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ABSTRACT

A regional (1:50 000 scale) bedrock-mapping project began in 2013 in the Sweet Bay area of Bonavista Bay (parts of
NTS map areas 2C/5E and 2C/12SE), and builds upon previous 1:50 000-scale mapping in the region. The project comple-
ments recent bedrock mapping surveys of the Bonavista, Trinity and Random Island 1:50 000 NTS map areas to cover most
of the Bonavista Peninsula.

The study area lies within the Avalon Zone of the Newfoundland Appalachians and is underlain by Neoproterozoic,
marine-dominated, siliciclastic sedimentary rocks of the Connecting Point Group in the west; red, terrestrial sedimentary and
volcanic rocks of the Musgravetown Group in the east; and a shale-dominated Cambrian marine shelf succession in the south-
central part of the map area. A new informal lithological unit, the Kate Harbour formation, is used to distinguish the red,
arkosic sandstone and minor shale that occur transitionally and locally disconformably above flysch units of the Connecting
Point Group. The Kate Harbour formation reflects subaerial exposure of upper parts of the Connecting Point Group. The
newly proposed Muddy Pond formation (informal) consists of mainly red pebble conglomerate that overlies the Kate Harbour
formation, and is overlain by the Cambrian platformal succession to the south. This unit is broadly contemporaneous with the
Musgravetown Group. 

Four deformational events are evident in the Sweet Bay area. Precambrian uplift is apparent at Southward Head, where
an angular unconformity separates underlying steeply northeast-dipping siliceous sandstones of the upper Connecting Point
Group from overlying, shallowly north-dipping Cannings Cove Formation conglomerates and Bull Arm Formation mafic vol-
canic rocks of the Musgravetown Group. An open, shallowly east-southeast-plunging anticline/syncline pair, apparent in Con-
necting Point Group rocks west of the Cambrian shelf succession at Ocean Pond, does not appear to carry across into the
Cambrian rocks there, and therefore may be a product of Precambrian D1 deformation. Two regional, post-Cambrian defor-
mation events have affected all rock units in the map area. The first of these, D2, is characterized by north-northeast-trend-
ing, open to tight, asymmetric folds with a 1–2 km wavelength. D3 is characterized by broad, open, east-southeast-trending F3

folds that have moderately to steeply southwest-dipping axial planes. Late 045–060º-trending faults offset F2 and F3 folds and
are herein considered elements of latest D4 deformation. Regional metamorphic grade and strain state in the study area are
low (sub-biotite grade).

A new trilobite locality, located west of southern Ocean Pond, preserves trilobite fragments of Paradoxides davidis and
Jincella in an outcrop of black shale capped by a thin, dark-brown-weathering veneer of volcanic ash. P. davidis is a distinc-
tive species that defines a Middle Cambrian biostratigraphic subzone indicating that the shale is Drumian (Series 3 of the
Cambrian, formerly Middle Cambrian; absolute age range: 504.5–500.5 Ma). These are the youngest rocks in the study area
and are correlative with the Manuels River Formation elsewhere in the Avalon Zone.

INTRODUCTION

A recent initiative to map the Bonavista Peninsula

began in 2009 (Normore, 2010) in order to survey the entire

peninsula at 1:50 000 scale. Previous regional bedrock map-

ping had been conducted at a much smaller scale (e.g.,
Hayes, 1948 at 1:125 000 scale; Christie, 1950 at 1:125 000

scale; Jenness, 1963 at 1:250 000 scale; Younce, 1970 at

1:63 360 scale). No further regional bedrock mapping was

conducted until the late 1980s and early 1990s. These sur-

veys focused on areas west of Bonavista Bay and the west-

ernmost Bonavista Peninsula, within 50 km of the Dover

Fault (Figure 1) in the Eastport and Sweet Bay areas

(O’Brien, 1987, 1992, 1993, 1994; Knight and O’Brien,
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Figure 1. Simplified geological map of insular Newfoundland showing the study area within the Avalon Zone. 
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1988; O’Brien and Knight, 1988). Bedrock mapping of the

eastern Bonavista Peninsula in the early 2000s resulted in

major changes to the stratigraphic framework due, in part, to

recognition of units correlative to the Conception, St. John’s

and Signal Hill groups, including the fossiliferous Mistaken

Point Formation (O’Brien and King, 2002, 2004, 2005).

A 1:50 000-scale regional mapping project began in

2009, and bedrock mapping was completed in the Trinity,

Bonavista and Random Island map sheets (Normore, 2010,

2011, 2012). One of the main objectives of the current map-

ping project is to produce an updated geological map of the

Bonavista Peninsula to provide a modern, regional tectonic

context.

This report outlines preliminary results of 1:50 000-

scale bedrock mapping in the Sweet Bay area of Bonavista

Bay (NTS 2C/5E and 2C/12SE; Figures 1 and 2). The proj-

ect builds upon previous 1:50 000-scale mapping by

O’Brien (1994) and that dataset has been digitized to aug-

ment the current project. 

REGIONAL SETTING

The Sweet Bay map area lies in the Avalon Zone of the

Newfoundland Appalachians and is underlain by Neopro-

terozoic, marine-dominated, siliciclastic sedimentary rocks

of the Connecting Point Group (CPG; Hayes, 1948) to the

west; red, terrestrial sedimentary and volcanic rocks of the

Musgravetown Group (MG; Hayes, 1948) to the east; and a

Cambrian shale-dominated shelf succession in the south-

central part of the map area (Figure 2). The CPG is the old-

est and most areally extensive geological succession. It is

exposed as a southward-narrowing siliciclastic sedimentary

belt that extends from central Bonavista Bay in the north to

Placentia Bay in the south. The >3500-m-thick sequence

conformably overlies the volcanic-rock-dominated Love

Cove Group (Knight and O’Brien, 1988; Dec et al., 1992;

Myrow, 1995), exposed ~15 km to the west, near

Clarenville. Geochronological constraints on the CPG

include the underlying Love Cove Group, from which a

greenschist-facies volcanic rock was dated at 620 ± 2 Ma

(O’Brien et al., 1989), and a tuff unit from the middle of the

CPG succession, dated at 610 ± 1 Ma (G. Dunning, unpub-

lished data, 1990, in Dec et al., 1992). No direct geochrono-

logical constraints are currently available for the upper CPG.

Descriptions of upper contacts of the CPG vary region-

ally, from an angular unconformity with overlying con-

glomerates of the Cannings Cove Formation at Milner Cove

and at Charlottetown on Clode Sound (Hayes, 1948; see also

O’Brien, 1987, Plate 12) to a conformable or discon-

formable contact with the volcanic-dominated Bull Arm

Formation of the MG at Newman Sound, south and east of

the Louil Hills, west of Traytown (Younce, 1970) and also

two miles west of Rantem Cove (McCartney, 1967). The

MG is a >3000-m-thick, dominantly subaerial succession

that consists of a basal conglomerate (Cannings Cove For-

mation), overlain by a bimodal volcanic formation (Bull

Arm Formation), succeeded by a shallow-marine to terres-

trial, coarsening-upward clastic sedimentary sequence that

comprises the Rocky Harbour and Crown Hill formations

(Jenness, 1963; O’Brien et al., 1990). The only geochrono-

logical age constraint currently available for the MG comes

from a rhyolite dated at 570 +5/-3 Ma (O’Brien et al., 1989).

The base of the dated rhyolite (locality of which lies west of

the Bloody Reach Fault on the west side of Bonavista Bay)

is unexposed and is interpreted to be from the top of the Bull

Arm Formation but could, alternatively, be a rhyolite flow

from within the Rocky Harbour Formation (S. O’Brien, per-

sonal communication, 2014).

The Random Formation (Walcott, 1900) regionally

overlies the MG with significant erosional unconformity

(Anderson, 1981), but conformably overlies the Chapel

Island Formation at Fortune Head to the south on the Burin

Peninsula (Narbonne et al., 1987; Myrow and Hiscott, 1993)

and the MG at Keels, on the northwest tip of the Bonavista

Peninsula (O’Brien and King, 2004). The Random Forma-

tion is succeeded by red and green shale, slate and minor

limestone of the Adeyton Group (Hutchinson, 1962; Jen-

ness, 1963), which, in turn, are conformably overlain by

black shale of the Harcourt Group (Manuels River Forma-

tion; Hutchinson, 1962). 

LITHOLOGY 

CONNECTING POINT GROUP

Knight and O’Brien (1988) divided the CPG rocks of

the Eastport area into six lithostratigraphic units interpreted

to have been deposited in two turbiditic basin-fill events,

separated by an olistostrome that resulted from basin col-

lapse. The lower package comprises upward-coarsening tur-

bidites deposited on a low-efficiency, prograding deep-sea

fan typical of a volcaniclastic apron surrounding a volcanic

arc. The upper package is characterized by a well-devel-

oped, high efficiency, levee–channel sequence consistent

with basin enlargement.

Efforts to correlate the CPG rocks with units estab-

lished by Knight and O’Brien (1988) were hampered by the

lack of unambiguous marker horizons, the occurrence of

similar lithofacies at various stratigraphic levels, lack of lat-

eral continuity of many lithofacies and abundant brittle

faults that commonly offset stratigraphy. Although some of

the lithofacies of Knight and O’Brien (1988) occur within

the map units designated herein, they cannot be correlated
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Figure 2. Simplified geological map of the Sweet Bay–Ocean Pond area. 
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directly for reasons outlined above. However, inferences

regarding depositional environment can be tentatively

drawn based on the assumption that the same lithofacies are

products of the same depositional processes. Subdivision of

the CPG stratigraphy broadly follows that of O’Brien (1994)

and is expounded upon herein. 

The CPG rocks in the study area consist of lithofacies

that can be broadly subdivided into  two marine sequences,

the lower of which is dominated by medium- and parallel-

bedded, grey-green cherty siltstone (Plate 1) disposed in fin-

ing-upward sequences capped by thin black silty lamina-

tions, lesser grey-green silicified sandstone, minor black

shale and grey-green granule conglomerate (CP1). The

upper sequence consists of thin-bedded, commonly cross-

laminated, orange-brown- and white-weathering, grey-green

sandstone and dark grey shale (Plate 2), thick-bedded, struc-

tureless to internally laminated, siliceous, grey-green sand-

stone, and minor brown- to buff-weathering tuffaceous

sandstone (CP2). Minor volcaniclastic rocks occur through-

out the CPG in the study area. Millimetre-thick tuffaceous

layers, although rare within the cherty siltstones of CP1, are

more common within the thinly interbedded sandstone and

shale and in black argillite of CP2. 

The medium-bedded, grey-green siltstone of CP1 (Unit

2 of O’Brien, 1994), is lithologically consistent with the dis-

tal turbidites of Knight and O’Brien (1988; lithofacies D).

Turbidites, coarse-grained sandstone, and granule to pebble

conglomerate that occur near the top of CP1, compare, and

may be correlative, with lithofacies G of Knight and

O’Brien (1988). These are interpreted as proximal tur-

bidites, consistent with shallowing-up progradation of a sub-

marine fan. The thin interbedded sandstone and shale of

CP2 are lithologically similar to lithofacies E of Knight and

O’Brien (1988), interpreted to reflect deposition in a distal

levee or near-channel levee environment. Thickening and

coarsening-upward trends first noted by Knight and O’Brien

(1988) and O’Brien (1994) were also noted during the pres-

ent study and are consistent with an overall shallowing-

upward prograding submarine sequence. The conformable

and transitional relationship between the CPG and the

underlying Love Cove Group, as well as the abundance of

volcanic detritus in sandstones of the CPG, are consistent

with a spatial association between the two groups, possibly

in an arc-adjacent setting (Knight and O’Brien, 1988; Dec et
al., 1992).

KATE HARBOUR FORMATION (INFORMAL)

The Kate Harbour formation (KHF; Figure 2) consists

of red sedimentary rocks that occur within the CPG in the

map area, but above the flysch sequence and below the MG.

It consists mainly of thick-bedded, coarse-grained, pink to

red sandstone, although medium-bedded siltstone and thinly

interbedded sandstone and shale occur locally (west of Kate

Harbour, across from Southward Head and the south side of

Maiden Hair Cove, respectively). This sandstone-dominated

unit occurs at the headlands in spatial association with

unconformably overlying MG rocks (Figure 2). 

The contact between green, siliceous sandstone of CP2

and red arenite of KHF ranges from sharp to gradational,

and a possible basal disconformity was identified along the

shoreline in the small cove east of Kate Harbour (Figure 2).

There, structureless, medium-bedded, fine-grained, grey-

green sandstone is disconformably overlain by laminated,
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Plate 1. Thin- and parallel-bedded, grey-green, normal-
graded siltstone with black silty laminations; one of the
main lithofacies in CP1 (hammer – 30 cm; beds are upright;
shoreline 2 km south of Cutler Head; UTM coordinates:
304622m E, 5374656m N; NAD 27; Zone 22N).

Plate 2. Thin, interbedded, orange-brown and white-weath-
ering, grey-green sandstone and dark-grey shale in CP2 at
Great Chance Harbour. The sandstone is commonly cross-
laminated with sharp, scoured bases. (coin – 2.5 cm; tops
are to the south; UTM coordinates: 302456m E, 5377001m
N; NAD 27; Zone 22N). 
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swaley-bedded, medium-grained, grey to pink sandstone

(Plate 3). At the southernmost part of Southward Head, thin-

bedded, normally graded, fine-grained, grey-green sand-

stone of the upper CPG exhibits a coarsening- and thicken-

ing-upward trend toward medium- to thick-bedded, grey-

green to reddish, commonly variegated, sandstone of the

KHF. South of Cutler Head, thin- to medium-bedded black

siltstone (common to both CP1 and CP2) and normal-grad-

ed, grey-green granule conglomerate (more common to CP1

than CP2) are interbedded with variegated coarse-grained

sandstone assigned to the KHF, indicating a transitional con-

tact. On the north side of the headland south of Maiden Hair

Cove, thin interbedded sandstone and shale (CP1) show a

sharp transition along strike to the northeast from green to

red (KHF; Plate 3), possibly resulting from redox effects.

Toward the top of the KHF here, the thin-bedded facies is

variegated and becomes progressively more fractured.     

Immediately north of Muddy Pond (Figure 2), a section

through CPG and KHF units was newly exposed during

Hurricane Igor (as a result of forceful flooding that dis-

placed the culvert beneath Highway 230 and washed out the

banks of the river). Here, thick-bedded, red sandstone

(KHF) overlies thin-bedded, black argillite and grey-green

siltstone of the upper CP2 unit with apparent conformity

(Figure 3). The coarse-grained, pink to red sandstone local-

ly contains pinkish siltstone rip-up clasts, well-developed

convolute bedding, scoured bedding surfaces and other

small-scale thixotropic deformation features (Plate 5). 

MUDDY POND FORMATION (INFORMAL)

In the vicinity of Muddy Pond (Figure 2), the red sand-

stone of the KHF apparently coarsens up-section, as red

pebble conglomerate is first noted south of Highway 230

and becomes dominant to the south and east. The conglom-

erate-dominated unit is distinguished from the underlying

arkosic sandstones of the KHF on the basis of lithology and

stratigraphic relationships. This informal new unit is herein

referred to as the Muddy Pond formation, after the local

name for the small pond there (Figure 2). It consists of

thick-bedded, matrix-supported, red granule to pebble con-

glomerate, pink, buff and lesser grey sandstone and minor

red to red-grey (variegated) siltstone and shale. Clasts of the

red conglomerate include well-rounded to angular, red and

green-grey sandstone, red siltstone, minor volcanic rock

fragments and quartz pebbles. Beds locally show crudely

developed stratification and crossbedding. Like the arkosic

sandstone, the matrix to the conglomerate is coarse grained

with poorly sorted, angular feldspars and rock fragments

indicating limited transport prior to deposition of these

immature sediments. The southern part of the Muddy Pond

formation dips variably to the south beneath the Random

Formation (Figure 2) and is inferred to underlie the Bull

Arm Formation to the east.

THE MUSGRAVETOWN GROUP

The Musgravetown Group (Hayes, 1948) consists of a

thick succession of red and green, coarse-grained siliciclas-

tic fluvial and alluvial sedimentary rocks and interbedded

terrestrial rhyolite and basalt that overlies the CPG and is

overlain by the Random Formation. On the Bonavista

Peninsula, Jenness (1963) divided the MG into five con-

formable lithostratigraphic units, namely, in ascending

order, the Cannings Cove Formation, Bull Arm Formation,

undifferentiated middle unit, Rocky Harbour Formation and

Crown Hill Formation. The Cannings Cove Formation con-
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Plate 3. Possible disconformity surface (on which hammer
head is resting) between siliceous, parallel-bedded, green-
grey sandstone of CP2 and overlying swaley bedded, inter-
nally laminated, grey to pink sandstone of the Kate Harbour
formation at Kate Harbour (view to the east; hammer - 40
cm; UTM coordinates: 308730m E, 5371973m N; NAD 27,
Zone 22N).

Plate 4. Abrupt along-strike colour change from grey-green
(yellow arrow) to red in thinly interbedded sandstone and
shale lithofacies of the Kate Harbour formation at Maiden
Hair Cove (view to southwest; geologist for scale; UTM
coordinates: 304622m E, 5374656m N; NAD 27, Zone
22N). 



CURRENT RESEARCH, REPORT 14-1

sists of pebble to cobble conglomerate with lesser sand-

stone, siltstone and shale; although predominantly red, the

basal rocks are typically green (Jenness, 1963). The Bull

Arm Formation is a bimodal volcanic suite (Jenness, 1963;

Malpas, 1971) that sits near the base of the MG. The undif-

ferentiated middle unit consists of grey, green and red sand-

stone, siltstone and grey to brown pebble conglomerate. The

Rocky Harbour Formation (Jenness, 1963) is a succession of

yellowish green greywackes. O’Brien and King (2002,

2005) identify six lithostratigraphically distinct facies with-

in the Rocky Harbour Formation on the Bonavista Peninsu-

la, thereby negating use of the former middle undivided unit

of Jenness (1963), and propose that each may be elevated to

member status. The uppermost Crown Hill Formation

(McCartney, 1958) consists chiefly of red pebble conglom-

erate with lesser red sandstone, siltstone and minor grey to

greenish-grey sandstone. 

Cannings Cove Formation

Red conglomerate of the Cannings Cove Formation is

exposed above the angular unconformity at Southward Head

and at the headland south of Maiden Hair Cove. The base of

the unit at Southward Head is clast-supported, red, cobble to

boulder conglomerate that has a poorly sorted, sandy to peb-

bly matrix. The subrounded to subangular clasts consist pre-

dominantly of red sandstone and siltstone, felsic volcanic

rock fragments and minor cherty, grey-green pebbles proba-

bly of CPG affinity. The unit becomes finer grained and

thinner bedded up-section. Toward the top of the formation,

~1 m below the first mafic volcanic flow, a red to yellow-

pink, 3- to 5-m-thick, feldspar porphyritic tuff is interbedded
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Figure 3. Schematic stratigraphic column of the upper Con-
necting Point Group and overlying Kate Head formation
(based on stream section exposed north of Muddy Pond at
station 13-AM-160; UTM coordinates: 308827m E,
5363396m N; NAD 27; Zone 22N).

Plate 5. Coarse-grained, thick-bedded, red sandstone show-
ing well-developed convolute bedding with scoured tops,
consistent with deposition on an unstable slope, Kate Har-
bour formation, stream washout north of Highway 230 at
Muddy Pond (hammer - 30 cm; handle points southwest;
tops to the southwest; UTM coordinates: approximately
308827m E, 5363396m N; NAD 27, Zone 22N).
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with red cobble conglomerate. The same conglomerate

occurs interbedded with mafic volcanic rocks, indicating a

transitional upper contact with the Bull Arm Formation, at

least locally. 

Bull Arm Formation

The Bull Arm Formation comprises predominantly fel-

sic flows, pyroclastic rocks and breccias, with lesser mafic

flows and breccias and minor interflow sedimentary rocks

dominated by ripple-marked red shale. Mafic flows com-

monly occur at the base of the formation and are overlain by

either red shale (Plate 6), or, less commonly, felsic flows, the

base of which contains abundant blocks of entrained basaltic

debris. Mafic flows are generally aphyric near the base,

quartz ± epidote ± chlorite amygdaloidal toward the top and

locally preserve well-developed flow-top breccia. Felsic

flows are commonly well banded, but aphyric and weakly

feldspar-porphyritic flows also occur and devitrified glass

spherules were noted locally (Plate 7). A distinctive colum-

nar-jointed flow (Plate 8) outcrops sporadically along the

length of the north-northeast-trending volcanic belt. It is

pale grey, locally weakly plagioclase porphyritic (sub-mm

scale) and is herein included with the mafic flows, although

it may be intermediate in composition. Samples have been

collected for lithogeochemical study.

Northwest of the fault near the tip of Cutler Head (Fig-

ure 2), rocks of probable MG affinity include thick mafic

volcanic flows, breccia, and a variety of interflow sedimen-

tary rocks. Red and green sandstone, red siltstone and shale,

and volcaniclastic boulder to cobble conglomerate comprise

the main interflow rock types. Most conglomerate is red to

brown, matrix-supported and normally graded, but thick-

bedded, clast-supported, volcaniclastic boulder conglomer-

ate and a variably thick (30–80 cm) agglomerate bed were

also noted. The agglomerate contains mafic and felsic, sub-

rounded, cobble- to boulder-sized bombs (up to 40 cm) in a

green, tuffaceous matrix. The mafic bombs commonly have

either tear-drop or fusiform morphology, and amygdales are

elongate parallel to the long axis of fusiform bombs (Plate

9). Felsic bombs are smaller (6–10 cm diameter) and some

exhibit a poorly developed bread-crust exterior. 

A roadcut along the east side of Indian Arm, across the

bay from Summerville, was investigated in detail because it

exposes Bull Arm volcanic rocks, interflow sedimentary

rocks and underlying siliciclastic rocks of possible CPG

affinity (Figure 4). Felsic and mafic volcanic flows are the

dominant rock types. Interflow sedimentary material

includes red, and lesser, green cherty mudstone (locally

slate), pink, grey-green and light-green, thin-bedded sand-

stone, yellowish-green, thick-bedded, laminated sandstone

and minor maroon coarse-grained sandstone to grit. Grey-

green to maroon, clast-supported conglomerate outcrops

near the base of the sequence. Clasts are subrounded to sub-

angular and the dominant clast lithology is grey-green cher-

ty siltstone. Hematite staining is pervasive on fracture and

clast surfaces. Thin-bedded, grey-green, siliceous siltstone

having darker laminations occurs below the conglomerate

and may be the source for lithologically similar clasts in the

overlying conglomerate. Both the conglomerate and grey-

green cherty siltstone are lithologically indistinguishable

from, and typical of, CPG rocks.

Rocky Harbour Formation

Conglomerate and sandstone of the Rocky Harbour

Formation (RHF; Jenness, 1963; O’Brien and King, 2002,

2005) are exposed east of the Bull Arm volcanic belt. The

unit consists of red to grey polymictic conglomerate, lesser
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Plate 6. A large loose boulder showing flow top breccia of
angular amygdaloidal basalt fragments infiltrated by over-
lying red mudstone (hammer – 65 cm long; UTM coordi-
nates: 313232m E, 5370614m N; NAD 27, Zone 22N).

Plate 7. Devitrified glass spherules in a flow-banded rhyo-
lite from the Bull Arm Formation located 2 km east of
Muddy Pond (coin – 2.5 cm; UTM coordinates: 310891m E,
5361552m N, NAD 27, Zone 22N).
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red arkosic sandstone and siltstone, minor thick-bedded,

internally laminated, medium-grained, siliceous grey-green

sandstone and grey shale. Conglomerate is red to grey,

matrix-supported, and contains pebble- to cobble-size clasts

elongate parallel to a well-developed, subvertical penetra-

tive fabric. Clast content ranges from volcanic-rock-domi-

144

Plate 8. Well-developed columnar jointing in mafic to inter-
mediate (?) volcanic flows exposed intermittently along the
eastern shore of Indian Arm. Bedding dips steeply to the
east; view to the east (geologist for scale; UTM coordi-
nates: 312818m E, 5372079m N; NAD 27, Zone 22N).

Plate 9. Agglomerate interbedded with green-grey siltstone
and conglomerate near the base of the Bull Arm Formation
on the west side of Cutler Head. Note tear-shaped and
fusiform morphology of two of the mafic bombs. (hammer –
40 cm; UTM coordinates: 308102m E, 5377711m N; NAD
27, Zone 22N).

Figure 4. Simplified cross-section through volcanic and interflow sedimentary rocks of the Bull Arm Formation (roadcut
along Highway 235, east of Summerville). 
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nated to sandstone- and siltstone-dominated containing

minor volcanic clasts. Rare quartz and granite clasts were

noted locally (Plate 10). Grey siliceous sandstone outcrops

along the shoreline near Plate Cove (Figure 2), where it

underlies red, reverse-graded granule to cobble conglomer-

ate (Plate 11); it also crops out in a few localities in the

southeast corner of the study area. This siliceous sandstone

unit may be correlative to the unnamed siliceous facies of

O’Brien and King (2004), which occurs at the base of the

Rocky Harbour Formation and is intercalated with con-

glomerate of the Jones Pond facies (O’Brien and King,

2002, 2004). The unit is overall east-facing, with minor

west-facing beds due to regional F2 folding (see Preliminary

Structural Interpretation, below).

CAMBRIAN ROCKS

The lithostratigraphic succession in the vicinity of

Ocean Pond is similar to that described for other early Pale-

ozoic successions in Trinity and Conception bays (e.g., Wal-

cott, 1900; Hutchinson, 1962; Jenness, 1963; O’Brien,

1994; Normore, 2010, 2012). Stratigraphic nomenclature of

Hutchinson (1962) and Jenness (1963) is herein retained. In

ascending stratigraphic order, the map units include: the

Random Formation; the Bonavista, Smith Point, Brigus and

Chamberlains Brook formations of the Adeyton Group; and

the Manuals River Formation of the Harcourt Group. The

Adeyton Group was divided into the four formations by Jen-

ness (1963) to resolve difficulties in using the biostrati-

grahically defined formations for regional mapping purpos-

es. As the Bonavista and Brigus formations are lithological-

ly indistinguishable, their relative position below and above

the distinctive limestone stratigraphic marker of the Smith

Point Formation, respectively, can be used with confidence

to map the group (e.g., O’Brien, 1994). 

Random Formation

The basal contact of the Random Formation has been

the subject of controversy since it was first recognized (Wal-

cott, 1900). It is interpreted as conformable in two places: on

the west limb of a north-plunging syncline exposed at Keels,

northwest Bonavista Peninsula (O’Brien and King, 2004),

and at Fortune Head on the Burin Peninsula (Hiscott, 1982).

The Random Formation is interpreted to overlie the Pre-

cambrian Hodgewater Group at southern Trinity Bay with

angular unconformity (Hutchinson, 1953). Fletcher (2006)

suggests that the Random Formation rests unconformably

on the partially peneplanated surface of a tilted MG

sequence on the Cape St. Mary’s Peninsula. Anderson

(1981) convincingly argues that elsewhere, the marine sedi-

mentary rocks at the base of the Random Formation must

overlie continental MG rocks disconformably, despite con-

formable appearances. Deposition of the Random Formation

may have begun with the reworking of poorly consolidated

MG sediments, resulting in the apparent continuity of

sequence (Anderson, 1981). 

The Random Formation consists of quartz arenite,

micaceous sandstone and grey siltstone interpreted to have

been deposited as subtidal sand ridges or shoals on a broad

continental shelf in a coastal embayment of the Avalon Zone

during a global transgression in Early Cambrian times (His-

cott, 1982). The Random Formation marks the base of the

Cambrian shelf succession and envelopes the synclinorium

at Ocean Pond, although its basal contact is not exposed. It
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Plate 10. Rounded granite pebble in deformed, polymictic
conglomerate. Other pebbles include red sandstone (yellow
arrow) and green-grey siltstone and sandstone. Rocky Har-
bour Formation of the Musgravetown Group (coin – 2.5 cm;
UTM coordinates: 314915m E, 537488m N; NAD 27, Zone
22N).

Plate 11. Medium-grained, laminated, grey-green sand-
stone overlain by a thick, inversely graded, granule to peb-
ble conglomerate bed in Rocky Harbour Formation near
Plate Cove (view to the north; hammer - 40 cm; UTM coor-
dinates: 314683m E, 5375839m N; NAD 27, Zone 22N).
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overlies grey-green siltstones and black argillites of the CP1

(to the west and southeast; Figure 2) and red pebble con-

glomerate and sandstone of the Muddy Pond formation (to

the north and northeast). It is a distinctive unit of white,

coarse-grained quartz sandstone and quartz-pebble con-

glomerate locally interbedded with coarse- to medium-

grained, micaceous, grey sandstone. Both trough and her-

ringbone crossbedding occur locally. The top of the unit is

not exposed here, but is interpreted to be disconformable, as

well established elsewhere in the Avalon Zone (Hutchinson,

1962; Smith and Hiscott, 1984; Normore, 2012). 

Adeyton Group

The formations of the Adeyton Group have been well-

described for the Ocean Pond area (O’Brien, 1994) and else-

where (Hutchinson, 1962; Jenness, 1963; Normore, 2012).

The base of the Adeyton Group consists of red and green

shale and slate of the Bonavista Formation, which overlies

white quartz sandstone of the Random Formation. Green

shale and slate occur at the base of the Bonavista Formation,

succeeded by red shale, with which green shale is common-

ly interbedded. Pinkish calcareous nodules are common

toward the top of the formation, and locally define bedding.

Pink to red fossiliferous limestone and minor dark-red shale

of the Smith Point Formation overlie the Bonavista Forma-

tion, and is an excellent marker horizon, where exposed.

The best Smith Point Formation exposures outcrop along

the eastern shore of Ocean Pond, where the unit is estimat-

ed to be 3–4 m thick. The presence of hyalithids, fragments

of inarticulate brachiopods, and possible trilobite fragments

were previously noted in the area (O’Brien, 1994). The con-

tact between the Smith Point Formation and underlying

Bonavista Formation is exposed at the southern point of the

east arm of Ocean Pond (Figure 2), where it is subhorizon-

tal and appears to be conformable. Grey-green shale and

slate of the Brigus Formation overlie the Smith Point For-

mation with apparent conformity. Red shale is less common

within the Brigus Formation relative to the Bonavista For-

mation, and calcareous concretions were noted only locally.

Grey to green shale of the Chamberlains Brook Formation

overlie, and is lithologically similar to, the Brigus Forma-

tion, except that blackish iridescent Mn-staining is more

common in the former unit. As noted by O’Brien (1994),

interformational contacts are approximate and can only be

more precisely pinned through the use of biostratigraphy.

Harcourt Group

The Manuels River Formation (Hutchinson, 1962) of

the Harcourt Group overlies the Adeyton Group with appar-

ent conformity and forms the core of the synclinorium at

Ocean Pond (Figure 2). Therein, the dark-grey to black shale

is typically well cleaved with two distinct cleavages. The

shale contains minor grey calcareous concretions and rare

round pyrite nodules up to 1 cm in diameter. Trilobite frag-

ments are locally present; O’Brien (1994) noted four fossil

localities in the Ocean Pond area. An additional locality was

discovered in 2013 (Figure 2) and details are given in a sub-

sequent section of this report (see Biostratigraphy, below).

The basal contact with underlying Chamberlains Brook For-

mation is not exposed in the study area but is presumed to

be conformable as described elsewhere on the Bonavista

Peninsula (see Hutchinson, 1962). 

NEOPROTEROZOIC STRATIGRAPHIC

RELATIONS

Contact relations of the CPG and overlying MG vary

regionally from an angular unconformity with the overlying

Cannings Cove Formation (Younce, 1970; Hussey, 1979;

O’Brien, 1987) to conformable with Bull Arm Formation

(McCartney, 1967; Younce, 1970). Within the study area,

the CPG–MG contact occurs in four geographic areas: 1)

Southward Head, 2) Cutler Head, 3) Maiden Hair Cove and

4) along the Indian Arm Fault. The first three occur at

prominent headlands in the area, whereas the fourth occurs

along the north-northeast-trending shoreline of an ocean

inlet. Relationships exposed at the headlands are described

first and discussed collectively. Exposures along Indian Arm

are described and discussed separately. 

THE HEADLANDS

Southward Head

Near the tip of Southward Head (Figure 2), a pro-

nounced angular unconformity (Plate 12) separates grey-

green to pinkish, medium-bedded sandstone (KHF) from

overlying cobble conglomerate, interbedded felsic tuff

(Cannings Cove Formation of MG) and mafic flows (Bull

Arm Formation of MG). Erosional discordance is readily

apparent, as the unconformity surface is sharp but irregular

and shows strong structural discordance across the interface.

The underlying sandstone (KHF) dips steeply (75º) to the

northeast whereas the overlying conglomerate (MG) dips

shallowly to the north (~30º), parallel to the unconformity

surface. This clearly indicates that sub-unconformity strata

were tilted prior to deposition of the basal conglomerate and

interbedded volcanic rocks. 

Cutler Head

At Cutler Head, a northeast-trending, subvertical fault

juxtaposes MG rocks to the northwest with CPG rocks to the

southeast (Figure 2). Shallowly northeast-dipping mafic

volcanic flows and interbedded green and red sandstone to

shale are herein assigned to the Bull Arm Formation of the
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MG. The mafic volcanic rocks here are indistinguishable

(based on field evidence alone) from those exposed at

Southward Head and along Indian Arm. Steeply southeast-

dipping, grey-green to grey-red (variegated) turbiditic sand-

stone and granule conglomerate (KHF) occur southeast of

the fault. The sense and magnitude of displacement on the

fault are unknown. 

South Maiden Hair Cove Headland

At the tip of the southern headland of Maiden Hair

Cove (Figure 2), green and red, pebble to cobble conglom-

erate, herein assigned to the Cannings Cove Formation, is

interbedded with mafic volcanic rocks (Bull Arm Forma-

tion) although the two are locally in fault contact. On the

north side of the headland, the contact between the MG

rocks and underlying thin-bedded, variegated sandstone

(KHF) is covered by a 3-m section of unconsolidated beach

debris, but discrepancies between the bedding orientations

of KHF (steeply northwest-dipping) and MG rocks (steeply

north-dipping) allow the possibility of an angular unconfor-

mity, similar to that exposed at Southward Head. Local per-

vasive quartz veining in both KHF and MG rocks, a narrow

zone of fault breccia, and minor macroscopic brittle offsets,

are, however, features most consistent with a faulted con-

tact, which may be a tectonized unconformity.

Indian Arm Fault

The Indian Arm Fault (O’Brien, 1994) is a north-north-

east-trending structure, marked by brittle offset that juxta-

poses various levels of the CPG with the MG. Slivers of

thin-bedded, ripple-marked, grey-green sandstone, laminat-

ed siltstone, and rare colour-banded chert commonly under-

lie Bull Arm volcanic rocks along the east side of Indian

Arm. Rocks of possible CPG affinity dip steeply beneath the

Bull Arm volcanic rocks along the shore of Indian Arm. The

Indian Arm Fault likely extends through Indian Arm and

thence south-southwesterly along the western margin of the

Bull Arm volcanic belt (Figure 2), coincident with a promi-

nent lineament evident on aerial photographs. Discrete nar-

row zones of fault breccia occur sporadically along Indian

Arm, some of which correspond to the numerous northeast-

trending cross faults that cut the stratigraphy. The sense and

magnitude of displacement along the Indian Arm Fault is,

however, not clear.  

IMPLICATIONS OF STRATIGRAPHIC RELATIONS

The Kate Harbour formation represents the uppermost

formation of the CPG in the study area and may be correla-

tive to red siltstones and grewackes of the upper CPG

mapped elsewhere in the Avalon Zone (e.g., the southwest-

ern tip of the peninsula south of Little Southern Harbour;

McCartney, 1967). The redbeds of the KHF are interpreted

to indicate that upper parts of the CPG basin not only thick-

en and coarsen upward (Knight and O’Brien, 1988;

O’Brien, 1994), but become emergent. The angular uncon-

formity separating CPG from overlying MG rocks is evident

solely at Southward Head. Despite no clear evidence of

angular discordance along the Indian Arm Fault, the fault is

herein interpreted to represent a faulted unconformity at the

margin of the CPG basin, similar to relations described and

interpreted for Maiden Hair Cove.

The basal contact of MP, although not exposed, is

apparently conformable, based on consistency of MP bed-

ding trends with those of the underlying KHF. Further, the

contact may well be gradational, for in the vicinity of

Muddy Pond (Figure 2) the red sandstone of KHF apparent-

ly coarsens up-section, as red pebble conglomerate (MP)

overlies red sandstone of the KHF and becomes dominant to

the south and east. The MP conglomerate is clearly Precam-

brian, as it is overlain by shallow-marine Cambrian rocks at

Ocean Pond to the south (Figure 2). The upper contact of

MP is not exposed but is interpreted to be an unconformity

(Figure 5), as established for the base of the Random For-

mation elsewhere in the Avalon Zone (Anderson, 1981).

Contact relations between MP and Bull Arm volcanic rocks

to the east are also not exposed, but the position of MP

above KH (uppermost CPG) and below the Cambrian Ran-

dom Formation imply that MP must be broadly contempo-

raneous with the MG.  
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Plate 12. Red conglomerate of the Cannings Cove Forma-
tion (basal MG) overlies steeply dipping, siliceous sand-
stones of the Kate Harbour formation (uppermost CPG)
with angular discordance (arrow) at Southward Head; view
to the northwest (UTM coordinates: 310798m E, 5373684m
N; NAD 27, Zone 22N).
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DYKES WITHIN THE CONNECTING

POINT GROUP

Mafic dykes occur commonly within the CPG and their

prevalence has been noted previously as a characteristic,

almost diagnostic feature, of the CPG (Jenness, 1963). Most

are fine-grained diabase dykes that commonly contain fine-

grained, disseminated pyrite. The fine-grained diabase

dykes crosscut bedding, are generally subvertical to steeply

dipping, and broadly trend northeast, although a small sub-

set trends north-northwest. Chill margins, flow-layering,

and bayonet-like apophases are locally well preserved.

Some dykes exhibit cuspate margins, reminiscent of magma

co-mingling textures, indicating that emplacement likely

occurred during compaction, lithification and induration of

the sediments (Plate 13). O’Brien and Knight (1988) suggest

synsedimentary emplacement of a swarm of dykes spatially

associated with CPG in the Eastport area and is also inferred

for many of the diabase dykes in the Sweet Bay area.

Other dykes found within the study area include: 1) one

porphyritic olivine–gabbro dyke that has chilled margins

crosscuts rocks of the CPG ~2 km south of Sweet Bay; 2)

two hornblende(?)-bearing dykes occur 400 m and 4.5 km

southwest of Spar Pond, respectively (Figure 2); 3) two

north-trending dykes containing trace sulphides, magnetite

and black polycrystalline pseudomorphs (after relict

clinopyroxene?) were noted one and three kilometres north

of Charleston; 4) north- to north-northeast trending, plagio-

clase porphyritic dykes occur locally. One of these, which

outcrops along a roadcut in Charleston, displays a distinct

ophitic texture with 2-cm, radially arranged plagioclase phe-

nocrysts comprising about 20% of the rock. 

BIOSTRATIGRAPHY

A new fossil locality discovered in 2013 west of the

southern tip of Ocean Pond (Figure 2), within the Manuels

River Formation, consists of scattered fragmentary trilobites

in an outcrop of black shale that is capped by a thin, dark-

brown-weathering veneer of volcanic ash. The trilobite frag-

ments identified (from photographs) include the thorax of

Paradoxides davidis and the cranidium and thorax of Jin-
cella (Plates 14 and 15; D. Boyce, personal communication,

2013). Paradoxides davidis was first described by Salter

(1863) and defines a Middle Cambrian biostratigraphic sub-
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Figure 5. Schematic stratigraphic profiles: A) composite section from Bonavista Bay (after O’Brien and King, 2002); B)
schematic profile of section north to south from Summerville headland to Ocean Pond area (modified after O’Brien and King,
2002); C) section through study area, west to east from Summerville headland across Indian Arm to area south of Plate Cove
(modified after O’Brien and King, 2002). 
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zone, P. davidis, established in Newfoundland and the UK

(Howell, 1925; Hutchinson, 1962; Fletcher, 2006). This

globally correlative biostratigraphic subzone is consistent

with a Drumian age (D. Boyce, personal communication,

2013; Series 3 of the Cambrian, formerly Middle Cambri-

an), which has an absolute age range of 504.5–500.5 Ma

(Peng et al., 2012). 

PRELIMINARY STRUCTURAL 

INTERPRETATION

Precambrian orogenesis in the Avalon Zone remains

contentious (Dallmeyer et al., 1983; Nance et al., 2002) but

evidence for late Precambrian deformation is well docu-

mented in several disparate parts of the Avalon Zone in

Newfoundland (e.g., O’Brien, 1987, 2002; Calon, 2001).

Evidence of Precambrian deformation in the study area is

cryptic. Bedding reversals in CP1 rocks, west of Ocean

Pond, define a syncline–anticline pair that is not clearly evi-
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Plate 13. Mafic dyke crosscuts thick-bedded white to pink-
weathering sandstones of the Kate Harbour formation at
stream washout north of Highway 230 near Muddy Pond.
Note the cuspate exterior dyke margins, whereas the interi-
or margins of the apparently bifurcating dyke range from
sharp to gradational, consistent with synsedimentary dyke
emplacement (divisions on notebook in centimetres; UTM
coordinates: 308827m E, 5363396m N; NAD 27, Zone
22N).

Plate 14. Cranidium of the trilobite Jincella (right arrow)
and thorax of possibly Jincella (left arrow) in black shale of
the Manuals River Formation west of southern Ocean Pond.
Identification by W.D. Boyce. (UTM coordinates: 302346m
E, 5351569m N; NAD 27, Zone 22).

Plate 15. Thorax of Paradoxides davidis in black shale of
the Manuals River Formation. Same locality as Plate 14.
Identification by W.D. Boyce.
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dent in the adjacent Cambrian rocks to the east (Figure 2).

However, the south-of-east trend of this fold pair is similar

to that of folds interpreted to be generated by the second

post-Cambrian deformation event affecting all rock units in

the Sweet Bay area (see below). If the orientations of

regional D1 and D3 structures are about the same, then alter-

nate criteria must be used to clearly distinguish between arti-

facts of the two events.  

Two post-Cambrian regional deformation events affect-

ed all map units in the study area, as the youngest rocks in

the study area (Middle Cambrian Manuels River Formation)

are Drumian (D. Boyce, personal communication, 2013).

The first of these events, D2, is characterized by a subverti-

cal, axial-planar cleavage to north-northeast-trending, open

to tight, asymmetric folds that have 1–2 km wavelengths

and doubly plunging fold axes (Figure 2). The Cambrian

succession at Ocean Pond is tightly folded by F2 folds and

its overall geometry defines a doubly plunging, north-north-

east-trending synclinorium (Figure 2; O’Brien, 1994). The

second post-Cambrian regional event, D3, is characterized

by broad, open, southeast- to east-southeast-trending, possi-

bly east-southeast-plunging F3 folds. Faults are ubiquitous

across the study area, and the 045–060º-trending fault set

(Figure 2) may represent a late, brittle D4 event, as these

faults appear to offset F2 and F3 folds in the area.

A subvertical cleavage, axial planar to F2 folds, is well

developed in Cambrian rocks at Ocean Pond and within con-

glomerate of the RHF, but varies from slatey to a weakly

developed fracture cleavage in CPG rocks. Unlike the other

map units in the area, CPG rocks commonly exhibit faulted

fold hinges and cm-scale to larger offsets along joints. In

contrast, rocks of the RHF display well-developed, tight,

north-northeast-trending, doubly plunging folds and the

traces of some of these fold closures are evident on aerial

photographs. The different styles of deformation reflect

competency contrast: many of the rock types of the CPG are

highly indurated and siliceous, and are rheologically com-

petent relative to Cambrian shales and arkosic rocks of the

RHF.

One of the most prominent structural features in the

Sweet Bay area is the north-northeast-trending Indian Arm

Fault (O’Brien, 1994). Although nowhere exposed in the

Sweet Bay area, this significant structure separates the west-

ern terrain of shoaling-upward marine CPG rocks from sub-

aerial MG rocks to the east. The Indian Arm Fault is likely

a reworked unconformity at the margin of the older CPG

basin. O’Brien (1994) describes a sericite-defined fabric in

Bull Arm volcanic rocks and asymmetric clast rotation in

overlying MG conglomerate that are both consistent with

east-side-down–west-side-up displacement. It follows, then,

that the adjacent Indian Arm Fault represents the east-

bounding fault of the CPG horst, as proposed by McCartney

(1967) for CPG-bounding, high-angle faults on the Isthmus

of Avalon. Displacement must have occurred after MG vol-

canism and before development of the 045–060º-trending

fault set (Figure 2). Subsequent (or coeval?) regional D2

deformation produced the north-northeast-trending folds

that dominate the map pattern and basal MG rocks are

exposed as synclinal slivers at the headlands in the Sweet

Bay area. The D3 caused an undulatory warping of stratigra-

phy and modification of F2 fold axes and axial planes. The

045–060º-trending D4 faults are associated with dextral off-

set and appear to be the youngest structural elements in the

study area.

ECONOMIC POTENTIAL

Sedimentary-hosted ‘stratiform’ copper (SSC) mineral-

ization was discovered in the MG elsewhere on the Bonav-

ista Peninsula but is more prevalent in reduced parts of the

Crown Hill Formation, particularly within the Blue Point

facies, near Duntara, ~20 km northeast of the study area

(O’Brien and King, 2002). Regional potential for SSC min-

eralization in rocks of the Rocky Harbour and Crown Hill

formations of the MG is discussed in detail by Hinchey

(2010). Malachite was noted in felsic tuffaceous rocks and

breccias of the Bull Arm Formation, east of the Indian Arm

Fault (O’Brien, 1994). Subrounded malachite blebs with

bleached haloes, locally up to 1 cm in diameter, occur in fel-

sic tuff that is interbedded with red pebble to cobble con-

glomerate above the angular unconformity at Southward

Head (Plate 16). The main heavy mineral in the final Frantz

separates of a sample from the tuff is native Cu, which

occurs as matted plates and wire-like pieces (G. Dunning,

personal communication, 2013). North of the Cambrian

basin, dilational quartz veins display well-developed comb

texture and minor malachite (Plate 17). Examples of copper

mineralization in rocks of the RHF include the Fifields Pit,

Trinity and Trinity Pond occurrences (Hinchey, 2010) and

correlative rocks of the RHF occur east of the Bull Arm vol-

canic belt in the study area (Figure 2) and are therefore con-

sidered to have SSC potential. 

The online Mineral Occurrence Database, available

through the Department of Natural Resources’ Geoscience

Online Resource Atlas, records two copper occurrences in

Cambrian rocks of the study area (Lady Pond East and Lady

Pond North; Figure 2). Soil sampling completed by Noran-

da in 2002 yielded anomalous copper values and follow-up

work located minor malachite and chalcocite associated

with calcareous nodules in locally bleached red shales of the

Adeyton Group (Graves, 2003). 
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The Avalon Zone has long been recognized for its

potential to host epithermal-style systems (e.g., O’Brien et
al., 1998, 1999). Recent exploration at the Big Easy

prospect in the Thorburn Lake area identified low-sulphida-

tion gold and silver mineralization hosted within the RHF

(Silver Spruce Resources Inc., press release, 2013), and

demonstrates that the sedimentary succession immediately

overlying Bull Arm Formation volcanic rocks is also

prospective for gold (Sparkes, 2012). 

Gabbro dykes, apparently spatially restricted to the

CPG, commonly contain disseminated pyrite that locally

comprises up to two modal %. Euhedral pyrite cubes of up

to 1 cm were noted at two localities in siltstone of the upper

CPG (Plate 18). O’Brien (1994) describes pyrite along frac-

tures in shales of the CPG. Pervasive, as well as irregular

and patchy hydrothermal alteration, ranging from pistachio

green to salmon pink, was noted at several localities in sand-

stones of the CPG.

Cambrian slate of the Adeyton Group has a history of

commercial building-stone production in Newfoundland

(e.g., Random Island, Keels; Tuach, 1993). Red to green

slate exposed near Ocean Pond may also have potential as a

slate resource. Manganese staining has been noted locally in

shale and slate of the Chamberlains Brook Formation

(O’Brien, 1994).    
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Plate 16. Subrounded blebs of malachite showing bleached
haloes in felsic tuff interbedded with red pebble to cobble
conglomerate above the angular unconformity at South-
ward Head (coin – 2.5 cm; UTM coordinates: 310798 E,
5373684 N; NAD 27, Zone 22N).

Plate 17. Dilational quartz veins displaying well-developed
comb texture and minor malachite (?) crosscut red siltstone
of the Kate Harbour formation, 2 km west of Muddy Pond
(Pen magnet – 10 cm; UTM coordinates: 306766m E,
5362395m N; NAD 27, Zone 22N).

Plate 18. Euhedral pyrite cubes up to 1 cm in grey-green
sandstone of the Kate Harbour formation. Same location as
Plates 10 and 13. Tip of pen magnet – 1.7 cm.
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