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ABSTRACT

The Dunnage Mé&lange is typified by slumped blocks of clastic
sediment and mafic volcanics set in a dark shale matrix. It outcrops
for 40 km. southwestward from its type area in Dildc Run, with a
maximum outcrop width of 13 km. Previous work has been confined to the
Dildo Run area, where the interpretation of stratigraphic relationships
of the Dunnage Mélange and surrounding units has been controversial.
The present study focusses on the southwest portion of the mélange in
an attempt to resolve this controversy as well as to investigate the
character and extent of this portion of the mélange.

The southwest portion of the mélange overlies and interdigitates
with the gabbro-infested, Ordovician Mew Bay Formation. The mélange
contains gabbro blocks that are confined to the area proximal to this
transition zone. Similarly, in the northwest portion, the largest
mafic volcanic blocks define a wide zone that is correlative westwards
with the Lawrence Head Volcanics of the Exploits Group. Along its
northwest border, the Dunnage is locally conformable with Caradocian
or later, shale and greywacke units, though in most places this contact
is fault-modified. These relationships imply that the Dunnage 1is an
easterly chaotic equivalent to part of the Exploits Group.

The chaotic nature of the mélange can be attributed primarily to
discc s, dominantly extensional, soft rock deformation of strata
due tu wwussve slumping. This possibly occurred as a single progressive
event and involved rocks in various stages of lithification. Forces
responsible for soft rock deformation existed from New Bay depositional
time until the Lower Silurian, intensifying prior to the Caradocian,

following which they decreased and terminated. The chronology of later



penetrative events is uncertain, though most hard rock structures are
presumed to be Devonian, as flat lying Carboniferous strata occur else-
where in the Exploits Zone.

Regional relationships indicate that the Dunnage Mé]ange occupied
a basin on the southeast flank of a Lower Ordovician island arc complex.
Previous workers have viewed this fact to indicate that mélange formation
was related to an active, west dipping, subduction zone. The present
study reveals that no valid criteria exist for interpreting the mélange
terrane to have occupied an active trench. Rather, the tectonic
position of the mélange and its apparent synchroneity with other
Newfoundland mélanges suggest it was a massive slump during widespread

Taconic events, though the direct cause of slumping remains ambiguous.
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I. INTRODUCTION

1-1 Location and access

The thesis area is located in the Bay of Exploits, northeastern
Newfoundland (fig. 1). 1Its southern margin is near the Brown's Arm-
Lewisporte Road (rte. 54) and the Lewisporte-Campbellton Road (rte. 41).
To the north, it is bounded by an approximately east-west line from the
northern tip of Upper Black Island to the northern end of Knight's
Island. It extends eastward to the Comfort Cove Peninsula and west-
ward to Thwart Island and Upper Black Island. The latter two islands
were visited only briefly, as their geology is adequately reported
by others (Oversby, 1967; Franks, 1974). Thus the map area covers
approximately 300 km2 dominated by coastline.

Access to the area has been facilitated in recent years by road
improvement and construction. Lewisporte, the major population center,
is situated equidistant (56 km) from Grand Falls and Gander. Approach
from either town may be made along the Trans-Canada Highway, departing
north from the highway at Notre Dame Junction on the Road to the Isles
(rte. 41). Lewisporte is also serviced by Canadian National coastal
boats.

Field work in the area is facilitated by use of a small boat, as
islands constitute approximately two-thirds of the terrane, and locally

dense vegetation extends to the rugged shoreline.

1-2 Climate and topography

The summer climate is generally mild and pleasant. Rainfall is
frequent, though rarely accompanied by fog, while the summer temperature

is very close to 150C, and the prevailing winds are from the southwest.
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Figure 1: Location of the field area



The area is dominated by a uniformly random distribution of hills
and ridges that Tocally rise abruptly from the surrounding boggy lands,
giving a hummocky aspect to the region. Ridges and hills are almost
exclusively underlain by gabbroic intrusions in the southern areas,
whereas to the north these features reflect "knockers" of resistant
greywacke and volcanic rocks within a melange terrane. The highest
elevation in the area is 143 meters on Upper Black Island. The coast-
line is equally as variable as the topography, with many irregular
embayments and headlands. Soft black shale is commonly found in re-
entrants, whereas headlands are composed of resistant gabbro, granite
or volcanic rocks.

Vegetation in the area is almost exclusively dense intergrown
stands of softwood scrub. Locally, small lakes occur, though sphagnum
bogs are much more abundant. In places, these are aligned in a north-

east direction, parallel to bedrock structures.

1-3 Glacial geology

Trends of glacial grooves and striae indicate that the most recent
ice movements were toward the north (fig. 2). Scattered roche
moutonées also trend northerly.

Anorthosite erratics that occur at Foulke Cove and at Stanhope
have no immediate southern source area, suggesting earlier southeast
transport by glacial ice from the Grenville inlier of the Long Range
Mountains or from Labrador.

Raised beaches are found in the area at Foulke Cove, Birchy Tickle
and the southern tip of Knight's Island. These may represent the
"climatic optimum" between the last glaciation and present (Briickner,

1973).
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1-4 Geologic setting

The Dunnage Mélange is centrally situated in the Paleozoic Central
Mobile Belt of the Newfoundland Appalachians (Williams, 1964). The
Central Mobile Belt consists chiefly of Ordovician and Silurian
volcanic and sedimentary rocks that display a complex stratigraphy and
intricate structural relationships. It is flanked on either side by
Lower Paleozoic platformal deposits that locally overlie Precambrian
basement, and it is separated from the platforms by narrow belts of
ultramafic rocks at Baie Verte and Gander River. Deformational effects
are mild in the interior parts of the Central Mobile Belt relative to
marginal orthotectonic zones at Fleur de Lys and Gander.

To facilitate understanding of the complex geologic relationships
of the Appalachian structural province, Williams et. al. (1972, 1974)
subdivided the system into nine zones, A through I, based on stratigraphy
and structural style. Zones B through G represent the Central Mobile
Belt. The Dunnage Mélange is located within zone E, the Exploits Zone,
which is confined to the Newfoundland Appalachians (fig. 3).

The Exploits Zone is bounded to the northwest by the Lukes Arm-
Lobster Cove Fault and to the southeast by the Reach Fault. Its inland
extension is not well defined. The dominant structural trend is north-
east, except along the north coast where the trend changes to a more
easterly direction, apparently mimicking the Hermitage Flexure (Williams
et. al., 1970).

The most prominent feature of the Exploits Zone is the Dunnage
Mé]ange (Kay and Eldredge, 1968) that occupies a wide belt at its
northern extremity. The mélange is a chaotic mixture of nearby
Ordovician lithologies and locally it forms the base of the Ordovician-

Silurian Exploits Group (Helwig, 1969). This group is grossly typified
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by thick Early Ordovician basic volcanic rocks overlain by Caradocian
black shale and a clastic flysch sequence. The flysch sequence ranges
in age from Middle Ordovician to Early Silurian, increasing in coarse-
ness towards its top. In places, the Ordovician section is slumped and
chaotically disposed, though nowhere as extensively as in the Dunnage
Mé1ange. The overlying flysch sequence, mainly of Silurian age,
appears to represent the infilling of an earlier deep marine basin.

Gabbroic and granitic intrusions are characteristic of the Exploits
Zone. The gabbros are mainly sills that are folded with Lower Ordovician
strata, and are probably of Ordovician age. Granitic intrusions cut
Ordovician and Silurian strata as dikes and batholiths, with narrow
contact metamorphic aureoles. These are believed to be of Devonian age.
Lamprophyre dikes that are common in the thesis area have been dated
as Jurassic-Cretaceous throughout Notre Dame Bay (Wanless et. al.,

1965, 1967).

A steeply-dipping northeast-trending penetrative cleavage is
displayed by the less competent rocks of the Exploits Zone. Locally,
this cleavage is kinked. The major structural events of the Exploits
Zone terminated prior to the Late Paleozoic, as inland, Carboniferous

strata are flat-lying.

1-5 Previous work

The earliest workers in the Bay of Exploits were the indefatigable
Jukes (1842; as termed by Milne, 1877) and Alexander Murray. Their
work forms the staunch foundations of Newfoundland geology. Geological
investigations carried out by these workers during the mid to Tate
nineteenth century were of a gross reconnaissance nature. At that time,

the Bay of Exploits strata were correlated with the Ordovician Quebec



Group (Murray and Howley, 1881).

Detailed studies were not undertaken until Heyl's investigation
of the Bay of Exploits in 1936. Heyl was the first to separate and
date the sedimentary and volcanic rocks, which he assigned to the
Exploits Series. He also recognized the Lukes Arm Fault, which he
interpreted as a high angle thrust fault that disrupted the Ordovician-
Silurian strata. Due to the complexities inherent in a eugeosynclinal
sequence and the difficulty of working in virgin territory, Heyl did
not recognize the mélange terrane, and locally his formations were in
reverse order. These and other irregularities in the details of his
stratigraphy have led to the abandonment of the original Exploits
Series, and its redefinition as the Exploits Group (Helwig, 1969).

The mé1ange terrane remained unrecognized for the next twenty
years. During that period, Twenhofel and Schrock (1937) and Twenhofel
(1947) attempted to clarify the Silurian stratigraphy of Newfoundland
and in the process discovered many new fossil Tocalities within Notre
Dame Bay. Later investigations by Kranck (1952) encompassed recon-
naissance mapping of the area between Lewisporte and Loon Bay as well
as other areas nearby.

Patrick (1956) was the first to distinguish the chaotic rocks of
the mélange terrane from surrounding, coherently bedded strata. He
separated a shaly conglomerate within his Black Shale Division of the
Exploits Group. He also noticed that the mélange displayed more
intense deformational features than surrounding rocks and suggested that
itwas "... in large part, a slump breccia...".

More recently, the investigations of Kay (1967, 1970, 1972),
Williams (1967), Horne (1968, 1969) and Helwig (1969) have all helped

to elucidate the nature of the Dunnage Mé]ange. These investigations



focussed upon the region peripheral to Dunnage Island, the type area
of the Dunnage Formation (Kay and Eldredge, 1968), with 1ittle regard
for its southwest extension. Horne (1968) was the first to roughly
outline its full extent to the southwest.

Within the restricted area of Dildo Run, interpretations of the
structural-stratigraphic relations between the Dunnage and surrounding
lithologies are controversial. Kay (1970) interpreted the Dunnage
Mélange as one of many structural blocks bounded by transcu rent faults
with significant lateral displacement. In contrast, Horne (1969)
interpreted the Dunnage to be in conformable contact with overlying
Caradocian shales.

The stratigraphy of the Exploits Group presents further problems.
Williams (1963, 1964a, 1967) mapped the whole of the Botwood area in
reconaissance fashion and correlated rock units throughout the regional
area. He was the first to note discrepancies within Heyl's Exploits
Series. New paleontological evidence, unavailable to Heyl, demonstrated
that the Exploits Series was largely inverted and included ambiguous
units (Williams, 1963). Thus, for example, volcanic rocks formed the
base rather than the top of the sequence. Williams retained the term
Exploits Group but left it undivided pending detailed work and re-
vamping of Exploits stratigraphy.

Horne (1968) and Helwig (1967) studied areas immediately east and
west of the Bay of Exploits, and their studies led to a correlation
chart for Notre Dame Bay (Horne and Helwig, 1969).

Helwig (1969) redefined the Exploits Group in the New Bay area to
the west of the Bay of Exploits, retaining only one unit from Heyl's

original Exploits Series, the Lawrence Harbour Shale. Units included



in the redefined Exploits Group, from oldest to youngest, are the Tea
Arm, Saunders Cove, New Bay, Lawrence Head, Lawrence Harbour, and
Point Leamington Formations, representing a sequence of basal volcanic
rocks, medial argillites and an upper flysch unit. Heyl's term, the
Sansom Formation is retained for easterly correlatives of the Point
Leamington Formation.

On the southwestern part of New World Island, Horne (1968) followed
Kay's (1967) subdivision of New World Island into three structural
blocks, each characterized by a slightly different stratigraphy, i.e.
the Dildo, Cobb's Arm and Toogood sequences.

More recently, Bergstrom, Riva and Kay (1975) subdivided the Cobb's
Arm sequence into a southwest Virgin Village sequence and northeast
sequence retaining the original name. Unfortunately, Lower and Middle
Ordovician formational nomenclature does not extend outside a single
block, though units are correlative. Thus a very fragmented strati-
graphic framework has evolved for the New World Island area.

Present stratigraphic nomenclature in the Bay of Exploits is a
hybrid between the Exploits Group (Helwig, 1969) and the Dildo
Sequence (Kay, 1967; Horne, 1968) (fig. 4). Oversby (1967) extended
Exploits Group nomenclature to Upper Black Island of the present study
area, while Horne (1968) has extended the Dildo Sequence nomenclature

southwestward to the smaller islands in the Bay of Exploits.

1-6 The present study

1-6.1 Scope and purpose

The present study is concerned with the extent, nature and boundary
relationships of the southwest portion of the Dunnage Mélange. As

previous work has been confined to the Dildo Run area, ideas concerning
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the Dunnage Mélange there, and its regional relationshps and signi-
ficance have been deadlocked. The purpose of working outside of the

type area is three fold; (1) to delineate the southwest extent of the
Dunnage Mélange, (2) to determine its relationships with surrounding
formations, and (3) to determine the structure and constituent 1ithologies
of the mélange terrane. The main body of this thesis is concerned with
the resolution of these three points. The final section of this study
reappraises the regional significance of the Dunnage Mélange in light

of the new data.

1-6.2 Usage of the term mélange

Since the original geological use of the term mélange (Fr., mixture)
by Greenly (1919), the word has had a vague definition. This study
employs a descriptive usage, which is condensed from previous usages of
the word. Mé]ange is a chaotic, heterogeneous assemblage of blocks
(normally measured in meters) set in a fine-grained matrix. Larger
blocks are of mappable dimensions. The term normally implies chaotic
deposits in tectonically mol le areas.

Hsu (1968, 1974) and Cowan (1974) have defined the term as solely
structural in connotation. Hsu compares and distinguishes tectonic
mé]ange from sedimentary olistostrome, and Cowan equates mélanges with
faults. Berkland et. al. (1972) and Wood (1974) have used broader
definitions of the word, not particularly stressing tectonic aspects.
Greenly (1919) intended no genetic inferences by using the term and
most usages of the word are in a descriptive sense, thus there appears
to be no logical reason to narrow the usage of the word to apply only
to tectonic mixtures. If genesis need be implied, the adjectives

tectonic or sedimentary can be added, though in many situations, such
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as the case of the Dunnage, sedimentary and tectonic processes are
indistinguishable.

Confusion of terminology has also been introduced by geographically
restricted names for Tlocal mé]anges, such as the Alpine wildflysch, the
argille scagliose of Italy, and the turlu giuvec of Turkey (Ager, 1973).
These terms should be used only in direct reference to a specific area.

1-6.3 Mapping methods

Mélanges represent unique terranes that do not comply with normal
rules of stratal continuity and superposition (Hsu, 1968). In the
present field area, the melange is considered as a single unit, while
blocks large enough to be resolved at a 1:50,000 scale have been
separated on the geological map (fig. 2). Most of the field mapping is
based on excellent coastal exposure, augmented by a few inland traverses.

In many places, the boundaries of larger blocks are not exposed,
though interpretation is aided by distinct topographic changes at the
boundary between resistant blocks and easily eroded shale matrix.

The major measurable structural fea ire in these terranes is the
pervasive foliation common to most, as bedding is usually obliterated.
Particular care is necessary when measuring the orientation of the
foliation in the vicinity of large resistant blocks, as foliation
parallels their perimeters for short distances (50 m.) away from their

boundaries.
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II. GENERAL CHARACTERISTICS OF
THE DUNNAGE MELANGE

The Dunnage Formation was first defined by Kay and Eldredge (1968).
In recent years, the term Dunnage Mélange (Horne, 1969; Kay 1972) has
been commonly used and will be employed throughout this study. The
mélange is typified by slumped blocks of clastic sediment, limestone,
mafic volcanic rock and gabbro enclosed in a dark scaley shale matrix.
The size of the blocks varies dramatically, ranging from sandstone
grains and pebbles to massive olistoliths hundreds of meters wide. Both
blocks and matrix exhibit subtle changes along strike such that their
character in the southwest is quite distinct from that of the northeast
occurrences. In an attempt at clarity in presentation, this chapter
gives an overview of all the pertinent data amassed for the Dunnage as
a whole. Chapters which follow deal with the nature of the southwest
portion of the mélange and refer back to information in this chapter

where applicable.

2-1 Distribution

The Dunnage Mélange has been traced southwestward from its type
area in Dildo Run, across the Comfort Cove Peninsula to its terminus
at Stanhope (fig. 5). Thus it extends for 40 km along strike, with a
maximum outcrop width of approximately 13 km. The true thickness of
the Dunnage is impossible to determine because of its internal chaos,
though Horne (1968) has conjectured that it is on the magnitude of a
few thousands of meters. Likewise, possible structural imbrication
within the mélange is difficult to prove or disprove, though this is
suggested by prominent lineations and the possible obliteration of a

complex fault system that projects from New World Island southwestward
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into the chaotic terrane (Horne, 1968).

Where layered rocks occur in the mélange, bedding is consistently
steeply-dipping and usually north facing, similar to the disposition of
strata in surrounding units. In its most southwesterly extreme, the
Dunnage Mélange forms the core of a gently plunging syncline, which
has an axial trace oriented to the northwest. This étructure is
believed to be the compliment of a major anticline situated to the west
on the Fortune Harbour Peninsula (P. Dean, pers. comm., 1976).

Structurally, the Dunnage is confined to the southeast by the
Reach Fault, and to the northwest by a complex of faults that includes
the Dildo Fauit. Locally, where the contact has not been obliterated
by later intrusions, the mélange is in conformable, transitional contact

with surrounding Tithologies.

2-2 Salient features

The most striking feature of the Dunnage Mélange, although chaotic,
is that all of the included blocks, with very rare exceptions, are
indigenous to the local geology. In places, they can be matched to an
original stratigraphy.

To the southwest, the mélange overlies and interdigitates with the
gabbro-infested Ordovician New Bay Formation of the Exploits Group
(Helwig, 1969). The predominance of gabbro blocks within the Duﬁnage
Mélange is confined to the area proximal to this contact zone.
Similarly, in the northwest [ rtion of the mélange, from Embree to
Cheneyville, the largest mafic volcanic blocks define a wide zone which
projects westward into volcanics of the Lawrence Head Formation, also

of the Exploits Group.
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disrupted. This structural disarray is similar in style to that of
thin beds of the New Bay Formation on Upper Black Island. To the
northeast, the matrix of the mélange is smeared, black and green shale.

The above relations strongly imply that the Dunnage Mé]ange is an
easterly, possibly distal, chaotic equivalent to part of the Exploits
Group, and consequently is pre-Caradocian in age.

A suite of intrusions, which range from quartzo-feldspathic
porphyries in the northeast to more gabbroic phases in the southwest,
is unique to the Dunnage terrane. The commonest of these is the
Coaker Porphyry (Kay, 1972), which comprises approximately one-third
of the outcrops in the northeast portion of the mélange terrane. It
intrudes the mélange and is itself cut by the Loon Bay granodiorite.
Less common intrusions include the Causeway Diorite and the Puncheon
Syenite (Kay, 1972) in the northeast, and the biotite-rich Grapnel
Gabbro (new) centrally located in the mé]ange. Biotite from the
Causeway Diorite has yielded K/Ar ages of 428 + 13 m.y. and 435 + 13
m.y., and a Rb/Sr age of 454 or 480 m.y., depending upon the decay
constant employed in age calculations (reviewed in Williams and Hibbard,
1976). The Causeway Diorite everywhere contains numerous inclusions of
gabbro and ultramafic rock. Similarly, the widespread Coaker Porphyry
locally exhibits the same texture, inferring a similar origin and age
for these two intrusions. Based on isotopic ages and restriction of
these intrusions to the Dunnage terrane, it appears that intrusion
was coeval with mélange formation. Intimate relations between felsic
dikes of unknown affinity and the mélange matrix also suggests igneous

intrusion into soft sediments.
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In addition to stratigraphic and intrusive relationships, paleon-
tological evidence places loose constraints on the age of the Dunnage
Mélange. Two fossil localities have been reported from the mélange,
one on the shore of St. John's Bay, north of Stanhope (Williams, 1967),
and the other on Dunnage Island (Kay and Eldredge, 1968).

Near Stanhope, dendroid graptolites, presumably from the black

shale matrix of the mélange, are identified as Dictyonema sp.. This

suggests a Tremadocian age, as all other dendroid graptolites reported
in Newfoundland are of that age.

Fossils from the south coast of Dunnage Island are trilobite
fragments contained in a limestone bed within a block of mafic volcanic

rock. These are identified as Kootenia sp. and Bailjella sp. (Kay and

Eldredge, 1968), and indicate a Middle Cambrian age for the 1limestone
and volcanic block.

nius the oldest known rocks in the Dunnage are Middle Cambrian,
its matrix is locally Tremadocian, and uppermost parts are probably
Caradocian.

The present study is mostly concerned with the structural and
stratigraphic relationships of the southwest portion of the Dunnage
Mélange, though its age and relationships with intrusions are important

facets tn be considered in the regional synthesis.



ITI. GENERAL GEOLOGY OF THE SOUTHWEST PORTION
OF THE DUNNAGE MELANGE

3-1 Character of the mélange

The most distinctive feature of the Dunnage Mélange is the variety
of 1Tithologies incorporated as blocks in a grossly uniform matrix of
black, green and grey shale. The largestolistoliths, measuring
hundreds of meters across, are composed of basic volcanics, greywacke,
or gabbro. The volcanic rocks and gabbro are confined to distinct
zones; the volcanics occur across the northwest portion of the mélange
and the gabbro is localized toward the southwest. Smaller inclusions
are domin=>~*1ly granule - to cobble-sized quartz and 1ithic fragments
that are randomly dispersed throughout the mélange. Most blocks
are indigenous to the area and represent either formations once
interbedded with the matrix or lithologies of local provenance.

Exotic inclusions, or blocks of unknown origin, are very rare. The
mé n¢ atrix is a smeared, slickensided, pyrite-rich shale that
ranges color from black and black and green in the northeast, to
b1ack ana grey in the southwest portion of the mélange.

The whole of the mélange portrays internal chaos, as the
concentrucion of inclusions in the matrix is random, and both the

form o1 1e blocks and the character of the matrix are highly variable.

3-2 Maurix and inclusions

A __.iquitous, scaley black and grey shale forms the matrix to the
southwest portion of the Dunnage Mélange. This contains abundant tuff,
with quartz, g.ust feldspars, and chlorite also revealed in thin

section. Locally, north of Lewisporte and also west of Comfort Cove,
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black and green matrix shales have been mixed by flowage and they are
similar to matrix shales in northeast occurrences at Dildo Run (pl. 1).
The mé1ange matrix is typically structureless, with the exception of a
steeply dipping cleavage. The intensity of the cleavage is proportional
to the number and size of inclusions in the matrix. Thus, where clasts
abound, or are large, the shale is intensely cleaved and fissile; in
areas where inclusions are sparse or small, the matrix has a more
massive aspect.

The shale matrix is the unifying lithology of the mé1ange terrane,
as it envelops and forms the Tink between many diverse inclusions.
Sedimentary inclusions, which dominate olistolith types in the mélange,
range in form from vague zones and poorly delineated rafts, to sharply
defined resistant blocks, to extensive bedded sections of uncertain
form. Igneous inclusions are mainly well defined, equidimensional
blocks. In most places, the mélange matrix penetrates sedimentary
and volcanic inclusions in irreqular, intricate patterns, both
microscopically and macroscopically (plts. 2, 3).

3-2.1 Zones of sedimentary inclusions

The mélange is rarely void of inclusions over large areas. Where
blocks of mappable scale are absent, zones of smaller sedimentary
inclusions are intimately mixed with the black and grey matrix shales.
These distinct areas, which can be only vaguely delineated. include
zones of thin attenuated siltstone bands, pebbly mudstone zones, and
conglomeratic argillite.

Locally, as exposed alona the eastern shore of the Lewisporte
Peninsula, the matrix contains thin (approximately 2 cm.), buff-colored,

quartz-rich siltstone to fine grained sandstone beds that are attenuated














































































containing volcanic knockers up to 5 m long and limestone cobbles and
boulders up to one meter in length. This chaotic succession is capped
by a gabbro sill, ten meters of conglomerate, and boudinaged massive
New Bay - type greywacke. Similarities between this succession and
basal exposures of the Dunnage described above, along with geographical
location of these rocks, suggest this is the basal transition zone be-

tween the mélange and the New Bay Formation, thouagh the full sequence

is not ural complications.

Or a, the conte~+ hotunn n +h~ Nuenage and
the Ney irferred to the basis
of Titt the units sed, and
paralle trends (fig

Tt 2 is exposel ively
small f the forma- sures
are gre a conformal een the
New Ba) > Mélange. sequence
at eact 1 other exposures, suggesting the
transiliun 1v1um e new vay oo one Dunnage to be an interdigitation

of the two units rather than a simple bedding plane relationship. This
interdigitation is marked by a transition zone that is characterized

by 1) the presence of basic volcanics as at James Island, Stanhope

and Michael's Harbour, 2) the increased intensity of cleavage upwards
in the section from the New Bay into the Dunnage, as observed at all
localities, 3) the presence of a rhyolite porphyry bearing pebbly
mudstone or conglomeratic argillite, and 4) the continuity up section

of mélange lithologies as observed at Stanhope and Mussel Island.






























SW

T

POINT LEAMINGTON

GREYWACKE

—————

R | A\

)

W
S

b
s
\

» P"

3 )
5
4

L
( \
\%\(W (€

<}
Nl
, 7
-
N
'I’
N N
) (
\

RN
N
A

N

2

NEWBAY > =) _&
HARY
G.« / ~ | e NN,

>

Voo
\‘\\\

I\

Figure 7:

~_— @TvmTT e

s
B
et

NE

TTZ=SANSOM =
GREYWACKE ~

—N

\Q’\’_\
=

e e
-
-—
e
e~

DARK HOLE SHALE

—

7/
A S—

Schematic representation and summary

of relationships between the Dunnage
Mélange and surrounuing units (see text)

Gq





























































































This does not deny the possibility that remobilization occurred within

the Dunnage after 1ithification, but supports the concept that the
major aspects of the mé]ange are due to surficial slumping.
Sedimentary downslope movements obviously occurred over a long

Spar\ A€ Fdean FuinnAm Maw: Dawv AAarnAacd+4dAanal +4mac in 1'nt0 the S-i-lhl ,an;

rec; ong period of soft
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beds
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by slumping from the Exploits Group. The latter
process would be less Tikely to allow semi-
lTithification of the sediments.

These observations can be reconciled with a Tong history of down-
slope movement ji1 une Dunnage is viewed as a single, progressive large
scale slump that occurred amidst earlier and later smaller scale
downslope sedimentary movements. The mé]ange, then, would have formed
as a progressive, two phase process that is common to present day land-
slides (Hsu, 1969 The first phase is represented by a long period
of mass creep, where sh ress must overcome the cohesive
strength and internal f f the creeping mass, whereas the second

phase is the detachment anu accual sliding of the mass. In the mélange,

the first phase is represented by internally chaotic argillite rafts




































marked first by soft rock, dominantly extensional, deformation followed
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is the presence of plutonic pebble conglomerates in the New Bay
Formaticn, the Dunnage, and overlying units, indicating uplift in a
source area. Thus the Ordovician-Silurian events in the area mark a
discontinuous and non-penetrative deformation. These events are in
accordance with the Taconic Orogeny of the Appalachians, but rather
than displayed by classical attributes of alaring unconformities or
metamorphic events, they are recorded somewhat successively by the
sedimentary pile. This suagests that the area was a border land to
regions undergoing penetrative deformation (Rodgers, 1971).

The timing of Tater, penetrative events in the area is uncertain.
The two Acadiec " rite bodies in the area pre-date the reagional
penetrative cl supported by cleavage-contact metamorphic
mineral relationstips and dikelets of the aranodiorite effected by the
cleavage. The granodiorite may also predate the Targe scale syncline
present in the area, as neither body cbviously cross-cuts this structure.

This syncline may be related to the penetrative cleavage. The



99

penetrative cleavaae is also locally effected by a kinking cleavace and

kink bands. These events are presumed to be Devonian and related to
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V. REGIONAL INTERPRETATION

The Dunnage Mélange is the most prominent single unit in the Central
Mobile Belt, and as such, has been an integral part of many regional
geologic interpretations. Unfortunately, previous interpretations have
been precocious or biased in regards to data concerning the geological
relationships of the mélange and nearby terranes. Though this study
presents new data pertaining to the local origin of the Dunnage Mélange

its regional geological significance remains equivocal.

5-1 Previous interpretations and salient features

With the development and acceptance of the plate tectonic hypo-
thesis, a preponderance of models have relied on the Dunnage Mé]ange
as an integral component in models for the geological evolution of the
Newfoundland Appalachians. The mélange has been depicted either as an
olistostrome shed from the scarp of a normal fault (Horne, 1969) or as
an olistostrome and/or tectonic mé]ange formed at or near an oceanic
trench (Dewey, 1969; Bird and Dewey, 1970; Horne, 1970; Kay, 1970, 1972,
1973, 1975; Dewey and Bird, 1971; Franks and Helwig, 1973; Payne, 1974;
Williams and Payne, 1975; Hibbard and Williams, 1975; Williams, 1975;
Kennedy, 1975; Williams and Hibbard, 1976). Exclusive of Kennedy (1975),
all those interpreting the Dunnage as associated with a trench, suggest
westward subduction at the site of the mé]ange. A11 workers interpret the
Dunnage as forming any time from Late Cambrian to Middle Ordovician.

Interpretations of the age of the mélange are within the age con-
straints outlined in this study, but in general, explanations of the
significance of the mélange are not well substantiated. The super-

ficial aspect of most of the previous tectonic models can be attributed
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to the lack of data or neglect of important observations. The following
characteristics of the mélange must be accounted for in any regional
synthesis; 1) the components of the mélange and their provenance,

2) the stratigraphic position of the mélange, 3) the mélange as being

a locus of intrusions, and 4) its apparent synchroneity with other
Newfoundland mélanges.

Consideration of these points yields an interpretation that is
bifocal in nature, i.e. the Dunnage can be interpreted as forming in
response to geological events to the west or to activity on both the
east and west flanks of the Central Mobile Belt.

Though its regional significance remains enigmatic, analysis of
these observations allows the portrayal of the Dunnage in a much more
realistic manner than has heretofore been attempted.

5-1.1 Components of the Dunnage Mélange

Constituent blocks of the Dunnage Mélange, almost without exception,
can be linked to the middle Exploits Group. When compared with sub-
duction related melanges, the Dunnage conspicuously lacks blueschist
metamorphism and ophiolitic components, signifying that the Dunnage was
not formed in or immediately above a subduction zone.

Worldwide occurrence of mé]anges is well documented in the
literature (e.g. Greenly, 1919; Doreen, 1951; Bailey and McCallien, 1953,
1963; Renz et. al., 1955; Bird, 1963; Derighi and Cortesini, 1963;

Page, 1963; Audley-Charles, 1965; Stevens, 1966; Bruckner, 1966a, b,
1975; Zen, 1967; Hsu, 1968, 1971; Temple, 1968; Abbate et. al., 1970;
Abbate and Sagri, 1970; Ernst, 1970; Davies, 1971; Dimitrijevic and
Dimitrijevic, 1973; Elter and Trevisan, 1973; Hamilton, 1973; Audley-

Charles and Milsom, 1974; Blake and Jdones, 1974; Cowan, 1974; Fitch and
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and Hamilton, 1974; Gansser, 1974; Maxwell, 1974; Sokolov, 1974; and
Wood, 1974). A cursory review of this partial 1list reveals that melanges
can be subdivided on the basis of constituent blocks which have a direct
correspondence to the genesis of the mélange. Thus ophiolitic and
ophiolite associated mélanges are related to tectonism of ocean floor,
whereas nonophiolitic mélanges reflect tectonism and mass movement in a
variety of terranes.

Ophiolitic melanges are characterized by ophiolitic and non-
ophiolitic fragments mixed in a sedimentary or serpentinite matrix
(Gansser, 1974). The largest and most intensively investigated is the
Franciscan of California (most recently, Hsu, 1968, 1971; Cowan, 1974;
Maxwell, 1974; Blake and Jones, 1974). It essentially consists of
Jurassic-Eocene greywackes, siltstones, and conglomerates which are
chaotically deformed and mixed with scraps of ocean floor and blue-
schist blocks. Blueschist knockers indicate high P/T conditions,
implying that they have been exhumed from great depths within a sub-
duction zone (Ernst, 1970). To the east, the mélange is in tectonic
Jjuxtaposition with a thick sequence of clastic sediments resting on
ocean floor, the Great Valley sequence. Similar mélanges have been
reported in Britain (Greenly, 1919; Wood, 1974) and more recent
examples in the South Pacific (Hamilton, 1973). These mélanges have
all been interpreted as subduction mélanges based primarily on the
presence of blueschists and ophiolites and on regional position, i.e.
steeply dipping imbricate zones 1in tectonic contact with thick clastic
sequences.

Gansser (1974), who reviewed ophiolitic mélanges of the Middle

East and the Himalayas, notes their close association with ophiolite
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belts, and proposes that these zones mark major sutures along which
obduction of ocean floor onto continental crust has occurred. Unlike
mélanges solely attributed to subduction, blueschist blocks are not
strikingly apparent in obduction related mélanges. This suggests that
obducted ophiolitic mélanges signify shallower depths of the subduction
zone (down which continental crust is partially consumed, in this case),
than mélanges containing conspicuous blueschist blocks. Supposed
obduction mélanges also occur generally in more horizontal dispositions
than those interpreted as strictly subduction mélanges.

Previous workers in the Dunnage Mélange have neglected the salient
feature that the mélange is void of blueschist blocks and ophiolitic
components, nor is it immediately associated with any ophiolite body.
Kay (1975) has suggested that a manganiferous sedimentary succession,
structurally underlying the mélange at Campbellton, may represent
pelagic sediments deposited on oceanic crust. This suggestion is not
well substantiated as an ophiolite suite is yet to be revealed in the
area. Blocks in the Dunnage represent the slumped correlatives of the
middle Exploits Group. Thus it is evident on the basis of constituent
blocks that the Dunnage does not conform with subduction or obduction
type mé]anges and must be considered as forming elsewhere other than
in a subduction zone.

5-1.2 The stratigraphic position of the Dunnage Mélange

It has been established in this study that the Dunnage Mé]ange is
a depositional unit that occupies a consistent stratigraphic position
at the base of the northeast part of the Exploits Zone, as contends
Horne (1969, 1970). This fact alone precludes the Dunnage as having
formed as a tectonic mélange within a subduction zone or accretionary

prism.
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The mélange is the chaotic equivalent of part of the Exploits Group
which is directly followed by black shale deposition marking a Carado-
cian interlude in tectonic activity. The shales are overlain by a
coarsening upwards flysch sequence and distinct Silurian sandstones and
volcanics. Immediately to the west, the Notre Dame Zone contains slightly
older rocks on the whole, than those of the Exploits Zone. The lithologies
are dominantly basic volcanic rocks of the Lushs Bight Supergroup that
locally overlie ophiolites, as exposed at Betts Cove. All recent
workers within the Lushs Bight terrane unanimously interpret these
volcanics as representing a Lower Ordovician volcanic arc built on ocean
floor (Horne, 1969, 1970; Mitchell and Reading, 1971; Strong, 1973;

Kean, 1973; Strong and Payne, 1973; Payne, 1974; Williams and Payne,
1975; Strong and Kean, 1975; Strong, in press).

Lushs Bight sedimentary sections are reminiscent of volcanic-
sedimentary sequences of the Exploits Group, such that Horne and Helwig
(1969) postulated that the Lushs Bight terranes, at least in part,
contemporaneous with the Exploits Group. Volcanic lithologies become
increasingly volcaniclastic from the Notre Dame Zone into the Exploits
Group.

In Tight of these facts, the Dunnage Mé]ange and partially
equivalent Exploits Group are situated on the east flank of the Lower
Ordovician Lushs Bight island arc (Horne, 1970; Helwig and Franks, 1973).
This positioning and the chaotic nature of the mélange has led to its
interpretation as marking a Lower Ordovician subduction zone. ATl
previous workers, with the exception of Horne (1969) have neglected the
sedimentary contacts of the mélange with surrounding units.

The general form of present day island arc systems has been
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investigated in detail by many workers (e.g. Mitchell and Reading, 1971;
Karig, 1971, 1972, 1974; Dickinson, 1974a, b; and Hamilton, 1974).
Typical island arc morphology consists of an active arc flanked by a
rear arc basin and a forward subduction zone with an accompanying
accretionary prism. The accretionary wedge consists of an arc-trench
gap basin with a thick clastic sequence, conformable overlapping with
arc volcanics, but in tectonic contact with accreted slabs of subduction
melanges and scraps of ocean floor (Dickinson, 1971; Scholl and Marlow,
1974; Seely et. al., 1974; Karig and Syarman, 1975). This tectonic
relationship between arc -trench gap sediments and accretionary subduction
zone mélanges seems incongruous with the geological situation of the
middle Exploits Group and the Dunnage Mélange as described above, thus
invalidating any interpretation of the Dunnage as a subduction zone
phenomenon.

The conformable interdigitation between the Dunnage Mélange and
Exploits Group signifies that they were deposited either within a rear
arc basin or an arc-trench gap. Dickinson (1974b) notes that the most
important factor in determining the paleogeography of an ancient island
is the regional contrast of facies. Thus similar sedimentary basins
that form peripheral to the arc can best be distinguished by their
association with other elements of the arc system. Unfortunately,
g.v.0gical resolution of the whole Central Mobile Belt is not sharp
enough at present to delineate arc system features other than the
volcanic chain, itself. The exact paleogeographic situation of the
Dunnage therefore remains ambiguous.

5-1.3 The Dunnage Mélange as a locus of intrusions

Quartzofeldspathic and gabbroic intrusions that are localized in



the Dunnage Mélange, as well as in the partially correlative New Bay
Formation, are essentially coeval with mélange formation and thus the
two are probably genetically related. Any interpretation of the mélange
formation must also account for the oricin of these intrusions.

To date, no such intrusions have been reported from mélanges formed
in zones of subduction or obduction. This, too, can be taken as evidence
negating such an origin for the Tunnage Mélange.

5-1.4 Apparent synchroneity of MNewfoundland melanges

The very nature and regional setting of mélanges in Newfoundland
indicate that these units record cataclysmic events, thus they are of
major importance 1in regional geological interpretation. To quote
Williams et. al. (1974) "Their distinctive character suggests that they
conceal an important adjunct to the ageological interpretation of Central
Newfoundland.". The Dunnage Mélange is centrally located between two
other mélance zones which occur in two distinct tectonic settings; one
between and beneath thrust assemblages of the western platform, and
the other flankina the less deformed Central Mobile Belt to the east
(fig. 1n). The formation of these mélances appears to be synchronous
with that of the Dunnage, sucgesting an Ordovician event of grand scale.

Mélanges associated with allocthonous sequences on the Paleozoic
carbonate bank of the western platform are extensive but thin and they
separate structural slices. An ophiolitic mélanae, the Milan Arnm
(Williams, 1975), forms a distinct sheet within the Hare Bay Allochthon
and contains amphibolite, ultramafic rocks and pyroxenite, as well as
normal sedimentary-volcanic blocks, all in a black shale matrix. Other
mélanges at the bases of the upper mafic and ultramafic thrust slices are

marked by ophiolite blocks in a serpentinite matrix. All of these
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mélanges are interpreted to mark zones of movement associated with
emplacement of the thrust slices, which were emplaced by Lower
Caradocian time (Rogers, 1965). Slice emplacement is generally
believed to have occurred along a Lower Ordovician obduction zone
where the North American continental shelf underthrust ocean floor to
the east (Stevens et. al., 1974), the mélanges have traditionally been
interpreted as mass wastage bodies in front of the moving, obducted
klippe, and partially entrapped between individual slices (Stevens,
1966; Bruckner, 1966, 1975), though recently Stevens (pers, comm., 1975)
proposed that these mélanges may have formed tectonically within a
subduction zone where continental crust was being consumed. With
isostatic readjustment of the more buoyant continental crust, these
assemblages were obducted and are now stranded upon the continental
margin.

Flanking the Dunnage to the east, the Davidsville mélange is also
the easternmost unit in the Central Mobile Belt and forms the base of
the Middle Ordovician Davidsville Group in many places. It contains
blocks of greywacke, dolomite and mafic volcanics, but also includes
large rafts of metamorphic tectonites near its base, blocks of
serpentinite, ultramafic rocks and gabbro (Uzuakpunwa, 1974). The
large metamorphic blocks resemble 1ithologies of the immediately
easterly Gander Group, thus leading Kennedy and McGonigal (1972) and
Kennedy (1975) to interpret the mélange as representing a gravity
slide. Studies in this area are far from conclusive, and ultramafic
bodies in the mélange terrane are suggestive of anophiolitic mélange.
The mélange underlies a sequence of sediments including graptolite

bearing grey shales of Caradocian age, thus the mé]ange is Caradocian



or older unless the mélange marks a tectonic slide, whereby it could be
much younger.

Based on the present evidence it appears extremely coincidental
that all of these unique mé]anges in Newfoundland appear to be of the
same general age, i.e., Lower to Middle Ordovician. The seeming
synchroneity of formation of these bodies infers that they record a
single, possibly progressive catastrophic event which had broad reaching
effects, from the western carbonate platform across to the east edge
of the Central Mobile Belt. Considering generally accepted and sub-
stantiated hypotheses of tectonic events in Newfoundland, space and
time relationships suggest that this event was synchronous with the final
stages of obduction of the allochthonous ophiolites and mé]anges of
western Newfoundland. Similarly, as the slices are pictured to slide
westerly off an isostatically adjusting, rising welt, gravity may have
caused massive slumping of the precariously positioned Exploits Group
on the east side of this welt, thus depositing the Dunnage Mé]ange.
Localization of intrusions within the Dunnage may be a result of
isostatic rebound and tensional tectonics. A ubiquitous blanket of
black and grey shale marks a 1ull after the storm and a possible change
in tectonic regime. Early in his investigation of the Dunnage, Marshall
Kay intuitively proposed this very jidea (1966, p. 591), "If the thrust
sheets of western Newfoundland glided off a welt in western Burlington
Peninsula, there should be similar but opposite structures to the east."

The Davidsville mélange may record the far reaching effects of
this uplift, though review of reconnaissance work in this area demands
the entertainment of the hypothesis that a separate event was taking

place in the eastern Central Mobile Belt.
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The map pattern of the Central Mobile Belt suggests that the Dunnage
Mélange and the Davidsville mélange may be continuous in subsurface, as
they form parallel belts which are structurally separated by the Reach
Fault and a sequence of youndger Ordovician and Silurian rocks. However,
two features of the Davidsville mélange refute continuity with the
Dunnage; 1) the content of the mélange, and 2) the possible provenance
of its components.

Unlike the Dunnage Mélange, the Davidsville mélange contains
ultramafic blocks and gabbro, thus it is ophiolitic in nature. The
Gander River ultramafic belt, in places forms the boundary between the
Davidsville mélange and the polyphase deformed Gander Group to the east.
Uzuakpunwa (1974) has interpreted some of these larger bodies as heing
incorporated in the mélange. Also rafts of metamorphic tectonites
similar to Gander Group lithologies occur in this melange. The Dunnage
is void of ultramafic blocks and metamorphic tectonites.

Based on 1ithologic similarities and stratigraphic relationships,
the Dunnage Mé1ange appears to have oriacinated from 1lithologies to the
west and possibly the north. In contrast, Gander Group type lithologies
within the Davidsville have led Kennedy and McGonigal (1972) to infer
the provenance of this mé]ange as being to the east. Thus, source areas
for the two mé1anges suggest opposing directions of transport for
constituent blocks.

Therefore, the position of the Davidsville mélange abutting
against the polyphase deformed Gander Group, its easterly inferred
provenance, and possible ophiolitic associates suggest that this
mélange is associated with a separate event on the eastern margin of
the Central Mobile Belt, that possikly occurred synchronously with

formation of the Dunnage and obduction of ophiolites to the west. It



111

is also possible that the Davidsville mélange marks the juxtaposition
of contrasting basements, as the Gander Group is sialic in nature,
while the Exploits and Botwood Zones may have simatic basement as
suggested by relationships within the MNotre Dame Zone.

Events believed to be analogous with obduction in Newfoundland
are also recorded elsewhere in the Appalachians (Williams and Stevens,
1974; Rodgers, 1971) by comparable allochthonous seduences in Quebec,
New York and Vermont, and Pennsylvania. These have been termed generally
as Taconic events (Rodgers, 1971). South of Newfoundland, lithologies
similar to the Dunnage are unknown, though in Virginia, James Run volcanics
(Higgins, 1972) appear to occupy a time and space situation in the system
similar to that of the Exploits Group and Lushs Bight Supergroup.
Occurrence of similar orogenic events and some analogous lithologies
suggest that the zone of plate convergence proposed for Newfoundland is
represented in other parts of the Appalachian Mountain chain, and it
may thus be a possible reference feature for further correlation
within the system.

Tectonic events responsible for the formation of the Davidsville

mé1ange are not substantiated elsewhere in the Appalachians at this time.

5-2 Summary

The conformable sedimentary contacts and stratigraphic position,
the lack of blueschist, ophiolite detritus or associated ophiolites,
and localization of coeval intrusions all indicate that the Dunnage
Mé]angedidnot form in a subduction zone or accretionary prism.

The Dunnage was deposited either in a rear arc basin, an arc-
trench gap, or a paleogeographic terrane vhich may have served as

both of these parts of an island arc system. The depositional model
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depends on the interpretation of other regional geologic elements,
particularly other mé]ange zones. If based solely on generally accepted
models of the Newfoundland Appalachians, the Dunnage may have formed in
a back arc environment in response to obduction of ophiolites in western
Newfoundland during the Lower Middle Ordovician. If observations focussed
on the Davidsville mé]ange, which are not enhanced or substantiated
other than by reconnaissance studies, are considered, Middle Ordovician
tectonic activity to the east of the Dunnage Mé]ange is implied. Thus
the search for the cause of the Dunnage Mélange is bifocal in nature,
depending on the scope of geological knowledge considered.

The Dunnage Mélange and similar deposits in Newfoundland appear to
be genetically linked, recording a climax during Taconic orogenesis.
In Newfoundland, this period of mobilization may have included penetrative
deformational events on both <ides of the Central Mobile Belt, causing
instability and formation of the Dunnage Mé]ange in the central region.
Southerly analogs comparable to the Dunnage Mé]ange and Davidsville
mé]ange are unknown. These striking deposits record an event in

Appalachian history what must have been a truly spectacular incident.
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APPENDIX I

Major Element Chemistry - Basic Pillow Lavas

% 1 2 3

S1'O2 47.0 52.1 4€.7 48
T'iO2 3.01 1.39 2.93 2
A]ZO3 13.5 20.20 15.10 12.
FeO 15.00 9.91 10.59 9
Fe203 1.82 0.22 2.24 1
MnO 0.62 0.15 0.29 0
Mg0 7.55 3.31 4.26 9
Ca0 8.31 2.22 7.49 10
NaZO 0.66 6.15 4.77 2
K20 0.22 1.12 0.85 1
P205 0.32 - 0.42 0
L.O.T. 2.92 3.62 4.16 2
TOTAL 100.93 100.39 99.80 100.
Trace Element Chemistry - Basic Pillow Lavas
ppm

7r 146 89 218

Sy 339 153 178

Rb 20 a5 34

7n 133 65 736

Cuy 23 101 93

Ba 159 187 245

Nb 10 15 35

Ni-Pb 65 120 66

Cr 43 665 77
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APPENDIX I (cont'd)

Major Element Chemistry - Basic Pillow Lavas

% 7 8 9 10
S'iO2 47 .6 54.0 46.2 48.5
T1‘O2 3.33 2.46 0.50 2.04
A1203 14.70 12.70 10.80 15.6C
Fe0 9.75 12.15 12.40 11.79
Fe203 1.53 2.64 0.42 0.78
Mn0 0.15 0.51 0.56 0.23
Mg0 3.42 3.65 13.80 6.71
Cal 8.40 7.94 7.12 6.30
NaZO 3.73 3.00 0.68 3.23
KZO 1.36 0.45 0.52 2.23
PZOS 0.60 0.96 0.18 0.37
L.O.I. 2.08 1.41 £.84 2.27
TOTAL 100.65 101.87 100.02 100.05
Trace Element Chemistry - Base Pillow Lavas

ppm

Zr 157 124 32 129
Sr 250 177 80 390
Rb 22 19 23 71
Zn 97 151 158 125
Cu 66 11 8 10
Ba 540 317 236 839
Nb 22 20 9 17
Ni-Pb 260 34 437 82
Cr 1054 13 2014 325

]
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Major Element Chemistry - Manganiferous Nodules

PPPENDIX I (cont'd)

%
Si0
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Figure 11: Ca0-Na0O-K20 plot of basic pillow lava
from the §outhwest portion of the
Dunnage Melange
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Figure 14: STEREOGRAPHIC PROJECTIONS
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Figure 15: STEREOGRAPHIC PROJECTIONS
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Addendum:
Since the writing of this thesis, another fossil locality has been

found in the Dunnage terrane. Two conodont species, Protopanderodus

variocostatus (Sweet and Berastrom) and Acontiodus sp., s.f., along

with a variety of unidentifiable brachiopod fragments and crinoid columnals
have been recovered from a carbonate block (S. Stouge, pers. comm., 1976).
The block was collected from James Island by the author.

The carbonate block is coarsely recrystallized and contains
abundant tuff. The single block was situated in a massive, chaotic,
tuffaceous sandstone unit that is over1aih by basic volcanic flow rock
and flow bedded pebbly mudstone. This sequence marks the transition
zone between the New Bay Formation and the Dunnage Mélange. Thus, these
fossils are the first to be associated with the New Bay Formation and
represent the third fossil find in the Dunnage Mé&lange.

The conodonts are black, probably due to thermal metamorphism
related to either nearby Ordovician gabbro or more distant Devonian

granodiorite. Protopanderodus variocostatus has an upper range limit

of lower Caradocian (MNemagraptus gracilis zone); the Tower range limit

is uncertain, though it has been reported as low as the Llanvirnian.
This is a common species in this time range.1 Thus, the age of the
1imestone block is probably lower Middle Ordovician. The age of the
limestone is significant in that:

(1) it is the youngest fossil recovered from the mélange

and its age is in full accordance with the suggested
age of the melange (see chap. 2)

1Bergstrbm, S.M., 1971. Conodont Biostratigraphy of the Middle
and Upper Ordovician of FEurope and Eastern North America, GSA Memoir
127, p. 83-162.



it supports the idea of lateral interdigitation
of the Dunnage with part of the Exploits group, as
discussed in 3-3.

it is the first paleontolocical age determination
for the New Bay Formation, and indicates that
deposition of part of the New Bay Formation, all
of the Lawrence Head Volcanics, and the Lawrence
Harbour Shale were deposited over a relatively
short span of time, as the Lawrence Harbour

Shale contains a typical llemagraptus gracilis
fauna.










