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ABSTRACT

3

‘Middle Cambrian to Middle Ordovician sedxmentary and 1gneous rocks
comprise three sepaTate structural slices and two d1st1nct melange zones
within the southern part of the Humber Arm A]]ochthon at Fox Island River,
western Newfoundland. These overlie a Cambro-Ordovician platformatl
carbonate sequence in aAstratigraphic—structura13succession_as follows:

a) autochthonous Lower Cambriah to Middle Ordovician ca(bonate sequence,
with a prominent Middle Ordovician carbonate breccia’and sﬁa]e unit
at its top;
autochthonous Middle Ordovician clastic flysch unit;

Basal Melange, consisting of sedimentary blocks in a shaly matrix;

allochthonous Middle Cambrian to Middle Ordovician sediments and

structurally associated mafic volcanics which collectively comprise
the lowermost slices of the Humber Arm Allochthon; ]

Medial Melange, consisting of sedimentary, volcanic and gabbroic

biocks in a shaly and tuffaceous matrix;

a]locnthonous Lower Ordovician and older mafic volcanics which form a

8

small media] slice;
a]lpchthonous Upper Cambrian ophiolitic focks which form the uppermosé
slice of the allochthon.

These rocks are covered by Carboniferous sediments and Pleistocene glacial,

deposits. ‘ g

The structural succession is interpreted according to the model of a

stable Atlantic-type continental margin destroyed by ophiolite obduction
and westerly transport of rock units ‘during the Taconic Orogeny. A three-
part history of obduction, uplift and final gravity-sliding .is recognized.
The components and age of easter]y-derived flyschiunits and the melange

-~ 1ii -




/
< .

zones suggests that during emb]acement. 'phe uppermost v\o1canic' and
ophiolitic slices began ‘fina]' westward gravity-s]id.ing first', but that .
tﬁe lowermost sedimentary slice assemblage was detached soon thereeftef
and was first to arrive in the map-area. _

Pre-emplacement deformation consivsts of metamor/phic tectonism wit'hin.

and fragmentation at the base of the ophiolitic slice. Emp]écemént- ‘

7/

related deformation consists of phacoidal melarige cleavages and west-facing
and .verging recumbent folds, which diminish in extent and intensity away

from the base of the allochthon. Cleavage in the matrix of the Basal

Melange and.fo]ds'in the uppermost autochthon are shown to be geometrically

related. Devonian upright folds which are strongly developed throughout
the autochthon, diminish upwa};ds to mild warps in the oph1;oh't1‘c slice.
Post-Carboniferous high-angle faults offset each of the Paleozoic rock
units,

An isolated carbonate sliver at Fox Island River is interp&:eted as
a post-emplacement thrust klippe, though it may be part of the assembled
allochthon, incorporated during latest emp]aéement. '

Volcanic rocks of thé allochthon are sut;avl kaline and tho]eii‘éic,
and are interpreted as seamounts which grew at or near an ancient
continental margin. They were displaced during earliest ophioh‘te
obduction. The volcanic rocks correlate lithologically and structurally
with the Skinner Cové Formation of western Newfound]and, although

there are significant chemical variations between the rock groups.
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INTRODUCT ION

1.1 Location and access

The Fox Island River area covers the southern part of the Humber Avm
Allochthon in- western Newfoundland and spans the contact area between the
allochthonous and underlying autochthonous rocks. The map-area is center-
ed 14 kilometers north of Stephenville and is located on National Topo-
graphic System maps 12B/10E, 12B/15E, 12B/16W and 12B/9W (map 1, back pock-
et). It has an areal extent of&oo square kilometers. The map-area is
bounded to the east by the Precambrian Indian Head Range, to the north by
the Lewis H1Hs, to the west by Port au Port Bay.and to the south by Carb-
oniferous sediments and Pleistocene glacial drift along St. George's Bay.

In the south, inland access is good via coastal highways, gravel and
dirt Tumbering roads, footpaths and streams. In the north, access 1s more
difficult, restr1cted to two overgrown tractor roads leading to the‘va]]ey
of Lewis Brook, and to footpaths along the coast. The for@r bridge a-
cross Fox Island River is presently washed out. Hence all of the northern
portion was mapped on foot, with some helicopter suppor-t into the Lewis
Brook area.

Broad coves riorth and south of Fox Island River allow easy access to
»the superb coastal exposures using-a small open boat. Local fishermen at
the town of Fox Island River provide transport to coastal areas for a mod-
est fee. Except for the strand below Bluff Head, all of the coastline is

accessible on foot at Tow tide.

1.2 thsiographz

The physiography of the map-area is controlled both by differential

erosion and glaciation. Three topographic subdivisions are recognized A

(subdivisions 1, 2 and 3 on Fig. 1). ¢
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Head indicate ice motion towards the southea;t (Cooper, 1936). Late Wis-
consinan ice however was difected away from the interior of the island of
Newfoundland (Brookes, 1970) and may not have been thick enough to complete-
1y cover the surface of the Lewis Hills and western portions of the Long
Range Mountains (Grant, 1977; Brookes, 1977a). |

West and south-moving valley glaciers carved the U-shaped valleys now
containing Lewis Brook and Fox Island River, while dumping clay, sand and
gravel inland as kames'and eskers, and along the coast as outwash deltas.
Contacts of bedrock overlain by glacial sand and gravel are well exposed
along the deeply incised meanders of Fbx Island River, five kilometers up-
stream from its mouth. Pre-glacial undulating topography is clearly visi-
ble. Irregularly eroded bouldery till at the mouth of Bluff Head Brook may
also be Late Wisconsinan in age.

- Marine.shell fragments collected from the kame moraine around Steph-

enville (Robihson's Head Drift) yield a radiocarbon age of 12,600 + 140

years B.P. (Brookes, 1977b), and date Late Wisconsinan deglaciation in the
. map-area.

1.4 Geologic setting

. Areally, the Fox Island River area lies at the southern, and near the
western Timits of all transported rocks within the Humber Zone (Williams,
1976) of Newfoundland (Fig. 2). This zone 'i‘s defined by its Middle Ordo-
vician and older rockg and 1s interpreted as thé ancient continental mar-
gin of eastern North America. The Humber Zone is bounded to the east by
the Bale Verte-Brompton Line (St. Julien et a]., 1976), and to the west
by the western 1imit of Appalachfan deformation‘(F‘lg. 3). Throughout the
Canadian Appalachians, the Bafe Verte-Brompton Line is a major structural

1ineament marked by fragments of oceanic crust.'ophiolitic melange and
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polydeformed and metamorphosed continental rise prism 4;stic sediﬁents.

and is 1nterpreted as the root-zone for transported qu1o11t1c rocks 1y1ng

farther to the west (Williams, 1979a), including tho é in the map area.
The strat19raph1c structural succession in the Humber Zone of

western Newfoundland is as follows:

1) Grenvillian crystalline basement (Indian Hea Range Intrusive Complex
and Long Range Igneous and Metamorphic Compfex; Riley, 1962); |

2)  an autochthonous Cambro-Ordovician p]atfonma] carbonate sequence
and over1y1ng c]ast1c flysch deposits; //

3) allochthonous sediméntsz valcanic rocki/’intervening melanges and
upperrost ophiolitic. nappes of the Humﬂer Arm Allochthon; and

4) neoautochthonous Paleozoic sed1ments/(M1dd1e Ordovician Long P01nt
Group and Siluro-Devonian Clam Bank Format1on) Carbon1ferous,/’/

sed1ments (Anguille, Codroy and Batachois Groups) and Pleistocene

cover deposits.

Intensity of deformation and m amorphism decreases westwards across
the Humber Zone (Williams, 1977; Mdrtineau, 1980) and near the map-area,
little-deformed autochthonous rocks unconformably overlie Grenvillian
basement, ° }/'

Rocks within the Fox I:;7éd River area include the upper levels of the
autochthonous carbonate seq/ nce and flysch units, a complete cross section
through the Humber Arm Alldchthon, as well as minor amounts of Mississippian
{Codroy Group) and Pleisgécene (Robinson's Head Drift) cover. Major
structures trend north~Aortheast and are related to the emplacement of the
Humber Arﬁ‘Allocthon Aﬁring the Middle Ordovician Tacon1c Orogeny, and
subsequent fold1ng/{nd faulting during the Devonian’ Acadlan Orogeny.

1.5. Previous wofk
TLEVIOoUS work

Initial :;f%rences to rocks and to mineral showings in the Fox Island

J/ ‘
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River area date back to the first Eeconnaissance‘surveys of Newfoundland
by Captain James Cook in 1763, W.E. Cormack in 1822, and Joseph B. Jukes
in 1839-1840 (Baird, 1955). Jukes (1842) published the first geologic map
of the island, noting the igneoﬁs rocks of the Lewis Hills {n the map-area.

Alexander Murray surveyed the area in the 1860's, later assisted ahd
su&ceeded by J.P. Howley in the 1880's. They described the siratigraphy.
of clastic sediments north of Bluff Head and carbonate rocks northeast of
Thg Gravels, correlating the clastic rocks with Lagan's Ordovician DRVi- ‘
sion Q (Murray and Howley, 1881). On the Geologic Map of Newfoundland,
Howley (1907) portrayéd most of the central map-area as "$ilurian sediments”
(correct in his frame of reference; equivalent to Ordovician of later wor-
kers) and "Trap Greenstones," and outlined the Léw1s Hi1ls as "Serpentine
and Diorite".

Schuchert and Dunbar (1934) formally named Paleozoic¢ rock units in

western Newfoundland, and outlined several of their units (March Point For-

matfon; St. George, Table Head and Humber Arm series') in the map-area

north of The Gravels. They first reported thru§t faults and crush zones
at Black Point, what is here considered melange beneath the Humber Arm Al-
lochthon. | ‘

Cooper (1936) first pfbposed the name Bay of Islands Igneous Complex
for rocks dnder]ying, from north to south: Table Mountain (Bonne Bay),
North Arm Mountain, Blow-Me-Down and the Lewis H{ills. He considered these
as parts of a single lopolithic layered pluton, intruded. into the Humber
Arm series ddring the Late Ordovician. He was the first to map a thrust
fault along the western margin of the Lewis Hills (Lewis Hills Overthrust),
arid suggested westwards movement of six miles.

Johnson (1941) and Kay (1945) first suggested that clastic sediments
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in western Newfoundland (including most of ihose in the map-area) were
tthst“to the west from a depositional site in the east: This was a
profound breakthrough, but was Targely ignoreg until Rodgers and Neale
(1963) worked out its implications (see below).

Walthier (1949) produced the first lafge-sca]e (1“ to 1 milej geologic
map of the Fox Island Rivet area. He described clastic sediments and
volcanics around Fox [sland anq Little Rivers (then grouped with the Humber
Arm series), but failed to pick up the Tead of Johnson and Kay, and con-
sidered these rocks autochthonous. Significantly, he did map the Lewis
Hills Qverthrust south and eastwards from Bluff Head to Cache Valley.

His mapping is only s]iéht]y modified by present work.

Smith (1958) expanded the dsage of the Bay of Islands Igneous Complex
to include all ultramafic an& gabbroié rockshbetween Bluff Head and Bonne
Bay, thus encompassing gabbros and quartz diorites in coastal exposures

_now considered as genetically distinct, structural slices (Littfe Port
Complex; Williams, 1973).. He also excluded metamorphic aureole Focks,
sheeted dikes and mafic pillow lavas How recoghized as integral parts of
the Bay of Islands Complex (Church ahd Stevens, 1971; Williams, 1973).
For these reasons, Smith;s nomenclature js now modified.

Riley (1962) compiled earlier stratigraphic, structural, paleonto-
logic and aeromagnetic data for the Stephenville map-area (N.T.S. 12B).
His 1:250,000 scale geologic map served as a referehice during remapping
for this thesis. |

Until the'early 1960's, the carbonate sequence and overlying clastic
sediments in western Newfoundland were accepted by most workers as a con-
formable stratigraphic succession. Rodgers and Neale (1963) presented the

. interpretation that the clastic-volcanic terrane in western Newfoundland




.

(inc1uding the map-area) was derived from depositional sites in the east
and emplaced westwards as Taconic allochthons-during Middle Ordovician
time. Their suggestions of klippen boundaries, gravity-slide mechanlsm
and timing of emplacement of these a1]ochthonous rocks remain the founda—

-

tion of modern 1nterpretat1ons

Stevens (1965, 1967) and Lilly (1967) subdivided the allochthonous

clastic sediments in their type area at H r Arm, Bay of Islands.

These rocks are correlative in part with rocks in the Fox Island River

area.
Early on in the study of Jést Newfoundland allochthons, Brickner (1966)
made the critical observation that the Humber Arm klippe (including its
southern extension into the map-area) comprises a stack of structural
slices with intervening "material of chaotic composition and structure":
(= melange). ' : - v
Later, Stevens (1970) focused directly on flysch sedimentation and -
_genesis of the melanges, in part within the map-area, and related these to
a tectonic cycle of ocean birth and destruction. He proposed that carbqn-
ate breccias in western Newfoundland are continentally-derived from the
west and that clastic flysch deposits containing ophiolitic detritus
(Black Cove formation in the map-area) are easterly-derived frpm uplifted,
west-moving Taconic allochthons. Alternative to previous intéﬁpretations
that the Bay of Islands Idneous Comblex was intruded into the Hunber Arm
sedfments and transported westwards with them (Rodgers and Neale 1963;
Williams, 196@), Stevens proposed that these mafic- u]tramaflc rocks are
farther-travelled gceanic crust. Williams (1971) produced compelling
stratigraphic, structural and paleontologic evidence for their west trans-

port, leading Church and Stevens (1971) to interpret them as fragments of

Al

-




el - 12 -

i ’ ocean crust and mantle. This basi;c tenet of modern interpretations is a-
dopted here.
_ Based on work in the Bay aof Islands map area (N.T.S. 12G), Milliams
(1973) reappralsed the Bay of IsTands Igneous Complex as a transported oph-
folitic slice assemblage, He redefined the Bay of Islands Comp]ex to in-.

. - Clude a basal metarhorphic aureole, overlain by serpentinized ultramafic rocks,
interlayered with overlying gabbros, succeeded by sheeted dikes feeding up-
p'ennost pillow lavas. Thi‘s is currently accepted usace and is adopted here.

Williams and Stevens (1974) incorporated and interp}-eted the geology of

the map-area into a much broader framework of an ancient continental margin

continou; along the western flank of the Appalachian Orogen.

e

. Karson and Dewey (1978) and Karson (1979) investigated the Lewis Hills
Massif, subdividing its rocks into thre¢ uni ts,x.from west to east thedir Lit-
tle Port Assemblage, Mt. Barren Assemblage and Bay of Islands Compl-ex.
They proposed-that the western two assemblages along,with an underlying |

- sliver of mafic volcanics (all parts of their Coastal Comnlex) répresent

ocean crust and mantle formed at.a spreading center and deformed along an 1

oceanic fracture zone.
.- The age of the Little Port Complex at Trout River and the Bay of Islands
Complex at Blow-Me-Down was determined by zircon studies as 508 + 5 Ma and
504 Ai 19 Ma respectively (Mattins_dn, 1975, 1976). These dates indicate that
rocks along the eastern side of the Lewis Hills Massif (Bay of Islands Com-
\ plex) and those underlying Bluff Head (Littie Port corr-elativeé; Karson,
1979) in the map-area, formed durﬁ'ng Upper Cambrian time. | :
Mapping in the Serpentine (N.T.S. 128/16) and Shag Island (N.T.S. 12B/
15E) areas, Williams and.Godfrey (1980) distinguished and delineated autoch-

thonous and allochthonous rocks, and subdivided the sedimentary, volcanic

—
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and plutonic rocks that constitute the Humber Arm ATlochthon north and east
of the fox Island River area. Their regional geologic map includes the
Lewis Hills and parts of the Fox Island River area (Schillereff and Wil-

Tiams, 1979). -

1.6 Present study: purpose and scope

This thesis 1s concerned with the extent, nature and boundary rela-
tionships'among rock groups within and beneath the southern portion of the
Humber Arm AlTochthon. The Fox Island River area presents a well exposé;!
cross section through the allochthon, but has never b.érer;‘ mapoed with models
of distant transport in mind. The aim of remapping this area is twofold:
1) fo' separate the autochthonous and allochthonous rocks, and /\

2) to subdivide and delineate the sedimentary, volcanic and plutonic rocks

within the allochthon. The main body of this thesis concerns the reso-
Tution of these two points.. The final chapter involves regional correla-
tion, and assesses the assembly and emplacement of the Humber Arm Alloch-

thon. into the Fox Island River area.

. Field mapping focused maiply on the uppermost autochthc')rnous sediments,

and the sediments, volcanics and intérvging melanges of the Tower two
slices within the allochthon. The dimensions, contact relationships and
components of the melange zones were studied in some detail, since they are
believed to be sensitive indicators of the geologic evolution of the alloch-
thon.- The lowermost carbonate sequence and the plutonic rocks of the upper-
most structural slice are of periphera] interest and were mapped only in
reconnaissance fashion. Air photos and Newfoundland and Labrador Forest
Inventory maps (1:15,840 scale) were used for plotting, and final map com-

' pilation wag made at 1:50,000 scale (map 1, back pocket).

Representative mafic volcanics from the map-area were analyzed using
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atomic absorption and X-ray fluorescence techniques with the aim of compar-
ing these rocks geochemically with similar rocks of the Humber Arm Alloch-
thon,

1.7 Use of the term melange

. / . . - . >
The term melange is used here in a descriptive sense to denote a cha-

otic, heterogeneous mixture of unsorted blocks, set in a fine-grained, com-

monly\pe-litic mat}‘ix. If mode of genesis need be implied, the prefixes

olistostromal and tectonic may be used as suggested by Hibbard and Williams
(1979) and Silver and Beutner (1980). Melange with blocks from the ophiolite
suite is termed ophiolitic melange, following the usage of Gansser (1974)

and Villiams (1977). ‘ '
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IT1. GENERAL GEOLOGY

2.1 Introduction

The Fox [sland River area displays a well exposed cross section through
the Humber Arm Allochthon and 'underl‘ying autochthonous sediments. These
rocks range in age from Cambrian to Middle Ordovician.

The stratigraphic and structurﬂ succession (Fig, 4) is summarized in
ascending order as follows:

(a) an autochthonous Lower Cambrian to Middle Ordovician carbonate sequence
(Kippens Formation, unit 1; unseparated Middle and Upper Cambrian sedi-
ments, unit 23 St. George Group, unit 3; Table Head Formation, unit 4)
with a prominent Middle Ordovician carbonate breccia and shale unit -at
its top (Caribou Brook formation, informal; unit 5);
an autochthonous Middle Ordovician flysch unit consisting of alternating’
gray shale, graptolite-bearing siltstone and greywacke (Black Cove for-
mation, informal; unit 6);
an éxtensive Basal Melange zone consisting of sedimentavy blacks in a
shaly matrix {unit BM); ‘
the a]]ochthonous Humber Arm Supergroup consisting of Middle Cambrian
to Hiddlé Ordovician sediments (unit 7),structﬁra11y associated with
voleanic rocks (unit 8);

a less extensive Medial Melange zone consisting of sedimentary, volcan-
ic and gabbroic blocks in a shaly and tuffaceous matrix (unit MM);

the allochthonous Mine Cove volcanics {informal) consisting ?f Lower
Ordovician and older fragmental mafic pillow lavas (ur\li\t 9);“

the uppermost allochthonous Bluff Head assemblage (info;*ma]) comprising,

Upper Cambrian serpentinized ultramafites(unit 10) apd gabbros {unit 11),

Carboniferous plant-bearing sandstones and greywackes (Codroy Group,
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unit 12) and Pleistocene glacial deposits (Robinson's Head Drift and others,

unit t) uncon'formably overlie the autochthon and lower levels of the alloch-

thon in the southern part of the map-area.

Three subhorizontally stacked structural slices are recognized within
the allochthon, namely the Humber Arm slice assemblage, the Mine Cove slice
and the Bluff Head slice. Pre-emplacement deformation is restricted to the
Bluff Head assemblage. Middle Ordovician syn-emplacement deformation pro-
duced the thrust faults and melanges bounaing the structural slices as well
as west-facing recumbent folds in the Humber Arm slice assemblage. Post-
emplacement open folds of Devonian age decrease in .intensity unwards in the
allochthon, while post-Carboniferous high-angle faults locally offset each
of the allochthonous units.

Structures in the autochthon consist of emplacement-related west-verqg-
ing recumbent folds at its top, along with post-emplacement open folds and
thrusts (Devonian) and high-ang‘le faults (post-Carboniferous).

The autochthonous, allochthonous and cover rocks are discussed separ-
ately below, with an introduction and summary statement for each.

2.2 Autochthonous rocks

Introduction
Autochthonous rocks in the Fox Island River area range in age from

l;ower Cambrian to Middle Ordovician. The carbonate sequence makes up most
of the autochthon and consists of the Lower Cambrian Kippens Formation, un-
separated Middle and Upper Cambrian sediments, Lower Ordovician St. George
Group, lower Middle Ordovician Table Head Formation and Middle Ordovician
Caribou Brook formation. The carbonate sequence outcrops in the south and
‘east of the map-area within onen, northeast-plunging folds which are local-

ly offset and thrust westwards along Cold Brook Ridge. To the northeast,
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isolated rafts of Table Head Formation limestones abut ultramafic rocks and
overlie chaotic sedir_nents of the 3llochthon. These may be erosional cut-
liers of post-emplacement thrust slices, or part of the assembled alloch-
thon.

The Middle Ordovician Black Cove formation is a clastic flysch unit L

which conformably overlies the carbonate sequence and forms the top of the

autochthon. The uppermost levels of this unit have been tectonically re-

moved during emplacement of the allochthon and now appear as blocks in the
Basal Melange. | .
Basal relations of the autochthon are exposed immediately east of the

. map-area where Lower Cambrian shales of the Forteau Formation (Kippens For- .
mation equivalent) unconformably overlie Precambrian basement rocks of the
Indian Head Range Intrusive Complex (N.P. James, pers. comm., 1380), At

the top of the autochthon at western Port au Port Peninsula, the Mainland
“sands tone (in.part equivalent to the Black Cove formation) 1s in strati-
graphic continuity with correlatives of the neoautochthonous Long Point".
Gro.up (Schillereff andlwilliams, 1979). v

ﬁ Each of the autochthonous rock units are described below. Structural

details are presented in Chapter III. ' L

2;2.1 Kippens Formation

Definition and nomenclature

Shales and minor limestones of the Kippens Formation (uri’it 1) are the
oldest rocks in the map-area and form the base c;f the autochthon. Walthier
(1949) originally defined this formation in a section.thfee k1;1ometers up-
stream from the mouth of Romaines Brook (then called Kippens Brook). The

“name Kippens Formatfon is retained here, though it will soon be abandoned

pending definite correlation with the more regional’ Forteau Formation of /




\
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western Newfoundland (N.P. James, pers. comm., 1980).

- 19 -

|
Distribution
e

The K%ppens Formation for;ns an arcuate belt of rocks seven ki]ometérs
long at thq southeastern flank of Table Mountain. Areally it is the least
extensive aLtochthdnous unit in the map-area. Bedding is upright and com-
monly dips gently west-northwest,althoughwhere the unit is truncated by the
Table Mountaln Fault, beds dip steeply towards the northwest and southeast.
One kﬂometer upstream from the mouth of Romaines Brook, unit 1 is over-
lapped unconformab]y by the Carbomferous Codroy Group. Nearby it is cov-
ered by g'lacw] drift.

Lithology, strat1graphy and thickness '

At the type section along southern Romaines Brook, the Kf’ppens Forma-
tion comprises mainly b]ack', gray and brown fossiliferous shale, in beds
up to 15 centimeters thick. These are interlayered with light to dark gray
crystalline limestones ih beds up t‘o 10 centimeters thick (Walthier 1949},
The shales commonly weather brown to purp]e and the limestones buff to tan.
Glaucomte is common throughout

The base of the section is not exposed. The uppermost 220 meters are
cavered, but topographica]lyﬂ continuous with exposed middle strata. The
total th‘ickness of the Kippens Formation is 280 meters (Walthier, 1949).
Age

Shales of the Kippen's’Formation contain fragments of fhe trilobites

Paedeumias and Olenellus. Gray limestone interlayers contain primitive

straight cephalopods and Cryptozoon marine algae. These indicate a Lower
Cambrian age for the formation (walthier, 1949),

Correlation, interpretation and significance

Lower Cambrian black and green shales of the Forteau Formation, litho-
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1ogica11y and biostratigraphically identical to the Kippens Formation, con-
form%b]y overlie a two meter thick unit of cross-bedded sandstone (Bradore
Fornwkionzguhich in turn unconformably rests on the western flanks of the
lndiaAXHead Range Intrusive Coﬁp]ex five kilometers east of the map-area
(N.P. J?mes, pers, comm., 1980). The Kippens Formation and correlatives are
intekpré;ed as continentally-derived,_terrigenous clastics deposited on an

|
irregulaﬁ\surface of Precambrian crystalline rock during the initial con-

structionapf the carbonate shelf along the ancient North American conti-
nental mard@n (N.P. James, pers. comm., 1980). As such, the Kippens For-
mation represents platformal shale deposition on a proto-carbonate shelf.

2.2.2" Unseparated Middle and Upper Cambrian sedimeénts

Definition and nomenclature

Fine c]asﬁic and carbonate sediments (unit 2) conformably overlie the

Kippens Fohnat%on and form a minor, lower component of the carbonate se-

quence in the mgp-area. They are 17Ft undivided because of Tithologic sim-

flarity and poor fawnal control.
Distribution

Unit 2 sediments are traceable for eight kilometers alon§ southeastern
Table Mountain and lie northwest of the Kippens Formation. They are over-
"lapped to the south by the Carboniferous Codroy Group and truncated to the
north by the Table Mountain Fault. Thesé sediments also outcrop three
kilometers to the north, conformable beneath the St. George Group (unit 3)

and again are truncated by the Table Mountain Fault.

- Lithology, stratigraphy and thickness

' Unit 2 consists of a basal 100 meters of massive white and red quartz
sands tone, dolostone and silty shale; and an upper 100+ meters of thin-
bedded dolostone, 1ight gray limestone and fossiliferous ca]careou§ silt-

-
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stone (Riley, 1962); At fossil lgeality F1 (see map 1), thin-bedded sand-
stone and gray-green silty shale are interlayered with lenses up to 20 cen-
timeters thick of knobbly, medium-gray limestone with spar}y calcite.

Five kilometers to the south,'fissi1e gray silty shale is intgr]ay-
ered with rubbly, light gray limestone lenses up to 15 centimeters”ghick.
Current lineations in the siltstones trend north-south.

ThougH there is no continuous section through unit 2 in the éap-area,
its cumulative thickness is near 200 meters.

Calcareous siltstones in unit 2 contain abundant body fossils and ich-
nofossils that indicate a Middle to Upper Cambrian age. At fossil locality
Fl' newly discovered by the author, the most common fossil is the Middle
Cambrian primitive straight cephalopod Salterella, specifically S, obtusa
and S. conulata (identifications by N.P. James, 1979). fheir V-shaped t;sts
generally lie horizontally on bedding surfaces and assume all azimuths
(Plate 3). They are all less than five millimeters long and are now re-

placed by calcite. Trilobite fragments and casts of echinoderm columnals

(eocrinoids?) are also present, though less common.
Ichnofossils include Scolithus tubes up to two centimeters in diameter,

and Monocraterion or Laevicyclus, probably produced by the action of paoly-

chaete worms in shallow water (R.K. Pickerill, pers. comm., 1979).

Correlation, interpretation and significance

The Tower 100 meters of Middle Cambrian sandstones and dg}ostones 1n

unit 2 may be biostratigrdphically correlative with- the Middle Cambrian
March Point Formation (Schuchert and Dunbar; 1934; Walthier, 1949). How-
ever, this lower member is more akin to the Lower to Middle Cambrian Hawke

Bay Formation of western Newfoundland, and formal correlation is imminent

*
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portion of the carbonate sequence in the map-area,

The St. George wa$ originally defined as a biostratigraphic series
(Schuchert and Dunbar, 1934), later mapped as the St. George Group
(Sullivan, 1940; Riley, 1962; Besaw, 1974: Kluyver, 1975; Knight, 1977).
At the type area on southern Port au Port Peninsula, Upper Cambrian
strata previously mapped as basal St. George have been excluded (Kindle
and Nhittington, 1965).

Kluyver (1975), Levesque (1977) and Knight (1977) treated the St.
George lithostratigraphically. Referring to rocks in the map-area,

“Levesque defined three formal members (lower cyclic, middle limestone and
upper cyclig) based on their sedimentology.

Cu#rent]y, the St. George is regardéd as a lithostratigraphic Group
comprising the Isthmus Bay (base), Catoche and Aquathuna (top) Formations
(James et al., 1979). In the present Study, the St. George Group was
mapped in reéonnaissance fashion only, without reference to these integral
formations.

Distribution

The St. George Group underlies the central axis of Table Mountain and
the eastern'parts of Cold Brook Ridge. Its uppermost strata outcrop for
nearly one kilometer along Port au Port Bay just north of The Gravels.

At south Table Mountain, unit 3 dips gently to moderate]y northwest
within the western limb of the broad anticline which folds the entire
carbonate sequence there. At north Table Mountain, bedding dips gently
to moderately, fanning around the noses of two gently northeﬁst-p]unging
anticlines. At thé eastern side of"Table_Mountain, St. George Group

lithologies are juxtaposed with allochthonous Humber Arm Supergroup

sediments (unit:iﬁ along the Table Mountain Fault.
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At Cold Brook Ridge, rocks of the St. George Group dip moderately to
steeply within the 1imbs and noses of moderately northeast-nlunging open
folds.

Lithology, stratigraphy and thickness

The St. George Group consists mainly of buff, pink and white dolostone,
thin to thickly bedded grey to black limestone, and less commonly shale
and chert bands.

Exposed 1.5 kilometers northeast of The Gravels, a prominent Middle

Ordovician disconformity separates the St. George Group from the overlying

Middle Ordovician Table Head Formation (unit 4). Here the disconformity is
“ marked by the abrupt change from thickly-bedded buff dolostones below to
gray rubbly limestone above, and has a relief of 50-60 centimeters. Six
kilometers wést at Aguathuna quarry, Port au Port Peninsula, relief at the
disconformity is four meters, and has been reported as ten meters (Cumming, J
1967), evident before the collapse of the qu&rry wall. .
Bé]ow the disconformity, northeast of The Gravels, 60 meters of thin-

A
bedded reddish mottly-weathering limestones and thicker bedded buff dolo- '

~

stones represent the uppermost beds of. the St. George Group. Nearer The
Grave]s to the southwest, these northwest-facing beds are repeated by south-
east-down high-angle faults.

These upper strata are traceable northeast to Smelt Canyon where over
100 meters are exposed. There they form é dipslope on the western side of
Table Mountain.

An indeterminate thickness of thickly-bedded buff dolostones and thin-

bedded, rubbly, gray limestones with irregular dolomitic stringers are ex-

posed in roadcuts along the eastern parts of Cold Brook Ridge. These are

assigned to the St. George Group based on paleontological and stryctural




evidence presented below.

In the map-area, the St. George Group is thickest at south Table Mount-

ain. Its map pattern and the attitude of its beds indicate a thickness of
300 meters. This is far greater than its 573 meter thickness at Portlau
Port Peninsyla (Levesque, 1977).

Age
A variety of trilobites,'CerStera gastropods, Archaeoscyphia sponges,

brachiopods, cephalopods, other stromatolites and }chnofossils (Schuchert
and Dunbar, 1934; Sullivan, 1940; Levesque, 1977) indicate a Lower Ordovic-
ian age for the St. George Group. Scme rocks east of March Point on Port
au Port Peninsula, originally mapped as basal St. George, contain Cambrian
trilobites and have been referred to the Upper Cambrian Petit Jardin Forma-
tion (Kindle and Whittington, 1965).

At northeast Cold Brook Riage, newly discovered complex vertical and
horizontal worm borings and well-preserved gastropods resembling the Lower '
Ordovician form Lecanospira (corrdborated by E. Yoche]son, writ. comm.,
1979) occur within gritty dolostones and dark gray hackly limestoﬁes (fossil
locality F3). This supports the assignment of these rocks to the St. George
Group.

Correlation, interoretation and significance

The Lower Ordovician dolostones exposed northeast of The Gravels have
. been correlated with the uppermost units of the St. George Group (Upper

éyc11c member, Levesque, 1977; Aguathuna Formation, James et al., 1979).

Dolostones alang the central axis of Table Mountain, coffd¥pably hnder]ying

these coastal uppermost strata, are best matched with the>lower portions of

the St. George Group (i.e. Isthmus ﬁay and Catoch$ Formations). These lower
. ,

‘units are most likely continuous to north Table Mountain Fault.
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It is difficult to place the Lower Ordovician dolostones at fossil Jo-
cality F3 into a specific stratigraphic posit':ion within the St. George Group.
However, they occupy the exposed cores of open anticlines which fold the
.Table Head Formation nearby, and based on the pmbablg distribution of car-
bonate rocks around these folds (Fig. 5), they represent upper strata
in the st. George Group,

The St. George Group represents low energy, shallow marine carbonate
deposition, marking the end of a fnajor transgression and the transition
from open shelf conditions in the Upper Cambrian to mound-rimmed platform
in the Ordovician (Levesque, 1977). .

The Middle Ordovician disconformity at the top of the St. George Group
is not regionally persistent. The contact is conformable at Port au Choix
and Table Point (Levesque, 1977; S. Stouge, pers. comm., 1979)_ In the ,
Fox Island River-Port au Port region, the disconformity represents only
vloca] and temporary emergence, since shallow water conditions are evident
in rocks'above and below 1i, and the time break probably spans less than

the Didymograptus graptolite zone (S. Stouge, pers. comm., 1980).

Thickness variations in the St. George Group. between the map-area and
Port au P‘o-rt Peninsula probably represent variations efther in shape and
width, or rates of deposition and subsidence along the length of the de-
ve]op\_; carbonate she‘lf This follows the common trend of east-thickening
units near the ancient continenta] marg1'n and carbonate shelf edge (Li1y,

1967; Rodgers, 1968),

2.2.4 Table Head Formation

Definition and nomenclature

Limestones and minor shales that unconformably overlie the St. George
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Cold Brook Ridg

ments and melange

Fig. 5: Probable distribution of the Table Head Formation and St. George

Group about post-emplacement folds near fossil locality F3; east
of Cold Brook Ridge
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Group are assigned to the Table Head Formation. They form the thinnest
component of the carbonate sequence in the map-area. '

The Table Head was originally defined as a biostratigraphic series
(Schuchert and Dunbar, 1934; Cooper, 1936; Sullivan, 1940; Ha’lthlier-, 1949),
later mapped as a group (Nelson, 1955; Riley, 1962) and a formation (Twen-
hofel et al., 1954; Whittington and Kindle, 1963). 4

Currently, the Table Head is regarded as a lithostratigraphic forma-
tion comprising the Lower, Middle and Upper members (Levesque, 1977; Stouge,
1980; James et al., 1979). In this study, the Table Head Formation was
mapped 1n reconnaissance fashion only, without reference to these integral
members .

Distribution

The Table Head Formation is best exposed along the coast two Kilometers

northeast of The Gravels., There, its beds dip gently and face northwest.
These strata are traceable northeast to Smelt Canyon, fqrming the gently
to moderately dipping western slope of Table Mountain, and are continuous
to north Table Mountain where they dip moderately, fanning around the noses
of two moderately northeast-plunging anticlines. Immediately to the east,
these rocks are juxtaposed with allochthonous sediments (Humber Arm Super-
group, unit 7) along the Table Mountain Fault.

The Table Head Formation underlies all of Nhaie Back Ridge, where its
beds dip gently, and face southeast. Along the western scarp of this ridge
Table Head Formation limestones are faulted against a]]ochtl;onou;c'lgstics
in the north, chaotic sediments (Basal Melange) in the central area, and
autochthonous shales (Kippens Formation) in the south. Glacial d{rjft covers
unit 4 at south Whale Back Ridge.

The Table Head Formation is thrust above chaotic sediments (Basal Me-
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lange) along the western rim of Cold Brook Ridge. Where Romaines Brook

breaches this ridge, the Timestone beds of unit 4 dip gently to steeply,
and face southwest to northwest, al'ong the truncated western 1imb of a
northeast-trending open anticline (see Fig. 5).

Abutting allochthonous mafic-ultramafic plutonic rocks‘at Big Level,
conspicuous masses of light aray .limestone, tentatively assigned to the
Table Head Formation, overlie chaotic sediments (in part Basal Melange) of
the allochthon. Bedding dips northwest. These masses represent either a
klione of a post-emplacement thrust (as at Cold Brook Ridge), or a strukc-
tural sliver within the assembled allochthon (see Chapter I11; Structura}
Geologv).

Lithology, stratiaraphy and thickness

A complete, though disrunted section of the Table Head Fbrmation is
exposed along the coast two kilometers northeast of The Gravels. Just a-
bove the Middle Ordovician disconformity, lowermost Table Head 11 thologies
comorise dark aray, rubbly limestones and mottled, light aray lime mud-
stones, interlayered upwards with limestones and laminated dolostones.
Higher in the stratiaraphic section, thin-bedded micrites containing spar-
ry calcite bTébs and cherty horizons are interlayered with increasing a-
mounts of shale and calcareous, graptolite-bearing siltstone. The upper-
most strata consist of laminated, graptolite-bearing shales grading into
Coarser siltstones and carbornate breccias of the overlying Caribou Brook
formation (unit 5). Accounting for structural repetition, this c6asta1
section is no more than 150 meters thick (S. Stouge, pers. ‘conm., 1979)
and best represents the thidkness of unit 4 in the map-area.

At Whale Back Ridge, the Table Head Formation consists.of light gray

limestone, interlayered with fine sandstone and siltstone and less common-
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1y, stringers of buff-weathering dolostone. Reddish-veatherina oolitic . |
Timestone float occurs at the southwestern part of the ridge, but may be-
Tong to unit 2. Lithologically, rocks at Whale Back Ridge match best with
#® the central coastal exnosures of the Table Head Formation northeast of The
Gravels.
At western Cold Brook Ridae, dark gray, thin-bedded fossiliferous
limestones with abundant dolomitic partings are lithologically similar to

the dark gray, dolomitic limestones immediately above the Middle Ordo-

vician disconformity. Based on this, and newly discovered fossils listed
below, these rocks are assigned to the Table Head Formation. The contact
betweeﬁ these limestones and underlying St. George dolostones to the east

is unexposed and their thickness is fndeterminate.

Age o v
A variety of conodonts at the base of the Tahle Head Formation (not-

ably Histiodella tableheadensis and H. kristina), brachiopods, echinoderms,

trilobites and graptolites at its top {notably Didymegraptus sp., Crypto-
graptus sp., and §1ossograg,tus sp.) indicate a lower Middle Ordovician age
for unit 4 northeast of The Gravels (Stouge, 1980; Schuchert and Ounbar,
1934; Whittington and Kindle, 1963).l

At a road-metal quarry at western Cold Brook Ridge (—fossﬂ locality
FZ)’ the Timestones assigned to the Table Head Formation contain crinoid
columnals and fragmepts of brachiopods, ostracods (?), and trilobites. A

complete specimen of the trilobite Ampyxoides costatus (Plate 4; identi-

fication by W.D. Boyce, 1979) indicates a lower Middle Ordovician age for

these rocks as well,
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late with the Lower or Middle Table Head member. ‘ ' d
The Table Head Formation wés deposited in su‘ccessivél_y deeper water,

evidenced by very shallow wat,er lime mudstones at its base, grading into

graptohte -bearing shales at its top. Because of its sedimentology and in-
digenous fauna, five d1stljnct deposnwna_] environments are recognized,
name'ly (bottom to top): ’v/strandHne, deep open shelf; upper sTope, lower
slope and basin (James et al., 1979). The shaﬂow marine conditions main-

tained in the underlvmg carbonate sequence came to an end during the early

Middle Ordo 1c1an( so that the Table Head Formation represents deposition i

on a sinking dzarbonate ‘shelf which, by the Llanvirn, had plummetted to
/
oceanic depths.

/

2.2.5 Car,i/bou Brook formation
7

N \ Ly

Defini t1'o'n and nomenclature

Cé{rbonate breccias and siltstones of the Caribou Brook formation
(um{ §) conformably overlie the Table Head Formation and form the conspic-
qus uppermost unit of the carbonate sequence in the map-area.

// These rocks were or1g1naHy assigned to the Cow Head Breccia or the
,/ basal parts of the "Humber Arm series" (Schuchert and Dunbar, 1934) and
were included with the uppermost Table Head Formation (Riley, 1962; Rodgers
and Neale, 1963; Besaw, 1974), Rowever, these rocks form a distinct,
mappable unit, traceable from their \t‘vpe section at Caribou Brook, western
Port au Port Peninsula (Schillereff and Williams, 1979) into the map-area.

Following this usage, these rocks in the study area are §eparated from the

Table Head Formation and referred to informally as the Caribou Brook for-

mation.

L e e
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Distribution

The Caribou Brook formation is best exposed in the map-area south of
8lack Paint Whefe it outcrops for nearly 1.5 kilometers along the coast.
Silty e;nd shaly interlayers deﬁ"ne the attitude of the breccia unit. They
dip gently and face northwest.

The coastal exposures are continuous along the western flank of: Table
Mountain to north Table Mountain, where shaly interlayers dip moderately |
to steeply, fa;wning around two northeast-plunging fold noses. Here the
entire unit appears to thicken. Immediately to the east, unit 5 is juxta-
_posed with the allochthonous Humber Arm Supergroup and Basal Melange alg
the Table Mountain’Fault. |

Along the east side of Cold Brook, carbonate breccias dip gentfy north- \\
west along the fault-truncated eastern limb of a northeast-trending syrcline
(see Fig. 7). ‘

Large rafts of gray limestone breccia, up to 20 meters long, occur in
the Basal Melange alang Fox IsTand River, north of Table Mountain. They '
are assigned to the Caribou Bropk formation based on their lithologic simi-
larities to the coastal exposures of unit 5. Though these rafts have re-

- tained their depositional fabrics, they are now completely &isoriented with
respect to their original attitude. ‘ A

Lithology, stratigraphy and thickness

The Caribou BrooK formation consists mainly of limestone breccias and
conglomerates with minor interlayers of calcareous shaly siltstone at its
ton. Clasts in the breccias are mafn]y medium gray thin-bedded 1imestones,
green-gray laminated siltstones and bufféweathe'rin§ dolostones set in a
finer fragmental matrix of the same 1ithologies. Clasts range in s'ize from T

sand grains to blocks two meters in diameter. Details of Tithalogy, strati-

L4




- 34 -

graphy and sedimentary fabric follow for the best exposures of unit 5 in

the map-area.

Coast south of Black Point
Breccia clasts comprise tabular fragments of thin-bedded, medium gray
Timestone and minor gray fine-grained laminated sandstone, set in a gray

lime matrix. A crude sedimentary layering is present (Fig. 6).

.0,,/Q «, it
‘Zy, o,' carbonate clasts
ﬁa/ 0/170 14

37‘924’ % .4——— fragmental limy

matrix

/

Figure 6: Sketch of crude sedimentary layering in limestone breccias of
the Caribou Brook formation south of Black Point

Near the 0il tanks at the base of the section, clast sizes range up to two
meters whereas upsection c]oser to Black Point, the clasts are commonly less
than 20 centimeteﬁs across, indicating a fining-upwards trend. Laminated,
well-sorted, dark gray, calcareous siltstone interlayers occur at the top

of these breccias. Here the Caribou Brook formation is.30 meters thick.

North Table)Mountain
At its base, exposed between the two anticlinal fold hinges, th¢ breccia

contains angular blocks of medium to dark'gray, rubbly-bedded 1imegtone and




- 35 -

medium gray micrite with sparry calcite, up to two meters in diameter, set

in a fragmerftal silty lime matrix. Distinctive "bouldery" weathering masks
depositional layering.

At its fop, exposed in a small stream east of the eastern fold hinge,
the breccia is finer, its clasts ranging up to 15-20 centimeters, and is
interlayered with lenses of well-bedded, green-gray calcareous siltstone.
Though there is no continuous section in any one place here, the cumulative

thickness of unit § is 250 meters, its greatest thickness in the map-area.

Blocks in Basal Melange i

One half kilometer upstream from the Fox Island River bridge, a 15-
meter Tong raft of limestone bfeccia, assigned to the Caribou Brook forma -
tion, occurs in the Basal Melange. 'It consjsts of irreqularly shaped clasts
of Tight gray limestone and buff weathering dolostone, up to 1.5 meters a-
cross, set in a gritty calcareous matrix. Significantly, some clasts con-

sist of thin-bedded platy limestone sIabs that were folded prior to incor-

porat1on in the breccia (Plate §).

East of Cold Brook

An indeterminate thickness of limestone breccia outcrops in road cuts
9nd gravel quarries east of Cold Brook. Component clasts consist of angular
fragments of gray fine]y-crysta]line limestone ranging in size up to 10
centimeters, set in a gritty gray 1ime matffx. Bedding is indistinct.
Fault-brecciated limestones of the Table Head Formation, not to be confused
with unit 5, occur south of fossil locality Fa and are characterized by
smaller, more equant fragments set in a maroon silty matrix.

On the south face of the quarry in Fig. 7, the basal five meters of
Caribou Brook 1imestgne breccia consists of tabular and platy clasts of gray

micrite with sparry calcite blebs, up to 20 Centimeters in diameter, set in

\
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northeast Table Mountain. ,

It is concluded that the Caﬁ'bou Brook formation: .

1) was derived from the underlying Table Head Formation and partly from the
St. George Group, as disaggregated, partly unindurated beds;

2) was deposited in channels and irregular pockets, in sharp contact with
uppermost Table Head shales:

3) grades upward into calcareous siltstones at its top, possibly reworked
breccia and matrix, and eventuaUy “into overlying micaceous sandstones,
marking a steady transition from breccia deposition to clastic sediment-
ation. |

Age

The Caribou Bropk formation is biostratigraphically brécketed by the
lower Middle Ordovician Table Head Formation below and the Llanvirn-age
graptolite~hearing Black Covehformation above. Um’!; 5 is therefore of lower
Middle Ordivician age. )

Fossils within the ‘matrix of the Caribou Brook breccias were discovered
at two localities, On the south bank of Fox Island River (fossil locality
FS), a gastropod of Lower Ordovician(?) age (E. Yochelson, writ. comm.,
1979) was collected from the deeply weathered gray limy matrix of a Caribou
Brook breccia block in the Basal Melange. Along the east side of Cold
Brook (fgssil locality F4), pentagonal echinoderm columnals and poorly pre-

served gastropods occur sparsely amidst gray-pink matrix fragments. These

gastropods are similar to those in the melangé block, and are probably of °

-
Ordovician age.
The fossils in the Caribou Brook breccias date . the source
rocks, not the age of breccia jenesis. Thus it is consistent to find

Lower Ordovician gastropods, probably derived from the St. George Group,
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reworked and incorporated in the Middle Ordovician breccias.

Correlation, interpretation and significance

-. Westward contjnuations of the Caribou Brook formation on Port au Port
Peninsula are best exposed at Picadilly Head, Round Head and Caribou Brook
(Schillereff and Williams, 1979). At Caribou Brook as in the map-area,
the Timestone breccias are finer, thinner and fewer from base to top.

Immediately nartheast of the map-area, discontinuous belts of Middle

OrdBvician Timestone breccia and shale conformably overlie Table Head For- -

mation limestones (Williams and Godfrey, 1980) and are tentatively corre-

lated with the Caribou Brook formation.
Interpretations of the Caribou Broqk formation must accommodate these
features:

1) breccia ¢lasts and matrix are disaggregated, in part semi-l1ithified beds,
derived mainly from the underlying Table Head Formation and less common-
ly, the St. George Groun;
the breccias were deposited with sharp contacts upon uppermost Table
Head shales which had an irregular upper surface develaoed before or dur-
ing.this deposi®ioun;

3) the breccias were deposited close to their source, at basinal depths;’

4) the entire unit varies greatly in thickness (from O to 250 meters in the
map-area).

These factors indicate that the Caribou Brook formation.accumulated as local-

ized, gravity-induced olistostromes of lithified and semi-lithified Table ‘

Head Formation and St. George Group carbonates, derived from over-steepened

slopes or fault scarps developed atop the carbonate shelf as it collapsed

to basinal depth:% during the lower Middle Ordovician (Fig. 8). /

The dominance of Table Head clasts compared to St. George clasts sug-




Caribou Brook
formatfion breccias’

F1g. B: Sketch depicting propbsed origin of the Caribou Brook formation on top of
" the sinking carbonate shelf
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dests that the relief on most of thesle scarps must have been less than the
stratigraphic thickness of the Table Head Formation, i.e. 150 meters, while
a few higher scarps exposed the St. George Group.

Thickness variations in unit 5 represent variations both in onqmal
olistostromal th1ckness and in the degree of structural removal of its up-
permost levels during emplacement of the allochthon (see Chapter III).

The fining-upwards trend is expectable within thig model. As relief
is lessened through continued slumping,v the tendency toward coarse olisto-
stromes is diminished. Final erosion of subdued scarps and reworking of .
the breccias possibly led to the déposition of calcareous siltstones at
the too of the Caribou Brook formation. Ag well, t‘he olistostromes may

have been recycled several times, yielding successively finer clasts upwards.

2.2.6 Black Cove formation

Definition and nomenclature

- Flyschoid marine sandstones that conformably overlie the Caribou Brook

. -
formation are named the Black Cove formation {unit G)They form the top

of the autochthgn in the map-area.

Simitar rocks in identical stratigraphic positions throughout western
Newfoundland were originaﬁy classed with the Humber Arm series (Schuchert
and Dunbar, 1934), and later réfer.'red to as separate autochthonous flysch
units (Cooper, 1937; Whittington and KindTe, 1963; Tuke, 71968; Stevens, 1970)

In the map-area, these rocks and carbonate breccias of the Caribou
Brt‘)okr‘ formation were grouped in the "Humber Arm autochthon® {Fahraeus, 1974;
Malpas, 1974). This usaqe confuses autochthoﬁous and allochthonous Humbe;"
Arm Supergroup sediments. The autochthonous clastics of unit 6 were also

classed as an ubper unit of the Caribou Brook formation {Schillereff and
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Williams, 1979).

In this study, the pf]ysch deposits are separated from the Caribgu -
Brook formation and,based on a complete section at Black Cove, infsfrmal]y
referred to as the Black Cove formation (unit 6).

Distribution

The Black Cove formation is best exposed in the map-area 1.5 kilometers
south of Black Point where it outcrops for one kﬂométer northwards along
the shoreline of Port au Port Bay. Crossbedding and soft-sediment struc;
tures indicate that these rocks are upright. Bedding dips gently and faces
northwest. ' ‘

Unit 6 is: unexposed along the western flank of Table Mm;ntain, but out-
crops at north Table Mountain where its lower strata dip moderately to
steeply in two broad anticlinal fold noses. Fl.ute and load casts, graded
bedding and ripplesmarks indicate that these strata are upright. East of
the eastern anticline, urﬁt b pinches out against the top of the Caribou
Brook formation along the Table Mountain Fault. At Fox Island River, the
uppermost strata of unit 6 are inverted in recumbenf folds.

At Cold Brook (Fig. 7), the Black Cove formation dips gently and faces
southwest and south, -a]ohg the_western Timb and nose of an open, north-"
east-trending syncline. Mest of Cold Brook, unit 6 is Jjuxtaposed with /
dolostones (St. George Group ?) along a southeast-down high-angle fault.

Litho'lbgy, stratigraphy and thickness

The Black Cove fomat;ion consists mainly of oh‘ve-greén sandstones,
interlayered with shaly siltstones, cherty arQilHtes and coarser grey-
wackes. Minor interbedded limestones and shales occur at it§ top. The
sandstones contain porphyritic basalt fragments and chromite (R.K. Stevens,
pers. comm., 1980). Local details of 1itholbgy, stratigraphy, thickness

and sedimentary structures_,é're given below for the best exposures.

‘ ' -

/

/
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Coast south of Black Point ‘

At its base 1.5 kilometers south of Black Point, unit 6 gonsists of
dark gray, we]l sorted, thin-bedded shaly siltstone, contaj;{%ng small flakes
of detrital muscovite. Upward in the stratigraphic sect%n, olive-green to
gray, fine sandstone 'beds, 10 to.20 centimeters thick, containing atigned
graptolites, are interlayered with gray 1am1'na\ted ‘ 'instone beds, commonly
one centimeter thick.v Detrital mica is abundant/ Cross-bedding and convo-
Tute bedding in the sandstones indicate this fection faces northwest. At
its tpp, one half kilometer south of B]ack, oint, coarser sandstone bedd
are interlayered with shaly siltstones, ndicating an unwards -coarsening

trend. This coastal section is rouqh{y 120 meters thick.

North Table Mountain ‘ ‘/

Basal strata of the ‘BlacA‘I_v"ICOVE formation are well exposed.in a small
"brook at thé base of the wqé{ern .fold, nose at ndr.f:h Table Mountain. There,
unit 6 consists of one g,ehtimeten beds o'f medium-gray, rnitaceous grapto-

Tite-bearing silfﬁtdn'gg}a]ternating with thinner, rusty-weathering shales.

Hell-formed flute cé’éts asymmetric and interference ripple marks, and

graded beddinj/(dwate these strata face northwards. Graptolites are a-

Tigned on bedding surfaces (Plate 8). A
Middle/and uppdr strata of unit 6~outcrop along Fossil Bnook (an infor-
mal name 1n this thesis). There, green-gray micaceous, graptolite-bearing
énes, in beds 5 - 10 centimeters thick, are 1nterbedded with green
che'ty argﬂhtes and shales. Locally, olive-green coarse sandstone lenses
p to 20 centimeters thick predominate. One half kilometer upstream from
 the Fox Is]and River bridge site, tightly folded thin-bedded limestone and
dark gray shale, quite different frow the underlying c1ast1c sediments, lo-

¢ally form the. i:pp of unit 6.
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In summary, the Black Cove formation displays these genera_I charégter-

istics: M

1) consistently alternating sandstones and shaly siltstones are thin-bedded
and fine-grained at the base of unit & an’& coarsen upwards;

2) flute and 10ad casts, convo]ute bedding, asymmetric and interference
ripple marks, and graded bedding are common; -

3} the entire unit varies greatly in thickness a]ong strike (0-280 meters
in the map-area);

4) graptolites are common]y aligned.

Based on these features, the Black Cove formation is interpreted as a

coarsening-uowards, deep-water, clastic flysch dep;osit.

Petrographic indications of provenance

The Black Cove formation is a quartzo-feldspathic flysch unit contain-
ing abundant detrital muscovite, pnd could not have been derived from the
underlying carbonate sequence. .

Plate 9 shows a typical sandstone from the Black Cove formation in
thin-section. Completely unsorted, angular elongate grains of.quartz and
potash feldspar up to two millimeters in length are most common. Finer
grains of detrital, lath-shaped muscovite, plagioclase and potash feldspar,
quartz and opaque minerais (hematit;magnetite, chromite) make up the
fragmental groundmass. Glauconité is common. Subangular lithic fraqments,
up to four millimeters in d1ameter comprISe porohyritlc basalt with plagio-
clase phenocrysts (P]ate 10), _green to purple aphanitic basalt, gray cal-
careous siltstone and green-black shale. -
The source mater‘ial for the Black Cove formaJtion most 1ikely consisted

of quartzo-feldspathic rocks, mafic volcanics and chromite-bearing ultra-

mafic rocks. The Black Cove sandstones are Tithologically identical with

P S
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f]ysch deposits in the Humber Arm Supergroup (un1t 7¢c) which contain
recycled sedimentary clasts der1ved from cont1nenta1 rise prism clastic
sediments (see section 2.3.2. and Chapter IV). For this reason, the
quqrtzo%e]dspathic source rocks of the Black Cove formation were probably
also terrigenous clastic sediqents. Detrital muscovite in these rocks is
thought to have been originally derived from terrigenous crystalline rocks,
deposited with the rise prism ¢lastic sediments and recycled into fhe

Black Cove flysch deposits,

Based on the immaturity of grains,'the source rocks must have been

proximal to the site of deposition. The coarsening-upwards trend jndicates
that the source terrane was encroaching nearer to the depositional site.
Cross-bedded clastic sediments on Port au Port Peninsula, correlative with
the Black Cove formation (Mainland sandstone; Schil]éreff and Williams, 1979),
clearly'show that sediment transport was toward the west and southwest.
| These features indicate. that the Black Cove flysch Qas easterly-derived
from a steadily west-moving sedimentary, volcanic and plutonic igneous '
source terrane. This is the common interpretation for autochthonous flysch
units throughout western Newfound]and (Stevens, 1970).
Age

Graptolites collected from fossil Tocality F9 (south of Black Point),
and newly discovered fossil localities F6’ F, and F8 (see map 1) are
listed in Table 1. These indicate a Llanvirn age (M1dd1e Ordovician) for
the Black Cove formation.

Contact relationships

The contact between the Black Cove formation and the undér]ying Caribou
Brook formation is gradational and conformable. It is marked at the first

beds of clearly alternating micaceous siltstone and shale. This is best
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Table 1: Graptolites in the Black Cove formation

Locality Fauna Age
F5 Amp1exograptus spp. : Llanvirn

(more than one species; \ »

poor specimens)

F7 8 Didymograptus sp. Upper
’ alv?toqragtus sp. ‘Llanvirn
, mplexograptus ? confertus
A. modiceTlus

F9 Didymograptus compressus Upper
D. distunctus Llanvirn

AmpYexograntus mod1ce11us

A. confertus

(Fossil identifications by D. Skevington, Memorial University of Newfound-
land, 1978)

exposed at Black Cove and at north Table Mountain.

The contaét between unit 6 and the overlying Basal Melange is sharp
at Black Cove, but structurally gradational elsewhere in ihe map-area. In
most places the Black Cove formation has reclined folds accompanied by bou-
dinage at its top, gradually disintegrating upwards into melange. For this
reason the tdp of unit 6 is arbitrarily defined as the highest recognizable
horizon 6f alternating sandstone and shaly siltstone, whether boudinaged or

not. . .

Corre]ation, interpretation and significance

Flysch deposits similar to those of the Black Cove formation form the
top of the aufochthonous succession throughout western Newfoundland. The
nearest co}reiativé of unit 6 is the Middle Ordovician Mainland sandstone
at western Port au Port Peninsula (Schillereff and Williams, 1979). It
consists of micaceous green-gray sandstone and shale, conformab1¥ and gra-

dationally overlying the Caribou Brook formation.‘ However, this sandstone

by NS 4w i el S SNMNINENGLY. . &L, | e
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grades upward into beds containing Caradocian-age conodonts (L. Fahraeus, : ‘ ' d
pers. comm., 1980). Therefore the Black Cove formation i; correlated with ;
only the lower pertions of the Mainland sandstone. Mgre distant regional |
correlatives are discussedAin Chaoter 1V. & .

The gradational basal contact of unit 6 marks a steady transition from
ca;bbnate breccia accumulation to easterly-derived 'flysch deposition during
the Llanvirn. Coarsening-upwards trends within individual beds and in the /h

/
entire unit are internreted to represent first distal, then proximal tur-

“biditevdeposition. This implies that the source area was moving steadily /
westwards, closer to the depositional basin. Erosion, transport and depo-/
sition must,have~beenrrapid, since at least 280 eters of Black Cove-straté
accumulated during the Uﬁper Llanvirn, a time span of approx%mately 5 Ma
(van Eysfngha, 1975). |

The thickness variations within the Black Cove'formation-(O—ZBO meters
in the map-area) are 1ﬁterpreted to be varfations poth in original denosi-

' tional thickness and, based on the structurally gradational contact with the : »
Basal Melange, the amount of tectonic removal of .upper, coarser Strata dur-
fng the emnlacement of the allochthon. . ' |

Thus the easter1y—der1ved Black Cove formation flysch deposits stead-
ily, ranidly and proféundly smothered the collapsed ancient carbonate shelf

during Llanvirn time. then were overrun and partially incorporated in thé

£
e —————

“ Basal Melange of the Humber Arm Allochthon.

2.2.7 Summary of the aufochthonous succession

The ‘autochthonous shccession in the Fox Island River area consists of
Ai) Lower Cambrian to Middle Ordovician sedimentary rocks, depo-

, sited upon a carbonate shelf along the ancient continental margin of eastern . t

et it e Ml o B gk
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North America (Stevens, 1970; Williams and Stevens, 1974). The nomencla-
ture, age, lithology, thickness, fauna and general stratigraphy of these
units are summarized in Figq. 9,

The lowermost Kippens Formation (unit 1) consists of Lower Cambrian
‘ sha]es and minor 11mestones deposited on Grenvilljan crystalline basement
rocks. They are correlat1ve w1th the Forteau Formation of western New-
foundland and represent the first p]atfbrma] deposition of the proto-car-
bonate shelf.

Undivided Middle and Upper Cambr1an sandstones and dolostones (unit 2)
represent the transition from cont1nenta1]y derived terrigenous clastics
to the first shallow-water carbonate deposition upon the developing ancient
carbonate shelf.

Thick Lower Ordovicién, shallow marine dglostones of the St. George
Group (unit 3) form the bulk of the carbonate sequence and represent the
transition from open she]f conditions at its base to a mound-rimmed carbon-
ate platform at its top. (Levesque, 1977). The Ioca]i£6cl and short-lived
Middle Ordoviéian disconformity separating similar shallow marine carbonates
of tpe St. George Group and Table Head Formation is not considered region-
ally nor tectonically important.

Variations in Table Head Formation (unit 4) lithofacies and biofac;;&
record deposition in deepening water, stable shelf at its base and basinal
at 1ts top, as the carbonate ‘shelf subsided during the lower Middle Ordo-
vician.

- Larbonate breccias within the Caribou Brook formation (unit 5) repre-
sent sporadic olistostromal stumps from steep scarps developed during horst

and graben fragmentation at the top of this sinking carbonate shelf in
.lower Midglf Ordovician time. Portions of unit 5 were subsequently ripped
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up during the emplacement of the Humber Arm Allochthon and now appear as
blocks in the Basal Melange.

Clastic flysch deposits within the Black Cove formation (unit 6), east-
erly-derived from west-rmoving sedimentary and ianeous source rocks, blan-

!

keted the sunken, fragmented carbonate shelf in the Llapvirn. Upper strata
of unit 6 were also tectonically removed during emplacement of the a]Tc;ch-
thon and appear as clasts in the Basal Melange.

Significantly, graptolites from the too of the Table Head Formation,
and from the Black Cove formationvare essentially of the same age. This
implies that the sinking and fragmentation of the ancient carbonate shelf,
deposition of the Caribou Brook olistostromes, and final covering of the
shelf by easterly-derived Black Cove flysch all occured within 5 Ma (span

of the Upper Llanvirn).

2.3 Allochthonous rocks
R4

Introdiction

Allochthonous rocks in the Fox Island River area form three Separate

structural chés and two discrete melange zones within the southern part

of the Humber Arm—AHochthon. These rocks are Middle Ordovician and older

in age. In the map-area, the allochthon consists of (bottom to top) the
Basal Melang‘ the Humber Arm Supergroup with structurally associated mafic
valcanic rocks, the Hedia] Me]ange. the Mine Cove volcanics and the upper- : : 1
most Bluff Head assemblage. The Humber Arm Supergroun and its structurally

associst_ed volcanics collectively’ form the Humber Arm slice assemblage, | T
which is the Towest and mostextens‘lve component of the allochthon in the  : 1
map-area. The Mine Cove volcanics form a small medial slice. The Bluff
Héad assemblage f‘orms the uﬁéérmost structural unit, named the Bluff Head

"o
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slice. This slice is part of the extensive Lewis Hills Massif north of
the map-area.

Emplacement-related deformation_is most intense near the bottom of
the allochthon. This is expressed as west-facing recumbent folds in the .
disrupted Humber Arm slice astemblage and chaotic deformation within the
melange zones. The Mine Cove and Bluff Head slices are separated by a tﬁin,
intermi ttent zone of deformed serpentinite, developed during slice assembly.
Post-emplacement Acadian deformation is expressed 35 tight folds at the base
of the a]]ochthor;, and as mild warps in the uppermost Bluff Head slice.
Post-Carboniferous high-angle faulting Tocally affects all of the alloch-
thonous unfts.

The base of the gllochthon is defined as the bottom of the Basal Me-
lange. In most places in the map-area, thisrcontact is structurally grada-
tional and tHe interface between the anochthon‘ and the autochthon is ar-
bitrarily delineated where the last recognizable autochthonous beds occur.
Sedimentary rocks of the transported Humber Arm Supergroup are. overlain at
western Port au Port Peninsula by the necautochthonous Long Point Group of
Caradocian (Middle Ordovit;ian) age (Rodgers, 1965; Schillereff and Williams,
1979). .

Each of these allochthonous rock units are described below, with spe-

cial emphasis on both melange zones, the Humber Arm slice assemblage and the

Mine Cove slice. The uppermost Bluff Head slice is dealt with only in

cursory fashion. ' »

2.3.1 Basal Melange
Definition and nomenclature

The ‘Basal Melange (unit BM) consists of widespread zones of chaotically




deformed sedimentary rocks that structurally overlie the Black Cove forma-
tion and form the base of the Humber Arm Allochthon in the map-area.

The Basal Melange was originally rﬁapped as a fault breccia within the
Humber Arm s.eries (Schuchert and Dunbar, 1934; Waltheir, 1949; Riley, 1962).
Bruckner (1966A) first recognized these rocks as a “zone of chaotic structure®
at the base of the Humber Arm klippe and viewed the melange as a surficial
olistostrome (wildflysch). ' Stevens (1970) suggested a tectonic origin for
the chaotic sediments at Black Paoint.

Distribution

The Basal Melange occurs most commonly as broad outcrop belts up to
two kilometers wide, well exposed in the meandering valleys of Fox Island
River and Romaines Brock. Narrower belts are traceable from Black Point
northeastwards along the western side of Table Mountain,‘ and from the val-
ley of Romaines Brook northeastwards along wester_n Cold Brook Ridge past
Phi11ips Brook. A small isolated area of chaotic sediments, assigned to
the Basal Melange also occurs between the high-ang'le fau]ts "bounding Table
Mountain and Whale Back Ridge.

The Basal Melange has an east-dipping pervasive cleavage 1in its shaly
matrix which is .consistently oriented over large distances. This cleavage
dips moderately northwest at Black Point, moderately northeast along central
Fox Island River, and moderately to steeply eastwards along northeast Fox
Island River and Romaines Brook. At the base of Cold Brook Ridge it dips
. gently to moderately eastwards, and west of Whale Back Ridge it is irregular,
dipping steeply both west and southeast.

At Table Mbuntain, the Basal Melange is structurally conformable with

the folded Black Cove formation, suggesting that the Basal Melange has the

gross geometry of a northeast-plunging antiform. This antiform loses clear




definition to the northeast, where only the superjacent Humber Arm 'Super—‘
group- sediments are exposed anﬁ are more complexly deformed. »
Litholoay

The Basal Meiange consists of heterogeneous sedimentary clasts, chao-
tically mixed with a monotonous shaly matrix. Plutonic clasts are absent,
and volcanic clasts are Sparse or absent in the map-area. A slab of marcon
amygdaloidal pillow lava 50 meters long at north Table Mountain, and sever-
al mafic volcanic clasts Jess than.five meters long at Phillips Brook
(H. Williams, pers. comm., 1979) are the only non-sedimentary blocks intthe
Basal Melange as delineated in the map-area.

For the sake of clarity, clast and matrix lithologies are described
separately, bearing in mind that all clast Tithologies are represented as

small chips in the matrix.

Clasts in the Basal Mélange

Completely unsbrted clasts, v'-anging from chips less fhan one centimeter
wide to rafts 25 meters long, make up half of the Basal Melange térrane,
Clastic sedimentary rocks are most common, though carbonate, carbonate brec-

cia and chert clasts occur throughout. Most clasts are monolithic, though

bedded slabs also decur.

Clastic sedimentary inclusions span the textural range from shale to

coarse greywacke. 'Siltstones and sandstones ranging up to two meters in
size are the most common small clasts. They are Tithologically similar to
those both in the Black Cove formation and the Humber Arm Supergroup.- Grey-
wacke and arkose form larger blocks up to 25 meters long. These are litho-
logically similar to coarse sediments of' the Humber Arm Supergroup exposed

south of Big Cove, and probably also represent the tectonically-removed upper
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Thickness

The thickness of the Basal Melange is difficult to assess. Though the

melange is a 1ithostratigraphic wunit, displaying distinguishing lithologic
character‘istics and mappability; it does not display original deposi tional
featurés defining a top or bottom, or a straltig'raphi.c_thickness. The rea-

dily measurable melange cleavage is interpreted to be a tectonic foliation. 4-

It is commonly oblique to the meTange boundaries and is useless in

s

determining thickness. : : :

Enveloping bedded sediments, used to define the overall attitude of
the Basal Melange can also be used to infer 1its thickness. Along central
Fox Island River where its outcrop width reaches two k1lometers. the Basa1 : ]
Melange is bounded by sediments dipping moderately, and may be up to 1000
meters th1ck. However this estimate may be excessive, since comparable, ’ ‘1
flat- ly1nq melanges within the Hare Bay Allochthon are only about 100 meters ,
thick (H. Williams, pers. comm.= 1980). Also,_smce bhe, Basal Melange var-
ies markedly in thicknéss along strike, thickness estimates are only local-
ly meaningful fn the map-area. At Black Point, the Basal Melange appears
to be much thinner, only about 200 meters thick. |

Melange fabric and shapé of clasts

The most striking feature of the Basal Melange is the phacoidal clea-
. vage developed in its matrix. In areas where the matrix is predominant or

clasts are small, this cléavage is remarkably consistent in orientation.

Near large blocks, its attitu;je is irregular and parallel to their_ peri-

meters (Fig.’ 10). This is a common characteristic of most shaly me]anges

(Hibbard and Williams, 1979). Plate 15 shows that me]snge clasts are sur- e
; ) rounded, but never penetrated by this c1eavage. \ : - : /

[ - © Matrix chips are common 1y 1e»n_t=lcu1ar an_d slickensided. Tight meso- t

[
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and down-slope slup folding of semi;lithified sedinents;
. ¢
2) undeformed bedded clasts with ragged borders, most likely disaggregated
portions of originally bedded sediments.

The tectonic effects are:

1) intense phacoidal matrix cleavage with strong developrient of slicken-
sides;

a) lénticu]ar and faceted matrix fragments and some c]as;s;

3) subparallelism of elongate clasts with melange cleavage, probably the
effect of rotation during cleavage development;

4) tight to isoclinal recumbent folds in the matrix whiep are axially co-
planar.with the matrix cleavage. '

Based on these considerations, the Basal Melange is interpreted as a tecton-

fzed olistostrome, although the extent.and relative timing of tectonic and

sedimentary processes aré\indeterminate.

Boundary relationships

The Basal Melange characterisffca]]y has gradational upper‘and lower
_ boundaries, except ;t Black Point where the basal boundary is sharo.
Gradational basal contacts are well exposed half kilometer up-
stream from'the former Fox is]and River ' bridge. There, the underlying
Black Cove fofmgtion displays increasingly intense boudinage, folding,

'faulting and dismembennent (P1ates 16, 17 and .18) across a zone hundreds

of meters wide and abouf 100 meters thick. . The upper contact of the Basal

Melange is best exposed along Romaines Brook, where sediments at the base
of the Humber Arm slice dssgmb]age exhibit this same structural gradation. i

Structures in these boundary zones are most likely related to tecton- o

L

ic processes during the formation of the Basal Melange. Intensity of de- .

formation increases locally where matrix shales are not mixed with coarser

o
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clastics, and where blocks are few and small. The boundary zones appear ¢
to be thicker in the Basal Melange than in the structurally higher Medial
Melange, providing a criterion useful in distinguishing the &vwo.
Age v

The formation of the Basal Melange is viewed as coeval with the
empla}ement of the Humber Arm Allochthon. The possibiiity that fhe/
melaﬁge formed earlier on, during the assembly of the allochthon, pe;;aps
in a far-removed trench, seems un]ikely 6ecause of the absence of
metamorphic effects and the presence of platformal sedimentary clasts
(1 e. breccias of the Caribou Brook formaglon)

The Caradocian age of the neoautochthonous Long Polnt\Qroup (Bergstrom )
et al., 1974) represents an Upper age limit on the emplacement of the
allochthon and the formation of the Basal Melange. Since the Basal
Melange is structurally gradational above, and probably contains clasts
corresponding to the Llanvirn-age Black Cove formation, it seems likely
that the melange developed during the latter stages of flysch deposition.

For these reﬁsons. the Basal Melange is inferred to have formed between

the Llanvirn and Caradoc, i.e. during Upper Llanvirn-Llandeilo time.

Correlation, interpretation and significance

Melanges such as the Basal Melange are fdund along Harry Brook and
Victor's Brook, West Bay, Port au Port Peninsula (Schi]lereff:gnd Williams,
1979). There, some examples contain volcanic blocks.

S1m1laq chaotic rocks form a be]t up to e1ght kilometers wide along
the eastern side of the Lewis Hills Massif (map-unit 5 of Witliams and
Godfrey, 1980). Significantly, these contain local serpentinite and '

amphibolite blocks, 1ndicafing the availability of clasts from the uppermost

structural slices of the Humber Arm Allochthon during their formation.
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In the map-area, chaotic rocks of the Basal Melange are interpreted
to be a tectonized olistostrome 'up to one kilameter thick, formed by
both éedimentary and tectonic processes at the base of the Humber _Ar‘m
Allochthon during its final emplacement. Clast and matrix litholbgies
match both underlying autochthonous and overlying allochthonoﬁé rocks,'
indicating these rocks were all’ nearby during melange formation, i.e.

during Upper Llanvirn-Llandeilo time.

2.3.2. FHumber Arm Supergroup

Definition and nomenclature

° ) - Marine c]astic and carbﬁnate sedimentary rocks of the Humber Arm.
v§u’pergroup (unit, 7) structura]ly overlie the Basal Melange and occupy
> fthe lowest structural shce of the Huniper Arm Allochthon. In the map-aréa, ‘
l:these sediments plus structurally‘ associated volcanic rocks (unit 8)
. :coﬂeétively éonstitute the Humber Arm slice assemb]age.

' : Rocks in unit 7 were originally mapped as the autochthonous Humber
‘Arm series (Schuchert and Dunbar,-1934; Walthier, 1949) and Humber Arm
Group (Rileyy 1962). Later they were recognized as al]ochthonous (Rodgers
, -~ and Neale, 1963), and referred to as the Humber Arm Group (.Bn'ickner, 1966)

. and Humber Arm Supergroup (Stevens, 1970).

Where possib]e‘ in the map-area, formations similar to those within

>

tha Humber Arm Supergroup at the Humber Arm of the Bay of Islands (Curling

i

st Groupyof Stevens, 1970), are delineated and tentatively correlated.
Othe is'e, rocks of unit 7 are broadly assigned to the Humber Arm Supérgroup
without reference to the type area at Humber Arm. b
: ‘ Distrib'ution : )

The Humber Arm Supergroup underhes one third of the map-area. It out-

‘crops cont‘inuously from Black Point to Two Guts Pond occurs southwards from




" bent folds which are most 1ikely emplacement-rélated. Ubstream near Four

Big Cove for three kilometqrs, outcrops discontinuously from the mouth of
Little River to Cache Va11e\y, and outcrops sporadically throughout the val-
leys of Romaines Brook and &;old Brook. The sedimentary rocks display em-
placement-related recumbent \structures‘ overprinted by post-emplacement
Acadian folds and thrusts, and later high angle faults. In overall aspect,
- the Humber Arm Supergroup in the map-area is undulatory, irregular and dis-
rupted.

At Black P01;nt and northward, Humber Arm S._upergrdup sediments dip
steenly southeast, and are overturned to the n'orthwest, as indicated by
poorly-preserved graded beddjng. Towards Two Guts Pond,\ bedding dips steep-
ly to moderately and faces northwest, shown by graded bedding and load casts.
These rocks occupy the nose and Timb of a recumbent anticline facing 'do‘wn-‘
ward to the northwest. | :

Along Little River, the strata dip gently to"moder‘atelly southwar:ds,

and are folded into open, upright south-plunging anticlines and synclines.

. . L

These recumbent folds overprint earlier northwest-verging mesoscopic, recum-

e

r ,
-Mile Hill, strikes and dips vary considerably and bedding is disrupted by .

southeast-trending high-angle faults. Locally recognizable antiforms, of

uncertain relation fo- bemplacement structures, plunge gently west and north-

west. )

From the middle of Big Cove southwards for th'ree k11§meters, Humber
Arm Supergroup sediments ar;e folded into tight, northwest and southwest- .
facing recumbent folds with subhorizontal hinges which parallel the coast.n
The’.se folds typify emplacement-n'latéd structures 1n) the map-area. Macro-
scopic broad warp§ refold these rocks and p1 ﬁnge' gently east and southeast.-

In Cache Valley, unit 7 rocks dip moderately to steeply in various

<
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/.
these greywackes grade into finer, 1rregu1ar1y-bedded olive-green sand-

- Stones. Sole markmgs, graded bedding and cross-bedding indicate that the

r

rocks face northwest. The sandstones are abruptly overlain by an 1ndeter—

RS o T S e 1

minate thickness of maroon and qreen, thm bedded s1ltstones alternatmg
with lam_nated maroon shales, Load casts. thouqh rare, indicate these

siltstone and shale beds also face northwest. )
Sedimentary rocks north of Black Point resemble fhé Middle Arm Point
Formation (Bruckner, 1966) of the Curling Group in the Humber Arm Super-

group at Humbér Arm. These rocks are labelled map-unit 7b, where separab‘le

from other I1tho1ogles

Big Cove
- From Big Cove southwards}, the Humber Arm Supergroup consists of. thick-
bedded greywackes and arkoses alternating wi‘th green and gray shales, At i

Big Cove, thin-bedded maroon and green siltstones alternate with thi‘cké_r:'

o Rt R ome .

beds of coarse olive-green sandstone. Well] developed cross-beds, graded

beds and load casts indicate that these strata face towards the portheast.'

oA e

Ay

Immediately south of B1g Cove, coarse olive"-green sandstones, in beds 30

centimeters to three rnetersrthick alternate with coarse arkose and con;
glomeratic greywackes. The greywackes;contain orthodase and quartz frag— '
ments up to one centimeter, and rounded recycled sandstone ;c]\asts (Plate |
21) up to 50 centimeters in size. Flute casts up to 60 centimeters long

reveal abrupt reversals in tu)g/dfrections and cryptic rechmbent folds.

»

L QG M T

Rubbly gray 1imestone beds 10 centimeters thick occur locally. To the south,

the greywackes grade into finer green-gray sandstones alternating with mar-

e
oy

oon and-green shales. |
The 'sedimgnts south of Big Cove reseinble the Blow Me Down Brook Forma-

tion (Stevens, 1965) at the top of the Humber Arm Supergroup at Humber Arm,

i
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north of Black Point and may be equivalent also to the Middle Arm Point

Formation. .\

b ' : ‘ J
: | -
. If rocks in nor\heast Cache Valley, north of Black Point, and south

of Big Cove represent| respectively the".lowermost; middle and uppermost
strata of the Humber \rm Supergroup in the map-area, as indicated by strati-
graphic correlation with rocks at Humber Arm, then their collective thick-
ness is the best estima\\te of the total thickness of unit 7. The thickness
of strata at northeast (&ache Va]lef)is estimated at 100 meters. The map-
pattern and the attitude\of beds north of Black Point indicate that they are
approximately 750 meters thick. The steeply east-dipping upright str:ata
within Big Cove are appro;ﬁmate)y 80 meters fhic_k. Therefore the composite
thickness of-the Humber Arm Supergroup in the map-area is approximately 930
meters, significantly less t}han previous est‘lmétes of 1525 meters (Walthier,
1949) and 2760 meters (Rﬂey\ 1962). This is probably because the thick
Summerside and lrlshtown Fomations at the base of the Humber Arm Supergroup

at Humber Arm are not represe;lted in the map-area.

Graptolites in Middle Am\Point_ shales north of Black Point 1nd1ca£e
a Lower and Middle Arenig age (‘I.K. Stevens, pers. comm., 1980). Underly-
ing and overlying strata of unﬂ\;l 7 are inferred to be the same age as the
Cooks Brook and Blow Me Down Bro\ok Formations .at Humber Arm. These forma-
tions are Midlle Cambrian and H1t}d1e Ordovician. respectively (Stevens, 1965;
Briickner, 1966). Therefore, the Fluuber Arm Supergroup in the map-area is
coHectively assigned a Middle Cambrian to Middle Ordovic'lan age.

Corre)ation. interpretation and significance

Humber Arm Supergroup sediments at West Bay and Lourdes, Port ,au Port

.//‘\Penin.suh (Schillereff and Williams, 1979) form klippe of the Humber Arm

» 4
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slice assemblage and are sited at the western leading edge of the Humber Arm

Allochthon. They are locally dated as Lower Ordovician (R.K. Stevens, pers.

comm. , 1980) and correlate Tithologically with the Blow r‘ie Down Brook Forma- ™

tion.- Based on erroneous application of graptélite ages; Bonorino (1979)
interpreted these rocks as autochtﬁon;Jus equivalents of the Mainland sand-\
stone. This led to his jarring recent view that there are no allochthonous
rocks n wes tern- Newfoundland. )

.\._'From Lewis Brook north to Serpentine Rivér, tightly folded but intact

sediments assigned to the Blow Me Down Brook, Middle Arm Point and Cooks

Brook Formations (Williams and Godfrey, 1980) represent a continuation of

the Humber Arm Supergroup north o_f‘ the map-area. These nor‘therﬁ; exposures
are beneath and northwest of higher structural slices of the Humber Arm
Allochthon.

Rocks of the Humber Arm Supergroup record the history of an evol ving
Atlantic-type continenta) margin (Stevens, 1970). Basal units are *nter—
preted as westerly-derived rise prism clastics and 1ime turbidite-shale
facies, recording deposition east of an ancient caArtl)onat'e bank. Uppermost
easterly—&erived fiysch deposits relate to the destruction of the ancient
continental margin. ‘

- In. the map area, only the 1ime turbidite-shale facies and flysch de-

'posits are represented (Cooks Brook-Middle Arm Point and Blow Me Down Brook

Formations), while rise prism clastics are represented to the northeast
(Summers ide and Irishtown Formations at George' s Lake; Williams and Godfrey,

1980). The Cooks Brook marine shales ribbon Hmestones and fine limestone

breccias along Fox Island River represent slope deposits (N P. James, pers,
1980) , most Yikely distal turbidites.

comm., They probabl y accunulated

"well east of the ancient carbonate shelf, on too of the rise prism clastics,




g
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and were transported to their present position. The abundant blue quartz,
arkosic detritus and sandstone cobbles in greywackes south of Big Cove
were probably recycled from the Summerside lithologies to the east. Since
flysch deposits in unit 7c and those in the Black Cove forﬁtion are simi-
lar in texture and cho1ogy. the Humber Arm Supergroup was most Tikely the
source for most of the, autochthonous f]ysch as well.

Different formations of the Humber Arm Supergroup occupy the base of
the Humber Arm ‘sh'ce assemblage across the map-area. At northeast Cache

Valley, Cooks Brook Formation rocks overlie the Basal Melange, while at

Black Point, stratigraphically higher Middle Arm Point shales and si'lt—

stones abrupt]y overlie the melange. At Black Point, matrix shales of the
Basal Melange are most Tikely equivalents of -the -Middle Arm Point Formation, .
transposed and atte;\uated along the lower limb of an enp'lacement“-re'lqted
recumbent fold (Fig. 11),

In a general way, the lowest formatio'n.s’ of the Humber Arm Supergroup
are dominant in the east and its uppenﬁost formations in the west. Thus the
basal Summerside and Irishtown Formations are present northeast of the map-
area, the Cooks Brook, Middle Arm Point and Blow Me Down Brook Formations
appear in the map-area, whﬂe‘only the Blow Me Down Brook Formation occurs -

on P.ort au Port Peninsula.

2.3.3 Volcanic rocks in the Humber Arm slice assemblage

Definftion and nomenclature

Mafic v;lcanic rocks (unit 8) which are struttura]ly intercalated with
sediments of the Humber Arm Supergroup, occur Q‘hroughoutv the Humber Arm
slice assemblage and bordéf the Medial Melange.

Unit 8 volcanics wére originally mapped as autochthonous interlayers
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within the Humber Arm series (Schuchert and Dunbar, 1934 Cooper, 1936;
Walthier, 1949) and Humber Arm Group (Ri]ey. 1962). Later they were inter-
Preted as parts of the Humber Arm Allochthan (Rodgers and Neale, 1963) and

integral components of the Humber Arm Supergroup in the map-area (Schiller-

eff and Williams, 1979). Their assignment to the Humber Arm Supergroup is
troublesome, for relationships between units 7 and 8 are everywhere struc-
tural. Furthermore, mafic vulcanism is pot expectable in the depositional
environment of the easterly-derived flysch of the Blow Me Down Brook FOr;
mation equivalents in unit 7, and rocks of the Black Cove formation.
4 Most recently, unit 8 volcanics have beee grouced with the Mine Cove
volcanlc rocks {(unit 9) and interpreted as large rafts in a "mega- me1ange"
bordering the Lewis Hills Massif (Williams and Godfrey, 1980).

In this thesis, unit B is consideréd an independent 11th1c unit within
the Humber Arm slice assemblage, pending further investigation.
Distribution ]

"~ Unit 8 volcanics form discrete morphological ridges bordering the
southern end of the Lewis Hills Massif from Cache Valley to Little River
and at Fox Island. Attitudes of bedding differ radically in each occurrence,
Due to their resistant nature the volcanics do not display emplacement-rela-
ted recumbent folds. However they exhibit local post-emplacement upright
folds and intense high-angle faulting.

Unit 8 forms a prominent ridge 3.5 kilometers long extending from south
‘ Cache Valley westwards to Little River. There it. is fau]tedoaga1nst pluto-
' nic rocks of the4Bluff Head assemblage. Voscanic layering dips moderately

to steeply southwards at the ridge crest and moderately westwards near Little

River. Though bedded tuffs are present facing directions are indeterminate

'
R

a ‘ The:volcanics are offset by innumerable southeast-striking high and low-

ot




angle faults. )
_ At Four Mile Hill, unit 8 vo]é;nic rocks are surrounded By disrupted
Humber Arm Supergroup sediments and faulted against plutonic rocks. uPoofIy’
developed tuffaceous layering dips moderately to steeply in various
directions, and top determinations are lacking. PerQasive high- -angle '
faults dip 1n all directions. A post ~-emplacement north-trending fau]t zone "’
100 meters wide disrupts unit 8 volcanic rocks at north Four Mile H111
Poorly-exposed narrow r1¢ges of unit 8 volcgnics, surrounded by unit
7 sediments, occur just north of the Fox Island'RTve; formerlbridge site.
Volcanic 1ayer1ng at the west end of the thin eastern ridge dips moderate]y‘
to steeply west. The map-pattern of this ridge suggests it may be a
localized doubly- -plunging antiform, most 11kely a post-emp]acement structure.
Unit 8 outcrops from the mouth of Little River northwards for two
kilometers and upstream for 1.5 kilometers, Graded tuffs and well-deveéloped
pillow structures indicate the coastal strata dip steeply amd face south-

eastwards in the south and are overturned tQ the southeast in the nerth,

Local west-plunging anticlines are offset by post-emplacement steeply

*.southeast-dipp1ng reverse faults. Upstream, layering dips moderately east

and southeastwards.

Lithology, stratigraphy and thickness

Unit 8 consists mainly of maroon amygdaloidal basalt, light green
lithic tuff, purple-green-pillow lava and agglomerate. The ahygdalojdal
basalt contains intensely fractured, hydrocarbon-bearing carbonate

inclusions. Copper-bearing calcite veins occur within purple-green lavas,

The stratigraphy within the structural masses can be studied along the

coast, but inland exposure is poor. o ) ‘

South of Cache Valley, indurated green\Vesicu1ar basalts and autobrec-
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ciated massive aphanitic volcanics predominate. These intertongue locally
with chert-bearing lithic "tuffs probably derived fraom the basalts. Amyg-
dules are cormonly calcite and quartz. Locally, fragments of s;verely shat-
tered, tar"ry.mdfble up to 30 centimeter§ in length are wrapped in dark "
lgreen fragmental volcanic rock.. The marbles may have .been incorporated
during eruntion, though the origin of the hydrocarbons ‘is unknown.

At Four Mile Hill, unit 8 consists of 'massive green finely crystalline
basalt, vo]canic— breccia and green to purple coarse lithic tuff, all per-
meated with calcite veins. To the north,along Little River, several pods
of light gray, shattered sparry I ble (no tarry smell) up to two meters
long are enqulfed in massiye 1t. These are’completely isolated and re-
crystallized, indicating that carbonate rocks were included and baked during
bas.alt eruption. Shattering of the carbonate inclusions does not affect
the host volecanics, and probably represents brecciation during the inclusion
process.

For two kilometers north of the mouth of Little River, maroon and dark
purple pillow lavas (Plate 25), dark green lithic and crvstal tuffs, aaglo-
merates containing recyc]ed agglomerate clasts, and‘4massive vesicular and
porphyritic basalts compose the best éxposures of unit 8 in the map-area. -
As a field 'estimate, these rocks are approx%mate]y 350 meters thick, though
faults of unknown dispﬁacement offset these strata. Massive purple basalts

near the northern 1imit contain andesine phenocrysts (Ab56An44) and spheru-

lites of chlorite, calcite, chert and serper;tine (Walthier, 1949). These

rocks are permeated by calcite vejps (P1ate 26) contafning wiry native cop-
per and malachite. Calcite and chert-rich lithic tuffs to the south contain

fragments altered to epidote and chlorite.

Fox Island is underlain by maroon, purple and green pillow lavas, amyg-
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daloidal basalts and agglomerates contammg fragments of andes1te syenite
and granite (Walthier, 1949). These rocks are included in unit 8 because
‘ of lithic similarity with coastal rocks described above. _

" Two kilometers southeast of Big Cove, a four kilometer long mass of
unit 8 volcanics borders chaotic rocks of the Medial Melange. Purple
finely-crystalline basalt, jasper-rich pillow lavas, agglomerates and dark
green tuffs, plus minor shattered, tarry carbonates constitute the mass
and all occur as clasts in nearby melange. Agglomerate on the north s{de
of the mass contains a .poorly- exposed fragment of coarse-grained granite
one meter 1ong. Chert- bearmg tuffs, partially altered to ch]or1te and
ep1dote and permeated with smaH calcite veinlets, are identical to the

tuffs north of the mouth of thtle River,

Contact relationships

Unit 8 volcanic rocks are most commonly bordered by deformed, but intact
Humber Arm Supergroup sediments along narrow. high-angle fault ‘zones, These
fault contacts are ‘best exposed at northwest Four Mile Hﬂl and immediately
north of the mouth of Little River.

At Four Mile Hill, moderately west- 'dipping basalts are in abrupt
fault contact w1th gent]y east dlppmg shales and siltstones across a zone
two meters mde On the coast. steeply ,Southeast-dipping pillow lava and
agglomerate about moderately west-dipping silty argillites across a series
of southeast -dippfng high-angle faults. Sl_jckensides and sﬁty fault
gouge are well-developed. ' : o ' ' ' -

-Two kilometers upstream from the mouth of Little’ River, unit 8 pillow -

lavas are conformab]e with cross-bedded sﬂtstones of unit 7 Both the

volcanics and the sediments dip and face swtheast, suggesting a strati-

5
graphic contact. However, since neither feeder dikes nor apophyses cut Humber
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'Arn_y Sﬂperg’roup sediments anywhere in the map-area, this seems lunlike]y.
Volcanic rocks of unit 8 are also structuraﬂy‘gradational with
v_*) ' .Ehaotic rocks of the Medial Melange. This is best exposed two kilometers
| north of the moufh of Little River. There, basalts and interlayered tuffs
become ljncreasingl_y fractured and dis‘,aggrega/ted northwards, ash beds
c become structurally wrapped around basalt fragments and finally, s]labf
of basalt and pitow lava are mixed with sedimentary and gabbroic clasts
~_amongst the chaotic shaly-tuffaceous matrix within the melange. This
boundary zone is about 60 meters wide and is considered representative of
less well-exposed gradational contacts southeast of Big Cove.

Age

| The “age of unit 8 must be inférred_ since no fossiliferous interbeds
nor cross-cutting feeder dikes are known within the map-area. 'If unit 8
volcanic rocks are structural components 6f the Humber Arm slice ‘
assemblage, as proposed here, then they wust have formed prior to emplace-

. ‘ ment of the Humber Arm Allochthon. Baséd on the Caradocian age of the

v necautochthonous Long Point Group (Bergstrbm et al., ‘1974); the vol‘cam'c

rocks of unit 8 are assigned a broad pre-Laradocian age.

Correlation, interpretation and significance

Unit 8 volcanic rocks are grossly similar to the Mine Cove volcanics

(unit 9) in the map-area, but contain greater amounts of amygdaloidal
basalt and several granite and tarry marble inclusions absent in unit 9.
Unit 8 is everywhere separated from the Mine Cove volcanics by the Medial
Melange as delineated in the map-area, although it is difficult to
distinguish between the volcanic units at isolated outcrops. Geochemically, ' -
the two rock groups are grossly similar (see section 2.3.5.). 1

Volcanic rocks in unit 8 resemble basalts locally interbedded with sediments
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of the Blow Me Down Brook Formation on Woods Island in the Bay of Islands
(Humber Arm Vo]canics of Stevens. 1965, and Bruckner, 1966; Woods Island'
Member of the Blow He Down Brook Formation, Williams, 1973). However,
there are no convmcing stratigraphic contacts in the man-*rea.

The' masses of unit 8 volcanics are interpreted as tectonic sHver.s
within fhe Humber Arm slice assemblage because:
1) they are most cormonly surrounded by and in fault contact with intact

sediments of the Humber Arm Superqroup;

2) they are bordered by and occur as clasts within the Medial Me]ange which

overlies the slice assemblage
The thi%ness and: overall ghape of these volcanic masses is uncertain, though
their morphologic expression suqggests equidimen_sionai smaller blocks and
~ large tabular bodies, \

Any pmposed model for the origin and history of unit 8 volcanics must

account for the fol‘lowing characteristics: ‘

1) abundant pillow lava and chert:bearing lithic tuffs;

2) inclusions of brecciated marble;

3) inclusions of granitoid rqtks, probably as xénoHtﬁS;

4) intense autobrecciation;

5) pre-Caradocian a§e;

6) probable syn-emplacement commingling with Humber Arm Supergroup sedivments;
- 7) occurrence as clasts in the Medial Melange. '

Pillow lava, cherty;tuf% and carbonate inclusfons suogest that unit 8
volcanics were erupted underwater onto ocean floor sediments. Sedimentary
reworking during continued eruption may account for the recycled agglomerate
clasts. Significantly, the largest masses presently occur nearest the ophio-
lite slices. This suggeststhat unit 8 volcanics were spatfally related to

oceanic crustal rocks during obduction and. emplacement of the Humber Arm
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Allechthon.

2.3.4 Medial Melange

Definition and nomenclature

The Medial Melange (unit MM) consists of narrow belts of chaotically
defomed_sedimentary, volcanic and gabbroic rocks that structurally overlie
the Humber Arm slice assemblage and underlie the Mine Cove and Bluff Head
slices of the Humber Arm Allochthon in the map-area.

The Medial Melange was originally mapped as autochthonous sedimentary
and volcanic rocks within the Humber Arm Group (Riley, 1962) or as fault
breccias of those rocks (HHHamson. 1954). Later, the Medial Melange was
included in the Humber Arm Allochthon (Rodaers and Nea]e, 1963) and recog-
nfzed as melange (Schillereff and Williams, 1979).

Distribution

The Medial Melanqe forms Tinear belts less than one kilometer wide, »
best exoosed from Big Cove southeastwards to Little River, and from Lewf»s‘
Brook southwards to Cache Valley. Smaller areas of chaotic rocks assigned
to the Medial Melange occur four kilometers south of Big Cove and in Mine
Cove.

The Medial Melange has a pervasive cleavage and isolated tight to iso-
bcHnaI fold hinges in its shaly matrix. The cleavage 1s not consistentl_y
oriented over large distances and is absent where the matrix is locally
tuffaceous.

Southeast of Big Cove, the <leavage dips steeply to vertically, gener-
ally to the northwest. It dips steeply in all directions at Little River, -
_ nderately east on the easteri side and west on the western side of Lewis

Brook, and moderately to steeply north and west in Cache Valley. Along the

TR Bk Ly 5




- 88 -

.7 . 1
coast south of Big Cove, the cleavage dips moderately to steeply south-
eastwards in the south, and northeastwards in the north.

The Medial Melange is considered flat-lying and conformable with the

undulatory basal contacts of the overlying Mine Cove and BIuff Head slices

“{cross-section A-A* on map 1). Loca]]y north of Four Mile Hi11, Humber Am ‘ E
Supergroup sediments and biﬁ‘ne Cove volcanics adjacent to Fhe Medial Melange
dip steeply east and west, suggesting that all three units are folded into
tight, upright post-emplacement folds (cross-section B-B' on map 1).

Lithology and thickness

The Medial Melange contains the entire range of clastic sedimentary ¢
rocks from shale to greywacke, pillow lava, amyndaloidal basalbt, 1ess- com-
monly pink crystalline dolostone and tarry shattered marbte, and rarely ‘
aabbro. The matrix is of black, gray and green shales and locally of Tight
green gritty fragmental tuff. Clasts range up to 30 meters in stze. No |
ultramafic nor serpentinite clasts are noted.

For clarity, clast a_nd matrix 1ithologies are described separately,
tho.ugh all clast Tithologies except gabbro are present as small chips in

the matrix.

Clasts in the Medial Melange

Unsorted clasts ranging from less than one centimeter to 30 meters

ERL RN s .

in size, make up less than half of the Medial Melange terrane. Clastic sedi-

mentary and volcanic blvocks are most common. Gabbro blocks were found only

‘at two Jocalities (southeast and south of Big Cove). Most clasts are mono-

1thic, though seme are bedded. Clasts from the best exposures are describ- )
ed below. » {
At central Lewis Brook, clasts range up to 10 meters . and are |

most commonly angular slabs of dark green to purple porphyritic basalt,

<
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rounded green micaceous sandstone, clean quartzite and blue quartz-bearing

greywacke. - The basalts match those .in unit 8 and the greywackes are iden-
tical with those in unit 7c.(Blow Me Down Brook Formation) within the Hum-
ber Arm supergmup- Downstream to the north, greywacke and {nterbedded
shale -and siltstone blocks resemble the Humber Arm Sunergroup sed'lments at
Black Point (Middle Arm Point Formation).

In Cache Va'lley, lenticular c]qsts ranaing —.up to Foﬁr meters,
are most commonly greywacke, laminafed silty argillite, and interbeddeq
shale and platy limestone breccia. The shale-breccia blocks are identical -
to Cooks Brook Formation cho'log1es 1rrmed1ate1y to the east at Fox Island
River.-

Northwest of Four Mile H111, angular eq.uant clasts are fewer and small-
er than elsewhere in the Medial Melange, though some reach 20 meters 1n~ dia-
meter. Most commonly, they consist of gray 1imy siltstone, greywacke, llam-
inated argﬂlite and massive recryvstal«\lized marble. The argillites resem-
ble the "t'igér-'striped" laminated argili?tes of the Humber Am Supergroup
along Romaines Brook. The marbles are similar to carbonate xenoliths 1in
unit 8 volcanics. ',

&ear‘er to Big Cove, volcanic clasts are more abundant, a'long wiih grey-
wacke sedimentary clasts. Rafts of pillow brecé¢ia and aoqloneratem to 30
meter§ Tong, match those 1in the Mine Cove volcanics adiacent to the north.
Blocks of maroon pillow 'Iava and basalt, veined with jasper and calcite,
~and tarry fractured marbles are 11thologically identical to unit 8 volcanics
'Imned'iateiy to the south.

A rounded gabbro clast within fragmental green tuff occur§ two kilo-

meters up the southern streagrat Big Cove (P1ate 27). In the midd_le stream

. to the north, blocks of porphyritic basalt up to 20 ‘meters long, with dense-

Al g R i g T







- 91 -

of the Hedial Melange lacks sedimentary structures, parallels the perimeter
of large blocks and weathers: recessively Where cleavage is developed in
.the sha1es. it is not consistently oriented over large distances and ap-
pears to be subparallel to the upper and lowep boundaries of the nnlange
Where the matrlx is tuffaceous, no cleavage is developed. The tuffs re-
semble the chlorite and ep1dote bear1ng tuffs both in the under1y1ng unit

8 volcanigs and overlying Mine Cove volcanics, and were probably derived :
from them,

- The thickness of the Medial Melange s indeterminate, Hotever.:sincé

it is much less extensfve, it §s probably thinner than the Basal Melange.

- At north Cache Valley, the thickness of the Medial.Melange is estimated at

1ess than 200 meters.

Boundary relationships

The Medial Melange has a narrow, strdcturally gradational basa] bound-
ary, well-exposed along the coast opposite Fox Islend There, it 1s marked
by the gradual disintegration of massive volcanics of unit 8 to the south,
zggjthe increasing dismemberment and rotation of'bedded Humber Arm Super-
group sediments to the north. These zones are 1ess than 60 meters wide and
of lesser but unknown thickness. The basal contact is covered by glacial
drift at Big Cove and is poorly exposed inland. ‘

The upper boundary of the Medial Melange fs best exposed in small
streams dissecting the eastern valley slopes of central Lewis Brook, 'There,
the contact between the melange and overlying serpentinites and gabbros of

the Bluff Head assemblage is a sharp subhor{zontal thrust fault, marked by

- an abrupt steepening in slope and upwards cessation of dense vegetation.

South of Bluff Head, the Media) Melange 1s 1n abrupt fault contact with pil-

Tow lavas‘of the Mine Cove volcanies along poorly-exposed, northeast-dipping
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- . _ . , .
reverse fau1fs.
_ The agé of formation.bf the Medial Melange is-assumed to be roughly-
synchronous with that of the Basal Melange (see section 2. 3.1). As with
the Basal Melange, the Caradocian ane of the neoautochthonous Long Point
Grouo (Bergstrdm et al., 1974) places an uoper age 1imit on the formation ‘
of the Medial Melange. fireywacke blocks wh'l‘c‘h'ar'e' lithologically fdentical
"to those in the Unner Arenig Blow Me Down Brook Formation (R. K. §tevgqs.

oers comm. , 1979) imply that the Medial Melange was fonn1ng between Upper

Arenia and Llandeilo time,

" Correlation, internretation and sianifiéanbe
| A narrow belt of dominantly volcanic blocks in nET/Hae east of the
Lewis Hills Massif (mep- un1t Sa of Williams and Godfrev, 1980) is litho-
loglcally similar to and areally along strike with the Medial Melanqe. How-

ever, those chaotic rocks were mapped as part of a mega-me1ange,def1ned on
a much broader‘sca1e than nelanqe;-iﬁ the map-area. The 1nc1usioﬁs as de-
11neated, uo. to four kilometers 1ong, are two trders of magnitude greater
than the 1arqest blocks in the Medial Melange. Refinement and direct cor-
relation of thgse chqotic zones awaits further study.

In the inap-area, chaotic rocks of the Medial Melange afe interpreted to

be a thin, fnterml ttent melange, less. than 200 meters thick, forméd between

the Towermost Humber Arm slice assemblage and uopermost Hiné‘Cove and B]pff '

" Head slices during Upper Arenig to'Llandei[o time. The melange contains

sedimentary, volcanic and gabbroic é}asts{ and tuffacggus mafrix, matchable

and grobably dér1ved from rocks 1n'ihese overlvina and underlyina slices.

In Cache Valley, limestone breccia Elasts derived frj:f}he Cooks Brook For-
el

mation (unit 7a) increase in abundance’ nearer to th probable source at

e
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Fox Island River. Thiﬁ'typifies the genera]*rt]ationship betweeh most
clasts ana thef? source areas, throuqhout the Hedial Helange However,
the suail size and roundness of the gabbro clasts indicates that they under-
went extgpsxqé sedimentary trapsport nrior to their incorporation within .
the Medfal Melanae. The scarcity of gabbro blocks and lack of ultramafic’ .
clasts implies that availability of debris from the Bluff Head slice was
©very restricted during formation of the Medial Melange. A modelvéccomeT'
’dating these factors is-given in Chapter 1V. ”
The Media] Me]anqe represents an 1mportant zone of transoort and cha- ¢
- otic deformation implying, by its medfal position within the Humber Arm
L lngllochthqn, ;hat the uppermost Mine Cove and Bluff. Head slices moved inde-
péndent1y'of the lowermost ﬁumber Arm slice assemblage during assembly and
emp1acenént. Its thin nature, compared with the Basal Melange, may be due
" toa pauciﬁy of easily deformable matrix protoliths, or a general tendency

k!

. " for thinner melanges to form upwards in the Humber Arm Allochthon.

*2.3.5 Mine Cove volcanics

Definition and nomenc1ature

Broken pillow lavas and tuffs form a conspicuous Gnitg,structural]y o

above the Medial Helapg; and beneath the Bluff Head slice of the Humber Arm
;l1ochthon. These rocks are tenme& the Mine Cove volcanics (unit 9) and
form the Mine Cove sljce.

The Mine Cove vqicanics were originally mapped as minor interlayers ‘ B
within the auéochthonous Humber Arm series (Cooper, 1936; Walthier, 1949),
or grouped with unit 8 volcan1cs and much of the Medial Melange in the Hum-
ber Arm Group (Riley, 1962). Later, the volcanics were 1ncluded within the s 1
Humbgr Arm A]]ochthoﬁ (Rodgers andyNea1e, 1963}, and 1solated as the ﬂine ' B

Cove volcanics, constifuting the Mine Cove slice (Schillereff and Williams, e
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1979), Karson (19?9) correlated these volcanics with the Skinner Cove For-

- matfon of western Newfoundland (Hi1liams, 1973). Most recently, the Mine ‘
Cove volcanics, along with unit 8 volcanics, have be;h arouped togefher
as structural ches and blocks in melange (HilHams and Godfrey, 1980)

In this study, the Mine Cove vglcanics are considered a separate struc-
tural unit beneath the Lewis Hills Massif, and are distinguished from unit
8 vo1cagics Qased on their spatial separation qz opﬁosite sides of the Med-
1ai Melange and subtle cho_logical. differences.’
Distribution‘ ' - s

The Mine Cove volcanics are easily 'mappab1é from the base of Bluff Head
northwards past Mine Cove to the mouth of Lewis Brook, and southeast almost
“to Four Mile Hill, 'They outcrop foi‘ three kﬂometers uostream'from the
mouth of Lewis Brook but are more restricted than previously depicted
(karson, 1979). ‘ . . .

" Volcanic layering 1;|' agglomerates and tuffs’'of the Mine Cove volcanics
dips mderateY-y to steeply east and northeast arouﬁd Bluff Head, modérate]y
west\at Mine éové and 'gently east and west at northern Lewis Brook. A frac-
ture cleavage is we;kly developed in massiye portions;soutﬁeast oé Bluff
Head and dips ;ertically to steeply southwest. Well-preserved pillow lavas
at northern Lewis Brook indicate that the Mine Cove volcanics are uprighi
and essentially undeformed. _ .

Emphcement-rehted structures are restricted to thrust faults which
bound the Mine Cove che. North of Four Mile Hi11l, the Mine Cove volcanics
are locany folded into nart of a post-emplacement tight, upright synform
and are offset by a nost-enplacement high-ang1e fault.

The Mine Cove volcanics occur beneath and west of the Bluff Head assem-

blsge alonag the coast. They thin from Bluff Head to northern Lewis Brook,
. -
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age qraptohtes from the similar sze Onidn Formatwn at Hare Bay (Hﬂhams,
1971) suggest a Lower 0rdov1c1an aae for the Mine Cove vo]camcs Lacking

a maximum age, the Mine Cove volcanics are considered Lower Ordovician or

older in age.

/ » .
Comparison of the Mine Cove volcanics with similar rock qroups

Geological comparisons

The Mine Cove volcanics resemble mafic volcanics of the Little Port
Complex in the Bay of Islands area (Williams, 1973; Baker, 1978), the Skin-
ner Cove Formation between the Bay of Islands and Bonne Bay (Troelson, ],947
HMilliams, 1973; Baker, 1978), and the Cape Onion Formation at Hare Bay (Wil-
liams, 1975b), These volcanic units form structural slices beneath or west
of the higher ophiolite slices of the Humber Arm and Hare Bay Allochthons,
as does the Mine Cove slice in the map-area. The 1mportant geological char-
acteristics of all these rock groups are surmmarized in Table 2.

Geochemical comparisons

In order to compare the primar;' magmatic affinities of volcanic¢ rocks
in the map-afea with other transported volcanic rocks in western Newfound-
land, a representative suite of basaltic rocks (five from the Mine Cove vol-
canics, four from the volcanics of unit 8 and one basalt clast from the
Medial Melange) was analyzed for se]e‘cted major and minor oxides and trace
elements (Table 3). Analyses were made using atomic absorption and X- ra_y
fluorescence techniques.

In accord with Baker (1978), the least mobile elements and oxides were
used in comparing' the primary magmatic affinities among rock groups $imilar
to the Skinner Cove Formation. These elements are: Ti, Nb, ¥, Zr, V and

P?O5 Major element oxides such as Na20 and K 0 are unsuitable because of

their rnobﬂity durfncr post-formational alteration and metamorphism. The

N
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Table 2: Geological characteristics of the Mine Cove volcanics and similar rock ffoups in western Newfoundland

HUMBER ARM ALLOCKTHGOCN

P¢— HARE BAY ALLOCHTHON —»

M{ne Cove volcanics

Skinner Cove Formation

Lttle Port Complex

Cape Onion Formation

L r Ordovician or
oTder

Pre-Middle Ordovician
(Baker, 1978; Williams
1943}

Upper Cambrian - Lower
Ordovician smutnwnlﬂs.
Nilltame 19733)

Upper Cambrian - Lower
Ordovician
(W11 1ams 1971)

Lithology

Purple + green pillow brec-
cla, agglomergte, tuff:
winor amygdaloidal basalt
+ l{my s11tstone

Mafic pillow lava, red ag-
alomerate, Yatitic flows,
carbonate-matrix agglomer-
ate; minor gray shale +

Timestone (Williams 1975b)

Metagabbros ¢ amphibolites
(oldest); sodic granite +
intrusfon breccia; green

+ red mafic pillow dreccla
¥ unseparable mafic dikes;

?ray silicic flows + tuffs

Will{ars, 1975b)

Black-green pillow ba-
salts, agglomerate +
tuff; minor black shale
(W{1liams, 1975b)

Thickness

w to 150 m

20 m (Baker, 1978)

1000 m {Williams 1975b)

Magnetic
signature

Sporadic highs

{6,5.C. 1%=1mi, um

Pronounced high
(J. Hodych pers.comm.1979)

Broad lows + highs
(G.5.C.1%=1mi, mag. maps)

Low [one locatized high

Metamorphism

Chlorite grade

leolite facifes: .’-Z'T)OoC,
P=2-3 Kbar
(Baker, 1978)

Arphibolite facies (in
aabbros); prehnite-purpel-
lyite facies (in younger
volcanics)(Baker, 1978)

G,$,.C, 17"1mi. mag. raps

zea)ite (17)

Structural
aspect ¢
Georetry

Autobrecciated.
wes t~-thickening, fault-
bounded wedge

Internally undeformed;
SE-facina, west-thickening
slivers

autobrecciated volcanics
i{n steep contact with high
1y deforred, SE-dipping
metagabbros; coastaé
wedoes

Relativelyv undeformed;
moderately NE-dipping
sliver (Pistolet Bay)
{Wil1tams, 1975b)

Distridution

Nearly continuous for 12
Kr at western edne of
Lewis {115 Massif

-

Discontinuous linear occur-

rences at western edoe of

?8"’" Arm + ;able'ntn
aker, 1978 .

Continuous elonaate coastal
occurvences: Bonne Bay to

Chimney Cove, Bay of Is. to
Serp, Piver(Williams, 1971)

Continuous for 11 Kmr,
north and separate from
White Hills massif
{Jamieson, 1379)

Tectonic¢
setting

Small medial slice above
sedimentary slices; west of
+ beneath ophinlice slice

Small medial slice above
sedimentary slices; west of
+ bensath onhiclite slices

Medial igneous slice assem.
mainly or %op of sed., slice
adjacent + west of ophio-
1ite <lices

Hedial volcanic slice,
above sedimentary slices;
struc. beneath gphiolite
slic n

Geocherical
affinity

Suta'kaline + tholetitic?

#{1dly alkalic, differens
tiated

(Baker, 197R)

Subalkaline + tholei{tic*
(Baker, 137R)

Transition between
alkalic » tholefitic*

{Jarieson, 1979)

* see discussion of irrotile element geochemistry of these groups and others in section 2.3.5




Table 3: Geochemical data for mafic volcanics in the Fox Island River area

Sample SiO2 (wt. %) T‘IO2 (wt. %) PZOS (wt. %) No(ppm) Zr(ppm) Y(ppm) V(ppm)

87 30 334
59 28 220
83 22 230
62 28 291
168 47 377 -
176 39 312
40 24 455
11 29 232
69 38 425
36 13 95

7827 (U8V) 45.9
8052 (uav) 38.2
80710 (L8V) 54.1
8304 (UgV) 45.9
80610 éch) 51,7
81512 (MCV) 45.9
8175 (MCV) 46.7
8188 (MCV) " 52,8
82810 (MCV) 52.3
8171 (MMB) " 46.1

0.09
0.05
0.13
0.14
0.22
0.31
0.07
0.15
- 0.06
0.03

)
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Mcy Mine'Cove volcanics (unit 9)

usv Unit 8 volcanics

.

MMB Medial Melange basalt block (unit MM)
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immobile elements were plotted against anhydrous 5102 to determine compara-
tive chemical variation trends (Fig. 12), and plotted against combinaticns
of each otheri to discriminate mafic rocks of alkaline affinity from those
of tholeiitic (i.e. subalkaline) magmatic affinity (Figs. 13 and 14). The
fields of data for similar rock groups are also plotted on these f1gui"es

(after Baker, 1978).

Immobile elements versus 5102 (Fig. 12)

On the Nb and P,0g diagrams, samples from the Mine Cove and unit 8 vol-
canics generally plot together, plot near the basalt fields for the Little
Port and Bay of Islands Complexes and plot away from the differentiation
trends of the Skinner Cove Formation (Trout River and Chimne Cove slices).
On the Zr and V diagrams, composit.:ions from the map-area plo{ away from the

Sktnner Cove trends, but are scattered. Data on the Y and 710, diagrams

are widely scattered and;inconclusive.

PZOS versus Zr (Fig. 13) ]

The diagram show that the Mine Cove and unit 8 volcanics are tholeiitic,
Most of the points 1Ye within or near the Bay of Islands Complex upper vol-
canfcs field, and two 1ie within the field of Little Port Comiﬂex hasalts.
No points 1ie within the transitional (tholeiitic to alka]ine) Cape Onion

Formation volcanics, nor Skinner Cove Formation basalt fields.

Y versus Nb (Fig. 14a)

As 1n Figure 13, Mine Cove and unit 8 volcanics 1ie well within the
tgo‘lthic field. N6 points lie within efther,the transitional or alkaHv
fields (notethe strongly alkalic afvfinity onﬁ‘é mean Skinner Cove alkali-
and trachybasalts). )

/
4

-
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Fig, 12: Relationship of irrmobile elements (Zr, >, v, ¥, T102,and PZOS) to  anhydrous SIC}2 for {nhe-Hine Cove

volcanics and sinilar rock .groups
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1979)

Fig. 13: Relationship of P,0r &o Ir for the Nine Cove
volcanics and s1n?1§r rock groups
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" Ir versus Nb (Fig. 14b)

t

¢ o e s b S

A1l but two of the data points from the map-area fall within the ocean

flyor basalt field, and none of these points fall within the divided Cape

Onion Formation fields nor the alkalic basalt fields. -

A1l of the above diagrams suggest that the Mine Cove and unit 8 basalts: '

1) have grossiy similar chemistry and collectiveiy follow different chemi- |
cal variation trends (especially for Nb and P205) comparted to the alka-
1ic rocks of the Skinner Cove Formation;

! 2) are tholeiitic and commonly plot within the same ocean floor basalt field
as the upéer volcanics of the Bay of Islands Complex (Blow Me Down Massif)

and the mafic volcanic portion of the Little Port Complex:

, A 4
3) show closer affinity towards the transitional Cape Onion Formation vol-
A
canics than to the strongly alkalic Skinner Cove Formation. .
Summa l i 7 . v

As shown fn Table 2, geological characteristics of 1ithology, magnetic
signature, low grade metémorphism, sfructu+al aspect, distribd}ion and tec-
tonic setting indicate that the Mine Cove volcanics match host closely with
the Skinner Cove Formation within the Trout River slice, The Cﬁpe Onion

- Formaé?on has similar 11thology and tectonfc setting, but 1s much thicker,
less magnetic and more extensive than the Mine Cove volcanics.

Geochemically, the thaleiitic, subalkaline Mine Cove volcanics are

, more akin to island arc and ocean floor basalts of the Little Port and Bay
pf I[slands Complexes than to the Skinner Cove Formation.' The Mine Cove vol-
canics are grossly similar in chemistry to unit 8 volcanics, implying a
correlation of map units 8 and 9.

The geological and geochemical data suggest that regionalf}. a wide

variety of 11thologically similar but chemicilly distinct volcanic rocks

| - .
i f

R B T
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’

occur within the same structural position in the Humber Arm and Hare Bay

Allochthons. .

Correlationl. interpretation and significance

The Mine vae volcanics are geochemically akin to the volcanics of tﬁé/’~N\
Little Port and Bay of Islands Comp]exés, but physicai]y, temporally and.
spatially match best with the Skinner‘Cove Formation. Since few of the
growing horde of allochthonous volcanic units match chemically, their phys-
ical parameters seem more significant criteria for comoarisbn Therefore
the Mine Cove volcanics are tentatlvely corre]ated with the Skinner Cove
Formation, pending further lithologic, stratigraph1c and petro]ogic study.

In this study, the leading questions of significance regarding the

Mine Cove vo]can1cs are:

1) Why is the M1nevCove slice positioned west of ;nd beneath the Bluff Head
slice? |
2) Why is there no extensive shaly melange separating the Mine Cove and “
Bluff Head slices? ’
3) Why is the Mine Cove slice weage-shaped, bounded by thrust faults, yet
not notably internally deforme&?
The Mine Cove volcanics, like their Skinner Cove counterparts, repre-

sent a sample of basa1tfc rocks from oceanic volcanoes develaped east of

" the map-area (Baker, 1978). It is workab]e to assume that they were p1aned

off from their substrate and affixed to the leading edge of the first-dis-

placed slivers of oceanic crust (Bluff Head assemblage) during the initial
assembly of the Humber Arm.Allochthon. Once attached, the volcanics most
likely enduré& transport gnd final emplacement without structural reworking,
This model accommodates the tectonic setting of the Mine Cave slice west of

and overrun by the Bluff Head slice in the map-area. These two slices are

v vy




0

thought to have remained contiguous after their disptacement, wfth their

interface closed to the formation of shaly melange during final emplacemEntf

2.3.6 Bluff Head assemblage \J"N**//)

Definition and nomenclature

Gabbros, serpentinites, maficndikes_and plagioaranite intrusions of
the Bluff Head assemblage (units 19 and 11) structurally overlie the Mine
Cove volcanics and form the RJuff Head s]ice.at the top of the Humbér Arm
Allochthon in the man-area.

The Bluff Head assemblaae rocks were originally included within the
Bay of Islands Igneous Complex (Coover, 1936), interoreted to be an autoch-
fﬁonous lTopolith encomnassing the Lewis Hills, Blow Me Dan. North Arm Moun-
tain and Table Mountain (Bonne Bay). Later, these rocks were recognized as
parts of far-travelled oceanic crust (Church and Stevens, 1971) and {n-
cluded in the revised Bay of islands Complex of western Newfoundland (Wil-
. Mams, 1975 as parts of the uppermost structural slices of the Humber Arm.
Allochthon. |
| Karson and Dewey (1978) and Karson (1979) assigned the rocks of units
10 and 11 to their Little Port assemblage, part of a triﬁartjte subdivision
of the Lewls Hills Massif. More recently, Willfams and Godfrey (1980)
termed thesevrocks the Bluff Head assemblage, pending further work and re-
definition of the Little Port Complex. This usage is adopted here,. .

The southern part of the Mt. Barren assemblage (Karson, 1979) under-
f;es Big Level; but was not included in this study. For clgrity, its wes-
ern contact with the Bluff Head assemblage {s depicted on map 1 (back pocket).

The Bluff Head assémblage underlies the prominent f)at;%opped plateaus

a
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s extending from Bluff Head eastwards past Lewis Brook and from Four Mile

Hill northwards to the mouth of Lewis Brook.

.ngbrpic rocks (unit 11) form the bulk of the assemblage and are well-
exnosed on the top and sides of the p1ateJau. Layering in the gahbros dips
moderately to the west‘near. Lewis Brook and moderately to the east near
Bluff Head Brook.

Serpentinites (unit 10) form a discontinuous, irregular, thih sole at
the base of the Bluff Head assemblage, best exposed along Lewis Brook, in
Cache Vélley and along the coast north of Mine Cove. The serpentinites dise

‘ play intense rhombohedral fractures and are commonly chaotjc. An undu-
lating cleavage 1'.5 iocally developed and consistently dips gently towards
the overlying gabbros. These structures do not extend into the Mine Cove
volcanics~dnd-are thought to be displacement-related.

The only emplacement-related structure noted to affect the Bluff Head
assemblage is the Lewis Hills Overthrust. Post-emplacement faults affect-
ing the assemblage include an east-sidé—down high-angle fault north of Four
Mile Hi.ll, a possible south-directed thrust northeast of Four Mile Hill,
and numerous west-striking high-angle faults at central Lewis Brook. A
possible north-trending fault is marked by an isolated scarp within.unit 11
north of §1uff Head Brook.

Lithology and thickness

The Bluff Head assemblage consists\of layered gabbro, foliated meta-
gabbro, mafic dikes and trondhjemite intrusions (unit 11). It {s floored
by a sole 6f serpentinized peridotite and pyroxenite locally containing
fodingite screens (unit 10).

In central Lewis Brook, fhe ultramafic rocks are strongly- jointed

(Plate 32), or are brecciated (Plate 33). The breccias contain clasts
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to one meter, set in a finer fragmental light gray serpentinite matrix, , ‘ 4
These rocks contain chrysotile asbestos veiné up to five centimeters ' - 1
wide and are host to the Llewis Brook asbestos deposit that was worked mr
"the 1930 s and 1940 , (Andrews, 1979).

At the head of B]uff Head Brook, apr;roximately 50 meters of fractured
dark green peridotite and pyroxenite in unit 10 are notably asbestos-free,

" but conﬁm chromite. These rocks are host to the Bluff Head chromite
deposit (Cooper, 1936; Andrews, 1979),

Along the coast between‘Mine Cove and Lewis Brook, chaotically-deformed
asbestos-bearing serpentinite (unit 10), several tens of meters thick, con-
tains rodingite screens which may represent altered mafic dikes (unit 11), ‘

East of Lewis Brook, medium-grained gabbros of unit 11 are massive,
strong]y -jointed and contain lenses of coarse- -grained pyroxemte and horn- 1
blendite several meters long. At north Lewis Brook, massive northeast-
trending granodiorite dikes up to one meter thick, cut these gabbros -
(Plate 34).

Atop the plateau west of Lewis Brook, massive broken coarse-grained
gabbros and foliated, ch{orite and hornblende-bearing meta-gabbros ¢0nta1’n
scattered pods of pyroxenite and peridotite. Chromite is present in float -
block;. o

Bluff Head is underlain by meta-gabbro cut by numerous north and
northeast-trending mafic dikes and trondhjemite intrusions. On the coast
north of Bluff Head. the trondhjemites contain gabbro xenoliths up to one
meter across (Plate 35).

The structural thickness of the Bluff Head s]ic‘g, based on its topo- » 1

graphic relief at Bluff Head, is estimated at over 500 meters. 1

BT PR T







Contéct relationships

The contact between the serpentinites and gabbros of the Bluff Head
assemtﬁage apnears to be concordant everywhere in the tﬁan—area, although ob-
scured by intense fracturing. However, the gabbros contain pyroxenité pods
that are possibly xenoliths. The gabbros are in turn cut by and occur as.

xenoliths in the trondhjemi tes. AH of this intrusive activity is confined

to the high slice and is absent from underlying slices and melanges.

_ The basal contact of the Bluff Head shce is marked by gently east-dip-
ping thrust faults along the coast, gent1y west- dipping chaotic serpentinite
zones at western lewis Brook, and a _qent]y east-dipping thrust fault at eas-
tern Lewis Brook. Based on the opposing attitudes across btewis Brook, the
basaj thrust appears to be warped into a broad, north-trending open fold
(cross section A-A' on man 1).

Ane

The age of formation of the Bluff Head assemblace is inferred by its
corré]ation with the Little Port Complex (Williams, 1973; Karson, 1979),
which at Trout River contains trond‘;{jemitic intrusions déted at 508 + 5 Ma
(Mattimson, 1975; HWilliams, 19753). Based on this isotopic date, the Bluff
Head assemblage is assigned an Upper Cambrian age of formation.

As the Bluff Head assemblage, Mt. Barren assemblage and Bay of Islands
Complex of the Lewis Hills Massif compose a singlelthrust sheet (Karson and
Dewey, 1978), then the age of obduction of the Bluff Head assemblage is the

same as that of the Bay of Islands Complex. Amphiboles from mantle and su- -

4

pracrustal aureole rocks of the Bay of Islands Complex at North Arm Mountain’

yield similar isotopic ages overlapping at 460 + 5 Ma (Dallmeyer. and Wil-

liams, 1975; Archibald and Farrar, 1976). This infers a Lower Ordovician

age of obduction for the Bluff Head assemblage.
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Correlation, interpretation and significance

‘ Based on similar lithic assemblages, the Bluff Head assemblage has been |
correlated with the Little Port Complex (Williams, 1973), to the north at
Bay of Is‘Iands (Karson, 1979). Based on variations of structural and meta-
morp"hic,s.ty]e within the Lewis Hills Massif, the Bluff Head assemblage is
interpreted as ocean crﬁst that was generated, deformed and metamorphosed in
an oceanic fracture zone (Karson and Dewey, 1978). The Bluff Head, Mt. Bar-
ren and Bay of Islands units were collectively obducted as the uppermost

ophiolite slice assemblage of the Humber Arm Allochthon (Karson, 1979).

In terms of its significance to the assembly and emplacement of under- '
lying allochthonous slices in the map-area, the Bluff Head assemblage is in- ]
terpreted as follows:

1) the serpentinites at its base (unit 10) are only locally chaotic, do not
contain exot1;c heterogeneous blocks and therefore are not considered me- J‘
lange (as proposed by Williams and Godfrey, 1980); ' |

2) where chaotically deformed, um'}slo does not involve underlying Mine Cove {

volcanics, indicating that the serpentinites were deformed prior to con-

tact with the volcanics, probably during displacement of the Bluff Head
asseﬁb]age. Because no serpentinite clasts occur in the Medial Melange,
Unit 10 must have been inaccessible to the melange during formation;

3) intrusion of mafic dikes and trondhjemites, high-grade metamorphism and
the development of tectonic foliations in the Bluff Head assemblage are

all absent in the underlying rocks and are considered pre-emnlacement fea-

tures;

4) the Bluff Head slice has remained largely intact as a rigid, subhorizontal

slab since emplacement, although affected by mild post-emplacement war-
\

ping;
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5) the inferred Lower Ordovician age of obduction for the Bluff Head assem-
blage is also interpreted to be the age of .its juxtaposition with the
Mine Cove volcanics. ﬂ

Regionally, the Bluff Head assemblage, as a Little Port correlative

in cont1nuit); with the Bay of Islands Complex in the Lewis Hills Massif,

is the only genetic tie in the entire Humber Arm A]'lochthon between the

Bay of Islands and Little Port Complexes which occur as separate slices

elsewhere. It is for this reason that the Mt. Barren’ and Bluff Head assem-

blages are interpreted as deformed equivalents of the Bay of Islands Com-

plex (Karson, 1979).

2.3.7 Summary of the allochthonous succession

The allochthonous succession in the Fox Island R'iver area consists of
Middle Ordovician and older sedimentary, volcanic and plutonic rocks which
compose three separate structural slices and two distinct melange zones
within the Humber Arm Allochthon. The nomenclature, age, lithology, thick-
‘ness, overall structural aspect and genef*a]izec{ stratigraphy of the units
constituting these slices and melanges are summarized in Fig. 15. -

| The Basal Melange consists of a thick zone of heterogeneous sediment-
ary blocks in chaotically deformed black and green shale at the base of
the a]loc}lthon. The chaotic sediments are matchable and structurally grad-
ational with autochthonous and allochthonous sediments, and are interpre-
ted as tectonized olistostromes which formed during final emplacement
(Upper Llanvirn-L]andeﬂij).' *
- Middle Cambrian to Middle Ordovician westerly-derived shale-1ime tur-

bidites and easterly-derived flysch deposits of the Humber Arm Supergroup

form the bulk of the extensive, lowermost Humber Arm slice assemblage in

. Sey




Fig. 15:

L lare Age Litholoay Thickness(m)  Structural Aspect
Bluff Gabbro, meta-
Head Upper g??ggoi ?ig;g 500 m cently undulating
assemblace Cambrian Y B flat-bottomed
(units hqem1te intruy- sTab
10 + 11) swons- .
- ! Serpeninites 60 irreqular sole
\ Mine nillow breccia,
acalomerate ki :
S Lo west-thickening
' Sg¥ianics Lower tuff, miror 150 wedge )
, \\ (unit 0) Ordovician  amygdaloidal e
: } or older basalt + limy
\ siltstone
\ s Sedimentary .
led . . R .
\ ﬁé?;gla Upper Arenig volcanic + ?Zigﬁs?gfggi{ies’ —
T to Llandeilo qabbroic blocks <200 . I =
\ N . cleavage '
v\ tuff matrix
\ Yolcanic Dasalt, pillow . .
slivers in Pre- breccia, tuff ? l??ig;g Egﬁﬁggéc
H.A. slice Caradocian + Minor marble
h asserblage () by faults
N\ N Shale, cherty

strongly folded +

N\  Humbe¥* Arm Mid, Cambrian argillite, sand- 930
\ Supergroun (7)  to Mid. Ord. stone + areywacke {gg‘feg{sﬁﬁggéét
. aradational
§$glssn$§ry boundaries;
Basal Upper black and up to consistently ori-
Melange Llanvirn - roen shale 1000 ented matrix
(unit BM) Llandeilo gatrix cleavage

Summary of the allochthonous succession in the Fox Island River area
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the map-area. Parts of the Humber Arm Subergroup in the map-area correlate
w.ith the Middle Arm Point, Cooks Brook and Blow Me Down Brook Formations -
of the Humber Arm Supergroup at Humber Arm tn the Bay of Islands.

" Pre-Middle Ordovician mafic volcanics (unit 8) form lensoid tectonic
slivers structurally intercalated with sediments of the Humber Arm slice
assemblage. The volcanics were most likely erupted on the ocean floor.
Geochemically, they plot as ocean floor tholeiites. The largest volcanic
slivers ocgur nearest the high cphiolite slices, suggesting a spatial
dssoc‘lation with oceanic crust during obduction.

The Medial Melange consists of sedimentary; volcanic and gabbroic
blocks in shale-tuff melange, less than 200 meters thick, beéween the
Humber Arm slice assemblage and the over'lyi'ng Mine Cove and Bluff Head
slices. The chaotic rocks match lithologies in slices above and below,
and probably formed during Upper Arenig-Llandeflo time. As a locus of

transport within the allochthon, the Medial Melange indicates that the Mine

Cove and Bluff Head slices mé)ved independently of the Humber Arm slice

assemblage during final emnlacement.

The pre-Caradocian mafic Mine Cove volcanics form the east-thinning
wedge-shaped Mine Cove slice, structurally above the Medial Melange, and
west of and beneath the Bluff Head slice. Thdugh geochemic;‘l]y different
than the Skinner Cove Formation, the Mine Cové volcanfcs are tentatfvely
correlated with them based‘on Tithologic and structural criterfa. The
volcanics are thought to represent parts of oceanic volcanoes caught up
with the»first—displace'd slivgrs of ocean crust during assembly of the

allochthon. -

1.
1.

Upper Cambrian gabbros, m&fic dikes and trondhjemites, and lesser
. \ : 4 ©
serpentinites of the Bluff Head assemblage form the uppermost Bluff Hdad

slice of the Humber Arm Allochthaon in the map-area. These rocks represent
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ocean crust generated, deformed and metamorphosed in an oceanic fracture
zone (Karson and Dewey, 1978). Thin, chaotically deformed serpentinites
at the base of the assemblage are apparently cut by gabbros, which are in
turn cut by and appear as xeno]ithfgin trondhjemite intrusions. The Bluff
Head slice has an undulating, flat basal thrust, and has been on1y mildly
deformed since its emplacement. . '

J

2.4. Cover rocks
2,4.1 Codrgy Group

Multi-coloured siltstones, sandstéﬁes, conglomerates, minor linestones
and thick gyp5umﬂdeposits of the Codroy Group (unit 12) unconformably over-
]ap rocks of the carbonate sequence at south Table Mountain., The c]éstic
sediments outcrop sporadically along Blanche Brook, north of‘Stephenville,
whereas ihe gypsum deposits form castellated cliffs at the mouth of
Romaines Brogk.

Marine shelly fauna (Sullivan, 1940), fossilized plant remains and
freé trunks in strata along Blanche Brook indicate a Mississippian age
for unit 12. The sediments are 1500 meters thick and record deposition
i élternating marine and non-marine conditions (Bell, 19483).

Approximately 2,025,000 metric tons of high grade (90%) gypsum occur

at the eastern side of the mouth of Romaines Brook (McKillop, 1955).

2.4.2. Glacial drift ‘

G]aciai drift (unit t) overlies all other rocks and consists of ¢
unsorted fine gravel to boulder till and outwash sand, gravel and mud. These
sediments constitute The Gravels and are well-exposed around Stephenville,

Two Guts Pond and the mouths of Fox Island River and Bluff Head Brook.

Some of the clays display convolute bedding, possibly the effect of frost
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action.

Kame moraine deposits around Stephenvi]le%(Robinson's Head Drift) con-

tain Late Wisconsinan-age marine shell fragments which date the most re-
cent deglaciation of the map-area (Brookes, 1977b). Sharp, undulating

contacts between qlacial till and the Basal Melange are well-exposed in k

the deeply-incised meanders at central Fox Island River.

[
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ITI. STRUCTURAL GEOLOGY

3.1 Introduction

Structural slices and melanges within the Humber Arm Allochthon as
well as rock units of the autochthon in the Fox Island River area contrast
fn the intensity and number of phases of deformation they have underqgone.

(
Pre-displacement deformation (Dl) is represented by the metamorphic

tectonites and their foliations in gabbros of the Bluff Head assemblage.

Displacement-related deformation (Dz) is shown by the strongly jointed
and chaotically-deformed serpentinites at the base of the assemblage. _

Emplacement-related deformation (03)'produced the'thrusts and melanges
separating the structural slices of the allochthon. West-facing recum-
bent folds in the Humbe; Arm slice assemblage and uppermust autochthon,
and phacoidal cleavages in both melange zones are the most prevalent D3
structures These decreaseyln intensity or extent away from the base of
the allochthon.

Two phases of post- emnlacemnnt deformat1on (D4 and D ) affected the
entire map-area. Hldespread northeasterly- plung1ng upright folds and
localized west-directed thrusts (D4 structures) are stropg]y developed in
the autochthon and lower allochthon, but on]y'mild]y deform the uppermost
Mine Cove and Bluff Head slices. D5 deformation produced local high-angle
faults offsetting each of .the-autochthonous and allochthonous rock groups.

The carbonate sliver at Fox Island River represents either a klippe
of a post-emplacement thrust slice, or part of the assembled allochthon.

Each phase of deformation is described separatedly below, followed
by a section concerning the structural history of the carbonate sliver.
Structures relating to these deformations are summarized in Table 4., A
déveloped structural cross sextion is presented in Chapter IV. The ages

of these defoymations are discussed at the end of this chapter.




Table 4: Deformation characteristics of rock units in the Fox Island River area

UNIT

Dy + D»

D3

Ca

D5

Bluff Head
assemblage

Intense jointing

Metarorphic tectonites
+ follations (0,)

*

chaotic serpentinite(Ds)

formation af Bluff Nead
slice;

Lewis Hi11s Overthrust
at fts base

M{1d N-trending warps;
Minor S-directed thrust

N and E-trending high-
angle faults

Mine Cove
volcanics

p

Formation of Mine Cove
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3.2 Pre-displacement and displacement deformation: Dl and D2

‘Pre-disnlacement (Dl) structures in metagabbros of the Bluff Head

assemb]lage (unif 11) consist of isoclinal folds, stretchina lineafions
~and northeast-trending major shearvzones developed at greenschist and
amohibb]ite facies conditions (Karson, 1979). Metamorphic foliations in
these gabbro; dip moderately to steenly westwards just west of central
Lewis Brook and moderately eastwards at the headwaters of Bluff Head Srook.
This fabric is not present in underlying allochthonous rocks, nor in the
trondhjemites which {nfrude the gabbros just north of Bluff Head. The
origin of these structures as features of an eceanic fracturelzone is dis-
cussed by Karson and Dewey (1978). .

Displacement (02) structures are confined to the massive serpentin-
ized ultramafic rocks at the base of the Bluff Head assemblage (unit 10).
They consist of jﬁtense rhombohedral fracturing, well-exposed at western
Cache Valley (see Plate 32) which grades alohg strike into chaotic inter-
mixing of serpentinitic rocks, well-exposed along central Lewis Brook
(see Plate 33). The Eashed serpentinites contain fragments of u]tramafif
rock ranging in size from several centimeters to one meter. These rocks
weather whitish-gray and commonly crumble at the touch. A wavy fracture
cleavage is locally developed in.the serpentinites and dips gently
toward the overlying gabbros. D2 structures diminish in intensity up-
wards towards the gabbros and are sharply tfuncated Selow by the Lewis
Hills Overthrust.

D,
the B1uff Head slice accompanying its displacement and juxtapo S5

the Mine Cove volcanics. This structural contact was probably reéctivated

and sharpened into the Lewis Hi1ls Overthrust during emplacement of the




allochthon.

3.3 Emolacement—related deformation: 03

/%he major elements of emplacement-related deformation (D3) are the
detachment thrusts and melangeé which bottom and define the Humber Arm
slice assemblage, Mine Cove and Bluff Head s'ﬁ'ces. The most common D3
structures are west—faci»ng and west-verging recumbent folds in the B]ack
_ Cove formation and Humber Arm Supérgroup, and phacoidal cleavages and de-
tached isoclinal folds in the Basal and Medial melanges. D3 folds and
cleavages are absent higher in the allochthon. There, the only D3 struc-
ture is the flat-lying Lewis Hills Overthrust, separating the Mine Cove
and Bluff Head slices.

D3 folds, cieavages and faults are discugséd separatély below. D3
recumbent folds in the autochthon, and the phacoidal cleavage in the Basal
Melange are shown 'to be geometrica]ly related.

3.3.1 23 folds
Black Cove formation

D3 folds in the Black Cove formation consist of tight, upright folds

with sharp hinges (see Plate 12) grading upwards into west-verging recum-
bent folds (see Plate 13). These are best exposed at north Table Moun-

" tain. ‘

The tfgﬁt'folds have amplitudes up to 50 meters, face and plunge

' steeply to the northeast and northwest. 'They havé moderate interlimb an«
gles and display parasitic disharmonic folds on their 1imbs. Nearer the
Basal Melange, their axial planes dip more gently to the eass. At the
melange, the folds are west-verging and reclined, with subhori'zon‘tal

hingelines inclined gently to the north. Facing directions are unclear.
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l;inge]ines reclined gently to the south-southeast. Three k'ilometers"to
south, north-trending_ﬂ3fo1ds have sub-horizontal hingelines and are re-
clined gent]y'to the southwest. Axial planes(are mainly parallel to bed-
ding so that some folds are recognizable only from abrEpt reversals in fa-
cing directions along their limbs. 4

Yest-verging D3recumbent folds in alternating shales and platy lime-
stones at northeast Fox Island River (map-unit 7a) are reclined gently to
the south. The 1:imbs are commonly ten meters or less apart, and the hinges
are sharp. Axial planes are commonly parallel to fi-ssﬂe beddfng. Facing
directio.'ns of these folds are indeterminate. Near the Medial Melange to
the northwest, disharmonic recumbent folds occur in vaH ori‘entations and,
locally limestone marker beds are pt_ygmatié.

Mesoséopic D3 recurbent folds are rare at the base of the Humber Arm
slice assemblage. At western Romaines Brook, an isoclinal fold couple, one
meter across, occurs in otherwise mi]d‘l‘_y deformed argillites. The fold is
.gently reclified to the north west, but has probably been reoriented by

post-emplacement folding.

Major recumbent folds

North of Black Point, variations of dip and facing directions in rocks
at the base o.f,the Humber Arm ';‘Hce assemblage define a macroscopic syn-
formal anticline facing gently downward to the northwest. This is the“e'ar-
Hestvstructure here and the largest recumbent fold in’ the map-area. The )
fold has an interlimb spacing of one kilometer or more, Its northwes't'-'

dipping axial plane is roughly parallel to the matrix cleavacge in the Ba-

sal Melange, which is sited along its lower limb (see Fig. 11).
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3.3.2 D4 cleavages

’ . The most prominent D3 structures in the map-area are the pervasive
phacoidal cleavages in the shaly matrices of the Basal and Medial Melanges.
Phacoidal cleavége is the anastomo'sinq interface between shale phacoids
(Fig. 16) and is developed from shear stresses on ESL ductile sediments,
producing sigmoidal tension gashes that result in the development of pha-

coidal pellets (Elliston, 1963). This is in keeping with the interpreta-

phacoidal
cleavage

signoidal
tension
gashes

‘\\\\\\‘~phacoida]

pellets

Fig.16: Development of phacoidal pellets and cleavage (after Elliston, 1963)

tion, hased on pre-cleavage slump-folded clasts in the Basal MeTange,fthat
melange matrix protoliths were soft. Phacoidal matrix pellets are every-
where shiny and slickensided in the melanges of the map-area. This implies
thatsheér stresses continueqas the matrix stiffened, probably through the
Toss of water. ‘Howéver, the cleavage does not penetrate clasts (see Plate
15), suggesting that ductility contrasts between matrix and clasts were

continually high during cleavage development.




3.3.3 Relationship between Basal Melange cleavage and D folds in autoch-
thon

Mesoscomc structural data plotted for the uppermost autochthon (Table
Head Formatwn Caribou Brook formatlon, and Black Cove sandstone) and the
Basal Melange, at north Table Mountain, indicate that a »qenetic link exists
between the orientation of axial planes of folds in the uppermost autoch-
thon and matrix cleavage in the Basal Melange.

Stereogram'1 (Fig. 17) shows that folds in the uppermost autoch.thon
are cylindrical (poles to bedding define great circles), slightly over-
turned towards the west (poles to bedding cluster to the southeast), and
have a composite fold axis (ﬁl) plunging querately northwards (34° to
NZOE). Mesoscopic fold axes in these rocksi plunge near this mean as well.

Stereogram 2 (Fia. 18) shows that the matrix cleavage in the Basal
Melange dips consistently northeast (its poles cluster in the séuthwesf).

As expected, poles to axial- planes of mesbscopic recumbent folds and root-

less isoclines in the matrix (either soft-sediment or tectonic in origin)

cluster near the center of the stereogram. ‘A great circle drawn through

poles to matrix cleavage defines a comoosite fold axis (32) plunging mode-

rately northeast (42° to N16°E). Most importantly, mesoscopic fold axes
in the Basal Melange define their own great circle, dlppmq moderately
east-northeast (45° to N70 %E), which passes near ﬁz

This information indicates:

.1) folds in both the upper autochthon and Basal Melange plunge moderately
north to northeast, are upright and cylindrical fn the autochthon and
overturned in the Basal Melange;

2) in the Basal Melange, fanned mesoscopic fold axes lie within a plane
dipping moderately northeast, roughly coincident with the persistent

northeast-dipping matrix cleavage, implying this cleavage is axial pla-
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nar to west-veraina tube or “sheath" folds (Fig. 19);
5
3) the upright structures in the autochthon are. not all nost-emplacement

Jin age or origin.

%'sheath

folds

matrix cleavage

Fig. 19: Sketch showing matrix cleavage of Basal Melange as axial planar
to west-verging sheath folds

The structural geometry at the allochthon/autochthon interface in the

Fox Island River area fits nicely with a model in which:

1) upright folds are initially g'enerated in the Black Cove sandstone in

front of the west-sliding Humber Arm slice assemblage during final em-

- placement (i.e. a min‘latﬁre example of thin-skfinned defonﬁation);
- 2) as these folds were overridden, their axtal p1;nes were tilted towards
" the west (1'.é. dipping east) in the direction of transport. Contemo-

raneously, the overriding slice assemblage provided shear stress neces-




sary. to produce phacoidal pellets;

westerly transport stretched the overturned folds into sheath folds to
fan around macroscopic arcuate hingelines;

continued westerly transport extremely thinned the sheath folds and
slickensided the phacoidal pellets during dewatering, producing the ana-
stomosing phacoidal matrix cleavage, axial planar to scattered detached
isoclinal folds in the Basal Mela}\ge (Fig. 20).

Medial Melange cleavage

D3' phacoidal cleavage occurs in the shaly matrix of the Medial Melange.
It is identical with the Basal Melange cleavage and presumably formed in
the same way, though its geometrical relation to structures in adjacent
rocks is unknown. Yhere the Medial Melange matrix is tuffaceous, it does
not display cleavage, but is crushed and mil]ed_ into clay to sand-sized,
equant, angular particles. This may be due to cataé]asis of tuffs in the
absence of water, though how this relates to cleavage development in the
presumably water-rich shaly matrix protoliths is unknown.

D3 detached isoclines. with 1imbs spaced less than one meter, are
scattered throughout the shaly matrix and have their axial planes parallel

to the matrix cleavage.

3.3.4 93 faults !
- Emplacement-related faults of variable attitude bound the unit 8 vol-

canic slfvers within the Humber Arm slice assemblage. These are best ex-
posed at northwest Four Mile Hill and the mouth of Little River, but are

commonly indistinguishable from post-emplacement high-angle faults.

D3 thrusts underlie the Mine Cove and Bluff Head stices. The faults

at the base of the Mine Cove Qlice are best exposed south of Bluff Head

- v
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as a moderately northeast-dipoing séries of reverse faults. Slickensides
are unrecagnizable in Qhe already autobrecciated ;o1canics. Elsewhere
these basal faults are” not exposed.:

The D3 Lewis Hills Overthrust (Coober, 1936} at tﬁe base of the Bluff
Head slice is best exposed at the base of Bluff liead (sce Plate 31). The
thrqst is sharp, with a gouge 1ess.than 50 centimeters thick, and flat-ly-
ing., In Lewis Brook, the thrust is marked by a subhorizontai zone of shear-
ing up to three meters thick. S]ickqpsides are vwell-developed, though in-
consistently oriented in the overlying cabbros (unit 11). Shaly melange

js everywhere absent at the base of the Bluff Head slice.

3.4 Early post-emplacement deformation: D,

4

D4 deformation affected autochthonous and allochthonous rocks to va-

rying degrees throughout the map-area. D4 structures are most commonly

northeast-plunging upright folds in the autochthon diminishing upwardt;to

broad warps of the uppermost structural slices of the allochthon. Local
west and south-directed D, thrusts occur in the autochthon and lower alloch-

thon. " These structuees are discussed separately below.

3.4.1 gt_g[ggi\
Autochthon _

The entire autochthonous succession at south Table Mountain occupies
the northwest 1imb_of a macrbscopic northeast-plunging D4 anticline. The
fold fs upright and has a ygvelenth of over five kilometers. It is fau1t'-~
_ed near its hinge at soutﬁeast Table Mountain. Its eastern 1imb is re-'
presented by the gently égst-dipping'Tab1e Head Formation at Whale Back
Ridge. ‘
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At north Table Mountain, two macroscopic 04 anticlines and an inter-
vening syncﬂne fold the upper units of the autochthon; The folds are up-
right, plunge moderately to the northeast and have arcuate hingeTirnes in-
dicated by the rﬁap-pattern on top of Table Mountain, Axial planes of
small mimetic folds dip steeply east and west. The rocks are noticeably
.thicker at the hinges of the large folds, possibly because of structural-
thickening during fo]ding: : ,

East of Cold Brook Ridge, open upright D4 folds are traceahle from
Cold Brook, where they affect the upper autochthon (and basal parts of th_e_

allochthon) northeastwards to Phi]ﬁps Brook. There, they deform the St.

George Group and Table Head Formation. ‘The folds have arcuate hingelines -

like those at no;'th Table Mountain, amplitudes in hundreds of meters and
wavelengths of one to two kilometers. Axial planes of small mimetic folds
at Phillips Brook dip steeply east and west. -

Lower a]'lochtﬁon

Most 04 folds in the lower allochthon are macroscopic and are shown
by the reorientation of emplacement-related structures. The macroscopic
DG anticline gt south Table Hount_a*ln re\fo]ds the large D3, recumbent fo]d
at Black Point, causing its axial plane to dip northwest. The consistently
southeast-dipping Humber Arm Su.pergroup sediments at western Romaines
_Brook represent the down-faulted eastern limb of the easternmost 0, anti-
cline at north Tab1‘e Mountain. Upright subsidiary fol ds_dn this 1imb-have
stgeply east-dfpping axial planes and ivnterH;dq angles between 70° and
120°.

Tight, upright macroscopic folds are evident from the map-patter;I of
the Humber Arm Supergroup, unit 8 volcanics, Medial Melange and Mine Cove

volcanics northwest of Four Mile Hill. These presumably D4 structures

AN
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plunge southeast and appear to have steeply east-dipping axial planes and
interlimb angles less than 45° (cross-section B-B' on map 1).

D4 warps refold D3 recumbent folds in Humber Arm Supergroup sediments
south of Big Cove. The warps commonly plunge}nndératély east, have ampTi:
tudes up to 20 meters and wavelengths up to one kilometer. Similar broad
posf—emplacenent warps fold the Humber Arm Supergroup at Serpentine River

20 kilometers north of the map-area (S.C, Godfrey, pers. comm., 1979).

" Upper allochthon

Mild D4 warps deform the‘base of the Mine Cove and Bluff Head slices

- (cross-section A-A' on map 1). A north-trending anticlinal warp folds the
Lewis Hills Overthrust at Lewis Credk, indicaied by opposing dips of the
fault zone across the valley. The map-pattern of the Humber Arm Supergroup
at northwest Cache Valley indicates those sediments occupy the core of the
anticline, suggesting that 04 warps affect the éntire Medial Melange as

well. The reverse faults at the base of the Mine Cove slice south of Bluff

Head may be an‘oversteepened thrust zone caused by re]ﬁted D4 warping.

3.4.2 Dl thrusts
Autochthon

At Cold Brook Ridge, a D4 thrust superposes folded Table Head Forma-
tion Timestones on top of the Basal Melange. The thrust slice displays
overtightened upright D, folds like those seen immediately to the east.
The thrust is best exposed three kilometg;s southwest of fossil Tocality
Fz, where steeply west-d1pp{nq éray lime;tones overlie chaotic shales con-
taininé a gently east-dipping phacoidal cleavage. A gently eagt-d1pp1ng
fault breccia, one half meter thick, marks the thrust and contains angular

1imes tone shards bermeated with innumerable calcite veins. Southwestwards
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along strike, the thrust is marked by a sharp steepening in slope and re-

surgent springs. At Phillips Brook, the thrust is absent, fmplying that

it my be localized as shown in Fig, 21. -

Movement on the thrust must be less than ten Kilometers, sincewthe |
limestones do not display the steep axial p]anar cleavage preseﬁ% 1 1den-
tical folded carbonates nearby to the east of the map-area (H. Willdams, i'h

pers comm., 1980).

‘ Fox Island Rive
sliver

—

' f‘ Fig. 21: Sketch showing possible trace of Cold Brook Ridge thrust +
: : \: ‘
Lower allochthon . ' ' '
Nume rous D, 1mbrf§ate thrusts offset rocks in both-the Ba§a1 Mgf;nge .
ahd Humber Arm Supergroup along central Romaines Brook. Small northerly- i
' |
|
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Medial Melange is absent here, suggesting that the gabbros were thrust

southwards over the melange and against the sediments.

3.5 Late post-emplacement faulting? DS

,DS faults occur sporadically in each of the autochthonous and alloch-
thonous rock units in the map-area. Prominent high-angle faults trend
north-forthwest and follow the pre-existing structural grain. These in-
clude the east-sid_e-down Table Mountain Fault, the steeply west-dipping
fault at ¥hale Back Ridge, the east-side-down fault just west of Cold
Brook, and the east-side-down fault zone north of Four Mile Hill,

Minor faults occur in all orientations. These include the faults
within the St. George Group at Table Mountain, a family of southeast-

dipping reverse faults north of the mouth of Little River, and vesterly-

trending high-angle faults at central Lewis Brook.

3.6 The Fox Island River sliver

The parautochthonou;s carbonate sliver at northeast Fox Island River
consists of ;iiscrete msses of Table Head Formation Ii’mestones and St,
George Group dolostones forming a sinuous train five kﬂorﬁeters long
.(Plate 38). These rocks dip gently to moderately northwest. They rest
upon chaotic sediments (in part Basal Melange), and abut ul-tramafic rocks
and amphibolites (Williams and Godfrey, 1980) to the northwest that form
the highest structural slice of the Humber Arm Allochthon.

The sliver can be viewed either as an erosional klippe of a local
post-emplacerment (D+) thrust (favoured here), or as an integral upper
part of the assembled allochthon, and incorporated during its final em-
placement (as propos;ed by Williams and Godfrey, 1980). Both hypotheses

are discussed below.
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the high ophiolite slice of the.allochthon in Fig. 23. The reasons for

this interpretation are:

1) bedding in the sliver dips toward and presumably beneath the Lewis Hills

Massif (though nowhere are limestones actually seeﬁ beneath ultramafic ,
rocks ; |

the sTiver s sited east of and close to the high slice, as are simillar
. carbonate slivers interpreted to be part of the allochthon at Serpentine
Lake 20 kilometers to the north (Hillliangs and Godfrey, 198b)’;

the carbonqtes are essentially undeformed and unmetamorphosed, sugges-
ting that they were incorporated during latest emplacement and have

not travelled far,

3.6.3 Discussion

The Fox Island River sliver fits best with a model in which Table
Head Formation and St. George Group carbonates were thrust in a northwest-
erly direction after erﬁp]acement of the allochthon, and came to rést a-
gainst the Lewis Hills Massif, then were subsequently é‘roded into an out-
lying klippe. This does. not negate the interpretation that the Sérpentine
Lake sliver was indeed plucked from the autochthon during latest emplace-
ment of the allochthon. Furthermore, there is no need to assume that all
parautochthonous carbgnates 1nvolved with fhe Hunber'Armfﬁ‘lf(]ochthon vere
emplaced in the same . o

The process and geometry required to 1ncorp9rafe autochthonous car-
bonates beneath the highest structural slice seems unlikely. The carbo-
nates must somehow be elevated past the thick sediméntary slices, melanges
and upper volcanic slices; before being"‘fucked away beneath the highest

slice. Moreover, the siting of all '-calrbonate slivers east of the high

-
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slice seems odd if they represent large "rip-up clasts" from the autoch-

thon. More likely they would be sited west and in front of the ophiolite .

slice, as with the Mine Cove slice in the map-area. Still, carbonate sli-
vers are a common occurence within the Taconic Allochthon of tew York
(H. Milliams, pers. comm., 1980).

“3.7 Ages of deformations

3.7.1 Age of pre-displacement deformation - D

1
Since .pre-displacement metamorphic tectonism (D'l) accompanied the

generation of the Bluff Head assemblage (Karson and Dewey, 1978), its age
is given by the time of formation of the assemblage. Based on zircon
studies, this date is 508 + 5 Ma (see section 2.3.€). B, is therefore

assigned an Upper Carbrian age.

3.7.2 Age of displacement deformation - D2

Displacement of the Bluff Head assemblage is here considered synchro-
nous with obduction' of the Lewis Hi-I'Is Massif. Metamorphic aureole rocks,
formed during obduction beneath the mas;sif (Karson and Dewey, 19.78,), cor-
relate with aureole rof:ks at Blow Me Down Mountain, dated at 460 + 5 Ma
(Dallmeyer and Williams, 1975; Archibald and Farrar, 1976). This implies
a Lower 0rdov1c"lan age for obduction, The chaotic deformation of serpen-'
tinites (;DZ) at the base of the Bluff Head assemblage may be re'léted to

this early displacement or formed later.

3.7.3 Age of emplacement deformation -.03

Assembly and emplacement of the Humber Arm Alllchthon in the map-
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area is viewed as an‘ ongoing process following Lower Ordovician displace-
ment of the Bluff Head asserblage and preceding Caradocian deposition
‘(Bergstrb‘m_g;a_h, 1974) of the necautochthonous Long Point Group. The
age of final emplacement of the allochthon into the map-area is bracketed
by the Upper Llanvirn (age of the Black Cove~formatfon) and the Caradoc
(age of the Long Point Group). Therefore the fecumbent folds 1n the au-
tochthqn and Humber Arm slice assemblage, and the cleavages in both melan-

ges are inferred to be Upper Llanvirn-Llandeilo in age.

3.7.4 Age of early post-emplacement deformation - D4

The age of D, folding and thrusting in the map-area is inferred to
be the same as for similar structures at western Port au Port Peninsula.
There, the Middle Ordovician Long Point Group and Silurc-Devonian Clam
Bank Formation are locally Fhrust and overturned to the northwest, while
nearby Carboniferous sediments are undeformed (Williams, 1979b). D4 de-
format1oq is therefore assigned a Devonian age, and is probably _'re'lated
to the Acadian Orogeny.

3.7.5 Age of late post-emplacement deformation - D

05 faults éut Devonian folds (D4), and nearby at Port au Port Penin-

sula, similar north-east trending high-angle faults offset Carboniferous |

strata (Schﬂ]ereff)and Willlams, 1979). In the map-ar‘ea.‘\l)5 faults are

- overlain by Wisconsinan drift at southeast Table Mountain, $o that the

structures are bracketed as post-Carboniferous and pre-Pleistocene 1n age.
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REGIONAL INTERPRETATION

Previous and alternate interpretations of geologic history within the
Fox Island River area

The sediments of the map-area were first thought to represent an
entirely autochthonous - succe5510n With the Cambro-Ordovician shallow mar1ne
carbonate sequence conformably overlain by younger, marine Humber Arm
clastic sediments (Murray and Howley, 1881; Schuchert and Dunbar, ]934)

The mafic vo]canlc rocks around Fox Island River (units 8 and 9) and plutonic
rocks of the Lewis Hills (units 10 and 11) were orlg1nally viewed as inter-
layers and 10pol1th1c intrusions 1n these sediments, lTocally offset by

faults (Cooper, 1936; Walthier, ]949). This view was propagated by lagér
workers in the map-area (Smith, ]958; Riiey, 1962) Regionally the rocks
were interpreted to reflect a steady transition from miogeosync] nal to

eugeosynclinal condjtions. "

Following the suggestions of Johnson (1941) and Kay (Tgﬁg); Rodgers

and Neale (1963) worked out the Implications for an allochthonous Humber
Arm terrane that was transported from the east du;ing the Middle Ordovician
Taconic Orogeny. This revolutionary concept was based on older fossil
ageslln the overlying clastic rocks and similarities with the type
Taconic Allochthon, Plutonic rocks of the Lewis Hills ang surrounding
volcanics were sti1] viewed as infrusions into and interlayers within the
Humber Arm sediments at their site of deposit1on and later transported
westwards with the sedimentary rocks (Rodgers and Neale, 1963),

The mafic-ultramafic massifs in western Newfoundland (including the
Lewis Hills Massif) were later recognized as far—travel]ed parts of ocean
crust and mantle, emplaced above the Humber Arm sediments and various vol-

canic units (Stevens, 1970 Church and Stevens, 1971; Dewey and Blrd, 1971;
Williams, 1971). This lead to the modern view that the Humber Arm Alloch-
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thon was ;ssembled and emplaced in response to Ordovician closure of the
[apetus Ocean and destruction of the ancient Atla'ntic-type continental
margin of eastern North America (Rodgers, 1968; Williams and Stevens,
1974). This intérpretation is adopted in current models for the northern
Appalachians (Poole, 1976; Schenk, 1978; H‘ilh'ams, 19792) and is the basic
tenet‘of models for rocks in the Fox Island River area (Karson and Dewey,
1978; Karson, 1979; Schillereff and Williams, 1979). |

Recent]y, however, Bonorino (1979) reported that graptolites from the
Humber Arm Supergroup at Port au Port Peninsula and nearby autochthonous
flysch deposits are of the same age. This lead him to conclude that the
clastic terrane (including the Humber Arm Supergroup sediments in the map-
area) is autochthonous.

Herver-, his use of fossil ages is suspect (D. Skevington, pers..
comm., 1980). Collections from the same rocks by D. Skevington and R.K.

Stevens refhte his conclusions and support the allochthonous model.

4.2 Assessment of the assembly and emplacement of the Humber Arm Alloch-
thon into the Fox IsTand River area

The structural evolution of rocks within and beneath the southern
part of the Humber Arm Allochthon in the Fox Island River area is%iepicted
in Fig. 24. These diagrams synthesize information presented fn previous
chapters, and discussed by Maloas and Stevens (1977) and Hﬂlfams (1979a).
.The four stages relate to the'pre-disp'lacement, displacement, assembly
and emplacement of the allochthon fnto the map-area during Lq‘;wer to Middle
Ordovician Taconic orogenesis. Each of the tectonic setting,"; is discussed |
separately below, emphasizing the significance of the rock Jnits and re-

gional correlation. The significance of the melange zones 41\ the map-area
s discussed at the end of this sectjon. |
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Fig. 24: Evolutionary cross sections showing the assembly and emplace-
ment of the Humber Arm Allochthon into the Fox Island River
area during the Taconic Orogeny



4.2.1 Tectonic setting before displacement

During the Upper Cambrian to Lower Ordoviﬁan, the pre-displacement
tectonic settlﬁg of rock units now represented in the map-area may have
been as shown in Fig '24A. This period represented the'fin;1 constructional
stages of an Atlantic-type margin with a prominent carbonate shelf, and
thick coﬁtinenta] rise prism developed above a passive continental-oceanic
crustal interface (Williams, 1979a).

In the map area, the Kippens Formation, unit 2 sediments, St.: George
Group and Lower Table Head Formatfon represent 1100 feet of shallow marine
platformal deposition on a carbonate shelf. Platformal conditions are
evidenced by fossils such as Salterella (N.P. James, pers. comm., »1979)
and worm-burrows (R. Pl'.ckerl'll, pers. comm., 1979) in unit 2, the low-
en;rgy depositfonal environments in the St. George Group (Levesque{,'1977),
and the disconformity at the base of the Table Head Formation. Coarse
~ bank-edge limestone breccias like those of the“Cow Head Group (Hubert
t al., 1977) are not present, suggesting that rocks of the carbonate se-

quence in the map-area were deposited well west of the ancient continental
margin, ' ‘

Deformed and metamorphosed equivalents of the carbonate sequence form
a north-trending belt 20 kilometers east of the Lewis Hills and Blow Me
Down (Williams and Godfrey, 19.80). Regional correlatives are traceable
along the western margin of the Long Range pre-Cambrian inlier, northwards
for 400 kﬂometers to Pistolet Bay. The carbonate rocks on Port au Port
Peninsula, 1n the map-area and east of the Lewis Hills collectively dis-
play a southeast-convex map-pattern, suggesting deposition along the ar-

cuate St. Lawrence Promontory of the Canadian Appalachians (Williams, 1978;

Schillereff and Willtams, 1979).
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the Humber Arm Supergroup (units 7a and 7b) represent lime-shale slope

sediments (N.P. James, pers.comm., 1980), probably turbidites deposited
on continental rise prism clastics (represented by the Summerside and

Irishtown Formations northeast of the map-area; Williams and Godfrey,

1980). Since Cooks Brook_Formation lime breccias are interpreted as

thinner, finer, distal equivalents of tﬁe bank-edge Cow Head Group (Wil-
liams and Stevens, l974j. units 7a and 7b are depicted well east of the
ancient carbonate shelf (see Fig. 24A).

~In accord w{th Baker (19]6)1 the Mine Cove (and- unit 8 ?) Qolcanics,
as Skinner Cove Forﬁation correlatives (section 2.3.5), Sre depicted as
isolated seamounts. Since both units8 and 9 ere tholeiitic, subalkaline
and geochemically similar to ocean floor or i#]and arc volcanics (section
2.3.5), they were derived from oceanic crustal sources.

The Bluff Head assemb]égé represents océanic crust and mantle that
were generated, deformed and metamorphosed in an oceanic fracture zone

(Fig. 1 of Karson and Dewey, 1978, p. 1038).

4.2.2 Tectonic setting during displacement

During the Lower Ordovician (Fig. 24 B), initial closure of Iapetus
caused westward displacement Qf oceanic crust and an imbricate thrust pét-
tern to develop at the ancient continental margin (Williams, 1979a). The
Bluff Head assemblage is now westernmst in the Lewis Hills Massif and,
assuming no rotation during obduction (Karson, 1975), probably formed the
leading edge of the obducting oceanic crust. This fits nicely with a mod-
el fn which the Mine Cove seamounts were beheaded and ploughed in front of

the Bluff Head assemblage. Brittle and chaotic fragmentation of serpen-




tinites at the bBasesof the assemblage (unit 10) may reflect near-surface
deformation, prior to collision with thesvolcanics. The timing of dis-
Placement and the maximum age of fragmentation in the Biuff Head assemblage
gnd beheading of the Mine Cove seamounts is inferred to be Lower Ordovician
(section 2,3.6). This is based on the 460 } 5 Ma age of obduction-related
metam‘rph'lc aureole rocks of the Bay of Islands Cbmple;x (Dallmeyer and
Williams, 1975; Archibald and Farrar, 1976), part of wﬁich is structurally
contiguous with' the Bluff Head assemblage within the Lewis Hii]s Hassif\
(Karson, 1979). . :

-Thrusting at the continental rise most Hl;ély imbricated the under-
lying clastic and 1ime-shale slope Sediments, which were then partially
recycled and shed westward (Blow Me Down Bréok Formation equivalents, unit
7c). Thié 1s evidenced by the alternating micaceous shales and greywackes
along Little River and at Big Cove, which display abundant flute casts’ and
sole mafkings. and locally contain recyéled arkosic sandstones. Similar
eastefly-deﬁved f‘!yéch deposits in the Humber Arm Supergroup on Port au
Port‘Peninsula contain Lower Ordovician graptolites, and at the Bay of Is-
lands' contain chromité and ultramafic fragments probably shed from the
west-moving ophiolitic rocks (Stevens, 1970; pers. comm., 1979),

Unit 8 volcanics are st#ucturalTy mixed.wiih the flysch deposits and
probably supplied detritus to unit 7c. This fits best with a model in
which unit é seamounts were originally sited west of the Mine Cove sea-
mﬁunts. and were thfust faulted amongst Hurber Arﬁ Supergroup sediments,
while the Mine Cove volcanics were simultaneously being beheaded by the
west-a&vancing Bluff Heid assemblage.

While the allochthonous rocks were mustering in the east, the carbon-

ate shelf was sinking in the west. This is shown by the 1ncreasingly
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deeper-water depositional environments and fauna in the Table Head Forma-

tion 4 (Jares e et al., 1979). ‘ Sinking of the shelf may have been a load-

ing effect of the obducting oceanic crust at the easternmost edge of the
continent. Northwesterly-directed tensional stresses from this loading
fit the proposed model of northeast-trending horst and graben fragmenta-

tion at the top of the sinking shelf,

4.2.3 Tectonic setting during asserbly

The tectonic setting of rocks during the Lower to Middle Ordovician
assembly of the southern part of the Hurber Arm Allochthon is depicted in
Fig. 24 €. Final collapse of the carbonate shelf, uplift of west-moving

allochthenous rocks and deposition of easterly- der1ved flysch across the

) shelf charactemép this orogenic stage.

A

As hor"st and graben faulting continued atop the sinking carbonate
shelf, the Caribou Brook formation was deposited as carbonate olisto-
stromes derived from semi-1ithified Table Head Formation and St. George
Group carbonates, localized around the fault scarps, Similar platformal
breccias occur at Bonne Bay, Daniel’s Harbour, Pistolet’ Bay and Hare Bay
(R.K. Stevens, pers. comm., 1980). Faulting was probably on-going, though
relief on the scar’g Tessened with time as the olistostromes were re-
cycled and reworked. This is shown by the fining-upwards trend of the
bregcias south of Black Point and at Caribou Brook on Port au Port Penin-
sula. The o]istostromes vere probab]ry southeasterly and northwesterly-
derived, since the source scarps are thought to have trended northeastw.grd,

pqrallgl to the continental mrgén. In this model, fining and thinning‘

d1rect1‘9r.us in the Caribou Brook formation are not expected to be regional-

1y consiétent. s with the bank-edge Cow Head breccias and their distal
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Cooks Brook Formation islope equivalents.
During assembly, the imbricated oceanic crust and continental margin
rocks may have emerged as west-moving archiﬁe‘lago, shedding debris before
it (Brickner, 1966). It seems reasonable that the structural disposition -
of the slices reflects the order of displacement. 'Therefore the first-dis-
placed Bluff Head assemblage is sited farthest east, the Mine Cove and,unit
8 volcanics in a central position, and the last-displaced Humber Arm Super-
group in a westerly position.
Synchronous with uplift, easterly-derived, coarsening-upward flysch
deposits of the Black Cove formation were shed from the west-advancing
Humber Arm Supergroup, in part from the Mine Cove and unit 8 volcanics,
and with minor contributions from the Lewis H1ﬁs Massif. The dominantly
quartzo-feldspathic flysch, containing minor volcanic fragments and rare,
sﬁ\a'll chromite grains, further demonstrates the proximity of the Humber
Arm Supérgroup source rocks and the more easterly settingAthe volcanic
and plutonfc source rocks. |
Correlative Middle Ordovician synorogenic flysch deposits in western
Newfoundland include: ) |
1) the Mainland sandstone (Scﬁi'l"lereff and Williams, '19?9) on western
Port au Port Peninsula (see séction 2.2.6);

2) the unnamed green sandstone, conformably overlying the Table Head For-
mation at Bonne Bay (Hubert et al., 1977); |

3) the Goose Tickle Formation beneath the Hare Bay Allochthon, which con-
tains graptolites 1den;c1cal in age to those south of Black Point (D,
Skev‘l‘ngton, pers. comm., 1978). The Goose fick'le Formation also con-
tains fe'ldspath1c‘turb1 dites and conglomeratic mudflows deHved mainly

‘from the overlying sedimentary slices (Northwest Arm and Maiden Point

Formations; Stevens, 1970).
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The Arenig-age Blow Me Down Brook Formation at the Bay of Islands and
its equivalents in the map-area (unit 7t) are also litho'logic:;'l'ly equiva-
lent, but were deposited earlier in the east (see Fig. 24 B).

Within the lower allochthon, west-facing vecumbent folds were develop-
ing within the Humber Arm Supergroup dur‘ing assembly. This is implied
since the emplacement-related Basal Melange is sited along the lower 1imb
of one of these folds at Black Point. 'Rat?{er than deform into folds, unit
8 volcanics are considered to have disaggregated into lensoid tectonic
slivers amongst the deforming sediments, Relative movements higher in the
allochthon produced the Lewis Hills Overthrust between the Mine Cove vol-
canics and Bluff Head assemblage. The thrust abruptly truncates chaot‘lcall-
ly deformed serpentinites along Lewis Brook and probably represents a brit-

tle reactivation along this pre-existing zone of weakness,

4.2.4 Tectonic setting during emplacement into the map-area

The Middle Ordovician einp]aceme‘nt of the Humber Arm Allochthon into

the Fox Ysland River area is dépicted in Fig. 24 D, Westward gravity-

s1iding, from an uplifted setting in the east, is favoured as the emplace-
ment mechanism (Rodgers and Neale, 1963 Bruckner, 1966; Stevens. 1970;
H'HHams and Stevens, 1974).

In the map-area, the Humber Arm slice assemblage arri ved’first, in-
dicated by 1ts westernmost position in the uplifted imbricated a]’lochthon
(Fig. 24 C) and by the components in the underlying Basal Melange. The
Basal Melange essentially contains only sedimentary clasts and matr‘fx, de-
rived from the Humber Arm Supergrgup, Black Cove and Caribou Brock forma-
tions. This indicates that the Humber Arm slice assemblage buried the

growing Basal Melange beneath it during emplacément, shielding 1t from
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contaminations by debris from higher slices. Volcanic and plutonic 1gneous

blocks do occur within lowermost me]ange; elsewhere in the allochthon (at

West Bay, Port au Port Peninsula, Schillereff and Williams, 1979; east of

the Lewis Hills, Williams and Codfrey, 1980; in the Companion Melange at

the Bay of Islands, Williams, 1973), This implies that in those areas:

1) a wider variety of rock types composed the western_ and lowermost lead-
in§ edge of the uplifted imbricated allochthen prior to gravity sliding,
or, ’

2) the high igneous slices were not far-removed to theleast. as was the case
for f;he Basal Melange in the map-area, but were closer to:the leading
edge and could easily contribute debris to the lowermost me1anggs.

Sinultaneous sedimentary and tectonic processes accompanied formation
of the Basal Melange in "the map-area, Sedimentary feature§ include hooked
and folded clasts non-aligned with matrix folds (along Fox Island River),
and undeformed bedded clasts. The main tectonic features are the phacoidal
matrix cleavage, faceted blocks and detached matrix folds. The inferred

age of the Basal Melange (see séction 2.3.1) indicates that the lowermost

Humber Ann che assemblage became detached and slid into the map-area during

1ng Upper Lianvirn- Llandeilo time i

Recurmbent sheath folds in the Black Cove formation, genetically re-

]ated to the Basal Melange cleavage (see section 3.3.3), and the drastic

thickness varfations of both the Black Cove and Caribou Brook formations

are evidence that the Humber Arm s1ice assemblage téctonica'l‘ly scoured

the top of the autochthon during emplacement. At Cold Brook and east Tab-

]e Mountain, the Basal Melange is in direct contact with the Caribou Brook

formation suggesting that the allochthon may have scoured as deep'ly as

300 meters into the autochthon. Hore 1ikely however, these areas were once
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local carbonate highs, possibly the tops of flysch—ﬁuried horsts. Table
Mountain itself may therefore have criginally been such a horst, which was
folded and refaulted after em_p]aceme;lt.

Higher in the allochthon, limited def(;rtmatim along the Lewis Hills
Overthrust (see section 3.3.4) suggests that the Mine Cove and Bluff Head
slices formed a jostling cou.ple, remaining essentia{]y united throughout
emplacement. The Medial Melange represents a major zone of transport be-

neath these hig‘h slices, implying that the slice-couple moved independently

of the Humber Arm slice assemblage during emplacement. Abundant volcanic

and sedimentary blocks in the mel'ange are matchable with the Mine Cove and
unit 8 volcanics, and Humber Arm Supergroup. This implies that the Mine
Cove slice and the Humber Arm slice assemblage were in direct contact,

overriding and chaotically mixing their mutual debris during formation of .

the Medial Melange. Rare, small .gabbro blocks, matchable with the gabbros

in the Bluff Head assemblage, indicate that the Bluff Head slice, lying
still fartﬁest east, could not supply abundant debris to the Medial Me]ange.v
The 1inferred Upper Arenig-Llandeilo age of formation of the Medial
Melange (see section 2.3.4) implies that th'é higher, heavier Mine Cove-
Bluff Head slice couple detached and began to s1ide earlier than the Hum-

ber Arm slice assemblage. Thus, while the Humber Arm slice assemblage was

" the first to arrive into the map-area, 1f was not the first part of the

b

allochthon to begin sliding. This fits Stevens® (1’970)‘ model in which deep-
er detachments wit_hiln the. west-moving allochthon are progressively younger,

The Humber Arm Al-’lochthon was completely in place by the mid-Middle
Ordovician, as indicated by the Caradocian age (Bergstrdom et al., 1974) of
the neoautocht/h'onous Long Point Gn;up on Port au Port Peninsula (Rodgers,
1965). |
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4,2.5 Resolution and significance of.melange zones in the map-area

The maximum size of blocks in me'iange is difficult to estimate, since
they grade, by defm1t1on, from the finest matrix chips to the largest
tectonic slices. In one extreme, there could by hundreds of melanges in
the Fox Island River area, eaf;h one consisting of chaotic shales bounding

a local intact body of rock,” In the other extreme, the entire Humber Arm

Allochthon can be viewed as a melange, with each structural slice as a
/

giant olistolith. t;lear.f_y, melanges must be resolved and mapped appro-
priate to the detail of any particular 'study. In the present mapping,
chaotic rocks are res:o'lved ‘at maximum block sizes in tens of meters, At
this scale, the Ba';"a'l‘and‘ Medial Melanges are both distinct]y mappable

and spatia'l]y sepz:rate. Williams and Godfrey (1980) 1nterpreted almost
aH of the Humbe/r Arm slice assemblage in the map-area, and the area east
of the Lewis tHHs as a mega-melange, with vo]camc masses (in part unit
8) as ohstohths up to four kilometers long Contrasting with this mega-
melange terrane is the eastern half of the Humber Arm Allochthon that 1;
composed of intact sedimentary rocks of the Irishtown and S.unlnerside Fofma-
tions (Williams and Godfrey, 1980). Future regional study of melanges in
the Humber Arm Allochthon should emphasize seale and resolution, before
attempting major correlation and genetic rodelling,

The mde1 Presented here hinges on a combined tectonic and sedimentary
origin of the Basal and Medial welanges.' If the melanges are purely tec-,
tonic, then there is no reason to think that only the Humber Arm slice as-
semblage was on hand during the formation of the Basal Melange, and that the
allo'c“hthon slid "bottom-first® into the map-area. As well, the inferred
ages.of melange formatfon may represent the youngest Hmits pf ongoing

chaotic deformation, possibly beginning during assembly or even displace-
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ment of t%e allochthonous ro.cks.

4.3 The/present stacking order

The present stacking order of racks in th‘e Fax IsTand River area is
dep1ctek’i in Fig. 25. This configuration mimics the original fmbrication
order, "dati ng back to the Lower to Middle Ordovician displacement and as-
senMyf of the Humber Arm Allochthon,

Jn'general the farfhest travelled ophiolitic and related rocks
(Bluf Head assemb’lage. Mine Cove vo]can'lcs) occupy the uppermost slices,
whﬂe the least-travelled continental margin sediments and f'lysch deposits
(Hunber Arm Supergroup) occupy the lowermost slice assemb]age. This is
the i:omnon trend throughout the Humber Arm and Hare Bay Allochthons (Wil-
Hams, 1975b).

f Fcllowing emplacement of the aHochthon and scouring of the autoch—
thoh renewed westerly-directed (Acadian) thrusting in the map-area super-
posf.*d denuded carbonate rocks on top of ‘the Basal Melange. Examples of
thijs are the Cold Brook Ridge thrust (see section 3.4.2) and the Fox Is-
1anfd River sliver (see section 3.6). Within the allochthon, the B‘l'uff

Head s1ice was locally thrust southwards onto the Humber Arm slice assem-

b’l;ge (northeast of Four Mile Hi11). Similar south-directed thrusting oc-

cur‘s at the base of the Humber Arm slice assemblage along Romaines Brook
,but\k does not alter the stacking order.

4.9 \ Summary and conclusions

‘The Humber Arm Allochthon in the Fox Island River area comprises from
bottom to top, a thick Basal Melange, a widespread sedimentary slice (Hum-

ber Am slice assemhlage), a thin Medial Melange, and east-thinning
i
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Vs emp]acement (far-trave'l‘led)
¥ T\ post- emp]qcement (paralitochthonous)
, i

autochthon /

auto. = )
BM = Basal Melanae /
HA sa = Humber Arm slice assemb]age
MM = Medial Melange ; ;
MC s = Mine Cove slice / .
| BH s = Bluff Head slice i
1 = Cold Brook Ridge thrust
‘ 2 = Fox Island River sliver
3 = Four Mile Hi1l thrust'
Cd
1‘: ) ’
/ ;
Fig. 25: Stacin'nq order of structfura] sliées and narautoch-

thonous rocks in the Fox Isla‘nd River area

a
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volcanic wedge (Mine Cove slice) and an uppermost ophiolitic slice (Bluff
Head slice). These slices and melanges were emplaced in that order accord-
ing to a three-stage history of Lower Ordovictan ob.duction, uplift and final
Nestvard gravity siiding during the Lower-Middle 0rdov1c1an Taconic Orogeny
During obduction, cceanic materials. as well as slivers of an ancient
continental rise prism, were thrust westwards faorming an east-dipping im-
bricate assemblage along the then-telescoping ancient continental nargin
of eastern North America.
Duriqg uplift, these proto-structural slices were raised above sea
level, fg':mng a west-advancing, subaerial archipelago, with the lowermost

_ (younger) sediments to the west, and the uppermost (older) igneous rocks

inclined to the east. ‘Flysch deposits were-continually being shed into the

deepening'mrginal basin develvoping to the west.
| During f1~na1 emplacement, this inclined wedge assemblage disag'gregat-
ed piecemeal, starting high in the east, and slid by gravity into the
flysch basin. The upperﬁost Mine Cove and Bluff H;:ad slices formed a
jost'l‘ing couple which apparently detached first. The uhdef‘lying Hurrbe-r
Arm slice assemblage was detached later, hbut was the first to arri.ve into
the map-area.

Westward facing and vergence directions of recumbent folds in the Hum-

ber Arm Super"gmup and Black Cove formation, the northerly strike of mafic

dikes in the Bluff Head assemblage at Bluff Head; and the continuity of.the .

thin Mine Cove slice and the serpentinite sole of the Bluff Head slice
suggest that there has been no rotatfon of the allochthon during ifs 35 ;‘Ia
(Arenig to Llandeilo) of transport. .
It remains uﬁclear vhether fhe Lewis Hi11s Massif {s an extremély e-
roded part of a once more extensive Taconic thrust sheet continuing south

and west, or whether its present outline has remained essentially unchanged
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since emplacement. If its southern border reflects a Middle: Ordovician
southern limit during final emplacemént, then consideratic;n of its present
north-south and east-west dimensfons must enter into provenance ana]yses of-
both easter'ly-—derwed flysch deposits and melanges 1n the region.

The Basal and Medial melanges provide both space and time signatures
for the assembly and emplacement of the southern part of the Humber Arm
Allochthon into the Fox [s'land River area. If the above interpretations

are correct, the Medfal Melange formed first, during Upper Arenig to Llan-

deilo time, sampling the underlying Humber Arm- Supergroup sediments and

overlyingj Mine Cove volcanics and Bluff Head assemblage gabbros. The’Basal
Melange followed during the Upper Llanvirn-L]andeilo, sampling sedimentary
rocks of the Humber Arm Supergroup and the upper autochthon. The Mine
Cove-Bluff Head slice coup}e Qas emplaced into the map-area after the Basal
Melange was formed and co:\ceaIed by the overlying Humber Arm slice assem-
blage. Therefore, 1n the Fox Island River area, the model of emplacement
of a pre- asserrb]ed a’l’lochthon. which could contribute’ the full range of
sedimentary, vo]eanh; and plutonic debris abundantly to both synorogenic
flysch deposits 'and coeval melange zones (Williams and Stevens, 1974) 1is
doubtful. )
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