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FRONTISPIECE

View northwest over Corner Brook Lake from hilltop east of the lake -
Corner Brook Lake is flanked on the east by Hadrynian—Cambrian metaclastic
rocks (foreground) which have been thrust westward along the Cornmer Brook
Lake Thrust over Cambro-Ordovician carbonate rocks underlying much of the
lower terrain west of the lake - on the horizon (centre and left) is the
Bay of Islands and Blow-me-down Mountain - the latter represents an
ophiolite complex in the Humber Arm Allochthon.



ABSTRACT

.The Corner Brock Lake area, Iocated.at the eastern margfn of
the Humb;r zonc‘ln central western Newfoundland, was mapped on a recor;-
naissance scale in order to 4ketch the Saiignt fea;uris of Its geology,
which untll now has been very poorly understood.

The a.reg is underiain mainly by a metamorphosed and deformed
sedimentary cover sequence deposited dur]ng Hadrynian-0Qrdovician time
on a Grenviliian basement complex, part of which outcrops In the area.
The cover consists of basal clastic rocks, which underlie the en'stern
ﬁnlf of the map area, s'traflgr'aphlcally overlain by carbonntev‘—rocks,
which océupy the western half of the area and are contlnuous'wlth the
extenslive Cambro-Ordoviclan carl;onate bank sequence of western Newfound-
land.. The aréa also includes alloc‘hthonous Cambro-Ordovl‘c.lan clastic
and. ophiollte-de'rlve?l rocks, a small Siluro-Devonian granitaid pluton,

and Carboniferous clastic rocks.

Five distinct deformation events (D1-D5) are recogni zed,

representing the sffects of three regional’ orogenic events = the Middle .
Ordovician Taconic (D1/02), tke Devonian Acadlan (03) and the Carbon-
Iferous to Permian Al leghenian (Dk/DS) orogenies. The intensity of
deformation l.‘dccr.ased aﬁer a . peak durln; the Taconic, and a single,
lower amphlbollte facies metamorphic peak reached during the Taconlc and
T;conlc-Acadlan Interkinematic Interval was.followed during the Acadian
by lower greenschist facles conditions. Three major east-dipping thrust
faults are dolinnted; and their long historles, Iﬁvqlvlng inltlathn

during Taconic .and subsequent ructiﬁtlom during Acddlan and Alleghenian
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' carbonate sequence, and in combination with wast-verging folds account

]

orogenies, are outlined. The thrusts Quporpose the highly deformed and .
« L
metamorphosed basement/and lowermost cover rocks on the Cambro-Ordovician

for the general westward tectonic transport in the area, .

The tcctonb-strat,lgraphlc features of the areas clearly reflect

”thc' Hadrynian-Ordovician construction and Middle Ordoviciin and ‘later

destruction of the ancient continental margin of eastern North America,

the Humber zone. -

Ti\g.morc significant results of this study include: deiineation
of the stratigraphic and structural features of the eastern part of the

area; firm establishment of the Grand Lake 8rook group as part of the

‘Cambra-0rdoviclian carbonate sequence, and Its recognlt-loh' as a stratigraphic

and structural link across the major thrust zones with the Hadrynian-

Cambrian metaclastic sequence in the eastern part of the area; ldentifl-

cation of the earliest deformation events (D1/D2) In both the carbonate

and metaclastic terranes and the,correiatlonvof these events with the
Taconic Orogeny, implying the earliest post-Grenville deformation in this
part of the Hwﬁboxr Zone was due io Taconic Orogeny in Niddle Ordovlician

time.
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_-CHAPTER |
INTRODUCT I ON

Over the past two decades, a great deal of interest and attention
has been focused on the geology of western Newfoundland. This interest
was given its Initial impetus in 1963 when major klippen of lower |
Paleozoic rocks were recognized (Rodgers and Neale 1963), and was given
an added boost in the early seventies when ophiolites were identified
among the transported rocks (Stevens 1970). The spectaculir geology of
the allochthonous rocks, howaver, has overshadowed other aspects of
westarn Newfoundland ‘g-ology, and‘many important areas havo_' received
little or no attention. Theﬁ\Corner Brock Lake area, t'he subject of this
thesis, is one such area.

The geology of the Corner Brook Lake area has remnlnef! unstudied
since the late 1950's and early 19i60's, and until now has bee;\ pc;orly
understood at best. in the author's opinion, however, it Is an Important
area - one which may hold the key to a number of second-order problems
in the Paleozoic evolution of western Newfoundland,

Ur‘\derl;ln by strongly -dcformcd‘. mainly mtase&lmntary rocks, the .
area lies at the juncture between the stratigfaphlcally and tectonically
contrasted Humber ‘and Ounnage zones of the Newfoundland Appalachlians
(Williams 1976), and thﬁs its poientlll'ls great for contributing to a

more detailed understanding of the tectonic history of this Important

region.

1.1 Location and access
The area mapped as part of this thesis®project is located In

central western Newfoundland, south and east of the city of Corner Brook

”




(Flgure 1). The map area Is roughly centred on Corner Brook Lake, and
enécmpasses approx imately 600 square kilometres. It is bounded by Grand
Lake and South Brook valley on the south and east, the Humber River valley
on the north, and the Trans Canada Highway (TCH) on the west.

The TCH and a system of logging roads provide access to varlous
parts of the area from majof centres (Flgure’z). The légglng roads are
owned by Bowaters Newfoundland Limited, and were constructed to transport
woog to the pulp and paper mill at Corner Brook. In the northern part of
the Srea, wheré logging operations ceased many years ago, most of the
~ logging road§ are impassable by any vehicle except motorcycle. Logging
operations have Seen carried out more recently in the southern part of
the area, and there most roads are in a state of good repair.

Four main logging roads prov.ide access to the central and eastern

parts of the aresa. These are referred to here as 'Camp 33 Ro;d', 'Gul
Pond Road', 'Corner Brook Lake Road', and ’'Northern Harbour Road®.
(Note: unofficial names are indicated by single quotation marks). The
latter three roads are protacted by gates and may not be accessible to.
the publlc without permission. 'Clmp 33 Road' and 'Northern harbour Road'
p}ovlde access to points where boats may be launched §n Grand- Lake.
'Corner Bropk Lake Road' also serves as an;access to the City of Corner
Brook water.reservaoir (Corner Brook Lake). 'Gull Pond Road' has recently
been extended eastward and northeastward in anticipation of future logging
operations. 7

Aécgss to the map area by ;Ir I's provided by float plane through

Fewfoundland Air.Transport, and hellcopter through Viking Helicopters,

based In South Brook and Pasadena, respectléely.
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1.2 GeomorphologyA
Topography.
The topPgraphy of the Corner Brook Lake area can be desctyibed
best i; its regioﬁalicontext. Figure 3 shows the méfn topographic
elements Af central wastern Newfoundland. )

The dominant positive features of the topography are the Long

Range Mountains in the southeast and northeast, the Indian Mead Range in
a .

“the southwest, and a chain of precipitous mountains along the coast to

the west. The barren to shrub-covered coastal mountains comprlse four
distinct massifs, while the Indian Head Range and Long Range Mountains
ar; generally not as sharply defined topographically, and have a slightiy
more cop ious vegetatlo.n cover. a

Between these mountain terrains Is a north-northeast trending
central platea#, appro;imatoly 25 km in width, conslsting of lower,
rolling, tree-covered hills (see Frontispiece). The plateau (elevation
500-1200 ft; 150-365 m) rlﬁos gradually to the southwest into the Indian
Head Range, where elevations reach 1801 fest (550 m), and to thé east and
north Into the Long Range Hountain;. where elévations reach 21&# feet
(653‘m) and 2644 feet (806 m), respectiveiy. To the west, the plateau
rises more abruptly Into .the coastal mount;lns,‘uhera elevations reach
2672 feet (815 m) - the highest on the Island of Newfoundland.

The topography strongly reflects the bedrock geology. The
mountain areas are u;berlaln by resistant, crystalline igneous and meta-
morphic complexes, whereas the plateau is underlain by less resistant
carbonate and clastic sediments., The coastal massifs are transported
ophlol[tes. while the other mountain t;rralns reﬁresont malnly.basuhent

metamorphlc complexes and the metamorphosed lower part of the cover

sequence. The southwestern and northeastern lowland areas coincide with
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late-orogenic, intermontane basins in which Carboniferous clastic sequences

Qere deposited. - - \
Within the Corner Brook Lake ares, all three topographic elements
are represented. The eastern part of the map area is part of the Long
Range P‘ountalns, the western portion [s part of the plateau, and the Deer
Lake\ Ba{aln in the northeast Is part of a more extensive lowland area. .
Maximum relief, about 1700 feet (518 m), lsdfound near the southern end
of Grand Lake, where steep cliffs rise from the shorel ine. The maximum
elevation (2144 ft; 653 m) Is reached just northeast of Corner Brook Lake.
As noted, the topography of the map area ls' likely a function of
the resistance to erosion of the bedrock, However, the [nfluence of major
structures Is also significant. For example, the alevation of the Long
Range may be in part due to late-orogenic uplift along west-directed thrust
faults. Much of thg rolllrig ;opoqraphy of the pl/a'teau terrain to the west

/
appears to directly reflect large northeast-tref‘\ding folds, while most

v . / -
of the larger val lays ‘throughout the area are parently the sites of

F

major faults. Most notable of the structurali y-controlled, topographic

fegtures is Grand Lake. . The ’rmr"lubly strtht. northeast-trending,

western side of the lake apparently owes It

: existence mainly to the

regional Cabot Fault zone¢

Glaciation '
Recept' glacial sfudles of western Newféﬁndland suggest the region

supported its own Hisc‘_;)nsln lce cap, which moved westward and southwestward

" from.a centre In the Long Range Mountains (Brookes 1970, 1973). Evidence

of th‘is glaclation is found throughout the map area, the most obvious

signs beling U-shaped valleys, roundo'dvhills, erratics, glacial striae,

and ti11 deposits. All th.lks evidence supports a westward ice flow.




The Humber River, Steady Brook, and South Brook valleys are

. excellent examples of U-shaped valleys In the north, and farther south
examples include 'Val.ley of the Lakes' and 'Grand Lake Brook' valley.
‘Valley of t:he Lakes' and smaller adjacent-valleys are also hanging
valleys with respect to Corner Brook Lake, and suggest westerly; ice flow.
The fiord=1ike valleys containing Grand Lake undoubtedly owe their present

shape and relief In large part to glacial gouging. Rounded hills with

smooth, strongly weathered summit outcrops are a common feature In the

Long Range.

Glacial erratics ars ubiquitous. Numercus erratics, some as
Iarge as 3m in dlameter dre scattered over hillitops In the mountains
and in the plateau- to the west. Wherever they are found, the erratics
are invarfably metamorphic and igneous rocks derived from the Long Range
_Hountains‘, both from wi thin and'fro-n east of the map area. One particular
erratic, a very distinctlve garnet schist, was foun& in the southern part ‘
of the area, approximately & km west of its inferred outcrop location -
lndlcatung westerly ice movemen';é

Glaclal striae wers recorded from two localities. In the north,
on"the we;t shore of Deer Lake, the author noted a single set/of striae
with azlmuth'oln. while in the south, two sets of strise were found about
1.5 km southeast of Big Gull Pond. The double set Inﬁlud-s an early set
with azimuth 073 and a C.f'OSS'C;lttlﬂg~ (later) set with azimuth 113. 1In
additlion, McKillop (1963) found a set with azimuth 102 near Link Pond In
the northern part of the area. Though the striae do not Indicate the
absolute dlrectlon of ice flow, their ::Wle.ntatlon agrees with a westward
fce movement, -

The glachl till cover In the area is generally thin, probably

nor. exceeding 1 m in most placas. Its thinness may be a function of the

1
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proximity of the area to the ce\"l"\ttre of glaciation in the Long Range,

where it received only a thin gllound moraine, and not .the thicker deposits
associated with terminal moralnes and ouﬁwash plains. Such thick deposits
are found southwest of the area near St. George's Bay (Brookes 1973). A
thick Pleistocene deposit near the mouth of the Humber River has been

interpreted as a raised delta of glacio-fluvial origin (McKillop 1963).

Drainage

The drainage system of the drea is immature, as evidenced by the
numerous bogs, inadequgtely drained ponds, and small brooks, rather than
well-defined rivers. Strong structural control is reflected In the drainage
directlions, pond orientations, and comman sharp b;nds in stream courses.
th.hologlc influence on drainage is most evident in the western part of
the area {(underlain by carbonate rocks),‘where subsurface drainage occurs
local ly.’

Most of the map area drains either directly or Indirectly into
Humber Arm and the Bay of Islands. A smail central part drains via the
Harry's River system into St. aeorge's Bay (Figure 3). Except for the
'Valley of the L;kes' watershed and areas immedlately adjacent to Grand
Lake, the northern half of the afe.| drains into Humber Arm or the Humber
V River via major streams such as Corner Brook, §tudy Brook, and South
Brook. The remainder of the area drains into Grand Lake via channels such
as 'Grand Laks Brook' and 'Valley of the Lakes', as well as the numerous
streams which cascade into Grand Lake. Grand Lake ftself is now dammed

and drains north of the area through a flume and power plant into(Deer

Lake, which in turn empties into Humber Arm through the Humber River.




Outcrop

Outcrop In the map area is, In general, scarce. Slightly more

outcrop Is found in the eastern part of the area where the more resistant

{

and elevated bedrock locally forms good streambed exposure and 'bTren

hilltops. However, even the 'barren' hilltop ocutcrops are typica\lly
rounded, strongly weathered and lichen covered, all of which reduce
outcrop quallty and di:antlty. 7

'fn the densciy wo;::ded terrain west of the mountains, outcrop is
es;entially restricted to streambeds and roadcui’. Logging operations.
have greatly facilitated geological study by exposing bedrock tﬁrough the
thin till cover in roadcuts and roadbeds. Major fault scarps locally
provide good exposure, such as along the wes.tern shore of Grand Lake. The .
stream-cut and glacl?lly-crodéd ¢l1ffs In the Humber Gorge also provide
an excellent cross-secl‘tlon of the geology In that area. In general,
however, large outcrop areas are rare.

1.3 Geological setting !

Newfoundl‘an;i is th; northern extremity of the Appalachian Orogen,
which extends 3500 km southwestward to the southeastern United States.
The geology of Newfoundiand ,ha; attractéd interest ;Inc; the latter part
of the nineteenth century, due mainly. to the fact that the island provides
suf:h a8 well-exposed, and relatively complete, cross-sect_Ion of the
Appalachians. [n addition, in recent years it has been recog;nlzed that
Newfoapdland is the g-aologicb\l link between. the Appalachian and Catedonian
Orogens', which formed a slng.li‘-\\orogenlc belt 10,000 km in length during
tha late Paleozoit. indeed, as Williams (1978b) suggestQ, Newfoundland:

geology may have more in common with the geology of the British lsles than

with southern Appalachian geology.




11

Across the island of Newfoundland, there are striking regional
geological differences. Recognition of these differences and attempts to
accentuate them has spawned a variety of zonal subdivisions of the geology
(e.g., Williams 196‘0; Williams, Kennedy and Neale. 1972, 1974; Williams
1976, I978a).( The most r'ecent work (Williams 1978a) is a compilation"
and interpretation of the geology of the éntlrc Appalachian Orogen in
terms of the plate tectonic setting. and slgni‘ﬂcance of selected 11tho-
facies belts. This compilation proposes a fl;fefolc! division of the Orogen
based on the contrasting characteristics of pre-Middle Ordovician rocks,
and it demonstrates that two of the flve Zzones can 'be traced the full
length of the Appalachians. Four of the Zones are defined in terms of
Newfoundland geology, and they represent one of the most functionai sub-
divisions of the Island's geology to date. From west to east, they are

referred to as Humber, Dunnage, Gander and Avalon zones (Figure 4A).

Accordin§ to the Interpretation (Hlltll‘ams 1976, 1979), the three

western zones rec‘okrd the late Precambrian to lower Paleozolc plal';e tectonic
evqlutlon of .the lapetus Ocean and its continental margins. The model -
maintains that rocks in the Humber and Glnderfzones record the construction
and subsequent destructlorL of an Atlantic-type western, and local‘ly’
Andean-type eastarn continental margin, rcspectlvef;f. The marine volcanlcs,
sediments and oph_lc;llte suites in the Dunnage zone are interpreted to be
the ''vestiges of lapetus™. Tbe significence of rocks"ln the Avalon zone

in this plate tectonic Interpretation is uncertain. o

The regional setting of the Corner.v Brook Lake area, western
Newfoundland, encompasses both Humber and Dunnage zone geology- (Figure 48).
However, the map area itself iies entirely within, and at the eastern

margin of the Humber zone. Western Newfoundland geology has been described
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In a number of reglional synthesés, Including Williams et al. (1972, 1974),

Stevens (1976), Poole (1976), and Williams (1979). The following geologic
sumary is based on these sources, to which the reader is referred for a
more detalled treatment.

The Humber zone records the evolution of the anclent continental
margin of eastern North America, and Tts geology can be described broadly
'fn terms of autochthonous. allochthonous, and neoautochthonous sequences.

The autochthonous sequence lncludes clastlcs and carbonatcs
deposited unconformably on a rlfted Grenville basement. The late Hadrynian
to Cambrian basal clastics are westerly derived, eastward thickening (up
to Io 000 m), and are locally interstratified with mafic volcanic flows.
Dlabase dykes that fed the flows cut both basement and lowermost clastics,
and have ylelded late Hadry;ﬂan Isotopic ages. Both the basal arkosic
sediments and thc volcanlcs are the products of late Hadrynlan rlftlng
of the continental crust marking the initiation of the |apetus Ocean.
The basal clastlés are overlain by eastward-thlckgnlng (up to 3000 m),
Cambrian to Middle Ordoviclan. carbon-tc bank deposlts, reflecting the
establishment of a stable contlnental margin. The upper part of the
carbooate sequence records a disturbance to the east of the margin, and
a gradual ro-versal in provenance from west to east, marking a major
change In the stratigraphic development'of the continental margin
(Klappa. et al. 1980). The change culmlnatcd with d.posltlon of elsterly-
derived flysch, uhlch preceded the emplacement of allochthonous rocks in
mid-Middle Ordovician time. o '

The al'lochthom.:us sequence of the Humber zone, emplaced during the
Taconic Orogeny, Is disposed In two major kll.ppen. located near Humbef Arm
and Hare Bay (Figure 4B). ‘Thc bese -of the sequence is marked by mélange

T bverlyinq the easterly-derived flysch. Similar Mlanges separate an

e
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sssortment of structural slices. The lowest slices Include clastics and
‘carbonates, while the highest consist of ophlolites and associated igneous
and metamorphic rocks. The ophiolitic rocks are Interpreted to be parts
of‘thc oc.anlc'crust obducted during closing of lapatus, while the
sediments in the lower slices are lnterpré&ed to be parts’ of the contin-
ental macgin, slope/rise prism 'peeled off' during the obduction of the
”ophloliées. The stacking order of the slices reflects thelr palinspastic
distribution, In that the hlg&.r slices are the farthest travelled.
Obduction of the ophiclites and emplacement of the allochth&ns were
accomplished by the attempted subduction of the contlnuh:al margin along
an east-dlpping subduction zone, In which the ;lfces of the allochthons
were assembled as an accrotlonary wedge beneath the overrldlng oceanl¢
11thosphere (Stovens 1976) Ty ‘

The neoautochthonous sequence includes the remﬁants of all the

rocks deposited after the emplacement of the allochthons. The oldest ate

represented by Middle Ordovician carbonates on the Port au Port Peninsula,

which unconformably overlie allochthonous rocks. The remainder comprises
malnly terrestrial clastics and minor volcanlcs of Sllurian, Dovonlan,
and Carboniferous age. In addltlon middle Paleozolc granltold rocks
|ocal|y Intrude the eastern pary of the Humbcr Zone.

“The boundary between the Humber and Ounnage zones |s a narrow,
steep, structural Junctlon marked by rocks of cphiolltlc affinity, and is
referred to as the Bale Verte-Brompton .Llna (St. Jullen et al. 1976). it

“has been suggested the line marks the site of ophiolite obductlon, and
thus |s the root zone for the transpﬁrted ophiolites In the Humber zone.

The western margin of t:e Dunnage-zonc s also Intruded by
granitoid plutons. The largest and most notable Is the Topsails Batho-

lith, in part a Siluro-Devonian peralkal ine complex (Taylor et al. 1980).
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The structural history 'of' the Humber zone records the effects of
three major o;'ogenlc events. These‘are the Taconic Orogeny of Ordovician
‘ dge, the Acadlan Orogeny of Devonlan age, and the Carboniferous-Permian
. Alleghenian Okogeqy. -The zone Is dcm’lnated by a strong nartheast

structural trend, which is a composite of the sub-parallel structures
;ssoclated with each of the orogenies.

The Taconic Orogeny produced intense polyphase deformation
characterized by west-facing recumbent foids, a stron§ schistosity, and
upper greenschist to amphibolite facles metamorphism. The tectonism has

‘!;een attributed to the attimpted subduction pf the continental margin,
and the resultant obduction of oceanic crust.

The Acadian Orogeny was less intensa, and is characterized by
nartheast-trending, tight, upright f'olds,' an associated steeply-dipping
crenulation cleavage, and retrograde metamorphism to lower greenschist
facies. Granltoid plutonism is also commonly attributed to the orogeny.
Th? style of deformation refl.g:ts the continued east-west shortehlng of
the Appalachlan Orogen during Siluro-0evonian time, but the plate tectonic '
causes are uncertaln.

The latest ma,!or deformation in the region Is recorded In
Carboniferous rocks, and has been Interpreted as the product of Alleghanian
(Hercynian) Orogeny (e.g., Schucheri and Dunbar 1934; Williams 1979). The
deformation is characterized by northeast-trending faults and open folds,
with I‘lttlo or no cleavage development, or metamorphism. Recent Interpre-
tations (e.g., Wiiliams et al. 1974; Hyde 1979;) suggest this deformation
is-not regionally significant, but rather ls‘locallzed in fault zones of
unknown displacements. However., early workers (e'.g.,— Schuchert and Dunbar

1934; Hayes and Johnson 1938; Batz 1948) suggested the deformation reflects

a regional event involving mainly west-directed thrusting. This

-
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controversy, which has special ;Ignlflcanca with respect tb‘ the present
study, is discussed In more detall in Chapter 11 and Appendix C.
1.4 Previous work

The eariiest geologlcal investigations in central western New-
foundland are attributed to plioneer gwlogl;ts such as James Richardson,
Alexander Murray and James Howley, who worked in the latter part of the
.nlneteenth century. With regard to the Corner Brook Lake area, this early
work likely lncl!dd.d' mapping only in the Humber Arm and Humber River area,
since these waterways were the only means of access to the region in those
days. Howley's geological map of Newfoundland, published In )967. was
a compilation of the early plonser work, and it ~c|“”y shows the e‘xtent
of ""Cambrisn and Cambro-S!lurian’ (sie) rocks in the Humber Gorge. '

in 1934 the Geological goclcty of America published Memolr 1
entitied Stratigraphy of Western Newfoundland, authored by Charles Schuchert
and Carl Dunbar. This report described the stratigraphy based on data”
collected during four fleld seasons (1910, 1918, 1920, 1933) by a number
of geologists. On the last two of these lexpeditions', the Cambrian-
Ordovician rocks In the Humber Gorge were studied, fossils were collected, |
and the major structures were identifled. Their exploration, however, did
~not include more ;outherly parts of the Corner Brook Lake area.

During the summers of 1945 and IS“, T. N. Walthier mppodﬂl the
area between Corner Brook and Stephenville as part of his PP.D. work at

Columbia University. In 1949, his results were published in Bulletin 35

of the Newfoundland Geological Survey with a map at a scale of 1:38,500.

_ His work-concentrated on the carbonate rocks in the western part of the
Corner Brook Lake ares:; However, he did recognize the structurally complex,

metaclastic rocks to the sast, which ho‘ referred to as '""Precambrian

¢
-
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gneisses and schists', and sugéested they had been overthrust from the

] ¢
sast.

In the 1950's, large scale (1:253,440) mapping projects ware
undertaken in western Newfoundland by the Geological Survey of Canada.
The Corner Brook Lake area!straddles three of the areas mapped at that
tims. G. C. Riley (1957) mapped the west half of the Red Indian Lake
sheet (NTS map 12A), |Fd later (Riley 1962) moéped the Stephentille sheet
(NTS map 128) to the west. D. M. Baird (1959) mapped the west half of
the Sandvaake sheet (IZH).. These maps have becoms standard'references
for central western Newfoundland, and are most useful in reglona{ analyses,
However, their large scale IQ prohibitive to detailed analz_ﬁ_ls. and large '
areas of important geology are lost In their regional scope. The present
study was lnltloéed to provide more detallLon the geclogy of one of these
areas, the Corner Brook Lake area. -
Early.Jn the 1960's, portions of the northern part of the Corner
Brook Lake area were studied by three graduate (M.Sc.) students at
Memorial Unlversity. K. D. Lilly (1963) p';yobuced a 1:50,000 scale map
of an ares extending northward from the Humber Gorge. His interpretation
of tha Cambro-Ordovician stratigraphy and stru'ctq,re‘ in that area has been
most helpful In the present study. ;l. H. McKillop (1963), at the same
tlmc; mapped the city of Corner Brook aresa at a scale.of 1:24,000, focusing
mainiy on the Ordovician carbonate rocks, and much less on the metaclastic
rocks to the east. Stevens (1965) studled the allochthonous rocks In the
Humber Arm area. His description ;f the stratigraphic and structural
foatures in the eastern part of ;h-‘ﬂumﬁer Arm assisted tha pTcs-nt work.
Further work in the map area was not carrled out untl I§ 1977, when

the present author, working toward his B.Sc. degree at Memorial Unlvorslty",

mapped 30 square kilométres in the south-central part of the area (Kennedy
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-1978).‘ Mapping et a scale of 1:11,580 provided Information on relations
near the eastern margin of the carbonate terrane and the Grand Lake Thrust.
This work beceme the seed for the present study, which was initiated after
" it was realized how little was known about the gealogy of the Corner Brook
' Lake area.
Williams end St. Julien (1978) reported on reconnalssance
mapping during 1977 by H. Williams near the south end of ‘Grand Lake.
The Corner Brook Lake area and adjacent arsas recelved more ‘ '
‘Intensive study bcglnqlng I; 1978, when several projects were bagun Iﬁ
" the region. In that y.af. H. Williems (1981) began work aimed at updating
. Riley's (1962) Stephenville map arsa, and the work continued during the
i ' 1979 flsld season, with preliminary results appearing in Williams and ‘
‘ : ‘ Godfrey'(1980).f Also in 1978, the present study of the Corner Brook Lake
| H ; area was initiated, and two fellow graduate students began work in

lmmed lately adjacent areas. Y. Martineau studied the area south of Grand

Lar—en xm

Lake as part of his M.Sc. program, while D. Knapp pogan work on his Ph.D.
project on Glover (sland. Their prealiminary results, algng with those of
the presant author, wers reported Jointly In 1979 (Knapp ctlal. 1979).

Following the 1979 fleld season, updated results of the work in each area

. wers reported separately (Martineau 1980; Knapp 1980; Kennedy 1980).

Work on the Carboniferous rocks In the Deer Lake Basin, northeast

of the Corner Brook Lske arsa, has besn carried out most recently by Fong

(1376b) and Hyde (1978, 1979a, 1979b, 1979¢). ‘ -

“alms In mind. These wera: 1/ to ldontlfy and describe the major geoclogic

. features of the Corner Brook Lake area, and 2/ to consider their relation
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to established elements of western Newfoundland geology.

Within this general framework, however, two spe;lflc points of
Interest were given special attention. These were: 1/ the delineation
of stratigraphic, structur‘al and metamorphic.features in the polydeformed
metaciastlic sequence In the prevléusily unstudied eastern part of the area,
and 2/ the evaluation of its s‘tructuraflgigpd stratigraphic relationship

. g
to the wall-knom; Cambro-Ordovician, carbonate sequence in the western
part of the area. Ths understandir!g of trf‘u/s relationship which has come
from the present study is a signiflicant contribution to western Newfound-
land geology, in that it sheds 1ight on a long-standing problem regarding
the timing and c;:t-nt of ni‘l; Paleozoic orogenic events.

The broad scope of this task, the large size of the map area,
and the 1imited fleld time a‘vallable, combined to determine the mappling
methods emglzycd.’\"l'hc arsa was mapped lnAa raconnaissance style using
1:50,000 scale topographic sheets (pgrts of NTS sheets 12A/12 and 13,
128/9,and 16, 12H/k) as a base, and air photographs (1:15,840 scale) for
more detalled coverage In certain areas. Most of the work was done by
single~day loop traverses from access roads; rnw'ever, mulj tl-day traverses
from roads, and traverses from several base camps set up by float plane
were also employed. Limited hel icopter support was used to execute long
transverse traverses, as well as to dample some of the more isolated and
inaccessThble hilltop exposures. -

The projact’lnvolved approximately six months of fileld work

extending over three seasons {1977-79). During 1977, as previously noted,

the author spent two months collecting data in the south-central part

of the area,m but the pres?nt work actually began In 1978 with thr.ee
months of mapping almed et familiarizing the author with the general
features of the area., During the following season (1979), the author was

”
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employed by the Geological Survey of Canada and spent one month collecting .

more detalled Information In various parts of the area.

A large amount of data was gathered and generated during the
course of this work, and with vlrtuaLlf no previous Information avallable
on the area the author felt it essential to bresent as much as possible of
this new information. For this reason, the present work contains a great
deal of descriptive material, observations and speculations. It Is hoped
these will enable future workers to better identify and focus on the more
critical aspects 'of the geology presented here.

To facilitate access to this information the following chapters

have been divided into two units. Unit | (Chapters 2-6) deals with litho- ‘

logic and stratigraphic features, while Unit |1 (Chapters 7-12) deals with

e N R

structural and metamorphic aspects. Each unit is intended to be Internaily

4

! complete in terms of description and- interpretation. To keep the reader

in touch with the overall picture, however, there [s a certain amount of

crossover between units. Chapter 13 summarizes the lmportané findlﬁgs of
this study, synthesizes the data in Units | and IVI in terms of a tectonic
model, and notes suggestions for future work in the area.

Appendices Include whole rock (Appendix A) and mineral (Appendlx
B) chemical analyses, a llterature review and dlscussion of regional
Alleghenian deformation (Appendix C), and a desc;lptloﬁ of the sulte of
samples from the area stored at Memorial Unlve'nislty's (;eology Departmept
(Appendlx' D). Appendix D also includes a sample location map for all
samples quoted. In the text. '

The geclogical map of the area {Tn pocket) synthesizas infor-

mation.compiled from previous work anq new data collected during this study,
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UNIT I: STRATIGRAPHY \

CHAPTER 2 )
GENERAL STATEMENT

 The Corner Brook Lake area |s underlain by rocks which range in .
- age from Helikian to Carboniferous, and thus it Includes representatives
of the oldest and youngest rocks in western Newfoundland. All rocks in

the area, except the Carboniferous sediments, are now metamorphosed and

polydefaormed.

. (n simple terms, the stratigraphy of the area comprises a
Precambrian basement complex overlain by Precambrlan to lower Paleozoic ‘
clastlf: and carbonate rocks. Cmbro;Ordovlcian transported clastic and

*
mafic plutonic rocks, a Siluro-Devonlan granitoid intrusion, and Carbon-

T —

| farous clastics account for the remainder of the sequence.

SRR IV B e

B

i . Thirteen lithologic units are recognized, sight of which are

newly proposed of redef ined “v;:'his work (Table 1; see also geolog'lcal

map In pocket). Ten of the units are grouped naturatly into three ma:ior
tectono=-stratigraphic sequences, each of which underlies a geographlc
subarea, referred tc here as a 'terrane'b (Figure 5). Each terrane consists
of a distlr;ctlve sequence of stratigraphically related -rocks separated

from the other terranes by east-dipping thrust faults.

The three terrano; are: 1/ the gneissic terrane - a varied
sequence of mainly gnelssic Precambrian and Paleozoic rocks divided into
three lithologic units (1, Z.anfl t1), 2/ the mcta,t:.lastlc terrane = a
sequence of Hadrynian to Cambrlan.. -rnalnliy metaclastic rocks divided Into
four units (3, 4, 5 and 10), and 3/ the carbonate terrane - & sequence

of Cambrian to “Ordovlcian. mainly carbonate rocks divided Into three

units (6, 7 and 8).
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TABLE |
TABLE OF FORMATIONS

eqs!

DEER LAKE GROUP = red, coarss sandstons
13 Snd pedble ta baoulder conglomerate
(Nerth Brook fm) - .

unconformable

ANGUILLE GROUP - tine, grey 1o graen,
12 fassilifercus sandsrone

not IR contact
LAST MILL ADAMELLITE — pink, leucocratie,
11 medium groined cdamelilite .

nat In conteet

HUMBER ARM SUPERGROUP - mainly black
pyritifercus sietes and minor grey
quortzite (lrishtown tm)

SERPENTINITE UNIT = meinly messive green
10 serpentinite

faulted

fauited

TABLE HEAD GROUP ~ grey caicitia marble,
8 Dbleck siate and MInor marbie breceie

unconfermable

ST. GEORGE GROUP ~ ?tine, buft, pink, white

and grey dolomitic and caicitic marbles,
minor pelitis rocks -

CAMBRIAN

GRAND LAKE BROOK GP.

RELUCTANT MEAD FM, — gray, phyillts,
marbis, merble Mesclio, minor quortzite
'

THRUS ¥V ol FAU LTS

TWILLICK BROOKX FORMATION = grey ,
s parphyroblastic, ceicaresus schist, cule-‘
silizate sshist, micagesus marbdle,
merble dbrescia and phyliltic sehist

STAG HILL FM. — grey, guartz-mica
schist, guerizite, palite, minor quartro-
feldsparhiec schist 6o

MOUNT MUSGRAVE FORMATION - grey 10
4 grean, gornatifercun, quartz-mica schist,
euartzite, pefite, quartzofeld. schist,

minar granitold reck and omphidelite

HADRYMIAN- €

HELIXK.

CARIGOU LAKE FORMATION = buff, albits
3 schiet end gneisa (Albite schist member),
srkesis meteoongliomerate and quartze -
foldapurhic sehist {Metacengiomerate
member ), granitold rock & omphibelite
net In contest

ANTLER HMILL PORMATION — b._". quartze-
2 feldopathic sehist and gnelss, minor ’
warizite end cuie-sliisate schist
(Quartzite member), graniteid roch and

omphibelite
uneoatformebie ?

TONALITIC GNEISS COMPLEX — green and
grey tonalitie gneisa, amphiboiite and
grmnll rock




CARBONATE TERRANE
- +
GNEISSIC TERRANE

C CARBONIFEROUS

H HUMBER ARM SPGP.
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The three remainlr!g lithologic unlts Include transported '
clastics of t.ha Humber Arm .Supergroup ful.wlt 9) and la‘:e:orogcnic. Carbon-
iferous sediments (unlwt»;\l-fahd 13), which are excluded from the
classification above because they are lithologically and tectonically
distinct. These rocks were given only cursory examination, and their
very brief descrlptlon.s fo;llow the discussions of the terranes with which
they ;re spatially’associated. Thus, rthe Carbdnlfcrous rocks are
described following the discussion of the metaclastic terrane, which they
bound to the northeast, while rocks of the Humber Arm Sq_;_aergroup wit\ln
the map area are doscrll;ed following the .carbonate terrane, which they
bound to the west. '

The c.omplex structural histery of the area involves at least )
five defarmation events (D1 through D5), and is characterized by a
general westward tectonid transpoft by means of thrust faults and west=~
varging fplds. The thrust faults are respdnslble for talescbplng the
stratigraphy, with the resultant juxtaposition of laterally equivalent
rocks and local repetition of units. The overall Intens'lty of deformation
Increases toward .the eastern part of the area. It should be noted that
structural elements generated during t‘hese events, such as foliations,
folds and fold axes .(Ilnutlons), a;e referred to by the standard short-
hend notations S1~S85, F1-FS5 and L1~LS, respectively.

The successive phases of deformation have imparted .a strong

northeast structural trend to the area, which Is most evident in the

trends of major folds and faults, as well as in.the outcrop pattern of

the lithologic units. The relatively simple outcrop pattern and the single

dominant structural trend are somewhat misleading, however, In that they
do riot fully reflect the compléxity of the deformation hlstory. This may

be dus to the near parallelism of the regional. stress fields during the

4

T s

k4
1
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. ~
major orogenies (Taconlc through Allaghenlian).

The grade of metamorphism increases from west to east through-

out the map area, but the gradual transition to higher.grade is discon-

tinuous at major thru!i faults, where sharp contrasts in grade:are typical.
Rocks in the metaclastic and gnelssic terranes locally reached at least

amphibolite facles conditions, though retrograde lower to middle greenschist

»

facles mineral assemblages now predominate. Rocks In the wastern part of
the carbonate terrane are much less metamorphosed. and exhiblt only recrys-

. tallization wlth little or no new mlneral growth, suggesting lower green-

schist facles condltlons were the maxlmun reached .

\
{
|
\ 7

The high dogreo of deformation and metamorphism and the gener-
ally poor exposure combine to make recognition and interpretation of the
stratigraphy difficult. Orlglnll deposltlonal Featuras such as beddling,
fossnls and sed Imentary structures are masked or complotcly obl otera:od
This is especially true in the eastern part of the area, the focal point
of this study, but applies to a lesser degree In the western part.

In the east, deformation has variably modified original bedding
by tectonlic thinning and thickening, as well ss !;y local transposition '
during folding. In addition, metasomatism and metamorphic segregaélon
have appreciably altered original compositions in some places. In view of
these fagts, and with the present control, unit th’lcknoss measurements
or estimates are Impossibie.

Fosslls; are predictably scarce; only two fossils were fouﬁd by
the author In the entire ares, and neither can be positively ldentified.
‘Small-scale sedimentary structures are very rire. and only one rather
indefinite example of rel 1€t graded bedding was found by the author. It~,
is poislble, however, that more detalled uork will yieid batter examples

of both fossils and sedimentary structures.
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_ The nature and location of many of the contacts between 11tho-
loglc units are not as clearly def ined as one would wish., This Is due to
bbth poor exposure and the scale of the study, -Cont;cts have a tendency
to follow topographic depressions, and thus are‘almost invariably covered.
The rnljor contacts between the three terranes represent regional, east-
dlpplng thrust faults, and it Is possible that many minor contacts between
lithologic units are tectonic rather than sedlmentary‘ln nature. R;rely :
are contacts positively ldedtlf!od as sedimentary.

The new stratigraphic units proposed in this study have been

lithologically defined, and all available distingulshing features of the

rocks have been employed. Metamorphic charscteristics help distinguish ‘

certain units, parilcularly those In the metaclastic terrane. This does
not Imply that it is a '‘metamorphic strltlgraphy;, however, since the
protolithalogies of the units can be clearly recognized. The stratigraphic

units proposed are thought to reflect tha basic composltloml differences

-which exi:ted in the original stratigraphic sequence.

In the following thrc‘e chapters of Unitc |, the tripartite
division of the Corner Brook Lake area will be described and Interpreted
with respect to llthologlc and stratigraphic features. The flnll chapter
(Chapter 6) recapitulates the significant stn:lgrlphlc findings of this
work, and presents a brief susmary of the main stratigraphic futurl": and

the proposed reglonal correlations.




27

CHAPTER 3
GNEISSIC TERRANE
3.1 Introduction
The gneissic terrane Is located in the south~central part of the
Corner Brook Lake area (Figure 6), and contains a distinctive, fault-

bounded, tectono-stratigraphic sequence. The sequence comprises tonalitic

gneisses with i'nphlbollte and granitoid material, quartzofeidspathic schists

1 ¥

with minor amounts of quartzite and calc-silicate schist, and a smal}

- . .

granitoid pluton. This subarea was previously referred to as the
"basement terrane’’ (Xennedy 1980), but the name ‘gneissic terrans' Fls- K
preferred because it is both non-genetic ‘and more doscrlptive:

The diverse lithologlas In the gnelsslé terrane are di;:ldod into
three lithologic units: 1/ the ,Tonalltlc,gnelss_ compiex, 2/ the Antler.
Hill formation, and 3/ the Last Hill adamellite. The first two units _

form the bulk of the terrane, each representing areally about 45%. The °

Last HIil adamellite is an areally minor component, and _accou_r[t:s _fo? -th'e o

rmlnlng 10%. o .t
The rocks in the terrlne forfn a very dlstlnctlva Iithologlc

assoclation, and are ln shorp contrast to o.thm: Hehologies in the map

°, area. The seqdence ls continuous across Grand Lakc to the south .where

slmllnr Ilthologles qu!l'Uc omuch more, e.xtonsive arqa than they do .

P At

".north of the lake (Hartlnuu 19_80) P A ‘-.' S

.-

L L -

The. be/st e:(pdsures are found along' the west-trend!ng shorel fne of -
Grand Lake (n 3 narrow\zono beiow the high-water line; However, sll the
characterlst\g lithologies are not reprasented thers. Roadcuts, small
stream va!leys\,‘ and 'barren’ hilltops provide a limited amount of mland

cxposure. Thrn separate outcrop areas can be dlstingulshod, two of which
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(Lomatien of figure vuwe i figure 81

FIGURE 6 DISTRIE;TIOH OF LITHOLOGIC UNITS IN THE GNEISSIC TERRANE
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are relatively small and esseétlalﬁy restricted to the shoreline of
Grand Lake (Figure 6). The third, most we;terly, outcrop area is much
larger and contains most of the lithologies whlch’characteri;e the gne]SsIc
terrine. It is an srea of‘rugged topography extending about 6 km north-
northeast f#ﬁm the shoreline, and conslstlng,of a cluster of rounded hills
rising high (500 m) above Grand Lake. -

This'larger outcrop .area 1s boundéd on the west by the Grand Lake
Thrust zone (Willlams 1978a) and on the east by the Stag Hill Thrust zone.
Both zones dip steeply to the southeast, and are characterized by a marked
Intensification of reﬁ?gnal d;formation and mylonitization of various
lithologies. The Grand Lake Thrust Juxtaposes the relatively high grade
gneissic terrane rocks against lower grade marbles of‘the carbonate terrane,
whlle~the,Stag HI1l Thrust superposes rqcks of the metaclastic terrane on
those of the gneissic terrane. Thg northern termination of the Grand Lake
Thrust, and the northern boundary of the gneissic te;rgn;, is a northwest-
trending, high-angle fault, which mn§ represent a 'tear fauit' genetically
related to‘thru'tlng. A

The smaller outcrop areas to the southeast likely have similar
faulted contacts, aithough the actual contacts were not observed. There
Is some suggestion In the outcrop pattérn that these contaits may represent
a single, folded, thrust fault beneath thQ overlylng metaclastic terrane

rocks. This speculation, however, must await further structural study for

verificatlon.

In the following three sectfons, |ithological and outcrop

descriptions of each of thef:;::; units in the terrane are presented. The

!

‘finil section of the-chﬁ;ter presents a discussion of the sequence as a

. = - )
_ whole with respect to stratigraphic relations, ages and correlations.

[
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3.2 Tonaiitlc.gnelss comp lex

The Tonalitic gneiss complex is a newly.deflned stratigraphic
unit consisting of a variety of gneisses which are tonalitic in com=
position. The gneisses, In turn, Include numerous layers and lenses of
anphibollte and granitoid material. The complex underlies the northern
and southern parts of the gneissic terrans, and is thought to be continuous
beneath the intervening Antler H111 formation (Figure 6).

The cleanest ;xposuros of the unit are found In a series of
'discontlnuous outcrops on the shore of Grand Lake near the mouth of
"Twi 11ick Brook', and westward along the shore from the mouth of 'White
Ridge Brook'. delatlvely good .exposure is found in roadcuts and stream
valleys to the north near 'Bear HIll', but slsevhere the complex is very

poorly exposed, or covered.

Gneisses
The gnelssic roéks are noted fgr their mineralogical and textural

'varlabillty, which makgs it difficult to assign a single, representative
type'locall;y for the unit. S

. theialqglca) v;rlltlon is most evident in an overall colour
difference between gneisses In nor;ﬁern and southern exposures. The
gnelsse; near 'SBear Hill' and 'One Mile Pond' are mainly dafk green
(samples A and B, Plate-l), principally due to the abundance of green
. blotite (tiunsnff{cd light), and fntensely saussuritized blagiocli;e. Iin
contrast, gnelssgs to the south near Grand Lake are basically grey in 1\
colour (samples [ and D, Plat? 1) as a result of the higher overall qunftz

content; and tﬁo presence of brown biotite (transmitted light), rather

‘than green. The colour difference Is not as obvious In Plate 1 as It Is

in hand -specimen, dua to the effects of photo processing. The difference

A
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PLATE 1

Representative hand specimens of the Tonalitic gneiss complex -

A (sample 79-226) and B (77-68), homogeneous, green gneisses (north);

C (79-298-3) and D (79-302), thinly layered, grey gneisses (south);

E (79-301) and F (77-88), leucocratic gneisses (south and north, respec-
tively); G (790298-5), amphibolitic gneiss (southeast); samples cut and
Polished; scale in cm; for sample location see Figure 30, Appendix D.
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may be more obvious by comparing Plates 2 to 5. Plate 1 aiso shows the
lass common"mld;raloglcal variants, the leucoé}atlc .{samples E and F) and

melanocratic (sample G) rocks, reﬁrcsentjng both extremes of mafic minera)

content.

.

In spite of the vi?l’tﬁbns in mineralogy, however, most of the
gneisses In both areas ar-tci;f;ly 'tonalitic' |n composltlon. This is
based on the fact that K-fcldspar Is virtually absent, as Indicated by
staining rock slabs and thin sections for potassium, and that they have
as th-lr‘es:eqtlal.mlnoralogy quartz (mors than 10%), plagioclase, and
biotita and/or hornblende (Table 2; Figure 7).

Although gnelssic layering is the most common structural feature
of these rocks, textural varlants ipclude mlgmntltic.'schls:osc, mylonitic
and massive (homogepeous) rocks. All these appear to be a function of
dlffereni degrees of deformation and/or metamorphism acting on slightly
varliable bulk mineralogies. Most outcrbps display a well-developed gneiss-
osity (in part $27) which rarely deviates from its preferred steep (> 50°)
southeast dip. West-verging, tight to.lsocl!nil folds (F2?) and strong
mineral lineations (L27) were noted localiy, but, in general, simple
gncigflc layering Is the dominant outcrop feature (ﬂlﬁ;"'Z“to 5).

e}

Morthern area -- Northern exposures of the complex, near ‘'Bear Hill' and
7 )

* ‘One Mile Pond', are characterized by m‘dlun-gralncd grccn, biotite

gneisses, which consist of plaglioclase (50-602). blomltc (30-402). quartz

(10-153%), and epldote (2-5%3), with accessory chlor[tc. garnet and opaque

oxides (Table 2; Figura 7). Hornblende is notably absent, and, [f ever

present, has been totally replacad by blotite. ' oV

. The northern gnelsses are noticeably less siliceous than those

“to the south (Table 2). Plagioclase is Intenseiy saussuritized, and

microprobe analysis lndjgptes it is mainly albite. However, the degree of

%,

t" .




PLATE 2

Typical exposure of the Tonalitic gneiss complex - displaying gneisses
(grey) with layers and veins of smphibolite (dark green) and granitoid
material (white to pink); north shore of Grand Lake, 2 km east of ‘'White
Ridge Brook'; view NNE; field of view sbout 5 m; outcrop location 298 -
see Figure 30, Appendix D. :

. e AR e L T

?

PLATE 3

Grey tonalitic gneiss in the southern part of the camplex - note the
steeply-inclined, thin conpositional layering, and tight to Isoclinal,
west-verging folds (F2?); north shore of Grand Lake, 2.5 km west of
'White Ridge Brook'; view NNE; outcrop locatlon 302.
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@ PLATE & {

Green tonalitic gneiss In the northern part of the complex - note the

N tight folding (F3?) and thicker ﬁyerlng relative to Plate 3; boulder, ;

essentially iIn situ, east of south end of 'One Mile Pond'; outcrop location R

south of 253 - see Figure 30. : :
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PLATE 5

‘
T e e+ e e

Green, thickly-layered (migmatitic), tonalitic gneiss -~ boulder,
essentially. in situ, 100 m east of central part of 'One Mile Pood,
outcrop location 253,

St s o e e s H e i e+
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_ TABLE 2
' POINT COUNT MODAL ANALYSES =~ TONALITIC GNEISS COMPLEX .
e R e T —

= _Northern ares - . - Southern area -

Sanple f 67 253 "253L 298 302

Quartz 1% 18% 26% 4oy 473
K-feldspar - - - - -
Plagloclase 52 .12 53 23 48
Muscovite * - - ’ - - -
Biotite - 35 53 1 8
Hornblende - - : - 16

Garnet . - < tr -

Epidote * 2 13 10

Chlorite * .- - -

Oxides tr b 2

Apat| te , tr tr R -1

" # Points 963 1067 898 1083 1052

* - ’
amount does not Include replacement or, alteration products

trace amount (<<13)

Samples!_y
67 . = green, biotite gneiss (77-67-3), north side of 'Bear §ill',

v
253M/L melanosome (M) and leucosome (L) of green, migmatitic gneiss
(790253) (Plate 5), 100 m east of 'One Mile Pond*.

298 grey, biotite-hornblende gnelss (79-298-4), Grand Lake shorellne,
1 km ecast of *‘Twillick Brook'. pe ’

302 grey, tonalitic gneiss (79-302), Grand Lake shoreline, 3 km west
of 'White Rldge B8rook’.

pink, leucocratic gneiss (79;'329)- 1 km NE of 'Morning Pond'.
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QUARTZ ) .

ADAMELLITE

L T TN
sykmiTe HOR2OM TR olomiTeE
, . I L -. " o i 2L \

K-FELOSPAR 3 x -8 PLAGIOCLASE

A TONAUTIC GNEISS COMPLEX: meth eivisian = 67, 253, 253
ooy Gvisiea - 302, 298, 139

@ LAST NILL ADAMELLITE ¢ 28, 31,1, 107,43

) lrumo—-—l—“du-.po Tobios 2 ond 4)

FIGURE 7:PROPORTION OF QUARTZ-K-FELDSPAR - PLAGIOCLASE IN -
. ROCKS OF THE GNEISSIC TERRANE

{fisid boundaries after Bateman o_t.ol. 1963)
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saussurzltizatl‘ori‘ suggvedts that It-wes originally much more calclc. The
abundant green biotite Is usually partly altered to i:hlorite; Discrete,
euhedral, .ebidotegralns (<1 wm size) are present, 'I;ﬁt the bulk of the
epidote is represented by the fine masses of saussurite in plagioclase.
Smal) (0.5 mm) euhedrel garnets, present in very small amounts (<<'1%),
are preferentially concentrated along the boundaries between leucosomes
and melanosomes in soﬁe of the thickly layerad (migmatitic) gneisses.
Opaque oxides are also present in very small amounts (<< ll). and 3ppear
to be mainly lime¢nite, as suggested by the locally extenslve alteretlon
to leucoxene. )

-Although the gnelsses are mineralogically tonalitic (Figure 7),
chemical egelysls of one sample revealed it to have a 'dioritic' composition
(sample 77-68-1, Table 12, Appendix A). However, the sample may not be -

. truly representative of the everage composition of the com_plex, as It -has'
8 lower quartz content thah most of the gnelsse.;..

In most outcrops, couposlflonei layering Ie well developed, and is
typically thicker (5 to 10 cm) than in the southern‘gnelsses (compare
Plates 3, 4 and 5). An excellent example of a thickly layered, migmatitic
gneliss is exposed about Iﬂb m east of the central part of 'One N[Ie Pond',
and displays whlte,‘ quaréz-plagioclase leucosome up to 20 cm thick, ‘an;l ’
thinner (5 to 10 cm) bjotite=rich melancsome (Plate 5). Not all the
gneisses In this area’;""a(e- well layered, however, and reletivelly homogeneous,

or biotite=-rich, schistose varieties are not uncommon (samples A and B,

!
: 1

Plate 1) .
Leucocntlc, tonalitic gnedsses, which: outcrop on the south and

. /

east sides of 'aeer H111', are interesting minor variants in the complex

(sample F, Plage 1). These rocks are fine- to medium-grained, grey-green

/ .
to pinkish, eyid consist of mildly saussuritized and sericitized plagloclase
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(40-60%) and quartz (40-603). Minor amounts (<1%) of epldote, muscovite,
bl‘otlte and chlorite are also present. The gneisses usually exhibit only Y
mild deformation features, which is llkelya result of their massive (homo-
genecus} naturs. In one outcrop, about 1 km northwest of 'Triplet Pond',
ﬁowcvef, the leucocratic gnaiss appears to be mylonitized..

An Importlr;t textural variant of the gre;n biotite gneisses s
found in a spectacula} outcrop on ‘One Hlle'Pond Road' overlooking ‘'Radio
Pond'. In this butcrop, the gneiss_and the ‘lncluded amphibolite layers
sre mylonites, folded about stéeply .north-plung!ng axes. The entlre
outcrop appears to represent a single large fold (F27) with an over- .
turned and sheared n:tcrn-lim_t_a‘. The shearing Is marked By a narrow (1 m)
shear zone, which is localized in an amphibolite layer, and contains an
isoclinally-folded, gneiss layer (see Plate 64, p. 250). The core of the
'major fold conslj/sts of ulltlvaly,hom%g‘eneouls, medium-grained, biotlte.
gneiss, which grades rapidly, over just 1 to 2 m toward the shear zone,
into a fine-grained, grey, strongly follated mylonite (see Pla£e 67 to 69,

p- 2‘!3).‘ Hore detailed discussion of these mylonites and thelr slgn.lficance
Is presented in sectl-on 9.1. , ' .
A number of other outclrops displaying intensely mylonitized rt'acl;s

of varlous lithologies are found southwestward from 'Radio Pond' to Grand

Lake, ajong the narrow (200 to 400 m) topographic depression contalning

‘One Mile Pond, and marking the location of the Grand Lake Thrust zone.

Southern area == The southern parf of the complex is dominated by
fing- to medium-grained, grey, biotite gﬁelsscs. which exhibit a thin
{1 to 3 em) cgnposltional layering defined by aiternating, grey (mafic)

and white (felslic) layers. As noted, the layering is genaraily thinner

than in the northern gneisses; However, thick layering (up to 1 mis
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found locally, where thick amphibolite and granitoid layers are present.

The ténalltlc gneisses in the southern area contaln quartz,
plagioclase, biotite, epidote, and hornblende, and accessory muscovite
(sericite), chlorite, garnet, apatite, and opaque oxides (Table 2; Figure
7). The gneisses afe more siliceous than those to‘ the north, as quartz
usu;lly amounts to aboyt #}O%. Sqdic plagioclase sccounts for about 45%,
but n!i’/id saussuritization suggests it was Inittally slightly more calcic,
It ls“no't‘a'b-lc thft the development of saussurite is not as great in
southern as in northern gnerissesf Brown blotltg (5-10%) and epldote
(I—IO!)' are ublquitous, while muscovite is virtually absent, being
representsd only Sy sorlcitlc alterations of feldspar. Similarly, chlorite
is found only where it partly replaces biotite.

Gneisses containing hor.l'\blende were found only In shoreline
outcrops east of the mouth of 'Twillick Brook' » where green, medium-
grained, hornblende-plagioclase gneisses (amphibolitic gneisses) form a
significant pr&;porx_:lon of the exposures.(sample G, Plate 1). The green,
prismatic hornblende s 1 to 2 mm in length, and defines a very strong
lineation (L27). The amount. of hornblende varies from Is‘to 50%, and
the gneisses tend to be much less siliceous than those without hornb lende
outcropplng' farther west, suggesting an Inverse relationship between the
quartz and hornblendp content. -

" Layered, leycocratic, tonalitic gneiss, similar to the more hamo-=

geneous gneliss found near 'Bear Kiil' to the north, outcrops about

”2“m west of ‘White Ridge Brook' on the shore of Grand Lake, and again

ibout 1 kn northeast of 'Hornlnj Pond'. On Grand Lake, the rock is a
fine~ to medlum-grained, light green and pinkish, leucocratic gneiss

(sample €, Plate 1), and is interlayered with dark, biotite-rich, quartzo-

feidspethic schist, not found slsewhers In the canpiq/ax. Northusg of
, v . . . X
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'Morning Pond', the gnelss ls'more massive, and thus more like the

i _v leucocratic gneiss found in the northern butcrop area. The gneisses, in

f which éuartz and pink feldspar are the rqa-ln minerals, are characterized
by their low (1-3%) biotite, and relatively hlgvh (5~10%) epidote content. k f
In addition, the biotita is green, In contrast to the brown biotite “
typical of the surrounding, §rey, tonalitic gneisses. " The feldspar is
dominantly mildly saussuritized and sgricitlzed plagio;lgu.r although a

small amodnt (1-23) of K-.foldspar was detected by stalning. ,

Based on the mineralogical, textural and chemical evidence
z‘ presonged .above, the gnelisses of the Tonalitic gnelss complex are o ‘
i |nterp{r&t'ed to be a sequence of orthogneisses, generated by the deformation !
1 ' ~ and meiamrphls_m of intermediate to acid (diorite to tonalite) iIntrusive
rocks. In this coﬁtut. the variations in the proportions of quértz

and hornblende In the gneisses may reflect original, lgneous, mineralogical

variations. Some of the more quartz-rich gneisses in the southeastern
part of the comptex may have had sedimentary protoliths (i.e., para-

!
gnelsses), but the evidence is insufficient to be certain of such a

{ ‘ distinction,

Amphibollite

| ) Outcrops of the Tonalitic gneiss complex lnvar!aﬂ'y contain layers
.and lenses of green to black, fine- to medium-grained amphibolite. The
presence of these metabasic rocks indicates that the complex reached at
least lower anphibollto facies conditions locally.

n
In the northern part 6f the canplu, the amphibolite is generally

e A e i, A e s e

med | um gralned and dark green, and forms 1 to 2 m thick Iayers, which are

- concordant to the gneissosity in the ho:t rocks. Mineralogically, they‘
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conslist of green hornblend. (50%), saussurltlzed plagioclase (45- 5oz).
brown blotlée (32) and accessory sphene kn some rocks, the hornblende
is rimmed by a blue-green, higher blr’efringence amphibole, which is most
likely actinollte. o .

In the outcrop overlooking '.Radio Pond'.‘;lnphlbollte layers are
' intensely mylonitized and retrograded, and are reduced to very fine-
grained, dark green to black, schlﬂstése rocks consisting of biotite,
epldoie, chiorlte, and finely recrystallized plagioclase (see sample C,
F;late 66, p. 240),

An unusua) textura, with an uncertain origln, is) clis.playedw In an
outcrop about 100 m east of 'One Mile Pond' (Plate 6).» The rock has a
thg green, fine-grained, epidote-actinolite-chlorite matrix surrounding
lensoid incluslons of darker green, medium-grained; blotite-rich material,
which paral!e.l' the foliation in the nearby gnelsses. The texture appears
to be the result of intense deformation and retrograde metamorphusm of
an original basic rock. It s notable that the texture of some of the
foarser lenses resembles metagabbro.

In the southern p;rt of the complex, qmphlbbllto layers and lenses
vary from light green .to almost black, and ara typlcally fine grained.
Layers vary from 10 en to 5 m in thickness, and, in some outcrops,
amphibolite proportionately dominates the host gneiss. Lenses of amphl~
bolite, with long axes averaging about 1 m, are more common in ‘the southern
part of the complex, and are Interpreted to be boudinaged layers.

These metabasites generally consist of actinol ite (702). plagloclase
(202)', epidote (10%) and accessory opaque oxides. Near the mouth of |

"Twillick Brook', a black, fine-gralned, biotite-garnet amphibolite is

Inicrlayor.d with massive, leucocratic tonalitic gneiss. Thls‘dlstlnctive

rock contains 403 untwinned plagloclase, 203 green amphibole (actinolite?),
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PLATE 8

Representative hand specimens of the Last Hill adamellite - A (79-332-2),
adamellite, summit of 'Last Hill'; B (79-332-1), contact migmatite, margin
of pluton, 'Last Hill'; c (79-332-3), tonalite dyke, southwest of 'Last
Pond'; (77-75), foliated adamellite from Grand Lake Thrust zone;

Samples cut and polished; scale in cm; for location of samples see Figure
30, Appendix D.
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30% brown biotite, 5% plnk'. garnet porphyroblastg;f (2 vm size), and

accessory apldote,gmagnetlte and carbonate minerals. ' Biotite marks a
strong Follation (S2) in this rock, while the amphibole defines a weak
lineatlon (L2). It s notable that all amphibolitic rocks in the complex,
as well as their gneisﬁic hosts, record D2 and later deformation effects,
ar_\d thus clearly pre-dlato that event.

Pe
The amphibolites found throughout tha Tonalitic gneiss complex are

interpreted to'be the metamorphosed and strongly defor:ned 'rcllfzs of basic,
igneous dykes and sills, which intruded the complex prior to the D2
de%omtlon event. The general concordancy of the anp_hlbollﬁa layers .
to_the gneissosity and the dominant re§lonal foliation (S2) s thought
to be the result of their reorlentation during the intense D2 event. It
may also reflect an original 'sill-like' form In some parts of the complex.

Granitoid material

White and plnk. granitoid veins and dykes are found in virtually
all outcrops of the Tonalitic gneiss complex. Th_u‘Q acidie intrusions
generally parallel the gneissosity and the amphibolite layers, but !ocally
are discordant to both, and, in addition, post-date D2 structures In the
host rocks. However, the :lntruslons are deformed, and record the effects
of the D3 deformation event, which locally involves boud Inage o’f the dykes,
especially [n the southern part of the complex. o

The common quartz and pink feldspar content of the granitoid

!

3

n.tcrlgl leads one, upon cursory examinatfon in the field, to describe
the injections as 'granite’ (sensu stricto). However, staining for potassium
and thin section study Indlcafe that plagloclase is the dominant, and of ten

the only, feldspar, and thus the rocks are actually adamellites or
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. amount of pelitic rock (<5%), and a distinctive, but areally minor (<53),

* ‘/*{,'-; ‘ (

tonalites. Sampling was not thorough enough to determine the extent and

- rolatlor{ship of the. two compositional types.

One pink adame!lite dyke sampled from the outcrop overlooking

'Radia Pond' s rnarrow (10 cm), discordant, and aplitic, and consists of

pla§loclasc (50%) rimmed by K-feldspar (35%), quartz (102), and minor
amounts of chlorite and sphene (sample 43, Figure 7). This dyke is

also distinctive for its 2 cm wide rim of chlorite, containing cuhedra‘l, .

t clear quartz crystals (1 om long). A pink and white tonalitic pegmatitce

is found in the sama outcrop, and both thé pegmatite and t_he aplite cut
mylonltlzed.rocks', but are only mildiy g!eformed themselve\s.

Another coarse—grained igneous vein, locaged about 100 m south
of the bridge over 'Triplet Brook', and consisting of white quartz and
light green plagloclasc, is notab]e fo\ its high content,’ (20%) of coarse

(1 to 2 am), magnetite aggregates.

5\ ‘ i
Most of the granitoid veins and dykes which intrude the Tonalitic-
gneiss. complex are interpreted to be apophyses of the late . acidic intrusion

represented by the Last Hill adamellite (described in section 3.4).

" Y
3.3 Antler Hill formation

13
The Antler Hill formation (proposed name) underlies the central
part of the main outcrop area of the gneissic terrane (Figure 6). The

formation consists of quai-tzofeldspathlc schists and gneisses, a minor

quartzite and calc-silicate schist sequence referred to as the ‘Quartzite

membar'. The unit also includes numerous granitoid veins and dyi:cs. and -

PUSERCE N VWA S

a small amount’ of amphibolite. -
Exposure of the formation Is very poor, and mk;rop are restricted

mainiy to hilltops. Relatively good exposure exists In the vicinity of
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';ntler HEll', which serves as a sultable 'type locality' for the formatlon.
(Note: In the absence of formal geographic names In the immediate vicinity
of a stratigraphic unit or structural featdre," informal names have been
assigned by the author.)

The bulk of the formation consists of fine-grained, rusty-

weathering quartzofeldspathic schists (samples A and 8, Plate 7), con-

sisting of essentlally quartz (25-65%), mildly saussuritized end seri-
citized plagioclase (40-60%), and brown to greenish-brown biotite (10-20%)
(table 3). Red garnet porphyroblasts (5-10%) are also conmon, but are
typically small (2 mm) and partly to to:ajl]y chloritlzed. in pelitic
layers, the porphyroblasts locally reach | cm size. Muscovite is rarely
present in cxe.s; of the sericite d.'velopod by feldspar alteration. - ‘
Simifarly, the e‘p‘ldote\ and chlorite pr.sdt are chiefly alteration products
of plagiociase, and biotite and garnet, rsspectively. Opaque oxides,
. malrily magnetite, are pro;ont‘ only in minor amounts (<1%), and K-feldspar
. is completely absent.
A rc;atlvcly strongh s\chlstos'lty defined by biotite is the
dominant structural fuwturc in most outcrops, and throughout the unit
it parallels the steeply southcgst;'dlpplng r.glonﬂ follation (S29.
Gnclsslc/struct‘ure {compasitional iayering) Is relatively rare, and where
presant 'I; dafined by poorly differantiated, leucocratic and mlanocra;lc
4 ‘ jayers (1 to 2 gm thick) (sample A, Plate 7). On the whole, most outcrops
} , are rather monotonous, displaying little variatlon except for ubiquitous
; ' _ granitoid veins, and scattered thln.(< 30 cm) pelitic layers (.‘:ontlinlng
’ garnat por;phyroblists. White quartz veins up to | m thick are also conmﬁ.
and t‘ypl-cqlly“ trend at t\:[gh sngles to the lchllltoslty. A

Most of the granitoid meterial in the formation 1s represented

N V) nedium- to coarse-grained, twhite ‘to plnk’n\r;lns and dykes, which are
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PLATE 7

Representative hand specimens of Antler Hill formation - A (78-25) and
B (79-330), rusty-weathering, quartzofeldspathic schists; C (77-A-6) and

D (77-A-3), grey and white quartzite (C), and green, actinolite schist (D)
of Quartzite member; samples cut and polished; scale in cm; for sample
location see Figure 30, Appendix D.
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TABLE 3
POINT COUNT MODAL ANALYSES - ANTLER HILL FORMATION
¢

Quartzofeldspathic ‘schists Quartzi te member
Sample # A-T-1 25 A-7-2 A-3 69
Quartz 658 32% 263 2% 97%
K-feldspar - - - 10 -
Plagloclase 2h & 60 32 -
Muscovite * - ] - - tr k%
Biotite . n 16 12. - ’ tr
Phlogopite - - - 7 T
Actinolite - - ‘ - 36 -
Garnst - 7 ' - - -
Tourmiline - - - - 2
Epidote * - - tr ) 13
Oxides - tr 2. . -
# Points 847 . 1039 766 1023 945

amount does not Include replacement or alteration products

* tr - trace amount (<<I%)
Samples:
2
A-7-1 - grey to buff, biotite schist (77-A-7-1), 'Antler HIII’,
25 = buff, biot!te-garnet schist (78-25), 'Moose Hill',
A-7-2 - grey, biotite schist (77-A-7-2), 'Antler Hill'.
A-3 - green, actinollite sch!s: (77-A-3), from Quartzite member near
‘Antler Pond®.
69 - grey and white quartzlte (78-69), from Quartzite member near’

‘Antler Pond'

S
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virtually identical to those cutting the Tonalitic gneiss complex, and are
likewlse Interpreted to be'apophyses of the Last HIll adameillite. The
Injections are generally 3 to 75 cm wide, and concordant to the dominant
follation (S2). Dlscordant dykes and dykes exhibiting boudinage are
found locally. The gnineral conco;'dancy of these Intruslons is thought to
reflect control of the path of intrusive material by tha strong planar
anlsotropy (S2) of the host rocks. -

Only two dykes in the formation were sampled, one on the west
side of 'Moose HIll', the other on the summit of 'Antler HIT1', and both
were found to be tonalites. 1t is uncertain how much of the material lsJ
tona'll.tlc. but It seems Ilkel';‘that both tonaiite and adamelllte compositions
are present‘; as for granitold dykes In the Tonalltic gnelss complex,

Amphibolite Is less abundant In the Antler Hill formatlon than
in the Tonalltic gneiss complex, and only one exposure of quartzoﬁlds-
pathic schist was noted to contain amphibolite. Located on the south side

of 'Antler HIH'.‘ the exposure contains medium-grained, biotite amphibolite

_ forming several concordant layers (10 to 30 cm thick). The amphibolite - .

displays the same D2 structures as the host schists, and the layers are
llnterpreted to be metamorphosed, pre-D2 basic dykes, or their extrusive

equivalent, related to basic Intrusions In the Tonalltic gneiss complex.

Quartzite member )

The Quartzite member comprises an lnto_rlaye'red sequence of
quartzites and calc-siiicate schists, which outcrops on the north side of
‘Antler Hill', and Is entirely within the quartzofeldspathic schist
sequence. The member appears to be of limited areal extent, as the only
outcrops observed are restrictad to a small stream running lnio the south

end of 'Antler Pond', The nature of the contact with the quartzofeldspathic
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schists Is unknown, but It is noted that the compositional layering and
the schistosity in the sequence parallel the layering (bedding?) and the
dominant foliation (S2) in\the surrounding quartzofeldspathic schists.

The quartzites are glassy, fine-grained, grey to white, and contain
mare than 35% quartz. The .accessory minerals (< 5%) include, in order
of abuyndancle, brown tourmaline, epidote, biotite, and muscovite, and all
appear to be detrital In origin (Table 3). Some of the quartzites\ are
rusty weathering, and some contain alternating, grey and whlt'e layers
(1 cm thick), as well as thin (2 mm) layers of small (0.5 mm) rounded
grains of tourmaline. Both layers probably represent relict sedimentary
bedding, and both parallel the foliation (S2) in the surrounding schists.

interlayered with the quartzites are a variety of brown-weathering,
l1ight to dark green, calc-silicate séﬂists. Fine-grained, actinolite
schist, which appears to dominate the sequence, contains _acilnollte (36%),
albite (32%), epidote (13%), phlogopite (7%), K-feldspar (10%), and a
small amount of quart'z (2%) (sample A-3, Table 3). Microprobe analysis
verified the actinolite composition of the light green amphibole, and the
phlogopite composition of the broulz__mlca (see Tables 13 and 17, and Figure
28, Appendix B). The-phlogopitc Is partly aitered to chlorite, and
contains inclusions (allanite?) ulth‘pleochrolc haloes. Phlogopite,
actinolite, and epidote combine to mark the weak schistosity. (S2).
K—feld;par Is ¢closely assoclated with albite, and appears to rim some of
the piagioclase grains.

.Another calc-sllicate rock from the sequence is a medlun-gral?ed,
tremlite-diopside schist, containing tremolite (50%), diopside (10%), l
clinozoisite (108), plagioclase (7%), and K-feldspar (33). In thin
section“, dlopside is Intensely fractured and almost totally aiterad to

tremo}its, which Is Ttself kinked. ‘Plagioclase_ forms patches, and has

*a
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assoclatod‘flne-gralnod masses of cl.lnozolslte as alteratien products.
K~feldspar has the same rimming relationship to the pla’giocla-;e as noted
above far the actinollite schist. |

The mineral ;ssunblage of the calc-silicate schists end the
'assoclatlon with quartzite suggests a c;lcareous sed imentary protoli‘th.
The presence of diopside in this lithology indicates that lower amﬁh!bollte'
facles conditians may have been reached in the member. That similar grade
conditions were attained by the formation as a whole is suggested by the i
occurrence of am‘hlbollt. layers, while the garnetiferous pelite layers i
indicate at least epidote-amphibolite fa.cie's conditions.
.No granitold veins or.amphlbollt‘e were found In the Quirtzlte

member, but thelr presence cannot be ruled out.

N

The sedimentary nature of the A_nﬂer Hil! formation is Indicated
by the presence of quartzite and pelite Jayers, which clesrly represent
relict Peds of quartz arenite and shale, respect_lvely. The quart_zofelds.-
pathic schists forming the bulk of the formatlon are Intarpreted td be

; , metamorphosed arkosic sediments, while the calc-silicate schists of the

Quartzite member Ilke'ly had a sillcecus dolomite orF siliceous dolomitic
timestone protolithotogy. The .'arkoslc nature of the quaruof.ldspathlc
schists and the raglnt_lvn" scarcity of pelitic rocks sug‘gests‘a near sou’rce.
r‘olntlvely high energy dept;sltloml environment. The quartz arenite/sili-

ceous carbonate sequence represented by tho.Quartzite member also suggests

s relatively high energy environment, but one farther removed from the

clastic source.

o

s s,
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PLATE 8

Representative hand specimens of the Last Hill adamellite - A (79-332-2),
adamellite, summit of 'Last Hill'; B (79-332-1), contact migmatite, margin
of pluton, 'Last Hill'; c (79-332-3), tonalite dyke, southwest of 'Last
Pond'; D (77-75), foliated adamellite from Grand Lake Thrust zone;

Samples cut and polished; scale in cm; for location of samples see Figure
30, Appendix D.
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TABLE 4
‘ POINT COUNT MODAL ANALYSES - LAST HILL ADAMELLITE

| Sample # 1 28 32 1 b3 * 107 *
Quartz 263% 393 19% 103 133 \
“Microclline 34 . 1 37 35 35
_Plagioclase - 38 55 39 50 29 v
| | Huscovite *k T 1 tr wwx - 17
Blotite tr tr 3 .- ‘ 1
Epidote ** St -2 - - tr L
Chlorite ** 1 2 1 -3 2 : -4
Opaque oxides tr - .- 1 - '
Sphene b tr - - tr 2 -
1 Apatite - - - - te
o . i
~ " # Points 1039 - 863 598 699 1079
. ! o :
possibly unrelated to Last Hll] adamellite
/ . .
e amount doas not ln'clud. alécratlon_pro_ducts
/o ; -
/ AR, tr - trace amount (<x<1%)
] ;
i E ’ /  Samples:
: y 28 - pink, medium-grained, leucocratic adame!lite (78-28), summit
14 o of 'Last Hil', ) ' |
4 . : .
/ 332 - pink, leucocratic tonalite (79—332-1) 100 m southwest of '
2 . ~ ‘Last Pond'. ‘
1" - brick-red, follatod biotite admlllte (78-11) 1 km southeaist : r
of 'One Mile Pond', - . . :

. 43 - pink, aplitic adameliite {77-%3), from outcrop of Tonalitic gneiss
. canplu overlooking. 'hdlo Pond'.

fine-grained, pjnk, folhtod adamellite (78-107) 1 km east of

" 107

e ~ 'White Ridge T'ook'

e
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area appears to be a transition zone between the adamellite pluton and the
-adjacent schists of the Antler Hill formation, and the layered rocks
probably tepr'esent contact (lit-p'ar-llt) mlgrnat_ltes.' No other contact
effects, such as chilled margins or aureole development, were found. The
pluton is apparently faulted on the south, east, and west sides against
the Tonalitic gneiss complex, or the Antler Hill forﬁqtim.

" A pink, medlun-grained tonalite (sample C, Plate 8), collected
from 100 m souttwest of 'Last Pond', Is thought to be related to the
intrusion, bui the up§sure is poor, and the r.olation is uncertain. The
fgct that It Is separated from the core of the pluton by the marginal,
contact migmatite zone suggests that it may be an apophysis of the
intrusion, like many other tonalite veins and dykes fourd throughout the
‘gneisvsic tel;rane and In nearby units of the metaclastic terrane.

Several notable adamellite dykes are found elsewhere in the
gneissic terrane. F;)r exun_ple._uithin-'the Tonalitic gneiss complex near

the southern end of 'One Mile Pond', a foliated adamelllite (sample D, Plate 8)

- Is mineralogically similar to rocks on ‘Last Hill' except that it has a

slightl.y higher content of brown biotite (103) and oxides (5%). Another
adamellite from the same part of the Grand fake Thrust zone has been partlf
mylonitized by tﬁovune‘nts in the zone. The feldspars In this rock are
strongly deformed (plastically} and pnrttly recrystallized, and muscovite

appears to havq formed as a product of the K-feldspar /breakdown. Both

' these rocks are Interpreted to be related phases of the Last Hill adamellite.

Some granitoid material in the gneissic terrane, however, appears

" to be unrelated to the Last Hill Intrusion. One example is the strongly

!
deformed granitoid rock outcropping on the shore of Grand Lake, about 1 km
east of 'White Ridge Brook'. This fina-grained, pink adamellite contains

about 17% muscovite, and has » strong early foliation (S2) marked by

e,
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muscovite, and elongate feldspars and quartz (sample 107, Table &; see
also Flgure 7, p. 38). The early faliation is folded on a 5 mm scale,
defining an Inclpient crenulation cleavage (s3). Both the high muscovite

content and the presence of two follations are atypical of the Last Hill

admltllte. and ft Is suspectdd that this lithology is related to an

o

earlier, acidic, intrusive event (pre-D2). ,
Another granitold.rock which Is possibly unrelated to the Last

Hill Intrusion is the pink apllite dyke described 'prevlausly,' from the
outcrop.of mylonitized ;neisses overlooking ‘Radio Pond' (sample 3, Table

' h).: This dyke I; dls’qordan; and iny vcry' mildly deformed, s;:ggestlng 1t
might post-date the D3 deformation event which _affected most of the
granli toid _rocks in the map area. In addition to the structural evidence,
chemical analyses plotted in Figure 8 (p. 61) indicate that both the aplite
(point ‘hs).and the adamsllite with two foliations described above (paint
107) are ch&nlcally distinct 1"rom the other analyzed“granltold.rocks In

the area.,

3.5 Stratigraphic relations, age and correlation

The orthogneisses in the Tonallitje ghelss complex are In sharp

cholbglul and textural contrast to all other rocks In the map area,

and it is clear that the intrusive event they represent pre-dates the —

‘other two units in the gh-lss_Ic terrane, as no intrusive effects on“ thase )

) units' are found. Uslhg ;hc same negative evidence, it can be argued that
tha ccnipvlex Is the oldcst"urilt'ln the map area, as effects oi‘ its Intrusion
are not recorded anywhers. However, more stlabgtaqtlal , corroborating
evidence does exist,

The gnqlsses in the canplex have been traced across Grand Lake to

' thc south (Knapp ot al. 1979), where th‘y have been Interpreted to be
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part of the Grenvllie basement (Long Range complex), based on the presence
of relict granulite facles mineral assemblages, their textural contras’t
with nearby mltaudlmcnts,‘and their associatlion with anorthosites
(Martineau 1980). A very distinctive aeromagnetic signature associated
with these gneisses can also be traced across the lake.i and ser;res to
onfirm their continuity. Thus, based on this correlation, the Ton"qlitic
gnalss complex is Interpreted to be the northern extension of the basement
complex to the south, and, therefore, to represeni part of the Grenville
‘basement of western Newfoundland.
A granite gneiss from the southern shore of Grand Lake {see map

in pocket) ylelded a single K-Ar (blotlte) date of k52 £ 20 Ma, which Is
interpreted to reflect the time of latest Intense deformation and, meta-
morphism of the gneiss (Wanless et al. 1965). ?\ased on the results of the
present:work, the Ordovician age would appear to reflect rapid cooling
following the extensive reworking of the basement r.cn:l.cs during the major
Taconlic Orogeny. This phase of basement reworklng will be discussed In
more detall In section 8.2, .
/ Contacts MMn the Antler HIII‘ forﬂntlon and the Tonalitlcl bnelss )

complex are not exposed, but‘are apparently faulted in the southeast near

\
‘Morning Pond', and may be in.part faulted near 'Bear Hill' in the north-

of 'One Mile Pond', and In view of the lnt'rprotat!on of the compiex as

bassment, it Is proposed that, originally, tha arkosic rocks of the Antler

Ki1l formation stratigraphically overlaid the basement rocks. The
@ : \ .

similarity of composition bstween the meta-arkoses and the basement,

notably the total absance of K-feldspdr, suggests that the protoliths of
tha formation may have been Vdcrlveq directly from the underiylng basament-

cauiplcx. If this intarpretation is correct, the original contact was an )

\
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unconformity.

Both the Tonalitic gneiss complex and the Antler Hill forn]at:lon

contain metabasic rocks which record the effacts of the D2 deformation

hE

. event. This event Is caxrelated (sa;tlon 11.1) with the Taconic Orogeny

Vof Ordovician age, and thus all these rocks are pre-Ordoviclan In age.

Regional correlation sbove suggested a Helikian age for the Tonal ltic gnelss
complex; the same approach can give a ganeralized time frame for the other
rocks as well. It was noted (section 1.3) that the stratigraphy of the
Humber z‘on: recards late Hadrynlan rifting of Grenvilllan basement, with
contemporaneous qdpo'sltlon\of Hadrynian-Cambrian arkosic sediments and

i.

Intrusion of late HadeyRiian' diabase dykes Into both basement and basal
clastics, with the dykes alsd»feedlng volcanic flows In the clastic s::::?’.'\
This distinctive regional association of gnelissic basement, arkosic s i

ments and baslc Igneous rocks has a clear correlative in the map area.

LY

\

Based on the obvious regional correlation, the Antlar Nill formation is
lntcrpret@d to be part of the Hadrynian-Cambrian, basal clastic sequence
deposited on basement, and the uaphlbol.ltos in the formation to be meta-
mrphosed. late Hadrynian, basic dykes or flows. The original stratignphlc

posltlon of the Quartzite\member in the Antlcr K111 formation is uncertain,

,but it is suspected, in view of the reglonal stratigraphy, to be Iin the

upper part. _
Lithological correlatives of the Antler HEll formation in the

Corner Brook Lake area are represented by the meta-arkosic rocks of the

" Carlbou Lake formation (section 4.1) in the metaclastic’ terrane. In the

area south of Grand Lake, only minor amounts of rocks equivalent to trn
Quartzite member have been recognized In fault blocks (Martineau 1980) * f
Th‘ cbunu of the bulk of the formation may reflect grester uplift and /

erosion to expose deeper crustal ievels in that ragion..

ol
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| The acldlic Intrusive rocks of the Last Hill adamellite cut, and
thus post-date, the Tonalitic gnelss e_omplox.‘ the Antler Hill fomtloq,
and the metabssic rocks they contain. Fleld evldencc also Indicates the
Intrusion post-dates tha D2 d.foﬁtlon event (Taconic), but pre-dates the |
slightly less Intense D3 deformetion event, which is correlatsd (section
II.I? with the Acadian Orogeny of Mlan age. This would suggest intrusion

of the Last HIll edamellite occurred during the late Ordovician to Devonian

interkinematic Interval.
]

The structural timing of iIntrusion is also supported by Isotopic -
dating (K-Ar on biotite) of a granitold dykiufrom the shore of Grand Lake
500 m east of 'White Ridge Brook', which has ylelded an age of 420 2 20

Ma (Waniess st al. 1965). This-Stlurian age, in conjunction with structura!l

R gy

and matamorphic evidence to be presented (Unit Ii), suggests the intrusion

R T P

may ha col‘ncldcd u!th the last stages of peak matamorphic conditions

E ‘ which prevailed during D2 and post~D2, pre-DJ tims. The ogc‘ollousuggnu
‘ the Last Hill adamellite may be related to the same igneous event that
generated the Siluro-Devonian Topulls Satholith to tha east of the map
area, phases of which have been dated at 386 ¢ 9 and 419 £ 5 Ka (Rb-Sr
whole rock datn, roporud by Taylor ‘et ai. 1980) .

To test this lattcr suggestion, chqlcil anaiysas of gramitoid.

N e e AT T

material from the Corner Brook Lake ares were compared to data from the
Topsails igneous complex. Figure 8 shows major elements ‘nnd selected
trace elements plotted against swz. Analyses of 2] peraiuminous qranites

from the Topsails complex (taken from Taylor et al. 1980) define the field '

outlined (dashed 1ine) In each disgram, while the five individual points

‘ identified in Figure BA represent analyses of five samples of granitaid

mater ial from-the map area. (Details of the five analyses_and location

of the samples are given in Table IZ.IAppondhg A and Figure 30, Appendix

T e, ]
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V D, respectively.)

Although statistlcally rellabln evaluation is not possible with
only flve samp les fro;n the ares, a number of Futuns of Flgure 8 are
highly suggestlve. Most notable is the ‘strong correlation batween the
sample from the core of the-Last HIll pluton. (point 28, Figurc 8A) and the
Topsails granttcs. An .gqually good corrclltlon exists for the two
brccclated grlnltold rocks (points 276 and 280) t.lun from near the Cabot
Fault zono, suggesting a relation to both the Last Hill admlllte and
the Topsalls complex. In contrlst, the granitoid rocks (polnts 43 and 107)
previously dls:lngulshod from the Last HII1 admllito on structural grcunds
(saction 3.4), also appear to be chqlcally‘dlstlnct from both the Last

Hil) and Topsails intrusions. ' ’

}

South of Grand Lake, the Goose JHill and Hare Hill granites

(Martineau ISSO) undoubted!y represent the same intrusive cvent as the

" Last Hil} admlllt.. It 13 ‘also notable that H.r:lnuu (1980) reports

the local occurrcncc of hastingsite in these rocks. which suggests direct

correlation wlth tho more p.ullullne phases of the Topsalll Batholith, -

To sumwmarize, the oldest unit In the gnelssic terrane. the
Tonalltlc gneiss cnmplox, reprosents part of he Granvllltan basmnt of
wastern Newfoundland. ' The complex Is overlain by the nlnly meta-arkosic

rocks of the Hadrynian-Cambrian Atler HI11 formation, and both units are

© eut by late Hedrynian baslc dykes (now amphibolites). .The whole sequence

was Intruded by acidic rocks of the SIIqueoevonlon Last Hid| adameitlite

during the Taconic-Acadian lnierklnmtlc fnterval.

T ey
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CHAPTER 4
METACLASTIC TERRANE

4.1 Introduction

‘The metaclastic terrane encompasses the extensive tectono-strati=-
graphic sequence underiying the eastern half éf the map area (Figure 9).
The sequence t_:onslsts of a varied assembl;ge of intensely deformed and

| highly metamorphosed rocks, which includes feldspathic schists and gneisses,
quartz-mica schists and quartzites, marbles and calcarecus ‘schlsts, and
minor amt;;mts of metaconglomerate, granitoid material, amphibolite and
meta-ultrabasic rocks.

The sequence is divided into f'our fithologic units, three of which_

are newly proposed. The units are: 1/ the Caribou Lake formation *

L T N e Lo A SR S, Ty s e ©

(proposedj. 2/ the Mount Musgrave formation (redefined after McKil)lop
1'963). 3/ the Twillick Brook f?mt'lon (proposed), and 4/ the Serpe-n-
tinite unit (prdpos.cd),:'a-- The Caribou L-ake and Mount Musgrave formations
each occupy a}bout 'k“‘j!‘"‘of “the metaclastic terrane, the Twil lick»Brpok

é o o fo_rmatlon about 10%, and th; Serpentiqi\te unit less than 1%.

The terrane oceuples a long (50 lun),'s'_inuws, no.rthea;t-trending

belt which varies in width from about 5 km near 'Snowbird Lake' in the

sot;th, to about 17 km near Eastgrt; Lake in the north:' The terrane Is
bou_ndcd on the west by the 'Stag Hit aﬁd'Corner Brook Lake Thrust zones,
and on the u;t by the éabot Fault and Grand Lake. 1ts northeast side is
C nﬁrked in part by tﬁe Soufh Brook vFaulet, and In part by the unconformablky
overlyi;\g C'arbonlfc’rou”s' sedlmn.ts in the Deer Lake basin. The presence

[ ‘ of typical metaclastic terrane 1ithologies both south of Grand Lake

B

{(Knapp et &, 1979) and north of the Humber River vailey (Baird 1959; 1

L1141y 1963) suggests i:ontlnu!ty In both these dlrections. Similar rocks

i
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’may 410 be present beneath ophiolitic rocks on Gldver Island, east of

the map area (Knapp et al. 1979).
The outcrop pattern of formations in the terrane Is controlied

mainly by major, nartheast-trending upright folds (F3 and F4), but the

fold patterns are considerably modifled by late-stage block faulting.

(RS St

e ' .
The shoreline of Grand Lake, from 'White Ridge Brook' to

'Halfway Point' and northeastward to Northern Harbour, provldeS the best

exposure. The outcrops are clean and .relatlively continuous in places,

. i

but all the lithologies are not represented. The shoreline northeast of

'Halfway Point', for example, is essentially parallel to strike, and thus

e

displays a limited variety of lithologies. Most of the shoreline outcrops

- S g

had to be examined from the boat, as beaches are rare. Outcrops along the ‘

f ' ’ Trans Canads Highway In the Humber River valley provide fair quality

RS

exposure; no outcrop was found along the 'Northern Harbour Road'.

Hilltop and streambed exposure inland is relativaly good, but accessibitity

is a prohlem.. Siudy of exposures along the transm{lsslon llné& between

LY

. \ ' -
Northern Harbour and Breeches Pond provided abundapt dats on stratigraphy

&

and structure In the northern part of the terrané.

The inland tarraln is very rugged, ar&(\relli’e'f locally reaches

350 m. The hsight and steepness of hills around the southern, eastern and

o g e
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northern margins of the terrane make access difficult and dictate that access

o

will be from the wast, or from the air;i 'Guli Pond Koad' and 'Corner Brook _
, Lake Rpad' allow part.lal access, but only to the kwestern part of the terrane. |

! Steady lrooI; Lake Roqd" penetrates farther into thef.terrane. burt enters *
through a deep U-shaped valley with ﬁ\lnli;um exposure, A | %

Lithological descriptions of units In the metaclastic terrane

-

are presented In the following four sections, and discussion of their -

stratigraphic relations, ages and corralations iIn the flf;th sectlén. The

-
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final section of this c_haf;ter,contalns a brief description and discussion
of the Carbonlferdus rocks which form the northeastern boundary of the

metaclastic terrane (Figure 9).

4.2 Caribou Lake formation ..
.

The Caribou Lake formation (proposed nﬁm) Is s varied sequence

~of dominantly feldspathic metasediments whllc_h underlies a lafge portion

of the metacliastic terrane (Flgurer 9). The formation consists of albite

"schists and énclss.s, quartzofeldspathic schists and gneisses, mestacon-

glomerage, and lesser amountsrof quartz-mica schist, quirtzlte: and é,ol lte. -

Granitold veins and dykes and basic rocks represented by amphibol ite and

'qreenschlst sre also present.

Excellent exposure of the formation is found along the shore of

- Grand Lake southwestward from Northern Harbour, whlh‘;' the best inland

exposures are found on hilltops in the northern part of the terrane. The

_ geographlc‘uparatlon of lithologles in the formation makes assignment of

. & single type locallfv impossible.

The formation Is divided into two distinct members, the.AISIte
schist member and the Metaconglomerate member. The former |s areally more
extensive and 15- estimated to represent about 75% of the formation, while:
the latter accounts for only about 25%.

Alblte schist member

The Alblte schist member underllies the eastern part of the
f:)maflon outcrop area, and consists of ingdlum- to coarse-grained

schistose, and less commonly gnelss'lc rocks containing an abundance of

‘albite. porphw)robluu (usually >30%)(Plate 9). The member also Includes

S
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PLATE 9

Representative hand specimens of coarse albite schist - A (79-256), B
(78-166), and E (78-158), from core of Steady Brook Lake Anticline; D (79-
286), F (78-146), and C (78-134), from eastern margin of area, east and
south of Corner Brook Lake; samples cut and polished; scale in cm; for
Sample location see Figure 30, Appendix D.
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a significant proportloﬁ {10-20%) of quartz-rich rocks, ranging from

," quartz-mica schist to pura q:.iartzite, as well as palites. Albite parphy-

roblasts are typically less abundant In the quartz-rich layers, but are
rarely totally absent. Pelitic layers, In contrast, commonly contaln
larger and more abundant por.ph;roblasts than adjacent, less micaceous
layers, suggesting 'prcf.rcntlal\arowth of,albite in the,-‘pelites..

The Varlous‘_fe‘ldspgthlc_ rocks in the member repres?nt “mlnbr '
variations of cssm.\tl’ally one basic mineral a;sunblage,"whlcl'_l Inciudes, |
in order of abundance, qllbl‘to,’ q‘uaé;z. muscovite, and acco;sory opaque
oxides, epidote an@ chlorite (Table 5).7 Biotite, I‘(-feldspa‘r and chilorite
are locally found In significant ( > 53) quantitfes, while garnet, tour-

\

mll_rie_. calcite and apatite are rare accessorles.

o The main textural and mineralogical varhtlons in the member

- involve graln size, thc proportlon of alblte, and the amount and type of

phyllosilicate minerals. Based on these crlterh, two dlstlnct feldspathl;
lithologies are recognized: 'cmric alblterschflst', "and 'alblite-mica
schlst'; Each is l\toted for Its texturai and mlneralog!cai consisténéy
over large distances (1520 km), However, they may rcpresent. er_!d-membe.rs

‘of a gradational s.qinncc.

Coarse albite schist =-- This lithotype outcrops mainly In the core

of the Study Brook Lake Antlellnl, .and southward at least as far as 'Art s
Pond', forynlng the core of the range of hills overlooklng Grand Lake.
Similar rocks are exposed east’ of Study Brook Lake and in the area 2 km ‘
wast of Caribou Lahe.’ ' ‘ o .

The coarse albite schlsts are buff-orangc, mdlun- to coarSe-grained

- and consist of essentially alblite (10-80%) , quartz (20-602) and muscovite

(5-40%) , as mll as opaquc oxides, epldote and chlorite accassory minerals
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TABLE 5

POINT COUNT MODAL ANALYSES - CARIBOU LAKE FORMATION

[N

—W

a6 . -
L -glcmerate (79-246-2), frun 'Gul! Pond Rosd' 400 m NW ‘Second Pond'.
157 -
(78-157),

Samples:
148 -

‘orange-pink, mdh—-gn!nod ubllte-quartz-muscov%te schist (781-

' '158), from hilltop-1 km SE of Eastern Lak..

‘3“ ’ Pt

282 -

288 . -

orange-pink, co.rscognlned albite-quartz-msoclte schist (78-
134), hilltop 1 lm NE of ‘Snowbird Lake', '

pink, medium-grained, albite-muscovite schist (79-282), from shore

of Grtnd Lake, 2 km SE of Carlhou Lakn

green, mdlun-gnlned, ‘albite-mica s;hlst (79 288). shore of Grand:

Lake, & km ENE of ‘Centre Pood'

gresn~grey snd plnk, conru-gralned. qmrtz-feldspar metacon-

buff, fine gralned thluly layorad. qmrtzofeldspath:c schist
hilltop Z lm SW of 'Towar HINI'. -

| "= Albite schist member - Metacang lamerate ]
Sample # 158 134 282 288 246 157 |
Quarez 293 23% 222 63 5283 . 57% ] .
K-feldspar - B/ 8 - 7 - S
Plagioclase 35 Y| B0 57 6 26 '1
Muscovite 28 14 / 18 7 18 9 :
 Biotite - 1 - 20 - 3
Epidots T -  1 2 2 - -
Chlorite. 1. | 1 7 - 3 :
" Oxides 6 2 3 1 3 2 :
Apatits’ - - - \\ tr *% - -
# Points 1059 109 1039 \| © 957 1084 989
* mainly odu]arjta.valn . T Ry
' . \ 2 ' .
* tr - trace amount { <<1%) \ ' /- ‘
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" analysis of selected albites p.roved‘them to be virtuslly pure aibite

%
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(samples 158 and 134, Tnblc‘S).' Albite invariably forms porphyroblasts

ranging in’'size from 2 mm to | cm and averaging atsou't S mm. Mlcroprobe

(MBS-IOO)('“ Table 15, APPendlx B). Juff-orange to pink albite I# most.
common, but white and purple porphyroblasts are found Iocally. The
alblte is typically untwinned and choked wlth lncluslons. of which quartz
is most: abundant; other ‘lncluslons noted are epldote, chlorite, blotlte,
and oxides. Muscovite is notably; not an Inclusion phase, suggesting it
was a reactant during albite formation.

“Where not an !ncluslon. phase, quartz Is tnvariably undulose nnd
generally more abundant In the coarse alhite schists than the alblte-mlca
schlsts. Husccwlte. in combination with brown biotite in some rocks,
daflnol the mln schistosity (SZ). and both micas are commonly klnkqd or

folded (D3 offects?), Chlorite Is an alteration product of biotite In

most rocks, though it also Is found locally as non-descrlpi 'patcﬁés'

apparently related to and post-datlng the main follatlon (s2). Dlscrete
crystels of epfdote (0.5 to 1 mm size) usually lie paraliel to the dom-
lnmt follation plane, but some gralns exhlbltlng a relatlively strong

p|.ochroslm appear to be distrlibuted randomly. Opaque oxides (0-52) are
ldentlflo«!s}ls‘ mgn.tlte where they are euhedral, but nlcroprob& analysis

of selected grains Indicated some are iimenite (see Table 16, Appendix B).

Hematite was found In one sample. ‘
Garnet Is rare in the coarse aiblto schists, but much more common

In the pelitic layers In the sequence, where it Is rod,rmlldly to lhtcnsely

altered to chlorite, and small '(0_.5 to 1 mm). Tourmaline is also rare.

In one exposure on the transmission line 1 km ;iortheast of 'Tower HilV',

however, bhcl:', stubby, euhadral tbuFuIino crystals (& cm long) ware found.

An'alys'ls proved them to be compositionally schorl (see Table 17, Appendix’ B).
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uK-felydspar which gridiron _twinning suggests is mainly microcline,
is typlcally present fn minor amounts (0-5%), but locally constltutes as .
much as 20% of the mineralogy of the schists. Its hablt Is unusual in

that it forms ¢ Iongate, anhedral 'streaks parallel to the dominant

schistosity (52). It is rel'a-tively undefonned and In some schists Is so

\
crowded with lniluslons which parallel sz that lt appears to be 'inter-

stltlal' to the Incluslons. Thls habrt. and it relation to the fol!atlon
(post-SZ), suggetts the K-feldspar represents incipient, polkfloblastlc V
porphyroblasts (see Pleu 77, p. 302). The significance of albite and

- K-feldspar porphyrrnblast growth wlll be™discussed later in this section,

M
i

as'well as In s:ettlon 1’2 .3.

I.t is lnteresting to note that the abundance of pink to orange
feldspar in the cqarse albite schists glves the rocks a strikingly
granltold' eppeel‘ance, .and ‘thus In many exposures they could be eeslly
mistaken for defor;ned granites. Undonbtedly. it was these rocks which
Riley (1957) referred to as /'granlte gnelsses'\.. :0n closer examination,
however, It Is c.le‘;r thet much of the fel'ldsbar Ts metamorphic,, and its
- growth post-detes ihe main schistosity (SZ) in addition, the recognition
of relict sedimentary features (e.g., beddlng) throughout the sequence
sttests to lts sedlmentery origin. .

The coarse alblte schists are typlcally strongly foliated and
lincated. The dominant foliet!on (s2) 1s nerked by the alignment of‘,mlces,
and the long axes of,feldspar and quartz. T'he alblte pdrph‘ﬂyroblast‘:s also
locally record a strong llnutlon (L31) \vhlch plunges moderetely to the
north in the northern part of the t-rrane on ‘Tower Hill' The lineation
can be seen In Plete 9 In suples C, Eand F, which have been cut perallel
and perpendicular to it. Other signs of Intense and multiple deformetlon

Include the common devel'opnent. of albite parphyroblast augen, and the
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presence of rsfolded (b;/ F3) isoclinal folds (F2) In narro:v (5 mm) quartz
velns. In contrast to this type of Quartz velin dsformat'lon. -sq;mlly
narrow granitoid veins whh;h parallel the dominant follation exhlbl‘t only
the later (F3) folds.

¢ Gneisslc structuros are rather rare, and coarse sch1stose textures

predominate.v A typlcal gneissic Structure Is found in an exposure on the

fp e —
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transmission line 2 km northwest of 'Triangle Pond’ where the gnelss

conslists of alternating mica=-rich andvmlca-poor Tayers (6 cm thick) (see

sampie A, Plate 9). The layering deflnes a distlnct gnclssoslty which

parallcls» 2. Similar, but larger scale features were noted elsewhere in

the northern pcrt of the tarrane (Plate 10), and in an outcrop 1.5 km

e

mrtl';wast of 'Barren Pond' the layers contllned rell’ct graded bedding.
This suggests the compositional layering marklng the gneissosity probably .

reproscnts orlgiml sedimentary bedding. Other examp | s of relict graded

bedding were . rcported in similar IlthoIOgles outcropping In 'Blttorn Brook'

. o b, ANV R R e

to the south (0.’ Kmpp. personal communication 1979), as well as along

oy

s e

strtke south of Grand Lake (E. Stander, persoml communication 1980)

- Very few outcrops of the coarse alblte schists ‘are conpl.tely homo-
gonoous as qusrtz- and mica=-rich layers of varylng thlckmss and showing
either sharp or gradational contacts are comn components. Many palitic
 layers contain red: gamot porphyroblasts (1 cm size). :ln addition; white
quartz veins are ublqultous and locally sccount for as much as, 26’2 of the

outcrop. The larger veins (up to 2 m thick) are undefomd and usually

U PO W

_transect the maln follations (S2 and S3), suggqstlng they formed along late

s

Joints and minor fault planes. These thick veins are very comﬁon in the

&

‘Centre Pond' area, where their size and whiteness make them clearly

visible from the ground and the alr.




PLATE 10

Compositional layering (gneissic structure) in coarse albite schists -
transwission line outcrop near NE corner of 'Triangle Pond'; view NE;
Iayerlng may represent relict sedimentary bedding; note recumbent, iso-
clinal fold (F2) just above hammer handle in lower right hand corner;

Outcrop location 314 - see Figure 30.
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Albite-mica achist -- Rocks included In this second major feldspathic
lithotype outcrop along the eastern margin of the uﬁp_nru.’ and are -

particularly well-exposed 'along the shore of Grand Lake. They are, in

general, fine- to medium-grained, and contaln rolotlv.l‘y high préﬁortlons

The fine grain size add high content of dark ° platy minerals contribute
to the dark green to grey colour (Plates 11 and 12), which tontrasts with
the buff-orange colour of the coarse albite schists (Plates 9 and 10)... The
mineralogy comprises albite (30-70%), quartz (10-40%), muscovite (50-50%),
biotite »‘(0-202). and chl.orlto is-llst). with acégs‘sory opldot;_ s dpoque
oxides (samples 282 and 288, Table 5). K-f.ldsﬁnr“‘(o-lsz) is an oddltlo;ul

~ component In some schlsn. whllc ulclto and mtlto are usually prasent

in only nlnor amounts.

Soth the albite and phyllosilicate content of thp schists is

generally higher than in the coarss albite schists, while quartz is slgnlf-

lcantly lower (e.g., sample 288, Table 5). The albite porphyrobliasts, 1ike

thoss described above, are buff-orange.to pink and crowded with Inclusions, ..

but are generally smeiler, averaging about 2 sm. Elongate porphyroblasts
define a wamk lineation (L37) in some schists. Bro biotite, almo;t"
totally altered to chiorite, is absent only where it hasfbcen completely
replaced. The .bundanca of chlorite (5-15%) is the s‘lngl’e ac;st slgnlf;léant
nlnoraloglcal dlff.ronco between the albite-mica schlsts and the coarse
nlblto schists. Epidote is also more abundant (I-Sx), and comblnes wlth
the phyllosilicates to mark the strong follation (SZ)

' Hhcre K-fcldspar is pr.unt. it has the same polklloblastic hablt
note‘d in the coarse albite schists. A late, flne-gralned fracture-filling,
adularia vein rimmad by epndot. was found in one outcrop on the shore of

Grand Lake, about 2 km southust of Carlbou Lake.- The vein lmpnrts a

inerals ( > 302) and albite porphyrobluts (> ROZ).;
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PLATE® 11

Green albita-mlca“schist from shore of Grand Lake, 2 kmSE of Caribou
Lake; view NW; outcrop location 282 - see Figure 30.

N

PLATE 12

Layered, flne-grained.' green, albite-mica schist; view NW; layers
possibly relict bedding; outcrop location 283.

y
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di'stinctive, brick:red and light green colour to exposed fracture surfac&
and its presence suggests late-stage, hydrothermal activity.
Apart‘frjom the stFong schi’sto'sity (s2), outcrops of the albite--

mica schists locally display crude layering (parallel to §2) ,7 reflecting

variations in the quartZ and mica content, and, in some plac'e/s/,'variations

in grain size (Plate 12). Lanyer thickness ft typica'lly abou 2 to 10 cm,
~but layers as thick as | m were found. Such laye;ing likely represents
relict sedimentary bedding, although no pure quartzite, or garnetiferous,
pelite layers were noted. Porphyroblasts of albite are found in all layers,
but the largest are in the more micaceous layers. Vh'ite quartz veins are
notably scarcer. in these rocks than in the coarse albite schists.

In the sou;theastern part of the formation, albite-mica schists,
recording intense deformatilon‘, outcrop around Little Sandy Point and for
5 km northeastward along the shore, as well as in the hills above. The
rocks are fine- to >very fine-grained, dark green‘ to black, slaty to massi;e,-
and intensely fractured. They contain quartz (20-50%), albite (20~40%),
muscovite (15-30%), chlorite (5-15%), and accessory epiddte, opague oxides
and calcite. Where fracturing is most intense, white calcite veins are
abundant. Strongly fractured greenschists and granitoid rocks are found
in some of these outcrops, and serpentinites have also been noted (H.
Williams, personal communication 1981).

The deformation in this area, which may be‘.due to the near conver-
gence of the Corner Brook Lake Thrust and Cabot Fault zones, produced both
mylonites a‘nd cataclasites where it was most intense (see Plates 74 and 76,
p. 256, 258). The mylonitized albite schists display extensive recrystal-
lization, and flattening (ribbon structure) of quartz parallel to the main

foliation (52), as well as a later crenulation cleavage (S3). Another

mylonitized lithology is represented by a quartz-rich layer (10 cm “thick)
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in the schists on Little Sandy Point. It iIs uncertain whether the layer

is a quartz vein or a quartzite. In hand specimen, the rock is very
f.iﬁe.-gi'a‘ined and essentially massive, but in thin section it displays
strongly deformed quartz grains, which are recrystalfized and well-orjiented
parallel to the foliation ($2). The only cataclasite found was an albite
schist, which displays (in thin section) intensely fractured grain aggregates
of Guart—z and plagioclase set in a black matrix conslsti‘ng of very finely

- r

granulated quartz and feldspar, surrounded by anastomosing muscovite and

chlorite.

>

The protoliths of the Albite schist member are not immediately

obvious, due to the fact that both the coarse albite schists and the

albite-mica schists have had their original sedimentary features exte
sively modified by metanorp-hism, which resulted in the profuse growth of
albite, and to a Ie.:ser extent 'K-feldspar, porphyroblasts. The metamor-
phism must have Involved consjderable alkalf metasomatism (mainly Na and K)
to account for the degree of feldspar growth, which essentially 'granitized'
much of the eastern part of the terrane, and left the western part
unaff:cted. An eastern source for the 'metasomatizing fluids' is suggested
by the areal distribution of their affects. |In view of the areally
selective nature of the metasomatism, and beqause_of.general lithologic
sihilarities, it is suggested here that the coarse albite schists represent
the metasomatized, east.erly lateral equivalents of coarse meta-arkor;es in
the Metaconglomerate member of the formation outcropping to the west. in
this interpretation, the profusion of albite porphyroblasts might be

explained by the origina} plagioclase grains actimg as nucleii for porphy-

roblast growth (discussed further in section 12.3).
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The high phyllosilicate content of the albite-mica schists makes
them somewhat anomalous in relation ta the other rocks Iin the forn'atlon.
They are tentatively Included In t.he member because of tlje‘lr high proportion
of alblte- porphyroblasts ancli proximity to the rest of the member. They
may simpily represent a more micaceous baft of the formation, or, alter-
natively, an entirely separate part of the stratigraphy. The high porphy-
roblast content of the schists could be wholly a metasomatlcr fealture, belng
a function of both nearness to the apparent eastern source of the alkali

fluids and a high original mica content, which seems to predispose rocks

to albite growth. Furthermore, the restriction of the schists to the shore

of Grand Lake, in or adjacent to the Cabot Fault zone, and their associatlon

with a large amount of granitoid material, as well as greenschist, amphi-
bolite and serpentinlté, strongly suggest they may be schists of tectonic
origin marking a major zone of disiocation. |If so, the metabasic and meta-

P )
ultrabasic rocks may be tectonic inclusions in the schists rather than

intrusions.

Metaconglomerate member -

:rhe Metaconglomerate member appears to form the westarn marg_jn
of the Carlibou Lake formatlon, as all known exposures consistently,rli'e
to the west of the Albite schist member. Relatively good, but isclated
exposures are found along strike from near 'Hilfway Point' to Corner
Brook Lake, and northeastward to Steady Brook valley. Continulty and
extent of the member, however, are less certain than they are for the
Albite schist member.

The Metaconglomerate member also comprises two distinct felds-
pathic lithologies -~ on includes metaconglomerates and coarse meta-

arkoses, while the other includes generally finer, quartzofeldspathic
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schists and gneisses. Pi;litic rocks, quartz-mica schists, and pure
quartzites are interlayered on varying scales with all the feldspathic

rocks, and collectively may account for as much as_ 203 of the member.

.Amphlbolités and granitoid rocks’ are also found in the sequence.

Hetacongldgperates -- The metaconglomerates include mainly coarse-

1

grained to conglomeratic rocks, which are arkosic in composition. However,
fine- to medium-grained rocks of similar texture and mineralogy are also

found locally. (Plate 13), . -

The coarsest metacongiomeratic rocks are found in a large hilltop

+ exposure about 2 km southeast of 'Hawk Hill' (Plate 14). At this locality,

the rocks are dominantly grey quartz-pebble ~and quartz-cobbfe metacon-
glomerates, consisting of quartz (56%), K-feldspar (20%);. plagioclase (5%),
muscovlte‘(ZO%), and opaque oxides (5%) (Tab‘l‘e 5). A finer grained version
of the r;ame mineralogy forms the matrix around the larger clastsv of quartz
and feldspar, while varying proportions of quartz and muscovite form thin
(10 cm) layers dispersed throughout the outcrop.

Pink and white feldspar clasts are not as abundant (10-30%) as
quartz at this localAlty, and they are generally smaller (2 em) and less
flattened (Plate 15). K-feldspar (pink) is more abundant than plagioclase
(white) by a ratio of at least fhree to one. Variations in the ratio of
feldspar to quartz produces alternating feldspar-rich and quartz-rich

layering in some places (sample C, Plate 13). Muscovite (10-20%) is

“typically very fine-grained (sericite). The opaque oxide Is mainly

specular hematite, which locally forms layers parallel to the other com-
positional layers and to the main foliation (S2) (dark folded layer in

sample C, Plate 13).

in this outcrop, the conglomerate appears to be finer structurally
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PLATE 13
Representative hand specimens of arkosic metaconglomerates - A (79-246-3),
B (79-2#6-4), and C (78-17-2) from outcrops on 'Gull Pond Road', NNE of

‘Second Pond'; D (78-162-2) from ‘Steady Brook Lake Road'; E (79-264-2)

from transmission line, NE of Eastern Lake; F (79-295-2) from shore of
Grand Lake 400 m ENE of 'Halfway Point'; samples cut and polished; scale
th cm; for sample locations see Figure 30, Appendix D.



.PLATE 14

Outcrop of metacong lomerate - expoSdre on hilltop 2 km SE of 'Hawk HIIl1'; '
note elongate and flattened quartz cobbles; view east; outcrop Tocation
. 84 - see Figure 30.

L2

PLATE, 15

Arkosic metaconglomerate - from same outcrop as‘Plate ‘M; boulder dis-
lodged from outcrop.
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upward‘(eastward) over a distance of 4 to 5m. If this is a relict
sedimentary feature, the sequence is right-way up. However, the effects
of inteﬁse deformation have to be kept in mind. Flattened, white gquartz
qublés and cobbles Qith long axes up to 20 cm (axial ratio 7:1) make up
about 60% q% the'conglomeratic layers, and attest to the‘intensity of
deformation (Plate.l4). 1in addition, some.of the finer layers in'the
seguence apbear to bé high-strain folla, or smail shear zones.

In spite of the‘intense'deformation, however, the distinct com-
positional layering evident in most exposures of the metaconglomérates is
interpreted.to.be relict sedimentary bedding. In the outcrop just noted,
the layering parallels a relatively strong foliation (S2) which’dips
moderately southeast, while the Ioné axes of the quartz clasts define a
stong lineation (L27) plungling moderate}y southeast.

The metaconglomeratic rocks exposed eisewhere along the western
margin of the Caribou Lake formation have the same basic mineraiogy and
textural features, though they are slightly finer grained. The samples
in Plate 13, taken from various locations, display the textural and minera-
logical consistehcy which characterizes these coarse meta-arkosic rocks.
The rocks exposed along 'Gull Pond Road', north-northeast of 'Second Pond*
(samples A to C, Plate 13), are similar in their coarse grain size to rocks
described above, but differ in their higher feldspar content. The other
samples (D to F) are equally feldspar-rich, but finer grained, and they
attest to the remarkable textural consistency err a distance of.approxi-
mately 30 km from Steady Brook valley (sample D) to 'Hal fway Point’
(sample F). Along the transmission line northeast of Eastern Lake, fine-
grained meta-arkasic rocks (;ample E) are apparently interlayered with

quartz~mica-albite s¢hists and garnet-quartz-mica schists, and thus appear

to be gradational into rocks of the Mount Musgrave formation.
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In the area north-northeast of 'Secopd'Pond', all the lithologies

which characterize lhe member are rqpresentéd,_but thé exposure is poor
)

and the area is structurally complex due to its proximity to the Corner -
Brook Lake Thrust. Other lithologies appear to be tectonically inter;a;
lated with the.feldspathie rocks, most notable of which is a seqq;nce’oé
garnét-quartz-mica schist and pink marble, possibly repregénting‘pért of
the Twillick Brook or-Mount Musgrave formation. Also noteworthy are two
outcrops of distinctive coarse-graired, garnet-biotite‘schist.»simflar to -
a Iitholégy fou;d in the Stag Hill Thrust zone to the southwest, suggesting

it may be tectonically generated.

Quartzofe1dspa§hic schists .- These rocks are best e*pésed at the
on 'Corner Brook Lake Road', about 1 km north of cOrnér Brook Lake. The
outcrops at these localities are virtually identical, pﬁd display buff to
. pink, quartzofeldspathic schist and gneiss, withilayers 6F dark green to
black amphibolite, and locally boudinaged, pegmatitic éranitoid rocks, both .
parallel to th; dominant foliation (Sg) {Plates 16 and 17). A ;erf'similar o
quartzofeldspathic lithology was found south of Eastern Lake, b;t no amphib-
olite was noted. ' ’

The schists are fine- to medium-grained, and contain quartz (20-
60%), plagioclase (20-60%), muscovite (5-10%), and biotite (3-15%), as
well as accessory chlorite and opaque oxides (Table 5). . In the exposures
near 'Second Pond' and Corner Brook Lake, quartz aggfegates have a ribbon-
like form which parallels the foliation (S2), suégesting intense defor-
matlon; in fact, in thin séction, the rocks are clearly mylonitic. Plagio-
clase (mainly albite) and quartz are locally segregated into 2 to 3 mm

layers, resulting in a thinly-layered, gneissic texture. K-feldspar is
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PLATE 16
‘Representative hand specimens of quarq;ofefdspi;hlc-schlsts and associated e

rocks - from outcrops on 'Gull Pond Road' north of 'Second Pond';

A (79-234-1), quartzofeldspathic schist with part of a pelitic layer on
top of sample, and biotite porphyroblasts (post-D2) which give the rock
@ spotted appearance; B (78-40-1), biotite amphibolite layer in schists;
C (78-15-1), coarse quartzofeldspathic augen schist; samples A and ¢
cut and polished; scale in cm; for sample location see Figure 30.

PLATE 17

Outcrop of quartzofeldspathic schist containing biotite amphibolite layers -
amphlbolite represents metamorphosed mafic dykes or flows; outcrop on :
‘Corner Brook Lake Road' 1 km north of Corner Brook Lake; view east;

outcrop location 40 - see Figure 30.
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totally absent in these schists. A
A Mu;:scovite is chiefly redponsible for the generally indistinct
foliation, while brown to greenish-brown biatite is pdrphyroblastic,
forming randomly-oriented crystals ranging in size from 2 mm to 2 cm. The
schists north of ‘'Second Pond' display particularly coarse deyelopment of

these post-tecfonic (post-D2), biotite porphyroblasts, which are dispersed

throughout ths rocks, and also concentrated in layers (10 to 20 cm thick),

glving the rocks a distinctive pink and\‘black, layered (gneissic) texture

(sample A, Plate 16). Chlorite partially replaces hiotite only in the
more deformed schists; elsewhere, the biotite porphyroblésts show no sign
of deformation, corrosion, or alteration.

A lithology in some respects transitional between the metacon-
glomerates ﬁnd quartzofeldspathic schists is exposed on the east side of
'Gull :’ond Road', about 1 km north-northea’st of 'Second Pond'. This coarse-
grained, strongly deformed rock is distinctive for its augen texture in
which feldspar porphyroclasts (1 cm) are enveloped by a finer grained,
strongly foliated matrix (sample C, Plate 16). The rock consists of quartz
(45%), plagioclase (40%), K-feldspar (5%), muscovite (5%), brown biotite
(3%), and accesséry epidou,ﬂ chlorite and oxides. The pink feldspar
porphyroclasts are albite, while a minor K-feldspar component is present
as smaller, elongate, anhedral, poikiloblastic grains, like those in; the
Albite schist member. Thus, the coarse grain size gives It the appearance
of a st‘rongly deformed metaconglomerate, while its mineralogy makes it more
akin to the quartzofeldspathic sghists. |

Interlayered with this 'augen schist', in the same outcrop, are
pure quartzite layers (10 cm thick), which also record the intense defor-
mation. In thin section, the quartz grains al;'a partially annealed, but

still show a strong preferred orientation parallel to the dominant, steeply
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southeast~dipping foliation (S2) in the sequence. These fine quartzite
layers may represent recrystallized quartz mylonites, which absorbed more

of ‘the deformation than the less ductile, feldspar-rich layers.

The protoliths of the Metaconglomerate member are self-evident.

They were dominantly coarse, arkosic sediments, including both cong iomerates

and coarse sandstones, which suggest a near-source, terrestre depositional

environment. The presence of hematite-rich layers supports the suggestion
of sub-aerial deposition. It is concluded that all the.rocks in the member
Rre part of a single, interlayered, and gradatic;nal sequence, and that
existing lithological differences reflect mainl}y original compositional
differences, as well as the effects of deformation and metamorphi sm.

As noted previously, the arkosic rocks in the Metaconglomerate -
member may be the. lateral equivalents of the metasomat]zed (Féldspathized)

rocks of the Albite schist member to the east.

Amphibolite

Greenschist and amphibolite, both intruded_ locally by adamellite,
are spatially associated with rocks ef the Albite scvhist member along the
shore of Grand Lake east of 'John's Pond' (Plate 18), but no metabasic rocks
were found in the inland part of the member. In the Metaconglomerate member,
ampl;ibolite was found only in the quartzofeldspathic schists north of
'Second Pond' and north of Corner Brook Lake.

The greenschists outcropping east of ‘John's Pond', which consist
.of actinolite (25-40%), albite (20-353), epidote (20-353), chlorite (5-153),
and accessory opaque oxides and calcite, are dark green, fine-grained, and
vary from slaty to relatively massive, mainiy as a function of deformation

(Plate 19). All the greenschists are intensely fractured, and in thin
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PLATE 18

Representative hand specimens of metabasites in the Albite schist member
A (79-293), massive greenschist; B (79-280-2), foliated amphibolite; note
Pink feldspar development, and part of shear zone (light green) on left
margin of sample B; samples cut and pollshed scale in cm; for sample

location see Flgure 30, Appendix D.



3 PLATE 19

Strongly deformed (slaty) greenschist in Cariboyu Lake formation - outcrop
on shore of Grand Lake, 1 km SW of Little Paddle Point; view NE; outcrop

location 293 - see Figure 30. )

PLATE 20

*r " . . . ‘. f
Follated amphibalite cut by pink adamellite in Caribou L formation -
“same as sample B, Plate 18; shore of Grand Lake S ki NE Little Paddle
Point; view NE; outcrop locetion 280,
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section display both cataclastic and mylonitic textures. Their fine grain
size, slaty texture, and gr;en colour make them difficult to distinguish
from /the fine, green, albite-mica schists with which they are associated
in some outcrops.

A Qingle exposure of black, fine- to medium-grained, foliated
amphibolite was also found on the shoreline about 5 km northeast of Little
Paddle Point, The rock contains green hornblende (hO-SO%_). plagioclase
(45-55%), andwaccessory quartz, calcite and opaque oxides., Coarse-grained,
adamellite dykés cut the amphibolite mainly parallel to the main vfoliation
(s2) (Plate 20), but ‘also conta}n small amphibolite xenoliths. K-feldspar
is develop'éd in the amphibolite adjacént to the adamellltqe intrusive
material, indicating at :Ieastﬂ locaj metasomatism by 'granitizing fluids'
assoclated with the intrusion (note the pinkish material pemeatiné sample
B, Plate 18, and sample A, Plate 21). Both the adameliite and the amph i -
bolite are intensely fractured. |

The amphibolite also éontalns 10 cm thick layers marked_by alter-

; - nating fine and medium in size, which may be in part due to fhe deve lop-
ment of small-scale 'sHear zones'.. Part of one such .shear zone is preserved

along the left margin of sample B, Plate 18. Thin section study reveals

that the finergrained, well-foliated layers are strongly deformed and

retrograded amphibollte {greenschist). In view of this, it Is possible

that the greenschists found farther southwest along the shoreline toward

. ’_Sandy Point are intensaly deformed and retrograded versions ofAthe amphi -
bol ite lithology. i
in the quartzofeldspathic schists of the Metaconglomerate member

\\ .

to the west, green to biack, medium-grained amphibolite forms thin (30 cm),

e LR

concordant layers, which exhibit the same deformation features as the host

-~

rocks. Both th(mnphibollte and the host schists chiracteristi’cally contain

e e sa e P AT
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S mm size, brown biotite porphyroblasts (15%) (sample B, Plate 16; Plate
17). in additlon, the amphibolite contains green hornblende (I/OZ), almost
totally replaced by light green actinolite (35%), as well as untwinned
albite (30%), eplidote (10%), and accessory chlorite and sphene. In the
amphibolite from north of Corner Brook Lake, the biotite porphyroblasts
are locally kinked and partly replaced by chlorite.

Caution is necessary, however, In identifying metabasic rocks In
this sequence. For example, a layel in the quartzofeldspathic schists
north of 'Second Pond' consists of black, medium=-grained rock cbntalnlng
biotite (40%), albite (351), epidote (15%), and quartz (103). The biotite.
Is not porphyroblastic, but rather lepidoblastic, an;i defines a relatively
strong follation ($52), while white albite forms 1 to 2 mm size porphyro-
blasts with Inclusion trails (s52) marked by epidote. Though’ described In
the field as a metabasit;, the rriineralogy‘of this rock suggests it is more
likely an original pelitic layer In the arkosic seqﬁencc.

The metabasic roéks in the Ca‘r.lbou Lake forrpat'ion are interpreted
to be metamorphosed basic dykes or flows which pre-date the D2 deformation,
and thus are interpreted to be part of the same intruélve event as the
basic dykes in the gnelssic terrane. The preservation of amphlbollt; min-
onloql'.: indlcates at least m;lihlbol ite facies metamorphic cﬁnditlons were
reached locally in the formation, while the greenschists clearly record
the significant rctrégresslve effects. The concordancy of the metabasites
may be due to rotation during deformation, or loc;lly may reflect their
original sill or flow form. The metabasites in the albite-mica schists

along the shore of Grand Lake may have similar stratigraphic relations, or

as noted previousiy, they coulid be basic inclusions In a zone of dislocation.




Granitoid rocks ’

Gr;nitold veins and dykes are comfhon components of Caribou Lake
formation outcrops. Most veins are coarseA-grained to pegmatitic, pink to
buff, and most parallel the dominant foliation (52). Discordant relations
are noted Iocally,.however. The effects of D3 deformation in the velns,
particularly minor f;lds (F3), were noted in a number of exposures, but
no D2 effects were found.

In the Albite schist member,'granitold rocks are most abundant
{or simply best exposed) in-the albite-mica schists along the shore of
Grand Lake, from.a point 2 km southwest of Little Sandy Point, northeast
for 12 km. The intensely fractured granitoid material in this area is
orange- .to brwn-weathéring. coarse-grained to pegmatitic, and pink coloured
on fresh surfaces (Plate 21). The rocks consists of essentially quartz
('00"5021, plagioclase (25-353%3) and K-feldspar (25-303), and thus are
mineralc;g‘.ical!y adamellites (Table 6: Figure 10). Chemical analysis of
two samples from the shoreline indicate the rocks are peraluminous, and
compositlonally' similar to the Last Hill adamellite and the Topsails
igneous complex (samples 276 and 280, ‘Figure 8, p. 61 )f

In the Metaconglomerate member of the formation, texturally and
mineralogically similar granitoiqd rocks were foun_d in the quartzofeldspathic
schists outc‘ropping north of 'Second Pond'. Pegmatitic v‘eins up to 30 cm
thick cut the schists pargllel to the maln follation (S2), and are exten-
sively boudinaged (Plate 22). Granlitoid m;terial is apparently not as
abundant in the metaconglomerates of the member.

The granitold rocks in the Caribou Lake formation are clearly post-

D2, pre-D3, acidic Intrusions, and are lnfarprcted to be apophyses of the

Last Hi1l adamellite, and ultimately of the Topsails Batholilth. The con-

£




PLATE 21

Representative hand specimens of granitoid rocks in Albite schist member -
from shore of Grand Lake SW and NE of Little Paddle Point; A (79-280-3),
adamellite cutting amphibolite, note pink granitoid material in amphibolite;
B (79-276-1) and C (79-280-1) adesmellite from albite-mica schist outcrops;
samples cut and polished; scale in cm; for sample location see Figure 30,
Appendix 0.

PLATE 22

Boudinage in pegmatitic, granitold veins in Metaconglomerate member -
from ‘Gull Pond Road' north of 'Second Pond'; view north; outcrop location
15 - see Figure 30. . :

~a
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TABLE 6

MODAL ANALYSES - GRANITOID ROCKS IN CARIBOU LAKE FORMATION

e — — ————— —————

Sample # 276

Quartz . : 423
K-feldspar 28
Plagioclase 30
Chlorite tr
Oxides _ tr
Sphene tr

# Points

*
tr - trace amount (<< 1%)

Samples:

276 - pink, leucocratic, medlﬁm-grained adamellite (79-276-1), shore
of Grand Lake 2 km NE of Little Sandy Point.

280 - pink, leucocratic, medium-grained adamellite (79-280-1), shore
of Grand Lake 4.5 km NE of Little Paddle Point.
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cordant relations of the veins are thoughf'tp be due to the existence of
a strong anisotropy (the S2 foliation) in the host rockg, which efféctively
'channelled* the'intrusions.

Noteworthy and anomalous fine-grained, igneous rocks were found
in the 'Bittern Brook' valley, about 3 km northeast of 'Halfway Point'
(Plate 23). In two adjacent outcrops in the brook, strongly deformed
ablite schists are concordantly interlayered (1 to 2 m scale) with
relatively undeférmed, dark grey dhd buff-orange rocks, which weather
brown to orange, and stand out sharply in outcrops.

Small (1 mm) white 'patches', consisting of quartz and calcite,
amount to about 13 of the rock, and give it a porphyritic appearance in
hand specimen. The ;atches are set i; a matrix of'randomly oriented laths
of K-feldspar (50-60%), with interstitial quartz (20-30%), calcite (5-15%),
chlorite (5-10%), and opaque oxides (SZ).‘ Calcite is also found in veins
filling the numerous micro-fractures in the rock. The K-feldspmths
are turbid due to extensive alteration to sericite and kaolin. Chlorite
and oxides are present in the darker rocks (sample A, Plate 23), but no
mafic minerals are found in the lighter coloured rocks (sample B, Plate 23).
The rocks are non-foliated, but evidence of Intense fracturing is recorded
by quartz.

The mfneralogy suggests the rocks were originally trach;tes or
rhyolites, and chemically they appear to be trachytes, differing from
rhyolites mainly in the lower silica coﬁtent (55-57%) (see Tablé 12;
Appen&ix A). The fact that the rocks are relatively undeformed compared

!
to the rocks they are interiayered with, and the fact that they are con-
cordant to the dominant follation (S2), suggests they are late (po;t-DZ,

and possibly post-D3) hypabyssal dykes. Their presence in the Corner

*
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PLATE 23

Hand specimens of hypabyssal 'dyke' rocks in Caribou Lake formaticn -
from 3 km NE of 'Halfway Point'; A (79-322-4); B (79-322-1); samples cut
and polished; scale in cm; see text for discussion, and Figure 30, Appendix
D for sample locations.
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Brook Lake Thrust zone may reflect preferential intrusion in a zone of

weakness. ()\.

*

L.3 Mount Musgrave formation

The name 'Mount Musgrave formation' was introduced jointly by

McKillop (1963) and Litly (1963). However, they used the name to refer to

- quite different sequences of rocks. According to McKillop, the formation

consists of quartz-rich, localiy garnetiferous, ''grey gneiss' (McKillop

1963, p. 24), outcropping east of the carbonate rocks in the vicinity of

/

Mount Musgrave In the northern part of the present map area. Lilly, on

the other hand, assigned rocks north of the Humber River valley to the
Mount Musgrave formation, which he divided into a lower 'arenaceous member’,
consisting of "arkoslc' sandstone, arkosic breccias with some greywackes
and shales' (Litly 1963, p. 1‘5), and an upper ‘argillaceous {fnember’, con-
sist.‘Ing of ''arenaceous shales, silt graje quartzites and some mudstones''
(Lilly 1963, p. 18).

’ Due to these obvious differences in definition, and based on data
gathered during the present study, it Is proposed that the Mount Musgrave
formation be redefineg. Thus, as defined here, the formation comprises a

/

quartz-rlch, metasedimentary sequence including, in approximate order of

abundance, quartz-mica schist, micaceous to pure quartzite, mica-schist

(pelite), qqartz-mica-feldspar schist, and feldspathic quartzite (Plate

24; Table 7). | Amphibolite is rare, whlfe granitold veins and dykes are
relativély cammon in the formation. In addliion to its quartzose nature,
the formation Is also characterized by an abundance of garnet porphyroblasts

in both the quartz-rich and pelitic schists.

- As defined here, the Mount Musgrave formation-has much in common
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PLATE 24

Representative hand specimens of the Mount Musgrave formation - A (78-
161-1), garnetiferous quartz-mica schist from summit of Mount Musgrave;

B (78-122-2), grey-green quartz-mica-feldspar schist from TCH oppostie
Rapid Pond; C (79-305-1), quartz-feldspar-mica schist from 1 km SW of
‘Centre Pond'; D (79-180-1), grey micaceous quartzite from TCH 500 m south
of 'West Rock', Deer Lake; E (79-205-2), green mica schist from road 2 km
NNE Mount Musgrave (note black tourmaline and white albite porphyroblasts);
f (79-211-1), albite-mica schist from shore 200 m NE 'Boom Island'; scale
In cm; for sample location see Figure 30, Appendix D.
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TABLE 7
POINT COUNT MODAL ANALYSES - MOUNT MUSGRAVE FORMATION
Sample # 161 259 205 191 " 210 169 305
Quartz 4oy 433 7% 59% 47% 20% 42%
Plagioclase| 6 9 16 24 10 28 35
Muscovite | 30 27 ko 9 32 30 . 8
Blotite 3 7. - 5 3 6 1
Garnet 9 10 - - - 11 -
Epidote - - 10 2’ - tr % 1
Chlorite 3 3 14 tr - 2 2
Oxides 3 1 4 1 2 3 1
Sulphides - - - - tr - - ‘
Calcite - - - tr 6 - - '
Tourmaline | - - 9 tr tr - -
Apatite - - - tr tr - -
Zircon - - - tr tr - -
¥ Points 1027 1004 1038 1011 986 910 1095
*
tr - trace amount (<<1%)
Samples:
161 - grey, fine-grained, thinly layered, garnetiferous quartz-mica
schist (78-161-1), summit of Mount Musgrave.
259 - grey, fine-grained, thinly layered, garnetiferous quartz-mica
schist (79-259-1), 1.5 km NE of 'Tower Hill'.
205 - green, fine-grained, muscovite-albite-tourmaline schist (79-205-
. 2), ‘Steady Brook Lake Road', 2 km NNE Mount Musgrave.
191 - dark grey, medium-grained, feldspathic quartzite (79-191-2),
'West Rock', Deer Lake. .
210 - grey-green, fine-grained, quartz-muscovite-feldspar schist (79-
210-1), shore of Deer Lake 800 m north 'Boom Island’.
169 - grey to buff, fine-grained rnet'iferous, quartz-albite-mica

schist (78-169), hilltop 1 km| south Steady Brook Lake.

305 = buff to pink, fine-grained, quartzofeldspathic schist (79-305-1), |
1 km southwest 'Centre Pond'. ;
|
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with McKillop's (1963) description, but differs markedl'y from Lllly's‘
(1963). It |s notable, however, that in terms of the stratigraphic scheme
proposed here tF\e 'ar}cosic breccia' and 'arkosic sandstone' of LiIJy's'
!.a’renacebus mem?er' are directly correlative to the coarse arkosic rocks
in the Hetacong’lomerate member of the Caribou Lake formationli while his
'arglllaceous mamber' may be equivalent jto part of the Mount \Musgrave
formation as defined here.

The lithologies in the formation are Intergradational to some
extent, and are interlayered on various scalss. Throughout the sequence,
E:omposltlonall layering is marked by variation in the mica, quartz or
feldspar content, and layer thickness varies from 2 mm to 2 m, but
averages about 10 to 30 cm. Layering is less commonly defined by

varlations in grain size, but coarser grained (conglomeratic) layers are

found locally. Most of the layering In the sequence clearly represents

)
[

relict sedimentary beddlng.
The more thinly layered rocks record the deformation hlStory in
excel Ienvt detail (Plate 25). The dominant schistosity, whieh parallels
the compositional layering, is generally S2, but locally later defarmation
was intense enocugh to t:.ranspose $2 and produce a dominant §3 foliation.
This .was noted, far exan)ple, neer Mount Musgrave where the intensity of
D3 deformation increases markedly northwestward from the summit toward
" the Corner Brook Lake Thrust zone. The maln foliation on the summit (52)
dips moderac'ely to the east and Is tlgzhtly'foldea by n\aﬁlnor upright
folds (F3), which show no mesoscople axial plane foliatﬁlon.,g Toward the
northwest, however, F3 folds have transposed the 52 foliation parallel to
a steep, sout'l\east-dlpplng axial plane cleavage (Sj).

Exposure of the formation is poor to fair, with the best exposure

being found on hilltops. A number of separate outcrop areas are present

v v




PLATE 25

Thinly layered, garnetiferous, quartz-mica schist in Mount Musgrave
formation - outcrop on summit of Mount Musgrave; view NE; note early
(F2) isoclinal fold marked blue in centre of picture, refolded by later
upright, tight to open folds (F3); outcrop location 161.
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in the térrane, and the outcrop pattern is controlled by bath faulting
" and folding (Figure 9). In the soythern part of the terrane, rocks in

the formation ar.e repeated across the Corner Brook Lake Thrust, as outcrops
are found In the 'Fox Hill' and 'White Ridge Hill' areas west of the
thrust, and to the east in the core of a major syncline (F3) extending
from south of 'John's Pond' to the Valley of the Lakes Fault. North of
this transverse faurlt, the outcrop pattern is controlled mainly by the
Steady Brook Lake Anticline (F&), but also by smaller, more intense, FJ
folds. The formation forms an extensive belt along the northwestern and
#northern margins of the terrane, and also outcrops in areas east of Easte_rn
Lake and south of Steady Brook Lake. .

The area around Mount Musgrave, southward and eastward from the

summit, may serve as a 'type area' for the formatign. since the rocks in

this region dispiay the essential characteristics (Figure 9). However,
no'single area can adequately represent the lithological diversity of the

formation. !

Quartz-mica schist and quartzite

The quartzose rocks forming the bulk of the formation consist of
essentially quartz (30-90%), muscovite (5-40%), garnet (0-20%), biotite
(0-15%), feldspa'l" (0-10%), and accessl;ory opaque oxides, locally identified
as magnetite comprising up to 15% of some schists (samples 161 and 259,
Table 7). These rocks are generally grey or whAi te on fresh suffaces, and.
various shades of grey on weathered surfaces (e.g., sample A, Plate 2“5.
Rusty weathering quartzites were noted in only a few places. Where quartz-
rich rocks are thinily.(1-5 mm) interlayered with pelite, wea thering causes
the quartz laminae to stand out, giving thé rocks a 'ribbed' appearance.

Thicker quarzite layers (up to 2 m) also tend to weather In relief locally.
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The quartz-mica schist and quart;lte are interpreted to be metamorphosed,
quartz wacke and quartz arenite, which formed part of a sandstone/shale
sequence. The generally fine grain size, abundance of pure quartzite,
relratively low feldspar content, and abundance of pelite combine to suggest
a fluctuating, high to low energy, possibly marine, depositional environ-
ment far\ther from the clastic source than that of the Caribou Lake formation.

There is a higher proportion of massive quartzose rocks to pelite
in the northern part of the formation, and garnet po;'dhyroblasts are less
common, and generally smaller, which likely reflects the lower mica content.
An overall colour difference is also evident, wi i:h the buf.fs and light greys
in other areas contra.sting with the dark greys and grey-greens of .rocks
- north of Breeches Pond Fault (Plate 24).

In the vicinity qf Mount Mﬁ;grave, quartzose choloéles are well-
"exposed and exhiblt int;nse and variable deformation, The summit Is under-
laln by grey, fine-gralned, garnetiferous jchist containing mainly quartz
and muscovite Interlayered on a2 to 3 mm scale (sample A, Platé 24; Plate
25). Partly chloritized, red, garnet porphyroblasts (§ mm) constitute
about 103 of the schists (sample 161, Table 7).

In the outcrop areas east of Eastern Lake and south qf Steady Brook
Lake, the quartz-rich schists are grey to buff, fine- to medium-grained,
and consist of quartz (60-90%), muscovite (5-30%), garnet (0-15%), non-
porphyroblastic piagioclase (0-103), chloritized brown biotite (0-15%),
and accessory chlorltev‘and opaque oxildos (sample 259, Table 7). Quartz
commonly forms thin laminae, and muscovite defines the main schistosity
(S2). Red garnet por;'»hyroHllSts are typically small (0.5 mm)..

The quartzose schists in these areas are “interlayered (5-50 cm)
with pelltes‘u‘;nd rocks rich in albite porphyroblasts, which account for

about 203 and 303 of the sequence, respectively. Contacts vary from

v
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gradational to sharp (Plate 26), and most exposures contain two gener-
ations of white quartz veins - a thin, deformed set paralleling the main
foliation (S2), and a thicker, relatively undeformed set filling transverse
fractures. |

in the outcrop area between 'Valley of the Lakes' and 'John's Pond"*,
the formation is offset by a numbervof transverse (west-trending) faults,
and slight lithological differences in the sequence from north to south
may reflect exposure of different levels of the formation due to differ-
ential movements on the faults.‘ In the northern part of this area‘,'near
'Tentre Pond', the sequence Includes mainly buff and grey, medium-grained
quartz-feldspar-mica schist and quartz-mica schist (sample C, Plgte 2l|)._
Lesser amounts of micaceous to pure quartzite and garnetiferous pelites

~

are also present. The scale of the .Interlayering of these rocks varies
from S cm to 5m, and wl;ite quartz veins are abundant, and some up to 2 m
thick represent fillings of faults and major fractures. Although feld~
spathic rocks dominate the sequence as a whole, white to grey, pure quart-
zite layers are abundant (30-100%) toward its central part. Some of the
Ia\;;:rs are 2 to 3 m thick, anq most form small erosional ridgles. In
general, the sequence in this area resembles_the‘ sequences in the outcrop
areas ime.diately porth of 'Valiey of the Lakes', alt-hough the former is
much more strongly deformed.

In the southern part of thls area, the sequence is very poorly
exposed, but appears to cbnslst of relatlvely micaceous, grey quartz-mica
schist and quartzite foruling a thinly (10-20 cm) interlayered sequence.

The purer quartzite layers comprise only about 20% of. the sequence. In

one outcrop, 500 m west of 'Snowbird Lake', quartz-pebble conglomerates

" dominate the other lithologies, and contain about 50% pebbles (1-2 cm size).

'thte,-tf/lne!y crystalline marble in Jayers 1 m thick were found

1

N
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PLATE 26

Strongly deformed compositional layering in t@e Mount Musgrave forwation
interlayered quartzose (light grey) and pelitic (dafk greyz rocks in out-
Crop on transmission line, 1.5 km north of 'Tower_HuIl'i view NW; note
strongly deformed quartz veins parallel to the main foliation (S2);
Outcrop location 261.
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in an outcrop of quartz-mica schist in a brook about 1.5 km northeast of
'John's Pond'. The significance of the marble is uncertain, but it may
be that this part of the sequence is transitional into the overlying
carbonate rocks of the Twillick Brook formation.

‘ West of the Corner Brook Lake Thrust, the 'fox Hill' area between
'John's Pond' and 'Halfway Point' is underlain by a poorly exposed

sequence of quartzites, quartz-mica schists, quartz-feldspar-mica schists,

‘and pelites. The scale of the interlayering Is 1 to 10 cm, and the dominant

foliation, defined by both the coﬁpositional layering and the S2 schisto-
sity, dips steeply to the ;outhcast. The gquartzose roc;s account for about
502 of the sequence and are grey to white, fine-grained, and contain, in
addition to quartz, muscovite and/or biotite in varying amounts. Small

il

(0.5 mm) . red garnet porphyroblasts are characteristic of this part of
’ ;
the formation.
In the 'White Ridge Hill' area to the west, the sequence consists
1

of mainly grey, strongly crenulated, garnetiferous quartz-mica schist

‘(Plate 27). Pelite layers are relatively common, and outcrops are char-

acterized by numerous (10-30%) white, or smoky quartz veins. The quartz-
mica schists essentially consist of quartz (30-903), muscovite (5-40%),
biotite (0-15&). garnet (0-20%), and magnetite (0-15%). Muscovite Is the
dominant mica, and biﬁtlte is,locally porphyroblastic (0.5-1 mm). The

most obvious mineralogical difference betweean the rocks In thfs area and
those in the.'Fox Hill' area is thgt the garnet porphyroblasts in the
former are much large (1-2 ecm). Plate 27 shows the typical size oé the
garnets, and also shows glearly that they are post-tectonic with respect

to the main foliation (S2), and are rotated slightly in a later crenulat;;n'

cleavage (S3). The garnets are usually rimmed by chlorite, but in places,

particularly in the Stag Hill Thrust zone to the noétheast, they are totally

\

\
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PLATE 27

Garnetiferous quartz-mica schist from Mount Musgrave formation - sample
77-B1 from summit of 'White Ridge Hill'; note chlorite-rimmed garnets are
Post-S2 (main foliation), and rotated in later crenulation cleavage (S3);.
sample cut and polished; scale in ecm; for sample location see Figure 30,

Appendix D.



113

replaced by chlorite.

Along strike to the northeast, in 'Grand Lake 8Brook', garne;iferous
quartz-mica schist and grey and white quartzite are interlayered with grey
and white marble and calcareous schist of the overlying Twillick Brook
formation. This relationship is similar to that noted in the 'Snowbird

Lake' area, and again may reflect original gradational contact between the

two contrasting formations.

Mica schist (pelite)

Pelitic schists account for about 20% of the formation, and consist
of essentlally muscovite, chlorite, biotite and quartz in varying combin-
ations. They are typlcally dark grey or green, and commoﬁly Fontain one
or more porphyroblastic mlngrals, Including garnet, biotite, albite and
tourmaline. The presence of garnet In the pelites indicates at least
epidote;amphibolite facies metamorphic conditons were reached locally.
Huafovite defines the main foliatioé (s2), and the porphyroblasts are
mainly post-S2 and pre-é}. Throughout the formation, pelites ar; inter-
layered with the other-llthologles, and form layers from 2 mm to 100 cm
thick (Plate 28), which are interpreted to be, in most places, relict beds
of fine-grained sedimént (mudstones and siltstones).

In the northern part of the area, near Mount Musgrave, pglitic
rocks are a relatively minor component (10-15%) of the formation. They
are generally green and consist of malnlylmuscovlte and chlorite (rarely
biotite) (sample 205, Table 7;v;am;le E, Plate 24). Some of the schists
contain 1 to 2 mm, buff or whitq, albite porphyroblasts, and some also

contain 1 cm long, black, prismatic, tourmaline porphyroblasts. Schists

containing both were found on the north slope of Mount Musgrave (sample E,

Plate 24). The tourmaline is compositionally schorl, and albite has a
“
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PLATE 28

Tightly folded and interlayered quartz-mica schist and pelite in Mount
Musgrave formation - view NE of outcrop under old bridge over Steady
Brook; pelite is dark green material in core of fold; note subhorizontal
orientation of tight F3 fold, and note compositional layering (S2) and
deformed quartz vein; outcrop location 119 - see Figure 30.
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composition of Ab99 - both compositions were determined by microprobe
analysis (see Table 17, Appendix B). Tourmaline amounts to about 10% in
som: layers, and is typically bent, or shows cross-fractures. Albite is
more common, and locally accounts for 30% of the mineralogy.

In the northwestern part of the area, albite is white, or less
commonly buff, and 1 to 2 mm in size, whereas in the northeast, near Deer
Lake, it is typically buff-orange and 2 to 5 mm in size. In an exposure
200 m northeast of 'Booﬁ Island', buff-orange, albite porphyroblasts form
about 70% of the albite-mica schists'(sample F, Plate 24). In thin section,
the albite shows evidence of having formed by reaction with muscovite, and
appears to have grown, in part, syn-tectonically with respect to s3,
although evidence of pre-D3 (post-D2) growth is also present (see Plate
79, p. 307). |

A notevorthy mineral assemblage, inclu&ing chalcopyrite (15%) and
magnetite (S%)f was found in a pelite outcropping on the Trans Canada
ﬂighway opposite Rapid Pond.‘ The chalcopyrite contains a8 few, 3 mm long,
black, tourmaline crystals as inclusions, and euhedral magnetite grains
(2=5 mm size) are dispersed throughout the rock. Equal amounts of albite
porphyroblast; (5-10 mm slzg) and phyllosilicates form the bulk of the
mineralogy.

In the outcrop areas east of Eastern Lake and south of Steady Brook
Lake, pelites accoﬁnt for about 20% of‘the sequences, and layering Is
Qenerally on a § to 50 cm scale. The schists usually contain both muscovite
and biotite, and some are rusty weathering and contain 1 cm porphyroblasts
of garnet and biotlte.

The nature of the Mount Musgrave formation in the area west

Eastern Lake is uncertain due to the poor exposure. Only one, very
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southwest of the western end of the l.ake.r However , McKillop (1963) reports
finding poorly exposed quartzose schists, §jmllar-to those on Mount
Musgrave, in the central part of Eastern Brt:ok.

In the area south of 'Valley of the Lakes' and west of the Corner
Brook Lake Thrust, pelites are typically rusty weathering, narrow (5-10 cm),
and contain'/l to 2 cm size pofphyroblasts of both garnet and biotite.
Muscovite is the most abundant mica, and de?’fﬁes $2, and the porphyroblasts
are clearly post-S2. Pyrite and graphite are common in some of the darker
coloured schists. .

In the 'Fox Hill' oufcrop area, pelitic layers are 10 to 20 cm
thick, an:i there is some sugg:stlon that they are more abundant in the
eastern (structurally upper) part of the steeply southeast-dipping
sequence. The p,elltcsﬁ_lo‘cally contain porphyroblasts.of garnet, biotite,
and/or hornble:de, as well as abundant magnetite crystals. Muscovite and
biotite account for 703 of the mineralogy, and are Ppresent in a ratio of
about 2 to 1. Porphyroblasts of‘blotite are laocal iy as large as 2 cm,
while_pink garnet porphyroblasts\rarely reach 1 em size, and are charac-
teristically about 0.5 to T mm. An exception is fFound in 'Grand Lake Brook'
where it leaves 'John's Pond'. At this locality, the pelites contain larger
(5 mm) garnets, constituting up te 262 of the mineralogy and arranged in

'trains’', in a type of glomeroporphyroblastic te);ture (Plate 29). Large

{2 em) blotite pormqyroblasts accompany the garnets in this schist as well.

" The garhets are clearly post~D2, but appear to have escaped later D3 defar-

mation, possibly due to the inhomogeneous nature of the 03 event. There is
no microstructural evidence. to suggest more than one géneration of garnet

in this case. In one schist fram *'Fox Hill', evhedral, | mm size, magnetite

- erystals (5%) were found assqciated with similar size garnet pdrphyroblasts,

while another pelite on 'Halfway Point' was noted to contain 'radiating

P
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PLATE 29

Garnetiferous pelite in Mount Musgrave formation - sample 79-239 from
Outcrop in 'Grand Lake Brook' near western end of 'John's Pond'; note the
glomeroporphyroblastic habit of the garnets; both garnet and biotite
black, in upper part of top sample) are post-D2, but have escaped the

03 deformation effects shown in Plate 27.



118

. clusters of black, aciculai’, hornblende crystals {1 cm long).

In the 'White Ridge Hill' outcrop areé, pelitic layers are common,
are usually less than 10 cm thick, and almost vinvariably contain 1 cm,
7,‘,"’ garnet porphyroblasts. Some schists are very dark-cecloured, reflecting

a higher than average biotite content.

Feldspathic rocks .

Feldspathic lithologies account for about 20% of the Mount Musgrave

formation overall, but locally they dominate the sequence. Two basic types L

of feldspathic rocks are recognized: 1/ rocks In which feldspar represents
relict sedimentary grains, and 2/ ;'ocks in which feldspar is, at least in
part, metamorphic in gQrigin (i.e., mainly albite porphyroblasts). The
first clear‘ly represents metamorphosed, feldspathic to arkosic arenites ]
and wackes, and most of the rocks in the second may have had a similar
protolith, but\are interpreted to have had metamorphic plagiociase (albite)
. L P .

nucleate and grow 6n the or%tinal feldspar grains, as _is apparently the
case with the albite schists of the Caribou Lake formation. Other feld-
spathic rocks included in the second type were originally shales, but are
now albite-mica schists (pelites). Each rock type has a specific areal
distribution, with the albite-ri‘ch rocks mainly In the eastern part of the
formation and the non-metamorphic feldspar rocks in the western.

The first lithotype is characterized by the green-grey to dark grey,
massive to weakly foliated, medium-grained, quartz-fel’ds.par-mlca schists
_and féeldspathic quartzites which outcrop in t'he Humber River v;Iley, and
‘rrie)ar Deer Lake. Mineralogically,: theie rocks consist éf quartz' (45-90%),
muscovite (5-35%), feldspar (5-303), biotite (0-152), calcite (0-15%), .

garnet (0-103), and a variety'of accessories (samples 191 and 210, Table 7).

Quartz (0.5 to 2 mm size) typically displays undulose extinction,
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and 5 conslciarable proportion (30X in some rocks) Is blue quartz. Mus-:

covite, with or without partially chloritized brown biotite, defines the

main schistosity (S2), and the biotite, generally porphyroblastic (1-5 mm), )
.gives the racks a black spotted appearance. The feldspar is-non-porphyro- |
-blastlc pla_:gioclase (albite to oligoclase), and K-feld‘spar is absent.

Calcite is refatively common, and in some rocks has a polklloblistic.habit,

with quartz, plagioclase, and opaque oxide inclusions. Red garnet porphyro-

blasts (1-5 mm) are less common and typical lyg;smaller than In other lith-

[
ologies. Even smaller (0.1 mm) garnets, likely detrital in origin, are

scattered throughout some rocks, or lecally concentrated in layers, which
likely represent relict beds.

Some of these feldspathic rocks e.xh%bit thin (5 mm) compositional
layering, giving them a ‘gneissic' appearance, as éxemplified by rocks
outcropping on the south side of the Trans Canada Highway near Rapid Pond
(sample B, Plate 2‘;). Thicker layering is also common, as, for example,
on 'Ues't,Rock' in Deer Lake, where 15 cm thick layers of massive felds- |
pathic quartzites are ipterlayéred with 5 to 10 cm thick layers of pelite. |
Plate 30- illustrates stronglyt deformed layering (bedding?) in a similar
sequence in the northeastern part of the map area.

{n the area between 'John's Pond' and 'Halfway Point', rocks
containing original feldspar grains account for 10-15% of the exposed
sequence, and are most abundant in the hilltop outcrop 1.5 km north of
‘Halfway Point'. These rocks are buff, fine- to medium-grained, quartz-
fgldspar-mic;a schiss“s, in'which the feldspar is exclusively plagioclase.
Characteristic of this part of the formation, the schistsﬁ also contain 5%
small (0.5 mm) » garnet porphyroblasts. ‘

The two sequences In the areas east of Eastern Lake and south of

k]
Steady Brook Lake are almost identical in lithologic and outcrop features,
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PLATE 30

Strong]y deformed quartzite/pelite sequence in Mount Musgrave formation -
View SW of outcrop on south side of Trans Canada Highway, near South Brook
Park; note subhorizontal orientation of tight (F3) folds, and deformed
quartz veins; outcrop location 180 - see Figure 30.
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and both contl.in a significant proportion of the second feldspathic 1itho-
type - rocks containlng aibite porphyroblasts. -Albite-rich layers form
up to 30% of these sequences._ The schl.':ts are rus'ty to grey-weathering,
medium-gralned, and consist of quartz (20-60%), albite (20-40%), muscov i te
(20-40%), chloritized brown biotite (5-T5%), garnet (0-15%3), and accessory
epidote, chlorite and opaque oxides (sample 163, Table 7). As noted In
Caribou Lake formation rocks, the albite shows some preference for growth
in the more micaceous rocks In the sequence. However, the process seenms
to haye been more seleqt-lve in this formation, slnce‘ not all the pelitic
layers contain albite. | The size of the porphyroblasts varies from 2 mm

to 1 cm, and they are generally buff coloured.-

it I's notable that in areas where feldspathic rocks are abundant,
particularly rocks contalning albite porphyroblasts, the Mount Musgrave ‘
formation is difficult to distinguish from the Carlbou Lake formation,
suggesting the two formations had an original gradational sedimentary
contact. The boundary between the formations Is arbitrarllf located
where quartz-rich, usually garnetiferous rocks dominate the sequence.

In the outcrop areas south of 'Valley of the Lakes' and east of the
torner Brook Lake Thrust, feldspathlc rocks are best exposed in the area
between 'Centre-Pond“ and Cornelr Brook Lake. In this area, feldspathic
rocks dominate the saquence and appear to be most abundant in It_.'. eastern
and western parts, suggesting gradation Into similar feldspathic rocks of
the adjacent Carlibou Lake formation.

The mineralogy of these schists includes quartz (30-90%), plagio-
ciase (0-402), muscovite .(5-501), brown biotite (0-20%), garnet (0-20%),
and accessory minarals (spmple 305, TaEle 7). Quartz Is the major minera-

logical constitutent, and the feldspar is buff-coloured albite (no K-feld-.

spar was found). The albite, locally represented by intensely deformed
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porphyroblasts, Is In general non-ﬁorphyroblastlc, but sitill mainly meta-
mofphic in orjgin. The intensity of defomati:;n in fhe sequence, in fact,
suggests that most of the feldspar was porphyroblastic, but has been sub-
sequently deformed (sample E, _Plate'zk). Muscovite is invariably present,
and typically is twice as abundant as biotite where they coexist. Pink

garent (0.05-2 cm) and. brown biotite (1-2 cm) are both represented locally

‘by porphyroblasts.

The very intense deformation in this part of the formation Is

immediadtely obvious upon traversing east-west across th.e_‘arga. The well-
defined, steep, southust-&ipping follation (S2) in the Caribou Lake
formation to the east and west becomes progressively blurred and total®y
dominated by arstrong, subhoriz;:ntSI, northeast-trending lineation (L3),
and an associated vertical crenulation cleavage (S3), as one approaches
the centre of the area. This structural evidence suggests the area contains
the core of at least one major F3 fold. “I'hmaddltion, airphoto ‘features,
and the apparent repetition of distinctive, rusty weathering pelites on
wes.t and east 'limll:s', supports the struct‘ural ev idence %or a major fold

closure.

Amphibolite

The only metabasic rock found in the formation by the present
author is amphibolit_e, which outcrops on the transmission line 1.5 km north
of 'Tower HIll'. It forms concordant dark green layers (10-20 cm thick)
which alternate wlt.h layers of unusual ollgoclase-mica schist containing

’)bout 80% purple, inclusion-choked, oligoclase porﬁhyroblasts (1 em).

The layers paraliel and record the S2 foliation In the host rocks, &nd the
amphlibolite is medium-grained, and consists of green hornblende (40%),

defining a strong microscopic lineation (L2?), plagloclase (30%), chloritized
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- brown biotite (103), pink garnet (5%), epidote (5%), chlorite (5%),

: /
opaque oxides (5%), and accessory apatite and quartz. Both biotite and
garnet form small (5 mm} porphyroblasts.

It Is noteworthy that, on the eastern side of the Steady Brook s

Lake Anticline 3 km east of 'Triangle Pond' 'on‘the t.ransmlsslon iine, a
concentration of very similar green, garnet-blot]te amphibolite boulders
(posslﬁly regolith) wask found. Their presence and location suggest the
sequence of schists con'talning the amphibolite layers to the west lﬁ
contlnuous (except at faults) around the anticline. .

The only other metabasic rock known in the formation |s amphibolite
found by Baird {1959) near the southern end of Deer Lake. However, he did
not provide description or precise iocation. 7

The amphibolites in the formation are here Interpretedr to be meta-
mo rphosed b;slc dykes or flows, part 91‘ the same pre-D2 lgneous event whféh
g‘eneratedlslmllar rocks in the Caribou Lake formation and units in the
gneissic terrane. Amphibolite mineral assemblages indicate at least

amphibolite ficles conditions were reached locally in the formation.

”~
Granitoid rocks

<

Gran.ltoid veins and dykes are found at a number of localities
throughout the Mount Musgrave formation. However; they are clearly not as
abundant as In the Caribou Lake formation. The lntruslons' are white to
pink and coarse-grained to pegmatitic, but because they were generally not
samp |l ed 5péclfic mineralogies are unknown. '

In an outcrop on the northwest. shore of Deer Lake 200 m northeast
of 'Boom island', & rusty-weatherihg zone marks the location of a

relatively undeformed, discordant (post-52) pqgmatltic dyke. The dyke’

itself was not sampled, but it was noted that buff albite porphyroblasts
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(5 mm size) are nuﬁerous in.rocks/immediately adjacent té the dyke, while
their abundance decreases sharply over a distance of only 2 to 3 mm from
the dyke.,k At a dlst;nce of S m, the porphyroblasts are developed only in
the pelitlc layers in the sequence, forming the albite-mica schists noted
earller (samgle E, Plate 24). These features suggest a clear correlation
between dyke intrusion and porphyroblast growth, and microstructural
relations of the albitg (see Plate 79, p. 307), as well as nearby structural
relations of the granitold rocks (Plate 31), combine to indicate that dyke
intrusion and accompanying, metasomatic porphyroblast growth occurred in
the D2-D3 interkinematic interval. in view of these relations, these and
other granitoid intrusions in th; formation are interpreted to bs part of
thé same intrusive event as the Last Hill adamellite.

In the outcrop areas east of Eastern Lake and south of Steady Brook

Lake, a fcg'granitoid veins were recorded, but they do not appear to be

‘widespréad. In the area south of 'Valley of the Lakes, veins and dykes

were found only in the area west of 'Snowbird Lake’, where they are abundant
and locally discordant (past-52).

No granitoid material was found either in the 'Fox Hill' or the
‘White Ridge Hill' outcrop areas. However, in the 'Triplet Pon;' valley,
quartzofeldspathic lithologies of uncertain correlation are permeated
parallel to the mainsfoliation (s2) b& pink, medium-grained to pegmatitic,
tonalitic veins, which exhibit the same late crenulation cleavage (S3)
present in the schls;s cn 'White Ridge Hill'. However, because the rocks
are located in the Stag‘Hill Thrust zone,.lt.is equivocal whether the host
rocks are part of the Mount Musgrave formation, or part of.the adjacent

Tonalitic gneiss complex. C;”
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PLATE 31

Hand specimen of thinly layered schist cut by pink granitoid veins
sample 79-192 from outcrop 700 m NW of 'Boom Island'; note refolding
(F3) of both main foliation (S2) and the parallel granitoid veins; scale
in cm; for sample location see Figure 30, Appendix D.



126

* b.4 Twillick Brook formation

4
The name 'Twillick Brook formation' is introduced to refer to a

distinctive sequence of schistose, dominantly calcareous rocks. Its high'
carponate content contrasts sharply with other formations in the meta-
clastic terrane. The unit outcrops mainty in the souther;n part of the map
area, where it occupies the valleys east of 'Stag Hill' and 'White Ridge
Hill' and forms a belt extending about 15 km southwestward from 'Second
Pond' (Figure 9, p. 64). A smaller outcrop area of uncertain extent is
also present southwest of Eastern Lake; The best exposure is found in the
west-trending part of 'Grand Lake Brook', west of 'John's Pond', ;nd in

'"Twillick Brook' to the south. The latter brook, and its immediate vicin- ‘

- K3

ity, is the designated 'type area' for the formation.
The main lithologies in the Twillick Brook formation, in approxi-
mate order of abundance, Includ'e calcareous schist (302), caic-silic,ate
schist (30%), and micaceous to pure fh'arble (252) (Plate 32; Table 8).
Phyllitic schist, marble» breccia, qu_artz-niica schist, and quartzite are
relatively minor components. The bulk of the unit.consists of micaceous
carbonate rocks, which are part of a continuum between marble (<5% mica)
and pelite (> 802 mica) end-members. In order to facilitate and clar.ify

the descriptions to follow, the continuum is divided into 'micaceous marble’

(5 to 40X mica) and 'calcareous schist' (40 to 802 mica), in addition to
the two en&-mbers. '‘Calc-silicate schist' is used to ref;er to a schistose !
rock containing more than ~202 calc-silicate minerals.

In the 'Twillick Brook' area, these lithologies form an interlayered
sequence in which the daninant.foliatlon. defined by both the cgnposit}onal ' o
layering and the main schistosity (S2), generally dips moderately to

steeply to the southeast. Layering (relict beddinQ?) is wefl-defined A

[l
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PLATE 32

Representative hand specimens of the Twillick Brook formation - A (79-247-
1), para-amphibolite, 300 m west of 'Second Pond'; B (79-249), coarse-
grained, micaceous marble, 2 km west of 'John's Pond'; C (79-247-2), cal-
€careous schist, 300 m west of 'Second Pond'; scale in cm; for sample
location see Figure 30, Appendix D.



128
. TABLE 8
~ " POINT COUNT MODAL ANALYSES - TWILLICK BROOK FORMATION

Sample £ 24y 76 18 199

Calcite 70% 30% 3%, - 95%

Muscovite 18 1 16

Biotite . 12 5 - -

Garnet - - 1 -

Hornblende - - 21 -

Quartz tr * 16 12 -

Plagioclase tr - 28 33 -

Chlorite - tr tr - ‘

Zoisite - 7 3 -

Sulphides tr 3 1 tr

¥ Points 967 1010 1023 976

*

tr -~ trace amount (e 1%) .

Samples:

24 . - gre§ and white, layered, medium-grained, micaceous marble (75-
249), 2 km west of 'John's Pond'.

76 =~ rusty-weathering, grey, medium-grained, calc-silicate schist

' (78-76), 1.5 km SW of 'Triplet Pond'.

18 - dark grey, fine-grained, igarnetiferous para-amphibolite (78-18),

300 m west of 'Second Pond'.
. 199 - grey and white layered, medium~grained, sericitic marble (79-
199), from 'Grand Lake .Brook', 3 km NW of 'John's Pond'.
\ . . »~
\\‘ﬁ—f , -
5%
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throughout the sequence,TShJ Is marked mainly by variations in mica
content., The hore migaceous rocks are thinly layered (2 mm to 2 cm),
whereas ‘the less micaceous, more massive rocks form layers varying from
10 ecm to 4 m thick, but average about 40 to 60 em. The thin laye}ing and
marked competency contrast between thé lithologic end-members (marble and
pelite) combine to record, often In excellent detall, the multi-phafe:?f*tfr
deformation history tPlate 33). Most outcrops contain fracture-Fihlfé; B
veins (1 to 50 am thick) consisting of white.(locally smoky) quartz and/or

buff calcite.

?
Calcareous schist

\A large part (30%) of the formation consists 6f grey, or rusty-
weatheé?ng, medium- to coarse-grained, calcareous schists (sample €, Plate
"32; Plate 33). On fresh surfaces, the rocks vary from grey to white, but
most commonly calcareous material qf both colours are interlayered on a
1 to 5 mm scale.

Mineralogically, the schists>consist of calcite (20j602), muscovite
(15-508), biotite (0-30%), and accessory quartz, feldspar and sulphides.

No dolomite was recognfzed. though brounish siderite [s present locally.
Biotite is brown, and shows no sign of alteration to chlorite in most rocks.
lt'locallf forms 5 mm size porphyroblasts, which 'spot' the foliation
Qianes. Lepidoblastic muscovite and biotite define the main foliation

(52), ahq sulphide mineral; appear tohbe mainly pyrite, and are locally
present &h significant '(3-5%) amounts. Walthier (l9k9) noted quartz veins

with high concentrations of sulphides in these and related rocks in 'Grand

Lake Brdok', about | km west of 'John's Pond'.

N

v
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PLATE 33

.Strongly deformed calcareous schist/marble sequence in Twillick Brook
formation - outcrop In ‘Grand Lake Brook', 2 km west of ‘John's Pond';
view NE; note intense deformation in boudinsged marbie layer; outcrop
location 197 =~ see Figure 30.

PLATE 34

- Calc~-silicate schist containing hornblende porphyroblasts in Twillick
Brook formation - large hornblende crystals form radisting clusters in
52 foliation plane; view NW; outcrop In 'Grand Lake Brook', 1.5 km west
of 'John's Pond'; outcrop location near 197.
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Calc-silicate schist

The calc-silicate schists, also representing about 30i of the
formation, vary con.;.iderably in m'ineralogy anﬁ texture. They contain more
than 203 calcfslllcate minerals, and consist of'vessentia?ly'calcite (5-
50%), plagioclase (10-40%), hornblende (0-60%); quartz (5-25%), muscovite
(5-25%), zoisite (0;102), biotite (0-30%), garnet (0-30%), and accessory

_minerals (sample 76, Ta‘le 8).

Most of these schists are conspicuously porphyroblastic, although

some are relatively equigranular, and 100k very much llke the calcareous
schists in hand specimen. Thu n;ajar difference between these rocks is
the higher quartz content of the calc-silicate schists, which is likely
a primary feature, aﬁd no doubt served as the source of silica during the ,
metamorphic growth of the calc-silicate minerals.
Several minerals are re'presented by porphyroblasts, inciuding, in
order of abundance,’hornblende, plagioclase, garnet, zoisite, and biotite.
The most coﬁsplcuous porphyroblasts are black, idioblastic horn-
blende crystals, which are locally up to 20 ¢m long, but average about 10
to 15 em (Plate 34). Microprobe analysis identified them. as aluminous,
tschqrmakiticy to ferro-tschermakitic hornblende (see Table 13 and Figure 28,
' Appendix B). In thin sectlion, the hornblende is pleochroic in shades of
green, is partly to completely altered to chlorite, and is poikiloblastic
in some rocks.
Acicular, hornblende porphyroblasts characteristically form radi-
ating clusters in the domi nant foliatioﬁ plana (52) (Pvlate:'Jh) , but they

" are clearly post-tectbnlc with respect to the follation, as they locally

JO S

have grown at right angles to it. The coarser porphyroblasts (1 cm thick)

are so abundant in places that aggregates form 2 to 3 cm thick layers in

the schists. Where hdrnblgnda and plag ioclase porphyroblasts represent
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more than 50t of the mineralogy, a very coarse-grained ‘para~amphibolite'’
is the resulting lithology (sample A, Plate 32; sample 18; Table 8).

In_ addition to the dominance of carbonate rocks, the presence of
this very dlstinc‘tive hornblende porphyroblast texture (garbenschiefer)
is a ch.aracterlstic feature of the Twillick Brook formation, and can be
‘used In the fleldvas- an identifier. For examble, in his description of
the area near Eastarn Lake, McKillop (1963) noted that the hill northwest

of the lake "is at least partly underlain by coarse-textured marble'', while

- in outcrops in Eastern Brook, a few hundred feet from the pond cutlet,
‘'well-developed schists are Inter;:edded'with relatively thick beds. of
coarse textured marbles. The schists are calcareous, dark grey, with
considerable pyrite developed locally...Large black hornblende crystals :
are locally developed parallel to the b-edd.ing._ Some of these are up to '
three .inches long" (McKillop 1963, pl. 16). He also found garnets 2 to 3
cm in diameter. The lithologies and te‘xtures he describes clearly iden-
tify t-hese rocks as part of the Twillick Brook formation as it is defined

here. In this area, the formation is 'appa"rently surrounded by rocks of

the Mount Musgrave formation, and may be preserved in the core of a tight 1

syncline (F37). . 3
) Virtually all the\??(pa?in the cal;:-silicate schists is plagio-

L

clase, represented mainly by porphyroblasts. Microprobe analysis lndllcated
the plagioclase is in the ol:lgocglase t.o andes ine (An22_33) composi tional
range (see Table 15, Appendix é). K-f'eldspar (3-5%) was found in only one -
sample, .taken fromn 'White Ridge B\rook' about 2 km north of Grand Lake.

' The'K-feldsplr is poll‘iloblastic, and its growth may be related to granitoid
dykes which intrude that partﬁ of the Stag HI1l Thrust zone.

The plagioclase porphyroblasts vary from 5 mm to 2 cm, and are

typically crowded with inclusions of quartz, calcite, zoisite, epidote,

o
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muscovite, and graphite. The largest (2 cm) porphyroblasts were found in
a black, garnetiferous para-amphibolite in an outcrop on 'Gull Pond Road'
about 300 m west of 'Second Pond' (sample A, Plate 32). This lithology
consists of plagioclase (33%), hornblende (113}, muscovite (163), quartz
(12%), garnet (11%), and accessory calcite, z,olsite,r graphite, chlorite
and sulphfdes (see also sample .18, Table 8). Hornblende (10 cm) and
garnet (1 cm) are pqrpﬁyroblastlc, and llke plagioclase are clearly post-
tecfonic with respect to S2. In thin section, the plaglocl;ase is notable
for the distinct graphite layers which~pass through it and paralliel the
foliation (see Plate 84, p. 313). Most of the minor components of the
mineralogy are found as lnclqslons in the feldspar;.porphyroblasts.

Garnet porphyroblasts are very comon in the célc-sllicate schists,
are Invariably red, and S mm to & cm 'in size. Canpositionally; they are
malnly almandine with a minor ‘comp;nent of grossular (see Table 14, Appen-
dix B), and they vary from unaltered to totally chlorlt}zed In different
areas. The association of calclc garnet, calcic plagioclase, and hornblende
indicates that lower amphibolite facies conditions may have been reached
locally in the formation. |

Zoisite, a relatively common constitutent of the schists, appears
to have two different modes of occurrence. ldioblastic, post-52 zoisite
porphyroblasts up to 1 cm In length are found in the schists .themselves,
whereas larger crystals. up to 10 em iIn léngth., and typically fractured or
b‘nt, are found as agg;egates in quartz velns which cut the schist, These

appear to represent a second generation of the mineral. Euhedral rutile

crystals (1 cm size) are also commonty found in the qugrtz veins.

1]
Brown biotite locally forms small (5 to 10 mm) post-S2 porphyro-
blasts in the schists, as It does In other micaceous rocks in the formation.

Where it Is not porphyroblastic, the biotite combines with muscovite in
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defining the schistoslty (S2), but rarely is it more abundant than

muscovite.

Micaceous to pure marbles ;:onstit;:te about 25% of the formation,
and are grey, white, or layered or mottled gréy and white (sample 8, Plate
32)._ Buff and pink marbles are relatively rare. The micaceous marbles
are medium~ to coarse-grained, and contain 5 tol"iOX mica, which invariably
includes muscovite and, less commonly, biotite. Both fnicas parallel S2,
and muscovite is typically represented by sericitic partings. Calcite
accounts for the bulk of the mineralogy (60-95%), while quartz, plagioclase,
and pyrite are the main lccesvsory minerals (samples 249 and 199, Tab‘le 8).
Pure marbles (95-100% calcite) form only about 5% of the formation, are
also medium- to coarse-grained, and grade into micaceous marbles with
which they are Interlayered.

The marbles are relatively massive rocks, and thus form thicker
layers (30 em tt; 2 m thick) in the otherwise thinly Payered sequer;ce. Some
of the marble layers are boudinaged (Plate 33), and others form erosional
ridges in outcrop. One notable example of the latter Is the coarse-grained,
white, sericitic marl\:le found on the eastern side of 'White Ridge Brook',

1 km north.ofhcrand Lake. The steeply southeast-dipping layer forms a
ridge approximately 30 m long, 6 m high, and 2 m thick.

Some of the thicker marble layers (forming 3-5%3 of the sequence)
consist of.m;rble breccia or marblé conglomerate. The ciasts, up to & cm
long, are typically flattened and oriented paralletl to_the main follation
(s2), ‘reflect‘lng considerable modification of the originai sedimentary

textufe during recrystallization and deformation. The clasts are differ-

entiated from the matrix either by acolour di fference (usually grey clasts
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against a white carbonate matrix), or t;y a slightly higher mica content. in.
the matrix.’

Buff, sericitic marbles are found in a few outcrops in ‘Grand Lake
Brook' .. while pink marbles were found only on the shore of Grand Lake, 1
km east of 'White Ridge Brook', and on 'Gull Pond Road', 1 km north of
'Second Pond'. Near Grand Lake, pink marble Is interlayered (30 cm scale)
with grey and white mrbles,‘bﬁt near 'Second Pond' pink, coarse-grained,
sericitic marble Is intertayered (2 m scale) with garnet-quartz-mica schist
containing blee quartz grains. The schist is similar to rocks in the
Mount Musgrave formation, suggesting a gradational contact between the
formations, However, a number of contrasting llthologle; are present in
the area near 'Second Pond', and their intercalcation may be due to tectonic

movements in the Corner Brook Lake Thrust zone.

Phyllitic and quartz-mica schist

The most micaceous rocks in the formatian are”represented by
phylli‘tic schists, which form about 103 of the sequence. They are found
throughout the sequence in layers that average -about 30 wn, and they are -
typically shiny, grey, stror:glf crenulated, and spotted with oxidized
sulphfde minerals (malnly pyrite). They consist of essentially muscov i te
(70-90%) and quartz (10-30%), and some contain porphyréblasts of garnet
and albite (5 mm size) which clearly overprint the main foliation (s2),
but are pre-tectonic with respect to a strong crenulation cleavage (s3).

The garnets are almost completely replaced by chlorite, but their presence

Indicates that at least epidote-amphibolite facies conditions were reached

in the formation.

The minor amounts of quartzite and garnetiferous quartz-mica schist

in the formation appear to be most common in the western part of the
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‘Grand Lake\Brook' section. It Is notewqrth;/ that, both phy}]itic schists
and garnetiferous, quartz-mica schists appear to be concentrated around a
body of serpentinite (the Serpentinite unit), which outcrops on 'Gull Pond
Road' 3 km west of 'John's Pond'. The garnetiferous schists from the
eastern margin of the serpentinite body are ‘graenish'-grey. very strongly
crenulated, and contain 1 cm size, red garnet porphyroblasts. Their
spacial association with the serpentinite body suggests that some may be
related to i'ts tectonic emplacement.

\

The lithologies in‘the Twillick Brook formation clearly characteri'ze

it as a deformed and metamorphosed sequence of carbonates, fine clastics
‘(shéles and silts), marls, and carbonate breccias. The dcomlnance of
.micaceous carbonate Iithologies; and pelites over pure carbonates indicates
the original shaly sequeﬁce was deposited within the range of the clastic

source, but that it was still farther from the source thaa the Mount '

_Musgrave formation. The scale and sequence of the Interlayering Indicates
cyclic deposition in a rapidly fluctuating environment. The carbonate
breccias may represent intraformational breccias, as they do not appear to

be extensive enough to be major carbonate siope deposits.

4.5 Serpentinite unit

1

" The Serpentinite unit s Introciuced here to refer to the massive
to weakly foliated, green sgrpentlnltes found in the Corner Brook Lake area

(Plate }f). The unit outcrops on 'Gull Pond Road', 3 km west of tJohn's

Pond!, and is areally the smallest 11thic unit ‘recogni'zed in the area.

-1t forms an elongate body with outcrop dlmensiohs'of about 50 X 100 m.
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PLATE 35

Representative hand specimens of the Serpentinite unit - A (79-251-1),
Qfeen, sugary-textured serpentinite; B (79-251-2), soapy-textured serpen-
tinite with greenish-white, radiating crystals of talc on surface; C (79-
251), picrolite variety of serpentinite; all samples from outcrop on 'Gull
Pond Road', 3 km west of 'John's Pond'; scale in cm; for sample locations
seée Figure 30, Appendix D.
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In spite of its small size, the rock éass is given 'unit' status because

it is llthologically and tectonically so distin;tlve, and, as Qill become

j # gvident in later chapters, It has great impoétance in the interpretation
of the tectonic evolution of the Corner Brook Lake area.

The serpentlnite‘rocks support only a very sparse vegetation, and
thus the unit stands out quite clearly against the wooded hills, both from
the ground and on air photograpﬁs. In addition, the unit has associated
with it a 'bull's-eye', positive, aeromagnetic anomaly. Both these dis-
tinguishing featur;s were used in an attempt to locate other serpentinite
masses in the area, and there is an indication that a mass of similar size,
shape and structural orientation is present in the Stag Hill Thrust zone,‘
about 300vm north of 'Trlplet‘Pond'. However, since this was recognized ‘
oﬁﬁy‘after field work was completed, its existence has not been conflrméd
in outcrop. Other such aeromagnetic anomalies in the area, without air
photograph features, may indlcate similar sub-surface masses.

Essentlélly the entire Serpentinite unit consists of homogeneous,
fine-grained, green serpentinite (sample A, Plate 35). The rocks weather

5 in shades of brown or grey, while fresh surfaces vary from 1ight to dark
green. The mineralogy is simple, campris}hg serpentine (80%), which is

; ' mainly antigorite, chromite (152), and opaque oxides (5%). Other, less

; (§\ common minerals Include idioblastic crystals (2 c¢m size) of magnesite,

v radiating clusterﬁ of talc (samplers, Plate 35), and a structurally-gener-

ated, picrolite form of antigorite (sample C, Plate 35). The serpentinite

clearly represents a metamorphosed ultrabasic rock.
Although the serpentinites are essentially massive, in places a ;
weak foliation is recognized, which parallels the long axis of the body,

and [s concordant with the dominant regional foliation (S2). Actual

contact with the surrounding rocks of the Twillick Brook formation was not
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observed due to poor axposure of the margins of the body, but no evidence
was found to suggest intrusion of the ultrabasic protolith. Thus, the
body s Interpreted .to be structurally emplaced along a thrust; eiéhér the
Stag Hill Thrust, or a.subsfdiary fault.

It is interesting that the unit Is flanked on both east and
wast sides Sy garnetife;ous quartz-mica schist and phyllitic schist, which
may represeht schists of éectonic origln produced during emplacement. In
view of the parallelism of foliations (S2) in and around the Sody, emplace-

ment likely occurred beforé or during the D2 structural event.

k.6 sStratigraphic relatlons, age and correlation

The three major units in the metaclastic terrane, the Caribou Lake,
Mount Musgrave and Twillick Brook formations, are here interpreted to be
compositionally distinct parts of a strongly deformed and metamorphosed
sedimentary séquence. Although pool exposure makes recognition of strati-
grabhlc relations difficult, some general inferences can be made.

The fcidsplthICﬁrocks of the Caribou Lake formation occupy the
core of the Steady Brook Lake Apticllne and appe;r to be transitional

along the transmission line into more quartzose rocks of the Mount Musgrave

- formation on the 1imbs.of the fold. This relationship is Interp?eted to

. mean the Caribou Lake formation was originally overlaln (conformabdy?) by

the Mount Musgrave formation. In addition, the Mount Husgravo‘formatlon

appears to be gradational Into the Twillick Brook formation near 'John's

. Pond', where calcareous schists in the mainly quartzose sequence become

predominant westward over about 100 m in exposures in 'Grand Lake Brook'.

This relationship would suggest the Twillick Brook formation stratigraph-

ically (cohformnbly?) overiles the Mount Musgrave formation.
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\Thus, the available evidence would sdggest the stratigraphy of
the mctier tic terrane comprises basal arkosic rocks of the Carlbog Lake
formation, o erlain by quartzose rocks of the Mount Musgrave formation,
in turn overlain by calcareous rocks of the Twillick Brook formatlon.

The preserved gross lithological features of this seﬁuence suggést a
changing deposltion;l envfronment from terrestrial and near-source for

the basal feldspathic rocks, through hosslble marine (near shore) and
farthor'remov;d from the clastic source for the quartzose rocks, to deeper
mariné (7) and still f;rther removed froﬁ the clastjc source for the ’
uppér calcareous rocks. The geneéarized facies changes suggested by this
sgduence could reflect deposition during a gradual marine transgression.

All three units record D2 structures and thus were deposited prior
to this deformation event, which is correlated (section 11.1) with the
Taconic Orogeny; therefore, the units are clearly pre-Middle Ordovician
in.-age. Intrusion of basic dykes also occurred prior to D2 and early.ln
the dépositlonal history, as they apparently pre-date the Twillick Brook

formation. As noted praviously, evidence suggests structural empliacement

of the Serpentinite unit in a major zone of dislocation; this most 1tkely

_ occurred during the intense D2 event. .Following D2, the entire sequence,

particularly its lower part, was intruded by granitoid rocks. Further
deformation (D3-D5) followed granitoid intrusion.

The stratigraphic sequence outlined here f&ﬁ the metaclastic terrane
correlates wal] with the regional stratigraphy of western Ngw*qundland,
and ;uch cor}alatlon can brovide a better time frame for some of the
depositional and Intrusive events described above. As noted (section 1.3),

the Humber zone sequence comprises late Hadrynian to early Cambrian basal

coarse arkosic rocks containing syn-depositional basic dykes and extrusive

equivalents, overlain by Lower to Middle Cambrian finer clastics and
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quartzose rocks, overlain in turn by a thick Middle Cambrian to Middle
Ordovician carbonate séquence. Lithglogic correlations between'thésg .
regional stratigraphic divisions and units in the metaclastic terrane are
obvious. They suggest the Caribou Lake formation and Included basic rocks
are late Hadrynlan to early Cambrian in aée, the Mount Musgrave formation
is Lower to Middie Cambrian in age, and the TwilllckABrook formation is
Middle Cambrian to Middle Ordovician in age. Based on evidence to be
presented in the next chapter, it Is felé the age of the Twilflck B rook

formation can be refined to Middle to Upper:Cambrlln. It would appear

that the Ordovician carbonates in-the regional stratigraphy are not
represented in the metaclastic terrane, but instead form a major part of ‘
the carbonatp terrane to the west.' ‘
Tup K-Ar dates on muscovlfe in schists from the northern part of

the Mount Musgrave formatlion near Steady Brook ylelded ages of 472 = 14

and 429 t 14 Ma, which are Interpreted to reflect the effects of a Silurian )

event, elther metamorphism or uplift, on Cambrian~age rocks (Wanless et al.

1973) . - These dates are in remark;ble agreement Qith the 420 t 20 and 452

1 20 Ma dates fram the southern part of the area quoted earliier. The dates

also agree, within tﬁe m;rgln of error, with the Rb=-Sr 386 ¢t 9 and 419 2
:; Ma dates obtained from the Topsails lgnedus.complex. Based on evidence

derlved from the present work, It is suggested here that the K-Ar dates

record. uplift and cooling of the area following post-D2 (post-Taconic)

metamorphism and granite intrusion, and co[ncident with the onset of D3

(Acadian) deformation. The dates also sugéest uplift may have occurred ‘ ‘
slightiy earlier In the southern than in the northern part of the area,

as the northern (muscovite) dates are slightly younger.

'As noted in Chapter 1, the Middle Ordovician Taconic Grogeny

involved westward obduction of ophlolitic masses, including the Bay of .

i~
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Islands Complex to the west of the area. With such tectonic processes
taking place }nvthe immediate vlciniiy of the area, it seems fikefy that
the structurally emplaced rocks of the Serpentinite unit are of ophiolitic
affinlty, and thus record the passage of these segmentsAof o;eanlc 1itho-
sphere acros's the Corner Brook Lake area (see:-Figure 27, p. 326). Cor-
relatlﬁn with the Bay of Islands Complex suggests an Upper Cambrian to
Middle Ordovician age for the Sefpentlnlte unit. Further work may show
that similar 'ancmalous' basic ind ultrabasic rocks, such as those in the
albite-mica schistson the shore of Grand Lake and.tAn unusual amphibolite
, iﬁ the Grand Lake Thrust zone, are also fragments of the ophlolites caught
up during transport_ln major zones of dislocation.

Lithologic correlatives of the Caribou Lake‘formation within the
map area are represented by the arkosic rocks of the Antler Hill formation,
while correlatives of the Mount Musgrave and Twillick Brook formations are
represented in the carbonato'terrane to the west by the quartzose rocks
of the Stag Hill formation (lower part of the Grand Lake Brook group) and
the carbonate rocks of the Reluctant Head formation (upper part of the same
group), respectively. The latter two correlations provide a significant
lithological 1ink between the metaclastic and carbonate terrane, a link
whlcﬁ will take on more importance when the structural evolution of the
area Is considered (Unit 11). All three formations in the metaclastic

terrane are continuous across Grand Lake to the south, where they are

collectively referred to as the' 'Loon Pond metasediments® (Martineau 1980).

As noted previously, the metabasic and granitoid rocks in the ter%;ne are
correlated with those in the gneissic terrane.
. The rocks in the mataclastic terrane have been traditionally cor-

related in a generalized way with rocks of the Fleur de Lys Supergroup,

outcropping on the wés tern side of the Burlingtoh Peninsula (e.g., Church
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- 1969; Willlams et al. 1972, 1974; Knapp et al. 1979; Kennedy 1978, 1980).
in spite of the flndi‘ngs of the present.study and recent work by Hibbard - :
(1979, 1980) and Hibbard et al. (1980) on thé Burllngton, the correlation,
_t'hough.llkely valid, must remain generalized because the Fleur de Lys
rocks are so hlg;:ly_ matamorphosed and complexly deformed that original
sedimentary futures are spparently even more obscured tﬁan they are In
the Corner Brook Lake sres. It can be noted, vaor;"‘tj‘hat the same general
lithologlcal sequence is apparently represented Iin the Fleur de Lys,
with feldspathic clastic rocks, including utaconglcnt;roto and amphibolite,

In the lower part and‘moro quartzose clastics and calqareous rocks in
the upper part (Bursnall and de Wit 1975; Hibbard 1979, 1380).

Al though the Fleur de Lys )lkely contalns llt.fll facles equi-
valents of ;ocks-ln the metaclastic terrane, correlations with the Fleur
de Lys are not as clear ss they are with more westerly, less deformed ané
metamorphosed, late Hadrynian to Ordovlcl;n rocks of the Humber zone.
Sharpar correlation betwsen rocks to the west and thosa In the map area
Is Interpreted to indicate initially closer depositional settings. Thus,
If the Fleur de Lys reprc‘unts a lower Paleozoic slope/rise prism of
sediments-(Willlams and Stmni 1974), the depositlonal setting of rocks

in the metaclastic terrane was iikely more towards the craton, probably

near, but west of the edge.of the continental shelf (see Figure 27, p. 326).

4.7 cCarboniferous rocks

-

Carbonlforéus sediments In :hrbui' Lake Basin (Hyde 1979a) outcrop
= N )
along the northeastern margin of the map srea, where they are in contact

with rocks of the lnuc!eutl'c terrane. The sediments wers not studied in

" detall during the present work, and outcrops wers examined at only two
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localities = one on the shore of Grand Lake 1 km southwest of Northern

Harbour, the other on the shore of Deer Lake 1 km southwest of Little
North Brook. The brief discussion which follows records the author's
observations on these late-orogenic sediments, which play a significant
role in working out the late stages In the structural history of the
Corner Brook Lake area (see sections 10.1, 10.2 and 11.1).

Exposures near Northarn Harbour contain fine-grained, thickly-
bedd'ed, dark grey fossiliferous sandstone assigned (Hyde 1979a) to the
Anguille Group. |In most outcrops bedding dips steeply to the west, but
the dip is variable in the area and suggests the presence of tight folds
(F&?). A poorly preserved and unidentiflable plant fossil (see Plate 42,
p. 166) was collected by the author, and Riley (1957) reported finding
plant fosslls at the same locality. The Anguille Group sandstones are
interpreted to ba lacustrine deitaic deboslts, and fossil evidence indicates
the Group Is Lower Mississippian (Tournaisian) in age (Hyde 1979a).

The cutcrop examined on the north shore of Deer Lake contains a
redbed sequence assigned (Hyde 1979a) td, the North Brook formation of the
Deer Lake Group. The gently .sou east<dipping sequence consists of inter-
bedded (30 cm to 1 m scale) pebbl boulder conglomerate and red coarse-
grainad sandstone. Rounded clasts (up to 12 cm) in the conglomerate include
mainly white quartzlte, green schistose rock, and white to buff marble,
as well as scattered granitold fragments - ;11 cleariy derlved from
adjacent rocks in the metaclastic terrane. The Deer Lake Group in the
area represents terrestrial ailuvial fan deposits, and fossl! evidence
_Indlicates a Middle Pennsylvanian (Westphal fan) age (Hyde 1979a).

‘Though contacts were not observed, the proximity and sharb struc-
tural and metamorphic contrast between the Carboniferous rocks and the

metaclastic terrans strongly suggest both the Angullle and Deer Lake
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»
Groups unconformably overlie the terrane. This is further supported by

the presence of metaclastic terrane Iithologies as clasts in Deer Lake
Group c;:ng}ojnrates.‘ The conflct between the Deer Lake Group and the
terrane in the bcer Lake area can be confidently interpreted to be uncon-
formable (angular), as has been shown by Baird (1959). The relatively
strong deformatlon In Anguille Group rocks near MNorthern Harbour, on the
other hand, sg-ggests these s;dlments are now faylted against the meta-
clastic terrane In that area. ‘ In fact, It seems |lkely the South Brook -
valley contains a major north-trending fault separa't\ing Angullle and meta-
clastic terrane rocks (Rlley 1957; Hyde 1979a). The‘)structural contrast
between the Deer Lake and Anguille Groups strongly suggests thelr contact
Is also an angular unconformity (Hyde 1’979«).

The Carbc;niferous sediments as a whole are obviously late-orogenic
deposits, as evidenced by their relatively undeformed and unmetamorphosed
state comparad to nearby rocks in the metaclastic terrane; thus, they
provide an upper age |Imit for the major deformation and metamorphism
recorded In the metaclastic terrane. It is noteworthy, however, that the
Anguille Group does exhibit strong deformation throughout the Deer Lake
8asin, while the Deer Lak: Group Is in general more gently deformed
(Baird 1959;. Hyde 1979a):/Hy'de (1979a) and other workers have suggested
the deformation in the basin Is related to movements on major faults.
Evidence from the present Qnrk suggests the deformation is related to a
regional structural event (Alleghenian Orogeny), which also significantly

affected older rocks in the Corner Brook Lake area.
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CHAPTER 5

CARBONATE TERRANE

5.1 Introduction

The carbonate terrane underlies the western half of the map area

(Figure 11) and encompasses a stratigraphic sequence consisting of variably
met.amorphoud and strongly deformed carbonate rocks, with minor -clastic
rocks at Its base and top. The terrane forms a sinuous outcrop belt
bounded to the east by thrust faults which superpose rocks of the meta-
clastic and gneissic terranes, and to the west by structurally overlying
rocks of the Humber Arm Supergroup. The terrane is also continuous to the
north and south on a regional scale as the well-known carbonate platform
sequence of western Newfoundland. .
Three iithostratigraphic unlt; of group status are recognized in

" the terrane, all of which have been previously described and named. They
are: 1/ the Grand Lake Brook group (\vlalthl;-.r 19'99;.subdilv!dad\ here),

2/ the St. George Group (Schuchert and Dunbar 1934), and 3/ the Table Head
Group (Klappa et al. 1980). The 'type section' for the Grand Lake Brook
group is within the map area, but type sections for the other units are
found e1sewhere in western Newfoundliand.

The carbonate terrane was studled in less detall during this work
than the metaclastic and gnelssic terranes, which were the prime objectives.
The eastern margin of the carbonate terrane, 'however, received stightly.
more emphasis than. the resz of the terrane, where field work was essentially
restricted to 'accessible' areas. Prev‘lous work is rellied upon for infor-
mation on a large part of the terrane.

Over all exposure is very poor in the terrane, as it coincides

with a low, rolling, tree-~covered topograhhy. Outcrops are found mainly

|
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FIGURE 11 + DISTRIBUTION OF LITHOLOGIC UNITS IN THE CARBONATE TERRANE




149

"along logging roads, the Trans Canada Highway, and in the larger stream

valleys. Fault scarps and stream-cut cliffs provida good exposure locally,‘r"/
/

such as near Island Pond, around the Humber Gdrge, and in the valley west //
of Camp 33 at the southern end of Grand Lake. | |

The grade of metamorphism decreases notlceably from upper green-
schist in the east to lower greenschist or sub-greenschist facies in/the
west. The complete recrystallization of all 1ithologies has apparently
masked or obliterated any existing fossils, which are locally abundant
in correlative rocks outside the map area. The iIntenslity of deformatloﬁ
also decreases from east to west, and the domlnant structural trends
generally parallel-.thqsc In the metaclastic terrane. Deformatlon and
metamorphism have contributed to making c-ertaln parts of the stratig?aphy
difficult to distinguish from adjacent parts. A

Brief llthologlc'd'escrlptl'ons of tl‘\e three units are presented in
the following three seg;lons, while the fourth sectlon contalﬁs a discussion
of their stratigraphic relations, ages and correlations. The’ final section

presents a brief discussion of the Humber Arm Supergroup which forms the

western boundary of the carbonate terrane.

5.2> ’Grand Lake Brook grohp

walthiar (1349) Introduced the name ''Grand Lake Brook Series' to.
refer to a sequence of marbles, phyllites and schists outcropping in the

southern part of the present map area. More recently, McKillop (1963)

used the name, but In the modified fqrm '‘Grand Lake Brook Group', to refer
] ‘ .
to part of an equivalent sequence in the northern part of the area. Llilly
(1967) also used the modified form of the name, but he totally redef ined

the group to include all the %rocks in the present map area outcropping ecast
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of the cafbon;tc terrana. This definition, however, Is far too broad in
view of.-the ;reat lithological diversity in that part of the area.

In the present 'study, the name 'Grand Lake Bro;k group' s used
to refer to basically the saﬁc sequence described by Walthier (1949), but
his u‘nit has been divided here h?to two formations. [Ip addition, it Is
noted that the lithostratigraphic term 'group' (informal) Is used rather
than the chronostratigraphic term 'series' (Hedberg 1976).
| Lithologically, the Grand Lake Brook group éonslsts of" phyilite,
marble, marble breccia, quartz-mica schist, quartzite and pelitic schist.
. These rocks are divided b;tween the Stag Hill formation (proposed here)
and the Reluctant Head‘formatlon (after Lilly 1963), which are apparently
confarmable Iomr_and' upper parts of the group,‘ respectively. The former
is areally less extensive than the latter, which forms the major part of
the outcrop area of‘tﬁe group. The 'type area' as originally assigned by
Walthler (1949) is In the ‘Grand Lak; Brook' area immediately south and
east of 'High Pond’'.

The group forms a relatively narrow sinuous beit along the eastern
margin of the carbonate terrane (Figure 11). In the southwest near ‘'One
Mile Pond', the width of the belt thins markedly as It is almost completely
overridden by rocks of the gneissic terrane along the -Grm;:d Lake Thrust.
South of Grand Lake, it apparently has been tofally overridden by the
basement gneisses, which are superposed on rocks of the St. George Group
(Martineau 1980). The outcrop belt Is alsc narrow adjacent to the Corner
Brook Lake fhrusi north of Co;'ner Brook Lake. The wl&est paft (about 7 km)

is In the afeq between Corner Brook Lake and 'Triplet 3rook'. The group

also forms the core of Shallbird Anticline (redefined after Lilly 1963).

A note of explianation is necessary concerning the naming of brooks

in the map area. Walthier (1943) described the 'Grand Lake Brook Sérles"

~
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at its type locality In an unnamed brook to which he assigned the name
""Grand Lake Brook'' because it drains into Grand Lake. However, on recent
topographic maps the name is used to refer to a different brook, located
about 7 km to the west, but also draining into Grand Lake (see Figure 3,
p. 6). Since it is necessary to retain the name as [t was orlgi(.nally used,
the easternmost brook dréinlng into the southwest end of Grand I?ake will be
referred to here as 'Grand Lake Brook', with single quotes to ‘svignlfy an
unofficial name. No confusion should result from this usage, as the brook

to the west is at no time referred to in this study.

Stag Hill forma_tlon

The Stag Hill formation comprises a sequence of dominantly quartz-
rich rocks, inclgding, In approximat_! order of abundance, duartz-mlca
schist (40%), mica schist (3.52), qua?tzite (20%), and.quartz-feldspar-niica.
schist (5%) (Plate 36). The quartzose nature of the formation Is its

characteristic feature, and contrasts it with the carbonate-rich Reluctant

]

Head formation.

The formation is best‘exposed in the 'Stag Hill' aAnd 'Hawk Hi'll"
are.;s. Parts of the formation also outcrop north of 'Bear Hill' near
'One Mile Pond', and on the north side of the Humber River valley. Rocks

which outcrop'il;\ the 'One Mile Pond' area "pre ‘Interpreted to have Been
- structyrally intercalated with other parts oiL' the stratigraphy dgrlng
movements in the Grand Lake Thrust zone. A sult\ablé "type area' for the
formation is 'Stag Hill' and its vicinity. v

The dominant 1ithology is fine-grained', grey to buff qua’rtz-m“ica ‘

schist, which comonly contalns scattered milky-white to Ilgh't blue

quartz grains up to 2 mm. Quartz (‘00-7702) and muscovite (30-60%) are the

dominant minerals, and brown, partly chloritized biotite is abundant




PLATE 36 .
Representative hand specimens of the Stag Hill foramtion - A (77-46-7),
micaceous quartzite with relict (?) cross-lamination, and B (77-48-1),
tight folded quartz-mica schist, both from Grand Lake Thrust zone, near
northern end of ‘One Nlle Pond'; C (77-69-1), quartzite containing blue
quartz grains, from 100 m south of bridge over 'Triplet Brook'; scale iIn
cm; samples cut and polished; for sample location see Figure 30, Appendix D.

PLATE 37

<Strongly deformed, thinly Iafered quartzite/pelite sequence in Stag Hill
formation - view NE of outcrop on summit of 'Hawk Hill'; note the rugged

texture of outcrop due to weatherlng-in-rellef of the quartzite layers;
outcrop locatlon 8s. .

LY
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(5-15%) in the darker grey schists. Accessory minerals [nclude feldspar,
chlorite, sulphides (mainly pyrite), and opaque oxides (mainly hematite).
Muscovite, with or without biof!tef defines the dominant follation (S52),
and in thin section the muscovite and biotite are bent (without recrystal-
lization) about the plane of a later crenutation cleavage (s3).
Fine-grained mica schists, coqtaining’more t:an 503 phyllosilicate
minerals, are represented by generally thin layers (3 mm to 30 cm} through-
out the formation. The lithology includes very micaceous, shiny grey
phyllitic schist, greenish-grey mus'covite-chlorite-quartz + albite schist,
and buff muscovite-quartz schist. The phyllitic schists, some of which
are very graphitic, are mos‘t common near 'One Mile Pond'. The greenish;
grey schists are not as common, but in one outcrop 300 m southwest of 'High
Pond' were found to contain small (1-2 mm), white albite porphyroblasts.
These schists and the quartzose lithologies in tﬁis particular outcrop are
‘vcry similar to schistﬁ in the Mount Musgrave formation near Mount Musgrave.
The buff schists are also rare, but one sample was found to contain acces-
sory tourmaline (2 m‘ ;lze). In general, the mineralogy of the pelltes
suggests greenschist facies metamorphic conditions"wer__r‘e reached locally.
Quartzites, containing more than 80% quartz, are fine- to medium-
grained and light grey to white (samples A and C, Plate 36). Rarely are
they pure quartz-rocks, but almo;t invariably contain 5 to 10% muscovite
(sericite) The quairtzite Fayers tend to we;ther in relief, giving 5‘er
outcrops a very rugéed texture (Plate 37). One thick layer of quartzite

(sample C, Plate 36), which forms a ridge running southwest from a point

near the bridge over 'Triplet Brook', is distinctive for its 2 mm size,

blue quartz grains, amounting to about 15% of the rock.

Feldspar is fare(ly a significant component of rocks in the formation,

-

and quartz-feld;par-mla schists make up less than 5% of the sequence.
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However; In one sample collected from 300 m southuesg of 'High Pond',
feldspar (plagioclase) constitutes about 20% of the grey to buff, medium-
grained schist. The schist contains very thin (1-2 mm) quartz- and mica-
rich laminae, and rounded white-géathering feldspar clasts (up to 3 mm
size). Another feldspathic rock assigned to the formation outcrops at the
northern end of 'One Mile Pond' (see Plates €1 to 63, p. 237), and is a
tightly folaed (F3) quartz-feldspar mylonite. In thiﬁ section, quartz

4

(602; 0.2 mm) has a strong preferred arientation and surrounds porphyro-
clasts of plagioclase (20%: i mm). Muscovite, chlorite, and brown biotite
also contribute to the mylonitic foliatién (S2).

The lithologies described above are generally interlayered on a
2 to 10 om scale, but thicker QUartzite layers up to 1 to 2 m are not
uncommon. Layering Is typically defineq\by alternating quartz-rich and
pclitic'roéks. and is interpreted to be lL\most cases relict sedimentary
bedding. Outcrops invariably display highly contaorted layering (Plate 37).
and quartzite and quartz-vein layers are camonly boudinaged.

The pelitic rocks record the detail of the structural history
better than the other lithologies. The dominant foliation planes (gz).

spotted with oxidized pyrite, characteristically display a distinct

lineation (L3) produced by the intersection of 52 and the later crenu-

lation cleavage (S3). Related, tight to open upright folds (F3) aye also

clearly recorded (sample B, Plate 36).
- {

(

The Stag Hill formation |s interpreted to represent a metamorphoséd,
, ¥

thinly bedded, quartz arenite to quartz wacke and shale sequence.




Reluctant Head formation

The name 'Reluctant Head formation' was originally introduced by
Lilly (1963) to refer to the shaly limestone sequence outcrépping between
the Humber Gorge and,0ld Man's Pond, and stratigraphically underlying the
$t. George Group north of the present map area. The same sequence also
underlies the St. George’Group within the map area, and thus the name is
adopted to refer to the metamorphosed, laterally equivalent phyllite/
marble sequence forming the upper part of the Grand Lake Brook group.

The formation is poo;ly exposed throughout most of the area, and
the‘gzst outcraps are in stream beds suchas 'Grand Lake Brook', Corner
Brook, Eastefn Brook, and 'Beaver Brook'. Good exposure is also found in

the Humber Gorq%' where the unit forms the core of the Shellbird Anticline

and along 'One Mile Pond Road' and 'Gull Pond Road'. /f"‘\

The 'type area' lﬁslgned by L1Tly (1963) is located north-6f the
map area, at Reluctant Head near 0ld Man's Pond. However, the 'type
section’ for the equivalent sequence, the upper part of the Grand Lake
Brook ''Series' as assigned by valthigr (1949), is in the west-trending
part of 'Grand Lake Brook' southwest of 'High Pond', and is spé&i d as a
suitable 'type section' within the map area. The eastern limit of the S
section |s m;rked b% the Stag Hi11 Thrust zone, which juxtaposes rocks of
the Mount Musgrave formation, while its‘western limit is marked by gradation
Into the light-coloured, massive marbles of the St. George Group.

A well-exposed section was also found in 'Beaver Brook' on the

north side of the Humber River valley. The phyllite/marble sequence dips

steepl§ northuest and the stream bed displays a section nearly perpen-
dicular to the layering. The exposed sequence is more than 40O m thick
and its. lower part contains quartzite layers (beds?), and thus may be

“transitional into the underlying Stag Hill formation. Related thickness
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est imates of fered by\;{uvlous workers include 244 m (LiVly 1963) for the
formation in the Humber Gorge, and 914 m (McKillop 1963) and 2440 m (Wal-
thier 1949) for the entire Grand Lake Brook group south of the Humber Gorge.
The accuracy of all s;;h estimates must be questioned, however, in view

of the considerable deformation recorded by the sequence, and particularly
in view of the presence of minor isoclinal folds (F2), which suggest the
existence of macroscopic folds of the same style.

Lithologies in the formation include mainly phyllite, marble, and
marble breccia, with minﬁr amounfs of quartzite and quartz-mica schist
(Plate 38). A1l these lithologles are interlayered on varying scales,
and, in general, the unit is noted for its Ilthological‘conslstency within
the area.

Phyllite forms about 50% of the formatlon. varies from silver grey
to dark grey or black, and is typically strongly crenulated (S3) and
spotted with oxidized sulphides. Muscovite (50-80%) is the dominant
phyllosilicate, and with biotite (5-20%) marks the early follation (s2).
The brown biotite is partly to completely replaced by chlorite, and all
three phyllosilicates are bent apd kinked by a late crenulation cleavage
(S3). The presence of biotite indicates upper greenschist facies conditions
were reached early in ;he deformation history. Quartz and calcite are
minor components. The phyllites also Include a mlnor amount of fu;e-

~-.grained calcareous phyllite, such as is found In the railroad cut south
of SE;YTbird Island in the Humber Gorge. In general, the phyllite layers
are thin, and only rarely reach 1 m in thickness. ¢

The phyllitic rocks are lﬁvariably assoclated with thin (5-20 cm)
layers and boudinaged lenses of marble, and where the phylliite and marble

layers are thinnest they record the detail of the deformation history (see

Plates 49 to 52, p. 212 to 214 ).. Excellent exampiss of this are found
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PLATE 38

Representative hand specimens of the Reluctant Head formation - A (77-

‘?'1) and D (79-171), thinly interlayered phyllite and marble; note the

tight folding (F3) in sample D; A from northern end of 'One Mile Pond';

D from hilltop 2 km east of 'Kidney Pond'; B (79-172), medium=-grained

Sericitic marble, from outcrop on 'Gull Pond Road' 1 km SW of 'High Pond';

E 577-53-4), strongly deformed marble breccia, from 'Gull Pond Road' near
idney Pond'; for sample location see Figure 30, Appendix D.
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along 'One Mile Pond Road!, where outcrops exhibit complex minor structures ‘
dominated by tlgﬁt to open folds (F3) and an associated crenulation cleavage
($3) and IIneati(.On (L3). The phyllite/marble interlayering is interpreted,
in general, to represent the original sedimentary.bedding (Plate 39).
However, no other relict sedimer.\tary features were found (other than the
preservation of breccia beds). |In addition, most outcrops contain white
quartz veins (5-20 cm thick), which commonly contain 10 to 30% buff calcite. .
The veins parallel” the dominant foliation (52), but are folded and boudin- -
aged by later (D3) deformation. .

' The marble, whlﬂch forms 30 to 40% of the formation, Is typically
grey, though white and white/grey layered varieties are not uncommon.
Buff marble is relatively rare, and the onlx example found was dolomitic,
from an outcrop on the northern part of 'One Mile Pond Road' - the only
dolamitic marble found In the formation. The marble is generally fine-
to mediu-u-grﬂmd. and composed of ca.lcite and muscovite (sericfte), of
which the latter may be present in amounts up to 202

Calcitic m-rble breccia (or conglomerate) comprises about 108 of

the formation, and generally forms Iagers 1 to2m thick. In one outcrop
on 'One Mile Pond,Road‘ abﬁut 1 km south of ‘Kldney Pond ' s 8 10 m thick
Tayer paralleling the danlnant Foliation (SZ) contanns only marble breccia,
ind!catlng that these layers are locally quite thick. The clasts are

usually grey, and less commonly white or buff, and range from 1 to 30 cm..

~ They are typically flattened, although. large rounded clasts were noteé'{ln

the section In 'Beaver Brook' (Plate 40). The flatt;ned clasts have dimen-
si;mail ratios of about 10 to 1, and lnvarlably le parallel to the doml\p-
ant foliation (52 or locally S3) The matrlx of the clasts is commonly
slightly more serl’citlc than the _clasts themselves‘; but in many cases the

only difference between clasgs and matrix is colour (white against grey, or




PLATE 39

Typical exposure of Reluctant Head formation - view SW of outcrop on
Trans Canada Highway near Duncan's Brook, in Humber Gorge; outcrop on
eastern limb of Shellbird Anticline; visible deformation (D3) is related
to formation of the anticline (F3); outcrop locatlon 175 - see Figure 30.

PLATE 40 : 0
) Mar;l;'lc conglomerate in Reluctant Head formation <~ very coarse conglom-
erate displaying large rounded clasts; in slite boulder on outcrop in upper

part of 'Beaver Brook', north side of Humber River valley; view NW; outcrop
- ‘locatlon 207. .
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vice versa).

A minor amount of medium to dark grey, fine-grained quartzlt; and
quartz-mica schlist forms layers from 10 c¢n to 1 m thick in the phyllite/
marble sequence. These lithologles were found on 'One Mile Pond Road' and
In the lower part of 'Beaver Brook', areas in which the formation may be
transitional into the underlying Stag Hill formation. .

It Is notable tﬁit in the upper part of the ‘Beaver Brook' section
a green, mica schist layer (10 cm thick) was found to contain about 15%

white albite porphyroblasts (1 mm size), making it-similar to more abundant

layers in the Mount Musgrave formation on the south side of the valley, and

to*the single layer found in the Stag Hill formation near 'High Pond'. The
presence of .these rocks suggests that the alkali metasomatism characteristic
of the eastern part of the metaclastic terrane also locally affected rocks

at the eastern margin of the carbonate terrane.

The protolithologies:of the Reluctant Head formation were mainly
shales and limestones, which formed a thinly Interbedded sequence. The
limestone breccias are Intraformational, and may represent small-scale

slope deposits or ‘rip-up', flat-pebble breccias.

The protolithologies of both the Reluctant Head and Stag Hill
formations suggest they were deposited in a marine environment, and the
higher clastic content of the latter suggests deposition closer to the
clastic source.(nearer shoge) than the former. fhe alternating thin shale
beds In both formations suggests fluctuating high/low energy conditions.
Levesque (1977) proposed a depositional Mel for correlative rocks outslde
the area In which Stag HI_II equivalents represent shoreline deposlt; and »

Reluctant Head equivalents represent an offshore, carbonate-shoal complex.
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The litholaglc successlon'ln- the Grand Lake Brook group, "and

the inferred dcposltlbnal environments, could reflect deposition during

a gradual marine tr,aﬁsgr'ession.

5.3 St. George Group

Schuchert and Dunbar (1934) first named and described the massive
carbonate rocks of the "Si. George sérles" at the type locality on the
Port au Port Peninsula,’and recognized their regional extent throughout
western Newfoundland. Since then, the unit has been defined both l?Io-
stratigraphically. and |ithostratigraphically, and Its's'tatus has fluc-
tuated between ''Group" (s.g., Riley 1962; Knl‘ghf 1977) and “"Formatlion'

. {e-g., Vhlttlnétorvi and Kindle 1963; Levesque 1977). In the Cor;ner_ Broo:k
‘Lake area, r_.he equivalent tithostratigraphic unit is referred to as the
St. George droup,_ and’ is vreprescnta‘d by a deformed and metamorphosed
sequence of massive marbles. " The main features of the unit in the map
area are brleflky out‘lined;here, but the reader is referred to the work
nbted above fbr more detalied llthologlcval description and dlscussioq of ’

the unit outside the area.

Lilly (1963) and McKillop (1963) divided the Group Into two for-

mations In the northern part of the area. However, no such s‘ubdlvlslon is .

attempted here in view oAf the scale of the work, the poor exposure, and

the degree of deformation and metamorphism. "Lilly and McKillop estlmated‘
T its thlnckna-ss' at about 1200 m in the Humber Gorge area, _whlle' Schuchert
and Dunbar (1934) and Levesque (1977) give thicknesses of about 630 m and
550 m, respectively, for more westerly plrt; of the Group ocutside the
present map area.
¢

The best exposure is found In the Humber Borge and in quarries
P .
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immediately south of the river. The west 1imb of the Shellbird Anticline,
exposed in the north wall of the Gorge,_‘dlsplays a spectacular and contin-
uous, steeply west-dipping section through_the St. Gedrge Group. Roadcuts
along the Trans Canada nghway just south of the city of Corner Brook also
provide good: exposure, while throughout the rest of the area small outcrops

are found I_n";stream beds and along logging roads.

The lithologies In the Group- include mainly finely crystalline,

. dolomitic and calcitic marbles, and a minor amount (< 53%) of pelite. -

Fracture-filling veins consisting of calcite and quartz are relatively

common in cutcrops of the Group.

The marbles are typically very fine-grained and light-coloured,

" with shades of pink, buff, white, purple anG grey dominating (Plate 41).

. ~
Mineralogicaily, the marbles are rather simple, and are composed of xeno-

blastic iInterlocking grains of elither dolomite or calcite, with quartz,
sericite, feldspar, and oxides (mainly hematite) as accessory minerals,

amounting to less than 5% collectively. The marbles are generally noﬁ-

-

"foliated, but locally a weak foliation is defined by flattened carbonate

minerals and parall'el,lligr‘n\ent of sericite. The massive nature of th;
marbles may be more a metamorphic than a primary sedimentary ‘feature.
being due to the ‘homogenlzation'\effe;ts _of recrystallization, which also
likely obliterated any ex‘lsting fosslls. . y
| Pelitic rocks are represented by thﬁln (10 to 30 ecm) ‘'muddy’
horizons and sericitic laminase, which are present In only minor émounts;.
Pelitic layers (20 to 30 cm thick), consisting of very fine-graln‘ed. wgi_l-
indurated sericite-quartz-hematite schist and trehding parallel to the
dqm{inant' follation (S2), were found in éutcrops on the lo;jglng road west

of the north end 6f 'One Mile Pond'. Suth laycrs,f as well as sericitic

laminae and styiolites marked by the concentra‘t'loq': of accessofy’ minerals,

N




PLATE M1 - ‘

- 4
Representative hand specimens of the St. George and Table Head Groups -
A (77-53-3), fine-grained, calcitic marble, and B -(77-53-1), fine-grained,
dolomitic marble of St. George Group, from outcrop on ‘'Gull Pond Road'
north of 'Kidney Pond'; € (77-61-1), medium-grained, knobby-weathering,
calcitic marble ¢f Table Head .Group, from outcrop 1 km SE of Big Gull Pond;
scale in cm; for sample locations see Figure 30, Appendix D.

- . . PLATE 42

Fossils collected during this study - shown to emphasize ths scarcity
and poor praservation of fosslls in the area due to deformation and meta-
morphism; A (79-291), unidentified plant fossil (black band) in fine- _
grained sandstone of the Carboniferous Anguilie Group, from shore of Grand
Lake 1 lm south of Northern Harbour; 8 (79-113-1), unidentified brachiopod
fragments in muddy famination In fine-grained dolamitic marble of St.
George Group, from outcrop on Trans Canada Highway 2 km east of city of
Corner Brook:; for sample location see Figure 30, Appendix -

v
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“

appear to be more“abundant in easterly exposures of the Group. ' In
westerly outcrbps, such as on the Trans Canada Highway east of the city
of  Corner Brook, less indurated muddy layers 1 to 5 cm thick are mofe
common. In one such léyer, the guthor found fragments of the only fossils
recovered from the carbonate terrane (sample B, Pl;tellz). The Fossi{
appears to be a brachiopod, but poor breservatlon precludes positive
identification of species (D. quyce; personal communication 1980). The
fossilé are shown in Plate AZ not because of their significance, but to

4

emphasize the poor ﬁr;servatidn of fossils in the map area.

N

The St. George Grbup protoliths clearly Formed a thick seﬁuence
,of limestones and dolostones, with little or no clastic material. The
thickness' and purlty of these carbonate rocks suggests a relatively long

. period of deposition in an environment far removed from, or protected from,

a terrigenous clastic source.

5.4 Table Head Group
. \

"The '""Table Head series'’ was firsttnamed and descrlbed by Schuchert

and Dunbar (1934) at its type locality at Table Point, on the western side

of the Northern Peninsula. Thay estimated a thickness of 420 m for the
"heavy-bedded pure limestone' sequence which grades upward into black
shale (Schuchert and Dunbar 1934, p.38). More recently, fhe'lithologies
of.the u;It have been traced.fhroughout wesfern Newfoundland; ghe status
" has bgen raised to 'Group', and four formations have been defined (Klappa
et al. 1980). | o ' )

. Qlthln tbe Corner Brook Lakq area, the Tabie Head Group is

metamorphosed and,deforméd, and the dominant litholtogies are dark grey,




knobby-weathering calcitic marbles (sample C, Plate 41), black slates,
and minor marble brébcla. The best exposures are found in Dormston Quarry
just southeast of the clty of Corner Brook, where a major fault defines
the western side of the ridge underlain by the Group. Good exposure is
also found in isolated autcrops along the Trans Canada Highway. southwes-
;-rd to George's Lake. '

The recognized :formational divisions of ;he Group (Klappa‘et al.
1980) are not Idéntlfied in the present study for the same reasons. the
St. George Group cannot be subdl;ided. In fact,‘lt is notable that the
Table Head Group is Ioéally quifg\difficult {or impossible) to distinguish
" from the St.‘George Group, as the\tatter also contains grey calcitic
marble, and from the Humber.Arm Supergroup, which Is repregented by mainly
blaﬁk ;lite. As a rule, the dark grey colour and knobby-weathering of the
marble,‘as well as the common assoc{;tion with black siate, aid in dis-
tinguishlnq the Table Head from the St. George Group. ﬁoﬁéver: the two
units are undivided in certain parts of the area (see Figure 11, p. 148).

The marble in the Table Head érogp is typléally fine- o medium=-
grained and almost invarlably contains 'muddy'>lamfnae, which weather buff
agalinst the dark gfey m.rbie. Layering (relict bedding?) is generally
about 30 to 100 ¢m thick, and is marked either by thin (i-lo cm) slaty
horlzons or b} alteration of colour from dark to Hgi\t gréy. A slngle out-

crop of grey marble breccia contalhlng 2 to. 10 cm clasts was also found on

the Trans Canada Highway about 4 km north-northeast of Plinchgut Lake. This

was pointed out to the author'by H. Williams- (personal communication, l§79).

The black slate in thé Group Is Invariably pyritiferous and com-
monly graphiti¢c. In some easterly outcrops, the 'slat&ﬂ horizons In

the marble sequence ares phyllitic.
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- The Table Head Group represents a metamorphosed ;nd deformed
sequence of limestones and shales. From regional studies (e.g., Klappa
et al. 1980), it is clear the shales are more abundant in the upper part
of the Group and the limestones domln;te the lower part. The thickness
and ?elativq purity of the carbonates in the lower Table Head Group
suggest deposition in an environment removed from a terrigeneous clastlc
source. Not until upper Table Head time did these depositional conditions

change significantly with a gradual influx of fine clastic material.

5.5 Stratigraphic relations, age and correlation

The contact betwsen the Grand Lake Brook group and the overlying

St. George Group was examined at four localities ~ two display the

. .
original gradational (conformable?) sedimentary contact, and two display

@ structural ‘contact. The orlginal sedimentary contacts show the trans-

ition to be relatively sharp, occurring over a stratigraphic distance of
10 to 20 m. The-contact Is marked by an increase in;the proportion of
light grey to white, pure marble and a concomitant decrease in bhyllite
in the upper Grand Lake Brook group (Reluctant Head formation), with
white and pinkish marbies dominating at the arbitrafily chosen lithologic
base of Phe St. George Group. The confact is well-expésed high on the
castern 1lmb of the Shellbird Anticline in the Humber Garge, where Its
gradational nature anq be clearly seen through binoculars from the south
;lde of the go}ge; The same relationship is less well-exposad firther
south on 'Oﬁe Mile Pond Road', where the contact Is preserved in a series
Af discontinuous outcrops.

‘ The Reluctant Hoad}St. George confact In the western 1imb of the

west-verging Shellbird Anticline is clearly different from the contact in
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the gasfrnern limb. The west 1imb of this major F3 fold (section 8.3)
dlsplayﬁ c;ntorted shaly carbonates of the Reluctant Head formation
crumpled agalnst the competent St. George carbonates (see Plate 55, p-
221). This contact is Interpreted to be a minor.‘east-d!pplng thrust
fault, and it Is taken as evidence that minor, west~directed thrust move-
ments occurred locally in the .map area at or near thevcontact du}ing
regional F3 fold!ng..due to the marked competency contrast between the
two units. A less well-exposed mlno} thrust contact may‘slso exist
between the Reluctant Head'Qnd the St. George at the junction of 'One
Mile Pond Road' and 'Gull Pond Road', where Identical structural relations
are found.

The stratigraphic relationship between the St. George Group and
the Reluctant Head formation clearly indicates the latter forms the upper
part of the Grand'Lnie Brook group,  and.thus must stratigraphically overlie
the Stag Hill formatlion. This is.also supported by the fact that the
Stag Hill formation forms the core ?f a major antlform'(FB?) centred on
‘Stag Hill', while the Reluctant Head fprmatlon occuples the western limb.
The eastern |imb Is marked by the Stag Hill Thrust zone, which superpos;;
.rocks of the metaclastic terrane';n the Stag Hill formation. The actual .
contact between the two formations was not observed, but the transitlion
Is interpreted to be gradstional (conformable?) based on the presence of
quartzose rocks in the lower part of the Reluctant Head formation (e.g.,
in the 'Beaver Biook' section).

The ca@tact between the St. George and the Tqble Head chups-uas
not recognized in the-area, although It may be p?eserved in outcrops along
the Trans~Canlda nghwgy about” 3 km north of Watson's Pond, and In the core

of the High Knob Syncline (Lilly 1963). Elsewhere in southwestern New-

foundland, the Table Head Group dlsconformably'overlles the St. George '

-
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. Group (Riley 1962; Levesque 1977), and thus it can only be assumed the
contact in the map area is similarly disconformable.

The fact that two of the stratigraphic unit; in the carbonate
tarrane can be clearlyrtracad outside the map area into areas where fossils
are uall-p}eservod means the ages of all the units in the sequence can be

.asslgned with some confidence. The St. George and Table Head GrOupsrare
profusely fossiliferous at some localities in western Newfoundland, and
are dated as Lower Ordovician and early Middle Ordovician, respactiveiy
(Schuchert and Dunbar 1935; Walthier 1949; Riley 1962; Levesque 1977;
Klappa et al. 1980).

The Grand Lake Brook group stratlgraphically underlies the St.
George Group, and thus is undoubtedly Cambrian in age. The Reluctant Head
formation in the upper part of the group Is Interpreted here to be Middle
to Upper Caﬁbrlan in age based on lithologlc correlation uith the llmcsione/
shale sequence of that age underlying the St. George Group regionally (Schuy-
‘ch.rt and Dunbar 1934; walthier 1949; Levesque 1977). The Stag Hi1l for-
mation in the lower part of the group Is here interpreted to be Lower to
Middle Cambrian in age based on Ilthologlp\correlatlon with quartzose rock;
of that age In the regional stratigraphy (;Eg section 6.1).

Within the map area, the Stag Hill fo;matlon is interpreted td be
the western lithologic equivalent of the more highly metamorphosed ,
quartzose Hqunt Hésgravc formation, and tﬂ; ﬁaluctant Head formatlion to be
the western lithologic equivalent of the more highly m‘taqprphosed, cal-
careous Twillick Brook formation. In this regard, It Is notable that the

Grand Lake Brook groub, which Is clearly an integral part of the carbonate

terrane stratigraphy, provides an Important stratigraphic. link across the

major thrust faults between the carbonate and metaclastic terranes. Juxta-

. ?
position of thése laterally equivalent units in the two terranes Is due to
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- structural telescoping of the original sequence during the tectonic
evolution of the area.

I't was previqusly noted (section 4.6) that the St. George and

Table Head Groups have nq\lithologic torrelatives in the eastern part of

the map area. \
To summarize, the carbonate terrane comprises Lower to Middle
Cambrian quartzose rocks® of the Stag Hill formation; overlain gradation-
ally (conformably?) by -Middle to Upper Cambrian phyllitic and c.arbonate
rocks of the Reluctant Head formation. These formations constitute lfower
_and upper units of the Grand Lake Broock grcup, which is 9verlain grada-
tionally (confdrmably?) by massive carbonates ::f the Lower Ordovician St.
George Group, which is i[l turn overlain by early Middle Ordovician massive
carbonates and slates of fhe Table Head Group. The entire carbonate terrane

sequence is structurally overlaln by the Humber Arm' Supergroup.

5.6 Humber Arm Supergroup

The Humber Arm Supergroup (Stevens 1970) forms the western boundary
of the carbonate terrane, but only a very small part of this extensive
unit Outr::rops within the Corner Brook Lake area. Though these rocks were
not studied ir; any det”ailv during this work, the author's observations are

’ brtiefly noted here because of the recognized importance of the Humber Arm
rocks in the tectonic evolution of the map area.

The Humben';:Arm Supergrdup is poorly expased in the area, with the
best exposures (and the only ones examiﬁed) being found near the Trans
Canada Highway at three localities: behind thé Corner Brook Plaza shopping

centre, northwest of Pinchgut Lake, and southwest of Idland Pond. In all
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three localities, rocks in the unit appear to Be preserve-d in elther a
down-faulted block or a syhclinal structure.

The fiominant lithology in th&=Se-outcrop areas is black, pyriti=
ferous apd graphitic slate, which contalns a well-defined, steeply-dlgpiné
cl;avage (§3). Minor amounts of light grey, fine- to mdium-grair;ed
dquartzite form scattered layers -up to 1 m thick throughm;t the sedu_e:nce of
-slates, Pyn;ite nodules are also relatively common. Possible gently-
dipping relict bedding cut by thé‘characterlstic steep cleavage was noted
in slate in the outcrop southwest of Island Pond, and lenses (1 m size)
of grey limestone with 1 mm size, rounded milky quartz grains scattered
throughout were found in the outcrop northwest.of Pinchgut Lake. The out-
crop near the Corner Brook Plaza is notable for its clear record of
multiple deformation (D2 + D3) effe'cts.

The association of black slate and grey quartzite suggests these
rocks are part of the Irishtown formation (Stevens 1965) of the Humber Arm
Supergroup, found along St;'ike to the north in the Humber Arm area.

Fossil evidence indicates (Stevens 1965, 1970, 1976; Williams 1975) the
structural assemblage of rocks ‘in the Humber Arm Supen_'group ranges in age
from Lower Cambrian to Middle Ordoﬂcian, but lithologic correlation wi th
the Irishtown formation indicates the part of the Supergroup in the map area
Is Lower to Middle Cambrian in age.

The nature and location of the Table Head Group/Humber Arm Super-‘
group contact in the map area are probiematlc. Regionally, the contact is
structural In nature, in that the Humber Arm Supergroup constitutes the

jowest structural slices of the Humber Arm Allochthon, which was emplaced

from the east during Middle Ordovician time over the autochtonous carbonate

sequence (Rodgers and Neale 19635 Stevens 1970). Emplacement of the

allochthon Is interpreted (Stevens 1970) to have occurred on a black

o
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‘shaly mélange, and thus the contact with the underlylng Table Head Group
should bé marked by such a mélange The contact in the map area.appeats
to be more eomplex, however, as no mélange is recognizéd "even though it
is clearly present Just a few kilomete,rs to the west (Schilleriff and
willlams 1979, \\Hlliams and- Godfrey 1980) Its _absence may be locally the
result of faultlng, such s Irf the areas southeast of the city of Corner
Brook and east of George s Lake. In view of the structural history out-
lined by the present work (Chapter 11), it is entirely possible the co'nt'act
in these and other parts of the area is represented by post-emplacement
thrust faults which have truncated the 'baSaI parts of the allochthon as
weil as the original contact. It can be appreciated that, even if the
original structural contact was preserved, Iocating the Table Héﬁd/Humber
Arm contact would still be a problem, due to the lithologic slmilarity
between adjacent parts oF the two units and to poor exposure in the area.
This difficulty is particularly evident In the area west of lsland Pond,

where a monotonous sequence of black slate outcrops over a large area.
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CHAPTER 6

STRATIGRAPHIC SUMMARY

N~

. 6.1 Summary and correlations ,

The strafjgraphy of theACor'ner Brook Lake area includes essentially
é deformed ar;d metamorphosed, late Hadrynian to lower Paleo‘zoic. sedi-
mentary cover sequence, part of the Grenvillie basement on which it was
deposited, minor acidi; and basic intrusive rocks, and minor late-orogenic
Carboniferous sgdiments. The overall sequence consists of 13 lithostrati-
graphic units, seven of which have been newly defined. Major thrust faults
divide the stratigraphy into three tectono-stratigraphic sequences, and
divide the"r'nap area into three corresponding terranes,

The- following stratigraphic summary notes the lithologic character
and interpretation of each unit\,‘ as well as proposed local §nd regional
correlations. Figure 12 shows‘schematically the stratigraph\»c rellations
'of units within the area, while Table 9 shows’.suggested regional correl-

atives, and summarizes previous work and established nomenclature for the=—— -~

regional stratigraphy. It should be noted that all correlations are/ﬁased

li
;
i

solely on thg gross lithologic character of the units concerned, aslsedi-
mentological details are rarealy preéerved; t.hJs, the correlations ag’e
inevitably generalized.

The regional stratigraphy was autlined in general terms in section
1.3. For more details on particular units mentioned below, the reader is

referred to the reievant ‘work in Table 9,

GNEISSIC TERRANE: contains a sequence of three quite distinct units,
bounded on the west by the Grand Lake Thrust and on the east
‘ by the Stag HiTl Thrust

J
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Tonalitic gneiss complex (proposed here) - MAP UNIT 1

LithSTbgy green and grey tonalitic gneisses, amphlbollte, and ~
granitoid rocks : Y

Interpretation: intensely reworked Grenviilian basement cut by
late Hadrynian basic dykes and Silurian acidi¢ lntru51ve rocks

Local correlation: Long Range complex (south of Grand Lake,
Martineau 1980)

:

. Regional correlaifon. Long Range and Induan Head Complekes; East
Pond Metamorphic Suite (in part)

Antler Hill formation (proposed here) - MAP UNIT 2

Lithology: rusty-weathering, buff quartzofeldspathic schists and
gneisses; minor quartzite and calc-silicate schist assigned
' to Quartzite member; granitoid rocks and minor amphibolite

interpretation: late Hadrynian to Lower Cambrian arkosic sequence
deposited unconformably on basement; contains late Hadrynian
basic dykes and flqws; cut by Silurian acidic intrusive rocks

Local correlation: Caribou Lake formation (ln part); "calec-
silicate and quartzite unit’ and part of Loon Pond meta-
sediments south of Grand Lake (Martineau 1980)

Regional correlation: Bateau/Bradore formations (in part)

Last Hill adamellite (proposed here) - MAP UNIT 11

Lithology: pink, leucocratic, medium-grained adamellite
Interpretation: post-tectonic, Silurian acidlc intrusion

Local correlation: apophyses of the intrusion in units of meta-
clastic and gneissic terranes; Goose Hill and Hare Hill
granites south of Grand Lake (Martineau 1980)

Regional correlation: Topsails Batholith; Sandy Lake and Gales
Brook granites

METACLASTIC TERRANE: contains a sequence ‘of four lithic units; bounded

on the west by the Stag Hill and Corner Brook Lake Thrusts
and on the east by the Cabot Fault and unconformably over=
. lying Carbonnferous rocks of the Deer Lake Basin

Caribou Lake formation (proposed here) - MAP UNIT 3

e R

thhology. buff albite schist and gneiss, quartzofeldspathic
schist and gneiss, arkosic metaconglomerate, and minor

quartz-mica schist and quartzite; granitoid rocks and minor
amphibollite

Interpretation: coarse; basal arkosic sediments deposited on
Grenviilian basement during late Hadrynian to Lower Cambrian
time; contains late Hadrynian basic dykes and flows; cut
by Sllurlan acidic Intrusive rocks - '

v

w
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‘Local correlation: Antler Hill formation; part.of Loon Pond
metasediments south of Grand Lake {Martineau 1980)

Regional correlation: Bateau/Bradore formations; par{ of East
Pond Metamorphic Suite and 01d House Cove Group

Mount Musgrave formation (redefined here) = MAP UNIT 4

thhology:“grey/%nd greén, garﬁesifgrous quartz-mica scﬁist.
quartzite, pelite and quartrzofeldspathic schist; granitoid
rocks and minor amphibolite

. Interpretation: Lower to Middle Cambrian quartzose sediments
deposited on basal arkosic rocks during early stages of
marine transgresslon; contains late Hadrynian basic dykes
and flows; cut by Silurian granitoid rocks

Local correlation: Stag Hill férmation; quartzose part of loon
Pond metasediments south of Grand Lake (Martineau 1980)

Regional correlation: Forteau/Hawkes Bay/White Point formations;
Kippens/Degras formations; Penguin Cove formatlion; Beaver
Brook formation; part of 0ld House Cove Group

Twillick Brook formation (proposed here) - MAP UNIT §

Lithology: Qrey calcareous schist, porphyroblastic calc-silicate
schist, micaceous marble, phyllitic schist, marble breccia,
quartz-mica schist and quartzite; minor granitoiq rock

Interpretation: Middle to Upper Cambrian carbonate and clastic
rocks deposited on quartzose rocks and representing initial
stage in development of carbonate bank; cut locally by
Silurfan granitoid veins

Local correlation: Reluctant Head formation; carbonate part of
Loon Pond metasediments (Martineau 1980)

Regional carrelation: March Point/Petit Jardin formations; Wolf
Brook/8lue Cliff formations; South Head/East Arm formations;
Doucers formation; Micrite/Dolomite formations; White Bay/
Rattling Brook Groups (in part)

Serpentinite unit (proposed here) - MAP UNIT 10

Lithology: massive to weakly foliated green serpentinite

Interpretation: represents a block of meta-ultrabasic rock derived
from the transported ophiollites during westward emplacement
in the Humber zone

Local correlation: structurally related to Humber Arm Supergroup
Regional correlation: Bay of Islands Complex; White Hills
Peridotite (Smyth 1971) .

CARBONIFEROQUS ROCkS: unconformably overlie rocks of the metaclastic
terrane along its northeast boundary with the Deer Lake Basin

Anguille Group (Riley 1962) - MAP UNIT 12 -

Li}hology: F}ne-gralned. dark grey to green fossiliferous
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\
sandstone within the map area
Interpretation: Mississippian lacustrine/deltaic sediments |
r deposited in intermontane basin
Deer Lake Group (Hyde 1979a) - MAP UNIT 13

N ‘thhology; red coarse-grained sandstone and pebble to boulder
_— conglomerate '

,Interpretation:i ﬁennsylvanian alluvial fan sediments debosited .
unconformably on Anguille Group and metaclastic terrane

CARBONATE TERRANE: contains‘a sequence of three lithostratigraphic units;
bounded on the east by the Grand Lake, Stag Hill and Corner
Brook Lake Thrusts and on the west by the structurally over-
lying Humber Arm Supergroup; continuous north and south of area

Grand Lake Brook group (subdivided after Walthier 1943) - MAP UNIT 6

Stag HI1l formation (proposed here) - map unit 6a

Lithology: greéy quartz-mica schist, mica schist, quartzite and
quartzofeldspathic schist

Interpretation: Lower to Middle Cambrian quartzose rocks depo-
sited during early stage of marine .transgression

Local correlation: Mount Husgrave format}on; part of Loon Pond
metasediments (Martineau 1980)

Regional correlation: Forteau/Hawkes Bay/White Point formations;
Kippens/Degras formations; Penguin Cove formation:; Beaver
Brook formation; part of 0ld House Cove Group

Reluctant Head formation (after Lilly 1963) - map unit 6b
Lithology: grey phyllite, marble, marble breccia, and minor l
quartzite and quartz-mica schist

~

Interpretation: HMiddle to Upper Cambrian carbonate/clastic rocks
deposited on quartzose rocks of Stag Hill formation and
representing initial stage of carbonate bank development

Local correlation: Twillick Brook formation; part of Loon Pond
metasediments (Martineau 1980)

Regional correlation: March Point/Pétit Jardin formations; Wolf
Brook/Blue Cl1iff formations; South Head/East Arm formations;
Doucers formation; Micrite/Dolomite formations; White Bay/ ' ' -
Rattiing 8rook Groups (in part)

St. George Group (Schuchert and Dunbar 1934) - MAP UNIT 7

Lithology: finely, crystalline, buff, plnk and grey dolomitic and
calcitic marble; minor pelitic rock .

Interpretation: Lower Ordovician carbonate platform

!
Regional correlation: Taylors Pond/Doucers formations (in part);
part of White Bay/Rattling Brook Groups
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Table Head Grouwp (Schuchert and Dunbar 1934) = MAP UNIT 8

Lithology: dark grey, knobby-weatherung calcitic marble, black
- slate, and minor marble breccia

Interpretation: early Middle Ordovician carbonate platform; upper
part records changes preceding emplacement of allochthon .

Regional correlation: _upper parts (?) of Tay1ors Pond formatioen,
white Bay Group, and Rattllng Brook Group- -
' /
HUHBER ARM SUPERGROUP (Stevens 1970) structurally overlies the carbonate
terrane along its western margln

Lithology: black slate with munor grey quartzite within map area

Interpretation: represent allochthoqous4lower Raleozoic/rocks
transported from the east in the base of the Humber Arm Alloch-
thon; rocks in map area may be mainly Lower to Middle Cambrian
Irishtown formation equivalents

Local correlation: tectonically related to Serpentinite unit

Regional torrelation: tectonically related to Second Pond mélange
and Coney ‘Head complex, Birchy complex, and basal rocks of
° Hare Bay Allochthon (Stevens 1970)

r __—
6.2 Depositional history

. The depositional history of the Corner Brook Lake area would be
difficult to re;onstruct based only on the available evidence from the area,
because of the poor préservation of original sedimentary features. However,
;orying with the broad facies interpretations and regional lithologic

" correlations proposed above, the well-established regionéljdepositional
model for the Humber zone can act as a guidé for a generalized model for
the map are;. The following dlsc&sslon relies heavily on the ‘studies
noted in Table 9 and on severai regional syntheses (e.g., Steven; 1970;
Williams et al. 1972, 1974; Williams and Stevens 1974; Poole 1976; Stevens
1976), to which the reader is referred for more detailed discussion. See

algo Figure 27, p. 3§6.

During late Hadrynian to Lower Cambrian time, a sequence of coarse

,arkoslc rocks (Antler-ﬂillfand Caribou Lake formations) representing

t
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supeerlal alluvial fan sedimentelyere erosited‘unconformably on ‘Gren-

villian basement (Tonalitlc'gnefss complex)f Both basement and clastic
rocks were Intruded during deposition by basic dykes which fad volconic
flows. The coarse grain size nf.the arkosis suggests deposition near a
source of relet}vely hlgh relief and intrusron of basijc dykes lndlcates

a teetonncally unstable area. Regtonal evidence suggests a‘westérly source

~for the clastics and a continental rift depocentre.

'Durlng Lower(tofhlddle Cambrian tlme.tne basal arkoses were over-
lain by dominantly quartzose rocks with lnterbedded shale (Mount Hu;grave\
and'Stag Hi1I formations) depos.ted in a marine (nearshore) envlronment.
These rocks’ Ilkely record finitial’ marine snundat!on of the terrestrial rift.

—° Buring Middle—to Upper Cambr#aﬁ time the quartzose rocks were
overlaln by a thln-bedded carbonate/shale sequence (Twillick Brook and
Reluctant Head formatlons) deposited jn an intertida} to subtidal marine
environment relatively farther removed from the clastic source than under-
lying rocks. Continued marlne transgresslon is lndocated Levesque (1977)
Interprets equuvalent rocks outslde the area as open, carbonate-éand
rimmed shelfr(or remp) sed iments.

Lower Ordoylcian..thickly-bedded.1relatively Pure carbonate rocks

(St. George Group) were deposited conform;bly on the Cambrian sequence.

Scarcity of clastic rocks In the Group points to marine deposition far

removed from .the clastic source - llkely reflectnng continued marine trans-
gression with wastward mngratlon of the shorellne. Regional evidence
lndicates these Lower Ordovician rocks represent the construction of an

extensive carbonate platform rimmed by b|qhermal mounds (Levesque 1977)

The carbonste platform rocks ln the area may havg been brlefly

Ay

’ emergent prior to deposition of thack-bedded carbonates (lowar Iable Head

N -

Group) durlng early Hlddfe 0rdov1cian tlme. Condjtions apparently changed‘

.

N
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rapldly thereafter, as tectonlc events to the eait (Taconlc 0rogeny)

caused founderlng of the carbonate platform and an accompanylng west

to east swltch In clnstlc source area. ‘The upper Table Head Group records

these changes (Klappa et al. 1980}, which herald westward emplacement of
T~

the Humber Arm Allochthon, which includes the Humber Arm Supergroup and

- an ophlollte suite. The Serpentlnlté unit is a sampling of ophlolltlc

rocks stranded in the map area during this orogenlc e;\ht.
k_ Followlng emplacement of the allochthon the eastern part of the
area was intruded by $ilurian granltold rocks (Last HIH adamellite ‘and

its apophyses), an event which preceded or accompanied regional uplift.

faw
-

Deposition may not have resumed until Carboniferous time, when Intermon-

tane basins were sites of terrestrlial depesition (Anguille ahd‘Deer Lake

Groups). Erosion apparently has continued since Permian time. '

6.3 Conclusions

Among the ngnlflcant findings of this work is the delineation of

- the stratigraphy in the previously poorly known eastern part -of the area

-

(gpelsslc and mataclastlc terranes) in the gneissic terrane, GrenviTiian

basement rocks and overlying late Hadrynian to Cambrian arkosic rocks have

befen recognized for the first time. Late Hadrynlan basic intrusive rocks
in the both the basement and arkoslc'focks have also been identified for

the first time. |In addltlon a Sllurlan granltold intrdsion and its
apophys,a throughout "the eastern part of the area have been delineated.
v
In the‘metaclastlc terrane, a previously unrecognized stratigraphic

o N

sequence has been defined, comprlsind, from bgge to top, late Hadrynian to

Loger Cambrian coarse afkokiq_:ocks. Lower to Middle Cambrian quartzose

-~
rocks and interbsdded shale, and Middle to Upper Cambrian calcareous rocks

and Interbedded shale. In addltlon; structurally emplaced rocks of
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ophlolitic gfflnlty were discovered during this work.

. 0f equal 'signlficance is the recognition that th; Grand Lake Br;:ok
group in the western part of the area Is conformable beneath the St. Ceorge
Group and thus fbrms an Integral part of the carbonate terrane stratigraphy.
As a result of this, the Grand L;ke Brook group Is now recognized “as én :
important stratigraphic 1.1nk betwegn the carbo;wate and metaclastic terranes,
in that the Stag Hi11/Reluctant Head formations are clearly lateral litho=
logic equivalents of thc\Hount Musgrave/Twiilick Brook formations in the
metaclastic terrane. St"ructural data to Be presented in the following
chapters will demonstrate the additional. Ir%portant roie of the Grand Lake »

Brook group as a structural link between the two terranes - a link which

has major lmplica?_us\for the timing of orogenic events in western New-

foundiand. A
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UNIT 11: STRUCTURE AND METAMORPHISM

CHAPTER 7

GENERAL STATEMENT =~ STRUCTURE

At least five distinct deformation events are riecognized in rocks
inthe Corner Brook Lake area. The events are referred to In the trad-
itional manner as DI through D5 (eariiest to most recent), and structures
§ene.rated during each event are referred to as Fl1 to FS for folds, §1
to S5 for foliatlons, and L1 to L5 for fold axes and lineations. The
five events are not necessarily strijctly isolated in time,- but two or
more events may represent peaks in a prog-ressive deformation phase.

The dominant north-northeast structural trend in the area i‘s
defined essential!f by the parallel alignment of $2 and L3 structural’

. elements, which represent the most conspicuous products of the early and
most intense deformation events,. D2 and D3. The later deformation e\¥ent$,
D4 and D5, were less Intense and produced only regional -scale open folds
(F4 and F5). The earliest event, D1, is rarely distinguishable because
of later overprinting effects. All structures generated prior to D5 are
northeast-trending, while D5 produced regional cross-¥olds (northwest-
trending) interpreted to be responsible for the marked sinucsity in the
structural grain of the area {(see Figure 15, p. 194).

| Thrust faulting is an important part of the deformation history,
and thrusts initiated early (D2) were reactivated during later stages
(03 and DA) of the structural history. As noted previously, three major
east-dipping thrusts are recognized, and these represent boundaries in
the tripartite division of the stratigraphy dlscus_sed in Unit |. Thrust
movements are also responsible for the contrast in tectono-~metamorphic

features of the three terranes. Numerous, late-stage high-angle faults

b
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also dissect the 'map area and add considerable complexity to the
interpretation of its structural and stratigraphic features.

The overall inter;sity of deformation increases from west to east
in the area, but the increase is more marked for early (D2) than for late
(03-D5) events. It should be noted, however, that multiple deformation
effects (02 and D3) a'rer recorded even aleong the western margin of the area.
Evidence to be presented En}dicate! there is also some degree qf contrast
in structural orientation between the e‘astern and western parts of the
area. StructurS] telescoping of the stratigraphy along the major thrust
faults has undoubtedly contributed to the contrasts in both structural
orientation and deformation Intensity between the east and west.

Most of the information employed in the structural analysis of

the area was gathered during field work by the author, but this has been -

supplemented by airphoto analysis, microstructural studies, as well as

structural data compiled from previous work (notably, Walthier 1949: Riley

1957, 1962; Lilly 1963; McKillop 1963; Stévens 1965; Hyde. 1979a=d; Williams
and Godfrey 1980; Martineau 1380).

To facilitate analysis, the map area is divided Into five struc-
tural domains (I-V,‘ Figure 13). The domain boundaries reflect the natural
subdivision of the area by thrust faults and major high-angle faults.

Thus, domain | coincides exactly with the outcrop area of the gneissic
terrane, the carbonate terrane is divided intoc domains || and I1t, sepa-
rated by the Pinchgut Fault, and the metaclastic terrane is divided into
domains IV and V, separated by Valley of the Lakes Fault. The'dom\alns are
defined in this manner to accentuate any exlisting differences In structural
orientation throughout the map area, and particularly between the meta-
clastic and carbonate terranes. The domains are not strictly homogen.eous

>
with respect to any particulac fabric element, and they are purposely large
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in keeping with the detail of the data base and the size of the area.

In the following three chapters the structural geolagy of the
Corner Brook Lake srea is described in terms of the major deformation
events. For the purpose of this discussion, the structural history is
divided Into three parts: 1/ early interisedeformation (D1-D3), described
In Chapter 8, 2/ thrust faulting, discussed in Chapter 9, and 3/ late,
less Intense deformation (D4, D5 and later), described in Chapter 10.
The order of dlscussion fol'ious the general trend of the structural

history, which sunmarized and interpreted in Chapter 11. Chapter 12 is

devoted to a discussion of t-he metamorphic evolution of the map area.
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CHAPTER 8

EARLY DEFORMATION EVENTS

The oldest structures in the Corner Brook Lake area should be
(and likelyrare) recorded in the basement rocks of the Tc;nalitic gnetss
complex. The well-developed gneissosity, for example, may be a relict
Grenville structure. However, due to the intensive reworking of the base-
meht‘rocks. mainly during the D2 event, it was impossible during this
study to distinguish between possible Grenville and later D2 structures.
For this rgasdﬁ, no early, Grenvilla st.ructural event can be clearly de-
lineated on available'.evldence. This probiem is considered again in

section 8.2 with description of the D2 deformation event.

8.1 01 deformation

The earliest recognizable structural event, D1, is rather diffi-
cult to characterize due to strong overprinting of its features during
subsequent deformtiog. The only positively identified fabric element
generated during D1 . is va foliation (S1). Neither F1 folds nor assoclated
. lineations (L1) were positively identified.

in outcrop, S1 Is most clearly distinguishad where it defines
small F2 isoclinal folgs (see Plates 43 to 48, p..196. 201 and* 204), which
are lntrafollal with fespect to the dominant, overprlnt.lng S2. The
geometry of this ral";tlonshlp b‘twe.crr S1 and S2 is consistenf wherever
observed, and indicates that, because of the isoclinal nature of l»"2, f.he
dominant foliatlon‘ In the area is in fact a composite fabric element
composed of S1 and the generally par;llel S2. Thus, S1 represents an
‘ Important and pervasive planar structure, but one which is so intimately

related to $2 that the two cannot be distinguished in most places. |In

L4
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general. reference, therefore, this compos i te plany‘structure is referred

to as either the 'dominant foliation', '$1/82', or simply as 'S2', since it
essentially owes its f.inal‘geometry to D2.

There is also a consistent parallelism throughout the area between
the dominant foliation and relict bedding (50), suggesting that S| may have
developed paralfel to the or:iginal bedding. This would imply that the
dominant foliation is, in effect, a composite SO/S1/52 fabric alement.

The S1 follation can also be distinguished from S2 where it forms
inclusion trails of quartz and/or Epidote‘ in post-Dl1 porphyroblasts. Where
observed, the SI1 inclusion trails are at a high angle to the overprinting
52 foliation, and are recorded in porphyroblasts of garnet, albite‘ and
biotite In rocks in the metaclastic terrane. Syn-D1 lepidoblastic musco-
vite (t chlorite) also preserves a relict 51 schlstosity which is crenu-
Iated and dominated by S2 in a few samples in the terrane. Such high-angle
rejlations between SI and S2 are Interpreted to reflect proximity to F2
fold hinges, where S1 is crenulated and gssentially transposed parallel to
the S2 axial plane foliation, |

v

The existenco of $1 and its relationship to S2 are best demon-
strated In rocks on the summit of Mount Musgrave. In these garnetlferou§
quartz-mica_se;hlsts, partly chloritized porphyf'oblasts of garnet, and less
commonly bloti;:e,.contain an internal foliation (S1) defined by quartz
inclusions and seat at a high angle to the external follation (s2) (Figure
l‘l). The internal follation is straight in the core of the porphyroblast,
but curves sharply into parailelism with the external foliation near \(he
“rim, suggesting some degree of porphyroblast growth and rotation, or simply
deformation during D2. Muscovite de_flnes an external relict $1 foliation
between a_closely spacad (1 mm) crenulation cleavage (52). The outcrop

fabric, sketched In the upper\mft of Flgure 14, is dominated by the S1/S2
. .




FIGURE {4 SKETCH_OF MESOSCOPIC/MICROSCOPIC STRUC%URAL
' RELATIONS — MOUNT MUSGRAVE

(OUTC‘ROP LOCATION 18! - SEE FIGURE 30)
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composite follation contalnlng an isoclinal fold closure (F2) and later
stage, tight to open upright foids (F3).
An outcrop of the Caribou Lake fosmation on 'Tower Hill® displays

\».
almost ldentjcal structures, except that albite porphyroblasts rather than

garnet host the S1 inclusion trails. The same post=D! structures are also

present. Similar S1-S2 structural relations are'thought to exist through-
out most of the map area.

The small-scats (2 to 100 cm), intrafolial isoclinal folds noted
above wﬁre recognized at a number of localities in thinly layered rocks
in the metaclastic terrane and the eastern part of the carbonate terrane. ~
It is possible that some of these may represent F1 folds, but without
evidence to the contrary all such closures are interpreted to be F2 folds.
Tﬁeir axes are.plotted as L2. lineations on the equal area projections |
shown in Figure 15 (p. 194).

The full extent of the D1 deformation is unknown at present. It
has clearly affected rocks in the mefaclastlc terrane, and in the eastern
part of the carbonate terrane S1 structures deflned by muscovite (sericite)
were noted In phyllites and marbles of the Grand Lake Brook group (Reluc-
tant Head- formation). That these fine sericitic partings represedt S1
is Indicated by the 51-F2 relations shown in Plates 47 and 48 (p. 204).
There is no clear evidence of D1 deformation in the gnelssic terrane, even
though the rocks there were no doubt affected by the ev:kt.

' ‘ The distributlion of Q1 structural effects indicates that virtually
the entire area (carbonate and’ﬁ;i;clastic terranes) experienced the same

[
deformation history. When the age of this event |s considered (section®

11.1), the full signifi¢ance of the foregoing statement with respect to the

tectonic evolution of the Humber zone will be secognized.,
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8.2 D2 deformation

The second major deformation event, D2, is the most intense
penetrative event recorded in the map area. Its salient feature is a
well-developed foliation ($2), which appears to haQe originated as an
axial plane fabric to isoclinal folds. Such folds (F2), and associated
lineations (L2), are relatively poorly preserved. D2 structures clearly
overprint those of D1, and are ovérprinted by D3 structures. D2 also
post-dates a relatively minor period of static porphyroblast growth
(post-D1), and is in turn post-dated by a major periog of porphyroblast

‘growth (post-02).

The composite dominant foliation (S1/52) in the area took its
final form during D2. The S2 part of the fabric Is typically represented
by a distinct schistosity in mo;t rocgks in the eastern part of the area.
In ma;sive rocks, hbwever, the foliation is locally a gneissosity defined
by compositional layering (bedding in most cases). S2 contributes sub-
stantially to the northeast structural trend in the area, and though the
orientation is highly variable it generally dips moderately (40-70°)
southeast In the east and moderately northwest in the west part of the area
(Figure 15). -

F2 fplds are represented by iIntrafolial isociinal folds, which
are best exhibited by laminae of quartz or marble in thinly layered rocks
(Figure 14; Plates &3 and 44). The folds vary from similar to concentric
in style, depending on lithology. In competent lithologies, for example,
the folds are approximately concentric and generally do not display a

- visible axial plane foliation. It s interesting to note that many of

the isoclines found are west-verging and recumbent.

No macroscopic F2 folds have been positively identified, though
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PLATE 43

F2 fold in Mount Musgrave formation - intrafolial, isoclinal fold in
micaceous quartzite/pelite sequence on shore of Deer Lake, 200 m northeast
of 'Boom !sland'; view NE; outcrop location 211.

.

PLATE bk '

=

F2 fold in Reluctant Head formation - Isoclinal closures in phyllite/
marble sequence on 'One Mile Pond Road*, S0 m fram junction with 'Gull Pond
Road'; view SW; outcrop locatlon 12.
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airphoto stuﬂy suggests the presﬁnce of mﬁjor isoclines in the norihern
part of the metaclastic te;rane (Figure 15f). These have not been trgced
out on the ground, however, and cannot be confidently interpreted as F2.

Minor fold axes (L2) are'plotted.in Figure 15a-e. They aisp1ay a
rather random distribution, possibly reflecting extensiQe reorientation
by subseque;t deformation (D3-D5). However, there are too few lineations
for a statistically meaningfulvinterpretation.

All aspects of thrust faulting in the area will be discussed in
Chapter 9; However, it is worthy of notg here that the D2 deformation
event w;s also the time of initiation of major thrust faults. Tﬁe zones .
of dislocation were generated during D2, but the evidence suggests con-
siderable reactivation during subsequent deformation events (D3 and D4).

Specific features of D2 that are unigue to each of the three
terranes will bediscussed in the folléwlnq subsections. It is notable
at the'dQ et, however, that D2 deformation is recorded in all three

tefranes in the area, again indicating the entire area experienced the
.8

,
same deformation history. ?

v

Metaclastic terrane (domains IV and V)

The basic characteristics of tha D2 deformation event are best
preserved and most clearly represented in the metaclastic terrane.

The $2 schistosity In this area is typically defined by musiovite,
in places accompanied by biotite and epidote. Sericite, quartz and graph-
ite also mark the follation locally. 1n addition, a*variety of post-D2

porphyroblasts; including garnet, albite, tourmaline and biotite, commonly

contain $2 Inclusion trails deflned by duartz. Distinctive graphitic
inclusion trails were also noted at two localities - in mica schist from

4
T7nﬂt’nusgrave and para-amphibolite from the Twillick Brook formi%lon near +

- or
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'Second Pond'. Albite porphyrc&glast\‘s in the mica schists have straight,
SZ graphltic inclusion tralls 1n their cores, but inclusion-free rims,
while porphyroblasts of hornblende, andesine and g;rnez in the para-
amphibolite co'ntain straight follae of graphite which pervade the entire
rock a;nd pass from one porphyroblast to another’ with little or no defléc-
tion (see Plate 84, p. 313).

Compositional layering in ma'ss}vg feldspathic rocks of the Caribou
Lake formation locally defines a gneAissosity paraliel to S2. [n most cases,
Shis layering is ciloarly relict beddlqg‘. |
) The form surface map (Figure 15f) shows the trends of the dominant

51/s2 follation for the area. Bedding plane trends are included with the

-

. 52 trends because of their consistent parallelism. It should be note&,
however, that 82 Is subo?dlna:e In some parts of the area where F3 foldling
hals been intense enough to ’pvroduceta dominant $3 cleavage. 7‘ o
The form surface map illu;trates the northeasterly ‘ltrends through-

opt the metaclastic te'rrane (domains 1V and V), as well as their marked
sinuosity. The main trel';ds d;llneate the Steady Brook Lake Anticline (F41),
which occupies most of domain 1V, and also delineate at least two smaller
scale folds (F3).

| On the contoured equal area projgction's of poles to $2 for the
mataclastic terrine_ (Figure 15d and i'Se). thle_noéth-south contrast in
orientatlon is clearly demonstrated. ~The strong point maximum to weak
glrdle pattern for domain V (Figure 15e¢) reflects a strong, moderately to
steeply souihaast-dfpping prefarréd. orientation, while the girdle pattern
with evenly spaced point ﬁxlm for domain 1V (Flgure 15d) reflects the

more variable orientation of S2 in that area. The pattern for the northern

part of the metaclastic terrane (domain IV) suggests control of S2 by

upright, concentric, rhod'crately northé&ast-plynging folds, likely the

4

}

N
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combined effec; of F3 and F4. The fact that the girdle axis In Figute 15e

- 4

plunges more shallowly northeast than the axlis in Figure 15d probably /))

|
\
b

Indicates more shallowly plunging F3 (+ F4?) folds In the southeasy{rln/ \
| o
part of the terrane (do?nain V). \\) ) )
FZ fold closures were noted 'n a number of places in the terrane
(e.g., Plates 43, 45, 46 and Figure 14). Minor fold axes (L2) show a

slightly diffuse distribution (Figure 15d and 15e), but a rather distinct

g preference for a moderate northwest to northeast plunge. F2-F3 structural
relations in the terrane are preserved in an outcrop of the Mount Musgrave

formation near Pasadena (Plates 45 and 46) . The outcrop displays steeply

-y

east-dipping layering (bedding?) containing a very tight to isoclinal
Intrafolial fold (F2), as well as later, recumbent open folds (F3). The
geometric relationship of the two fold generations indicates a Type 3
lntefferen;e pattern (Ramsay 1967) - a relationship which is consistent
throughout the map area.

’

Carbonate terrane (domalns I} and 1)

, in the carbonate terrane, structures generated during D2 are best
: - \ :
preserved and displayed along the eastern margin, where both $2 and F2

' -
structures are clearly reco®ded in the Grand Lake Brook group.

Crn g ——g R e ey

S2 manifests Itself as a well-defined schistosity in both phyllite
/f and micaceous carb;nate rocks. In phylilites it Is def(inedr bye muscovite
Qnd brown biotite, and in ma’rbles by serlcitlc‘partlngs. However, it is
evident similar partings locally represent S1 (e.g., Plates 47 and 48).
Compositional layering (beﬁddl_ng.:)? marked by the thin Anterlayering

«of phyllite and marble parallels 52, as does the common grey/white colour

layering in some marbles. [n the more massive part of the carbonate

R
sequence, the $t. George and Table Head Groups, bedding is assumed to
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PLATE 45

Multiple folding In the Mount Musgrave formation - northeast view of
quartzofeldspathic schist/pelite sequence conta’ining tight to open, re-
cumbent, F3 folds (lower part of plicture) and very tight to isoclinal,
intrafolial, F2 folds (uppermost part of picture, and Plate 46); the
orientation of F3 folds reflects the effects of Fl folding associated with
the Steady Brook Lake Anticline; outcrop is on sastern limb of the latter;

hilltop outcrop in South Brook vJllage, north of Trans Canada Highway ;
Qutcrop jocation 188, .

PLATE 46

Detail of Plate 45 - very tight to isoclinal, intrafolial, F2 fold.
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Parallel S2. In the black slates of the upper fable Head Group and the
Humber Arm Supergroup along the western margin of the iterrane, however ,
the 52 follation hgs been obliterated in“most exposures By a steep silaty
cléavage (s3). . ’ ' ' .

The form s/urfaca map in Figure 15f, which includes bedding plane
trends, mdicates/sz trends in the carbonate terrane are essentially para-
llel to those in ‘-‘the metaclastic terrane and exhibit the same sinuosity.

The contoured poles to $2 in Flgure 15b and 15¢ display fairly well-defined
(glrdle patterns, reflecting the Influence of fo]ding (F3 and F47) about

4 moderately to shallowly northeast-plunging axis. The location of the

$2 maxima for the northern part of the terrane (domain 111) and the sl'ight ‘

girdle asymmetry for the southern (domain Il) suggest a preferred 'n-o'rth— .

westerly dip fo’r the main follatlon, which [s In direct contrast to the

preferred sboutheast dip In,:.hg{ metaclastic terrane, especially Its southern

part (domain V). - ;

F2 folds were found in only seven localities in the carbonate

terrane, but In general they are the same smail, tight to isoclinal folds

found in the metaclastic terrane (e.g., Plate M) A very Important ~~"‘ |
example of FZ was found In an outcrop of Reluctant Head formation marb’le
on 'Gull Pond Road' south of 'High Pond' (Plates 47 and 48). Serlclt_lc
. partings (S1) are clearly folded Into very tight to Isoclinal folds (F2),
which are ln' turn re-folded by open, westeriy inclined concentllc folds (F3).
The geometry of the F2-F3 relatfonshlp (a Type 3 intcrference pattern)
Identical to that found in mtaclastlc terrane rocks (see Plltes 45 and 46).
Comparlson of Plates k5 to 48 clearly Indicates that, as noted in -
section 8.1, the entira map area experienced the same deformation history,

since identical D2 structures and D2-D3 structural relations are found in

both the metaclastic and carbonate terranes.




PLATE 47

Multiple folding in the Reluctant Head formation - view SSW (up plunge)
of open, inclined, F3 fold in marble/phyllite sequence; in the core of
the fold,-to the left of the hammer, F2 isoclinal faolds are preserved

(see Plate 48); outcrop on 'Gull Pond Road', 1 km SW of 'High Pond';
outcrop location 172. '

‘. PLATE 48
Detail of Plate 47 - refolded F2 isociines (marked In red) defined by
S1 sericitic partings in the marble.







Gneissic terrane (domain {)

[
v

Two of the three units in the gneissic terrane are characterized
by a strong, north~ to northeast-trending, steeply southeast-dipping r
follation interpreted to be totally, or in paft, a 02 fabric element (s2).

In the Tonalitic gneiss complex, the main foliation is represented

by a wel}I-defined gneissic layering comprised of alternate mafic and felsic

laminae (1 to 20 cm thick).' Amphibolite layers, representing basic dykes
which post-date the camplex, cont;ain'a schistosity which parallels the
gneissosity in the host rocks, and Is defined by biotite, ‘chlorite. horn-
blende and/or actinolite. The foliatlon In the Antler Hill formation

is represented by a schistosity defined by biotite and, less commonly, ’
muscovite. All these domlna;nt planar structur'eys in the gneissic terrane
are parallel to each other, and parallel to the daminant S2 foliation in
the metaclastic terrane. 'This is clearly dunénstrated in Figure |5§. in
which contoured poles to the foliations in the gneissic terrane form
closely spaced, double point maxima, reflecting a very strong, steeply
southeast~ to east-dlpping,‘preferred orientation. There is some ;ugges-
tion of a very weak girdle .(;ashgd line), possibly indicating effects of
minor recrientation (folding) about a northeas-t plunging axls.

The orientation of the dominant foliations iﬁ the Antler Hill
formation and the ambhibo”te rocks throughout the terrane, and the *f_act
that the structures are overprinted by a high-angle, crenulation cleavage
characterl;tlc of D3 defomtibn,)support their Interpretation as S2
stractures. The gneissosity in the Tonalitic gneiss complex is more
problematic, however. The fact that the complex is Interpreted to repre-
sent Grenville basement suggests_the gneissosity may be a Grenyille -

. > y N
structure, totally unrelated to recognized deformation events; ver,

the orientation of the gneissosity relative to S2 in the map area, and Its

s
»




206

relationship to overprinting 03 structures, indicate the gneissosity may
be in part a 52 structure. Thus, It is suggested here that the foliation
in the complex is a composite structure co&posed of a religt G(énville
gneisspsity which has been reoriented and 'reconstituted’ by the intense
bZ deformation event. The reconstitution was mainly in the form of the
cetrogressive growth of biotite. .

F2 folds were found only In rocks of the Tonalitlic gneiss complex
and Antler Hill formation. In the former; small isoclines In the gneiss-
osity are Interpreted to be F2 folds (e.g., see Plate 2, p. 34). A major
F2 fold may also be preserved in an outcrop of mylonitized gneiss on 'One
Mile Pond Road' overjlooking 'Radid~Pond'. The outcrop'appears.to contain
the poorly exposed hinge of a large (30 m); very tight to Isoclinal antl-
form, which is steeply Inclined and steeply plunging to the southeast.

A shear zone In the overturned west |imb of the fold also contains a small
Isocl!nll F2 fold (see Plate 64, p. 24D). The structural relations in
this outcrop suggest an intimate relationship between F2 folding and
ductile thrusting.:

Another possibie D2 structdre in the Tonalitic gneiss complex may
be represented by a strong hornblende lineation (L27) found in one gneiss
on the shore of Grand Lake, 1 km east of "Twillick Brook'; However, its
orlentation was not noted in the field. '

In the Antler Hill formation, F2 folds are again the characteris-
tically small (io cm to 1 m) tight to Isoclinal structures. Only four
folds were noted, but their axes, plotted in Figure 15a, show a concen-
tration about a moderate to shallow, north-northeast plunge. ;he consis-

tent orientation may mean post-D2 deformation was not effective in re-

-
~

"orienting the sxes; However , there are too few axes to allow reliable

interpretation. -
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8.3 D3 deformation

Structures generated during D3 are found throughout the map area,
i
.and clearly overprint D2 structures in all three terranes. The character-

Istic structures of the D3 event are tight to open, upright northeast-

, *

plunging falds (F3) and an associated northeast-plunging intersection
lineation (L3). Planar structures (S3) are only locaily more prominent
than the earlier S2 foliation. '

F3 folds are the most conspicuous folds in the map ares, and are
represented on all scaI;s from microscopic to macroscopic. The high
visiblllty of the fold; Is likely a function of several factors: 1/ F3
Is developea in S1/52, the4@95; pervaslye planar structure in the.area.
2/ the genarally tight to opeh form of F}lmakes the folds more visible
than the earlier Isoclines, 3/ reI;tIvely mild subsequent deformation,
an; 4/ the genaral absence of a strong 53 axlial plane faliation which
would tend to mask the fold hinge.

The folds are also quite variable in form and interlimb angles
reflect both the intensity of deformation'and the competency of the 1ith-
*;Tagy. .In general, the folds are tight to open, though the complete gahut\
from gentle to Q;ry t]ght was found. Simlilar folds are most common, but
in the competent rocks folds are nearly concentric (e.g., see Plates 49

to 52, p. 212 and 214). ’

Fold orle;tntlon Is also variable, and Is interpreted to reflect.
post-D3 deformation. In general, houe;;r, the folds are staeply lncl!néd
‘and moderaiely northeast-plunging. The variable orléntatlon is clearly
shown In Figure 16 In terms of L3 orlentaflon;. which represéht both

fold axes and mineral lineati?n:. and in terms of S3 orlentations,

which represent both axial plane follatlons and measured axial planes.
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The equaﬁ area projections (Figure 363-d) illustrate the preferred, mod -
erate to shallow, northeast plunge of L3, ;nd the form map (Figure 16e)
illusi?(tes the north to northeast trend of $3. The projections }ndicate
that axial planes usually have steep dips, but vary from westerly, tgrough
vertical to easterly dipping. in general, westerly dips are more common
in the western part of the area, and easterly dips aré more common in the
east. It is noted‘Ehat there is insufficlent data to warrant plotting of
an equal projection for the gneissic t;rfane (domain 1), However, D3
Qefonnation is clearly recorded In the terrane. T

L3, the most pervasive 1inear structure developed in the area, is
the product of the interiection of S2 and $3, and thus parallels F3 fold
axes. The lineation, which_stands out most clearly in micaceous rqcks,
is typically represented by microfolds or crenulations in the 52 foliation
planes. The only‘LB minera) lineatidns noted involve structural reorien=-
tation of pfe-exlstlng,minerals, rather than syntectonic grcwth;

S3 is heterogeneously déveloped,‘and usually found only in the’
least competent pelitic rocks. The foliation is t&pically represent;;
by & crenulation cleavage, but both slaty cleavage:and fracture'é!eavage
are also found. 'Slightly convergent slaty and fracture cleavage fans were
noted qually;

#oatures of specific D} structures in each of the three terranes
are described in the fol |

S

W
(<\Carbonate terrane (domains Il and 111)

lowlng subsections.

The fundamentgl characteristics of D3 are best displayed by rocks

,// In the Earbona;e terrane. Hesoscopic'featuros are most clearly recorded

In the thinly-layered rocks of the Grand Lake Brook group along the eastern

‘margln of the terrane, as we,1 as In the slates of the Table Head Group ¢
< .
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and Humber Arm Supergroup along the yestern margin. Macroscopic features,
on the other hand, are best displayed in the masséve and thickly-layered,
carbonate rocks of the St. George and Table Head Groups. These massive
rocks generally show little or no mesoscopic features of any kind, with

the rare exception of structures preserved in 'silty' laminations, and in

M -

layering (bedding?) accentuated by sericitic partings.

The orientation of D3 structures in the carbonate terrane (domains
t1 and 111) is shown in Figure 16a gnd b. S3 data are scarce, and thus
the poles are not contoured. .Even Zhe limited number of poles, "however,
indicate the preferred, north:::ierly dip for S3, as well as the effects
of post-D3 deformatlon.. The map (Figure 16e) illustrates the sinuous,
north to northeasterly trend of $S3. Fold axes and lineations (L3) trend
mainly from northe?st to north, but nerthwest trends are also found (e.g.,
in domain [11). 3

The general form and orlentation of F3 minor folds in the terrane
are’clearly reflected by the orientation of S2 in domains || and 111 .(see
Figure 15b and c, p. 194). Both projectiong contain relatively distinct
great circle girdles‘witﬁ>only moderate scatter of poles, and both contain
two, }y;metrlcally;spaced, uneven point maxima, which suggest F3 is dom-
inantly similar in style and asymmetrical, having a st?éply west-qipping
axial plane. The poles to the great élrcle girdles indichte that F3 folds
prefefentially plinge north-northeasterly at shallow (5 to‘30') angles,
while the dlfferentmtation for the poles in domains 11 and |11 indic-
ftes 3 'swing' in the general fold axis from a moderate northeast to shal-
low northerly plunge from south to north In the te;rane. This regional

‘swing' is interpreted to be a post-D3 deformation effect.

Outcrops of the Grand Lake Brook group attest to the‘yariatlon in-

both form and orientation of minor F3 folds in the terrane (Plates 49 to 52).

N
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PLATE 49 K

Tight to isoclinal folds in Reluctant Head formation - folded marble/
phyllite sequence in outcrop near 'One Mile Pond Road'Q\OO m SSE of
junction with 'Gull Pond Road'; view NE; outcrop locdtion 12.

- PLATE 50

Tight to open F3 folds 1n Reluctant Head formation - folded marble/
phyllite sequence in boulder near junction of 'One Mils Pond Road' and
’ tGull Pond Road'; note fold is nearly concentric; outcrop location 12.

/ ¢
i
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PLATE 51

F3 folds in Reluctant Head formation - tight folds in phyllite/marble

sequence in outcrop 1 km SE of 'Kidney Pond';: note chevron folding; view
. NNE. ’ fans )

PLATE 52

F3 chevron folds In Grand Lake Brook group - vefy tight folds in phyllite
in outcrop on 'One Mile Pond Road' 500 m NE of ‘Triplet Brook'; note inten-
sity of folding and resulting dominance of S3 cleavage; view NE.
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Tight to open,r similar fold§ predominate in phyllitic sequences, while
concentric folds are most common in marble sections. Chevron folds were
also noted in phyllites in an outcrop 600 m north of 'Triplet Brook' on
‘One Mile fond Road'. Folds vary from upright to recumbent in th; group,
as in the terrane as a whole, but they are in general stee‘ply’incllined and
northeast-plunging. | .

As noted previously, F2-F3 fold relations (Plates 47 and 48) in-
 dicate a Type 3 intes\ference pattern, in which the fold axes (L2 and L3)
are subparallel and tl‘\e axial planes (52 and $3) are approxima’tely perpen-
dicular. The fact that the F3 folds are regionally steeply inclined to
upright ;nd northeast-plunging suggests that F2 isoclines were e;sentially
recumbent, and S2 subhorizontal, prior to D3. As post~-D3 deformation isA
not considered to have significantly altered the regiona! orientation of
D3 structures, the F2-F3 geometry | ikely reflects, approximately, the
original orientations‘of the structures.

»
North ta northeast-trending, 'F3, macroscopic folds are a very prom-

inent structural feature of the carbonate terrane, and the for.m map for

$2 (Figure 15f, p. 194) re;reals some of the larger fold closures visible

on alrphotos. Many slightly smaller folds are recognized, and some are
shown by their axial traces on the geological map of the area (in pocket);
The axial trace.s also clearly show the north to northeast, sinuon.:s vari-
ation in the fold trends in the area. Stratigraphic closures asspciated
with the major folds suggest they plun‘ge' northeast (shallowly?) In the
southern par;: of the terrane: {domain I't), but plunge mainly sauth a;nd/south-
we!t (shallowly?) in the northern part (domain Il1).

F3 macroscopic folds are best exposed in the Humber Gorge/Humber

Arm area, where the rellef provides a natural cross-section through a

series of four northerlr-trending folds, which affect all units in the‘

.
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carbonate terrane. These folds can be traced for scme distance north and
south of the Humber valley,

One‘of the best exposed folds is the High Knob Syncline (Lilly
1963) in the north wall of the Humber Gorge (Plate 53). Th:: syncline is
asymmetrical, having a steeply east-dipping axial plane, and its expos ed
part involves mainly St. George Group carbonates, However, Lilly (1963)
suggests Table Head Group carbonates may outcrop in the core at the top of

-

the cliff. )
Another major F3 syncline is exposed about 5§ km to the west, near
Seal Head. This structure, reférred to as the Seal Head Syncline by
Stevens (1965), involves rocks of the Humber Arm Supergroup, and is similar
in scale and trend to the High Knob Syncline. However, in contrast to
the latter, the Seal Head Syncline is asymmetrical in the oppasite sense,
ha;ling a steeply west-dipbing axial plane (Plate 54)., The significance
of this opposition is not clear. It is uncer’ta-in whefher it reflects
original heterogeneity in th: D3 event, or whether it is entirely due to
post.'-l)} reorientation, However, the Ia_tter is suspected. The c;pposition |
in axial plane dip demonstra_tes,“however, that the regional 'cleavage fan' '
defined by similar S3 structures alor.\g‘ Humber Arm to the west (first
recognized by Walthier 1949) is cc;ntlnuous eastward into theA present map
area. The possible ;ignificance of this cleavage fan is discussed in more
detail in section 10.1.
A major F3 anticlinal structure, the Shellbird Anticline (rede-
fined after Lilly 1963), is also fairly well exposed in the Humber Gorge
east of the High Knob Syncliné. This antlcllné s significant because it

exposes the Grand Lake Brook group in its core. The relatively incompe-

tent, thinly-layered phyllites and marbles of the Reluctant Head formation

form the core, while massive and competent St. G'.eorge Group marbles form

¢
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PLATE 53 ’ G

¢
High Knob Syncline - NNE view of major F3 fold in rocks of the St. George
Group, in north wall of Humber Gorge; note asymmetry {steeply east-dipping
axial plane); relief about 300 m.

PLATE S4 .

Seal Head Syncline - SSW view of major F3 fold in rocks of the Humber -
Arm Supergroup at Seal Head in the city of Corner Brook; note asymmetry
(steeply west-dipping axial plane) which Is opposed to that of the High
Knob Syncline (Plate 53) located just 4 km to the east.
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the limbs. From the south side of the Gorge, itis evident that the less
co/mpetent’ rocks in the core were considerably more mobile, and were crumpled
against the more rigid overlying rocks during folding. It is also appar-
ent that the deformation invqlved‘mlnorﬂ thrust mlovement at the cohtact’
between the two groups on the west limb of the fold (Pl'ates 55 and 56).

In a railway outcrop on the west 1imb of the Shellbird Anticline,
tight,' upright, F3 folds in the Reluctant Head formation are characterized
by a slightly convergent, s'teeply east-dipping, axial plane fracture
cleavage (53) (Plate 56). This is one example where S3 represents the
dominant fol'iation in the carbonate terrane. In general, however, S3 is
only locally developed, and only in the more pelitic lithologies. in
mos t gase.';.' $3 Is fow;d to be the typical crenulation cleavage in $2,
but S2 remains the most visibla (i.e., dominant) follation.

S3 is especially well developed along the western margin of the
terraneJ, whera fln:e pelitic 'rbf;ks are abundant. The foliatjon in/fhis
part of the area generally dips ste;ply west and, mesoscopically, appears
to be a 'slaty' cleavage, Howevelr, thin section study of black slate of
the Humber Arm §upergroup, from ‘the>out:.crop--behind the Corner Brook Plaza
on the Trans Canada Highway, indicates that, on a microscopic scale, the
foliatioﬁ is aétuall‘y a3 closely spaced (1 mm) crenulation cleavage of
an earlier (S2) foliation defined by mus_covife and. biot:.ite.

Direct evidence that the cleavage alony the western margin of the
terrane developed as an axla} plane fabric to major F3 folds comes from
the Seal Head Syncllne, in whlch massive quartziteé layers in the fold ex-

hibit no cleavage, but mterlayered and flanking pelites exhibit a strong

‘slaty' cleavage, which clearly parallels the axial plane of the syncline.

)

\




PLATE 55

Grand Lake Brook group/St. George Group contact in Shellbird Anticline -
view NNE of west 1imb of Shellbird Anticline in cliff in Humber Gorge;
rellef about 300 m; Reluctant Head formation (dark grey on the right) Is
intensely deformed and crumpled against the overiying St. George Group
(buff colour on the left); the sharp contact (Just left of centre) is
interpreted to be a minor thrust fault generated during F3 folding.

PLATE 56

$3 deve‘i’oplnnt in minor F3 fold - Southward view of fold in pelitic
carbonate rocks of Reluctant Head.-formation on west limb of Shellbird
Anticline; note relict bedding (buff and grey layers) cut by near vertical
cleavags (53); cleavage forms slightly convergent fan; rallway outcrop In
Humber Gorge; outcrop location 175.

-
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Metaclastic terrane (domains 1V and V)

The overall style of D3 deformation in the metaclastic terrane is

similar to that described for the carbonate terrané. F3 falds are the

+

dominant feature, L3 is quite prominent, and S3 is only Io‘cally well

-

developed. The structures, fn general, have similar orientation to those

-

in the carbonate terrane; However, orientations in the metaclastic terrane

are more varied, and the deformation, in general, seems to have been more
intense.‘3 Mesoscopically, structures are best preserved and dlspiayed in

the thinly=layered rocks of the Twillick Brook and Mount Musgrave formations.
Macroscopic structures are not displayed in continuous outcrop as they are.
in the carbonate terrane, but they can be roughly delineated using strati-
graphic and minor structure relations.

F3 folds in the terrgné pfeferént{;lly trend northeasterly, but
thehr orientation is more variable than in the carbonate terrane, as in-
dicated by the orientations of L3 and‘SB fabric elements. For examptle,
there Is more scatter of minor fold axes and lineations {L3). In domain

.

IV (Figure 16c), L3 plunges moderately to shallowly from northeast to
northwest,ftitﬂ only a few east- and south-alqnginé axés. In domain V
(Figure 16d), on the other hand, L3 plunges shallowly from north to east,
with a significant number of moderate southeast- to southwest-plunging
axes.. The paint maximum in the conto;red poles to $3 for the northern
part of the terrane (domain 1V) shows that minor. F3 axial planes pre-
ferentially Jip moderately northwest, contrary to the preferre& north to

northeast moderate dip for the southern part of the terrane (domain V).

From the S3 form map (Figure 16e), it is evidJ‘t that the regional

sinuosity in $3 is also present in the metaclastic terrane. However, it

appears to be less distinctly developed, either due to greater initia)

randomness of $3, or simply due to the scarcity of data.
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The contrasted character of F3 folds throughout the terrane is
most clearly shown by the contoured p;les to S2 in Figure 15d and e. For
the northern part of the terrane (domain IV),‘thereAIs a well-defined
great circle pattern, the pole to which lies within the concentration of
L3 tineations. The orientations o; the three evenly-spaced point maxima
in the girdle suggest that folding of S2 was effectively open to tight,
approximately concentric, and slightly asymﬁetfica], with steep, southeast-
dipping axial planes and moderately northeast-blunging fold axes. In the
southern part of the terfane {domain V), on the‘Stﬁer hand, poles to S2

"form a distinct point maximum, with some hint of a very weak girdle, the
pole to which agrees fairly welil with the concentration of L3 lineations.
The paftern suggests D3 deformation may have been much more intense in the
southeastern part of the area, producing essentially Qery tight to iso-
clinal F3 folds that plunge shallow}y northeast.

F3 macroscobic folds in the metaclastic terrane are of the same
scale and general orlentation as those in the carbonate terrane. Closures
in $17/52 trends, shown on the form map in Figure 15f, reveal the locationj;
trend and size of some of the ﬁ;re obvious folds. Others are shown by their
axiil traces on the geological map (in pocket). Most of the folds are
easily recognized on airphotos, and for many there is ground evidence for
their existence. The ;eglonalFscalé closure in the northefn part of the

. terrane is the Steady Brook Lake Anticline, a major D4 structure around

which smaller F3 fol&s trend. "

in the afea east of Corner Brook Lake‘gpd west of 'Centre Pond',

major F3 folds, of the same scale as those in Humber Gorge, have a well-

developed axial plane foliation (53), which represeénts the dominant planar

structure in that part of the terraﬁe.ﬁ In the area, rocks of the Mount
’ C e

Musgrave formation record the strong, gteeply east-dipping to vertical
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cleav;ge (s3), as well is 3 very strong, shallowly north-plunging llneatloﬁ
(L3). A traverse of the ares reveals that the main foliation (S2) and
. ;omposltloﬁal layering along the east and west margins -is gradually obli-
terated to;nrd the centre of the area by a steep cleavage (Sé) and an
intense lineation (L3). This regional development of a ﬁz‘cleavage In'
krelat‘lvely competent rocks, comblneé with the Indication of very tight to.
isoclinal F3 folding in domain Vv, suggests the D3 deforﬁatlon was much
. more intense in the southeastern part of the metaclastic terﬁfne than
’elsthere_ln the area. The relatively narrow width of ;xposure of litho-
logic units In domain V also suﬁports this contention.
S3 does not- appear to be as extensively developed in the no(thern
part of tﬁe.terrihe. However, it is locally dominant on a mesoscoplic
. scale. One example Is found on th; northwest side ovaou;t Musgrave,
where & 53vcrenulat{on cleavage parallel to the'axlal planes of tight to
Isoclinal F3 folds Is tﬁe dominant follation. Another example, on the
- north shore of Deor‘Lakn, iliustrates the virtually complete transpo-
sition of $S2 Into $3 In competent quartzose rocks of the Mount Musgrave
formation (Plate 57). - ' . ;
In the metaclastic terrane, as in the rest of the map area, there
is little or no evidence of syn-03 mineral growth to form axial plane
foliatbtons (S3) or lineations (L3). Inciplient lepidoblastic crystal-
lization .of muscovite or-biotlté was noted in only a few of the many thin
sectlons studied. In general; $3 is wholly a structural feature defined
by the crenulation of $2 with no syn-tectonic mineral growth (Plate 58), -
and L3, wﬁere developed, r;copds strﬁctural reorientation of pre-exfisting

mlnerals.(e.g;, albite porphyroblasts in the Carlbou Lake formation).

-




. PLATE 57

Transposition of 52 by F3 folding - tight to isoclinal F3.folds {out-
lined red) and associated near vertical foliation (S3) defined by trans-
‘ posed S2; outcrop of Mount Musgrave formation on shore of Desr Lake NE
A of 'Boom Island'; ocutcrop location 210. -

: : -

L3

) PLATE 58 . : ‘ |
o N . - |
Microphotograph of typical $3 crenulation cleavage - this example in
phyllitic schist (79-251-4) from Twill)ck Brook formation, outcropping on
'Gull Pond Road' 3 km NW of 'John's Pond'; polarized light; fleld of view
- 3 mn,

. Iy
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Gnelssic terrane (domain |)

. . ’
03 structures -are recorded in all the rocks of the gneissic terrane,

but generally are indistinct in outcrop. Many of the structures have been

'y

recognized only in samples and thin sections, and thus orientation data

are scarce. No axial plane, or axial plane foliation me'asurements are
available to plot an equal area projectiot{ for the terrane v(domain 1) in ]
Figure 16, and the only two lineations (L3) available are plotted in Figure
15a.
F3 folds are mo_st evident on a microscopic scale in thin sections,
yhere they are represented by tight to open ¢renulations of the dominant .
§52) schistosity or gneissosity. In outcrop, possible F3 tight foids were
‘noted in the Tonalitic gneiss complex in a boulder near the south end of
'One Mile Pond' (see Plate 5, p-3k). Similar structures (F3?) were found
in gneisses locally along the shore of Grand Lake west of 'Twillick_.Brook'.
An indistinct, tight to isoclinal fold was also found in schists of the
Antler Hill fgrmaélon, about 500 m west of the summit of 'Last HIII®.
A steepiy northeast-plunging lineation (L37), found in the large
roadcut of gneiss near 'Radio Pond', is the pro&uct of the intersection

“of the dominant foliation (52) with a later crenulation cleavage typical

of S3.

The poorly def:lned foliation in parts of the Last Hill adamelli te,
as well as the distinct crenulgtlon cleavage in granitoid rocks on tﬁe
shore of Grand Lske, are both attributed to the D3 event. in addition,
incipient developl:nent of-S3 was found in one sample of tonalitic gnelss
from a roadcut 100 m south of 'One Mile Pond'. The dominant gneisspsity
in the rock is partially transposad by a series of ciosely-spaced (3 mm)

crenulations. The transposition involved the reorientation of biotite and

was accompanied by Incipient crystallization of very fine-grained biotite
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parallel to the 53 foliation.

The fact that the poles to $2 for the gneissic terl;ane (Figure 15a)

form a discrete point maximum could be interpreted to mean AF3 -Folds are
generally very tight to Isoclinal,\with very steep sbutheastrdipping axial
pla;\es. There’ fs also some suggestion o‘f a’ spread of SZ_ poles to define

a very u&ak girdle pattarn, the pole tle which plunges steeply northeast,
roughly In agreement with the orientation of the L3 lineation noted above.
However, D3 data for the. terrane are .pbviously too scarce to draw any firm
conclusions regarding the orientation or style of D3 structures, 'a‘n‘d the
generally poor representation of’bs In the terrane suggests the event may
not hnve! been intense enough to generate significant structures in these

5 -

competent rocks.

S/
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CHAPTER 9

_THRUST FAULTS

£

Hest-dife;:ted thrus-t faulting is an important part of the struc-
tural history of the Corner Brook Lake area. Three major east-dipping
faults havé‘ beén recognized, including the Grand Lake Thrust, the Stag
Hill Thrust, and the Corner Brook Lake Thrust, and many‘ other minor thrusts
are likely present throughout the area (Figure 17). The e(tiﬂ’enée suggests
that ﬁhe.major thrusts have had a canp;lex.and lengthy history, from initi-
ation early (Di) in the deformation history, through reactivation of move-
ments during subsequent st‘ructur‘al events (D3 and D4). The amount di
placement on the faults Is unknown, but very -rbugh estimates suggest to
10 km to be the order of magnitude.

Spec'ific features of each of the major thrusts are>described in
the following three .s.ectl'ons (9.1 to 9.3). “Section 9.4 considers the
existence of other thrusts in'the area, and section 9.5 presents a brief
summary, as well as the conclusions regarding thrust faults in the map area.

P

9.1 Grand Lake Ti'nrust
' »

The Grand Lake Thrust«Wbasaﬂent rockt of the Tonalitic
gheiss complex and rocks of. the Grand Lake Brook gfoup and St. George
Group. It extends about 8 km southwestward from 'Triplet Brook' ta the
west end of Grand Lake, and *i'tsﬂriérthern end terminates in a northwest-
“trending, high-angle fault, which para]ﬁlel's ‘Triplet Brook' and may be a
genetically~-related tear fault. The thrust Is continuous across Grand

3

Lake, where Martineau (1980} has traced it southwestward for at least

e 7

another 5 km.

This major fault was first recognized by Walthier il9‘!9), who
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referred to it as thg ""Corner Brook Lake Thrust'', on the mistaken assump-
tion that it was the southwest extension of another thrust he had identi~
fiad near Corner Brook Lake to the northeast. The present author also
studied the ‘g‘eology around 'Grand Lake Brook' (Kennedy 1978), and followed
» Walthier in rhferring to the thliust'as the "Cor'ner Brook Lake Thrust'. |
More recent work by the author has revealed, however, that the thrusf
‘actually reprasantsﬁ a separate fault, which is now referred to as the
'Grand Lake Thn;st', a name suggesfed by Williams (1978a). It should be
noted that onl'y the southern tion of the fault defined by Hilliams'is
recognized in this study. po\ g
The thrust is represented by a complex zone of intense deformation .
rather than by a single thrust plane, and the zone is best exposed and Y . ‘
studied around 'One Mile Pond'. The zone is narrow (about 200 m) and
topographica_lly marked by a st:'alght valléy, which contains 'One Mile Pond'.
Across the valley, the thrust brings into near contact the steeply south-

lex and the

east-dipping basement gneisses of the fonalitlc gneis
fine-grained, vertical to steeply west-dipping marbles of the St. George

Pond', is

Group. Intervening in the thrust zone itself, ne
an intensely deformed and varied sequence of rocks. Farther southwest the
zone appears to narrow even more, and the gne{ssas may directly overlie
the St. George marbles, ‘as has been suggested for the area south of Grand T
Lake (Martineau 1980). |
Phyllitic rocks dominate the zone. near 'One Mile Pond", but a

mixture of ilthologles is present, including quartzite, quartz-mica schist,
quartzofeidspathic schist and marble. Distinctive, ‘and somewhat anomalous,

- rocks in the zone include quartzftas and quartz-mica schists containing

conspicuous milky-blue 'quartz grains, as well as coarse-grained, sericitic,

white or grey marbles. These and other competent lithologies are typically
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discontinuous and lentlc-ular, heve long axes parallel to the structural

orientation of the zone, and are:‘ surround&d by strongly-deformed phyllitic

or 'phyllonitic' rocks. As such, they gppeér to form competent 'blpcks'’

of various dimensions in a less competent matrix (l"_lates 59 and 60). ‘ //’
One block.of coa;gefgrained. ridge-formi/n;.’white m_arble, on the

hillside 1.2 km east of 'Radlo Poqd'. is parrtiéularly‘riotable'in that it

lies along the sL'Ske of the Tonalitic gneiss complex boundarvy‘o'utmcropping:

near 'Triplet _BJ; k' The gneisses outcrop about 50 m east of the marble
ridge, and thus th\e marble appears tp be located near the Iea&ing edge of
the sole thrust of the gnelss complex. ' . .

The structural relalfipns and the overall diversity of these com-
petent blocks suggest they represent samplings of various stratigraphic
units caught up during movements in the thrust zone. The majorltyvof the
t;.locks, howev.er, appear to be derived fr‘om the Grand Lake B8rook group, and
‘rnuéh of tHe phyllitic rock Is' li)_c'el'y from the same unit.

Daninanf planar sl(:ruc.tur‘es (mainly‘SZ) within the zone, and In
units on both ;ides, are generally pal.—allel to the overall northeast~trend
of the zonel. and vary only :few degrees from the vertical. Lineations
(mainly L3) Plﬁnﬁa moderately northeast. It is noteworth;/, however, that
foliations iﬁ phyllitfc (phyllonitic) rocks locally dip very shailowly
(10 to 30°) southeast. Such shalios: dips are co;rsistent with computer
modelling of aero;nagnetié data repor;ted by Kenﬁedy (1978), which indicates
the thrust"zone 'regional'ly'dlps gently (20 to 307') southeast, possibly
reflecting decreasing dip with depth. /The.way in whif:h the leadigg edge
of the gneiss complex apparently follows the topogriphy (bases of hills)
near 'Radio Pond' woyld also suggest a relatlvely.shallov; dip for;‘the zone.‘

An outcrop at the northern end of 'One Mile Pond' (Plate 61) is

worthy of discussion, as it clearlx displays many of the characteristic

L]




Y PLATE 59
Folded marble 'block' in Grand Lake Thrust zone - white sericitic ma}ble,
very tightly folded (F3) and surrounded by [ntensely sheared phyllite
(phyllonite) mview SE of outcrop 300°m east of 'Radio Pond'; outcrop location
near 226. . :

. _* . PLATE 60

Mullion structure in Grand Lake Thryst zone - large block of quartzose
rock containing steeply NE dipping mullions; block surrounded by phyllon-
itic rocks (lower right margin); view SE of roadcut at NE end of 'One
Mile Pond'; outcrop about 3 m high; outcrop location 46.
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structural features of the Grand Lake Thrust zone. In this expos;rﬁ, a
wtrong mylonitic foliation (S2) in quartzofeldspathic schist contain;
very tight, uprigﬁt, similar folds (F3), which plunge shallowly northéast
and exhibit a crenulation cleavage ($3) subparallel to theiaxial planes
(Plates 62 and 63). The top of the outcrop displays distinct mullion
- strﬁctu(es, whi;h paréllel the minor fold axes (L3) in the outcrop, and
i ? - are undoubtedly genetically related to the fo)ding. An identical and
parallel set of mullion structures f; present in anofher outcrop 100 m to
‘the east (Plate 60). | '

The style ﬂ?d orlenta;ion of the folds in the outcrop characterize
them as D3 structures, and thus the mylonitic foliation is likely a S2 . ‘
stru%;une. suggesting that ductile thrusting (mylonite generation) oécurred
during the D2 event. The outcrop also clearly displays the 'block-1ike'
nature of competent lithologies in the zone. The entire exposure repre-
sents the southern end of a small rndge, which extends about 50 m north-
eastward and Is flanked on both sides by phyllitic (phyl]onitlc) rocks

that appear to be molded around the large block (Plate 61). These features

J

strongly suggest that movements have occurred in the thrust Zone which

post-date both mylonlte development and F3 folding, and that the movements

were localized mainly in the phyllitic 'matrix' surrounding the blocks. t
Thus, structural relations indicate a fhrus:>zone history involv}ng

early (02), ductile deformation, represented by the mylonites, followed

by folding and likely further movements during D3, followed in turn by

' ' movements which occurred mainly in the phyllitic rocks, presumably at a

kN
-

higher crustal level (Iouer temperature and prcssure) than the early ductile

" o phase which produccd the mylonites L




" PLATE 61

Mylonitized and. folded quartzofeldspathic rocks in Grand Lake Thrust zone -
outcrop at northern end of 'One Mile Pond', view NE: represents southern

end of large, elongate block of quartzose rock surrounded by phyllitic (or: »
phyllonitic) rocks (dark material on left and right flanks); outcrop
.location 47. '

PLATE 62

Detall of Plate 61 - note tight, upright folding (F3) in mylonite foli-
ation (S2), and parallel compositional layering (relict bedding?); mullion
structure (not shown) Is developed parallel to the fold axes (L3) on top
-of the exposure. ' '

PLATE 63

Hand specimen slab of fold shown in Plate 62 - sample taken from upper
left quadrant of Plate 62; space restriction prohibited placing photo with
long dimension vertical to agree with orientation in oytcrop; mylonitic
foliation (S2) with white plagioclase porphyroclasts is clearly shown;
note crenulation cleavage assoclated with folding (F3).

L 3
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Mylonites
More informatién on early ductile thructung in the Grand Lake .'>£

-Thrust zcne was gathered during petrofabric study of mylonutes generated.
Work focused on both microstructure and quartz c-axis orientation. Only
the relevant findings of this study are briefly outlined here.

The definition of the term 'mylonite’ should be clarified at the
outset, since consl&eraele confusion has traditionally surrounded its use.
As used here, ‘mylonite' refers to an in:ensely deformed rock exhibiting
a strong planar fabrlc developed by domlnantly ducttlc deformation invol-
ving dynamic reoovery and recrystallization processes (Bell and Etheridge
1973). In sharp contrast, ‘cataclasites' have a less well-deveioped planar
fabric, and are prdueed by demlnantly brittle deformation processes (see
Plates 74 to 76, p. 256,) 258). Hylonftes also reflect deformation under
higher temperaiure and pressure (deeper ccustal) conditions than catacla~
sites (Slbsoq'1977).

Rocks ex@jbltlng mylonitic textures are exposed in a number of
Places in the thrust zone (e.g., neef«‘One Mile Pond', Pletes 61 to 63),-
but are best represented in the roadcut overlooking 'Radio Pond‘ The
outcrop contains tonalltic gneisses, concordant thick (1-2 m) amphibolite
leyers, and thinner (10-100 em) veins of granitoid material. As previously
noteq, the outcrop appears to represent a section through a F2 antiform.

The most Interesting feature of this exposure is the shear zone,
in the westerrr llmb of the fold, which was localized In an amphibolite
layer during thrusting, probabiy in response to competency contrast with
the host gneiss (Plate 64j. The shear zone also contalns an isoclinal
lntrafollal fald (F2) in a thin (2=3 em) layer of tonalltic gneiss. . A

relat!vely steep straln gradient is evident in rocks adjacent to the shear

zone - rocks touard the centre of the outecrop (fold core) display the least




Shear zone in basament complex in Grand Lake Thrust zone - shear zone
localized in amphibolite layer in Tonalitic gnelss complex; degree of

. mylonitization increases sharply toward the zone: note isoclinal, intra-
folial (F2) fold in gneiss layer In the shear zone; SSW view of outcrop
on 'One Mile Pond Road' overlooking 'Radic Pond'; outcrop location 226.

PLATE 65

Hand specimens of tonalitic gneiss from Grand Lake Thrust zone -~ samp les
show varying degrees of deformation (my\onitization); A (77-44-3), least
deformed; B (77-44-2) slightly more deformed than A, with notable grain
size reduction in lower part of sample; C (77-44-1) most deformed, with
well-developed mylonite texture in which both plagioclase and quartz show
extensive intracrystalline deformation; all samples from cutcrop on

'One Mile Pond Road', 300 m SW of ‘Radlo Pond'.

. PLATE 66

Hand specimens of amphibolite from Grand Lake Thrust zone - samples show
same variable degree of deformation (mylonitization) as host gneisses shown
above in Plate 65; A (77-71-1), Jeast deformed, weakly foliated amphibolite;
~ B (77-43-5), more deformed than A, distinct foliation, reduced grain size;
C (77-43-2), extremely deformed, with well-developed mylonite texture -
strong foliation and greatly reduced grain size; sample A from outcrop on

~ road near central part of ‘One Mile Pond'; samples B and C from outerop

on road overlooking 'Radio Pond' = outcrop shown in Plate 64.

v
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amount of strain, while those immediately adjacent to and within the shear
zone (fold limb)} display maximum strain. Feldspar and quartz in the gneisses
serve to gauge the relatlve strain in and near the zone. The metabasic
material forming the bulk of the zone Is too friable and flne-grained for
normal thin sectlon study. Samples of the gnelss (Plate 65) from within
the shear zone and from various points in the 6utcrop outside tﬁe zone
formed the basis of the petrofabric study. Samples of amphibolite (Plate
66) collected from various parts of the Grand Lake Thrust zone exhibit the _
same degres of strain varlation as the host gneisses.

T;te mineralogy of the gneisses includes Malnly plagioclase, quartz,
biotite, epidote and muscovite. In rocks outside the shear zone, plagio-
clase dominates the mineralogy and is undeformed or shows only mlid defor-

mation features (l.e., undulose extinction). Similarly, interstitial

quartz Is only mildly deformed and may have locally recrystallized under

; static conditions (Plate 67). |In contrast, intensely mylonitized gneiss

| from within the shear zone contains a higher proportion of quartz, as
pllgi_ocllsc is strongly deformed an& partly replaced by epidote and mus-
covite, wlfich combine with quartz to define the prominent mylonite foll-

. ation (52)(Plates 68 ‘and 69). Where d _or‘ tion is most intense, recrys-

talllzed quartz is very flne—grilned( 1, ulose and elongate,
suggesting dynamic recrystallfzation '(syn-tectcl:nlc)_, while piagloclase is
preserved as small (1 mm) porphyroclasts in which extinction is strongly
unduiose and which are elongate and par‘tly recrystalllzed.

The .rccrystalllzatlon of plagioclase is particularly evident in
some of the larger porphyroclasts‘that have been plastically pulled apart
by the Intense dlefonn.tlon. it ua; also noted that both the intensity of
feldspar deformation and the degree of recrystallization aré much more

pronounced in and near ‘'micro' shear zones in thin section, implying that
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R PLATE 67 |
Relatively undeformed tonalitic gneiss -~ consisting of highly sauser-
itized plagioclase, quartz and biotite; Polarized light; field of view =
4 mm, ’
' PLATE 68

Strongly deformed tonalitic gneiss - weakly developed foliation (incip-
ient mylonite follation); all minerals exhibit strong deformation; dynam-
Ically recrystallized quartz surrounds plagioclase porphyroclasts which

' display intracrystalline deformation and minor recrystallization (e.g.,
feldspar In upper left quadrant); Polarized light; field of view = 4 mm.

PLATE 69

Tonalitic mylonite - ‘well-developed mylonite foliation defined by flat-
tened and elongate quartz, with sericite and epidote derived from destruc-
tion of plagioclase; quartz and a few feldspar porphyroclasts remain; .
'syn-mylonitization' fold (F2) bottom centre (7); Polarized Tight; field
of view = 4 min.

<.




243




244

the recrystallizatlon was strongly strain-dependent. This is somewhat
unusual, since evidence suggests that the maln factor determining the
d-egree of feldspar deformation and recrystallization is usually temperature.
A partial explanation may be that deformation was assisted by '‘reaction-
enhanced ductility' !n whh".:hrthe feldspar lattlice is weakened by syn- '
tectonic saussuritization (White and Knipe 1978).

"~ Study of the preferred orientations of quartz c-axes In samples
in and adjacent to the shear zone shows maxima which lie in or near the
XY plane of the strain ellipsoid, as defined by the mylonite follation.
Experimental work (e.g., Tullis et al. 1973; White 197}, 1976, 1977)
suggests that such patterns result when prism slip (favored by relatively
high temperature) rather than basal slip in the quartz crystal lattice is

the dominant deformation mechanismi~

1 ~ 4 ~ The results of the petrofabric study indicate that mylonitization

resuited exclusively from hot-working, ductile processes. ‘There Is no

evidence of‘brittle deformatlon in the gnelsses studied. The mylonitiz-
‘ation involved dynamic recovery and recrystallization processes, although\
the fine grain size (10 p) of the quartz, combined with the relatively
]

high temperature, suégest grain-boundary sliding may also have been an
important factor. Possible high fluid activity in the thrust zone may have
further promoted ciynamlc recovery by 'hydrolytic weakening' of quartz
{(white 1977). That relatively high temperatures prevalled during defor-
mation is indicated by the recrystallization of both quartz and feldspar,
by operation of prismatic slIAp in quartz, and by synftectonic greensg;hlst
to epidote—amphibolite facies mineral assemblages. !

In terms of the evolution of the Grvand Lake Tl';rust zone, these

results indicate that early In its history, brobably during the initlal

stages of its development, mylonitization of basement rocks in the thrust
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zone involved exclusively ductile deformation under ralatively high tem-

perature and pressure cor}ditions.

9.2 Stag Hill ‘Thrust

The name 'Stag Hill Thrust' 1s proposed here for the ufa_ult extend-
ing from Grand Lake, at 'White Ridge Brook', for approximately 17 luﬁ//
northeast to a point 3 km north of 'Second Pond'. Where ;he fault crosses
‘Grand Lake Brook' valley 1t is apparentlI offset, in a zone of cqnple_x
structural relations, by northwest=- and north-;\ortheést-trendi'ng 'h‘igh- _
angle faults. The thrust zone is very poorly exposed, and its exact width
and specific structural characteristics are uncertain. Typical of the
other major thrusts, thev fault is located in topographic lows and appar-
ently closely foliows the bases of hills,

South of ‘Grand Lake Brook', 'in the valley west of 'White R-idge
Hill', rocks of the Mount Musgrave and Twillick Brook formations east of
the fault are juxtaposéd with and structurally overlie rocks of the
gneissic terrane west of the fault. Mylonitized rocks of both the Mount
Musgrave forma-tlon and Tonalitic gneiss complex \were found 500 m west of

'Triplet Pond'. North of 'Triplet Pond' the Mount Musgrave formation is

In structural contact with rocks of the Grand Lake Brook group, while

north of 'Grand Lake Brook' rocks of the Twillick Brook and Stag Hill form-
‘ations are juxtaposed across the valley east of 'Stag Hill',

As well as the obvious lithological ;ﬂfferences across the thrust
zone, there is also a marked metamorphic contrast. The contrast is most -
pronounced between the lower greenschist facies Grand Lake Brook group
rocks and the epidote-amphibolite facies schists of the Mount Musgrave .

formation in the area between 'Grand Lake Brook' and 'Triplet Pond'. A
t
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simllar facies contrast is found north of 'Grand Lake Brook' between the
Twillick Brook and Stag Hill formations. Along strike to the south the
faciels relations are reversed, as epidote-amphibolite ficles rocks of the
Mount Musgrave and Twillick Brook formations structurally overlle amphi -~
bolite faclies basement rocks.

Typical of the other major thrust Zones, the Stag I'!Il_l Thrust zone
contains 'anomalous' }ithologies, the most distinctive of which Is the
body of massive serpentinite (S_erpentinjte’ unit) outcropping on 'Gull Pond
’Ro'ad'. ‘TheA unit has been interpreted {section 4.6) to represent meta-
marphosed ultrabasic rocks of ophiolitic affinity which were structurally
emﬁlaced in the thrust zone. As noted, another serpentinite body may b;

) .present in the zone near 'Triplet Pond®.
The zone also coptalns a lentlc_uhf, concordant body of ridge~
lforming, coarse white marble, which is virtually identical in appearance
to the marble ridge noted In the Grand Lake Thrust _zoné. The former Is
larger, however, and ls'lbi:ated d?_l the east side of 'White Ridge Brook'
1.2 km north of Grand Lake. |t also Is interpreted to have been struc-

i

turaliy emplaced during movements In the zone.

Structurally, the Stag Hill Thrust zone §s steeply southeast-dipping

and follations (S2) in rocks on both sides qf»('the zone appear to be con-
cordant on a regional scale. In the complex 'offset zone' In 'Grand Lake
Brook’', follatlons in and near the thrust zone have more varied orienta-
-tlons. Steep east- and west-dipping foliations, and in places subhorizontal
structures,. were noted. The varied or‘ientatlons sugges-t tﬁgre may have been
post-thrust folding in tho‘érea. In one exposure in the zone (FPlate 79),

in 'Grand Lake Brook' valley, phyll’ltlc schists are tightly folded by
‘recumbent folds (F3), which are contrasted with the steep east-dipping

foliation (S2) in the underlying quartzose schists. The recumbent F3 falds
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PLATE 70

l:lecumbent folds in Stag Hill Thrust zone - tight, recumbent folds (F3)
In thinly layered phyllitic schist and marble, structurally overlying
Steeply southeast-dipping, garnetiferous quartz-mica schist; SW view of
Outcrop in 'Grand Lake Brook'; outcrop location 199.
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strcngTy suggest there was some degree of subhorizontal translation in

the zone as oclatqd with D3 deformation.

9.3 Corner Brook Lake Thrust

The Corner Brook Lake.Thrust is the largest structural feature in
the map area. It extends from 'Halfway Point', near the southern end of
Grand Lake, to the Humber River valley and beyond, a distance of about 35
km. Its trend varles from north to northeast .and ‘in general follows the
sinuous structural trend of the area. Along Its entlre length it appears
to have no significant offset, although minor offsets along late high-
angle faults may be present locally (e.g., southwest of Eastern Lake).
Both the northern and ‘southern extensions of '.tho fault are Iﬁferred.

The thrust was first recognized and named by Walthier (1949)

g

during his work in the vicinity of Corner Brook Lake. However, his .
suggestion that the thl_'_ust is continuous to the southwest end of‘Grina /
Lake has been shown ;o be incorrect by the present work. I[nstead, the
. Corl';er Brook Lake Thrust (as redefined here) extends from Corner Brook lv.,a‘ke
southward to 'Halfway Point'. Its location north of Corner Brook Lake is.
7 basically the same ‘as suggested by Walthier.
{\'\ P .The thrust is poorly :;(posed despite strong topographlc expresslon.
\&uth from Corner Brook Lake the fault is marked by a relatively debp
narrow valley extending. all the way to Grand Lake. North of Corner .Brook
Lake thebfault appears to fc}llw the bases of the high hilTs. 7
The thrust 1s apparently represented by a complex 'zone of defor-
mation®’, as Is typical of the other majo} thrusts in the area!’rather than *
by a singie 'plane of dislocation’. The zone appears Ito be relatively narrow

(< 100 m) ovei mos't of Its length, and is widest (about 1 km) in the

Kl
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'Second Pond' area. The extra width in this area is likely due to the
presence of an asymptotic minor thrust that forms an in_rbrica'te structure
or 'duplex' (Elliott and Johnson 1980) with the main thrust zone.
In addition to its fopogr;phic expression the thrust zone has
. assoclated with It a strong aeromagnetic anomaly, which Is most bronounced
along its southérn portion and weakest to the northr in the Humber River \
valley area. The anomaly disappears (almost abruptly) where it jn}tersects
the Breeches Pond Fault; sugges}lng possible truncation of the thrust.
r;mver, the continuity of lithologic;i and f‘;etamrphlc contrasts across
the trend of the thrust zone near Hour!t Musgrave indicates that it is
continuous north of Bre;bhes Pond Fault. The reason for‘the change in
aeromaénetlc expression I_s ﬁncertain. but it ma‘y reflect'a sharp change

(reversal?) in dip of the zone.

North of Pinchgut Fault the thrust has carried rocks of the Caribou

Lake, Mount Musgrave, and Twillick  Brook formatians over Grand Lake .

Brook group Ht_lnlog'les. It. is along this part .Vt{e fault thif meta~

morphic contrasts are most evident. In general, e_pliiote-gmphibol ite to
amphibolite facles rocks in the metaclastlf: terrane to the east are super-
posed on lower gre'enscﬁist fa‘c’ies rocks In thle carbonate terrane to the
uest; This contrast is noted in sév?ral places. On ‘the qorthwest slope
of Mount Musgrave, for, example, outcrops record a rapid westward trans-
Ition from garnetiferous sghists to phyll-ites, through a thin (50-100 m)
poorly exposed sequence inteﬁsely-deformd quartz-ﬁléa schists. A
simjlar cont'rast In grade iIs noted between the phyllite/marble sequence
of the Reluctant Head forbmotlonﬂ.in the >louer pirt of Eastern aroék and

porphyroblastic calcareous schists of the Twillick Brook formation In the

upper part of the brook.

South of Pinchgut Fau]t the thrust suparposes rocks of the Cari-

£
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bou Lake and Mount Musgrave formations to the least on Tuill'ick Brook and .
Mount Husg;'ave formation rocks to the west. The metamorphic contrast is
not _found in this area because of the juxtaposition of similar grade rocks.
The presence of Mount Husgréve aﬁd Twillick Brook litholbgies an both
sides of the Corner Brook Lake Thrust indicates stratigraphic repetition.
lt'fs' notable that the thrust zone also contains rocks which can

be considered 'anomalous' with respect to th;ir structqrél or lithologic
characteristics, or their stratigraphic setting. For example,‘two o_utc_ropé
of strongly-deformed albite-mica schist of tl'lae:Car‘ibou\Lake formation in
'‘Bittern Brook' were found to contain |ayer; of mildly-deformedr. fi'ne;
gfained, igneous rock, which are interpreted (section 4.2) to be ‘late—stage
acidic dykes intruded into the zone of weakness marked by the thrust. |In
tl:ne same genekal,a{é, \D. Knapp found thick layers of Adis'tlr_lct'ive \.;hlte
marblie (personal cMnjCation. 1380), which is clearly out of place with
respect to adjacent Qtratlgraphic units, butﬁ may be equivalent to struc-
turally-emplaced white marble found in the other tm:thru;t zZones.

| Ano'ther'.llthology. which was undoubtedly generated-during movements
In.’ the thrust zone, li‘)represented by a large boﬁlder found on 'Gulllfoi\d
Road®, near' the northern end of 'Second Pond' (Plate 71). This 'tectonic
schist' exhibits a strong mylonitic follation de%'ined by fine-grained
quartz, muscovl;‘e'and feldspar, and surrounding augen of quartzof_eldspathic
material, which strongly resembles quartzofeldspathic schist in the Meta-
: conglo_m.rau mamber of the l:arlbo;.n Lake fom;tlén outcropping nearby. it
is probably not coincidental that another boulder, axhil;lting a yirtually
identical texturs, was found on 'One ’Hiie Pond Road' ‘in the Grand Lake

Thrust zone.

The minor, structures within and adjacent to the Corner Brook Lake

Thrust zone are paralle! on a regional scale. However, there is some

o




\PLATE 71
. ?
Mylonitized quartzofeldspathic' rock in Corner Brook Lake Thrust zone -
mylonitic foliation defined by quartz, muscovite and feldspar, contains
large aygen of quartzofeldspathic matertlal; boulder found on ‘Gull Pond
- Road' near similar, but less deformed, feldspathic rocks of Caribou Lake
formation; an identical boulder was found Iin the Grand Lake Thryst zone;

near outcrop location 246,

PLATE 72

Strongly deformed ‘'augen schist' in Corner Brook Lake Thrust zone -
samp le of quartzofeldspathic rock taken from outcrop of Metaconglomerate
_member of Caribou Lake formatlon on 'Gull Pond Road'/ 1 /km north of 'Second
Pond'; probably mylonitized equivalent of coarse meta-arkoslc rocks in
member; augen are plagioclase feldspar; outcrop location 246.

.

’
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suggcsaa of obliqdltv) of S2 trends in the area southwest of Corner Bro;k
Lake (see Fl'gure~15f‘ p. 194). In addition, the .inferrad trend of the
St'aq Hill Thrhst appears t’o be truncated by the minor thrust fault associr
ated 'ulth'the Corner Brook Lake Thrust north of 'Second Pond'.
Structural"t'rorid's in the t-hr;ust zona vary from north to northeast
parallel to the regional sinuosity, and S2 follation; are the dominant
features. A single, mo_derately soyth_ust-dlpping }ineation (L217) deflned‘
by elongate quartz cobblaes In mt;congi&nerate was found on the hilltop
north-northeast of "Socond- Pond'. Near Corner Brook Lake foliations in
the zon,e‘dip steeply east, and north of Bruchcf Pond Fault they appear
fo be vertical. Southward from Pinchgut Fauwlt, on the other hand, foli-
utlions d!p‘ eastward at p'rogresslvely shallower angles, such that at
'Hal fway Polint’: the zone‘ dips about 25: east. _‘-.Extr;npolation on this

systematic variation from shallow east dip, in the "south’ to steeper east

and vertical dips in the north suggests that the thrust zone fartﬁer

u

" north across the Humber River valley may actually be overturned. The

variation lnv orlo_nutlon in the zone l‘s undoubte;!ly dus to deformation
effects which post-date inltlaI‘mVMnt on the thrust.

As noted prev.lously. a minor thrust trends obl.lquycly to the Corner
Brook L;ke Thrust zone and merges ;s'yinptotfcally -l‘th it '-t ' Second Péﬁd'..
The thrusts i:ounda a siice or 'l';orse' (Ellibtt and Johnson 1980) of .
feldspathlc metasediments of the Carlﬁou Lake formation. lTo establish
the nature of the structural rilutl.on; among the minor ihrus: an& the

Iar;;cr ‘Corner Brook Lake and Stag Hill Thrust zones will require more

.

detailed work.
The f.l‘dspot.h'lc,mtnod‘lgintary rocks in this horse, examined

an 'Gul) Pond Road', display a variety of interesting structural features.

: ——Mytonitized quartzofeidspathic-rocks -3t the present end of the road contain
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a well-develope:! foliation dipping 45° east, and marked by strongly-
deformed ribbon quartz. The same texture was found in exactly the same
lithology in another outcrop in the zone, about 1 km north of Corner Brook
Lake on 'Corncrweroolyz Lake Road'. (n that outcrop, however, the mylon-
itic folliation dips mr; steeply (65*) eéast.

Another outcrop on 'Gull Pond Road', near 'Second Pond', displays
intensely-deformed quartzofcldspatﬁlc rocks containing plagioclase augen .
ina fine quartz-musc¢ovite matrix (Plate 72). T_hls texture suggests the
matrix received the bulk of th‘e strain during deformation. In the same
outcrop are found rocks interpreted to be quartz mylonites (Plate 73).

A'Theso sericitic ‘quartzite' _layers are strongly foliated and lineated
(elongate quartz aggregates), and. contaln very fine-grained quartz which
recrystallized during (or after the intense deformation (D2) associated

with thrusting.

A single sample of cataclastic rock from-the thrust zone was found
‘ )

just south of 'John's Pond'. No outcrop was found, but sampling of talus
Qlong the east sld/of the zone revealed lithologies consistent with the
Ioferred' underlying unit, the Caribou Lake fomitl'm. The rock is an
‘excel lent ax,lnple of a cataclasite, exhibiting the dominance of brittle
defomtlon processes (Piates 7k and 75). It is Instructive to contrast
't“his rock with a mylonite (produced by ductlle defomtioﬁ) of the same
choloéy,, takéq from a littlo-'fartho"r south In the zone (Plates 74 and
76). The pl;esenco of cataclasites suggests a phase of brittle (lower t::‘m-
perature and pressure) deformation in the zone. Ey'nna‘ y with I:he
-Grand Lake Thrust zone, this I;rl/ttle phase 1ikely post-dates the ductile
deformation phase represented by the mylonites.

it is notable that these, and the other related structures des-

cribed above, were found only in thrust zages in the area, and not in

N
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PLATE 73
Quartz mylonite layer in Corner Brook .Lakefl'hrust zone - highly strained,
. quartzite layer (grey) from same outcrop as 'augen schist' in Plate 72;
quartzite layer, like matrix in augen schl&t, probably received most of
the strain during deformation associated with thrusting; outcrop location 15.

PLATE 74

Catacliasite and mylonite from Corner Brook Lake Thrust zone - albite
schist cataclasite (upper sample), from 1 kem SW of 'John's Pond'; albite

§ schist mylonite (lower sample), from 3 km NE of 'Halfway Point'; samples
cut and polished, scale in cm. .
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PLATE 75

Microphotograph of cataclastic téxture - thin section from upper sample

in Plate 74; note brittle fracture of feldspar, and fine black matrix
which consists of finely-granulated feld

spar, quartz and mica; Polarized
light; field of view = 3 mm, ‘

e |

PLATE 76

Microphotograph of mylonite texture = thin section from lower Qample in

- Plate 74; nbte exclusively ductile deforwation, and ribbon quartz; no
brittle fracture; Pohrized\light; fField of view = 3 mm.
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lithologic units outside these zones, clearly demonstrating that the

recognized thrust zones represent loci of greatly intensified deformation.

9.4 Other thrust faults

Although only three major thrust faults are discussed in detail
in this study, other thrusts of similar, or smaller scale may exist in

the map area. Brief speculation- on some of the more likely candidates

is presented here.

Walthier (1949) proposed that a major: thrust fault, the "Island
Pond Thrust'', was -reip‘or{slble for the westward transport of St. feorge
and Table Head Group carbonate rocks over rocks-of t{e\ Humber Arm Super-
group, along the southwestern margin of the area (Figure 17). He suggested
that the thrust, and associated recumbent folding, is clearly exposed in
the cliff above Island Pond, but ; brief and distant examination of the
cliff by the present author (in the company of H. Williams) did not dem-
onstrate cc;nclus,lvely th; exlstenée of el'ther the thrust fault, or the

folding. This by no means disproves its exlstencé: but rather reflects

'
the need for further study.

/ .
it is /n'terestlng to note, however, that certain anomalous strati-

graphic lnd,«ﬁ;ructural features alpng the western margin of the area may

best be #plglned by the existence of the 'Island Pond ‘Thrust'. For ex-

le,f"rthe'appare'nt absence of basal melange in the Humber Arm prer’group.'.

4

7nd, the cammon faulted contact between It anq the massive carbonates of

thé St. George and Table Head ’Glj&:ps._b'rlngs to light the pé'isib”lty"that
./ the western edge of the massive carbonaté sequence represents the leading
. N . | ! - P

/. edge ‘of a major thrust. Ln such a scepario; the eastward extension of:

-

Humber Arm lithologies in the Pinchgut Lake l'_ru,'could represent a re-

~

a -
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entrant In a low-angle thrust plate.

As supportive evidence for the flsl;and Pond Thrust', H‘althier
(1959) described '"structures of anomalous character' in the area north of .
Big Gull Pond, and interpreted them to be 'windows' exposing huuber Arm
rocks through the carbonate thrust plate. A brief examination of one of
these 20nes (intersecting 'Gu_ll Pond Road') by the present author, however,
showed that they consist of egsentially blaek slate, which is indistin-
guishable from nearby black slate of the Table Head Group. Rocks in the
zones are steeply-dipping and concordant with adjacent structures in the
carbonates, |f the slates ara actually part of the Table Head Group, then
the zones may represent very tight 'infolding' of the Table Head into the-
suriounding St. George (synclinal structures) The zones also lie along
the northern part of a major topographlc lineament (Big Gull Pond Fault), -
and in the absence of better evldence they are tentatively interpreted to be
$ttes uf tlght folding and/or high-angle faulting. Of course, in ‘view of
the size and northeast.trend of the Big Gull Pond Fault, it Is enctirely
possible that it is the site of another major thrust fault.

MeKlllop (1963) suggests that minor thrusts are typlca“lly associ-

" ated \Vvlth'hrge folds In the area south of Humber Gorge, and likewise Lilly

(1963}, in his work oh simllar rocks north of the Gorge, notes the common

association of foldlng and thrust faulting. An example of a fold-related
thrust may be present ln the Humber Gorgég, at the contact between the Re- :
luctant Head formation and the St. ‘George Group on the west limb of the
Shellblrd Anticline (see Plata 55, p. 221). ‘The presence of a thrust near,
the contact farther south was also pointed out by McKillop (1963). The .
pronlnence of such mdjor f3 folds throughout the carbonate terrane favors’
the' ulstence of slmllar thrust faults elsewher®s in ‘the area.

Besldes the three recogmzed 'thrust fadlts, there are no other

[ 2

\
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9.5 Conclusions

At leasf tﬁree major, northeast-trending, east-dipping thrust
fa&lts have been recognized in the Corner Brook Lake map area. The thrusts
have many features in conmon: some of which are noted here: 1/ they -are
‘zones' of dislocation rather than discrete thrust f;ults, 2/ they are
the loci of strbng deformation, representing the local intensification of
regional deformation, 3/ they are characterized by strang planar fabrics
:with easterly‘.dlps - ‘mylonites are‘ common and cataclastites are rare or
absent, 4/ they have a marked topographic.expression despite poor expos;ure,
5/ they commonly have a marked aeromagnetic expression, 6/ Ithqy are zones’
across which metamorphic and 1ithologic contiras‘ts:‘ are common, and 7/ they
are the sites of ;‘anptnalous' lithologies < | rocks which are composi'tionaﬂy
or textur{lly unique :td that particular pary of t;'le area.

Th;' Grand Lake Thrust is cleirly the most de:p—rooted of the
recognl zed faul«_i:s, ‘as it invalves basément' ocks which exhibit intense
ductile deformation. The fact that it involves basement rocks suggést§
it may be corr‘elatlve with the Long Ranﬁe Thrust ‘(John'son 1939)7, whlch/
may bound Grenvll'le basement rocks on the /west side of the Northern Penin-
sula (s;e Fig';.lre by, p. IZ) The other thrusts in tﬁe map area may have
been relatively shallower features, as tl(ney Involve.only covét; rocks.
Howevor., they were apparently deep enoug"n to have produced early, ductile

-’ v
deformation (mylonites). The style, ln,‘.enslty. and general concordancy

"of structures in and ad jacent to all th‘e thrust zones fndicate .t,hat def-

ormation early in the history of.the zones (during 02) was ductile and

syn-tectonic.
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The Stag Hill Thrust zone Is the least well-defined, but is sig-
nificant because it involves rocks of possib!e ophiolitic.affinlty. The
Corner Brook Lake Thrust, the largest fault, is respo;slble for repefition
of two stratigraphic units (the Mount Musgrave and Twillick Brook form- N
at;o;s’; Both the Corner Brook Lake and the Staé Hill Thrusts appear to
.have associated minor thrust faults. On a regional scale, it is noted that
the three major thrusts in the area seem to form an imbricate set.

it might be mentioned that the general features of the major
thrpstsAdescribgd above suggest the zones could be the sites of 'tectonic
) slides', as most recently defined aqd described by Hutton (1979). However,

' unti] more detailed information on the precise structural nature of these

zones becomes available, the term 'thrust fault' is used in-its most

~ &

‘generallzed sense.

Displacement
The sense of displacement, that I#, the direction of transport of
, the henging-wall rocks, Is in general toyards‘the west to northwest, This
concliusion is based on the orientation of struc;ures in and around, the zones,
as well as.on the established regional t;ctonic history. |
' Foliations, particularly -yionitlc foliations (S2), indicate that .
the zonis dip predomlniqtly to the east or southeast. Local vertical and
; tteepf west ¢ips reflect mainly late-stage reorientatloﬁ\h? the zones.

The early structural history of the area, during which thrusting was

evidently lnltlatéa, Is characterized by east-west compression, as demon=-

strated by the orientation Qf D2 and D3 structures. \Tha preferred west-

| ward vergence of F2 and F3 in the eastern part of the ares, and the noted
| :

. association of thrusts with major folds (F3), imply that thrusting was

west-directed. In addition, general tectonic transbort In western New-
S » ¢
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{
foundland”, as along the entire Iength'of( the Humber zone in the Appalach-
lans ‘(Hillla'ma 1976, 1978a), -Is demonstrably to the west.

The amount of displacement recorded in the thrust zones is much
more difficult to assess with available 1_e~vldence. Major diﬁplacements
(100 to 200 km), such as ate suggested for the Humber Arm Al lochthon
(Williams et al. 1972, 1974), are considered highly unlikely, since the
contrast; in iithology, metamorphism and structure across the thrusts in
the area are not amnnﬁsurnte to such large displacement. An order of
magnitude estimate is furnished, however, by the fact that the Grand Lake
Thrust superposes basement on Upper Eambrian cover rocks. Thus, givén a
simple 'layar-cake' cover sequence prior ‘to thrusting, and a depth to

o r

basement from the Upper Cambrian rocks of at':out 1.5 km, simple trigono-

metric calculation indicates that, if a relatively high dip of 45° s

lssuned, a dlsp_la;mnt along the thrust of about 2 km is necessary to
account for present struétural/s'trit'igraphlc.nelations. This is clearly
a minimum estihte. and it is assumed her; that displacement on the order
of 5 to 10 km for the Gr;nd.Lake Thrust would not be inconsistent with .
aval lable data. Slightly sma?er displacements may be rec&rded by the
other major thrust faults, since they involve only cover rocks. However,

the same general order of magnitude is assumed.

sy

Timing of thrust movements

Movements in the thrust zones can be dated relative to the esta-
blished scquc;nce of 'structural and me'tamorphic events in the'lrea-, and
‘relative to the ages of rocks affected.

In .;Il three thrust zones, the most intense pianar structures

(myionitic follat!’ons) are invariably paraillel to the dominant foliation

' ! ~
(S2) In adjacent rocks, and in places are found to be overprinted by tight
. L4

-

"
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upright folds which are characte‘rlstlcally F3. This relation, as noted
ur!ier, is parvticularly evident in the folded mylonite in the Grand Lake
Thrust zone (see Plate 62, P 237). Crenulation cieavages typical of $3
were also found to be developed to somé degree in virtually all the myl-
onites examined. This evidence implies that early ductile deformation
associated with thrusting was part of tt,\e~i'ntensa D2 structural event.

ilt has',been shown that post-D2, pre-D3 granlto?d v;ins and dykes,
interpreted to be apaphyses of the Last Hill adamellite, are abundan
_thq gnejsslc and metaclastic terr'a‘nes',' but that no granitoid rocks have
ever been found in th: immediately adjacent rocks of the carbonate tdrrane.
This is clearly .indicatl‘ve of, post-intrusion movements on all three thrusts,
since all three carry gneissic or metaclastic terrane rocks over those of
the carbonate terrane. The lithologic contrast is m§st evident in the .
Gr;hd Lake Thrust zogé near 'One Mile Pond', wher-e gnei‘ssic rocks to th?

east contain abundant late granitoid material and St. George Group -

marbles Q@O.Se&/just 200 m to the wast are co:ripletely_ devoid of granitoid

" material. -

| The avidence for thrusting related to F3 folds in the northern
part of the carbonate terrane suggests that the earliest post-intrusion
Zth’rus‘t movements in that part of the area may have been syn-03. The noted
metamorphic contrast acrg;s the 'thrust~zonc's, whl<-:h Inva‘lves prolific post-
D2 porphyroblast growth v_[n zrocks to th; east and their total absenc‘e in
rocks to. the west; also would h;nply syn-D3 and/or later thrust movements.
The absence of mylonitic foliations which can clear!y be defined as S3 may
mean that syn-.D3 um:ments were not accomplished under: the same ductile
(deep cru;tal) conditions whllch ch;ractcrize syn-Dzlthrusting.
As noted pr'eviously,‘ post-D3 mova?eht is Iindicated in the Grand

Lake Thrust zone h_y the manner in which mylonites containing F},tqlds are
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represented by "block_s' surrounded by strengly-defomgd and Sheared
phyilitic (phyllonitic) rocks (see Plate 61, p. '237). It seems that the
mos t recent” movements in the thrust zone have been acco«lplishcd by shearing
in these less ccmpet'ent phyllitic rocks. Post-D3 movgnelits likely .

N

occurred in the _chh‘er thrust. zones Qs well.

Further‘ evidence of post~-D3 thrust movement can be gleaned from
the contrasted orientarions. of D3 structures east and west of the thrusts.
Figure 18 presents synoptlé plots of D2 and D3 structural data for the
carbonate and metaclastic terranes, representing the west and east parts
of the area, respectively. Figure 18a and 18b indicate that F3 folds
(defined by contoured ‘poles to S2) are asymmetrical throughout the area,
but have axial planes thatbdip preferentiélly westward in the carbonate
terrane and eastward in the metadlastic terrane. " The trend of the pre-
‘ferred north-northeast plunges also differ by about 15° . This contrast
in orientatlon is taken to be a reflection of post- 03 movement on the
thrust zones separating the two areas. -

, By comparlsén; the §aneral 'slmllarity ln both plunge and axlal .
plane arlcntatnon of Fh folds (defined by the contoured poles to §3) shown
In Figure |8c and 18d suggests elther no post-Dk movement, or movement not
slgnificant enough to affect the relative orientations af the F4 folds
east and wast of the thrusts. lnfomatlon regarding the nature of- D‘l

deformation in the area, to be presented in the next chapter, Indicates

that the suggested post-D3 thrust movements are likely s&n-tectonlc with

respect to D‘l
in summnary, the evidcnc- reveals not a slmple, single, episode of
thrustlng In the area. but rather a multl-stag. and complex hlstory of

. reactivated thrusting throughout much-of the recognlzed deformation history

1

of the Corner Brook‘Laki ares.
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T ' ' o o
- , Initiation and nrly stages of movement durlng the (ntense 02 T
event: involved ductll. thrustlng and gemrltlon of mylonltos, wlu le rd-
activatlon of the zones durlng 03, In rcsponse to fomtion of major F3 ) ' ’
A C folds did not produc. -ylonltu. Furth.r rucﬂvatlon durlng M was llSO

- likely In response to regional folding. It Is lpparcm that wost of the

' thmst fault dlsplacmnt during D3 nnd D4 was by shnrlng in.the lnst .

; ' competent rocks In thc zones. . This’ chang- in dlspjar.—mt mlunls- throogh
time may slwly be due to rnctlvatlon of the zones at progressively thal- : s
: . Iowor crustnl levels. The rare utaclasltu would have been gmutod,

1

e <. est roc.ntly. undcr 'near surface’ pressure/temperature condltlons.

All thres. thrusts affoct, rocks of the Crand Lake Brook group,

interpreted to be Cambrian in -gc. and the Grand Lake Thrust, in particuler,

affects the Lower Oraovlcl'an St. George Group. Thase fa::ts suggest that’

) v e e —_n ey iy et

'thms‘tlﬁg was Inttfated In post-Lower Ordovlclm ‘time. Further discussion

of the absolute age of thrusting Is presentéd In Chapter 11.

-
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CHAPTER 10

P LATE DEFORMAT {ON EVENTS
10.1 D4 deformation

Di was a macroscopic defarmation event characterized by regional-
scale, north-northeast moderately plunging, gentle to open upright Fglds
(F4). * The effects of ’Flo are recorded throughout the map area. No
definite minor Fh folds have been recognized, though late-stage features
such as kink bands and gentle warps noted in a few outcrops may be of
this generation. Np other D4 structures such as foliations (Sh.) or
lineations (L4) were positively identified.

The geometry of_ the F4 folds suggests the stress fields associ-
ated with D4 and D3 were roughly parallel bn a regional scale. However,
D4 was obviously much less intense than the earlier event.

The existence of a post-D3 event was first indicated by structural
features observed during the field work, but it was not clearly established
until D3 minor structures were plotted on equal area proijections (Figure
16, p. 208). Field work revealed that the orientation of S2 varies sys-
tematically across the area between Steady Brook and Northern Harbour
(Figure 15f, p. 194), suggesting a major, northeast-plunging (25-30°)
anticline, which was initially throught to be a F3 fold. Further work
near the southern end of Deer Lake, however, revealed that the orientations
of F3 axial planes (S3) vary across the axial trend of the same major
structure, indicating the fold may be post=03. |t is proposed here that
the fold is a reglonal—scale, Fh& anticlinal structure, which wil}l be
referred to as. the 'Steady Brook Lake Anticline’.

The nature and orientation of Flo'is best characterized by the

orientations of D3 minor structures, as shown in Figure 16. The data are
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scarce for the carbonate terrane (domains |l and 111), but the spread of
S3 poles along a great circle in eacvh domain suggests F4 folds have roughly
the same preferred orientation throughout the terrane. When the data are
. cﬁmbined in a synoptic plot (Figure 18c, p. 266), the weak great circle
girdle defined indicates Fi folds plunge preferentially about 40° to 016
in the terrane. The slight tendency for L3 points to form a small circle
in domain || (Figure 16a) may reflect the reorientation effects of D4, or
the combined effects.of D4 and D5.

in the northern part of the metaclastic terrane (domain IV, Figure

16c), contoured 53 poles appear to define a multiple cross-girdle pattern,

suggestin_g\co'mplex post-D3 deformation effects. The axis to the most

well-defined girdle plunges about 40" to 018, essentially paraliel to the
general axis in the carbonate terrane (Figure 18c). In the so.uthern part
of the metaclastic terrane (domain V, Figure 16d), a fairly well-deflned
girdle of S3 poles suggests F4 folds preferentially plunge 30° to 016, .
In general agreement with the orientation in the rest of the area. A weak
cross-‘girdle pattern is also evident in domain V. it is noteworthy that
S3 poles are most dispersed in damain V, possibly indicating that post-D3
deformation effects were mon:e intense and Vvaried in the southern part of
Athe metaclastic terrane.
The form map for S3 (Figure 16e, p. 208) indicates that the data
are generlllly not "abundant enough to mark F4. However, S$3 trends roughly .define
5 the trend.of the St:ady Brook Lake Anticline in the northern part of domain
l IV near the south end of Deer Lake. "
The synoptic plot of §3 data from the metaclastic terrane (Figure
18d, p. 266) shows a relatively distinct great circle girdie, which defines
Fb folds plunging.about 35° to 016. This agrees with the overall 40" to

016 plunge for F4 in the carbonate terrane (Figure 18¢), and suggests
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littte or no movement after D4 on thrusts separatihg the terranes. In
corl\trast, the markedly different orient;ations of F3 folds in the two ter-
ranes, as indicated by S2 poles (Figure 18a and 18b), would suggest the
terranes experienced differential movement on the major thrusts following
D3. 7

That "the thrust movements occurred during Db is suggested by the
orientation of F4 f;olds, which indicate that regional compressive stresses
were oriented roughly east-we.st, thus making it likely that the north-
northeast-trending thrust zones would have been reactivated during Dlo
Furthermore, tﬁe relat'ively low intensity of D4, as indicated by the absence
of penetrative foliations, minor structures, and associated metamorphism,
suggests that thrust zone reactivation must have occurred under relatively
low temperature and pressure (near surface) conditions. This is consistent
with the late-stage, more brittle sh&aring suggested for the thrust zones.

The Steady Brook Lake Anticline is the only definite F4 fold
recognized in the map area. However, a c&npilation of regional, structural
and stratigraphic information (Figure 19) reveals seve.ral structures of
similar scale and o.rfentation, whilch are possibly of F4 generation. The
most prominent of these is the Humber Arm Syncline, first recognized by
Walthier (1949). Walthier was also the first to describe the problematic,
regional, divergent cleavage fan centred on the axis of the syncline, and\

recorded by slaty cleavages and axial planes of minor folds, both of which

dip steeply east on the western Iimb and steeply west on the eastern limb

(Figure 19, upper pant). He attempted to explain the synchronous development

of the syncline and the cleavage fan in terms of differential shearing,
drag folding, and thrusting in the limbs during regional~scale, flaxural
folding. However, both Walthier (1949) and Stevens (1965) acknow!edged the

complex structural relations, and pointed to the possibility of more than
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/s
one phase of folding. The,;(nterpretatlon of this cleavage fan is signifi-
&

cant in terms of the structural history of the Corner Brook Lake area.

It is evident ffqrn the findings of the present study that the

. cleavages and minor folds fo;1ning the 'fan' across the Humber Arm Syncline
are D3 structures (e.g.,i the axial plane of the Seal Head Syncline and its
associated.cleavage).. It is also clear that the fan ;xtends eastward into
the map area (Figure 19, upper part), as demonstrated by a crudely-developed
53 cleavage fan across the Steady Brook Lake Anticline (F4). In view of
the scale, style and orientation of the Humber Arm Syncline, and the
structural relations noted above, it is proposed that this major syncline
represents a F4 fold. It is also suggested that the reorientation of $3
to pfoduce a divergent cleavage fan occurred during regional, FL4, flexual
folding, similar to that envisioned by Walthier (1943), but with the
important difference that the vertical -'cleavage' generated during D3
- became a-divergent *cleavage fan' during F4 folding.

Other possible F& folds are indicated in‘ Figure 19, based on scale,
style and orientation characteristics which are similar to those of fhe
Steady Brook Lake Antikline. These include the Stag Lake Anticline (east-
ern counterpart of the Humber Arm Syncline), a serles of major foldAs south-
west of the Humber Arm Syncline, a major anticline on Glover‘ Island (Knapp

1980), felds in..the 0ld Man's Pond area, and major folds in Carboniferous

rocks of the Deer Lake Basin (Baird 1959; Fong 1976b; Hyde 1979a). Of
course, assignment of these folds to F4 is purely speculation at this point,
and further work is needed to confirm or refute these suggestions.
The significance of Fh folds in Carboniferous rocks, with respect
i to the structural history of the map area and the region, will be discussed

. In more detail in the next chapter.

AN
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10.2 D5 deformation

The 05 deformation event was a macroscopic, regional-scale event,

on roughly the same scale as the Db event which preceded it. It was much

‘less intense than the eartier D2 or D} events, and may even have been less

intense than D4. However, D5 differs significantly from vall preceding
events in that it represents- a period of .cross-folding, characterized by
northwest-trending, gentle folds and warps (FS). .

The most obvious manifestation of DS, is the regional sinuosity (F5)
it 'produce& in the trends of pre-DS, large-s::ale structures (Figure 20).
it is clearly recorded in the axlial traces of Fb folds such as the Humber
Arm Syncline and, to"a lesser extent, the Steady Brook Lake Anticline. F5
is alsoc reflected in the sinuous trends of F3 axial traces, especially
thése in the carbonate terrane (Figure 20; geologic map, in pocket), and
is clearly defined by the general variation in S2 trends (Figure 15f, p.
194) . FS5 may also contribute to the variable trend of the Corner Brook
Lake Thru;t zone.

On a smaller scale, DS effAectsr no doubt contribute to the comp lex
cross-girdle pattern of $3 poles for the metaclastic terrane (Figure 16c
and 16d, p. 208), to the ;‘.endency of $2 poles to form small circle patterns
(e..g., domains I'it and V, Figure 15¢c and 15e, p: 194), and also to the
general north-south dispersion of all foliation data around east-west,
great circle girdles (e.g., Figure 18, p. 266).

No irrefutable evidence of minor DS structures was found in the
area. However, a northwest-plunging gentrl'e fold, found on the shore of
Grand Lake southeast of Corner Brook Lake, may represent FS, and H. Williams

found a vertical, northwest-striking fracture cleavage in massive carb-

onate rocks near Big Gull Pond (personal communication, 1980), which may




FIGURE 20: D5 DEFORMATION. EFFECTS
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represent S5. In additioﬁ, airphoto analysis has revealed a strong, west-
northwest, preferred orientation for trends of major fractures and faults
(Figure 21, p. 277), some of which couly}be axial plane structures {55)

of large-scale, F5 folds.

'The general west-northwest trend of F5 s evident, but the plunge
of its axis is uncertain, since, without a known and consistently~oriented
Sh reference surface, L5 cannot be uniquely determined. It is noted,
however, that F5 appears to be respohsible for the regional, sinuous trend
of the Yastgrn boundary of the Humber Arm Allochthon (Figure 20). This
conclusf;;)is supported by the parallelism of the sinuosity in the alloch-
thon boundary and In structural trends in the map area. In view of the
fact that the allochthon structurélly overlies the autochthon and ;s gen~
erally west-dipping near the contact, the salients o% allochthonoys rocks
could be interpreted as synclinal, and adjacent recesses as anticlinal, in
nature. Thus, using this griterion, F5 could be considered to be effec~
tively west-northwest plunging on a regional scale (Figure 20). ‘fﬂ

It can be concluded that D5 deformation was the result of
north-northeagilsouth-southwest, regional compression, that the deformation
was of low Tntensity relative to earlier events, and that low temperature
and pressure conditions, similar to those during Dh, prevailed during 951

10_.3 Latest deformation

High-angle faults and major fractures

Most of the high-angle faults and major fractures in the area are
clearly post-D3 in origin. Some may be post-D5, but most are likely re-
lated to the D4 and D5 deformation events, which occurred under the rela-

tively low termperatures and pressures (near surface conditions) conducive

—~
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to the formation of these brittle deformation features. The major high-

angle fauits have dissected the area into 'bldcks', which haQe e;perienced

differential movements, thﬁs complicating stratigraphic and structural

relations and their interpretation. >

The larger faults and fractures are identified as Iineaménts on
airphotos and aeromagnetic maps of the area, ;nd their traces are shown
in Figure 21. Only the largest faults are indicatea on the accompanying
geologic map of the area (in pqcket). Some of the |ineaments are siﬁply
large fracture zones, hawing no displacement associated with them. The
straight traces, uhaffected by topography, indicate the dominant vertical
orientation of these features'.

The entire spectrum of possible trends is recorded by these faults
and fractures, as illustrated by the rose diagram in Figyre 12. The dia-
gram graphically displays their preferred Arientatfons in terms of their
relative abundance in each ten degree interval of azimuth. A total of |27ﬁ
1ineaments are represented.

The rose diagram clearly shows the predominance of west-northwest
(285) and northenortheast (025) trends, as well as the common occurrence
of west-southwest (245), northwest (325), and northerly (005) trends.

These preferred orientations, and their distinct symmetrical arrangement,
strong]y suggest most~6f_the fractures and faults aregenetically-related

to the Dk and DS deformation events. Thus, the main concentrations may
represent cross-fractures (and faults), shear fractures (and faulis), and
axial plane structures associated with north-northeast-trending (025) Fh,
and west-northwest-trending (285) F5 folds.
Cabot Fault : ' ; - r

The Cabot Fault.ls a regiona! structural feature extending north-
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northeastward from Port aux B;sques to White Bay, a distance of 300.km.
The fault zone runs through the western side bf Grand Lake, and forms the
eastern boundary of the map area, but is not exposed within it. Although
no attempt made‘to'study the structural characteristics of the fault,
it is a m;jor structural feature in the region, and has clearly experi=-
enced significant Iaté-stage movements. Thus, it deserves some comment.
The nature of the fault is controversial, and the whole gamut of
poé;ible interpretations has been proposed, Including thrust, strike slip,
oblique s|ip, and normal. Current ideas favour efither de;tral or sinis-
tral, strike slip movement (Wilson 1962; Belt 1969; U?bb 1969; Lock 1969,
1970; Williams et al. 1970; Hyde 1979a), while early workers proposed west-

directed thrust or hughfffgle reverse, dlsplacement (Schuchert and Dunbar
1934; Heyl 1937; Hayes and Johnson 1938; Betz 1948; Bell 1948).

In general, pre-Carboniferous rocks cannot be directly correlated
across the fault, suggesting significant movemenf; However, exceptions may
be found with more detailed stud?. Rocks in the present map area, for
example, may have lithologfc correlatives on Glerr Island {Knapp et al.
1979). |

The fault clearly affects rocks of Carboniferous age (e.g., Knight
1975, 1976; Hyde 1979a), and thus its latest displacement has beeri syn- or

post-Carboniferous. Some idea of its antiquity is furnished by brecciated

granitoid rocks which have intruded the zone (Knapp et al. 1979), and have

_been correlated here with the Silurian-Devonian Topsails Batholith, on

the basis of chemical (see Figure 8; p. 61) and structural similarities.
This suggests the Cabot Fault was in existence during Silurian time, and
thus it is evident that the fault has had a long and complex history,

possibly involving different styles of movement at different times.

The style and orientation of structures in the present map area
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suggests that dnsplacement In the Cabot Fault zone may have Involved a
slgnlﬂcant component of west- -directed thrusting, or high-angle reverse
faulting .(see Figure 23, p. 287). This is not to imply that strike siip.
mo‘tlo'h ﬁas not occu;'fred. or that ;uch dlsplacénent_ is iﬁcompptibfe with

" the present !.nterpr’etatlon. for both may have occurred at different times.

2 e am e

Houever, lt ls felt that the possible significance of thrust movements in ° .
the zone has been g.reath/ underestlmated, and that such displacement may ) - *
go further In explaming structural and stratlgraphlc fh_atures in and ¢
. adjacent to the zone than does t;\e, popu>lar‘view of dominant strike siip
motion. . ‘ ‘
In Chapter 13, a tectonic model is proposed (see Figure 27-; p."326) i
which suggests the Cabot Fault originated relatively early (JSI-IurIan)
v the strucfural Hstory of.- ;he area as a regional normal fault, in response
to Isostatic rebound forces foliwlng the Middle Ordovician Taconic
" Orogeny. Its subsequent history involved pre-Acadlan intrusion of granite

" material and a complex sequence of movements (Including thrusting) during

" the Acadlan and Mleghenian Orogenies,

»
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CHAPTER 11

STRUCTURAL HISTORY

“
The evidence presen{ed in the foregoing chapters indicates the
structural histor'y of the Co;';er Brook Lake area was complex, invalving
at least five deformation events. In addition, the following discussion

will show that the history was alsoc quite long, spanning almost the entire

Paleoczoic.

Before briefly summarizing the structural history and the char-

acteristics of the five deformation events, a geologic time frame for the

events will be established.

11.1 Ages of deformation events

The relative ages of the'struqtural events are recoghized by their
overprinting relationships, and are indicated by the assigned numerical
sequence - D) (earliest) through D5 (latest). Absolute ages, on the other
hand, are more difficult to determine, blut three approaches may yield re-
liable results: 1/ date events in relation to the ages of rocks affected,
2/ date events in relation to minerals of known-isotopic and relative
structural age, and 3/ date events by correlation with regional deformation
episodes (orogenies) of established.age.

As for the first approach, all five deformation evenfs are recorded
in, and thus post-date, rocks of the carbonate terrane, the youngest of
which are Ordovician in age (St. George and Table Head Groups). An upper
time limit for the structural history cannot be as sharply defined using
this approach, however, since the youngest rocks in the area, the Pennsyl-
vanian Deer Lake Group, also show signs of deformation, although it is

much mi 1der than that associated with the early svents (D1-03). In the
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absence of post-Carboniferous rocks, and rocks of established age in

the Ordoviclan~Carbtoniferous time interval, this approach can only tell

us that the early, intense deformation events (01-D3) occurred in sequence
sometime between Ordovician and Carboniferous time.

) The second approach for providing an absolute time frame is even
less fruitful, since only four isotopic dates are available, and all four
are K-Ar dates on biotite or muscovite. The dates range from 452 + 20 to
412 £ 14 Ma (Wanless et al. 1965), and within the limits of error indicate
a Silurian cooling age. The fact that the dated micas are interpreted to
be syn-D2, based on thin section study of rocks from the same outcrops,
suggests only that D2 is pre-Silurian in age.

As it happens, the best time frame for the deformation events is
provided by the third approach - by correlation on the basis of style,
sequence, relative intensity, orientation, and associated metamarphism with
regional structural events of established age.

Three, major, orogenic events have affected rocks in the northern
Appalachians. Two of these, the Middle Ordovician Taconic Orogeny and
the Devonian Acadian Orageny, are well-defined and widely agreed on, and
botfi-have distinctive styles that are regionally consistent., The third,
the Alleghenian Orogeny of Carboniferous-Permian age, is less clearly
defined, particularly with respect to western Newfoundland, and appears
to be more controversial In terms of extent and significance.

In the following subsections, brief descriptions of these orogenies
are presented In order to provide a basis for the regional correlation of
deformation events in the map area (summarized in Table 10, p. 290). The
descriptions are condensed from regional syntheses (Rodgers 1967; Poole

et al. 1970; Willisms et al. 1972, 197h4; Poocle 1976; Schenck 1978: Williams

1978b, 1973), to which the reader is referred for more information.
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Early deformation events

The Taconic Orogeny is characterized by intense polyphase defor-
mation, which generated west-verging, isoclinal recumbent folds and a
strong penetrative schistosity, general'ly regarded to be composite. Mod-
erate to high-grade (amphibolite facies) metamorphism accompanied and
directly followed the deformation in most places. The general nature of
the event is one of horizontal west-directed-transport, which is reflected
most clearly in the emplacement of the allochthonous sequence, including
ophiolite suites, in western Newfoundland during Middle Ordovician time.
The tectonic disturbances recorded by rocks of the Table Head Group attest
to the fact that the orogeny was well underway to the "éast during early
Middle Ofdovician time. In Newfoundland, Taconic effects are found to be
somewhat localized along the margins of the Humber and Gander zones.

The Acadian Orogeny of Devonian age, in contrast, affects a much
broader area in Newfoundland, and is found to be most intense i'n the central
part of the island. The deformation prodyced tight wupright folds and a
steep cleavage where most intense. Thus, the net effect of the orogeny
was lateral (east-west) shortening of the Appalachian Orogen. Syn-orogeriic
metamorphic conditions, especially along the margins of the Orogen, were
generally of a lower grade (greenschist facies) than during the earlier
Taconic Orogeny.

It is significant that fossiliferous Silurian rocks in the western
White Bay area record only a single, characteristically Acadian foliation,
while uhconfomably underlying Ordovician rocks contain both Taconic and
Acadian fabrics (Lock 1969, 1972; Williams 1977b). These relations serve
to sep;rlte the two orogenies, both temporally and with respect to style

and intensity, and also demonstrate clearly that the eastern part of the

Humber zone (e.g., the present map area) experienced the characteristic
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strains of these two major orogenies.

It is evident, even from this brief regional deformation picture,
that the two rﬁost fntense structural events recognized in the Corner Brook
Lake area, D2 and D3, are obvious correlatives of the Taconic and Acadian
Orogenies. Thus, D2, like the Taconic, affected Qrdovician rocks, and is
characterized by a prominent penetrative schistosity (52) developed in
association with isoclinal folds (F2), which are typically west-verging
and recumbent with respect to the vertical, overprinting D3 structures.

D3 is clearly pre-Carboniferous and notably less intense than the preceding
D2 (Taconic) event. Typical of Acadian deformation it is characterized

by tight, upright, northeast-plunging folds (F3) and a strong, axial planar
crenulation cleavage (53). D3 was accompanied by greenschist facies

(chlarite grade) metamorphism in the map area, which produced extensive

ratrogression of the higher grade, epidote-amphibolite facies (garne

grade) mineral assemblages generated during and following D2.

The D1 deformation event, recognizled only by a rare foliation (s1),
is overprinted by D2, but like D2 apparently affected (pos.t-dates) Ordovician
rocks in the carbonate terrane. Thus, with the available evidence D1 can
only be Interpr:ted to be an early phase of the Taconic Orogeny, which,
indeed, is known to be polyphase in’nature'.

The conclusion . regarding the timing of D1 and D2 events in the
Corner Broolf Lake area represents one of the most significant results of
this work, and its bearing on the timing o‘f orogenies in the Humber zone
is an important contribution to the regional gepYogy. Specifically, there
has been cons iderable controversy over the age of earliest deformation in
the Fleur de Lys Supergroup on the western Burlington Penirisula, wi th

Kennedy (1975) suggesting a late Cambrlan to early Ordovician age (his

Burlingtonian Orogeny) and others (e.g., Williams 1977a) suggesting a
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Middle Ordovician (Taconic) age for earliest deformation. As noted pre-
viously, rocks in the metaclastic terrane have traditionally been corrai-

ated with the Fleﬁr de Lys Supergroup, and this study supports the cor-

-~
relation on lithologic (section h.6) and structural grounds. Structurally,

the D1 through D3 events in the Fleur de Lys Supergroup (Kennedy 1975) are
clearly equivalent to the DI through D3 events in the Corner Brook Lake
drea in terms of style, orientation, sequence, intensity and associated
metamorphism. Thus, the fact that D! and D2, recorded in both the mata-
clastic and carbonate terranes, are correlated with the Taconic Orogeny
of Middle Ordovician age, and in view of the lithologic and structural |
correlation between.the Fleur de Lys and metaclastic terrane rocks, it
follows that the controversial, earliest deformation in the Fleur de Lys
occurred during the Taconic Orogeny in Middle Ordovician time.

Th_is conclusion casts serious doubt on Burlingtonian orogenic
deformation in the Fleur de Lys Supergroup, and supports the argument
(e.g., Williams 1977a) that the Fleur de Lys was undeformed prior to the
Taconic, and that Middle Ordovician ophiolite obduction was the force
behind simultaneous deformation of both the thjck clastic wedge (Fleur
de Lys and metaclastic terrane) and carbonate bank (carbonate terrane)

forming the Lower Paleozoic continental margin.

Late deformation events

As noted, the extent and significance of the Alleghenian Orogeny
is more controversial than that of the 'earlier orogsnic events, and thus,
in an attempt to shed some light on the problem, the author carried out a
survey of literature on Carboniferous rocks in New.Foundland and the Mari-
times. The results are briefly summarized here to set the regionai frame-

work for correfation: of late deformation avents in the map area. More

,4
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detailed discussion is presented in Appendix C, and Figure 23 is a
compilation of the large-scale fault and fold structures In western
Newfoundland which have been, or could be, attributed to Alleghenain
deformation.

Carboniferous-Permian age deformation in the northern Appalachians
is most intense in and adjacent to northeast-trending, major fault zones,
and is characterized by development of large- and small-scale, tight to
gentlé folds and faults, both of which trend northeasterly. The folds
plunge northeast or southwest, and are commonly overturned to the north-
west. Axial traces of major folds locally display a sinuous variation in
trend, and late, minor, northwest~trending cross-folds are also found in
some places. The major faults are dominantly high-angle and include both
dip slip and strike slip vérieties. However, a significant number are
east-dipping reverse faults, and lowar angle thrust faults are not un-
common.

Work in the Maritimes (see Appendix C) has shown that folding,
faulting, intrusion, metamorphism, and thrusting are all products of Alle-
ghenian Orogeny. There is evidence of recumbent folds and major west-
directed thrusts in Carboniferous rocks, and locally the thrusts have
superposed Precambrian rocks on rocks of Mississippian age. The latter
clearly Jemonstratas the signlﬂcaml:e of late deformation effects In pre-

Carboniferous rocks.

.
i

Work in the C;rboniferms basins of western Newfoundland (Appendix
C; Figure 23) Indicates the multiphase nature of All‘eghenian deformatim.\.
However, it is also clear that low temperature/pressu?'e conditions pre-
vailed, as suggested by the faét that very low grade metamorphism and
development of slaty cleavage are only very localized phenomena. The

sinuous traces of major folds is well defined, and there is evidence of

Coa
.-
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west-diracted thrusting affecting both Carboniferous and pre-Carboniferous

rocks, Most notabls are late thrust (or high=angle reverse) movements

on the Cabot Fault, the southern extenslon of the Grand Lake Thrust,

the Long Range Thrust, and the Hare Bay Thrust (Appendix C; Figure 23).
The style, orlentation and relative intensity of Alleghenian

deformation [n wastern Newfoundland strongly suggests that post-Acadlian

(post-D3) structures In the Corner Brook Lake area are Alleghenian In age.

The open, northeast-plunging regional F4 folds in the area are correlated

- hare with folds of similar size and orientation In the Carboniferous rocks

of the Deer Lake and Bay St. George Basins, while FS cross-folds are

correlated with the sinuous northeast-trands of fold axial traces in the

Carboniferous rocks (Figure 23). Thus, it Is propased that D4 and DS

rapresent two phases of deformation assoclated with a complex serles of
movements during the Alleghenian Ou;égeny.

The effective westward tectonic transport associated with
Alleghenian deformation in western Newfoundland 1s reflected in the map
area mainly in the form of renewed movements in the major thrust fault
zones, It is concluded here that Alleghenian deformation in pre-Carboniferous
rocks was much more signiflicant and extensive than current ideas would

suqggest,

1.2 Structural evolution - summary

The foregoing discussion indicates the Corner Brook Lake srea was
affected by three regional orogenic events, which are represented by at
least flve local deformation events. It is also evident that the struc-
tural history spans most of the Paleozolic, from Ordovician to Permian.

The brief structural history outline which follows is summarized in Table

’
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10. Information on regional tectonic events that form the framework for

this discussion is taken from Williams and Stevens (1974) and Williams

(1979).

Following late Hadrynian rifting of Grenville basement and con-
struction of a Hadrynién-Ordovician continental margin, represented by
the stratigraphy of tﬁe map area (section 6.2), the Middle Ordovician
Taconic Orogeny, recorded as D1 and D2, affected the region. The Gren-
ville basement (Tonalitic gneiss complex) was extensively reworked by the
intense (D1/D2 - Taconic) d;formation. Positive Grenville structures have
so far not been recognized, with the exception of the dominant gneissosity
in the Tonalitic gneiss complex - interpreted to be a reoriented and re-
constituted Precambrian planar structure.

D1 is the earliest, recognizable, post-Grenville structural event,
and is identified by a rare follation (51) in rocks of the metaclastic
and carbonate terranss. |Its consistent parallelism with relict bedding,
and the apparent absence of F1 folding, suggest S1 may be a bedding plane
schistosity developed during 'burial' in the early stag?s of the Taconic.
Minerals defining the schistosity indicate greenschist facies conditions.

D2 was a more intense phase of the Taconic, and represents the most
intense deformation event in the map area. It is characterized by a péne-
trative schistosity (S2) and associated isoclinal folds (F2), which pro-
duced a composite S1/52 foliation - the daminant planar structure recorded
In all three terranes in the area. The F2 Isoclines are commonly west-
verging, and F2-F3 geometry indicates F2 (and thus $1/52) was subhorizontal
prior to F3. Major west-directed thrust faults were initiated during 02,
and all were ductile in nature, involving mylanitlzation. The most deep-
seatadl the Grand Lake Thrust, Involvad transport of basement rocks up

through the cover sequence. The pressure/temperature conditions favoured
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TABLE 10 -
STRUCTURAL HISTORY
DEFORMATION ' CORRELATIVE
PERIOD EVENT CHARACTERISTIC FEATURES REGIONAL
. EVENT
TRIASSIC FAULTING ? High-angle block faulfs
1. ] WNW tranding gentie foids — no cleor
P.ER“’AN minor structyres
ALLEGHENIAN
OROGENY
CARBON- D4 NE trending, open 1o gentls regional
IFEROUS foids (F4) — no clear minor structures
— redctivation of major thrusrs
D03 NE ftrending, tight to open, inclined to
DEVONIAN upright foids (F3) — prominent Imter~ ACADIAN
secticn lineation (L3) ~ locally OROGENY
strong crenulation cfeavage (93) —
reakttivation of thrusts
SILURIAN
D2 Recumbent, W-verging [soclinal folds
(F2) with penetrative schistosity (32)
— 31/32 marks dominant foliation in
area — major thruste initiated ond 32 TACONIC
(MIDOLE) mylonites genermed OROGENY
T)RDOWCM
[« ]] Ruarely preserved foilation (3t) —
possidie bedding plane follation
CAMBRIAN
HADRYNIAN
HELIKIAN GRENVILLE Snaiseseity — no other structures GRENVILLE
recognissd due ta Taconic overprint
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ductile deformation, as metamorphic mineral assemblages indicate epidote-
amphibolite facies conditions prevailed during the D1-D2 interkinematic
interval, and amphibolite facies was attained during D2 and the D2-D3
interval. Therstyle, orientation, and intensity of D2 structures are all
consfstent with the regional character of the Taconic Orogeny, which in-
volved westward transport of the Humber Arm Allochthon.

Following emplacement of the allochthons, isostatic forces may
have generated regional normal fault zones (e.g., Cabot Fault), and
post-kinematic (Siluro-Devonian) granitoid rocks were intruded into the
area, apparently synchronous with the amphibolite facies metamorphic peak
(see Figure 27, p. 326). Following these events, during the Devonian, the
Acadian Orogeny (D3) produced tight'ta ogen, steeply-inclined to upright,
moderately northeast-plunging folds (F3) in the strong, subhorizontal
$1/52 foliation. A prominent intersection lineation (L3) in S2 was the
result where f3 folds generated an axial planar crenulation cleavage (S3).
F3 is well-developed on all scales, and macroscopic folds are particularly
we|l-developed in the carbonate terrane. Existing thrust faults were
reactivated during D3, and new thrusts may have been initiated in associ-
ation with major F3 folds. The asymmetry of F3 (considering later defor-
mation effects) suggests there may have been a preferred overturning to
the west, which would have been conducive to westward thrusting associated
with folding. Overall, the style of D3 deformation is consistent with
regional east-west crustal shortening during the Acadian Orogeny. Meta-
morphic minerals indicata low grade (lower greenschist facies) conditions

prevailed during and after D3, possibly reflecting uplift accompanying this

.style of deformation,

Following Acadian (D3) deformation and during and following depo-

sition of Carboniferous rocks in intermontane basins, the region was sub-

il SR i e S 0 52 i i RS S
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jected to the Alléghenian Orogen_y. which had its most intense effects on

the Carboniferous basins,.but also significantly affected pre-Carboniferous
rocks. The mulitphase nature of the Alleghenian Is represented (in part)
by the D4 and D5 deformation events in the Corn?r Brook Lake area.

D4 produced regional-scale, opeﬁ to gentle, northeast-plunging
folds (F4), but no minor structures were recognized. FL folds reoriented
pre~existing S3 vertical structures and produced a regional, divergent
cleavage fan centred on Fh fold axes. The effective east-west compression
was also ;-esponslble for reactivating major thrust faults, with displace~
ment occurring in the least competent rocks in the zones, without produc-
tion of mylonites. The absence of metamorphic mineral growth indicates
sub-greenschist facies conditions. The 05 event produced regional-scale,
west-northwest-trending cross-folds which are responsible for the slinuous
trends of earlier structural features. No minor D5 structures were posi-
tively identified, and no metamorphic mineral growth accompanied the event.

The latest deformation in the map area is represented by high-
angle faults and major fractures. Some of these may post-date D5, but
many are likely related to regional folding under low temperature/pressure
condi tions during D4 and D5, and thus are interpreted to be Carboniferous
to Permian in age. Those that post-date DS may be Triassic in age, as

faulting of that age has been regionally recognized (e.g., Rodgers 1967).
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CHAPTER 12

METAMORPH | SM
12.1 Introduction

Most of the rocks in the map area have been affected by meta-
morphism, the grade of which in;reases, in general, from west to east
with Tocal discontinuity at thrust faults (Figure 24). 1In the west, some
rocks record only sub-greenschist facies conditions, as recrystallization
is the only metamorphic affect. In the east, on tﬁe other hand, there is
evidence that amphibolite facies conditions were reached in parts of the
metaclastic and gneissic terranes.

As well as the obvious west-east metamorphic gradient, there is
also a more subtie north-south gradient from epidote-amphibolite to
amphibolite facies In the eastern half of the area (Figure 24). Highest
grade is recorded in the southern part of the metaclastic terrane, and in
the gneissic terrane. The gradient is apparently continuous south of
Grand Lake as well, where kyanite occurs in metaclastic rocks and relict
granulite ?hoioi assenblages were found in correlati;es of the Tonalitic
gneiss complex (Martineau 1980).

There is not enough information to clearly define the location of

&

isograds in the map area. However, Figure 24 shows the general distribution
of metamorphic facies, but omits effects of retrograde metamorphism and
shows only maximum grade recorded. The metamorphic facies classification
used throughout this study is the %ne proposed by Miyashiro (1973), in
which zeolite, greenschist, epidote-amphibolite, amphibolite, and granu-
lite facies constitute the medium pressure facies series, which is applic-

able to matamorphism in the map area. {In working out the metamorphic

history, the criteria used for relating metamorphic mineral growth to

-




294

E AMPWEOLITE FaCHES

EPI00TE AMPHBOLITE TO LOWER AMFWEOLITY FACIKS
EMOOTE AMPHIBSOUTEL FACIES
m CREENIOAST FACIES

E SUS- T LOWER GREERSCHMIST 4= ]

E UNMETAMORPHOSED

WETAMORPWC  SOUMBARY
(INFERNED)
|~ TVRUET et
/ L

— Holt ANGLE PAULT

—

FIGURE 24: METAMORPHIC FACIES DISTRIBUTION® MAP

=2 P S 1



295

structural elements are those outlined by Spry (1969).

On the basis of the available evidence, the overall metamorphic
history of the area appears to have been relatively simple, involving a
single amphibolite facies metamorphic peak reached during D2 and the D2-
03 interkinematic interval.

in the following sections of this chapter, metamorphic features

of rocks in each of the three terranes will be briefly discussed and the

metamorphic history will be outlined.

12.2 Gneissic terrane

Two of the threes units in the gneissic terrane are characterized
by relict amphibolite facies mineral assemblages. However, retrogression
has been intense in these rocks and greenschist facies assemblages now

dominate.

Tonal itic gneiss complex

Rocks In the tonalitic gneiss complex reached at least amphibaolite
facies conditions, as indicated, for example, by mineral assemblages in
the amphibolites that cut the complex. Higher grade assemblages, if ever
present, are chliterated.

The basic mineral assemblage in the gneisses includes plagioclase-
_quartz-biotltropldot.-chlorit. hd hornblende. The dominant metamorphic
mineral l§ biotite, which parallels the main foliation (in part 52), and
also locally defines an incipient 53 foliation. In the northern part of
the complex, the biotite is green and invariably chloritized, while in the
south it is brown and typically not chloritized. Green hornblende is

lbsént in the north, but locally accompanies biotite in the south and marks
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a distinct L2 lineation in some gneisses. Epidote is ubiquirtous, being
most abundant (10-152) in highly-strained gneisses (mylor;ites) in the

Grand Lake Thrust zone. Chlorita is rare in the southern part of the

complex, but abundant as an alteration product of biotite in the north.
Plagioclase is more intensely saussuritized and usually albitized (as
shown by microprobe analysis) in the gneisses in the north.

These mineralogical variations in the complex suggest the effects
of retrograde metamorphism were more intense in the northern than in the
southern part of the complex. Similar southeast to northwest Increasing
retrogression was noted by Martineau (1980) in correlative gneisses south
of Grand Lake. In both areas the increased retrogression may be related
to deformation in and adjacent to the Grand Lake Thrust zone.

The nature and origin of the gneissic layering in the complex was
also briefly investigated during this study using microprobe analyses of
plagioclases from the melanosomes and leucosomes of two, texturally diff-
erent migmatitic gneisses. Analysis of the first, the thickiy-iayered
gnelss shown in Plate 4 (p. 36), shows that the plagioclase composition
(Anl) is essentially the same in both melansome and leucosame (sample 253,
Tabie 15, Appendix B}, supporting the textural evidence that metamorphic
segregation rather \that?i njection was responsible for the layering. That
simllarity in plagioclase composition is not likely due to homogenization
following injection of the leucosome is shown by the results of the second
analysis. Analysis of the second migmatite, which is texturally a lit-
par-lit migmatite; Indicates that the plagioclases are in fact composi-

tionally different (sample 298, Table 15, Appendix 8), as would be expected

*
with injection of the leucosome. Homogenization of composition had not

taken place. These semi-guantltative anaiyses suggest that gneissic layer-

ing in different parts of the complex has had different origins. Defor-
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mation may also have played a signit’icant rale in generating the gneiss-
osity in the complex.

Amphibolite layers in the complex record relict amphibolite facies
conditions., The basic mineral assemblage includes hornblende~plagioclase-
biotite + actinolite + chlorite + epidote. Post-52 garnet porphyroblasts
were found In one amphlbolite near the mouth of 'Twillick 8rook’, and
traces of calcite were found in the same rock..

In an amphibolite near 'One Mile Pond' brownish-green hornblende
is rimmed by light-green to blue-green actinolite. Some of the hornblende
is also partly altered to brown biotite and chlorite. |n contrast, an
amphibolite on the hill overlooking Grand Lake west of 'White Ridge Brook'
contains light-green actinolite, epidote and minar chlorite. The presence
of hornblende in the north and its absence In the south suggests retro-

" grade effects were more pervasive in the south than the north, opposite
to the northwest-increasing retrogression suggested by the mineralogy of
the gneisses. However, the amphibolites were not extensively sampled, and

it |s possible that these reprasent local anomalies.

Where deformation of amphibolite is most intense (e.g., in the

Grand Lake Thrust zone), chlorite and epidote dominate the mineralogy at
the expense of hornblende, and, to a lesser extent, biotite. The resultant
mineralogy in these very fine-grained, strongly-foliated rocks indicates
lowermost greenschist facies conditions prevailed during deformation.

High fluld activity in the thrust zone may also have contrlputed to the

final product. '

Antler Hill formation

Rocks in the Antler Hill formation were also subjected to amphi-

bolite facies metamorphism.
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Red garnet and brown biotite are the dominant metamorphic minerals,
and their presence indicates that at least garnet grade (epidote-amphibo-
lite facies) conditions were reached. Garnets are most commom in pelites,
as porphyroblasts up to 1 cm in diameter, while in the quartzofeldspathic
schists 2 mm size garnets are typical and invariably partly chloritized.
Brown biotite, also partly chloritized, is the dominant lepidoblastic
mineral and defines the main schistosity (S2). Sericitic muscovite is
generally a minor component and plagioclase is variably saussuritized.

The bi.otite anphivlbolita laye‘s found in the quartzofeldspathic
schists indicates amphibolite facies conditions were reached locally, and
mineral assemblages in the calc-silicate schists in the Quartzlte member
lend further support. The assemblages in the schists include actinolite-
alblte-e_gidote-phlogopite-K-feldspar, and diopside-tremolite-clinozoisite~-
plagioclase-K-feldspar. The presence of relict diopside.in these meta-
morphosed calcareous rocks indicates lower amphiboliie facies cbnditions.
The diopside is partly replaced by tremolite and both minerals are kinked
(03 effect?). Parctial chloritization of phiogopite jn another calc-
silicate schist, in addition to the replacement of diopside by tremolite,
suggests retrogression to 'greenschlst facies conditions. The presence of
K-feldspar is attributed to regionai alkali metasomatism associated with
intrusion vof granitoid rocﬁs. which will be discussed more fully in the

Cirlbou Lake fonn;tion subsectiogn.

Last HIll adamellite ) -

The minor amounts of biotite found in the generally leucocratic
rocks of the Last Hi!l adamellite show only partial replacement by chlorite,

suggesting greenschist facies conditions prevalled sometime after its

intrusion. Structural, isotopic and chemical evidence indicates Intrusion
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occurred in the D2-D3 interkinematic interval, and thus the retrogressidn

may have accompanied D3 (see p. 59-62).

12.3 Metaclastic terrane

Fi
Amphibolite facies conditions may have baen reached locally in

the southern part of the metaclastic terrane, but epidote-amphibolite /
,

facies conditions likely prevailed for most of the terrane (Figure 24).

All four formations in the terrane have distinct metamorphic features.

P

Caribou Lake formation

The Caribou Lake formation is in large part a metamorphically-
defined unit, in that the bulk of the formation, the Albite schist member,
is characterized by an abundance of albite porphyroblasts. In the remainder
of the formation, the Metaconglomerate member, albite por'phyrob!asts are

absent. v

Albite schist member --- Mineral assemblages in the member typically
include quartz-albite-muscdvite-epidote + biotlite + K-feldspar + chlorite
+ garnet. Husiovite, with or without brown or green biotite, defines a

52 foliation, which Is crenulated to define S3. Biotite is partly to
cat_uple.tely chloritized in the northern part of the member, as well as along
the shore of Grand Lake where deformation was an important factor in the
process of retrogression, but it is noticably less chloritized inland in

the southern part of the member. Epidote and chlorite are minor constitu-
ents in the coarse alblite schists, but are major components in the ‘finer

albite-mica schists. Tourmaline found in one schist in the northern part

of the member contains epidote inclusion trails (52) which are oblique

to the S3 external follation.
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Albite porphyroblasts, which form 30-60% of the mineralogy, are
generally xenoblastic, untwinned, buff-orange to pinkish, and average
about 5 mm (see Plate 9, p. 67). Porphyroblasts up to | cm are not un-
common, and there is a distinct preference for more abundant and larger

)

porphyroblast growth in pelitic layers. A pure albite composition (A_n‘_l0
is essentially constant throughout the formation, with only one noted
occurrence of oligoclase porphyroblasts.v The albites are typically crowded
with 'lncluslons, of which quartz is most abundant. Randomly-oriented
inclusions are common, but where a preferred orlentation is present
inclusions usually mark S2 and rarely St, indicating both post-D! and
post-D2 albite growth.

Coarse albite schists also commonly contain small amounts (10%)
of K-feldspar, which forms Ian:ge xenoblastic gréins or patches that
appear to have grown ‘intgmﬂ'i,ally' (Plates 77 and 78). Some of the
larger patches contain S‘Z quartz inqlusion trails, implying post-D2
growth, and some display microcline twinning. This distinctive habit
is interpreted to indlcate Incipient porphyroblast growth.

The combination and extensive growth of albite and K-feldspar
porphyroblasts strongly suggest the member experienced alkali metasomatism,
involving either local or regional transfer of alkali elements, particu-
larly Na and K. It Is maintained here that this alkall metasomatism was
responsible for the 'feldspethization’, or, effectively, the 'granitization®
of much of the eastern part of the metaclastic terrane: indeed, the grani-
toid appearance of some metaclastic rocks is remarkable. Restwiction of
these effects to the eastern part of the area suggests a definable ‘'meta-

somatic front' may have existed prior to modification by D3 and Iiter de~

' formation events.

It is proposed here that the alkali-rich fluids invaded sediments




PLATE 77

Microphotograph of incipient K-feldspar porphyroblast - yellow-stained
porphyroblast with 'interstitial' habit; containing inclusions of quartz
and muscovite defintng $2; in coarse albite schist from east-central part
of map area (79-304); Polarized light; field of view = 3 mm.

PLATE 78

Microphotograph of microcline porphyroblast - yellow-stained, post-D2°
porphyroblast with microcline twinning and quartz and muscovite inclusions;
more weli developed porphyroblast than than shown in Plate 77 above;
Polarized light; fiald of view = 3 mm.
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that contained a significant amount of felidspar, which was mainly plagia-
. clase. This proposal is based. on the overall similarity of the coarse
albite schists to the laterally-equivalent, coarse meta-arkosic rocks in
the Metaconglomerate member, which contain non-porphyroblaﬁtic plagioclase
and virtually no K-feldspar. It is suggested that the original feldspar
grains (n the sediment acted as nucleation sites for porphyroblast growth.
The greater abundance of alblte porphyroblasts probably reflects the
greater sbundance of plagioclase over K-feldspar nucleation sites.

Brown (1965) and Jones (1961) report similar extensive metasomatic
growth of albite porphyroblasts in the Dalradian rocks of Scotland. They
note that in the lower part of the biotite zone detrital plagioclase is
albitized, while in the upper part plagiociase growth occurred on the
clastic feldspar grains. (in the Corner Brook Lake area, the presence of
garnet in pelites In the member suggests garnet grade conditions were
reachad.) Brown also points out that the lower the An content of plagio-
clase the more difficult it is to form deformation twins. Thus, the
pure albite composition in the map area may explain the predominance of
untwinned porphyroblasts. \

The source of the alkali Fluids can only be speculated on with
the available evidence. A most likely candidate, however, is the Topsails
Batholith, the large peralkaline complex outcropping east of the map area
which has been suggested here as the source of the Last Hill adamellite '
ana its apophyses in the map ares. Taylor et al. (1980) note the ¢common
occurrence in the Topsails of secondary albite and other sodic minerals,
uhi;h they intefpret as ‘'reflecting automitasouatism by sodium-rich
magmatically-derived fluids" (p. 435). The implications for the Corner

Brook Lake area are obvlious. The extremely large size and composition

of the Topsails Bathollith, and the presence of its apophyses in the map

«
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area, strongly suggest it was the source of the alkali {sodium=rich)
fluids involved in the regional-scale metasamatism (feldspathization) of
the eastern part of the Corner Brook Lake area.

The presence of garnet in pelitic rocks, noted above, indicates
epidote-amphibolite facies conditions were general ly reached, while a
plagicclase and olive-green hornblende assemblage in amphibolite on the
shore of Grand Lake Indicates amphibolite facies conditions were attained
locally. On the shoreline east of 'John's Pond', strongly deformed meta-
basic rocks contain greenschist facies assemb lages, suggestlf\g retrogression

was assisted by deformation.

Metaconglomerate member === The Metaconglomerate member of the Caribou
Lake formation contalnas .-th. same basic mineral assemblage as the Albite
schist member, with the major difference that neither the plagioclase nor
the K-feldspar Is porphyroblastic.

The inclusion-free feldspar grains are the original clasts in the
coarse arkosic sediment, ;nd appear to have experienced only limited
overgrowth and modification during metamorphism. Biotite, the only porphy-
roblgstlc mineral o the member, is represented by crystals up to ¥ em
that have grown statically (randomly) over the S2 foliation (see Plate 16,

“p. B7 ).

In metabasic rocks in the member, | cm brown biotlte porphyro-
blasts are coomon and over?rint S2. The mineralody includes actinolite,
albite and epidote, indicating greenschist facies conditions. Aibite in
one layer forms small (1-2 mm) white porphyroblasts.

G

Mount Musgrave formation

Mineral assemblages in the Mount Musgrave formation include
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basically quartz-plagioclase-muscovite~-garnet t biotlte % chlorite t
epidote. The main metamorphic feature is the common presence of red
garnet porphyroblasts. Their presence in pelites indicates epidote-
amphibolite facies conditions were reached throughout the formatlion.

Garnets vary in slzg from 0.5 mm to 3.cm and commonly contain
Inclusion trails marked by quartz. Most trails observed were straight
andwdeflne S2, indicating that a high proportion of the garﬁets are
post-D2. However, rarer post-D1 and syn-D2 garnets were also recognized.
Microprobe analysis of one garnet in a schist from the southern part of
the formation indicated It Is essentially almandine with a signlificant
component of grossular (sample 52-1, Table 14, Appendix 8).

Biotite Is brown and usually partly chloritized. In southern
expasures, 1 cm size porphyroblasts of bictite accompanied by smaller
garnets are commonly found in pelitic layers,. Muscovite, with or without
biotite and chlorite, defines $2 throughout most of the formation. A
single occurrence of asyn-02 (?) chloritold was also found in a quartz-
mica schist on 'White Ridge Hill',

Most of the plagioclase represents only slightly modified
sedimentary clasts. However, albite porphyroblasts are found in the eastern
part of the area, especiélly where the Mount Musgrave grades into the
Caribou Lake formation. The porphyroblasts show preference for growth
in mica-rich layers, and are typicaily buff-orangs, 2-3 c¢m in size, xeno-
blastic and crowded with inclusions (mostly quartz). in one schist from
the shore of Deer Lake 200 m northeast of 'Boom Island', albite shows
evidence of having formed at the expense of muscovlé;;(and also exhibits
signs of syn-03 growth (Plates 79 and Bq). Growth involving muscovite s

indicated by the fact that only the quartz portion of the quartz-muscovite.

matrix forms inclusions, and the syn-D3 growth is suggested by the siight




PLATE 79

Microphotograph of albite porphyroblasts =~ upper two porphyroblasts
(left and right corners) are inclusion-free, lower one has slightly
curved, 52, quartz inclusion trails; note abundance of muscovite in matrix
and its absence as inclusion phase, suggesting albite growth by reaction
with muscovite; upper two porphyroblasts have grown in a quartz-poor,
pelitic layer, In which the muscovite has been crenulated against the
porphyroblasts by D3 defarmation, suggesting some component of post-D2
growth; curved inclusion trails in lower indicate some syn-D3 growth;

same rock as In Plate 80 below; Polarized light; field of view = 3 mm;
outcrop location 211,

PLATE 80

Microphotograph of albite porphyroblast - porphyroblast records some
degree of syn-03 growth, as shown by curved inclusion trails marking S2:

in quartz-muscovite-albite schist of Mount Musgrave formation outcropping
on shore of Deer Lake 200 m NE of 'Boom {sland'; Polarized light and quartz
plate inserted to aid in defining porphyroblast; field of view = 3 mm.
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curvature of S2 inclusion trails. This albite/muscovite relationship may
explain the preferred growth of albite in pelites.
in the northwestern part of the formation, in a pelite containing
a smalli tlgh; to isoclinal fold (F3) and an associated axial plane cren-
ulation cleavage (53), S2 inclusion trails in syn-D3 albite porphyro=
blasts display the classic vergence relationship to the fold (Plates 81
~—te 83). Porphyroblasts on the limbs of the fold (Plates 81 and 83) con-

tain S-shaped and Z-shaped trails,'while those close to the hinge zoge

(Plate 82) contain trails trahsitiﬁnal between S-shaped and M-shaped.
Post-D2, black tourmaline (schorl) crystals averaging about 3
to 5 mm in length are common in the northwestern part of the formation,
and are typically associated with albite porphyroblasts.
Foliated ($2) metabasic rocks found on the transmission line
north of 'Tower Hill' contain the assemblage actinolite-albite-chlorite-
epidote-bioti te-garnet, indicating at least epidote-amphibolite-facies

conditions were reached during D2.

Twillick Brook formation

Mineral assemblages in the calcareous rocks of the Twillick Brook
formation suggest epidote-amphibolite facies conditions prevalled and
that locally amphibolite facies cond!tl?ns were reached.

Medium- to coarse-grained marbles, micaceous marbles and calcareous
schists contain essentially calcite-muscovite + biotite. Muscovite (seri-
cite), with or without brown biotite, defines S2. Biotite reaches | cm
size In the coarser rocks and gives them a spotted appearance.

Calc-silicate schists vary mineralogically within the limits of

the basic assemblage quartz-calcite-mu eov [ te-plagioclase-biotite-zoisite

¥ hornblende + garnet + chlorite. Thes¥jrffcks are most notable for the




PLATE 81

Microphotograph of syn-D3 alblte porfphyroblast containing S-shaped, S2,
quartz inclusion trails - porphyroblast from east lim of minor, northeast-
plunging antiform (F3); S3 crenulation cleavage is well-developed and
dominates 52 defined by quartz and muscovite; curved inclusion trails
indicate syn-03 growth; F3 fold in schist sn NW flank of Mount Musgrave;
. Polarized light; field of view = 3 mm.

PLATE 82
i
Microphatograph of syn-D3 albite porphyroblasts containing transitional,
S-shapeéd to M-shaped, S2, quartz Inclusion trails - porphyroblasts from
near hinge zone of minor, northeast-plunging F3 antiform; located on fold
between those shown In Plates B1 and 83; Polarized light; field of view =
3 mm. -

PLATE 83

Microphotograph of syn-D3 albite porphyroblast containing Z-shaped, s2,
quartz Inclusion tralls - porphyroblast from west 1imb of minor, north-
east-plunging F3 antiform; note $3 external crenulation cleavage; note

also the rare twinned porphyroblast of albite; Polarized light; field of
.view = 3 mm,
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variety and extensive development of porphyroblasts, which include horn-
blande, garnet, plagioclase, zoisite‘ and biotite. Muscoyite and brown
biotite again mark the $2 schistosity. Biotite is locally porphyroblastic,
but generally shows no sign of retrogression. Some of the brown mica may
be phlogopitic.

Porphyroblastic plagioclase forms xenoblastic crystals up to 2
cm in size, but in most schists it forms part of the matrix to other
porphyroblastic minerals., The plagioclase is relatively calcic (An20-30)
(Table 15, Appendix B). Zoisite commonly fomms idioblasgic crystals up
to 1 am in size (Plate 84), and in one place crystals up to 10 cm long
were found.

The"most prominent metamorphic feature of the formation is the

porphyroblastic growth of hornblende, and to a lesser extent garnet.

Black tschermakitic hornblende crystals wup to 20 ecm in length are

present in some schists, but most average about 110-15 cm (Plate k8h;

see also Plate 3‘!?.__;_:1, 131). They commonly form radiating clusters in the
S2 foliation plane, but are clearly post-S2. Hornblende is so prolific
In places that clusters form black layers (2-3 cm) in the schists. Chlor-
itization of hornblende generally varies from partial to complete, but
a few porphyroblasts show no sign of retrogression. )

Red garnet porphyroblasts typically co-exist with hornblende.
Garnets range from | to 4 cm in diameter, are partly to completely chlor-
itized, and are clearly post-D2 (Plate 85). Like hornblende porphyrablasts,
garnets are so numerous (> 80%) in places they form garnet-biotite layers.
Cunpositionally,-they are a!mandlna with a grossular component (samples
18, 251 and 110, Table 14, Appendix B).

The para-amphibolite variety of the calc-silicate schists contains

the assemblage hornblende-plagioclase-muscovite-biotite-garnet-zoisite-




PLATE 84

Microphotograph of idioblastic, post-D2 porphyraoblasts of hornblende and
zoisite - large tschermakitic hordblende crysta! and small zoisite
crystals (showing anomalous blue colour), against background of very large
(2 em) andesine porphyroblast; note diffuse graphitic layers passing
through all minerals; graphite layers deflne S2; in para-amphibolite of
Twillick Brook formation, from 'Gull Pond Road' west of 'Second Pond';
Polarized llght; field of view = 3 mm. :

PLATE 85

Microphotograph of post-D2, garnet porphyroblast - garnet with 52
graphite inclusion trails; external graphite layers are micro-folded with
the muscovite schistosity by D3 deformation; in calc-silicate schist from
the same area as sample in Plate 83; Plain light; field of view = 3 mm.
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calcite-quartz. Large (2 cm), interlocking oligoclase~andesine crystals
form the basic framework In some rocks, and all porphyroblasts contain '
black graphit'lc layers {Plates 84 and 85) marking a relict S2 foliation.
Slight deflectlons in the graphitic layers as they pass into some porphyro-
blasts, and wider spacing of layers Inside some porphyroblasts, are inter-
preted to be the minor rotatlonal and flattening effects associated with
D3. The co-existence of hornblende, andesine and calcic garnet in this
cho;ogy indicates lower amphibolite facies conditions may have been
attained locally in the formation.

| Phyllitic and quartz-mica schists locally contain gérnet and/or
albite porphyroblasts with straight 52 inclusion trails. The porphyro-

blasts are rotated within the overprinting 53 crenulation cleavage. The

garnet is almost totally replaced by chlori‘te. .

Serpentinite unit

The serpentinites are mlnerélogically simple, with antigorite as
the main component accompanied by minor amounts of idioblastic buff
magnesite, as well as talc apd chromite. The unit represents meta-ultra-
basic rocks of ophiolitic affixnlty, a.nd thus the timing of serpentinization
is not clear. It may have occurred In the oceanic domain, or alternatively

during its structural emplacement in the Corner Brook Lake area.

12.4 Carbonate terrane

Rocks in the carbonate terrane are noticably lower grade than
those in the two terranes to the sast. The grade varies from sub-green-

schist or lowermost greenschist id the west to upper greenschist facies.

along the eastern margin.
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- The chi'ef effect of metamorphism in the terrane was the recrys- -
tallization of both carbonate and clastic rocks. Calcitic and dolomitic
marbles are very fIne-gralned.along the western margin and increase in
grain size toward the eastern part of the terrane, where they are medium-
grained {i-2 mm) in the Grand Lake Brook g"r‘oup. Oflg!nal shales in the
upper part of the Table Head Group and In the Humber Arm Supergroup are
now slates, in which muscovite (sericite), without chlorite or biotite,
generally defines S2, suggesting at most sub-greenschist or lower gre.en-
schist facies conditions were reached during D2. Original shales in the
Grand Lake Brook group to the east, on the other hand, are now phyllites

in which muscovite and biotite (variably chloritized) define S%, indi-

cating syn-D2 upper greenschist facies (biotite grade) conditions. S2 ‘
is strongly crenulated by D3, and chloritization'of biotite likely accom-
panied the D3 event. A single example of post-D2 biotite porphyroblasts

was found in a pelite in the Grand Lake Thrust zone south of ‘Triplet '

Brook'.

v 12.5 Metamorphic history - summary

¢ ~Some of the general trends and sallent features of the metamorphic

bistory of the Corner Brook Lake area are reconstru.'c,t\ed below based on

the relations between metamorphic mineral growth lnd‘é;tablished structural

events discussed in the foregoing sections. Figure 25 summarizes these

relations.

' The oldest metamorphic effects are probably recorded in }ha base-

% ment rocks of the Tonalitic gneiss complex and may have been in part
responsible for the formation of its wel!-dgveloped gneissosity. However,

neither metamorphic nor structural Grenville featuras have been positively
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identified and distinguished from intense Lower Paleozoic features.

Clear evidence of early metamdrphism in the area is recorded.in
rocks in the northern part of the metaclastic terrane, where helicitic
posf-Sl garnet and albite porphyroblasts preserve $1 inclusion tralls

‘
defined by quartz and epidote. Muscovite also defines a relict St
foliation in parts of the metaclastic and carbonate terranas. Syn-Sl|
muscovite and epidote Iimplies greenschist facies conditions érevailed
during D1, while the growth of garnet and albite post-DI porphyroblasts
Implies an in;rease in grade to epidote-amphibo]ite‘facies during the
D1-D2 interkinematic interval.

D2 produced the dominant foliation (S1/52) which Is defined
by‘one or more of the following: quartz, muscovite, biotite, epidote,
and hornblende. The syn-02 growth of hornblende in amphibolites of the
metaclastic and gneissic terranes indicates amphibolite facies conditions
prevailed during D2, at least locally in the southern part of the area.
The absence of syn-D2 retrogressive effects on.post-D1 porphyroblasts also
Indlcates that the grade during D2 was equal to or higher than that during
post-D1 time.

The D2-D3 Interkinematic interval witnessed prolific growth of a
variety of porphyroblasts in rocks of the metaclastic and gneissic terranés.
The most common porphyroblasts include garnet, albite, hornblende, and
biotita. Other post-D2 minerals are indicated ln' Figure 25.

The extensive growth of post-D2 albite and K-feldspar porphyro-
bilasts In the eastern part of the area is attributed to regional alkali
ﬁetasomatisn associated with intrusion of granito}d rocks. The presence
of garnat in pelitic rocks indlc;tes at least epidote-amphibolite facies
conditions, while the hornblende-andesine-garnet assemblage in calc-

silicate schists indicates lower amphibolite facies conditions were reached,
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at least locally in post-D2 time. The absence of static, post-D2 retro-
gressive effects on D2 minerals also suggests the grade remained at least
as high as the epidote-amphioblite to lower amphibolite facies of D2 time.

03 deformation produced a crenulation cleavaée (s3) without
significant mineral growth. In only a few samples from the southeastern
part of the area, incipient growth of muscovite (sericite) and biotite
was noted. Some degree of syn-D3 albite porphyroblast growth is recoé-
nized in the northern part of the'metaclastic terrane, but in many cases
this may represent the continued or renewed growth of post-Dz'porphyro-
blasts. No evidence of syn-D3 garnet growth is recognized. These minerals
suggest syn-D3 greemschist facies conditions, while the extensive chlor-
itization of pre-D3 garnet, biotite and hornblende, which appears to be
directly related to the D3 deform;tion, suggests chlorite grade (lower
- greenschist facies) conditions prevailed during D3.

It is notable, however, that D3 retrogression was apparently not
felt eaverywhere, as several examples of unaltered, post-D2 garnet, biotite
and hornblende were found-in the southern part of the metaclastic terrane.
In all of these cases, the characteristic D3 minor structures were also -
absent (due to the regicnally inhomogeneous nature of 03?), suggesting an
intimate relationship between deformation and retrograde metamorphism.

There is no evidence of post-D3 or later (D4 or D5) metamorphism
fn the Corner Brook Lake area, implying that after D3 the metamorphic
conditions remained below chlorite grade.

fhe general trend of the changing metamorphic conditions with time
Is shown in Figure 26 as a plot of maximum grade reached during each
deformation eveﬁt and their interkinematic intervals.

The available evidence suggests a relatively simple metamorphic

history Involving progressive increase in grade through D! to a lower

U S
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amphibalite ‘facles peak during 02 and post-D2 time. The peak coincldes
in part with the main period of porphyroblast growth and the extensiv%
metasomatism accompanying granitoid intrusion during post-D2, pre-D3 time,
Condltions’ eppear to have changed 'rapidly' with the onset of D3, as a
significant drop in grade to lower greenschist facies produced extensive
syn=D3 retrograde metamorphism. Sub-greenschist facies conditions pre-
vailed during post-D3 and throughout the remainder of the structural
history,

it is Interesting to. note that avallablie Isotopic dates from the
area corroborate the late stages of the metamorphic hist’ory as outlined
above. Four K=-Ar dates (ranging from 412 to 452 Ma) on muscovite and
biotite from thc; u'stern pirt of the area Indicate Siluyrian-Devonian
{post-D2 and syn-D3) cooling without subsequent 'reheating'. These dates
are consistent with recent Ar-Ar dates from the Fleur de Lys Supergroup
and the Indian Head Range complex, which have been interpreted to indicate
no Acadian (D)) re-setting of the 'Ar clock', and thus no signiflcant
Acadian prograde metamorphism (Dallimeyer 1977, 1978).

The regional=scaie causes and energy sources for both metamorphism

and defoﬁnatlon in the Corner Brook Lake area are discussed In the final

chapter {section 13.2), where a tectonic mode! for the area is proposed.
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CHAPTER 13

GENERAL SYNTHESIS
13.1 Conclusions

The preceding chapters of this thesis have presented and discussed
the results of a reconnaissance-scale study of the Corner Broog Lake area,
located in central western Newfoundland. The general stratigraphic, struc-
tural and metamorphic features of the area were outlined, and correlative
features in the regional geology were suggested. More specifically, the
main geologic features of the previousiy poorly understood eastern part
of the area were described in detail, and the degree of stratigraphic, ﬂgjﬁf(
structural and metamorphic contrast and continuity with the well-known hah
carbonate terrane to the west was examined:

The more significant results of the study are noted below, and the
‘general geology, and the geologic history (Table 11), are summarized in
the discussion of the tectonic model for the area presented in the follow-
ing section.

The major stratigraphic results are:

1/ the firm establishment of the Grand Lake Brook group as

a signiflcant stratigraphic unit along the eastern margin of the carbonate
terrane; subdivision of the group into the 5tag Hill and Reluctant Head
formatioﬁs; recognition of its conformable stratigraphic relationship with
the overlying St. George Group, proving it to be an integral part of the
regional, Cambro-Ordovician carbonate sequence; recognition of the Grand
Lake Brook group as the stratigraphic link across‘the major thrust zones

between the carbonate and metaclastic terranes (i.e., lithologic correlation
’ . .

between the Stag Hill and Reluctant Head formations and the Mount Musgrave

and Twillick Brook formations). The significance of this link is noted
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among the structural results below.

2/ identification of a reworked segment of the Grenville
basement of the Humber zone, represented by the Tonalitic gneiss complex
in the gneissic terrane; correlation of amphibolite layers in the complex
with rift-related. late Hadrynian basic dykes‘.

3/ mapping and definition of seven new lithostratigraphic
units in the eastern part of the area: ) in the metaclastic terrane, the
Caribou Lake, Mount Musgrave and Twillick Brook formations and the Serpen-
tinite unit {see 5/ below), the first three of which form a metasedi ~

mentary sequence clearly correlative with rocks in the regional strati-

associated wi

graphy lntcrpf;yjcd to be Hadrynian-Cambrian, terrestrial to marine dcposfts

construction of the continental margin (Hunber zone), and
b) in the gneissic terrane, the Tonalitic gnelss compiex (see 2/ above),
the arkosic sediments of 'the Antler Hill formation (laterai equivalent of
the Caribou Lake formation), and the Last Hill ademellite (see 4/ below).

b/ identification of the Last Hill adamellite pluton in the
gneissic terrane and its apophyses throughout the gneissic and metaclastic
terranes (as well as the notable absence of granitoid rocks in adjécent
parts of the carbonate terrane); timing of the intrusion as post-D2 and
pre-D3 (Taconic-Acadian interkinematic interval); correlation of the
Intrusion with the Siluro-Devonian Topsails Batholith.

S/ identification of the Serpentinite unit and its inter-
pretath:m as a 'block' of ophiolitic affinity structurally mploﬁcd In
a major thrust zone durlng the D2 event (i.e., during Taconic emplacement

of the Humbem Arm Al lochthon).

Among the more significant structural/metamorphic results of the

study are: \

/
i
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1/ demonstration of the fact that the earliest (post-
Grenville) -defomation 'n the area (D1/02) is recorded in both’the meta-
clastic and carbonate terranes, as the Grand Lake Brook group provides the
structural link by clearly recording the same D1/02 and later structures
found In the metaclastic terrane. The fact that the group is stratigraph-
ically tied to the carbonate terrane (see 1/ above) as part of the Cambrian
to Middle Ordovician carbonate sequence implies that the earliest defor-
mation to affect this part of the Humber zone is no older thanynlddle
.Ordovlcian. and thus is undoubtedly related to the Taconic Orogeny (note
that D1/D2 are also correlated with the Taconic on the basis of style,
intensity and associated metamorphism). The timing of earliest d.eformation
In the area as Taconic has important implicatfon’"s/_ for the fegional tectonic
picture as well (e.g., timing of earliest deformation in the metaclastic
terrane equivalent Fleur de Lys Supergroup). '

2/ delineation of five (post-Grenville) deformation events
in the map area and their correlation with the Taconic (D1/D2), Acadian
(D3) and Alleghenian (D4/D5) regional orogenic events; confirmation of
Taconic and Acadian deformation in the a}ea, and identification and
description of previously unrecognized Alleghenian deformation in pre-
Tarboniferous rocks, and its significance in the late Paleozoic evolution
of the map ares and the region.

3/ confirmation of the existence of major, east-dipping
thrust faults in the area, and delineation of the three largest (Grand Lake,
Stag Hill and Corner Brook Lake Thrusts), which divide the area and the
str;tigrlphy into three distinct 'terranes'; conclusion that the faults
were initiated early in the tectonic history (D2 - Taconic) as ductile

thrusts, but experienced more 'brittie' reactivation during subsequent

east-west compressive svents (l.e., D3 - Acadian, and D4 - Alleghenian);
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conclusion that thrusflng in general, and particularly late Pa-leozoic
thrusting, may be a more significant ‘feature of the regional tectonic
history than is currently assumed. ‘

&/ defigition of a single epidote-amphibolite to amphibolite
facies metamorphic pe;k dur-lng and following the D2 (Taconic) event - a
peak coincldent with prollfic, posf-DZ porphyroblast growth and with ths
intruslon of granitoid rocks; recognition that the peak was followed
during Dj (Acadian) time by retrogressive, lower greenschist facies con-
ditions, and during D4/D5 (Alleghenian) time by sub-chlorite grade conditions,
implying that after the 'Taconlc peak' no significant Acadian or later
thermal event occurred to cause prograde metamorphism or resetting of

.

isotopic clocks (In agreement with recent'regibﬁil suggestions).

5/ recognition of regional-scale, post-D2, pre-D3 alkali
metasomatlsm, which produced the pralific albite and K-feldspar porphyro=-
blast growth in the eastern part of the area, its relation to granitoid

intrusion In the area, and thus its ultimate association with the intrusion

of the Topsails Batholith,

13.2 Tectonic model

Tt;c results of this study can best be synthesized by integrating
then into 8 workable tectonic model. Figure 2] presents an idealized mode |,
consistent with the findings of this work, for the tectonic evoiutlon of
the Corner Brook Lake area and vicinity.

Emphas{s is placed on the construction of ﬁhe lower Paleozoic con-
tinental margin (Figure 278) and on the effects of the three Paleozoic

orogenic events (C, 0 and €, Figure 27). Smaller insets (8', C' and D')’

provide éontlnulty batween the main evolutionary stages, and, in addition,
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show significant interkinematic events. Figure 27A shows the general plate
tectonic setting of the Humber zon?, as we]l as the more easterly zones of
the Appalachian Orogen, during the Lower Ordovician. The lithoshpere
plate configuration is based on the proposals of Schenck (1971), McKerrow
and Zlegler (1972), and Riding (1974), and is {ntended solely to suggest
possible plate relatior:s which may have affected the overall tectonic
evolution of fhe Humber zone (and the Corner Brook Lake area) during the
Paleozoic. ]

The mode! is essentially the same as models proposed by other
warkers for the Iouyer and middle Paleozoic evolution of western Newfound-
land (e.g., Dewey 1963; Bird and Dewey 1970; Williams et al. 1972, 1374;
Willlams and Stevens 1974; Stevens 1976; Poole 1976; Willlams 1976, 1979).

The proposed tectonics associated with the Alleghenian Orogeny, however,

are based chiefly on the findings of this study,

Construction of the margin

Since the recognition of globgl plate tectonic processes, most,
if not all, workers’ in the ;egio;m have interpreted the Cambro-Ordovician
sequence of western Newfoundland as'a record of the construction of the
stable, Atlantit-type continental margin of eastern North America (Hl;mbqr
zone), which bordered an oceamic domain to the east (Dunnage zone) (Figure
27A).
| Figure 278 Is a palinspastic reconstruction showing in more detall

the main features of the Humber zone in Lower Ordoviclan time. The basic

“stratigraphic elements include Grenvilie baseme’t, Hadrynian to Lower Cam-

brian basal clastics and minor volcanics, and Middle Cambrian to Ordovician

carbonates. This represents the autochthonous part of the regional sequence,

which thickens and Is diachronous (clder bate) esastward.
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The basal clastic sequence, ;he most important segment of the
regional stratigraphy with respect to the Corner Brook Lake area, consists
of two distinct parts: 1/ coarse, arkosic basal clastics, with basic dykes
~and related terrestrial volcanics, and 2/ overlying, finer, more quartz-
rich clastics. The arkoses and basic igneous rocks are related to rifting
of the continental crust (Grenville basement) in late Hadrynian time. In
the ;uap area, the arkoses sre represented by the Antler Hill and laterally-
equivalent Caribou Lake Formation, the rifted Grenville basement by the
Tonalitic gneiss complex, and the basic dykes by amphibolite Tayers in all
three units. The absence of volcanic flows in the map area may indicate
the basal units were deposited 'westward' of correlative arkoses in the
Belle Isle area, where dykes feeding flows account for 502 of the exposed
basement (Williams and Stevens 1969). This Is based on the assumption that
dyke intrusion and resultant flows would have been more prolific nearer
the rift centre (to the 'east’).

The overlying, finer, more quartz-rich clastic rocks of the regional
l;nasa] clastic sequence were likely deposited,during subsidence and Lower
to Middle Cambrian marine ir;undation of the rifted margin of the crust. In
the map area, equivalent rocks. are found in the Mount Musgrave and la:erally-
equivalent Stag Hill formations (lower Grand Lake Brook group).

Depbsltion of the Middle Cambrian to Middle Ordovician carbonate
bank sequence was the result of continued subsidence, with the firm estab-
lishmoﬁt of marine conditions over the shelf and the westward migration of
the shoreline, and thus the effective removal of the clastic source. The
basal par't of the sequence is reprasented in the map area by the upper part
of the Grand Lake Brook group (Reluctant Head formation) and its easterly,

lateral equivalent the Twillick Btook formation. The upper, mare massive part

of the sequence is represented by the St. George and Table Head Groups,
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both of which are continuous throughout the Humber zone.

That the Hadrynian to Middle Ordovician sequence In the map area
was originally depos.ited at or near the edge of the continental shelf
(Figure 278) is suggested b§th by its present tectonic setting at the
interface befween the remnants of continental and oceanic domalns (Humber
and Dunnage zones) , and by facies comparisons with westerly (c;n the Port
au Port Peninsula) and easterly (on the Burlington Peninsula) equivalents.
A more precise depositional setting for rocks in the area may not be
pos'slble due to eradication of k'ey sedimentological features by metamor-
phism and deformation. However, metasadiments in the gneissic and meta-
clastic terranes were clearly deposited in a more easterly position relative
to the autochthonous sediments In the carbonate ter.rane. as the former
have experienced some degree of westward transport during structural tele-
scoping associated with Middle Ordovician and later orogenesis.

t

Taconic Orogeny

Figure 278' indicates the early.Hlddle Ordovician. initiation of
the Taconic Orogeny to the east of the continental margin and the map area.
The orogeny has been finterpreted (e.g., Stevens 1976) to be related to
attempted subduction of the continental margin, which resulted in the ob-
duction of oceanic 1ithospheres and the concomittant westward transport of
parts of the slope/rly‘.'.e prism sediments (Humber Amm Supergroup), which now
structurally overlie Middle Ordovicisn carbonates (Table Head Group). The
initiation of the orogeny is marked by a. rggional disconformity (not recog-
nized in the map area) at the top of the Lower Ordovwlcl’an St. George Group,
and its westward progression Is ret;orded in the rapidly changing deposit-

ional enviromments of rocks in the Table Head Group, from carbonates into

the proximal flysch immedlately preceding emplacemeat of the allochthons.
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Figure 27C shows, in more detail, the stratigraphic and structural
effgﬁts of the Taconic. As more westerly parts of ‘the continental margin
moved into the subduction zone, an assemblage of slope/rise sediment thrust
‘tl ices (Humber Arm Supergroup) was progresslvely accreted beneath the
overriding oceanic |ithosphere (.B'y of Islands Complex) (Stevens.1976).
Flysch from the elevated al lochthonous rocks was shed westward over the
margin, and suﬁsequent overriding of the flysch by the allochthon produced
a series of melanges containing detritus from all units, including the
higher éceanic crust. The serpentin‘ite rocks in the map area (Serpentin-
fte unit) undoubtedly originated as a 'detrital’' biock of ultramafjc rock
which became localized in a’major thrust zone.during Taconic and iater
deformation. '

The subduction zone regime determined the style, intensity and
comp lexity of the deformation in the continental margin rocks. In the map
area, the Taconic is represented by two structural events, D! and D2, which
record the westward tectonic transport’ fn th‘e form of recumbent, west-
verging folds (F2) and major thrust faults, both shown schematli:allyl in
Figure 27C. The most significant product of the orogeny i.n.the area was
a strong subhorizontal feliation, which is actually a composlte S1/52
structure, with 51 likaly representing a simple bedding-plane schistosity.
and S2 an axial plane follation to F2 isocli_ncs. Major, ductile thrust g
faults, which generated §2 mylonltis, were initiated as relativeiy deep-
seated features involving both basement and cover rocks. Basement rocks
we're considerably reworked during the Taconic and the prominent gneissosibty.
which may have originated as a Grenville structure, was.requent_ed and re-
constituted. The reorientation of amphibolite layers (dykes) into pal;a-'
Ilellsm with the gneissosity may also be a Taconic ef fect.

Netamorphic grade in the area generally increased through gr,eensch'lst

t
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and epidote-amphibolite facles during D1 and post=D1 time to an amphibolite
facles peak during and after D2, Such a history Is consistent with the g
tectonic model, since temperature and pressure would be expected to rise
graduaily as the margin entered the subduction zone regime. .
Depression of isotherms during subductlion, however, may have resulted
in maximum temperature not being reached until the isotherms rose after
subduction ceased. Regional evidence (Dean 1978) indicates emplacement
of the allochthons and subduction had ceased by late Caradoclan time. Thus,
throughout Upper Ordovician il:Id into Silurian time (post-D2) temperatures
may have risen in the subduction zone. The region may have been given an
additional thermal boost by Siiurian westward subduction at plate margins
to the east (Figure 27A). 1t Is notable, however, that rising temperatures
may have been counterbalanced by a coincident tectonic event. Following
subduction, the region likely experienced isostatic rebound (Figure 27C*)
due to buoyancy of the depressed continental crust and gravitational insta-
b!lity of the overlying oceanic |lthosphere. Thus, cooling during ‘crustal
rebound' may have effectively balanced increasing temperature due to
'isotherm rebound!., This balancing may explain why metamorphic conditions
were sl.milar during syn-D2 and post-D2 :ime. |
This type of post;subdu;;tlon tectonic regime also would have

produced regional normal faults. As suggested in Figure 27C', the Cabot
Fault (CF) may have originated in this manner. Adjacent to the map area
it may have been localized in a pre-existing zone of crustal weakness, such
as the original continental/oceanic crust interface.

' Granitoid. rocks were also generated regionally during the post=~

Taconic, pre~Acadian interval, possibly Iin part by anatex{s of subducted

continental material which remained relatively deeply buried in the zone.

The isostatically=-generated normal! faults produced during this interval
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no doubt served as conduits for intrusive rocks; this may explain the noted
occurrence of granitold rocks in the Cabot Fault zone at the southern end
of Grand Lake.

A small plﬁton (Last HIll adamell1te) and its apophyses intruded
the eastern part of the Corner Brook Lake area at this time, and the
evidence suggests it is a marginal phase of the voluminous, Siluro-Devonian
Topsalls Batholith. In addition, the regional alkali metasomatism in the

eastern part of the area is apparently directly related to alkali-rich

fluids emanating from the Topsails Batholith.

Acadian Orogeny

The tectonic effects of Acadian Orogeny are shown in Figure 27D,
The plate tectonic cause of the Acadian is not clear, but it is usually
assumed to be the result of major continental collision to the east of the
Avalon zone (Figure 27A). |

Acadian deformation (D3 in the map area) reflects east-west,
regional compresslon, and produced generally tight, steeply—inclined;
norfheast-trending.folds, and locally an axial plane crenulation cleavage
(shawn by steep slashes, Figuré 270). (The folds are generally tighter
and had even more effect on the stratigraphy than could be clearly shown
In Figure 27D.) Due to the orientation and style of Acadian deformation
it caused reactivation of earlier thrust tfults, and initiation of new
thrusts associated with major folds.

It seems likely that post-Taconic, Isostatically-generated normal
faults (with appropriate orientation) were also sites for Acadian thrusting,
or reverse faulting. Thus, the'northeast-trendlng Cabot Fault ﬁay‘have

been the locus of Acadian thrusting, which, adjacent to the map area,

involved ophiclitic rocks. The present Baie Verte-Brompton Line, theréfore,
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may owe its present form and location to the fact that Acadian and later
deformation (Alleghenian) Invelving ucstward thrusting was concentrated
in the ancestral Cabot Fault zone (CF/BYB - Figure 27D0).

In the Corner Brook Lake area, lower greenschist facies metamorphlc
condltions accompanled Acadian (03) deformation and produced extensive
retrogression in earlier higher grade assemblages. This lower temperature/
pressure regime may have been the direct result of relatively rapid uplift
due to the combination of upright folding and thrusting. Thus, post-
Taconic metamorphic ﬁ?ak conditions may have been cut short by deformation

marking the onset of the Acadian, in addition to the isostatic rebound.:

Alleghenian Orogeny

Carboniferous rock; In the Humber 2one were deposited in inter-
montane basins which may have been formed (in part) by tensional fﬂrces
due to post-Acadian relaxation of regionai stresses. It could be expecg;d.
that such forces would be relieved primarily by movements in the Iarger;
pre-exlisting zones of weakness; this may be the reason late Devonianvto
early Carboniferous basins formed along the trend of the Cabot Fault zone
(Figure 27D').

Fate Paleozaic Alleghenian J;Formatlon is clearly recorded in the
Carbonife(ous basins which flank the‘ﬁap area on the northeast and south-
west. The orogeny apparently Involved a complex series of regional crustal
movements, but resulting deform;tlon was localized mainly around pre-
existing zones of weakness. The absence of metamorphism anﬂ_strong foli-
ations Indicate the high crustal level at which deformation occurred.

Figure 27A suggests that the collision between Africa and the Spain/Europe

continent may have set up the crustal StresseEx, which were effectively trans-

mitted through the !rigid' pre-Carboniferous blocks to cause intense de-
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f_fgmatlon only In crustal suture zones and major fault zor;es, Iea\(ing

the, pre-Carboniferous blocks with only relatively mild, regional-scale.

deformation features.

Early Alleghenian deformation (mid-C;rboniferous) involved signif-
icant east-west compression, which probably reflects the collision far to
the east. Relatively intense deformation is recor‘dedsin Mississippian-age
rocks in the Carboniferous b;slns {e.g., Hyde 1979a), while milder effects
are found. in the pre-Carboniferous blocks, as is evidenced by the D&
event ip rocks of the map area. Db produced northeast-trending, regfonal
open folds, and caused re.ﬁctivation of early thrust faults. The style of
this deformation is illustrated in Figure 27E. {Note, however, that most
of the Acadian and earller deformation is not shown in the diagram for the
sake of clarity.) One significant effect of this phase of Alleghenian
folding was the generation of re'glonal cleavage fans in pre-existing,
vertical S3 cleavages (shown by steep slashes in central part of Figure 27€),

Following east-west compression, the regional stress pattern
apparently changed (aue to other far-removed plate motions?) and a series
of regional, west-northwest-trending gentle folds developed in the region.
in the map area, these are identified as D5 (late Alleghenian) structures.
Their orientation prohibits showing them in Figure 27, and, for the same
reason, the possibly significant strike-stip faulting in the Cabot Fault
zone 1s not shown. Such lateral motion in the fault zone could have been
reiated to either (or both) of the early (D4) or late (DS) phases of the
Alleghenian Orogeny.

Omitting effects of Carboniferous and later high-angle faulting,

parts D and E of Figure 27 schematicaily represent the present structural

and stratigraphic cross-saction of central western Newfoundland.
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13.3 Appalachian-Caledonian correlations

The Corner Brook Lake area contains Precambrian basemént rfocks and
intens;ly deformed, Hadrynian to Cambrian, rift-facies cl;;tic rocks, which
have been thrust westward over a Cambro-Ordovician carbonate bank sequence.
it is notable that similar stratigraphic/structural relations are found
all a)oqg the western margin of the Appalachian Orogen, and in the Cale-
donides of the British Isles, as is clearly shown by the recent compilations
of Williams (1978a, 1978b). -

Simitar geologic relations are f9und, for example, over a large
area along th; western belt of the Blue Ridge Mountains in the southern
Appalachians, where Imbricate westward thrusting of Precambrian basemeqt
and: Hadrynian-Cambrian clastic rocks over a Cambro-0rdovician carbonate
sequence |s well-defined. In this area, westward thrusting is also exten-
sive in the carbonate sequence.

Relations directly analogous to those in the Corner Brook Lake area
are preserved in the New England Appalachians, where correlative clastic
and basement rocks are thrust over Cambrian and Ordovician carbonates. In
southwesfern Vermont, the carbonates form a narrow belt (about the same
width as the carbonate terrane in the present map area) separating the
crystalline thrust rocks to the east from the Taconic Allochthon to the
west. In the Quebec Appalachians, on the other hand, the narrow carbonate
sequence found in Vermont has apparently been completely overridden along
a major thrust by Hadrynian-Cambrian clastic rocks, such that the clastics
now structuraliy overlie allochthonous Cambro-Ordovician rocks correlative
with the Humber Arm Allochton.

Similar stratigraphic/structural relations to those outlined by

the present study are also found in the Hebrides zone (Williams 1978b) of

’
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the British Caledonides, where the famous Moine Thrust zone superposes

Precambrian crystalline rocks on Cambro—OrdoQician carbonates.
A

13.4 Suggestions for future work in the area

The ultimate success of this study of the Corner Brook Lake area
will be datermined by the degree to which It stimulates discussion of the
ideas presented ‘and Inlt??tc; further work in the‘arel.

During the course of this project, many interesting features and
problems concerning the geclogy of the area came to light, but could not
be explored by the author. Some of these could be the focus of future
work:

1/ detalled study of the Tonalitic gneiss complex to dis-
tinguish definite Grenvillian structural and metamorphic features - in
this connoct}on, the use of aﬁ appropriate Isotopic dating technique (U-
Pb?) to 'see through' the Taconic overprint.

2/ more detailed siructural work on the major thrust zones,

possibly employlng petrofabric analysis to clearly define their early

deve lopment.

3/ map tﬁé northern and southern extensions of the Corner
Brook Lake Thrust.

4/ map the southern eﬁtension of the Grand Lake Thrust to
test the prpposal that it forms the western nargiﬁ of the basement block
outcropping west of th; Cabot Fault and that movements In the southern part
of the zone involve Carboniferous rocks.

S/ carry out detailed structural and stratigraphic study in

and around the 'island Pond Thrust' proposed by Walthier (1949) to esta-

blish its existence and regional signifcance (in view of the possibility
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that such structures may mark the contact with the Humber Arm Supergrdup.
al) along the western margin of the present map area).

6/ investigate the suggestion that a body of sarpentinite
exists in the Stag HI11 Thrust zone near 'Triplet Pond', and relate
structural snd metamorphic features of the serpentini tes to the history?
of the Stag HI11 Thrust zone.

7/ detailed study of the cleavage fan scross the Humber Arm
Syncline to test the proposal that it is defined by §3 vertical cleavages
which have been slightly reoriented by F4 folding; trace the fan east~--
ward across the Steady Brook Lake Anticline.

8/ carry out a detailed structural study of the Carbonfferous
rocks in the Deer Lake Basin and relate to late deformatiop features in
nearby rocks of the metaclastic terrane to test the correlation of D4 and
D5 phase structures I‘n the Corner Brook Lake area with structures of
similar size and orientation in the Carboniferous rocks.

9/ determine the extent and features of the metaclastic
terrane units north of the map area, and examine their stratigraphic and

structural relations to rocks in the carbonate terrane to the west.

10/ carry out an isotopic dating program in the ustervn part
of the aresa to test the proposed metamorphic and intrusive history of the
region and to provide a firmer basis for relating it to the history of

CGeestern Newfoundland.

o
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APPENDIX A

WHOLE ROCK ANALYSES

Chemical analyses were carried out at Memarial University's geo~
chemical labs. Major element analysis was performed by G. Andrews using
Atomic Absorption Spectrophotometry, and trace element analysis by D. Press
using XRF.

A sample location map for all samples quoted is presented in Figure
30, quendlx D.

\

l TABLE 12

_CHEHICAL ANALYSIS OF SELECTED LITHOLOGIES

Sample # |77-68-1 79-253-3  77-43-2  78-71-1 79-322-1 79-322-4
sio, 55.70 75.60 50.40 . 49.90 55.60 56.90
Tio, 0.83 0.27 3.38 1.24 0.61 0.62
IHZO3 17.40 12.50 13.30 14.20 14.50 15.20
Fe,0, 8.59 2.%0 14.00 12.34 5.15 5.75
Mno 0.13 0.03 0.19 0.19 0.06 0.07

- Mg0 .02 0.35 4,35 7.36 2.97 3.57
Ca0 5.27 1.47 5.33 11.65 L.1§ 2.77
Na,0 3.83 5.77 1.98 1.78 2.65 3.84
Ko0 2.10 0.61 .36 0.27  3.39 3.49
P0¢ 0.13 0.04 0.87 0.10 0.39 0.%2
Lot 1.95 0.66 1.32 Q.81 9.49 0.78
Total 99.95 99.70 99.48 99.84 98.86 93.41
(we %) -

77-68-1 = 'tonalitic' (dioritic) gneiss

79-253-3 = leucosome in migmatitic gneiss

77-43-2 = amphibolite

78-71-1 = amphibolite

79-322-1 = trachytic hypabyssal rock — ——————
79-322-4 = trachyte
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TABLE 12 (continued)

R - - - o~ -}
Sample # 78-28 79-276-1  79-280-1. 78-107  77-43-7
5102 74.90 74 .00 73.50 64.20 65.50
1'!02 0.20 0.18 0.10 0.66 0.70
Alzo3 12.40 12.10 14,00 15.80 18.60
F0203 1.60 1.34 0.94 5.58 0.61
MnQ 0.02 0.02 0.02 0.0k q0.01
Hg0 0.19 0.35 0.35 1.26 0.29
Cal 0.60 1.60 0.98 0.29 0.78
Na0 3.29 3.34 b2 3.22 7.38
K,0 4.98 4.65 k.3 6.56 4.33
ons 0.00 0.04 0.00 0.13 0.2y
Lol _ 0.59 1.62 0.66 1.54 0.65
Total 98. 67 99.24 99.28 99.28 99.06
(wt %)

(ppm) S

1r 1 294 17 1316 96
Sr 86 78 280 30 155
Rb 3 96 93 145 135
Zn 13 0 2 55 0
Cu 0 [} ] 0 4]
Ba 898 258 1470 930 . 879
Nb h 22 0 145 Y
Ga : 16 19 15 27 16
Pb 1" 10 19 12 0
Ni 22 26 i 97 "
Cr ' 0 -0 0 16 0
v ' 0 9 9 L3 20
Y 33 62 1 195 6
1) 0 1 0 3 2
Th ) 3 20 0 24 3
Ce 78 107 ch 93 L1
La 9 52 0 28 0

78-28 = adamellite from 'Last Hill'

;g:gg:: ; = granitoid rocks from shore of Grand Lake
78-107 = foliated granitold rock (part of gneiss complex??)
77-43-7 = granitoid dyke rock

b
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TABLE 12 {contlnued)

W

Sample # 79-332-1 79-332-2 79-132-3 \ 79-332-4

5102

TIO2

Al203

F0203 . , -
Mn0 ri
0
Ca0 ' (major elements not measured) B
leo

K20

ons

LOI

Total

(wt 2)

(ppm) »

ir . ho 350 370 * 175

Sr 147 81 118 122

Rb 18 166 278 129

In & 10 89 13

Cu . 1 1 0 0

Ba 550 237 278 1007 .

Nb 0 7 60 14

Ga 13 2h 2k 13

Pb h 9 3 13

Ni 0 26 ) 107 15

Cr 0 24 0 0

y 5 0 82 n

Y 6 s 2313 , 36

U 0 2 [ 2

™ 2 48 : 38 12

Ce c8 201 118 127

La 1 42 - 22 R 0

All samples from Last Hill adamellite unit on ‘Last CIRR N

L s e o e - e
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. TABLE 12 (continued) . N
W
78-158  78-16]7 - 79-284<1  77-A1

7h.h0  70.20 - B2.00  67.50
0.61 . O 0.41 0.4
12.70.  14.50 7.38 . 14.00
3.13 A.16 2.16 5.27
0.03 0.06 0.0k 0.03
0.42 0.79 0.33 2.17
0.74 0.5 2.39 0.45
2.43 2,83 ' 2.M2 2.61
2.85 3.98 1.34 3.84
0.09 0.0  0.70 0.06
1.54 1.88 0.7 1.72

98.9%4 99.69 99.88 98.06

(trace elements not measured)

Ce
La

78-137 )
78-158 ;
)

= meta-arkoses of Caribou Lake formation

78-167
79-284-1

' 77;::; ; = meta-arkoses of Antler Hill formation

o T
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APPENDIX B

MINERAL ANALYSES

Major element analyses of selacted minerals ware per-
formed by the author using an electrgn probe microanalyzer, with the
assistance of Or. H. Longrich. The purpose of the analyses was simply
ta positively identify the minerals selected (particularly solid solution
series minerals), and thus '100%2' results were not sought; Therefore, the
results are only semi-quantitative. ’

TABLE 13
AMPHIBOLE ANALYSES

77-A-3  77-A-5  78-110  78-C-6 78-18-ta 78-18-1b 78-18-1c

2 58.90 57.56  42.77  4b.32  A4.13  43.29  k5.12
2 0.06 0.0h 0.31  0.34 d.30 0.33 0.29
2% 1.28 9.89 16.49  16.07  15.58 16.39  15.03.
cry0, 0.06 0.00 0.02 0.02 0.02 0.0k 0.05
Fe0 7.n 3.90 21.65 18.60 18.80 18.80 17.85
. Mgo 20.33  22.36 7.18  8.81  8.70 8.82  9.75
Ca0 11.23 11.45 8.29 8.99 10.15 8.98 8.55
MnO 0.1k4 0.07 0.04 0.08. 0.06 0.0k 0.07
NiO 0.03  0.00 0.07 0.01 0.03 0.04 0.05
Na,0 0.28 0.26 2.56 2,16 2.18 1.96 1.87

K,0 0.14 0.0% - - 0.39 0.39 0.39

'I(’otll) Jreo.16 96.57 99.38 99.40 100.3h 99.08 99,02
wt %) ‘

# grains
analyzed

NOTE: Standard amphibole formula calculated by the method outlined‘ by
Leaks (1978). Leake's classification of calcic amphiboles is
used In Figure 28. (Ferrous/ferric iron recalculiation after

the method outlined by Knapp (in prep.)) p -

18, 110 and C-6 = mbh'&boles from Twillick Brook formation calc-silicate
schists . '

A-3 and A-5 = amphiboles from Antler Hill formation calc-sillicate schists
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TABLE 14

GARNET ANALYSES

T
79-253-2 78-52-1 79-251-4 78-110 78-18-1a 78-18-1b 78<18-1c

37.91  38.40 40.39 39.60 38.01 38.h0  139.15
" 0.19 0.0 0.09 0.07 0.09 0.08 0.05

23 19.46  20.07 21.26 20.68 20.21 20.44  21.61

203 10.00 0.00 0.02 0.02 0.02 0.01 0.05

Fed 73.72  38.16 35.08 36.66 35.25 35.40  33.4
) 0.3  0.73  1.52 1. 1.1 1.88 2.30
- 8.28 6.04  6.65 6.57 .70  8.38 6.98
Mno 11.63 ° 1.30 1.88 .19 1.08 0.84

Total 101.55 104.71 106,89 .18 : 104.39

(wt %)

# grains
analyzed

253-2 = from tonalitic gnelss \ ) .
52-1 = from garnetiferous schist, Mount Musgrave formation
251~k = from schist in Twillick Brook formation

110 and 18 = from calc-silicate schists in Twillick Brook formation
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TABLE 15

PLAGIOCLASE ANALYSES

L4

- 79-253-2 79-253-2 79-298-1 79-298-1
Les MLS LCS MLS

68.55 71.57 . 68.03 66.69
0.00 0.01 0.00 0.01
19.13 . 19.02 18.89 '20.23
6.00 0.00 0.02 0.00
0.05 0.04 0.05 ~ 0.08
0.01 0.01 0:01 0.02
0.30 0.20 0.33 2.07
12.07 12.54 12.63 ° 11.39
0.05 0.04  0.04 0.04

.100.16 103.43 100,00 100.53

1.21 . 2.49 9.13
98.31 . 97.51 9p.87
0.48 : 0.00 0.00

Albite Alblte Alblte

253 = leucosome (LCS) and melanosome (MLS) plagioclase in migmatitic
gneiss, near 'One Mile Pond’

298 = leucosome (LCS) and malanosome (MLS) plagioclase in migmatitic,
lit-par-1it gneiss from shore of Grand Lake
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TABLE 15 (continued)

AR
Sample # 77-A-3  78-134  78-146  78-158  79-205-2 |
sio, 68.51  66.01  68.80  67.76  67.55
Tio, 0.00 0.01 o.or 0.00 0.02
AF0, © 0 19.03 20.82 18.75 20.32 18.46
FeQ 0.1 0.05 0.01 0.04 0.10
Mg0 0.00 0.00 0.02 0.00 0.00 _
Ca0 0.50 2.57 0.09 1.79 0.04
Mn0 0.04 0.00 0.01 . 0.00  0.00 '
NiO 0.07 0.04 0.00 0.04 0.00
Na,0 ‘ 12.32 10.91 13.07 11.13 12.70
K,0 0.04 0.15 0.14 0.04 0.1k
Total 100,62, 100.56 100.90  101.12 99.01
(Ht 2) v -
# grains . 1 5 5 - ] 1
analyzed ;
Mol. 2 :
An- .22 12.56 0.45 0.31 0.23
Ab 97.88 87.50 99.10 91.69 99.32
or 0.00 0.94 0.45  0.00 0.45 §
Albite Oligoclase Albite Albite Albite

- A~3 '= from calc-silicate schist in Antler H111 formation
134, 146 and 158 = from alblite schists in Caribou Lake formation
205 - = from albite-mica schist in Mount Musgrave format ion

e

T o
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TABLE 15 (continued)

Sample # 78-18-1a 78-18-1b 78-18-1c  78-110 79-251-4 79-197-2
s10, 60.06  58.96  61.61 59.97 60.77 56.07
Tio, ‘ 0.00 0.00 0.00 0.00 0.00 0.03
A1,0, 22.75 25.23 23.95 23.91 22.23 22.67
Cry0y - 0.00 0.00 0.02 4.00 0.00 0.00
Fe0 0.00 0.0k 0.02 0.0k 0.02 0.00
g0 0.02 0.00 0.00 0.00 0.00 0.05 -
a0 5,92 6.19 5.73 5.80 4,70 5.73
MnO 0.00 0.00 0.00 0.00 0.01 0.00
NIO 0.00 0.00 0.08 0.00 0.09 0.00
| Na,0 9.14 6.53 7.62 7.88 9.05 7.59
X0 0.00 0.32 0.0p 0.00 0.00 0.04
! . . '
3 Total 96.87 97.27 99.03 97.60 96.87 92.18
‘ . (wt 3) . ' A
‘ # grains RS EE 1 2 1
analyzed " ' -~
| Mol. %
An 22.97°  33.43  29.§7 28.97 22.22  29.53
Ab 77.03 64.07 70.43 71.03 77.78 70.47
or 0.00 2.50 0.00 0.00 0.00 0.00
Oligoclase Andesine Oligoclase - " dligoclase

{
1 All plagioclases from schists in Twillick Brook formation

" o—

T - (e i a3,




TABLE 16

OXIDE ANALYSES

sample 78-13%  78-158  78-146 79-257-2 79-251-b  78-55

510, - 0.07 0.13 . 0.00 ~ 0.00 0.35 .06 °
Tio, ~39.01 4h.59 25.49 70.33 .0k
'A1203 0.02 0.00 0.0h . 0.56 .00
Cr 0, 0.00 0.00 0.02 . . 0.00 .23
Fel 47.70 s&.08 74.74 .33 .32
M0 0.08 0.00 0.04 . .00  0.25
Ca0 0.02 0.00 0.00 . O. .10 0.01
MnO bbb 2.72 0.01 .05 .62
NiD 0.02 "0.05  0.00 . .10 0.59
Na,0 . 0.01 0.00  0.00 .00 ¢ .01 .00
K,0 0.00 0.00 0.00 . " 0.00 .00
Total 91.37  101.57  100.34

(wt %) : :

# grains ' 1 ) 2., . 1
ana lyzed - '

| Imenite limenite - Rutile Chromite

134, 158, 146 snd 257 = from schists In Caribou Lake formation
251 = from schist in Twillick Brook formation .

55 = from serpentinite in Serpentlnlt:e unit




TABLE 17

MISCELLANEOUS ANALYSES .

: RIS SRR
Sample ¥ 77-A-5 77=A=5 717-A-3 77-A-3

| _ 79-205-2 79-257-2°
Diopside k-feldspar . - Phlogopite Tourmaline -

‘ost0, .| 56.37 61.49  58.13 43.10 36.60  136.06
Tio, - 0.02 0.02 ' 0.0b 0.80 0.30 0.58
Al,0, 0.41  17.99 17.00 15.55 28.95  28.21
Cry05, 0.00  0.01 0.00 0.00 ¢.02 / 0.00
FeO 3.37 . 0.10 10.90 12.39 / 11.97

MgO 1 17.25 . 0.00 18.87 6.09;  6.6h

cao 21.59 . 0.00 0.02 0.23 0.48

HnO 0.23 . 0.00 0.05 0.02-  0.01

NiO 10.00 . 0.03 - 0.07 0.01 0.00

Na 0 "~ 0.16 : 1.00 0.24 2.1 2.72

*K,0 0.00 - 12.06 8.63 /o0  0.00

(wt %)

f grains 1 ' 4 1 “ / 2
analyzed . ' I

i

' Total 99.h0 | 88.36  98.23 | 87.33  86.67

)
"A-5 and A-3 = from calc-silicate schists in An[ler #ill formation
205 and 275 = from schists In Mount Musgrave fq}mtlon
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APPENDIX C

SIGNIFICANCE AND EXTENT OF ALLEGHEN!AN DEFORMATION - LITERATURE REVIEW
AND DISCUSSION.

IA an attempt to determine if late deformation events in the
Corner Br ake area could-be related to the regional Alleghenian Orp-
geny, a brief 1iterature review was carried out to assess the significance
and extent of deformation- in Carboniferous rocks in the Maritime and New-
foundland Appalachians. In the author's opinion, the evidence presented
below indicates that Alleghenian deformation in western Newfoundland has
been largely underestimated by recent workers in the area.

_ Work in the Maritimes has shown that Alleghenian deformation
was locally quite intense (Rodgers 1967; Poole et al. 1970; Schenck 1971,
1978; Rast and Grant 1973; Williams et al. 197h; Poole.1976; Currie 1977).
Poole et al. (1970) note that northeast-trending open folds and high-
angle reverse and strike-slip faults are characteristic of the deformation
in Carboniferous rocks in the region, and they suggest that the '"'structures
were mainly a response to deformation in the pre-Carboniferous basement"
(p. 295). They also note that the parallelism of structures in Carbon-
iferous and pre-Carboniferous rocks suggests that 'regionai compression'
was the principal cause of deformation. In addition, they point out the
existence of north-trending cross-folds, and note that the style of defor-
mation away from the Carboniferous basins is typically open folding and
minor faulting. Schenck (1971, 1978) notes that folding, faulting, intru-
sion, metamorphism and thrusting are all locally products of Alleghenian
age in the Maritimes. Rast and Grant (1973) suggest the existence of re-
cumbent folds and major west-directed thrusts in New Brunswick Carboniferous
rocks, deformation which they associate with an 'orogenic front' tectonic
setting. Currie (1977) points out that recent regional syntheses {i.e.,
Poole et al. 1970; Willlams et al. 1974) have underestimated the intensity
of Carboniferous and later deformation. He notes significant post-Mississ-
ippian deformation on Cape Breton Island involving southwest-directed
thrusting, which superposes possible Precambrian rocks on ‘rocks of Miss-
issippian age.

This sampliing of work in the Maritimes clearly demonstrates
the significance of Alleghenian deformation in Carboniferous rocks and,
more importantly, in pre-Carboniferous rocks. This point takes on more
importance in the context of Alleghenian deformation in Newfoundland.

The literature on western Newfoundland geology indicates quite
clearly that deformation of similar scale and style as that in the Mari-
times has affected rocks along the entire length of western Newfoundland.

Deformation of Alleghentan age has long been recognized and
was given considerable emphasis by early workers in the area (e.g., Schu-
chert and Dunbar 1934;:Hayes and Johnson 1938; Betz 1943, 1948; Waithier
1949). In spite of this, recent regional syntheses (Poole et al. 1970;
Wiiliams et al. 1972, 1974; Poole 1976; Schenck 1978), In the author's
opinion, underestimate the axtent and significance of the deformation in
the reglon. Local studies (a.g., Knight 1975, 1976; Fong 1976a; Hyde
1979a) recognized the degree and extent of -the deformation, but falled to
note the obvious regional correiation with the Alleghenian.

Figure 29 is a compilation of the effects of Aileghenian defor-
mation In the Carboniferous basins and adjacent areas of western Newfound-
land. Only the major folds and faults are shown. The reader is referred
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to the sources listed on the figure for more detailed information on the
structural features outlined below.

Regarding the general nature of deformation in the Bay St.
George Basin, Hayes and Johnson (1938) noted that ''At the close of the
Paleozoic, intense compression between great masses of igneous rocks....
caused parallel overthrusts and underthrusts with a northeast trend' (p. 9).
In the same vein, Knight (1975) concludes: '‘Regional deformation following
deposition of the Carboniferous produced a complex of northeast-trending
folds and faults' (p. 38-39). From the work of Hayes and Johnson (1938),
Bell (1948), Riley (1962), Knight (1975, 1976), Fong and Douglas (1975)
and Fong (1976a), the fslliowing picture of deformation in the basin emerges:
The deformation is complex and may have been mulitphase. Folds and faults
trend northeasterly, and folds are mainly upright to northwest overturned.
Southeast-dipping reverse, or lower angle thrust faults, are particularly
common. Slaty cleavage and associated chlorite growth are only local
phenomena. A significant feature of the deformation is the sinuous vari-
ation in trend of the major folds and the occurrence of minor folds (likely
related) that trend and plunge to the northwest.

It is notable that relatively intense deformation in the basin
is not restricted to the vicinity of major faults, such as the Cabot Fault
which defines the eastern margin of the basin. Deformation along the

coast to the west is apparently locally of equal intensity. In this regard,

Hayes and Johnson (1938) noted that ''overturned folds along the coast are
compressed as much as along the Lang Range'' (p. 9), while Fong and Douglas
(1975) commented that Mississipplan rocks on the coast in the northern
part of the basin are ''repeatediy folded and faulted to form tight anti-
¢lines, synclines, thrusts and overturned beds' (p. 29).

Intense Alleghenian age deformation is also recorded just east
of the basin, where 8rown (1977) has noted three phases of deformation in
Carboniferous rocks in the Cape Ray Fault zone, which are clearly related
to movements in the fault zone. By contrast, Pennsylvanian rocks near the
Port .au Port Peninsula are relatively flat lying and undeformed (Riley
1962), and thus serve to define the western limit of significant post-
Carboniferous deformation.

The Cabot Fault has apparently had a complex history, which
has so far proven to be impossible to characterize in detail. Knight
(1976) observed the fault at two localities in the southern part of the
Bay St. George Basin and found it to dip steeply southeast, and to have an
associated shear zone (2-3 m wide) in Carboniferous rocks beneath it. This
suggests to Knight that the latest movement was reverse In nature, but he
also notes evidence of earlier strike slip movement. Westward thrusting
of the Long Range rocks over Carboniferous sediments was long ago suggested
by, among others, Schuchert and Dunbar (1934) and Hayes and Johnson (1938).
Regarding the reglonal significance of such movements, Schuchert and Dunbar
(1934) remarked that the senior author {(Schuchert)

was of the Impression that the post-Carboniferous
-faulting was of normai type and that the fdlding
of the strata was local in character and due to
this faulting; but it is now clear_that the major
faulting was of the thgust type. This fact wholly
alters the conception that there was no compression
in Newfoundland during the post-Carboniferous
{Appalachian} revolution. However, compression and
folding are greatest to the west of the major over-
thrust at the base of the Long Range Mountains, and

14




363

appear to die out farther west {(Port au Port)

and on the east side of the range as well....

This overthrusting....reached its final expres-
sion during the Appalachian revolution' (p. 14-15).

Such regional thrusting indicates the influence of Alleghenian
deformation naot only an Carboniferous rocks, but also on pre-Carboniferaus
rocks. Before going on, it is interesting to note one possible manifes-
tation of this type of regional deformation which has special importance
with regard to the structural history of the Carner Brook Lake area.

At the northern end of the Bay St. George Basin, a 'block' of
Precambrian rocks, including anorthosite (Williams 1967a) is isolated west
of the Cabot Fault and extends northeast into the Corner Brook Lake area
where it is bounded on the west side by the Grand Lake Thrust. Hayes and
Johnson (1938) suggested structures in the Carboniferous rocks just west
of this 'block' are the product of ''severe thrusting opposite (this) pro-
tuberant shoulder of anorthosite in the Long Range' (p. 8). The Grand Lake
Thrust extends southwest for at least 5 km. from the map area (Martineau
1980), and in view of the proposal of Hayes and Johnson (1938) and the
following 1ines of evidence, it is proposed here that the Grand Lake Thrust
extends even farther south and marks the western side of this Precambrian
'‘block': 1/ evidence that the Grand Lake Thrust and other thrusts in the
Corner Brook Lake area appear to have experienced post-Acadian movement,
and 2/ existence of a possible re-entrant in the thrust block near Lost
Pond, as indicated by the aeromagnetic pattern (Map 269G - GSC, 1968)
which shows the distinct Precambrian signature truncated by the Lost Pond
valley in which is found the lower intensity pattern typical of the Car~
boniferous rocks to the west.

Carboniferous rocks in the Deer Lake Basin have most recently
been studied by, among others, Hyde (1978, 1979a), Hyde and Ware (1980) and
Fong (1976b). Their results indicate relatively intense deformation invoal-
ving extensive folding and faulting in Mississippian rocks (Anguille Group)
and less Intense deformation- in unconformably overlying Pennsylvanian rocks
(Deer Lake Group). The Mississippian rocks display open to tlight, upright
to overturned folds, with axial planes dipping mainly eastward and fold
axes plunging shallowly northeast or southwest- Cleavage is locally devel-
oped, but metamorphism is not recorded. The Pennsylvanian rocks, by con-
trast, are much more gently folded on a regional scale, and most strongly
deformed near faults. The regional folds parallel the northeast trends
of those In the underlying more deformed rocks. It is notable that major
fold traces have the same sinuous variations as noted In the Bay St. George
Basin, though they are not quite as pronounced. High-angle, northeast-
trending faults are dominant, and most of the larger ones are either esast-
dipping reverse or strike-slip faults.

€ast of the Deer Lake Basin, Kean (197B) reports that Pennsyl-
vanian rocks near Red Indian Lake exhibit only very mild deformation, but
are gently folded about a northeast-trending axis.

Alleghenlan age deformation of the same style and intensity
as found in the Deer Lake Basin has also been recognized In Mississippian
rocks in the White Bay area (Heyl 1937; Betz 1948; Lock 1969, 1972; Williams
1977b; Hyde 1978, 1979a). The earlier workers (Hey! and Betz) suggested
that the post-Mississippian structures in the area were dominated by west-
directed reverse faults. The other workers note the significance of the

. deformation, but either refrain from comment on the existence of such
faults, or suggest another sense of movement,
Much farther north, on the coast between Canada Bay and Hare
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Bay, eavidence of Alleghenian deformation is recorded on two small penin-
- sulas underlain by Carboniferous rocks (Baird 1957). The rocks contain

two, oppositely plunging, northeast- and north-trending, open folds, and
they are faulted against Lower Paleozoic transported clastic rocks to the
west (Smyth 1971). Betz (1948), after unpublished work by H. Johnson of
the Newfoundland Geological Survey, suggests that the fault is an east-

dippang reverse of thrust fault. The differing axia] traces of the folds
may ‘reflect the same sinuosity noted in Carboniferous rocks farther south.

' Other evidence of Alleghenian age deformation in this region
comes from the work of Betz (1939) and, more recently, Knight and Saltman
(1980). This work demonstrates the existence of northeast-trending thrust
faults, most of which are attributed to Taconic movements associated with
emplacement of the Hare Bay Allochthon. However, Knight and Saltman (1980)
note that a late, subhorizontal to gently southeast-dipping cleavage,
spacially associated with some of the thrusts, locally overprints northeast-
plunging, northwest-facing open folds and their axial plane cleavags. The
style of the folds and their cleavage suggest they are Acadian products,
and thus the latest cleavage, ''related to late locallzed movements along
the (earlier) thrusts" (p. 26), is likely of Alleghenian age. This inter-
pretation receives strong support from the findings of Smyth (1973) in the
Hare Bay area, where the subhorizontal Hare Bay Thrust is found to truncate
upright structures Interpreted to be Acadian In age, again implying post-

Acadian (likely Alleghenian) deformation Involving west-directed tectonic
movements .

Away from the main axis of deformed Carboniferous rocks, on
the western side of the Northern Peninsula, it is notable that Oxley (1953)

noted the extensive and intensive folding and thrusting of rocks now inter-
preted to be part of the Humber Arm Allochthon. He found that this defor-
mation becomes more intense southward toward Bonne Bay, and he also found
deep re-entrants in the Long Range, suggesting a gently southeast-dipping
thrust plane bsneath the mountains. Although such thrusting can only be
dated as post-Ordovician, Oxley (1953) postulated that the Precambrian rocks
may have been thrust westward along the Long Range Thrust (Johnson 1939)
daring Carboniferous time. Thus, like similar major faults bounding Pre-
cambrian rocks to the south (i.e., Grand Lake Thrust and Cabot Fault),

the Long Range Thrust may be in part an Alleghenian feature.

Cause of Alleghenian deformation

Current interpretations of the tegtonics of Alleghenian age
revol\)ve around faulting as the 'cause of foldlng (e.g9., Poole 1976; Hyde
1979a

From the literature review ‘it is evident that much of the minor
folding in the youngest Carboniferous rocks is directly related to faulting,
but it would appear most unlikely that the regional-scale folds are due
directly to faulting. Regardless of the influence of faulting on folding,
attributing the deformation to fault movements simply begs the question -
what caused the faulting? Regional orogenesis is ruled out by most workers
- but what could have caused regional-scale deformation if not regional-
scale tectonlcs?

The solution to the procblem appears to be a matter of scale.

It is evident "that Alleghenian deformation in western Newfoundl}and is reil-
atively intense along the zone of Carboniferous basins, and that it decreases
both east and west away from the basins. (n this regard it is notable that
the width of the zone of Carboniferous deformation is approximateiy the
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same as that of the Taconic deformed zone (Williams 1979}, and that the
two zones are nearly,coincident. This is not to suggest that Alleghenian
plate margin tectonics are recorded in west Newfoundland, but it seems
most probable that the deformation is somehow related to plate tectonic
processes. : ,

It is suggested here that the Alleghenian deformation in
western Newfoundland {(both faulting and folding) was produced mainly by
regional 'east-west' compression concentrated at a high crystal level
(low temperature/pressure) in a pre-existing zone of crustal weakness, the
initial structural orientation of which pre-determined the dominant west-
directed tectonic style of the Alleghenian. The original zone of crustal
weakness near the map area may have been at or near the rifted edge of the
continental crust (the later edge of the Lower Paleozoic continental margin).
The regional stresses may have been generated by plate collisions far to
the 'east’', such as the Carboniferous-age plate interactions suggested by
Riding (197h).

deformation A& the northern Appalachians is not intended to be compre-
hensive, bdt only to highlight the main aspects and regional extent of

the deformation. This review illustrates the significance of the currently
underestimated effects of Alleghenian Orogeny in western Newfoundland,
particularly the effects on pre-Carboniferous rocks, and makes it clear
that the style, orientation and intensity of structures in Carboniferaus
rocks are correlative to late (D4/D5) deformation events in the Corner
Brook Lake area. <

/’I(’,his brief overview of Alleghenian and possible Alleghenian
n
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APPENDIX D

HAND SPECIMEN SUITE FOR THE CORNER BROOK LAKE AREA

i The following descriptions apply to the collection of hand
specimens retained by the Geology Department of Memorial University. The
suite adequately represents the variations in lithology found in the Corner
Brook Lake area.

Sample locations are shown on the accompanying map of the area
(Figure 30), which also shows the locations of all samples referred to in
the thesis. Note, however, that the sample numbers on the map do not have
the double prefix found in the sample collection (e.g., DK-78-, the author's
initials and the year the sample was collected), and likewise do not have
a suffix (e.g., -1) used to distinguish different samples from the same
locality.. In a few cases, duplication of sample number required using a
single digit prefix (e.g., 7- or 8-) on the map to distinguish samples with
the same number collected during the 1977 or 1978 field season.

GNEISSIC TERRANE

Tonalitic gneiss complex (map unit 1):

DK-77-68-1 - medium-grained, green, massive biotite gneiss

DK-79-226 - medium-grained, green, foliated, biotite-gneiss

DK-77-A-12 - green, tonalitic gneiss (migmatitic) - tonalite leucosome
and biotite-rich melanosome

DK-77-43-4 - 1ight grey, mylonitized, tonalitic gneiss

Dk-77-B-8 - fine-grained, massive, grey-green tonalitic gneiss

DK-78-29-1 - grey, biotite, tonalitic gneiss

0K-79-302-2 - grey, finely layered, biotite, tonalitic gniess

DK-79-298-4 ~ grey, fine-grained, strongly lineated, hornblende-biotite
gneiss

DK-77-71-1 -~ green, medium-grained, foliated amphibolite

OK-77-43-2 - black, fine-grained, biotite amphibolite {mylonite)

DK-77-55-1 - green, strongly deformed and retrograded amphibolite

0K-79-299-1 - black, garnet-biotite amphibolite
Antler Hill formation (map unit 2)
DK-787-25—1 - buff, quartzofeldspathic schist (chloritized garnet porphyro-
blasts)
DK-77-A-9 - fine-grained, quartzofeldspathic schist:
DK-77-A-8 - garnetiferous, pelitic layer in quartzofeldspathic schists
DK-77-A-6 - grey and white quartzite (Quartzite member )
OK-77-A-3 - dark green actinolite schist (Quartzite member)
DK-77-A-5 - light green, diopside-tremolite schist (Quartzite member)

Last Hill adamellite (map unit 11)

DK-78-28
0K-79-332-1
0K-79-332-3
OK-77-75-1
DK-77-43-7

pink, massive, leucocratic adamellite

pink, tonalite from margin of adamellite pluton

contact migmatite from margin of pluton

pink, medium-grained foliated adamellite

pink, aplitic dyke rock cutting Tonalitic gneiss complex

t
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METACLASTIC TERRANE

Caribou Lake formation (map unit 3)

Albite schist member

DK-78-167 coarse-grained albite schist :
DK-78-134 coarse-grained aibite schist (strong albite lineation)
DK-78-146 medium-grained albite schist

DK-79-286 medium-grained, green albite-mica schist

DK-78-143 medium-grained albite schist

DK-78-176 fine-grained, black, mylonitic albite schist

Metaconglomerate member

DK-78-84-1 metaconglomerate with quartz and feldspar pebbles

DK-78-17-2 coarse-grained meta-arkose (displays relict bedding, folded
hematite-rich layer, and blue guartz)

DK-78-15-1 plagioclase 'augen gneiss' (weak lineation, originally meta-
congliomerate?)

OK-78-14-3 - pink, *quartz-plagioclase-mica schist layer (meta-arkose) with
darker, mica-rich layer - both layers contain post-D2
biotite porphyroblasts {larger in pelite layer)

DK-78=40-2 pink, plagioclase-quartz-mica schist (meta-arkose)

OK-78-40-1 green, biotite amphibolite (cuts meta-arkose sample 40-2)

DK-78-157-1 - fine-grained, plagioclase-quartz-mica schisy (meta-arkose)

Dk-78-112-1 medium-grained meta-arkose

DK-78-162-2 - fine-grained meta-arkose

DK~79-322-1 'porphyritic', intensely altered trachyte (hypabyssal dyke)

DK-79-322-4 - same as sample 322-1

DK-79-280-2 - amphibolite

DK-79-280-3 - adamellite, cuts amphibolite of sample 280-2

DK-79-283 albite schist with adutaria vein

Mount Musgrave formation (map unit 4)

DK-77-8-1 - garnet-quartz-mica schist {porphyroblasts slightly rotated
by late crenulation)

DK-78-161-1 grey garnet-quartz-mica schist (dominant schistosity is S2)

DK-78-~122-2 grey-green, layered, quartz-feldspar-muscovite-chlorite schist

DK-79-173 garnet-mica schist (partly chloritized garnet porphyroblasts)

DK-78-33-1 grey-green mica schist ({tourmaline crystals)

DK-79-205-2 - green mica schist (tourmaline and albite porphyroblasts)

DK-78-119-1 green mica schist (layer in quartzose sequence - garnet and
biotite porphyroblasts)

DK-~-78-124-1 rusty-weathering, fine-grained quartzite

0K-78-100-1 quartz-feldspar-mica schist (red garnet porphyroblasts)

DK-78-1ko garnet-quartz-mica schist (strong lineation)

OK-78-169 quartz-albite-mica schist

DK-78-148 quartz-albite-mica schist {(albite and biotite porphyrohlasts -

: dominant toliation is S3 crenulation of S2 =~ post-S2 porphyro-

blasts)

UK-79-211-2 - albite-quartz-muscovife schist (blue quartz)

DK-79~260-2 garnet amphibolite layer (dyke) in gquartzose sequence




DK-79-249
DK-78-D-6
DK-78-103
DK-78-59-1

DK-78-59-2
DK-78-18-1

DK-78-76-1
DK-78-197
DK-78-108
DK-78-58-1

DK-78-55-1

369

Twillick Brook formation (map unit §)

calcareous schist with hornblende porphyroblasts
calc-silicate schist (hornblende)

calcareous schist (biotite and zaisite parphyroblasts)
medium-grained grey micaceous marble (spotted with biotite
porphyrablasts - tightly folded)

hornblende porphyroblasts in calcareous schist

dark grey, para-amphibolite (hornblende, garnet and plagio-
clase porphyroblasts)

calc-silicate schist

large zoisite crystals, bent and fractured - minor rutile
black, biotite-rich calcareous schist

micaceous (biotite + muscovite), calcitic, medium-grained
marble

Serpentinite unit {map unit 10)

- massive, fine-grained, green serpentinite {(chromite)

CARBONATE TERRANE

Grand Lake Brook Group {map unit 6)

Stag Hill formation

DK-78-82-2
DK-78-82-1

DK-78-172-2
DK-77-69-1
DK-77-48-1
DK-77-47-1

-~ fine-grained, grey quartzite

- mica schist layer in quartzite sequence (small albite por-
phyroblasts) '
grey, rusty-weathering, micaceous quartzite (blue’quartz)
medium-grained, grey quartzite (blue quartz)
grey, pyritiferous, phyllite (phylliticschist) (tight F3 fold)
grey, fine-grained, mylonitic psammite (post-mylonite F3 fold
- feldspar porphyroclasts)

Reluctant Head formation

DK-79-207-2
DK-78-1-1
DK-78-38-1
OK-77-53-4

DK-77-23-1
DK-77-31-1

DK-77-64-1
DK-77-49-1
DK-77-49-2

DK-78-170
DK-77-61-1
DK-77-59-1

grey phyllitic marbie

grey, fine-grained, calcitic marble

grey, fine-grained, sericitic marble

grey and white marble conglomerate (flattened white clasts
in grey matrix - stylolites)

dark grey phyllitic marble

grey fine-grained, sericitic, calcitic marble

St. George Group {(map unit 7)

- fine-grained, buff to pink, calcitic marble

- fine-grained, purple, dolomitic marble

- fine~grained, slaty to phyllitic layer in dolomitic marbles

Table Head Group (map unit 8)
- dark grey, muddy, calcitic marble (knobby-we&thering)

- grey, fine-grained, calcitic marble
- light grey, fine-grained, calcitic marble
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Humber Arm Supergroup (map unit 9)

OK-77-11-1 -~ pyritiferous, black slate {dominant foliation is S3 crenu-

lation of 52 - pressure shadows around pyrite)
DK-78-2-1 - black slate (pyrite)
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Myionite foliation

Bedding - tops unknown {inciined, vertical, horizontal)

Bedding — tops known (inclined, vertical)

Minor fold axis (plun’qlnq. Z-fold, S-fold) <

Majar fold axial trace (plunging anticline, syncline, plunging antiform, synform)
Glacia! striae - iceé movement direction uncertain

Fossil locallty

Location of cross-section
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fine to medium grained, green (1a) ond gray {Ib), blotite, tonalitic gneisses,
. | groniroid rock and emphibolite

- | 19 or




CAMBRIAN - ORDOVICIAN (?)
SERPENTINITE UNIT

massive, gresn serpentinite

n

eqathering marbie and Iimestons,
marble breccia

grqy dolomitic and calcMic marbles,

CAMBRIAN (7?)

TWILLICK BROOK FORMATION
= fine, gray to white quartz-mica sChist, i) ] medium to codrse, gray and whits micaceous marble, caic-silicare
ist, 6b Raluctant Head formation — L5 meexxa schist {paramphibolite),marble breccia, phyilite, minor quartzite
Nty interloyered, marble congiomerats

CAMBRIAN (7)

MOUNT MUSGRAVE FORMATION

fine to medium grained, gray, greenond white quartz-mica schists,
garnetiferous schist, quartxite, mica schist, minor albite schist,
graniteid rock and amphibolite

HADRYNIAN (?) — CAMBRIAN (7)

CARIBOU LAKE FORMATION

3a Atbite Schist Member — fine to coarse, albite schist and qn-fu
3 3b Metaconglomerate Member — quartz-feldspor metacong/omerate, metg-
arkose ; 3¢  pink, massive adameliite; 3d fine greenschist ond
amphibolite; 3e fine, feisio hypabyssal rock

HADRYNIAN (?) — CAMBRIAN (7}
ANTLER WILL FORMATION

fing, rusty weathering quartzofeldspathic schist, gramitoid rock

2 . { and minor amphibolite 2a Quortzite member ~ quartzite
and calc-silicate schist

PRECAMBRIAN (GRENVILLIAN) (?)
TONALITIC GNEISS COMPLEX

"“"' , fine 10 madium grained, green (1a) and gray (Ib), biotite, tonalitic gnelisses,
v | grantioid roek and amphibalite

N
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TONALITIC ONEISS UOMPLE x

' fine to medium grained, green (I a) and groy (ib), biotite, Tonalitic gneisses,
. granitoid rock and amphibolite

GEOLOGY OF THE CORNER BROOK LAKE AREA

SCALE
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—y

—_— -
M.Sc. THESIS MAP . ) MEMORIAL UNIVERSITY OF NEWFOUNDLAND

DENIS KENNEODY




TONALITIC GNEISS COMPLEX

' R tine 1o medium grained, green (1 a) and groy (1b), biotite, tenalitic gneisses,
! granitoid rock ond emphibolite

-

N
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