) metamormphic aureole in which successive
isograds from chlorite up to anatexis can be traced (Currie and Pajari, 1981). There is strong circumstantial evidence
that much of the Pluton represents Davidsville and Gander groups melted approximately in situ (Currie and Pajari,
1981). The Ragged Harbour Pluton gave 360 Ma K-Ar mica ages (Currie and Pajari, 1981), but this is thought to
represent metamorphism by the younger Deadmans Bay Pluton (DDm). The Deadmans Bay Pluton consists of coarse,
massive, spectacularly megacrystic biotite granite, which locally contains fluorite. The potash feldspar megacrysts are
2-10 cm in diameter, commonly rounded, although they may have euhedral cores, and full of inclusions of the matrix
minerals. Well developed trachytic layering of megacrysts occurs locally. The Pluton also contains boudined mafic
dykes (synplutonic dykes) whose margins are overgrown by megacrysts. The Deadmans Bay Pluton is surrounded by
a broad aureole of metamorphic rocks (Flinns Tickle complex, SF) consisting of high-grade Gander Group rocks with an
unusually high proportion of amphibolite dykes. This complex contains an intricate mixture of recognizable high-grade
psammite (which around Great Eastern Pond contains coticules), migmatite, and thin sheets of biotite granite (which are
not megacrystic). The parts of the complex within a few tens of meters of the Deadmans Bay Pluton also contain
megacrysts identical to those in the Pluton. The actual boundary of the Pluton is sharp, but there is no chilled margin.
The best estimate of age for the Deadman’s Bay Pluton is about 400 Ma (Currie et al., 1982). The youngest rocks in the
map-area are narrow (<1.5 m) biotite-titanaugite lamprophyre dykes (JI) believed to be of Jurassic age (Strong and
Harris, 1974) exposed along the shores of Gander Bay, which strike north-northeast and dip steeply, parallel to the
regional cleavage. They cut all older rocks.

Structurally, Carmanville map-area falls into three parts separated by major discontinuities assumed to be faults.
East of the GRUB Line, the oldest recognizable folds in the Gander Group are small-scale sheath-like features which
were originally near recumbent (D,, Hanmer, 1978; Piasecki, 1992). They may have originated during Arenig eastward
obduction of the Gander River Complex (Colman-Sadd et al., 1992), but there is no direct evidence for this assignment.
The earliest deformation observed across the map-area (D, of Lafrance and Williams, 1992) comprises isoclinal folds
of cleavage in the Gander Group, inclined folds of bedding in the Davidsville Group, mylonitic foliation with sinistral then
dextral shearing in both groups, and dextral shearing with layer-parallel foliation in the Hamilton Sound Group. Small
scale southeast-vergent thrust ramps and flats occur in the Davidsville Group and Gander River Complex, with early flat
ramps and later steep ramps. Steep ramps appear to be associated solely with dextral indicators and may indicate a
transition to D,. D, structures have not been observed in the Indian Islands Group. (Structures in the Indian Islands
Group assigned by Karlstrom et al. (1982) to D, are here assigned to D,). Just south of the map-area at Weirs Pond,
Caradoc strata are imbricated with the Gander River Complex (O’Neill, 1991). These observations suggest a Late
Ordovician (latest Caradoc to earliest Llandovery) age for D,, with northwest-over-southeast transport, in accordance
with the regional synthesis of Lafrance and Williams (1992). D, was treated by Lafrance and Williams (1992) as a single
progressive event dominated by regional dextral ductile faulting, and including development of the regional cleavage,
formation of the large gently plunging folds which dominate the outcrop pattern in the Davidsville Group, small
steeply-plunging dextral folds, and abundant dextral movement indicators closely associated with faults. Upright, tight
to isoclinal, gently doubly-plunging, kilometer-scale folds can be defined in the Davidsville Group by lithology distribution
and cleavage-bedding relations, and small folds of similar styles occur in the Indian Islands and Hamilton Sound groups.
In the latter, many folds have steep, reversing plunges due to extreme flattening (Piasecki, 1992). D, structures appear
to affect the Llandovery-Wenlock Indian Islands groups, but are truncated by the Ragged Harbour Pluton. Deformation
is therefore of late Silurian to Devonian age, coeval with emplacement of granite sheets around the Ragged Harbour
Pluton (Piasecki, 1992). Late sinistral mylonitic foliation and small scale asymmetric folds (D;) deformed these sheets
(Piasecki, 1992), and some large inclined folds formed in the Gander and Hamilton Sound groups during D,. This late
deformation is presumed to be of Devonian age.

A speculative synthesis of the structure of this region assumes the Davidsville Group to form cover to an ophiolite
suite obducted southeast onto the margin of Gondwana in early Ordovician time (Colman-Sadd et al., 1992). Rocks of
the Hamilton Sound Group represent filling of a basin formed by rifting of a mid-Ordovician (post-obduction) west-facing
volcanic arc (compare Swinden et al., 1990) which lay well to the west of the map-area. Arrival of Laurentia at the
subduction zone shortened strata sufficiently to imbricate the Gander River Complex with its sedimentary cover and
thrust the Hamilton Sound Group southeast over the Davidsville Group. Subsequent shortening was accomodated by
early Silurian westward subduction of the floor of the basin. The evidence for this event lies mainly west of Carmanville
map-area (Williams et al., 1993; Currie,1995b), but the nature of the Carmanville Mélange suggests origin in a
west-dipping accretionary wedge prism (Lee and Williams, in press). Hard continental collision is deduced to have
occurred in post-Wenlock time with the climax of thermal activity in the Pridoli or early Devonian.

Carmanville map-area records significant metamorphism. Colour index of conodont faunules suggest that much

of the apparently low-grade area west of the GRUB Line reached 300°C (Currie and Pajari, 1981). Garnet, andalusite,
and sillimanite isograds can be mapped in the Hamilton Sound Group around the Ragged Harbour Pluton. (The garnet
isograd is at lower grade than biotite because of high Mn content in the affected rocks.) Currie and Pajari (1981)
deduced a low pressure P-T path with temperatures rising to about 700°C under almost isobaric pressures of 2-3
kilobars. A biotite isograd can be mapped in the Gander Group, and a small portion of a garnet isograd, but these
relatively low-grade rocks are abruptly juxtaposed against silimanite-bearing, migmatitic Flinns Tickle complex. This
contact is interpreted to be a fault with very late sinistral west-side-down motion. Maximum grade (garnet-cordierite-
sillimanite) is identical on opposite sides of the GRUB Line. Currie and Pajari (1981) showed that fluid motions had a
major effect on the mineralogy of thermal aureoles in this map-area. The thermal aureoles also contain many small
scale interference folds oriented parallel to the margins of the Pluton, suggesting forceful intrusion, and thermal
softening.

Displacement of metamorphic isograds emphasizes the complex history of fault movements in this region. The
GRUB Line (a zone several km wide, rather than a line) began as an east vergent thrust in Arenig time, underwent
similar motion in the Caradoc, dextral transcurrent motion in the Llandovery, and sinistral normal motion in Pridoli or
later time.

Ultramafic and volcanic rocks around Shoal Pond have been repeatedly prospected for asbestos and chromite
with indifferent success (Dunlop, 1955), and less intensively for base metals (Evans, 1994). Tungsten and gold values
have been reported from quartz veins hosted by small cupolas of granodiorite on the western boundary of the sheet at
Tims Pond (Patrick, 1953; Evans, 1994). Minor malachite stain occurs in the Noggin Cove Formation south of
Carmanville. Grab samples of the Main Point Formation taken in road cuts along Highway 330 southwest of Carmanville
contained up to 8% MnO. Similar Mn-rich cherty, black shales at Loon Harbour, 50 km west of the map area, have been
reported to contain elevated Au values (Sangster, 1992).
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