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INTERNAL AND EXTERNAL RELATIONSHIPS OF THE ORDOVICIAN
ROBERTS ARM GROUP IN PART OF THE SPRINGDALE (NTS 12H/8)

MAP AREA, WEST–CENTRAL NEWFOUNDLAND

B.H. O’Brien
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ABSTRACT

In the Loon Pond–Rocky Pond area southeast of Halls Bay, the Ordovician Roberts Arm Group is tectonically attenuat-
ed. There, it occurs in the regional hanging-wall sequence of a southeast-directed, folded, imbricate fault system that forms
part of the Red Indian Line structural zone. 

Volcanic rocks assigned to Unit 4 and Unit 6 form the bulk of two, regionally extensive, non-contiguous, fault-bounded
lithostratigraphic panels. They may represent different tectonic levels of the original Roberts Arm Group. However, only the
northeastern tract (Unit 4) is known to be in direct contact with the Crescent tholeiite belt and, therefore, only it is thought to
underlie the younger sedimentary rocks of the Crescent Lake Formation.

The tectonomagmatic evolution of the Early Ordovician Hall Hill complex, west of the Mansfield Cove Fault, mostly pre-
dates that of the Roberts Arm Group. By comparison, the Early and Middle Ordovician Sops Head Complex records coeval
and younger intervals of deposition than those documented in the Roberts Arm Group. Immediately east of the Tommys Arm
Fault, the unbroken formations of the Sops Head Complex show a more complex metamorphic and plutonic history than seen
in most of the Roberts Arm Group. This suggests that the Hall Hill complex and the Roberts Arm Group adjacent to the Sil-
urian Springdale Group had a different orogenic development from the Roberts Arm Group adjacent to the Sops Head Com-
plex.

INTRODUCTION

In the Loon Pond–Rocky Pond area southeast of Halls
Bay, the Ordovician Roberts Arm Group forms a variably
deformed, metamorphosed and altered  lithotectonic assem -
blage that outcrops between the northwesterly adjacent Hall
Hill complex and the southeasterly adjacent Sops Head
Complex (Figure 1). Bounded by steeply northwest-dipping
faults, the dominantly volcanic and subvolcanic rocks of the
Roberts Arm Group are structurally overlain by the older
plutonic rocks of the Hall Hill complex and structurally
underlain by age-equivalent and younger sedimentary strata
of the Sops Head Complex.

The area surveyed is tectonically situated on the north-
west limb of the Z-shaped Notre Dame Bay orocline
(Williams, 1962, 1963). Rocks strike northeastward within a
variably doubly plunging periclinal fold, which is regional-
ly demarcated by several high-angle reverse faults (Figure
2). The folded reverse fault separating the Roberts Arm
Group and the Sops Head Complex is thought to locally
define the Red Indian Line (Williams et al., 1988). The

northeast-trending volcanosedimentary strata of the Roberts
Arm Group become tectonically attenuated toward the
southwest concomitantly with a southwestward transition
from phyllite to hornfelsic schist within the underlying Sops
Head Complex.

USAGE OF CHRONOSTRATIGRAPHIC AND BIOS-
TRATIGRAPHIC TERMS

In this paper, Ordovician series and stage boundaries
come from Okulitch (2001), as do most estimates of their
absolute age. The oldest Silurian rocks, located at the base
of the Rhuddanian stage of the Llandovery series, are 443
+2/-4 Ma in age within Dunnage Zone correlatives in the
Southern Uplands of Scotland (Tucker and McKerrow,
1995). The youngest Cambrian rocks, found immediately
below the basal Tremadocian Iapetognathus fluctivagus
conodont zone at Green Point, western Newfoundland
(Cooper and Nowlan, 1999), are not absolutely dated at the
base of the global Tremadocian stratotype section in the
Newfoundland Humber Zone. However, they are precisely
dated at 489 ± 0.6 Ma within the uppermost Cambrian of
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Avalonian North Wales (Landing et al., 2000). So defined,
the Ordovician Period is 44 My in duration, extending from
ca. 488 to 444 Ma.

To use British terminology, the base of the Late Ordovi-
cian is taken at the base of the Aurelucian stage of the
Caradoc series (Fortey et al., 1995). This is coincident with
the base of the Nemagraptus gracilis graptolite biozone. The
top of the revised Llandeilian stage of the Llanvirn series is
drawn at the base of the N. gracilis Zone. So defined, the
Llandeilian occupies the Hustedograptus teretiusculus grap-
tolite biozone and is Middle Ordovician in age.

The base of the H. teretiusculus Zone is estimated to be
460.4 ± 2.2 Ma (Tucker and McKerrow, 1995) as the Glyp-
tograptus teretiusculus graptolite biozone (ibid) is equiva-
lent to the H. teretiusculus Zone. An estimate of the absolute
age of the traditional ‘late Llandeilo–early Caradoc’ bound-
ary in England comes from the Sm–Nd age of garnet-bear-
ing volcanic rocks dated as 457 ± 4 Ma (Thirlwall and Fit-
ton, 1983; see also the 458 +2/-4 Ma age referenced by
Okulitch, 2001). The absolute age of part of the upper por-
tion of the N. gracilis Zone (the Costonian substage of the
late Aurelucian) is believed to be 456.1 ± 1.8 Ma (Tucker
and McKerrow, 1995). This is in agreement with the recent
40Ar–39Ar age determination of ca. 455 Ma for the base of the
overlying D. multidens (or C. bicornis) graptolite biozone
(Min et al., 2001). Accordingly, the maximum absolute age
range of the N. gracilis Zone probably extends from ca. 461
to 456 Ma. The lowermost Upper Ordovician (the base of
the N. gracilis Zone) has been assumed to be ca. 460 Ma
(Okulitch, 2001), although an estimate as old as 461.4 Ma
has been postulated (Cooper, 1999).

Using proposed international terminology, the Upper
Ordovician–Middle Ordovician boundary is the Carado-
cian–Darriwilian boundary (Mitchell et al., 1997). The
revised British Llandeilian stage now resides in the upper
part of the global Darriwilian stage. In the Newfoundland
Dunnage Zone, the Caradocian–Darriwilian boundary is
mostly commonly located below the widespread Caradocian
black shales within volcanosedimentary sequences that con-
tain either chert or limestone. In western Notre Dame Bay,
this biostratigraphic horizon is probably not significantly
older than ca. 460 Ma (McConnell et al., 2002) The base of
the Darriwilian is coincident with the base of the Undulo-
graptus austrodentatus graptolite zone, which is present in
central Newfoundland (Williams and Tallman, 1995;
O’Brien et al. , 1997) and defined precisely at 464 ± 2 Ma in
Argentina (Huff et al., 1997).

The absolute age range of the Undulograptus austro-
dentatus graptolite zone is critical for any time comparison
of the Arenig–Llanvirn boundary with the Rangerian–

Kanoshian boundary (lower Whiterockian of North Ameri-
ca). It is also important for positioning the lower boundaries
of the Llanvirnian and Whiterockian series relative to the
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Figure 1. Simplified geological map of the Roberts Arm
Group and adjacent units in the Loon Pond–Rocky Pond
map area (NTS 12H/8).
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UNIT 6B - Early Middle Ordovician (?): mainly felsic lithic tuff, rhyolite breccia and flow-banded 
rhyolite; very thick-bedded,  poorly sorted, epiclast-rich tuffaceous wacke; subordinate graded 
crystal tuff and feldspathic sandstone turbidite; minor gabbro sills and pillowed basalt

UNIT 6A - Early Middle Ordovician (?): mainly laminated red chert and green siliceous argillite 
interstratified with medium-bedded, parallel-laminated sandstone turbidite and fine-grained graded 
siliceous wacke; subordinate unstratified basalt, porphyritic pillow lava and well-bedded pillow 
breccia; chloritic basalt and epidote-rich breccia transitional to very siliceous rocks having 
disseminations of jasper, hematite, pyrite and chalcopyrite; brecciated quartz - feldspar porphyry 
sills and comagmatic gabbro sheets; diabase dykes

UNNAMED DIVISIONS OF THE ROBERTS ARM GROUP

UNIT 7 - Early Middle Ordovician (?): mainly amygdaloidal porphyritic basalt,  hematitic pillow 
lava and vesicular pillow breccia; polymict breccia having well-rounded sedimentary, volcanic and 
hypabyssal clasts; subordinate laminated chert, siliceous argillite, calcareous siltstone and 
carbonate conglomerate; minor gabbro sills

CRESCENT BASALTS (?)

8A,  thin-bedded red chert, maroon siltstone and laminated green siliceous argillite

UNIT 8 - Early Middle Ordovician (?): mainly thick-bedded, epiclast-rich granular wacke and 
sandstone turbidite; subordinate pebbly wacke and graded microconglomerate;

CRESCENT LAKE FORMATION
ROBERTS ARM GROUP
MIDDLE ORDOVICIAN

UNIT 9 - Early Middle Ordovician (?): mainly thin-bedded, thixotropically deformed sandstone 
turbidite and thick-bedded, graded, granular wacke; subordinate psammitic and semi-pelitic schist, 
pyritiferous spotted hornfels, hornfelsic schist, agmatitic paragneiss, mafic greenschist and 

Unbroken formation
SOPS HEAD COMPLEX
LATE EARLY ORDOVICIAN - LATE MIDDLE ORDOVICIAN 

UNIT 10 - Late Ordovician - Early Silurian (?): mainly biotite - hornblende granodiorite (locally 
chloritic and quartz veined); subordinate hornblende porphyritic quartz diorite and associated 
dykes; minor satellite body of  foliated quartz tonalite; marginal sheets of gabbro, granodiorite, 
granite and aplite

ROCKY POND GRANODIORITE
TWIN LAKES DIORITE COMPLEX (?)

HODGES HILL INTRUSIVE SUITE
EARLY - LATE SILURIAN 

UNIT 11 - Late Silurian - Devonian (?): mainly potassium feldspar-bearing syenite; subordinate 
quartz-rich hornblende-bearing granite

GULL BROOK SYENITE
TOPSAILS INTRUSIVE SUITE

EARLY SILURIAN - DEVONIAN

LEGEND (Figure 1)
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Axial trace of secondary synform (plunge direction indicated) .....................

Axial trace of secondary antiform (plunge direction indicated) ....................

Axial trace of primary syncline (plunge direction indicated) ........................

Axial trace of primary anticline (plunge direction indicated) ........................

Transcurrent fault (dextral, sinistral) ..............................................................

Reverse fault (barbs in dip direction) .............................................................

Geological boundary (approximate) ..............................................................

SYMBOLS

UNIT 1 - Late Cambrian - Early Ordovician (?): equigranular pyroxene gabbro, pyroxenite, 
leucogabbro and gabbro pegmatite; subordinate amphibolitized gabbro, chloritized amphibolite 
gneiss, pyritic protoclastic gneiss and well-banded felsic orthogneiss; abundant diabase dyke 
swarms, common quartz-feldspar porphyry dykes

UNIT 2 - Late Early Ordovician (?): equigranular diorite and quartz diorite; subordinate 
hornblende gabbro; minor diabase 

HALL HILL COMPLEX
EARLY ORDOVICIAN(?)

UNIT 3 - Late Early Ordovician: equigranular epidote-rich plagiogranite and albite-bearing 
tonalite; subordinate hornblende - biotite granodiorite, alkali granite and pink aplite; minor diabase 
dykes and mafic dykelets  

MANSFIELD COVE COMPLEX
EARLY ORDOVICIAN

UNIT 4 - Early Middle Ordovician (?): mainly regionally silicified basaltic breccia, epidote-rich 
pillow breccia and polylithic chloritic tuff; subordinate lenticles of massive rhyolitic breccias, 
thickly bedded lithic-crystal tuffs and minor flow-layered tuff; altered quartz - feldspar porphyry 
and local felsite dykes

UNNAMED DIVISIONS CONTINUED (BOOT HARBOUR BASALTS ? OF THE ROBERTS ARM 
GROUP)

UNIT 5 - Early Middle Ordovician (?): mainly biotite quartz monzonite; subordinate quartz-rich, 
hornblende-biotite granodiorite, biotite porphyritic leucogranite and graphic microgranite; satellite 
intrusions of quartz-phyric granite and minor aplite dykes

LOON POND QUARTZ MONZONITE
GRANITIC ROCKS OF THE ROBERTS ARM GROUP
MIDDLE ORDOVICIAN (?)
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Figure 2. Tectonic setting of the area surveyed in relation to the major structures and regional geological units that define the
Red Indian line structural zone near the Tommy’s Arm River in western Notre Dame Bay.
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base of the global Middle Ordovician series. The duration of
the U. austrodentatus Zone has been previously estimated to
be only 1 to 2 Ma (Huff et al., 1997). O’Brien et al. (1997)
postulated an approximate 2 My interval that extended from
ca. 470 Ma to ca. 468 Ma on the assumption that the base of
this biozone lay near the bottom of the Llanvirn (Tucker and
McKerrow, 1995). Moreover, the traditional ‘Llandeilo–
Llanvirn’ boundary was assumed to be ca. 464 Ma, as the
Didymograptus murchisoni graptolite zone of the Abereid-
dian stage of the early Llanvirn, which underlies the Llan-
deilian H. teretiusculus Zone and is at least two graptolite
biozones above the U. austrodentatus Zone, was estimated
to be 464.6 ± 1.8 Ma (Tucker and McKerrow, 1995). Thus,
there appears to be a ca. 6 Ma discrepancy between the esti-
mates of the absolute age of the base of the Darriwilian in
Newfoundland and in Argentina.

Traditionally, the British Arenig series has been consid-
ered to be Early Ordovician and placed below the revised
Middle Ordovician Llanvirn series. This has also been the
practice in Newfoundland (e.g., O’Brien and Szybinski,
1989). However, by drawing the base of the global Darri-
wilian stage at the base of the Undulograptus austrodenta-
tus graptolite zone and within the M. flabellum parva con-
odont zone (McConnell et al., 2002), the lower part of the
British or Scandinavian Didymograptus hirundo graptolite
zone (the Isograptus victoriae maximus to Undulograptus
austrodentatus biozones of Maletz, 1997) would be
removed from the late Early Ordovician (the top Arenig or
Fennian stage of Fortey et al. , 1995) and placed instead in
the lower level of the Middle Ordovician below the Darri-
wilian.

In the Buchans Group of central Newfoundland, lime-
stone blocks in a rhyolitic breccia dated at 473 +3/-2 Ma
(Dunning and Krogh, 1991) have been interpreted as being
synvolcanic and deposited in latest Arenig–earliest Llanvirn
time (Nowlan and Thurlow, 1984). The carbonates are
reported to contain conodonts correlatable with part of the
early Whiterockian Histiodella holodentata Zone and are
similar to those found in the early Middle Ordovician (early
Champlanian) Antelope Valley Limestone of Nevada and
the Table Head Group of western Newfoundland (Nowlan
and Thurlow, 1984). Lying above the M. flabellum parva
Zone within the E. ?variabilis conodont zone (O’Brien and
Szybinski, 1989; Fordham, 1992), some of the youngest
reworked limestone blocks contain the conodont Polonodus
Dzik and are probably equivalent in age to the Paraglosso-
graptus tentaculatus Zone (Nowlan and Thurlow, 1984).
This is at least one graptolite biozone above the base of the
Darriwilian and what most workers would deem to be early
Llanvirn in age (e.g., Maletz et al., 1995; Maletz, 1997).

Thus, ca. 471 Ma (the minimum crystallization age of
the isotopically dated volcanic rock in the Buchans Group)
is the youngest possible age for the top Arenig in New-
foundland (Tucker and McKerrow, 1995), although this
upper limit would include most of the British Fennian stage
of the Arenig (Fortey et al., 1995). This is supported by the
469 +5/-3 Ma age of felsic volcanic rocks (Dunning and
Krogh, 1991) in the earliest Llanvirn (early Darriwilian = U.
austrodentatus Zone and younger) part of the Cutwell
Group in western Notre Dame Bay (O’Brien and Szybinski,
1989). Landing et al. (1997), who interpreted some of the
Buchans Group fauna to be late Arenig in age, considered
the fossiliferous limestone blocks to predate the postulated
ca. 468 Ma older age limit for the base of the Llanvirn.

Okulitch (2001) considered the base of the Darriwilian
to lie near but below the base of Nevada’s Middle Ordovi-
cian Kanoshian series, which extends from the H. holoden-
tala to the P. aculeata conodont zones (Fordham, 1992).
Also, Okulitch (ibid) thought that the base of the Darriwil-
ian was slightly older than the base of the Middle Ordovi-
cian Llanvirn, a series that was revised to extend from the E.
?variabilis into the P. anserinus conodont zones (Fortey et
al., 1995). As the age range of such North American and
North Atlantic conodont biozones is similar, correlation of
these Darriwilian equivalents is facilitated. Hence, the upper
Whiterockian of western North America (in part Chazyan of
eastern North America) is approximately equivalent to the
revised Llandeilian and uppermost Abereiddian stages of the
Llanvirn, the middle Whiterockian (in part Kanoshian) is
approximately equivalent to most of the Abereiddian stage
of the Llanvirn and most of the Fennian stage of the late
Arenig, and the lower Whiterockian (Rangerian) is approxi-
mately equivalent to the lowermost Fennian stage and pos-
sibly the upper Whitlandian stage of the revised Arenig
series.

In the continental interior of North America, the base of
the Rangerian has been traditionally considered as the base
of the Middle Ordovician and, as such, has been regionally
correlated with the base of the Llanvirn (Abereiddian) in the
United Kingdom. The lowermost Rangerian is slightly older
than the Rangerian–Kanoshian boundary, which has been
provisionally dated at 469 ± 4 Ma (Okulitch, 2001). These
data suggest estimates as old as ca. 470 Ma for the base of
the Darriwilian (= base of the U. austrodentatus Zone = base
of a ‘Llanvirn’ series that includes the Fennian and Ranger-
ian). However, they do imply that the upper part of the glob-
al Middle Ordovician stage, which is restricted to the ca. 460
- ca. 464 Ma period in the Darriwilian of Argentina (Huff et
al., 1997), spans almost all of the ‘traditional’ Middle
Ordovician time interval in Newfoundland (ca. 470 to ca.
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458 Ma; top Pygodus anserinus conodont zone to bottom
Undulograptus austrodentatus graptolite zone; see O’Brien
and Szybinski, 1989 and O’Brien et al. , 1997). In this
regard, it is noted that the traditional (‘sub-Llandeilo’) Llan-
virn has been estimated to range from ca. 468 to ca. 464 Ma
(Landing et al., 1997).

A likely candidate for the base of the global Middle
Ordovician series is the base of the Tripodis laevis conodont
zone (Finney and Ethington, 2000). Located at the Ibexi-
an–Whiterockian boundary in Nevada, the T. laevis (= T.
combsi) conodont zone is reported from the Isograptus vic-
toriae lunatus and the younger Isograptus victoriae victori-
ae graptolite zones (Finney and Ethington, 2000; Mitchell,
2001; Loch, 2002). Both of these biozones underlie the lat-
est Arenigian Isograptus victoriae maximus graptolite zone
in Newfoundland (Williams et al., 1994; O’Brien et al.,
1997). So defined, the base of the Middle Ordovician would
straddle the lower Champlanian–upper Canadian series
boundary in North America and equate to the I.c. gibberulus
graptolite zone of the Arenig series of the United Kingdom
(upper Whitlandian and lower Fennian stages; mid-late
Arenig; Fortey et al., 1995). Thus, to some, the global series
boundary between the Middle Ordovician and the Early
Ordovician is not coincident with the top of the Arenig, but
lies instead within the middle part of that British series
(Mitchell, 2001).

Using proposed international terminology, the upper-
most part of the Lower Ordovician lies immediately beneath
the Tetragraptus approximatus graptolite zone (Maletz et
al., 1995), which has been postulated to have an absolute
age of about 479 Ma (Cooper, 1999). The bottom of the
revised British Arenig series (the lowermost Moridunian) is
also drawn at the base of the T. approximatus Zone (Fortey
et al., 1995). The absolute age of certain strata in the lower
part of this graptolite biozone is ca. 478 ± 4 Ma (Okulitch,
2001), although estimates as old as ca. 485 Ma have been
published for the Early Ordovician base of the Arenig
(Tucker and McKerrow, 1995).

In this paper, the base of the Middle Ordovician (the
bottom of the lower unnamed stage of the global Middle
Ordovician series) is assumed to be ca. 473 Ma, since the
absolute age of the T. laevis conodont biozone is unknown.
This was done by arbitrarily placing the top of the Lower
Ordovician in the middle part of the Whitlandian stage of
the British Arenig series, well above the T. approximatus
graptolite zone. This makes the Middle Ordovician about 12
My in duration (ca. 473 to 461 Ma) and the Early Ordovi-
cian about 14 My in duration (ca. 488 to 474 Ma).

STRATIGRAPHIC NOMENCLATURE

Espenshade (1937) first recognized the Roberts Arm
Volcanics as a mappable unit in the region between Halls
Bay and Sops Arm of Badger Bay. He originally assigned
the Roberts Arm volcanic rocks and the southeasterly adja-
cent Crescent Lake shales to the upper part of the Badger
Bay Series. This volcano-sedimentary sequence was stated
to be in stratigraphic conformity with his Wild Bight–Shoal
Arm–Gull Island succession, which comprised the lower
part of that series.

Subsequently, Hayes (1951) correlated the red and
green shales near Crescent Lake with the red and green
argillites that lay conformably below the fossiliferous black
shale in the bottom of Shoal Arm. He placed the Crescent
Lake Formation stratigraphically above the Gull Island
member of his Sansom Formation, as the Gull Island
greywacke succession was observed to succeed the Late
Ordovician (Caradoc) black shales of the Shoal Arm For-
mation in the bottom of Badger Bay. Thus, he considered
that the unfossiliferous Roberts Arm Volcanics were
younger than the purported Late Ordovician Crescent Lake
shales, and that the black shale and greywacke units of the
lower Badger Bay Series pinched out toward the northwest
beneath the Roberts Arm Volcanics.

Williams (1962, 1963) reassigned the Gull Island suc-
cession of the Sansom Formation to the upper part of the
Exploits Group and positioned such greywackes above the
Caradoc black shale and the known Chazyan succession of
the Exploits Group. He formally erected the Wild Bight
Group and positioned it stratigraphically beneath the local
section of the Exploits Group, and placed the structurally
overlying Crescent Lake Formation and Roberts Arm Vol-
canics in a new lithostratigraphic unit named the Roberts
Arm Group. However, unlike previous workers, he consid-
ered his Roberts Arm Group to be, everywhere, in faulted
contact with the redefined Exploits and Wild Bight groups.

Horne and Helwig (1969) emphasized that Ordovician
volcanic, plutonic and sedimentary rocks included in the
Roberts Arm Group probably faced northwestward in the
regional stratigraphic sense. Furthermore, such rocks were
thought not to be directly correlatable with the Ordovician
volcanic and Ordovician–Silurian sedimentary rocks that
lay to the southeast, though some rock types were stated to
be remarkably similar. Horne and Helwig (1969) believed
that the Roberts Arm Group was restricted to the area north-
west of the regional Lukes Arm Fault Zone, which was
defined to include the Lukes Arm Fault, the Chanceport
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Fault, the Lobster Cove Fault, the Sops Head Fault and the
Tommys Arm Fault.

PREVIOUS WORK–REGIONAL GEOLOGY

The regional Lukes Arm–Sops Head Fault Zone
(Blewett, 1989) separates the Roberts Arm and Wild Bight
groups in the west, the Cottrells Cove and Exploits groups
in the centre, and the Chanceport and Summerford groups in
the east of Notre Dame Bay. Dean (1978) correlated the
Moores Cove Formation of his Cottrells Cove Group with
the Crescent Lake Formation (Williams, 1963) of the
Roberts Arm Group. The volcanosedimentary rocks of the
Cottrells Cove Group are probably Early Ordovician
(Tremadoc) and early Middle Ordovician (late Arenig to
Llanvirn) in age (Dec et al., 1997; G.S. Nowlan, written
communications, 1996, 1997). The early Middle Ordovician
Buchans Group occurs along the tectonic strike of the
Roberts Arm Group to the southwest (Thurlow and Swan-
son, 1987; Nowlan and Thurlow, 1984, 1987; Dunning et
al., 1987). Volcanic, calcareous and epiclastic strata in the
middle–upper part of the Buchans Group (basal Sandy Lake
Formation; ca. 473 +3/-2 Ma) have been traditionally corre-
lated with the known earliest Middle Ordovician volcanic
rocks (ca. 473 ± 2 Ma) in the northwestern part of the
Roberts Arm Group (Kean et al., 1981; Dunning et al.,
1987).

Within the western part of the Lukes Arm–Sops Head
Fault Zone, Dean (1977) formally erected the Late Ordovi-
cian–Early Silurian Sops Head Complex (Figure 2) and
included within it various chaotically deformed sedimentary
rocks and adjacent partially broken and unbroken forma-
tions of volcanic and volcaniclastic strata (including the
Julies Harbour and Burtons Head sequences of Espenshade,
1937 and Hayes, 1951). He assigned this mJlange-bearing
lithostratigraphic unit to the stratigraphically lowest part of
the Roberts Arm Group and positioned it immediately
beneath the Crescent Lake Formation. The Tommys Arm
Fault was shown, for the most part, as forming the southeast
boundary of the Roberts Arm Group (and the northwest
boundary of the ‘Sansom greywacke’) and its splay, the
Sops Head Fault, as forming the southeast boundary of the
Sops Head Complex. Post-thrusting dextral transcurrent
movements on the Tommys Arm Fault displaced a pluton
near Rocky Pond that had tectonically stitched the ‘Sansom
greywacke’ and the Roberts Arm Group. Swinden and Sacks
(1996) correlated the Rocky Pond pluton with Dean’s Twin
Lakes diorite complex, a component of the Hodges Hill
Intrusive Suite (Dickson, 2001).

The Boones Point Complex (Helwig, 1969) crops out to
the northeast of the Roberts Arm Group adjacent to the
Lukes Arm–Sops Head Fault Zone. Dean (1978) originally

placed this mJlange-bearing lithostratigraphic unit at the
stratigraphic base of the Cottrells Cove Group. Nelson
(1981) equated the Sops Head Complex and the Boones
Point Complex, recognized sedimentary olistostromes and
tectonic block-in-matrix rocks in both units, and presumed
that these complexes had formed in the Late Ordovician and
Early Silurian.

In several localities southeast of the Tommy’s Arm
River, Clarke (1992) established that the section structurally
underlying the Roberts Arm basalts and the Crescent Lake
shales, and lying tectonically adjacent to the mJlange tracts
and broken formations of the Sops Head Complex, has a
biostratigraphic range extending from the late Caradoc to
the early Ashgill (Late Ordovician). Although Williams
(1963) placed these graptolite- and conodont-bearing phyl-
lites in the Exploits Group, Clarke (1992) reasoned that they
were more accurately assigned to the upper part of the Shoal
Arm Formation and the lower part of the overlying Badger
Group (the Gull Island succession).

Bostock (1988) considered the sedimentary rocks of the
basal Crescent Lake Formation of his Middle Ordovician
Roberts Arm Group to have once been in depositional con-
tact with a northwesterly adjacent sequence of younger
tholeiitic volcanic rocks. In doing so, he accepted the previ-
ously postulated stratigraphic positions of map units making
up the lower Roberts Arm Group. Moreover, Bostock con-
cluded that the unfossiliferous wackes and tholeiitic basalts
of the lower Roberts Arm Group were structurally overlain
by higher allochthons that were thrust toward the southeast.
These stacked fault-bounded tracts of calc-alkaline volcanic
rocks were thought to comprise a series of exotic ‘terranes'.
The upper thrust sheets were stated to contain more abun-
dant felsic pyroclastic rocks than the lower thrust sheets and
to generally represent younger, albeit, completely unrelated
parts of the Roberts Arm Group.

In the type area along the coast, Kerr (1996) advanced
the notion of a detached northwest-directed anticlinal nappe
as being the major structure controlling disposition of the
Roberts Arm Group. He interpreted the dominantly north-
west-facing ‘terranes’ of the Roberts Arm Group as defined
by Bostock (1988) to be regionally inverted, each lithotec-
tonic sequence becoming younger downward on passing
from southeast to northwest. Thus, the northwestern thrust-
fault-bounded panels lay below the southeastern thrust-
fault-bounded panels on the imbricated lower fold limb of a
recumbent nappe, when the thrust stack was restored to its
orientation prior to the Silurian deposition of the Springdale
Group (ca. 432 to 425 Ma; Coyle and Strong, 1987).

West of the confluence of Gull Brook and South Brook
(Figure 2), terrestrial volcanic rocks, lahars and coarse talus
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breccias comprise the lower part of the Springdale Group
(Dean, 1977), which has been interpreted to lie noncon-
formably above the plutonic rocks of the Hall Hill complex
(Coyle and Strong, 1987). The Hall Hill complex (Currie,
1976) was defined by Bostock (1988) to include the Rowsell
Hill basalt (part of the Lushs Bight Group), the Mansfield
Cove plagiogranite (part of the Mansfield Cove Complex),
the South Pond gabbro (hosted by the Rowsell Hill basalt
and possibly the Mansfield Cove plagiogranite), an
unnamed quartz diorite body (northwest of the historic base-
metal and gold prospect at Handcamp), and at least one
mafic dyke swarm (hosted by the Mansfield Cove pla-
giogranite).

Bostock (1988) postulated that the plutonic rocks com-
prising the putative Mansfield Cove–Hall Hill arc–ophiolite
complex were much older than, and unrelated to, the vol-
canic rocks seen in the Roberts Arm Group. In contrast,
Swinden (1987) thought that some calc-alkaline volcanic
rock sequences in the northwestern part of the Roberts Arm
Group (Middle Ordovician; ca. 473 Ma; Dunning et al.,
1987) had possibly been erupted above slightly older arc
plutonic rocks (Early Ordovician; ca. 479 Ma Mansfield
Cove plagiogranite; Dunning et al., 1987). However, a
regional structure termed the Mansfield Cove Fault was
thought to have juxtaposed the Hall Hill complex and the
Roberts Arm Group.

ROBERTS ARM GROUP

LITHOLOGICAL SUBDIVISIONS OF STRATIFIED
ROCKS

In the area surveyed, the early Middle Ordovician stra-
ta of the Roberts Arm Group are divisible into several litho-
logically distinct units whose distribution can be depicted on
regional geological maps (Units 4, 6, 7, 8; Figure 1). These
comprise unnamed divisions of mainly mafic and lesser fel-
sic volcanic rocks, bimodal volcanic and siliciclastic sedi-
mentary rocks, and dominantly mafic volcanic and minor
carbonate rocks. In two places, in the easternmost part of the
map area, a coarsening-upward sequence of epiclastic to
polymictic sedimentary rocks is present northwest of the
Tommys Arm Fault. Together, these map units represent the
inland continuation of parts of the original Roberts Arm Vol-
canics and the Crescent Lake Formation.

Rocks in Unit 4 probably represent a southwesterly
strike extension of part of the Boot Harbour tectonic panel
of the Roberts Arm Group (Kerr, 1996; Figure 1). Northwest
of the town of Robert's Arm, the Boot Harbour sequence
contains pillow basalt, andesite and intercalated lenticles of
felsic volcanic rocks that were previously dated at 473 ± 2
Ma (Dunning et al., 1987). In the area surveyed, pyroclastic

and hypabyssal igneous rocks make up most of Unit 4; sed-
imentary rocks are conspicuously absent.

The dominant rock types in Unit 4 are silicified basaltic
breccia and chloritized mafic agglomerate. In some locali-
ties, these rocks are observed to overlie pillow breccia. In
places, strongly epidotized mafic tuffs display angular clasts
of red chert and several different textural types of basalt.
The felsic volcanic rocks in Unit 4 form small discontinuous
lenticles within the mafic pyroclastic succession. Massive
rhyolitic breccias and lithic–crystal tuffs marked by outsized
felsic lapilli clasts are interstratified with less common flow-
layered quartz–feldspar crystal tuff. Abundant quartz–
feldspar porphyry dykes, which are altered to form saus-
surite, sericite and pyrite aggregates, crosscut the mafic and
felsic pyroclastic strata of Unit 4.

Unit 6 of the Roberts Arm Group is restricted to the
southwestern part of the map area (Figure 1). It comprises
an internally faulted and complexly folded sequence of
bimodal volcanic and sedimentary rocks. The western por-
tion of Unit 6 (Unit 6a) mainly consists of mafic lavas inter-
calated with fine-grained siliciclastic and chemical sedi-
mentary rocks. Near the historic Handcamp base-metal
prospect, in the southeastern part of this subunit, variably
chloritized basalt and epidotized pillow breccia are seen to
be in transitional contact with light grey and pink, very
siliceous, net-veined, mafic volcanic rocks. This stockwork
zone, which appears to lie below most of the tightly folded
sedimentary sequences, has disseminations of jasper,
hematite, pyrite and chalcopyrite.

The central part of Unit 6a is mostly underlain by thin-
bedded and laminated red chert interstratified with medium-
bedded, grey and green, fine-grained  wacke and graded
sandstone turbidite. Minor lenticles of red and green,
siliceous argillite and light grey, thin-bedded, parallel-lami-
nated sandstone separate pillow basalt intervals. Widespread
gabbro sheets, abundant quartz–feldspar porphyry sills and
rare diabase dykes intrude the sedimentary and volcanic
strata. In places, altered quartz-porphyritic felsic dykes dis-
play localized quartz stringers and internal zones of quartz-
cemented  breccia. Porphyritic pillow lava interstratified
with pillow breccia predominates in the western part of Unit
6a, although massive to thickly-stratified flow sheets of dark
grey and light green basalt are found structurally beneath the
Hall Hill complex.

The eastern portion of Unit 6 of the Roberts Arm Group
(Unit 6b) is mainly composed of felsic pyroclastic and epi-
clastic sedimentary rocks (Figure 1). From southeast to
northwest, this subunit contains subordinate pillow breccia
and pillowed basalt, a lenticle of light grey, very thick-bed-
ded, poorly sorted, coarse-grained volcaniclastic wacke

81



CURRENT RESEARCH, REPORT 03-1

interstratified with graded, quartz- and feldspar-rich sand-
stone turbidite, a prominent tract of felsic lithic tuff and rhy-
olitic breccia, and lesser crystal–lithic tuff having outsized
clasts of felsic and mafic volcanic rocks. Gabbro sills seem
to have been preferentially emplaced near the epiclastic sed-
imentary rocks but they represent a minor constituent of
Unit 6b.

Strata in Unit 7 represent the southwestern extension of
a distinctive trace of mafic volcanic rocks that have previ-
ously been assigned to the Crescent ‘terrane’ of the Roberts
Arm Group (Bostock, 1988; Kerr, 1996). Mostly outcrop-
ping in the northeast of the map area (Figure 1), the unit gen-
erally consists of hematitic pillow lava with red interstitial
chert and carbonate-cemented pillow breccia in common
association with interflow limestone. Unit 7 contains sever-
al fault-bounded homoclinal successions of basalt flows,
one of which is located to the west of Loon Pond structural-
ly beneath the Hall Hill plagiogranite (Figure 1).

Immediately northwest of the Tommys Arm Fault, por-
phyroblastic schist, actinolite schist and chlorite schist pass
upward into amygdaloidal porphyritic basalt and vesicular
pillow lava assigned to Unit 7. In places, chloritized basaltic
breccias preserve rip-up clasts of red siliceous argillite. Far-
ther northwest, the succession includes carbonate conglom-
erate and epiclastic breccias having well-rounded, coarse-
grained clasts of hematized basalt, red chert and diabase.
Minor interbedded intervals of green and red wacke, graded
sandstone turbidite, dark-grey laminated chert and green
siliceous argillite are also present. All of these sedimentary
and volcanic rocks are intruded by subordinate gabbro sills. 

Rocks in the northernmost part of Unit 7 are interpreted
to stratigraphically underlie the Crescent Lake Formation
(Figure 1). This portion of Unit 7 consists of dark-grey pil-
lowed basalts, dark-green vesicular pillow breccias, and red-
dish-green hematitic basalts. Located between such mafic
flow units are variably thick intervals of chloritic mafic tuff
with interstitial green siliceous argillite, red chert and silt-
stone interbeds, minor carbonate lenses and rare calcareous
siltstones.

In the area surveyed, the Crescent Lake Formation of
the Roberts Arm Group is represented by sedimentary strata
assigned to Unit 8 (Figure 1). The northern tract of Unit 8
probably contains the lower part of the Crescent Lake For-
mation; whereas, the southern tract is thought to preserve
some of the upper part of that formation. On the basis of the
correlation with the Moores Cove Formation, the Crescent
Lake Formation is presumed to be early Middle Ordovician
(latest Arenig to Llanvirn).

East of Loon Pond (Figure 1), Unit 8 is composed of
thinly interbedded, maroon argillite and red chert together
with dark-red, parallel-laminated siliceous argillite and
dark-green, thin-bedded, crosslaminated siltstone. Higher in
the succession, light-green, thin-bedded sandstone turbidites
are intercalated with these marine red beds. This subunit is
well developed immediately east of the map area near the
lower reaches of the Tommy’s Arm River, west of Kippens
Pond.

In the fault-bounded tectonic panel north of Rocky
Pond (Figure 1), the sedimentary strata of Unit 8 are coars-
er grained and more thickly stratified. Here, dark-green,
thin- to thick-bedded granular wackes commonly illustrate
sharp or erosive bases and display angular rip-up clasts of
green laminated argillite. Many graded beds of pebbly
wacke have a basal microconglomeratic lag, which contains
well-rounded detrital clasts of orange jasper, red chert and
green basalt. In a few localities, in the southeasternmost part
of Unit 8 near the Tommys Arm Fault, the dominantly
basalt-rich green turbidites are observed to be interstratified
with relatively quartz-rich grey turbidites.

GRANITIC ROCKS

Several shallow-level granitic plutons and small sub-
volcanic bosses have been previously mapped within the
outcrop of the stratified rocks of the Roberts Arm Group and
have been assumed to be Middle Ordovician in age
(Bostock, 1988). In the map area, the Loon Pond pluton was
shown to intrude the calc-alkaline volcanic rocks of the Boot
Harbour ‘terrane’ as well as the tholeiitic volcanic rocks
lying adjacent to the Crescent Lake Formation. In places, the
pluton was also shown to be in fault contact with the coun-
try rocks. Bostock (1988) reasoned that microgranitic and
felsite magmas feeding the plutonic body were emplaced at
very high crustal levels. Intrusion was thought to have
occurred during or after the structural inversion of kilome-
tre-sized slump blocks, some made up of thick successions
of pillowed tholeiite (Crescent ‘terrane’).

The Loon Pond pluton forms a northwest- and north-
east-trending sheet that is about 8 km long but varies from
0.1 km to 2 km wide (Unit 5, Figure 1). Tapered to the north
and south, it is composed of a western belt of medium-
grained intermediate plutonic rocks and an eastern belt of
mainly fine-grained felsic plutonic rocks. Both belts of plu-
tonic rocks are observed to intrude the mafic and felsic pyro-
clastic rocks of Unit 4 of the Roberts Arm Group. Light
green and pinkish grey, quartz-rich, hornblende–biotite gra-
nodiorite and light grey, equigranular, biotite quartz mon-
zonite predominate in the western part of the area surveyed.
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Buff biotite–porphyritic leucogranite, pink graphic micro-
granite and aplite dykes are more abundant in the east of the
map area.

In several places, medium-grained quartz monzonite is
extensively saussuritized, locally silicified and crosscut by
fresh aplite. In one locality at the northeast margin of the
pluton, sericitic microgranite and an associated chloritic
intrusive breccia contain pyrite and chalcopyrite dissemina-
tions and are crosscut by fresh gabbro. Along its southeast
margin, thin quartz-phyric granite sheets form abundant
satellite intrusions in Unit 4 pyroclastic rocks of the Roberts
Arm Group. The Loon Pond pluton could be interpreted as
a sill complex with its western margin representing the bot-
tom and its east side forming the top of the sheeted intru-
sion. This is consistent with the bulk of the stratigraphic top
determinations in Unit 4 host rocks.

Although the Loon Pond pluton was systematically
mapped, an intrusive relationship with the Hall Hill complex
could not be confirmed (Swinden, 1987). In the shallow sub-
surface of the map area, the granitic intrusion probably lies
in fault contact with Unit 7 of the Roberts Arm Group. Like-
wise, southwest of section line AA' (Figure 1), the Unit 5
pluton could possibly be directly tectonically juxtaposed
with Unit 1 of the Hall Hill complex as, at surface, only 25
m of Unit 4 volcanic rocks separate quartz monzonite from
sheared metagabbro. It is likely that the plutonic rocks near
Loon Pond are no older than the Boot Harbour volcanic
rocks (ca. 473 Ma ?) and no younger than the sedimentary
rocks of the Crescent Lake Formation (earliest Llanvirn; ca.
469 Ma ?), because the widespread alteration in Units 4 and
5 is not seen in Units 7 and 8.

STRUCTURAL AND STRATIGRAPHIC RELATION-
SHIPS

In cross section AA' (Figure 3), the generally southeast-
facing rocks of Unit 4 are shown to be up-faulted toward the
southeast and placed above an inverted southeast-facing
succession of Unit 7. The immediate footwall sequence is
thought to be positioned near the stratigraphic top of Unit 7
and, farther southeast, is believed to contain a footwall syn-
cline cored by the Crescent Lake Formation (Unit 8). A
right-way-up, northwest-facing tectonic slice of Unit 7,
which probably occurs lower in the stratigraphic section,
occurs to the northwest of Unit 4. Directly underlying the
Mansfield Cove Fault, this tectonic slice of Unit 7 locally
separates Unit 4 from the structurally overlying Hall Hill
and Mansfield Cove complexes.

Thus, the pyroclastic rocks of Unit 4 and the plutonic
rocks of Unit 5 probably outcrop in a ‘faulted anticlinorium’
in the calc-alkaline belt of the Roberts Arm Group, flanked

by disrupted sequences of the Crescent tholeiite ‘terrane’.
Although an anticline does not close within Unit 4 or Unit 7,
it is the distribution of the faulted right-way-up and inverted
tracts of Unit 7 relative to the intervening rocks in Unit 4
that underscores the simplified notion of a regional ‘anticli-
norium’. The geometry is similar to that of structures con-
trolling the distribution of the Fortune Harbour Formation
and the Moores Cove Formation of the Cottrells Cove
Group in the footwall of the Chanceport Fault (Dec et al.,
1997).

Farther southwest, Unit 4 remains in the hanging wall
of a regional southeast-directed reverse fault, although the
structural thickness of the southeast-facing strata compris-
ing the map unit is significantly decreased (see cross section
BB' in Figure 3). A northwest-facing homoclinal sequence
of Unit 7 volcanic rocks occurs in the footwall of this fold-
ed reverse fault (as the syncline disposing Units 7 and 8 is
excised between AA' and BB'). In the valley of the Tommy’s
Arm River, this sequence is itself faulted above a southeast-
erly adjacent tract of Unit 8 sedimentary strata. That part of
the Crescent Lake Formation preserved in the southern tract
of Unit 8 ranges from an interval of red siliceous argillite
and green laminated siltstone upward to an interval of green
turbidite and pebbly wacke, notable for its conspicuous
clasts of jasper, chert, granite and basalt. This stratigraphic
section is observable along the east bank of the Tommy’s
Arm River, proceeding southwestward toward the headwa-
ters of that river, and it is disposed along the fold axial trace
of a regional, fault-bounded, southwest-plunging anticline
(BB' in Figure 3).

Proceeding farther southwest, the metamorphic grade
begins to increase along a major southeast-directed thrust
and reverse fault (CC' in Figure 3). In the vicinity of Rocky
Pond, this structure is located directly above Unit 9, the low-
ermost unbroken formation of the Sops Head Complex
(McConnell et al., 2002). Grey pyritic turbidites in this map
unit are disposed about a southeasterly overturned footwall
syncline and are locally inverted beneath the structurally
overlying strata of the Roberts Arm Group. A tectonic con-
stituent of a ductile imbricate fault zone offset by the tran-
scurrent Tommys Arm Fault, the synmetamorphic thrust is
responsible for structural termination of the Crescent Lake
Formation in the Loon Pond–Rocky Pond area (Figure 1).

The reverse fault, which separates the southeast-facing
pyroclastic rocks of Unit 4 and the northwest-facing basalts
of Unit 7, is interpreted to have merged with the underlying
synmetamorphic sole thrust of the Roberts Arm Group near
section line CC'. In doing so, Unit 7 metabasites are tecton-
ically excised in the hanging-wall sequence of the sole thrust
and Unit 4 meta-tuffs come in direct juxtaposition with the
underlying phyllitic turbidites and porphyroblastic schists
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found in Unit 9. At this location, the
regionally extensive Crescent tholeiite
‘terrane’ is absent from the lithotectonic
sequence of the Roberts Arm Group that
rests above the Sops Head Complex.

West of Rocky Pond (Figure 1), the
regional fault beneath the Hall Hill
complex (the Mansfield Cove reverse
fault) is mapped to locally coalesce with
the regional fault above the Sops Head
Complex (the Tommys Arm reverse
fault). Small imbricate splay faults link
the regional hanging-wall and footwall
sequences of the tectonically telescoped
Roberts Arm Group. Near section line
DD', Unit 2 of the Hall Hill complex is
mapped to directly overthrust a
sequence of hornfelsic metasedimenta-
ry schists (Unit 9) that are thought to
belong to the Sops Head Complex (Fig-
ure 3). There, the entire Roberts Arm
Group is missing.

Southwest of section line DD', and
the regional culmination of the Roberts
Arm Group, another structural wedge of
Roberts Arm strata crops out between
the Hall Hill complex and the Sops
Head Complex (Figure 1). A lithotec-
tonic sequence of various sedimentary
and bimodal volcanic rocks, Unit 6 is
lithostratigraphically discrete, internally
faulted and restricted to the southwest-
ern part of the map area.

The tectonic stack of thrusts and
nappes at Gullbridge (Calon and Pope,
1990) widens to the southwest and
southeast of this past-producing base-
metal mine but it narrows considerably
northeastward (Dickson, 2001). How-
ever, it is possible that Unit 6a of the
Roberts Arm Group may represent a
part of the Gullbridge bimodal unit and
the Gull Pond basalt; whereas, a
younger unit called the Eastern Felsic
Tuff may reside within Unit 6b (Pud-
ifin, 1993). The Handcamp gold
prospect (Evans, 1996) is situated near
the reverse fault separating Unit 6a and
Unit 6b (Figure 1).

84

Figure 3. Representative geological cross sections of the Loon Pond–Rocky Pond
map area. See Figure 1 for location of section lines AA', BB', CC' and DD'. Sym-
bols as for Figure 1. Vertical scale of unbalanced sections is exaggerated.
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EASTERN HALL HILL COMPLEX

In the area surveyed, the Hall Hill complex and the
Mansfield Cove Complex comprise at least three regionally
extensive divisions of Early Ordovician and older (?) plu-
tonic rocks (Figure 1). Unit 1 of the Hall Hill complex is
mainly composed of coarse-grained gabbro and pyroxenite,
Unit 2 of the Hall Hill complex consists of fine-grained dior-
ite and quartz diorite, and Unit 3 (part of the Mansfield Cove
Complex) is mainly made up of medium-grained pla-
giogranite and granodiorite. Along the eastern margin of
these complexes, many of the intrusive contacts of the plu-
tonic map units trend at high angles to the Mansfield Cove
Fault. Based on their map pattern (Figure 1), all of the con-
stituent units appear to be truncated, in one place or anoth-
er, by this through-going fault structure. In this regard, the
complexes’ rock types and their outcrop pattern is similar to
that of the fault-bounded Cambro-Ordovician South Lake
Igneous Complex (Bostock, 1988; MacLachlan, 1998).

UNIT 1 GABBRO

In many places, the dark-grey, coarse-grained,
equigranular, pyroxene gabbro typical of Unit 1 is fresh and
undeformed. It is commonly observed to grade to a plagio-
clase-rich leucogabbro, which displays diffuse pods and
veins of coarser gabbroic pegmatite. In other locations, less
common amphibolitized gabbro, epidotized amphibolite
gneiss, and well-banded felsic orthogneiss have been
assigned to Unit 1 of the Hall Hill complex. Northwest- and
northeast-trending swarms of diabase dykes form the most
widespread suite of minor intrusions in Unit 1. They are
present in both the mafic plutonic rocks and the mafic
gneisses. Quartz–feldspar porphyry dyke swarms are associ-
ated with some of the mafic dyke swarms. Medium-grained
diorite sheets that crosscut coarse-grained pyroxene gabbro
are seen to pass transitionally into diabasic-textured rocks
near the margins of these intrusions. These small diorite
bodies have also been tentatively grouped in Unit 1.

In the eastern part of the Hall Hill complex, the foliation
in Unit 1 gabbro dips steeply or moderately toward the
northeast, the southwest and the northwest. Schistose and
gneissose zones within the sheared or platey parts of Unit 1
trend northwestward and northeastward on local and region-
al scales, as do the swarms of mafic and felsic minor intru-
sions. In some locations, these shear zone-hosted dyke
swarms are crosscut by posttectonic diorite bosses that com-
prise parts of Unit 2 (see cross section BB' in Figure 3).

The intrusion of quartz-feldspar porphyry dykes within
Unit 1 metagabbro bodies is generally predated and postdat-
ed by the intrusion of diabase dykes. Typically, several one-
sided diabase dykes within a northwest-trending shear zone

are concordantly intruded by a two-sided dyke of quartz-
feldspar porphyry and a later diabase. Characteristically, in
adjacent swarms of northeast-trending dykes, the  foliation
in country-rock metagabbro is highly oblique to the minor
intrusions. There, quartz-feldspar porphyry dykes are
intruded by one-sided diabase dykes that display a north-
east-trending internal foliation.

In mylonitized parts of the eastern Hall Hill complex, a
well-banded, light- and dark-grey, locally pyritic protoclas-
tic gneiss is cut by isoclinally folded quartz veins and pink
microgranite stringers. In places, the protolith of the host
protoclastic gneiss seems to be a sheeted mafic–felsic
orthogneiss in which relict quartz-feldspar and diabase por-
phyry textures can still be distinguished. In at least one
locality along the Mansfield Cove Fault, porphyroclastic
orthogneiss of the Hall Hill complex lies tectonically adja-
cent to a highly deformed, mineralized, felsic pyroclastic
unit assigned to the Roberts Arm Group (Swinden, 1987).

UNIT 2 DIORITE

This division of the Hall Hill complex (Figure 1)
includes the South Lake diorite of Bostock (1988) and sim-
ilar rocks farther south (cross section DD' in Figure 3). The
main rock types are equigranular, fine-grained, dark-grey
diorite, minor light-grey quartz diorite and rare medium-
grained hornblende gabbro. Diorite bodies belonging to Unit
2 crosscut the variably sheared gabbro assigned to Unit 1.
They probably come in direct contact with the Rowsell Hill
sequence of pillowed basalt, which is elsewhere intruded by
Unit 1. 

UNIT 3 PLAGIOGRANITE

This division of the Mansfield Cove Complex is
restricted to the northern part of the Loon Pond–Rocky Pond
area (Figure 1). It includes the Mansfield Cove plagiogran-
ite of Bostock (1988), which has been dated at 479 ± 3 Ma
in the area surveyed for this report (Dunning et al., 1987).
This part of Unit 3 may be younger than or coeval with some
of the diorites found in Unit 2.

The main rock types in Unit 3 are a light-grey equigran-
ular plagiogranite and a light-pink porphyritic tonalite.
Locally, these rocks are albitized and epidotized. Subordi-
nate rock types include light grey hornblende–biotite gran-
odiorite and light pink alkali granite, both cut by pink aplite
veins. The plagiogranite, tonalite and granodiorite contain
abundant diabase dykes intruded by smaller mafic dykelets.
Emplaced along epidote-lined fractures in the host plutonic
rocks of Unit 3, they constitute one of the youngest dyke
swarms in the Hall Hill complex.
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WESTERN SOPS HEAD COMPLEX

In the region immediately northeast of the Loon
Pond–Rocky Pond map area, the late Early Ordovician and
early to late Middle Ordovician Sops Head Complex can be
divided into a lower sequence of unbroken lithostratigraph-
ic units, an intervening assemblage of partially broken stra-
ta and broken olistostromal units, and an upper unit of tec-
tonized block-in-matrix mJlange that structurally underlies
the Roberts Arm Group (McConnell et al., 2002). The
unbroken siliciclastic turbidite formations are thought to be
Arenig, the partially broken epiclastic and olistostromal
strata are believed to be Llanvirn and Llandeilo, and the tec-
tonic mJlange tract is assumed to have formed in Silurian or
later time. In the type area, the Sops Head Complex is thrust
above fossiliferous Ashgillian strata (Clarke, 1992) belong-
ing to the Late Ordovician Gull Island Formation of the
Badger Group.

In the area surveyed, Unit 9 is mostly made up of grey
siliciclastic turbidites and metasedimentary rocks tentative-
ly correlated with the lowermost unbroken formations of the
Sops Head Complex. The main rock types are light-grey,
thin-bedded, thixotropically deformed, variably silicified
sandstone turbidite interstratified with light-grey, massive
and thick-bedded granular wacke. Graded beds of pebble
microconglomerate within these turbidites have well-round-
ed detrital clasts of quartz and feldspar but display minor
volcanic or sedimentary clasts.

In the northeastern part of Unit 9, rare interbeds of dark-
grey, siliceous laminated siltstone and light-grey siliceous
wacke occur in association with very rare horizons of dark-
grey pyritic siltstone, basaltic breccia and gabbro sills. In the
area surveyed, they are not observed in contact with the grey
sandstone turbidites that comprise the majority of Unit 9.
However, such strata are lithologically similar to some of
the unbroken sedimentary and tectonized olistostromal
rocks that are seen to structurally underlie the upper Wild
Bight Group on the northwest shore of North Twin Lake
(O’Brien, 2001).

METAMORPHIC ROCKS

In the area southwest of the termination of the Crescent
Lake Formation of the Roberts Arm Group (Figure 1), the
phyllitic turbidite belt of the Sops Head Complex appears to
pass gradationally into spotted hornfels and hornfelsic schist
and is probably faulted against a regionally extensive belt of
metasedimentary gneiss that includes some mafic green-
schist and amphibolite (Figure 2; see also Swinden, 1987;
Swinden and Sacks, 1996; Dickson, 2001). The psammitic
muscovite schist and semi-pelitic biotite schist found in Unit
9 commonly contain calc-silicate layers and deformed nod-

ules. Locally, gossans composed of pyritiferous spotted
hornfels lie adjacent to the schist and gneiss belt of the Sops
Head Complex. In the southwestern part of the map area,
these metasedimentary rocks are hornfelsed by sheet intru-
sions of a weakly to strongly foliated metagabbro. There, a
minor amount of sulphidic semi-pelitic and pelitic schist is
interlayered with sheared amphibolite and actinolite schist.
In one place, a boudinaged lineated paragneiss, which dis-
plays relict isoclinal folds of granite veins, quartz lits and a
bed-parallel foliation, is locally observed to pass into
straightened gneiss that shows incipient agmatite zones.

Although the intensity of deformation and the grade of
metamorphism increase westward toward the Tommys Arm
thrust and reverse fault (see cross sections CC' and DD' in
Figure 3), the zone of thermal metamorphism is much wider
than the zone of high-strain deformation. In the area sur-
veyed, the thermal and strain gradients are not everywhere
coincident nor are they developed to the same extent. The
strain gradient in the Sops Head Complex is the dominant
tectonic feature northeast of Rocky Pond, where it is devel-
oped over a distance of 0.5 km or less. In contrast, the meta-
morphic gradient is developed over at least 5 km and it is the
most obvious geological feature of rocks southwest of that
pond. The structural thicknesses of Sops Head rocks affect-
ed by the strain and metamorphic gradients are unknown;
however, their surface dimensions probably represent an
overestimate as porphyroblast-bearing tectonites dip gently
southwestward in many locations.

POSTTECTONIC PLUTONIC ROCKS

Two, undated, posttectonic intrusive bodies crosscut the
deformed and metamorphosed rocks of the Roberts Arm
Group, the Hall Hill complex and the Sops Head Complex
in the southern part of the Loon Pond–Rocky Pond area
(Figure 1). The Gull Brook pluton (Unit 11) is mapped to
cross the folded Mansfield Cove reverse fault. Although it is
observed to be emplaced into Unit 1 of the Hall Hill com-
plex, this pluton is inferred to intrude Unit 6a of the Roberts
Arm Group. The Rocky Pond pluton (Unit 10) crosscuts the
synmetamorphic Tommys Arm reverse fault, and it is
observed to be emplaced into Unit 7 of the Roberts Arm
Group and Unit 9 of the Sops Head Complex. In places, Unit
10 is assumed to also have originally intruded Unit 2 of the
Hall Hill complex and Unit 4 of the Roberts Arm Group,
although some of these map unit boundaries are later faults
(Figure 3).

Gull Brook Pluton

Unit 11 is mainly composed of pale red, medium- to
coarse- grained, equigranular, potassium feldspar-bearing
syenite and quartz-rich, hornblende-bearing granite. The

86



B.H. O’BRIEN

pluton is thought to belong to the Topsails Intrusive Suite,
which includes a variety of deformed and undeformed Sil-
urian and Devonian plutons (Whelan and Currie, 1988;
Whelan et al. , 1996). Dean (1977) reported that the Gull
Pond pluton lay nonconformably beneath a cover of Car-
boniferous red beds immediately west of the map area in the
valley of South Brook. Correlative Topsail-type intrusions
were stated to crosscut the folded terrestrial strata of the
Springdale Group as well as adjacent Ordovician strata. 

Rocky Pond Pluton

Unit 10 is predominantly composed of a central gran-
odiorite phase and a more restricted marginal phase of dior-
ite porphyry. The Rocky Pond pluton has been previously
postulated to be an extension of the Twin Lakes diorite com-
plex (Dean, 1977; Swinden, 1987). This complex has been
included as a constituent of the Early–Late Silurian Hodges
Hill Intrusive Suite (Dickson, 2001), and has probably
intruded the adjacent Middle Ordovician Mary Ann Granite
(ca. 463 +6/-4 Ma; G.R. Dunning, unpublished data, 1999).

In the central and eastern parts of the Rocky Pond plu-
ton, a widespread, light-grey, isotropic, equigranular,
biotite–hornblende granodiorite displays localized trains of
cognate xenoliths. In a few locations, this granodiorite
crosscuts and locally separates septa of equigranular gabbro
and porphyritic diorite. A well-jointed, hornblende–por-
phyritic quartz diorite and an associated suite of younger
porphyritic mafic dykes occur along most of the southwest-
ern margin of the pluton. Between this area and the Tommys
Arm Fault, marginal sheets of gabbro, granodiorite, granite
and aplite are widely developed in the metamorphic rocks of
the Sops Head Complex.

Where the margin of the Rocky Pond pluton trends
northwestward, unfoliated bodies of quartz diorite and gra-
nodiorite are mapped to crosscut northeast-trending reverse
faults as well as allied folds with axial planar slaty cleavage
(Figure 1). However, in several locations, Unit 10 granodi-
orite is seen to be emplaced into a variably deformed zone
of spotted hornfels and porphyroblastic schist. There, in the
lower grade rocks, poorly lineated cordierites are augened
by a downward-facing phyllitic cleavage. In higher grade
rocks, near pre-granodiorite gabbro sheets, randomly orient-
ed amphiboles overgrow a bedding-parallel composite
biotite schistosity that augens garnet porphyroblasts.
Although spotted cordierites are observed to be randomly
oriented on some bedding planes in the phyllite–outer horn-
fels transition, it is unclear whether such rocks occur in the
posttectonic thermal aureole of the Rocky Pond granodior-
ite.

The Rocky Pond pluton is displaced by a relatively late
stage system of conjugate strike-slip faults, which also
accommodate some vertical uplift (Figure 1; CC' in Figure
3). Fault movements produced narrow zones of random-fab-
ric cataclastite and silica-cemented gouge. These fault rocks
display highly veined fragments of silicified granodiorite
and retrograded hornfelsic schist. Near the northern termi-
nation of Unit 10, chloritized granodiorite and hornfelsed
host rocks are injected by subvertical quartz–chlorite–car-
bonate vein arrays. These have a predominant northwest and
a subordinate northeast trend. A satellite body of  marginal-
ly net-veined and schistose quartz tonalite, which is hosted
by Roberts Arm basalt in the imbricate thrust stack above
the Sops Head Complex, is located along strike of one of the
northeast-trending transcurrent faults (Figure 1).

CONCLUSIONS

In the Loon Pond–Rocky Pond area, the Ordovician
Roberts Arm Group comprises a fault-bounded, internally
imbricated and multiple-folded sequence of alternating
northwest-facing and southeast-facing volcanosedimentary
rocks. Since all stratified rock units are laterally discontinu-
ous, and none of them can be mapped throughout the entire
area surveyed, the original depositional order of Units 4, 6
and 7 is not locally discernible. 

In exposures of the Roberts Arm Group to the north of
Rocky Pond, Crescent ‘terrane’ tholeiites (Unit 7) are postu-
lated to structurally overlie the pyroclastic volcanic rocks of
Unit 4 and the granitic rocks of Unit 5. In contrast, the basal
sedimentary rocks of the Crescent Lake Formation (Unit 8)
are held to stratigraphically overlie the Unit 7 basalt succes-
sion.

In exposures of the Roberts Arm Group to the south-
west of Rocky Pond, fine-grained reworked pyroclastic and
chemical sedimentary rocks are present within Unit 6. These
are completely absent in Unit 4 and they are quite different
from the dominantly polymictic and well-rounded epiclastic
rocks in Unit 8. In addition, the relative abundance of felsic
volcanic flow rocks and composite quartz-feldspar por-
phyry–gabbro sills, together with the absence of subvolcanic
granitic rocks and the lack of ubiquitous alteration of mafic-
dominant fragmental rocks, distinguishes the volcanic
sequences within Unit 6 from the volcanic rocks of Unit 4.

Thus, two discrete tracts of volcanic and sedimentary
rocks, which are both assigned to the Ordovician Roberts
Arm Group, terminate within the map area. One probably
comprises the southwesternmost part of the coastal belt
(Bostock, 1988; Kerr, 1996; Thurlow, 1996); whereas, the
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other probably belongs to the northeasternmost extension of
the Great Gull Lake belt (Calon and Pope, 1990; Pope et al.,
1990; Swinden and Sacks, 1996; Dickson, 2000, 2001).
These tracts are separated from each other by a regional tec-
tonic culmination. There, the Roberts Arm Group is totally
missing from the lithotectonic sequence of bottom Arenig
(ca. 479 Ma; Early Ordovician) to top Llandeilo (ca. 460
Ma; late Darriwilian; Middle Ordovician) rock units that are
preserved in the Loon Pond–Rocky Pond–Kippens Pond
area (O’Brien, 2001).
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