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SAFETY INFORMATION

GENERAL INFORMATION

The Geological Association of Canada (GAC) recognizes that its field trips may involve hazards to

the leaders and participants. It is the policy of the Geological Association of Canada to provide for the

safety of participants during field trips, and to take every precaution, reasonable in the circumstances, to

ensure that field trips are run with due regard for the safety of leaders and participants. GAC recommends

steeltoed safety boots when working around road cuts, cliffs, or other locations where there is a poten

tial hazard from falling objects. GAC will not supply safety boots to participants. Some field trip stops

require sturdy hiking boots for safety. Field trip leaders are responsible for identifying any such stops,

making participants aware well in advance that such footwear is required for the stop, and ensuring that

participants do not go into areas for which their footwear is inadequate for safety. Field trip leaders

should notify participants if some stops will require waterproof footwear.

Field trip participants are responsible for acting in a manner that is safe for themselves and their co

participants. This responsibility includes using personal protective equipment (PPE) when necessary

(when recommended by the field trip leader or upon personal identification of a hazard requiring PPE

use). It also includes informing the field trip leaders of any matters of which they have knowledge that

may affect their health and safety or that of coparticipants. Field Trip participants should pay close atten

tion to instructions from the trip leaders and GAC representatives at all field trip stops. Specific dangers

and precautions will be reiterated at individual localities.

SPECIFIC HAZARDS

Some stops on this field trip are in coastal localities. Access to the coastal sections normally requires

short hikes, in some cases over rough, stony or wet terrain. There is a strong possibility that participants

will get their feet wet, and we recommend waterproof footwear. We also recommend footwear that pro

vides sturdy ankle support, as localities may also involve traversing across beach boulders or uneven rock

surfaces. Coastal localities present some specific hazards, and participants MUST behave appropriately

for the safety of all. Participants must stay clear of the cliff edges at all times, stay with the field trip

group, and follow instructions from leaders. Please stay away from any overhanging cliffs or steep faces,

and do not hammer any locations immediately beneath the cliffs. In all coastal localities, participants

must keep a safe distance from the ocean, and be aware of the magnitude and reach of ocean waves. If it

is necessary to ascend from the shoreline, avoid unconsolidated material, and be aware that other partic

ipants may be below you. Take care descending to the shoreline from above.

Other field trip stops are located on or adjacent to roads. Participants should make sure that they stay

off the roads, and pay careful attention to traffic, which may be distracted by the field trip group. Roadcut

outcrops present hazards from loose material, and should be treated with the same caution as coastal

cliffs. Other outcrops may be in disused quarries or excavations, or may require short hikes from roads

across possibly uneven and/or wet terrain. Weather is unpredictable in this area and participants should

be prepared for a wide range of temperatures and conditions. Always take suitable clothing. A rain suit,

sweater, sturdy footwear are essential at almost any time of the year.



iv

The hammering of rock outcrops, which is in most cases completely unnecessary, represents a sig

nificant “flying debris” hazard to the perpetrator and other participants. For this reason, we ask that out

crops not be assaulted in this way; if you have a genuine reason to collect a sample, inform the leaders,

and then make sure that you do so safely and with concern for others. The trip visits some outcrops that

have unusual features, and these should be preserved for future visitors. Frankly, our preference is that

you leave hammers at home or in the field trip vans. 

Subsequent sections of this guidebook contain the stop descriptions and outcrop information for the

field trip. In addition to the general precautions and hazards noted above, the introductions for specific

localities make note of specific safety concerns such as traffic, water, cliffs or lose ground. Field trip par

ticipants must read these cautions carefully and take appropriate precautions for their own safety and the

safety of others.



INTRODUCTION

REGIONAL SETTING OF THE AVALON ZONE

The Avalon Peninsula is the type area for the microcontinent Avalonia, one of the periGondwanan

terranes accreted to the Laurentian margin by the latest Silurian as the result of closure of the Acadian

seaway between composite Laurentia and Avalonia (e.g., Wilson, 1966; Nance et al., 2008; van Staal and

Barr, 2012; Mills et al., 2020). Avalonia is a collage of faultbounded Neoproterozoic, partly juvenile arc

related volcanosedimentary belts that underwent latest Neoproterozoic orogenesis and denudation, prior

to deposition of an overstepping Cambrian–Ordovician platformal sedimentary succession (van Staal and

Barr, 2012; Landing et al., 2004). The Avalon terrane in Newfoundland extends offshore to the eastern

edge of the continental margin (Haworth and Lefort, 1979; Miller and Singh, 1995; see also Lilly 1965;

1966), and is tectonically juxtaposed with Ganderia to the west and northwest by the Dover and

Hermitage Bay fault zones, respectively (Figure 1) (Blackwood and Kennedy, 1975; O’Brien et al.,
1996).

Fragments of Avalonia occupy much of the eastern margin of the Appalachian–Cadomian orogeny

and are interpreted to continue from the northeastern U.S. through Atlantic Canada (West Avalonia) and

into Wales and southern England to Belgium and central Europe (East Avalonia) (Murphy et al., 1999;

van Staal et al., 2020). Most areas designated as Avalonia consist of a collage of Neoproterozoic terranes

having complex and differing tectonic settings and histories (van Staal et al., 2020). They are linked by

their similar lower Paleozoic cover rocks that comprise a shallowmarine platformal sequence compris

ing mainly finegrained siliciclastic rocks having an AcadoBaltic faunal assemblage (Boyce, 1988;

Myrow, 1995; Landing, 2004).

Several major tectonomagmatic events punctuate the Neoproterozoic evolution of Avalonia in

Newfoundland (Figure 2). Tonian magmatic remnants are preserved in the ophiolitic Burin Group (ca.
760 Ma; Krogh et al., 1988; Murphy et al., 2008) and as the ca. 730 Ma Hawke Hills tuff (formerly the

lowermost unit of the Harbour Main Group) of the central Avalon Peninsula (see Israel, 1998; O’Brien et
al., 2001). After an apparent 50 million year hiatus, Cryogenian magmatism occurred, including the

680–670 Ma calcalkaline volcanic Tickle Point Formation and correlative plutonic rocks of the Furby’s

Cove Intrusive Suite on the Connaigre Peninsula (Swinden and Hunt, 1991; O’Brien et al., 1996).

Another hiatus of at least 30 million years occurred prior to the onset of the main Ediacaranarc phase

(e.g., Murphy et al., 1999), which is considered to be one of the hallmarks of Avalonia. Geochronology

has bracketed the largest and probably longestlasting arcrelated magmatic event to between 640 and 565

Ma, and is interpreted as an Andeanstyle arc (Thompson, 1993; Barr and White, 1996; Barr et al., 1998;

Murphy et al., 1999; Nance et al., 2002; Thompson et al., 2014) and arcadjacent basins (Hughes and

Brückner, 1971; van Staal et al., 2020). This generalization should be viewed with caution because this

event was shortlived in most parts of West Avalonia, and no one area preserves evidence that this event

was in fact a continuum (van Staal et al., 2020). Vestiges of the main Avalonian arc in Newfoundland

include parts of the composite Harbour Main Group (see O’Brien et al., 2001) and the Holyrood Intrusive

Suite (ca. 630–620 Ma; Krogh et al., 1988) on the Avalon Peninsula, parts of the former Love Cove

Group (now the more spatially restricted Broad Island Group; Mills et al., 2020) in the Eastport area (see
also Dec et al., 1992), the Simmons Brook Intrusive Suite and Connaigre Bay Group on Connaigre

Peninsula (O’Brien et al., 1995), and the Peter Brook granite (Sparkes and Dunning, 2014) on the south

1
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Figure 1. Simplified geology map of the Avalon Terrane in Newfoundland (modified from King, 1988).
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ern Burin Peninsula. Bimodal, alkaline magmatism

followed at ca. 580 Ma in the Bonavista area (Mills

and Sandeman, 2021), ca. 568–552 Ma (O’Brien et
al., 1995) on the Connaigre Peninsula (Long

Harbour Group), and at ca. 569 Ma in the Eastport

area (Mills et al., 2020). Alkaline magmatism also

occurs in the Conception Bay South area on the

Avalon Peninsula (Colliers peninsula; Nixon and

Papezik, 1979), and, dated at ca. 606 Ma (Krogh et
al., 1988), may be the oldest alkaline magmatism

within the Avalon terrane of Newfoundland.

GEOLOGICAL SUMMARY OF THE

AVALON PENINSULA

The eastcentral part of the Avalon Peninsula

is cored by a broad, northsouth elongated pericli

nal dome (Holyrood Horst) of late Neoproterozoic,

primarily subaerial volcanic and plutonic rocks that

have historically been assigned to the Harbour

Main Group and Holyrood Intrusive Suite, respec

tively (King, 1988a, 1990; O’Brien and O’Driscoll,

1996; O’Brien et al., 1997, 1998; see Figures 1 and

3). These lowgrade rocks typically lack a penetra

tive deformation fabric, and have yielded a variety

of late Neoproterozoic U–Pb zircon ages (Krogh et
al., 1988; Sparkes et al., 2005), most of which fall

between 640 and 580 Ma. This volcanoplutonic

core contains outliers of marine siliciclastic rocks and is flanked by a younger, shoalingupward succes

sion of marine, deltaic and fluviatile siliciclastic rocks (Conception, St. John’s and Signal Hill groups,

respectively; e.g., King, 1988), thought to be concentrically disposed around the older succession.

Locally, the base of the marine succession is unconformable on the earlier volcanoplutonic rocks. The

estimated minimum total composite thickness of the stratified succession (Conception, St. John’s and

Signal Hill groups) is in the range of 7 to 10 km (e.g., King 1988a). Tuff beds in the upper Conception

Group (Mistaken Point Formation) have been dated at 565 Ma (Benus, 1988; Matthews et al., 2020) and

566 Ma (Canfield et al., 2020); the age of the base of this flanking marine succession is largely uncon

strained, but predates deposition of glacial diamictite of the ca. 580 Ma Gaskiers Formation (lower

Conception Group; see Pu et al., 2016).

A shalerich cover of early Cambrian to earliest Ordovician age lies with pronounced angular discor

dance on various levels of the folded and faulted Proterozoic succession (Hutchinson 1962). The lower

Paleozoic paleontology has been reviewed by Hutchinson (1962), Bergstrom (1976), Anderson (1981),

Bengston and Fletcher (1983), Ranger et al. (1984), Boyce (1988) and Landing (1996).

3

Figure 2. Interpretive tectonostratigraphic col
umn for the Neoproterozoic to Cambrian rocks of
the Avalon Terrane in Newfoundland (from
Murphy et al., 1999).
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Early Silurian mafic sills and related intrusions are emplaced into this Cambrian cover in the south

western part of the Avalon Peninsula (Greenough et al., 1993; see also Hodych and Buchan, 1998).

Diabase of Mesozoic age (ca. 201 Ma; Hodych and Hyatsu, 1980) intruded the Proterozoic succession,

and coincides with a 110kmlong magnetic lineament that trends northeasterly across the southeastern

Avalon Peninsula (see also Papezik and Hodych, 1980). A regional magnetic high of similar orientation

parallels the south shore of Conception Bay, locally coinciding with exposure of posttectonic diabase,

possibly of similar age.

TRIP ITINERARY

This field trip will start out in some of the youngest units of the eastern Avalon Peninsula (Signal Hill

Group; King, 1990) and as we make our way westward we gradually move down through the largely sili

ciclasticdominated rocks of the region that lie east of the regionally extensive Topsail Fault (Stops 14).

Then we move across the fault into the “basement” volcanic and plutonic rocks to examine the hydrother

mal alteration and structures developed in the area west of the Topsail Fault (Stops 57).

5



FIELD TRIP STOPS

STOP 1: FLAT ROCK THRUST

Directions: Leave St. John’s via Route 20 (Torbay
Bypass Road), continue past the exit for Route 21,
and then turn right, taking the Torbay exit. Turn
left at the sign for Flatrock, turning onto Windgap
Road. Proceed along the road to the parking lot
for St. Michael’s Church; from here we will pro
ceed on foot along the route highlighted in red.

(The following is summarized from Calon 2005.)

This stop highlights the field relationships that define the eastvergent Flat Rock thrust and constrain

the significance of late Ediacaran(?) crustal shortening, exhumation, and syntectonic deposition in the

northeast Avalon Peninsula. The Flat Rock thrust at this stop is exposed in a steep cliff face at the mouth

of Piccos Brook (Figure 4); excellent exposures of the fault are accessible by foot traverse along Piccos

Brook immediately to the west. The Flat Rock thrust near Piccos Brook is a ~1 kmlong, northeasttrend

ing fault zone with roof and floor thrusts that are separated by a shale duplex. Conception Group (Torbay

Member, lower Drook Formation) strata comprise the hangingwall of the fault and consist of interbed

ded, finegrained sandstone and siltstone units that are the oldest exposed rocks in the Flatrock area. St.

John’s Group (Fermeuse Formation) strata in the shale duplex are penetratively deformed black shale

units with cleavage steeper than the dips of enclosing roof and floor thrusts. Signal Hill Group strata

(Piccos Brook Member, upper Flatrock Cove Formation) comprise the footwall and are characterized by

red breccia and sandstone units of probable alluvial fan origin. Signal Hill Group strata adjacent to the

shale duplex are altered greygreen and likely indicate fluid migration along the floor thrust.

The estimated throw on the Flat Rock thrust at this location is ~3500 m based on the interpreted strati

graphic offset between the Drook and Flatrock Cove formations (see Figure 5). Whereas the underlying

parts of the Signal Hill Group in the Flatrock area (e.g., Cuckold Formation) show evidence for the exhu

mation of felsic igneous rocks and Avalonian arc infrastructure, red breccia and sandstone units of the

Piccos Brook Member contain finegrained, sedimentary lithic fragments and probably demonstrate

provenance from uplifted Conception Group strata in the hangingwall. The Piccos Brook Member was

likely a syntectonic unit in the foreland of the eastvergent thrust system and eventually imbricated and

overridden by advancing thrust sheets. At Red Head, ~1 km north of this stop, folded Conception Group

strata are unconformably overlain by Piccos Brook Member breccia units (Lilly unconformity; Anderson

et al., 1975). These relationships indicate that uppermost Piccos Brook Member deposition postdates the

timing of thrustrelated deformation.

6
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The absolute ages of the Flat Rock thrust, potentially equivalent eastvergent deformation features

(e.g., Red Head Cove fault, Blackhead syncline, Bay Bulls syncline, Knobby Hill anticline and syncline),

and deposition of syntectonic sedimentary successions in northeastern Avalon are uncertain, but general

ly assigned to the late Ediacaran “Avalonian orogeny”. For example, Calon (2005) summarized the sig

nificance of Flatrock Cove Formation growth strata and their relationship to the rise of the Knobby Hill

anticline south of Flatrock. The timing of the Flat Rock thrust must postdate the deposition of the Drook

Formation in the hangingwall (570 Ma in southern Avalon, Pu et al., 2016). The youngest detrital zircon

grains in Piccos Brook Member (e.g., Langor 2017) and underlying Signal Hill Group strata near Flatrock

are ca. 565 Ma (Hutter and Beranek, 2017), but likely overestimate the true depositional age of syntec

tonic sedimentation.

7

Figure 4. Northfacing view of Flat Rock thrust zone exposed in cliffside at the mouth of Piccos Brook.
At this stop, the fault zone consists of eastvergent roof and floor thrusts that are separated by a shale
duplex. Left side of photo: Hangingwall strata of the Conception Group (Torbay Member, Drook
Formation) overlie penetratively deformed Fermeuse Formation rocks in the shale duplex. Right side of
photo: Footwall strata of the Signal Hill Group (Piccos Brook Member, Flatrock Cove Formation) are
beneath the floor thrust and cut by small splays. Signal Hill Group strata adjacent to the shale duplex are
altered greygreen and likely indicate fluid migration along the floor thrust.
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STOP 2: BAULINE – HORSE COVE

COMPLEX

Directions: Leave the church parking lot by turn
ing left onto Windgap Road. Proceed to the inter
section with Route 20 (Torbay Bypass Road), and
turn left at the intersection. Proceed along Route
20 to the intersection with Route 21 (Bauline
Line), turning right at the intersection. Proceed
along Route 21 to the town of Bauline; continue
on to the waterfront, and turn left onto the road
just before the wharf to get to the parking area.

This stop highlights the variably developed highstrain zone occurring along the trace of the region

alscale Topsail Fault that is exposed intermittently along the eastern coastline of Conception Bay. This

zone, referred to as the Horse Cove Complex (Figure 6; G.W. Sparkes, 2006; St. Phillips Formation of

King 1990; see also Skipton et al., 2013) is host to a prominent swarm of mafic and felsic dykes, hosted

within submarine volcaniclastic and mafic volcanic rocks, and lesser diorite and granodiorite along the

eastern coastline of Conception Bay.

(The following is summarized from Skipton 2011.)

This stop highlights the mafic to felsicdyke swarm within the Horse Cove Complex; detailed map

ping has identified eight dyke units, ranging from mafictofelsic in composition. Magmatism within the

area is been bracketed between 580.6 ± 2.0 Ma (feldspar porphyry dyke) to 578.4 ± 2.3 Ma (andesite

dyke); indicating magmatic activity occurred over a maximum period of 6.5 million years. Dating of the

granodiorite host rock yielded an age of 625 ± 1.4 Ma, indicating a potential correlation with the region

ally extensive Holyrood Intrusive Suite farther to the southwest (see Stop #7).

Based on lithogeochemistry, the feldspar porphyry and rhyolite dykes are of volcanic arc affinity,

whereas the mafic to intermediate dykes comprise calcalkaline and tholeiitic rocks having compositions

that range from OIBlike to EMORBlike, to LREEenriched, subductionrelated calcalkaline basalt and

andesite.

A northeastsouthwest striking, west dipping, cleavage is prominent at this stop, and is generally more

pronounced towards the west. Localized zones of shearing are noted (2–5 m in width), some of which

contain attenuated blocks of granodiorite within strongly sheared maficto intermediate rocks. Local,

meterscale, dextral offsets of some dykes are also noted. 
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STOP 3: DIAMICTITE (BAULINE LINE

MEMBER; OR POSSIBLE GASKIERS

EQUIVALENT)

Directions: Leave Bauline and proceed back
along Route 21 to the intersection with the
Bauline Line Extension, turning right at the inter
section. Continue on to the intersection with route
40 (Portugal Cove Road), turning right at the
intersection, and proceed to the parking lot of the
Whale’s Back Convenience (located on the right).
From here we will proceed on foot to the outcrop
down the road.

This will be a short stop to investigate the matrixsupported conglomerate of the Bauline Line

Member of the Drook Formation (King 1990). The matrix of the rock is dark greengrey and appears

structureless, or massive, at this location. The rock is commonly described as a mixtite (King, 1990),

owing to the mixture of its constituent materials, which range from mud/clay and silt/sand in the matrix,

but also includes pebbles, cobbles and boulders. The larger clasts range from subangular to rounded and

include common volcanic and plutonic clasts that are extrabasinal with respect to the Conception Group.

This distinctive regional marker unit was assigned to the Drook Formation (midConception Group), but

may be correlative to the Gaskiers Formation (lower Conception Group; Williams and King, 1979).

Rocks of the Gaskiers Formation were first described by Brückner (1969), who speculated that these

mixed rocks may be ancient ‘tillites’ of glacial origin. Brückner and Anderson (1971) documented the

presence of glacial striae on the surfaces of clasts from the Gaskiers Formation, confirming Brückner’s

(1969) suggestion that these rocks are indeed glacial products. Gravenor (1980) reported chatter marks

on garnets isolated from rocks of the Gaskiers Formation, further substantiating the influence of glaciers.

Age dating by U–Pb geochronology (zircon) has constrained the timing of deposition of both the Gaskiers

Formation at its type locality and the correlative Trinity facies on Bonavista Peninsula to ca. 580 Ma (Pu

et al., 2016). Other possible correlatives occur sporadically across the Avalon terrane in Newfoundland,

and, in addition to the Gaskiers Formation on southeastern Avalon Peninsula (Williams and King, 1979;

King, 1990) and the Trinity facies of the Musgravetown Group on Bonavista Peninsula (Normore, 2011;

Pu et al., 2016), also include diamictite of the Big Head Formation (Musgravetown Group) on southwest

ern Avalon Peninsula (Brückner, 1977; Mills and Sandeman, 2021), and submarine outcrops on the Virgin

Rocks Shoal located ~200 km southeast of St. John’s (Lilly, 1965, 1966). Although thought to be of short

er duration than the preceding Sturtian and Marinoan glacial events (Hofmann and Li, 2009), Ediacaran

glaciation (ca. 635–541 Ma) has now been reported from many ancient landmasses including Amazonia,

Australia, Baltica, Laurentia, North China and Tarim cratons (Le Heron et al., 2019) and is recognized as

a significant global event in Earth’s history.
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STOP 4: PORTUGAL COVE THRUST

Directions: From Stop #3, proceed along Portugal
Cove Road to the ferry terminal (turn right when
leaving the store parking lot). Turn right onto
Ferry Terminal Road, keeping to the extreme
righthand lane and continue on to the breakwater
to park.

(The following is summarized from Calon, 1993.)

• Topsail Fault passes under the waters of the bay to the west, separating the late Precambrian rocks

from the CambroOrdovician successions of sandstone, shale and iron formation at Topsail, 10 km south

of here.

• Miller (1983) interpreted the Topsail Fault as a highangle, normal fault, with an estimated down

throw of the western block in the order of 7–10 km. 

• This area is interpreted by Calon (1993) to occur along a highangle reverse fault, and includes imbri

cated and folded siliciclastic sediments. Evidence of reverse motion comes from slickenlines, the ver

gence and asymmetry of the fold geometry, cleavage, etc.

• On the opposite side of the cove, the Dogberry Hill fault structurally juxtaposes the diamictite (Stop

#3) with the Horse Cove Complex (Stop #2). 

• The cliff face north of Portugal Cove provides a section through a small imbricate stack of thrust

sheets containing a turbiditic sequence of siliceous sandstones and interbedded shales with minor mafic

ash beds, locally intruded by mafic dykes (Figure 7A, B). 

• The interbedded red siltstone and grey sandstone here contains local outsized clasts, many of which

are felsic, and, less commonly, mafic volcanic rocks and, like clasts of the diamictite at Stop 3, are con

sidered extrabasinal with respect to the Conception Group.

12
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Stop 4

Dogberry Hill fault

Figure 7B. Geological map of the
area around the town of Portugal
Cove. Symbols: 1 – Portugal Cove
Formation; 2 – Green siltstone–

sandstone unit; 3 – Red sandstone
unit; 4 – Mixtite; +++ = gabbro
dyke. Units 2–4 form the basal
part of the Conception Group
(after Calon, 1993).

Figure 7A. Schematic geological map of the Portugal Cove area showing main stratigraphic and struc
tural relationships (after Calon, 1993).



STOP 5: STEEP NAP ROAD PROSPECT:

Au–AgBEARING, LOWSULPHIDATION

STYLE VEINS AND BRECCIAS

Directions: Leave the ferry terminal and turn
right onto Portugal Cove Road. Continue along
Route 41 to the intersection with Route 50 (St.
Thomas Line), turning right at the intersection
onto St. Thomas Line. Continue along St. Thomas
Line to the intersection with route 60 (Topsail
Road), turning right at the intersection. Proceed
along Topsail Road, turning right onto the
Conception Bay highway. Proceed along the
Conception Bay highway, past the Dominion,
turning left at CBS Vinyl Windows and Doors,
onto Anchorage Road. Continue driving until you
have passed under the Conception Bay Bypass
and turn left at the intersection onto Chute Place;
the stop is located on your right. 

(The following is modified from O’Brien et al., 2012)

The blasted outcrop on the south side of the road forms part of the Steep Nap prospect. Discovered in

1995, the prospect consists of goldbearing hydrothermal quartz–hematite–adularia veins in pyroclastic

and hydrothermal breccias (O’Brien et al., 1998; Mills et al., 1999). The veins in this exposure have many

of the characteristics of lowsulphidation (adularia–sericite) epithermal gold mineralization: e.g., adular

ia and chalcedonybearing; crustiform and colloform textures; low silver/gold ratio (generally <10/1);

chalcedonic recrystallization and carbonate replacement textures.

We are located about 3 km to the north of the Oval Pit pyrophyllite mine (see Stop #6), and about 1.25

km SSW of the Berg’s prospect (Figure 8). The largest veins in this outcrop have returned assays of 3.3

g/t Au and 20 g/t Ag (Mills et al., 1999). This 60 m long outcrop of felsic pyroclastic rocks contains at

least 100 veins, ranging in size from 1 mm up to 1.7 m; most are less than 2 cm wide. Several types of

breccia are also exposed. The main auriferous material forms a 1.7 m wide composite vein composed of

crustiform bands of adularia–quartz–chalcedony and minor hematite. Very little sulfide mineralization is

present in any of the veins. The largest auriferous veins have been traced along strike for more than 550

m. Samples collected from trenches excavated by Rubicon Minerals Corporation have locally assayed up

to 9.23 g/t Au (B.A. Sparkes, 2003).

Sericite, chlorite, and hematite are the main wallrock alteration phases; there is also evidence of some

potassic and silica alteration. Most (although not necessarily all) of the more intense sericite alteration is

postveining, and related to brittle deformation. Less intense but more pervasive sericite alteration is pres

ent in the northern half of the outcrop. Chlorite alteration is mainly confined to thin halos around pre

veining fractures and veinlets. A more extensive area of chloritic alteration (ca. 2 m wide) is developed
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Fine- to coarse-grained, massive gabbro (age of intrusion uncertain)

Massive, brown-weathering, epidote-rich volcaniclastic sandstone, containing abundant
mafic volcanic detritius; minor unseparated epidote-rich submarine mafic volcanic rocks
and associated hyaloclastite

Moderately vesicular, locally amygdaloidal, epidote-rich, dark green to purple, massive to
locally pillowed basalt; associated hyaloclastite

Thin- to medium-parallel-bedded, moderately to strongly siliceous, green to red siltstone
and interbedded medium- to coarse-grained subarkosic sandstone and minor pumiceous
tuff; locally with pebble to boulder conglomerate at base; includes minor unseparated
mafic volcanic flows and associated breccias and unseparated feldspar poryphyry

White- to yellow-weathering silica-sericite-pyrite-pyrophyllite-diaspore-rutile hydrothermal
alteration (with varying proportions of each mineral)

White- to pale yellow-weathering sericite-silica ± pyrite hydrothermal alteration with
patchy pyrite development; alteration associated with  prominent shear zones

Fine-grained, dark brown- to dark green-weathering, moderate to weakly magnetic,
locally amygdaloidal and plagioclase-phyric basalt; minor mafic intrusive

White, pervasive silica alteration without pyrophyllite-diaspore

Massive crystal-rich ash-flow tuff, containing mm-scale white crystals, rare cm-scale dark
purple collapsed pumice fragments and minor disseminated pyrite in a dark green to red
groundmass

Dark purple-weathering, massive volcaniclastic breccia containing subangular to sub-
rounded fragments; contains minor unseperated aphanitic massive rhyolite

Dark purple to grey-green, white-weathering aphanitic rhyolite with locally developed
lithophysae and rare porphyritic zones containing mm-scale white feldspar crystals

Pale purple-weathering, quartz-feldspar porphyry, containing fine- to medium-grained
phenocrysts of plagioclase, quartz and K-feldspar within a light purple aphanitic

Unseparated quartz-feldspar porphyry and medium- to coarse-grained equigranular
granite

Hydrothermally altered (silica-sericite-chlorite-pyrite), grey-green- to pale pink-
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bearing granite
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fragments dominantly bright pink, potassic altered material

Figure 8. Regional geological map of the eastern side of the Holyrood Horst.



adjacent to (west of) the widest vein. Hematite alteration occurs sporadically throughout the outcrop, both

as early remobilization halos and later patches and halos around late veinlets and fractures.

The presence of crustiform textures with chalcedonic silica and Kfeldspar in the form of adularia

indicate the mineralized veins formed during boiling of nearneutral pH fluids associated with episodic

pressure release. Neutral fluids rose into a zone of increased permeability, in this case created by faults.

Confining pressure was reduced as fluids neared the paleosurface; the fluid boiled, CO2 was given off; the

resultant drop in pH and temperature led to lowT, Kfeldspar formation (adularia), and metal precipita

tion from silica gels. The system gradually sealed, pressure built up and boiling stopped; renewed frac

turing broke the sealed cap in the system, and the process repeated.

The early cockadetextured hydrothermal breccia reflects hydraulic fracturing and tectonic breccia

tion synchronous with boiling; this is evident from crustiformbanded adularia and chalcedonic silica in

the matrix. Breccias also formed during later stage hydrothermal activity in the same system. These are

Au–Agbearing only where they contain mineralized adulariabearing vein fragments. 

Vein features preserved here demonstrate that these rocks formed within the boiling level of a low

sulphidation epithermal system at an approximate depth suitable for precious metal deposition. An explo

ration diamond drilling program, completed by Rubicon Minerals Corporation in 2005, intersected broad

mineralized intervals (up to 45 m in core length) of veins, veinstockwork and hydrothermal breccias.

Mineralized intersections were obtained in 5 of the 7 holes drilled, with the best result assaying 1.9 g/t

Au over 0.7 m (B.A. Sparkes, 2005).
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STOP 6: OVAL PIT PYROPHYLLITE MINE

Directions: (Trinity Resources Oval Pit Mine
property) Head back to the intersection of
Anchorage Road and Chute Place, and continue
straight through the intersection. Continue on
Anchorage Road until the intersection with
Minerals Road, tuning left at the intersection.
Proceed along the road to the mine entrance,
stopping at the Mine office.

EXERCISE EXTREME CAUTION!

PLEASE KEEP AWAY FROM THE EDGE OF THE OPEN PIT.

(The following is modified from O’Brien et al., 2012.)

The view from the top of the pit shows a number of features including the outline of the pyrophyllite

diaspore ore zone, the unconformably overlying sedimentary rocks, which are rich in detrital altered

clasts, and some of the larger scale structures affecting the alteration system. The most notable of these

is a steep reverse fault that juxtaposes the alteration zone (in the south pit extension) with the sedimenta

ry succession. The structure has about 60 m of vertical throw. The same structure has a significant com

ponent of subhorizontal displacement. Vertical and horizontal displacement of the ore zone along this

fault is mimicked in the overall shape of the open pit, particularly the southwest extension.

The pyrophyllite deposits of this area were discovered in 1898 and were first mined in the period from

1903 to 1905, with approximately 7750 tons of handpicked ore shipped from a quarry near Johnnies

Pond (presumably at or near the site of the Mine Hill deposit; Vhay 1937). Pyrophyllite ore was produced

intermittently in the mid1930s and 1940s by the Industrial Minerals Company of Newfoundland, main

ly from the area around Mine Hill, but also from the Trout Pond and Dog Pond prospects, located farther

south (Figure 8). Mining of the Oval Pit pyrophyllite deposit was carried out from 1956 to 1996 (e.g.,
Lee, 1958), first by Newfoundland Minerals Ltd. and eventually, by Armstrong World Industries Canada

Ltd. Exploration drilling of all deposits was carried out over this interval. Until now, pyrophyllite from

this deposit has been traditionally used exclusively for ceramic applications, and was shipped in bulk to

U.S. ceramics plants. The deposit is now owned and operated by Trinity Resources. The owners produce

a variety of highend pyrophyllite products, including fillers and whiteners for paper, plastic and paint,

plus a number of specialty ceramic uses; this product is milled and packaged onsite.

The earliest geological study of the pyrophyllite deposits was carried out by Buddington (1916). A

detailed study of the Mine Hill, Trout Pond and Dog Pond prospects was carried out by Vhay (1937). A

number of investigations followed the development of the Oval Pit Mine (e.g., Keats, 1970; Papezik and

Keats, 1976; Papezik and Hume, 1984). The most recent geological mapping of this region is that of Hayes

and O’Driscoll (1989, 1990), Hayes (1997), O’Brien et al. (1997, 1998, 2001) and G.W. Sparkes (2005).
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A wellexposed section through an extensive advanced argillic hydrothermal system is preserved in

the Oval Pit Mine and in the immediate surrounding area. Alteration can be subdivided from east to west

into subzones of argillic, advanced argillic and massive silica alteration. The argillic zone is characterized

by the presence of silica and sericite, with or without pyrophyllite, and the common occurrence of

hydrothermal hematite. The advanced argillic zone contains subzones of massive pyrophyllite, sericite

and diaspore, with minor barite and rutile (e.g., Oval Pit), and of silica, pyrophyllite and sericite, locally

with 5 to 10% pyrite. Smaller zones of massive silicic alteration are mainly in the form of metrescale

pods of highgrade silica, containing less than 5% sericite and/or pyrophyllite. Locally, pyrite forms the

matrix of associated silica breccias. No large or continuous zone of silicic alteration has been identified

at surface. The zones of silicic alteration are irregularly distributed in detail, but appear to be located

mainly to the northeast of the advanced argillic zone. The original distribution of silica and pyrophyllite

within the advanced argillic alteration zone indicate that they are essentially contemporaneous. Pyritic

rocks intimately associated with the pyrophyllite are not typically anomalous in gold, although values up

to 0.8 g/t have been noted locally. The highest gold values noted to date are associated with hydrothermal

breccias at the edge of the advanced argillic zone.

To the west, is a zone of relatively high strain, which is due, in part, to the Mine Hill Shear Zone (cf.
Sparkes et al., 2005; Figure 9A, B), which is regionally coincident with both the main area of advanced

argillic alteration and the boundary between 620–625 Ma magmatic rocks to the west and the younger ca.
584 Ma volcanic rocks to the east. Locally, pyritic granite intrudes the volcanic sequence on the south

side of Mine Hill; this phase has been dated at 619 ± 1 Ma (G.W. Sparkes, 2005), indicating that the host

to the alteration west of the high strain zone is part of the older, pre620 Ma volcanic sequence. Ar–Ar

dating of sericite from the high strain zone provides an age of 537 ± 3.0 Ma, which is inferred to repre

sent the youngest recorded deformation along this structural boundary (G.W.Sparkes 2005).
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STOP 7: HOLYROOD GRANITE

Directions: Proceed back along Minerals Road,
past the intersection with Anchorage Road, con
tinuing on to the intersection with Route 2
(Conception Bay South Bypass), turning left onto
the bypass. Continue along the bypass until
reaching the exit for Legion Road. Take the exit
for Legion Road, turning left at the intersection,
and proceed along Legion Road to the intersec
tion with Kelliview Avenue. Turn right at the inter
section and proceed on Kelliview Avenue to the
intersection with Red Bridge Road, and turn right
at the intersection. Proceed along Red Bridge
Road until reaching the second quarry located on
your left.

EXERCISE EXTREME CAUTION!

PLEASE KEEP AWAY FROM THE WALLS OF THE QUARRY

Our final stop is located within the plutonic “basement” rocks that were located just to the west of our

previous stop at the Oval Pit Mine. We have now moved west into the main body of the Holyrood

Intrusive Suite (Figure 10). In this quarry, the Cambrian unconformity is preserved in upper portions of

the workings; this unconformity signifies a gap of some 80 million years. At this stop, the plutonic rocks

of the Holyrood Intrusive Suite display welldeveloped magmatic breccia textures, associated with the

interaction of 3–4 plutonic phases exposed along the quarry wall. These phases are inferred to be essen

tially comagmatic, based on the regional U–Pb dating of the Holyrood Intrusive Suite conducted to date.

If you look closely, rare sedimentary xenoliths are also locally exposed in some of the granite blocks on

the quarry floor, and these may potentially be correlative with the older (>620 Ma) turbidites mapped

along the western margin of the intrusion (Figure 10). These older turbidites occupy a lower stratigraph

ic position than the Conception Group and have been informally referred to as the ‘misConception

Group’; they may be correlative to the older Connection Point Group of the western Avalon terrane in

Newfoundland (see Figure 1).
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