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- ABSTRACT

The Dover Fault, ;haracte;iz;ed by a 300-500 metre wide mylonite
zone, forms the boundary' betw_een the Gander and' Ava]’oﬁ Zones in : S
Bonavista éay, Newfound]aﬁd. ‘The Gander Zone,‘ norttheétwards of the.
faxj]t, is underlain by a basement gn’eiss complex co_nsi‘stiné of
, -
o;thogneiss and paragneiss. The gneissgs aré intruded b‘y a v.iriet'yu
of éranitic rocks including megacrys:tic grarfiteq__garnétiferous granite
and gabbré.‘ A stroﬁg, regioﬁa]]y devedoped, cataclastic foliation is
s-uoeri_mposed upon the gneissi‘c_ banding and overprints some of the . >
granitic rocks. Metasedimentary rocks form.a cbver sequence to the .
basement gneissesA in the nortﬁwestern part of the area.
The Avalon Zone, southeastwards of }he Dlever_ Fault, is
underlain by Ha’;irynian volcanic rocks which are strongly foliated.
Laté Hadryﬁan - Early-Cambr.ia'n Molasse rocks post-date the deform-
at.ién éf the vo]cani.c‘ rocks.
. The Dover Fault fonned in association with the regwnal cataclas-
“tic foliation, both are products of a tectomc event which overprmts -
the Gander Zone and deforms the Precambrian volcanic rocks of the
'Avalon Zohe.. Thus. the main movement on the fault is Precambrian. .In

southeastern Newfoundland, the Hermitage Bay Fault, characterized by * °

a 50-100 metre wide breccia zone, forms the boundary betwéen_the ‘
Gander and Avalon Zones. Here, Pa-leozoic brecciation has destr;oyed

" most of the original (mylonitic) stllacture

The Gander and Avalon Zones form two ma,]or tectonostrat1graph1c

belts which may be traced all along the southeastern side of the

[
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Appﬁ_achian-céle'donian system. Precambrian orogenic activity affecting

these two zones is likely related to the Cadomian Orogeny.
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CHAPTER I

INTRODUCT ION

Location and Means of Access )

y
. The map area is situ;jzd on the North-East coast of Newfound-

land in Bonavista Bay. It 11 between 49°00°'N and 48°45'N latitude

and 54°15'W and 53°40'W longitude. The area includes Deer Island, ..
Lewis Islandy Lockers Flat [sland, the shores of Freshwater Bay and
Lockers Reach in Northern Bonavista Bay. 7 .

The area is e;sily accessible by a paved highway which branches
of f the Trans-ban;dé Highway at Gambo. It crosses the area on the
north side of Freshwater Bay and Lockers Reacp. “Coastal sections and
islands can be reached by boat. Logging roads and a major forest fire
in 1961 made most inland sections readily accessiblew

Towns in the area include Gambo, Dark Cove, Middle Broak, Hare

Bay, Dover, and Trinity.

Phys iography A §

’ The area is characterizedbby Tow.tying hills and valleys.
Maximum elevation is 400 feet above sea level but most of the region
lies between 50 and 300 feet. Numerous bogs and ponds fill the valleys.

Neither the drainage network nor the trend of the coastline
reflect the strike of the country rocks. 'For the most part the coast-
line (Freshwater Bay and Lockers Reach) cuts across the strike of rock
units and is in part controlled by faults. Rivers (brooks in local

~terminology) run across strike roughly perpendicular to the coastline,




draining from the larger ponds.
Effects of Pleistocene g1ac{;£ion are widespread. A veneer of
ti1l, variable in thickness (1-5 m), is developed throﬁghéut the area.
" Erratics are numerous and generally are. composed of 10&51 rock types.
The soﬁthwest end of Fréshwatechay contains numerous Q;u1ders and may
» represent an end moraind. :In the. same area, near Gambo, an extensive
~putwash delta reaches 100' above sea level (Jenness, 1963), indicating
a-ri§e in the coastline of at least that amount. Also, glacial
'striae, along with the trends of valleys and coastline, indicate ‘that
~«the Wisconsin ice sheet moved eastwards in this part of Bonavista Bay.
Before 1961 thé aréa was covered with deﬁse growths of spruce
and fir trees intermixed with deciduous vegétation.’ This was mostly
destrdyed in the 1961 fire a along wfth it a viable pulp and paper
inq@stry. However?’gédrock zzposure has been greatly improved as the

result of soil erosion following the fire.

1.3 Geologigal Setting

Newfoundland represents the northeast termination of the
Appalachian Orogen and provides an excellent cross-section of Pre-
cambrian and Early Paleozoic rocks of that structural province. The
island has been subdee'd into three broad divisions. From west to
east they are, the Western Platform (Kay, 1967), the Central Mobile
Belt (Williams, 1964a), and the Avalon Platform (Kay and Colbert,
1965), (Fig. 1).

,

Williams et al. (1972) proposed a more detafled subdf vision







of Newfolundland Appalachians into nine tectonostratigraphﬁc zones. -
These zones, from west to east, are lettered ‘A-H (Fig. 1) and are
distinguished from each other by differences in Ordovician and/for

earlier depositional and structurél history,

A brief description of zones A-H is best facilitated by

: S
grouping those which were closely related during their development.

lones A, B‘and C (named the Lomond, Hampden, and Fleur de Lys respec- ’
tively.(Nilliams et al., 1974) ) form the>western margin of the
Appalachiaﬁ‘System. ‘There a continental rise prism of sediment of
Drobabie Eocambrian age was.depdsited upon Grenvillian continental
basement. Distension related to the.development of the proto-Atlantic
écean is indicated by mafic dikes and §6ﬁcanic rocks. This was

followed by the development of ‘a carbonate bank in the Cambrian

along the newly formed continental margijn. 1

> !
Zones D, £, and F (na;%d the Notre Dame,; Exploits, and

Botwood respectively) occur in the central part of the system. For the
most part these zones represent Ordovician oceanic crust ahd volcanic
and sedimentary gogks that were probably dépositéd upon'oceanic crust.
This interpretation js supported by the pregence of Early Ordovician
ophiolite suites in the Notre Dame.Zone. Post-Middle Ordovician '
history of the central part of the system involved flysch infilling
with contjnental volcanism and red bed deposition during the Silurian
.and Devonian. -

i}

Zone G (Gander Zone) and Zane H ( Avalon Zone ) form the

eastern part of the Appalachian system.  The Gander Zone consists of

-




a continental basement complex (Bonavista Bay Gneiss Complex’ of
Blackwood and Kennedy. 19755, overlain Ly a metasedimentary cover
sequihce with minor metavolcanic rocks. The cover rocks (Gander Group)
probably represent a continental rise prism of sediment. Megagrystic
microcline granites intrude the basement gnéisses. Garnetiferous
granites intrude both basement gneisses and the Gander Group. All
rocks have been intensely deformed and together define a crystalline
beTt on the eastern-side of thé system, comparable to the Fleur de
Lys Zone on the west. | "

The Avalon Zpne consists of a series of little déformed and
metamorphos ed volcanic and sedimentary rocks. Its Precambrian )
development is.reﬁated to volcanism and flysch deposition (pqypACoVe

-

Group in map-areh) during a period of tectonic instability. This was
: s

v

followed by Late Hadrynian molasse deposition (Musgravetown Group in
map-area). During the Cambrian the Avalon Zone was a stable platformal
area.
L ' °
The Gander and Avalon Zone$ are separated from each other by
a major fault, here termed the Dover Fault in Bonavista Bay and the

Hermitage Bay Fault in Hermitage Bay {Fig. 2). _The Dover Fault is

marked by a myloaite zone 300-500 metres wide. The Hermitage Bay

r d ,
Fault is marked by a breccia zone, 50-100 metres wide, which post- ‘\\

dates the earlier mylonite zone (Blackwood and 0'Driscall, 1976).
Relatibnships across the Dover Fault indicate that the Gander and
Avalon Zone; were juxtaposed during the Precambrian. .

The Gander and Avalon Zones are intruded together by Devonian







-

% 3
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as well as poégjb}y Ordovécian granites. Also metamdrphic detritus

*'p%esumqbly derived from the Gande} Zone is found in Devenian red-beds

of the Avalon Zone. These are the on]yTRaleozoiCllinks between the

: Qo
two zones. - .

1.4  Genéral Geology

The map-&rea‘iS'tahposed of threé{major geologiiaf eleﬁents
(Fig. 3). 'These are: {1) the gneisses and granitoid rocks of the
Gander Zone; (2) the voléapfc and sedimentary rptks of the Avalon
Zone; and (3) the dbver Fault Zone. "
The'gneisses of théiQQnder Zone areucbngkdéred part of a

basement comp]ex'.ﬂhey are cut by a variety of.yranites that have

- subsequentWy been deformed; notably megacrystic microcline granite,

equigranular medium grained™granite and garnetifeﬁous granite veins.
Most of these ;qgks~are‘éon;1dered to be Precambrian in age. ‘Un-
deformed, post;éectonic, coarsé graiﬁed granites a]go intr&Ue the
Gander Zone‘and are prdbéb]y'of Paleozoic age. : o
The Avalon Zone is underlain, in part, by‘Qq]canig flows

and vo]caﬁogenjc sediﬁentary rocks that ha{e been sg;ongly deformed.
These rocks are {; fault contact with a much less deformed sequence

of molasse facies. jhe defqrmed volcanic rosks pre-date the'deposition

of the molasse rocks of Late Hadrynian age.

The Dover Fault zone is underlain by mylonitized Gander and

Avalon Zone rocks. Post-mylonite brecciation is common.

Co gl R WA




1.5 _Previous Work
The earliest work done in the map-area was by A.M. Christie ‘
(1960). He made the first detatled observations on the lithology of V.
the Musqravetown Group. He did not, however, mention the Love Cove
] ‘ Group whose type section was described {further south) by Nbidmer in
1946, Clhristie simply referred to the gneisses and granites of the
Sander Zone in the map-area as granitic rocks.
'Durinc 19'55'. 1956, and 1957 the area formed part of a larger
“magping project of the Geological Survey of Canada (Jenness, 1963), which
clearly dglineated the Musgravetown Group and showed it faulted against
the Love Cove Group. Parts of the Bonavista Bay Gneiss Complex and a
mecacrystic granite were interpreted as being the “granitized" equivalents
- qf the Love Cove Group. The Dover Fault was not delineated ,'on these map
p sheets. Other Dar‘ts of 'the megacrystic qranite and the BonavistY:Bay

* Gneiss Complex Qere placed in the tower Unit of his Gander Lake Group.

In the map area Jenness. described the.L\owNM\t as mica-quartz

parajqneiss, mica schist and/or their granitized equivalents. Rocks on

Lockers [Flat Island were placed in the Cambrian Random Formation on
account of, the b}-esenqe of quartzite. |

rom 1§68-197O the map areé,-again formed pagt of a larger-study
b (Younce.'19.70.).- He recognized énd. named the Dover Fault as a narrow
zone of mylonites and ‘brecciation. He interpreted ihis fault as
‘a wrench €ault related to the Folding and deformation of the Mus-
jravetown Group. He pointed out that the Dover Fault separated Mus-

: ' gravétown and Love Gove rocks to the sougheasi from granite and

“ ¢




migmatites to the northwest. Younce interpreted the Love Cove Group
'as simply a more intensely deformed ang metamorphosed version of

the Musgréﬁ;etown Group. He indicated the Bonavista Bay fGneiss Complex
to be the result of migmatization of Ordovician shales of the Gander

{ake Group by Devonian granites.

1.6 Purpose of Present Investigation

Before this sfudy the boundary between the Gander and Avalon
Zones was considered to be a fault, although its exact location and
nature was unknown. The purpose of this investigation, then, was to
delineate the junction and study the relationships betwee;l the Gander

and Avalon Zones in northern Bonavista Bay.
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CHAPTER I1
LITHOLOGICAL DESCRIPTION

The map area straddles the boundary between the Gand.er and
Avalon Zones. Stratigraphic correlation between these two zones 1is
not possible; the only feature common to both being a strong, steep,
cataclastic northeast tr'end.ing foliation. This structure is assocaited
with the Dover Fault.. ‘

Due’ to lack of correlation across the Dover Fault and st'rdngly
contrasting geological histories of the two zones, rocks of each will be

described separately in this and subsequent chapters. .

2.1 Gander Zone

~

2.1.4 Bonavista Bay Gneiss Complex

The term Bonavista Bay Gneiss Complex {Blackwood and Kennedy,
a
1975) has been applied to the Precambrian? basement gneieses in the

Bonavista Bay Area. Within the map area,'on the basis of field relation-

I ships, this complex may be subdivided into two belts, each characterized

by a different gneissic unit. The distinction between_the two gneiss

belts is made on lithological and structural grounds. To the northwest
. )

paragneisses occur within the Bonavista Bay Gneiss Complex (Scuare Pond

Gneiss, see Fig. 5).

2.1.1.1 Hare Bay Gneiss

The term Hare Bay Gneiss is here proposed for that

gneiss belt which forms a northeast trending, Yithologically continuous

map unit throughout the central part of the map area (Fig. 3). It is

%




bounded‘to the northwest by the Lockers Bay Granite. Similarly, in the
southeast, it is bounded by the Opver fault granites and the Newport
rGr_‘anite.

ThemHar'e Bay Gneiss has two main components: (1) a tonalitic
portion which is host to (2) gneis’sic xenoliths of varied compositions.
Most of the Hare’aay gneiss consiéts of tonalite in the map area. The
tonalitic gneiss has a well defined, northeast trending, gneissic
foliation. This gneissosity is a metamorphically segregated banding
2-3 mm wide, and consists predominant]y of alternating quartzo-
feldspathic and biotite (chlorite) bands (see Plate 1). This banding
must have been transposed several times and re-folding of the gneisosity
is quite common in outcrop.

The composition of the tonah_'t'ic gneiss Shows liﬁtt]e variation.
The 1ight bands consist mainly of a quartz-plagioclase association, the
plagiociase being ohgoclase -andesine in composition. (NOte: This and
~all other plagwc]ase compos1t1on determinations were done uslng the
Michel Levy Method). The dark bands comprise lesser amounts of quartz
and feldspar with a predominance of bi.oti'te (chlorite) and locally
muscovite. Epidote, sphene, apatite, zircon and opadues occur in
acces;ory proportions. Potassium feldspar is generally rare but may
occur locally as micrecline and orthoclase in proportions up to 30
per cent. |

The xenoliths in the tonalitic portion of the Hare Bay Gneiss
érevvaried in composition. These inclusions range in size flrom a few

millimetres up to several metres across. Most have a well defined

gneissic fabric which is variably oriented within the xenolith and







around which the external foliation in the tonalite gneiss forms augen
(see Plate 2).

The,bulk of these gneissic xenoliths are amphibolites. The
ampmbo]e is generally tremolite and/or actinelite. Biotite and
oligoclase/andesine occur in smaller proportions with minor quartz
Chlorite comnonly replafces tne a_mph1bo1e with sericite, carbonate and '
opaques c;ccufring in accessory proporFions. A

Other xencliths are psamgitic to semi-pelitic 'in composition.
Biotite, muscovite, oligoc]gsé and quartz are the main mineral con- |
stituents with greater proportions of mica in the more pelitic
xenoliths. Chlorite is after biotite bf:t along with the opaques occur
in accvessory proportions.

From the abgve account it would appear that the xenbliths
within the Hare Bay Gneiss represent an earlier gneiss sequence which
was later incorporated in the tonalite. The variation in composition
and type of xenoliths suggest that th1s early gneiss was a paragne1ss
sequence. It is demonstrable that the internal gnelssosn:y of the '
xenoliths shows different angular relationships with the -external fabric
in the tonalite within one outcrop. This abservation and the fact that
the composition of'; the xenoliths is varied, refute any suggestion that
the xe_noliths are boudinizéd and rotate& dikes or inclusions which
suffered the same deformational history as the tonalite. Also, w‘hat‘

may be originai intrusive contacts between tonalite and amphibolite

., gneiss occur in the southwest and northeast corners of Hare Bay. Here

a large raft of amphibolite gneiss, 50 metres across, is intruded by

small granitic veins which vary in thickness from a few millimetres

! -
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towards the centre of the raft to several centimetres on its margin.

The veins grade in size and profusion out into clearly recognizable

tonalite gneis®= Thus the Hare Bay Gneiss represents two complexes
of different ages: an early, possibly paragneiss sequence which was

“subsequently ‘intruded by a tonalite and theﬁ intensively tectonized

-~

to produce a gneissic foliation in the tonalite.
. ’ .

¥

2.1.1.2 _JIraverse Brook Gneiss
The term Traverse Brook Gneiss is here proposed for
that gneiss belt which runs thrdughout the northwestern portion of

-~

the map area (Fig. 3). Its southeast margin runs parallel to the Hare

Bay Gneiss, but is separated ‘from the latter b} the Lockers Bay Granite.

Its extent to the northwest has not been delineated except in the
extreme west where it 1s intruded by the Middle Brook Granite. Other
smaller granite bod1es are contained within the Traverse Brook Gneiss.
Their relationships with the gneiss wil] be discussed below.

Like the Hare Bay Gneiss, the Ffaverse Brgok Gneiss has two

main components: (1) a granitic hoft to (2) mainly biotite and
amphibolite ijneiss xenoliths. Th gramtlc host is vanab]e in
structure and in composition. Th foliation in this portion of the
gne-iss unit may be represented by § crude gneissic banding (see Plate
3}, a composite schistosity (;r a single penetrative fabric. Thus,
locally, an intemsely schistose gran'itic rock, rather than true gneiss

may comprise the Traverse Brook Gneiss'. Whatever the manifestation,

8 tectonic fabric. is ubiquitously developed and has a cénsis_t_ent north-

east strike with a steep dip. Where the gneissic fabric is well

b - s bl







developed it consists of alternating bands of predominantly quartz:
feldspar rich- with biotite-muscovite rich bands. Relative proportions
of these minerals vary but-essentially all are represented throughout

the granitic host of the Traverse Brook Gneiss. The main.compositional

vajation is provided by the feldspars, since unlike 'the Hare Bay

Gnelss, microcIipe and orfhoc]ase arequite common in this gneiss belt.
Thus the granitic host varies from tonalific to monzonitic in com-
position with most potassium-feldspar-rich gneiss being granedieritic.
The ubiquitous plagioclase is oligdclase-aﬁdesine in composition and
where it is the only feldspar the Traverse Brook Gneiss wou]d appear
to be no different from the Hare Bay Gneiss. th]orite may be preseﬁt
after biotite along with accessory sphene and\ﬁﬁatite. l ©

‘For the most part, the xenoliths in the Traverse Brook Gneiss
are like the Hare Bay Gneiss (see Plate 4). They exhibit a well
defined bandiﬁg which is disoriented with respect to the external
gneissic or composite fabr?c:in the hos;. . The majority of xenoliths
are togalitic in composition but generally have more biotite }hd
.muscovite than typical Hare Bay Gneiss. Quartz and ch]orite is
present in varying amounts. Amphibolite xenoliths are identical to
rafts of same in the Hare Bay Gneiss. _ - 3

The writer suggests that the Traverse Brook Gneiss is younger
than, and represents a migmatized verSioﬁ of, the Hare Bay Gneiss. In
areas where the Traverse.Brook Gneiss cannot be distinguished from Hare
Bay Gneiss, it is likely that these represent large rafts of preserved

Hare Bay Gneiss. Tonalitic and amphibo]itﬁc xenoliths would represent

the same except on a smaller scale. Sillimanite and cordieritein




quartz veins cutting some Hare Bay Gneiss tonalitic xenoliths and

[ 4

potassic feldspar (microcline-orthoclase) in recognizable Traverse

“Brook Gneiss indicate temperatures capable of anatexis of a muscovite-

biotite-plagioclase-quartz-gneiss (ﬁ§re Bay Gneiss) to produce a more

granitic melt (Traverse Brook Gneiss). Subsequent deformation

produced a tectonized host (schistose to gneissic) tb xenoliths of
older gneiss, now collectivsly referred to as the Traverse Brook Gneiis.
Basic clots of hornblende and biotite also occur in the Traverse Brodk.
Gneiss (see Pléte 5). These_pods are not interpreted as xenoliths but
probably represent restite from the migmatization process.

A small body of granite'outcrops within the Traverse Brook
Gneiss on the west side of Traverse Pond (Fig. 3). Thi; rock ranges
from quartz-monzonite to granite in compqsition. The K-feldspar is
microcline ;nd.the p]égidclase has an approximate composition of Anzs.
Microcline and quartz represent 50 to 80 per cent of the rock,
dgbending where sampled. Biotité and muscovite are always present
with chlorite after the former. Structuraly this granite is identical
to the host portion of the Traverse Brook Gneiss, i.e. composite to
single penetr;tﬁve foliatfons. For this reason, and also conositional
similarities and the lack.of clear-cut intrusive contacts with the
gneiss, this body of granite is postulated as being relaE:d to the

_ﬁigmatitic and deformational history of the Traversg Brook Gnéiss.
) A much smaller body of granite, similar to that west of

Traverse Pond, outcrops on the south-central shore of Hare Bay' Pond.

Bothi bodies contain cléarly recognizable xenoliths of Hare Bay Gneiss
v O , '
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but no‘inclusibns similar to the host pertion of the Traverse Brook

Gneiss are found. Post-gneissosity feldspar (predominantly aTbjte-
oligoclase) pornhyroﬁlasts are ;trongly developed in the gneissic
xenoliths,o; the smaller body. A late, steep, penetrative foliation
fonns'augeh around these porph}rob}asts. The lack of “host" Traverse
Brook Gneiss as xenoliths in these granite bodies, plus no apparent
intrusive contacts between qranite and gneiss eﬁcept where the gneiss
is' demonstratively Hare Bay Gneisg, and similarity in deformational-
style suggests that the migmatites in the Traverse grook Gneiss and

.

these two granite bodies are coeval.

2.1.2 Lockers Bay Granite

The term Lockers Bay Granite is here proposed for that linear
intrusive body which occupies the ;eﬁtré] poftion of the map area
(Fig. 3). To the northwest it is in contact with the Traverse Brook
Gneiss and to the southeast with the Hare Bay Gneiss. The granite

~is clearly intrusive as can be seenion the south side of Lockers Bay
Mhere it cuts the Hare Bay Gneiss. There a finer grained chilled
margin is preserved adjacent to the contact with the gneiss. Distinct,
fresh xenoliths of both HarevBay Gneiss and Traverse Brook Gneiss also
“occur in the Lockers'Bay Granite (see Plate 6). Elsewhere the
intrusive nature of the granite is camouflaged by autometasomatism.

- This ,is best developed on Lewis [sland where a gradational contact of
several metres exists between the Lockefs Bay Granite and the Hdre Bay
Gneiss# Microcline and.blagioclase prophyroblasts overprih} the

gneissic foliation, conpleiely’obliterating the gneissic nature of the

>




country rock close to tN ,granite contact. Similar relationships
exist between the grqnite and its gneissic xenoliths. The xemoliths
range from be}ng}co:g7;fe1y fresh and unaltered to nearly completé
assimilation by the Qranite. Porphyroblast growth in the assimilated
xenoliths is profuse allowing for preservation of only a "ghost"
gneissic banding (see Plate 7). The development of porphyroblasts

on the margins and withjn the‘granite suggests that the autometasomat-
iém, which -is local and-a]ways restricted to the Lockers Bay Granite
'ahd inméégjte contac£ rocks, is the mos t plausible explanation of this

B
< *

pﬁenonenonm(N.Sf Pitcher, personal communications, 1975).

The metasomatic prophyroblasts predate a strong, penetrative,
steep, northeasterly trendwng foliation in the Lockers Bay Granite.
This foliation forms augen around the feldspar megac¢rysts in -the
gramite and also tbos@ which overprint the gneissozity”in the;country
rock. 'Leucocratib dikes which cut the Lockers Bay‘Granige locally show
porphyroblastic micrdcline"growing across the grahiterdike contacts.
These have been de nmgd by the same foliafion as the Leckers Bay
grapite. Post-tec oni; dikes which cut the granite contain no
porphyroblasts.

i

The Lockers Bay Granite is essentially a granite, but locally

-

may fall within the quartz monzonite range. It is characterized by

- ubiquitous m1crocl1ne megacrysts which range from 4-8 cm long (Sée
s . .
Plate 8). Locally plagioclase crystals are extremely large and feld-

{
spar represen(s approx1mately 40-50 per cent of the rock. The mega-

crystic nature of the Lockers Bay Granlte may in part reflect orlg1na1

: Ia
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coarse aheno&nysts and as previously described, in part most certainly

’

reflect porph}roblast growth.

The microcline crystals in places contain inclusions of

quartz, plagjbclase, and biotite. Straining is severe with development

of sutured grain boundaries between the quartz and fe]dspar. Micro-
perthi,tev stringers are Eonmon. Plagioclase (oligoclase) grains; ére‘
invariably sericifizeAd with grain boundaries simi]arr to the miéroc\liné.
The microcline megacrysts are‘éurrounded by much finer graine&
auartz, plagioclase, microcline, biqtite and chlorite in order of
decreasing abundance. T-h'e quar’tz‘ is intensely.strained and occurs in
elongated zones between the microcTine megacrysts and also in their
straiﬁ shadows. Biotite and guartz’vare. strongly oriented aﬁd define
the tectonic fotiation. - Commonly, chlorite is after biotite. Sphene,

Zircon, epidote and an "opaque mineral occur as accessories.

2.1.3 The Dover Fault granites -

)

Several bodiés of granite outcrop along the trace of the

Dover Fault on the Gancf'er Zone side {Fig. 3) and are here informally
referred to.es the Dovér/‘Fault granites (sée Plate 9). Within the map-
area these linear granife bodies always intrude the Hare Bay Gneiss

to the northwest and §rade into mylonites of the Dover Fault to the
southeast. Like the Lockers Bay Granite, the Dover fault granites are
overprinied by the steep, strong, penetrative'northeast—trending

foliation. With proximity to the Dover Fault, this fabric becomes an

intense mylonitic foliation. Within the fault zone the igneous
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character of these granite bodies is generally destroyed and they are
represented by a pink, inmost places banded, mylonite (see Plate 10).
The aradation bet_ween clearly recognizable granite and granite mylonite
is well demonstrated by the body on the squth shore of Hare Bay. Within
this qranite there are narrow zones (1 to 2 feet) where the mylonitic
folf:a;ion becomes quite intense towards ‘the center of these zones and
the aranite is replaced by a green mylonite with local feldspar
porohyroblasts. The green color is due to the introduction of chlorite
and*epidote, a common occurrence where the granite’has undergone

severe cataclastic deformation.

The granite bodies at Dover and northeast of Dover show
similar re?ationships to that of Hare Bay. However, the Dover Fault
granite on the south shore of Freshwater.Bay, although similar !
lithologically, does not sﬁow the same intense defq_nnation'as ‘the
other;t. Its foliation 1is locally déve]oped only bacoming mylonitic
within the fault zone.

The Dover Fault gram‘tés are conspicuous in thatﬁthey always
occur on the Gapder Zone side of ' the Dover Fault and follow the fault
wherever seen. This would suggest that a zone of weakness wds present
before the granites were emplaced and controlled the localization of such }
bodies. Thus the Dover Fault granites probab1y post-date the 1‘n1‘tiatioh
of the fault zone and may be of varying ages. The granite on the south

shore of Freshwater Bay for example, is likely to be somewhat younger than

the othe}'s and is affected by a later, less intense episode of flattening

aldng the Dover Fault.

e




‘The Dover Fault granites are medium to coarse g'ran‘ned,l roughly
equigranular bodies and are quite rich in quartz, generally exceeciing
20 per cent. Microcline and orthoclase are thé main fe1dspars'
occurring in proportion up to 50 per cent. Plagioclase ( An35) is
always present and may represent 20 pér cent. VChlorite and sericite
range from accessory proportions io 10 per cent with chlorite after
biotite. Common accessory minerals are sphene, biotite, opaques, and
epidote. Epidote also replaces aHaniEe_, a few grains of which have |
been found in all the Dover Fault gréni'tes. The effect of the cata-
clastic deformation upon the Dover Féu]t granites is a strong mylonitic
foliatipn. This fabric is defined by elongated, sgtured quartz®
grains with oriented ch]om;te and sericite. Feldspar becomes finely

comminuted and is also preserved as porphyrcclasts.
: -

-,

2.1.4° Middle Brook Granite
The northwest corner of the rnap-a'rea a:ound Middle Brook is

underlain by an undeformed, coarse-grained, porphyritic granite called

the Middle Brook Granite (Strong et al.,1974). On its northwest

margin, thhirs granite intrudes paragneisses of the Bonavista Bay

Gneiss Complex (F{g.' 3). This contact is e'xcé]lenﬂy e;(posed where

it crosses Middle Brook (see Pla/te 11.), approximately 1 mile up-

stream from the coast. The granite is chﬂléd against the paragneiss and

the 1atte‘r l'ocaHy shows cordierite prophyroblasts. The intrusion of

the Middle Brook Granite and its associated metamorphic aureole quite

&
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clearly ;;ost-dates all structures in the paragneiss.
On its southeast margin the Middle Brook Granite intrudes
. poét-tectonicallylthe Traverse Brooék Gneiss. Numerous gneissic
xeno]i’ths occur within thev granite. - Near the contact with the gne'issves
quartz in- the granite exhibits a blue tint presumably due to mild . 7
straining clos:e'to the contact. A short distance from the‘ contact a

weak foliation is developed in the Middle Brook Granite, trending

approximately N20°E. On the north shore of Freshwater Bay where the contact

is exposed at the coastline, the Middle Brook Granite appears to
. intrude post-tectonically a strongly deformed porphyritic granite
boqy. The latter may be related to the granite bodies within the
. Traverse Brook Gneiss and underlies Air Island as well as inmedviateh/
A/:shore on the south side of Freshwater Bay (Fig. 3); The fabric in
this granite is the regional cataclastic foliation which trends N10°W
in this area. Dikes similar tb the Middle Brook Granite and pre-
sumably related to it cut the deformed granite post-téctonical]y
(see Plate 12). Since superficially both granités look similar and
since the Middle Brook does exhibit a weak fabric close to the contact
it is not always easy to differentiate between these two granites
along this part of the contact.. Also, on the south shore of Freshwater
Bay, lack of exposure is ah- add‘;d problem. . However , the difference
in trend between the regional foliation in the déformed granite
(N10°W); the conformity of the latter with the gneissic and cata-
clastic foliation to the east; the clearly undisturbed margins of

"the Middle Brook Granite elsewhere; .and the presence of Middle Brook
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granitg—'like dikes cutt1ng‘the deformed rock post-tectonically, strongly
suggest that this granite is a combletely post-tectonic intrusive
body. |
The Midd]g Brook Granite is consistently coarse grained with

feldspar crystals up to 5 cm across giving it an ubiquitoﬁs por- .
phyritic texture. Both orthoclase and plagioclase (A"ls-zo) form
the feldspar and unlike tha‘,tt in the Lockers Bay Granite show no
evidence of being prophyroblastic. Perthite intergrowths are common
in the ort;hocla_se. The plagioclase sho;vs excellent zoning and is

- rarely heavily sericit\i'éed/ Quartz is relatively fresh with curved
or embayed grain boundaries comon‘ to all nineréls. Biotite is
generally present/;vitii accessory apatite, ch]orlite and opaques. The
rack falls in the granodiorite-granite range. :

2.1.5 Garnetiferous Granite

Garnetiferous granites are guite common trhrdughout the map-
area. Although nqt importagt volumetrically this rock type may be
found as veins cutting the are Bay and Traverse Brook Gneiss, the
Lockers Bay Granite (see Plate 13) and other deformed granite bodies.

1 These veins post-date the gneissic banding (see Pl‘ate 14) but pre-

date the steep cataclastic foliation that affects all these rocks

(see Plate 15). A few veins of ga‘rnetifer‘ous granite have been
found cutting the Middle Brock Granite. Both host and.garnetiferous
granite show no de%ormation in these rare occurrences (see Plate 16).

Thus the garnetiferous granites are likely to be of at Teast two ages:
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.one pre-dating the cataclastic deformation:when 1ﬁtroduction of such
granitic material was widespread; and one post-dating the=ﬁ}dd1e Brook
Granite, itself a post-tectonic body. Thevydunger veins are rare.
Undeformed garnetiferous granite veins may rarely be found cutting
the deformed rocks as well.

: The garnetiferous ér;nite veins are generally aplitic but
may also he pegmatitic. They are generally characterized by a white
color énd'conspicuous, roﬁE\&bTbUred»garnéis. Plagioclﬁse'is
ubiquitoﬁs and may represent 20 per cené of the rock. Both miéroc1ine
and orthoclase occur in prbportidﬁs up to 35 per cent. A1l veins are
rich in quartz (generally 35-40 per cent) and muscovige is present in
all gp]ité veins sampled, representing greater than 5 per cent. Llarge
‘;uscovite crystals occur locally in the pegmatite veins. Garnet,
apatite, biotite (chlorite) and sericite occur in accessory pro-
portions. Most of the garnets are subheﬂ}al to.euhedrai (see Plate 17)
and the foliation forms auge% around them. The foliation is generally
ctataclastic, being defined bﬁ elonga;ed, sutured grains of quartz and

| feldspar and oriented muscovite. The veins may vary from granodiorite

to quartz monzonite in composition.

2.1,6 Foliated medium grained granites

At Trinity Bay in the northeast part of the map area (Fig. 3)
fine grained,_F ughly equigranular granites intrude the Traverse Brook
Gneiss and one b intrudes the contact of the Lockers Bay Granite

and the Traverse Brook Gneiss. The latter is characterized by the

presence of variable amoun;é of bioYite. Also, it has the same
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surrounded b¥?:ma11er grains of quartz and biotite. The quartz shows
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foliation as the Lockers Bay Granite which becomes mylonitic in narrow
zones within the equigranular biotite granite. The other bodies
contain muscovite, are genera]]yrleucocratic, and the intensity of

the'fabric within them varies.

2.1.7 Newport Granite

The granite that underties the eastern half of Lewis Island
in Trinity'Baymand onshore north of that island (Fig. 3) forms parf
of a }6¢;ér pluton known as the Newport Granite (Strong gs;gl,,‘1974).
This granite intrudes post-tectonically the Hare Bay Gneiss and the
Lockers Bay Granite. L
The Newport Graﬁitg is an extremely coarse grained porphyritic
pluton (see Plate 18); fhe feldspar crystals are predominaqtly

orthoclase (up to 40 per cent) with local development of oligioclase

{up to 20 per cent). These crystals are gemgrally square and

little straining with only local development of undulose extinction.

The biotite shows ragged grain boundaries. Sericitization is prevalent

-

in the plagioclase.
< Close to its contact with the country rocks the Newport

. o
Granite becomes weakly foliated. This makes it difficult superficially

to distinguish;from the Lockers Bay Granité along, the contact between

the two. However, it is possible to distihguish xenoliths of ,the

ranite within the Newport‘Granite close to the contact
2}

showing conclusively the post-tectopicdintrusive

Lockers Ba

(see Plate 19

-,
st
y

m—
°







- 35 -

nature of the latter. - ‘

2.2 Avalon Zone

&
2.2.1 Love Cove Group *

-

The term Love Cove Group was proposed by Jenness (1963) for
two narrow belts of metamorphosed and deformed volcanic and sedimentéry
rocks that strike in a northeast southwest direction in Bonavista Bay
and continue southwards for severa] kilometres. In the map area the
.Love Cove Group forms a narrow continuous lithological unit that runs:
throughoutﬁthe central part of the map area (Fig. 3). It 1§ bounded
to the northwest by the Dover Fault and is in fault contact with the
Musgravetown Group to the sodfheast. "Total expésed width does not
exceed 2 kilometres.

For the most part the Love Cove Group is represented as a
series of acid pyroclastic rock; and flows.-with minor interbedded
segimentary’rocks.v Locally, intermediate to mafic volcanic rocks
occur. Crystal tuffs are common (;§; Plate 20) throughout the
sequencé showing broken feldspar crystals in an acidic matrix. A
crude primary banding is also developed along with local epidotized
volcanic bombs. Th;se tuffs are 1nterbedded with cherty horizons and-
1ocally contain lenses of very fine, laminated, tuffaceous sedlmentary rock.
+ The latter [tocally shows evidence of soft sediment deformation,

i.e. slump ?o]ds.
4

Flow banded and porphyritic rhyolites are common units and
<&
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are commonly interbedded with the crystal tuffs. Locally, possible

jgnimbrites are present, i.e. due to severe tectonic overprinting it

is difficult to determine whether or not the flattened fragments have

- a primary component. However, there does appear ‘to be an eutaxitic

structure developed. Coarse grained agglomerates (see Plate 21)
are we‘.INI exposed south of Dover along with the anly occurrence
of autobrecciated rhyodacite.

. A small band of medium grained sandstone occurs in a tight

syncline on the peninsula south of Hare Bay. <Such occurrences of

.coarse, clastic material are rare. The southeast shore of the same

peninsula is underldin by a series of fine-grained, well laminated
tuffs. Presumably these were water lain and may well have been re-
worked.

Y

Bed?\nd is difficult to discern in the volcanogenic sediment-

ary rocks. 'Were developed it varies from a few millimetres thick in
: !

the fine tuffa&gous bands to several centimetres in the coarse crystal
tuffs. The interbedded volcanic flows are several metres thick (up
to 100 metres) but generally thinner than the tuff units (up to 500

matres).

The Love Cave Grc')up"1s‘ deformed by an intense cataclastic
foliation. This fabric is steep, northeast trending and passes
gradationally into mylonites of the Dover Fault. Within the love
Cove Group it is axial planar to isoclinal, upright, moderately

plunging (NE) folds. -The cataclastic nature of the deformation makes

subtle destinctions between volcanic units difficult in thin section.
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augen around the broken crystals. Sericite and Tocally, chlorite

v
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In fact only two-broad categories emerge: the acid flows and the,

volcanogenic sedirﬁents. In the former, phenocrysts are reduced to -

porphyrocyf oligoclase and orthoclase. These crystals are

broken and displaced with a severely sutured, elongated quartz-rich

groundmasg. The latter defines a penetrative foliation which forms

are present and in part define 'the fabric. In the autobrecciated
rhyodacite epidote and leucoxene occur in accesso;'y proportions, but
are restricted to the matrix. 'By volume the most important volcanic
unit in the Love Cove Group is the crystal btuff. The original shape
of the crystals have been destrgyed by the cataclastic deformation and

are now resolved as porphyroclasts. Generally plagiocalse ( An30)

forms the larger porphyroclasts surrounded by a very fii'!'é matrix of i

R TN

chlorite, epidote, sericite, quartz and fine feldspar. The‘ matrix
may contain 80 per cent epidote. sericite and chlorite. The finely
laminated sedimentary rocks show no porphyroclasts and the laminations

n
ave defined by epidote, sericite and chlorite. The classification

- of these rocks as tuffs .‘ flows, sediments, etc. is based mainly upon

field observations. In Ehin section, the effects of severe cata-
clastic deformation has destroyed all but the coarsest prima_ry

textures.

2.2.2  Musgravetown Group

The term Musgravetown Group was proposed by Hayes (1948) for

AT TR | gy

a thick succession of red and green clastic sedimentary rocks and

A
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interbedded volcanic rocks in Bonavista and Trinity Bays. Jennéss

(1963) extended this group into northern Bonavista Bay. Within thé\
field area the Musgravetown Group underlies the southerh shore of
Lockers Bay Reach, Lo;kers Flat Island and Deer Isband (Fig. 3). Its
northwestern margin is in f'ault, cdntact with the Love Cove Group
approximately 1 km west of Cat Bay Gut. Ifs boundary to the southeast

is. not exposed in the map area.

This Group has not been studied in great detail by the writer

and,l hence, has not been subdivided into formations in this study.

However, in general, the lowest part of the Musgravetown Group exposed

in the 4rea outcrops on the south shore of Lockers Reach. There,

essentially well bedded green- 4nd red sandstones outcrop (see Plate 22).

The sandstone beds vary from 15 to 30 cm thick and locally contain
pebbly horizons. Mmor interbedded shnles and siltstones also contain
sandy lenses. »

Overlying the greenish sandstogs is a red coarse con- -
glomerate (see Plate 23). Poorly bedded (locaHy beds are 1 to 2
metres thick), this conglomerate contains pebbles of‘rhyolite‘, sand-
stone, acid py_roclastié rocks and volcanic flows, jasper, éranﬂ:e and

red shale fragments. Volcanic detritus predominate and some of the

pebbles look similar to deformed rocks of the Love Cove Group. (In ,

the south the basal conglomerates of the Musgravetown Group are quite
rich in detritus 1dent1cal to the deformed rocks of the Love Cove
Group) Locally minqr red sandstone b:Zs several centimetres thick

are interbedded with the red conglomerate.

Rocks on Lockers Flat Island and in the core of a syncline
. Q







immediately onshore (Fig. 3) post-date the red conglomerate unit and
consj\st_"df greyish-green sha]es and sandstones. These rocks do not
differ too greatly from those underneath the red cohglbmerate.' wever,
the presence of a whi’te quartzite bed some 3-5 metres thick on the
western end of Lockers Flat Island {see Plate 24) has led Jenness

(1963) to conclude that thése rocks belong to the Random Formation.

The quartzite bed itself is interbedded aU ts base with grey sandy
beds and shales, i.e. contact is gradational,

The rocks on Deer Island would appear to be part of the same
sequence but their position is unknown. There, also, the Husgravetown'
Group is char;acterized by reddish grey sandstones and shales with: red
conglomerate horizons. Bedding thickness.is similsr to that previously

described.

Primary sedimentary structures are common in the Musgr‘ﬁtown

Group. Cross-bedding, slump-folding, ripple-marks (see Plate 25),“

channel structures and graded bedding are all represented. The only

o1 A 5 4T Ll S et - < ¢

téctonic structure is a slaty cleavage which is preferentially

deVeioped in the fine grained beds. The coarser beds generally

exhibit a weak fracture cleavage. The cleavage is axtal planar to

broad, open, northeast plunging folds. This deformational style aﬁd
'intensi}{, contrast sharply with the Love Cove Group whiéh is separated .

from tbhe Musgravetown Group by a fault.

2.3 Dover Fault Zogne

The‘Dover Fault forms the southeastern limit of the Gander
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. Zone and the nofthwestvernvlir‘nit of the Avalon Zone, running in an

apparent northeast curved direction thr'ougho.ut the central portion

of the map area (Fig. 3). 1Its true width is not easily defined but
- ~is genérally taken to include mylonitized rocks wﬁor;e protoliths ' o

are d1‘ff71cu1t to determine. “Fortunately continudus exposure does
makerit pqssib]e, ex;:ept within the fault zone, to say whether the
mylonite‘ had a Gander lone gv*aniteror a Love,Co-ve vo'lcan%c rock as a
prot'volith. On this basis the fault zone varies in width from 300-500
metres. - : /

As previously des‘cribed, the Dover Fault granites grade f[into

s ’

mylonite of the Dover Fault Zone. As the grain size%{‘the granitd\ is

TERENN Re

cataclastically reduced the rock becdtnes banded, superficially_ -

" ‘ resembling rhyolite (see Plate 26). Locally, the growth of epidote
and chlorite may give this rock a green color. When this occurs it
is v\'/ery difficult to distinguish from cataclastically deforméd crystal-
tuffs of the Love C'ove; Group which grades into the fault from the
other side. Thus there is a portion within the ce_ntral part of the
Dover Fault Zone where only mylonitized rock exists and distinction

between Gander and Avalon Zone rocks is impossible. _ .-

The best eprsed cross-section throughout the Dover Fault is

t the coastal section north-east of Dover. There all gradatdons

RN

described above are represented. Also protoliths of a Dover Fault

* o granite and crystal tuffs of the Love Cove Group are preserved within

A . .
the fault zone. These protoliths are represented as blacks (greater

»
S

"¢ than QO metres across) surroundg'd on either side by mylon¥tized i




rock of uncertain origin.

The mylonitic fabric within the Dover Fault is intense,
‘ generally subvertical and trends in a northeast direction. It
pas§e§vnorthwestwards into the late cataclaétic foliation which
.overprints the gneisées and deforms phe‘Lockers Bay Graffte of the
Gander Zone and southeastwards becomes the single, pengirative,
cataclastic foliafion wﬁich deforms: the Love Cove Group of the Ava]oq
lone. Locally ﬁge mylonitic fo]id%ion is folded by upright, smalfi

scale folds. These are related to drag folds along later faults

within the zone.

. . ! ) : '
The Dover Fault is conspicuous as a topographic feature within

the map area. It is a zone of low relief which is co trolled by ihe
past-mylonitic breccfafibn that occurs along the fault z ne; This
brecctation méy, {n part, be relate& to fl%}dization processes, since
the disoriented mylonite fragments are not bounded by shear surfaces
but “float" in a massive chloritized matrix (see Plate 27). The
formation of epidote in the most finely comminuted rocks may be

.

related to this process. A
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CHAPTER 111
STRUCTURAL GEOLOGY R S

3.1 Intrdduction

The most preva51ve structure in the map area is a f1ne,
penetrative catac]astlc fol1at1on which is common to both the Gander
and Avalon Zones Hvthln the Gander Zone this f011at10n is superimposed
upon the gneissic band1ng of . the Bonavista Bay Gneiss Complex and’ is
strong]y deve1oped in some of the granites which post date the gneisses
eg. the Lockers Bay granite and the Dover Fault' gran1te Within the
Avalon Zone the same cataclastic foliation is axial planar. to 1soc11nal
folds of the Love Cove Group. The Dover Fault is a major mylon1te
zone mark1ng the boundary between the Gander and Avalon Zones

Structures: which post-date the' regional cataclastic foliation -
a reeresehted Sy a preferentially developed slaty cleavage in the
ME;gravetown Group ofithe Avalqﬁ Zone ‘and by a wide-spaced locally

deve1ope& strain-slip cleavage in the Love Cove Group. Iﬁ the Gander

3

lone, later structures are represented by local development of a

strain-slip foliation and small shear zones. Cutting both the Gander
.

and Ava1on Zones are several high-angle faults.

The minimum age of deformation may be determined for some of

ihe structures. This is based essentially on Lov, Cove Musgravetown -

Group re]ationships The latter is essentfally Late Hagrynian

(Jenness, 1963) and post-dates the defermation of the Love Cove

A

Therefore the regional catac]astic foliation and the associa ed Dover
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Fault is Precambrian. The gneissic banding could be considerably

older than this (Helikian?) and the post- Dover Fault strucutres
are probably of Paledzoiciaée.

¢

3.2 The Cataclastic Foliation

The Dover Fault separates the strbng]y contrasting geology of
the Gander and Avaﬁon Zonés. However, the regiona) cataclastic
foliétion with which the fault is associated is common to both zones.
This foliation has a north to northeast t}end and steep dips generally
to the weQL. Regionally the change in striké is reflected by a
similar change in the trend of the Dover Fault (Fig. 3).

¢ -

3.2.1 The Gander Zone

.The cataclastic,foliatibn is best developed in some of the
granitﬁc rocks of the Gander Zone. These include the Lockers Bay
granite, the Dover Fault granites, garnetiferous granite veins and

other deformed minor iritrusive rocks. Within these rocks it is the

only foliation developed (cataciast;c terminology after Higgins, 1971).

} i
The foliation within the Lockers Bay granite and the, Dover

Fault granftes is represéntatiQe of the late deformation. In the
Lockers Bay Granite it is fine, penetrative, and defined by oriented
biotite, elongated quartz and crushed feldspar (see Plate 28). The
catac]astﬁéally‘deforﬁed minerals form augen aAﬁund the large micro-
cline Xegacrysts. Connnniy, thé Te]dsﬁarvmegacrysts have "tails" of
finely sonwﬁnuted material in their lee which tapef of f within the,

/
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planes of the'foliation; Broken crystals also occur.. The cataclastic
foliation within the Lockers Bay Granite is ubiquitous. N
Garnetiferous granite veins cut the Lockers Bay granite pre-

tectonically and now exhibit the same single cataclastic foliation (see

L . el o
Plate 13). These veins are widespread and also cut the gneissic

banding of the Bonavista Bay Gneiss Complex. Rarely, undeformed
garnetiferous granite veins cut the deformed terrane as well as the
undeformed Middle Brook Granite.

The cataclastic foliation is most strongly Heve]oped in the
Dover Fault granites. Near the contact with the gneissis it can be
recognized as a single, penetrativé foliation in both rock types.

As the Dover Faulg is approached thjs deformation reduces'the Dover
Fault granifes to a streaked-out, finely comminuted, bink mylonite
(seé Plate 26). This involves the gradual mechanical breakdown of
the granites (see Plate 29) over a distance of 1/2 to 1 kilometre.
The quartz becomes intensely elongated and feldspar crystals are
reduce& to mere streaks, both of which form augen éround surviving
feldspar porphyroclasts (see Plate 30). Chlorite (after biotite) is
also present and is strongly oriented.

The cataclastic foliation is not always obviqdé in the’
gneissic terrane since it and the gneissic ‘foliation are sub-parallel
i.e., Locally the superihposéd foliatfon is axial planar to tight
isoclinal folds of the gneissictzanding; in this fashion the gneissic
banding has been transposed into-éarallelism with the later structure.

Apart from directly observing it cutting the gneissic.banding in fold
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noses, there are three criteria that may be used to detect the late
foliation: (1) The Lockérs Bay granite intrudes both the Hare Bay
and Traverse Brook Gneisses. Along the contacts the cataclastic fol-
iation into the Lockers Bay can be traced directly in the gneisses
where i.t -re-folds and transposes the earlier structures; (2)
ubiquitous garnetiferous granite veins.cut the gneissic foliat{jon and
are subseduently deformed by the late deformation; (3) feldspar
porphyroblasts overprin¥ the gneissic banding locally. The late
foliation forms augen around these horphyrob]asts (see Plate 31).
Narrow zones of mylonite less than 1 metre wide occur in the
gneisses. These zones represent a local 1"n_ten's1’fy1'ng of the late
foliation, generally with proximity to the Dover Fault (see Plate 32).
| On the basis of field relationships just discussed it is

possible to conclude that within the Gander Zone a regional penetrative

cataclastic foliation overprints the gneiésés and deforms some of the
. . _

intrusive granite rocks eg., the Lockers Bay; Granite and the Dover

Fault granites. It is most obvious in the granitic rocks which

prior to deformation were structurally isotropic; its ﬁain effect

on the gneisses is to re-fold and transpose the earlier atm'sotropy:

With proximity to the Dover Fault the regional cataclastic deformatien

increases and _eventu_a]ly merges w.i th mylonites within the faultr zone.
Several microscopicr struct;n'es confirm the ;atacléstic nature

of the regional deform;ion just described. Those developed in the’

Lockers Bay Granite are representative (except the foliation in the

Dover Fault granites which is much more intense due to proximity with










the fz;ult zone).

Quartz graihs show clear evidence of intense strain: undulose
extinctionl, development of sub-grain boundaries, severe elongation in
narr;ow zones and sutured grain boundaries The. deformed quartz, along
with stramed grains of b1ot1te/chlorite defme the foliation.
Commonly, crushed or finely comminauted grains of feldspar (mam]y
microcline) occur with the quartz in Zones between the large micro-
clihe megacrysts. These zones, along with biotité and elonga‘ted
quartz, form augen around the microcl“lj:_pe megacrysts. These feldspar
"megacrysts are also affected, in_-.that‘ simple twin planes in orthoclase .
a‘;'e commonly irregular and diffuse due to sg_raining of the crystal.
Another feature is the rimming of the megacryst by crushed material
derived from the same crystal. These pieces of crushed fé)dspar also
become localized in the lee of the large crystals producing "tails"
(see Plate 33). Thus the feldspars appear to be breaking down along
their grain boundaries. Feldspar megacrysts also-become bquen and -
displace&. and may be fitted, "jig saw" fashion, back into their

original configuration.

3.2.2 The‘(Avalon lone

The oldest deformed rocks of the Avalon Zone beldbng to the

Love Cove Group. This sequence of volcanic rocks with miner inters -
. i . ‘

bedded sediments has been subjected to severe cataclastic deformation.

The'r'esu]'t'is a very fine, penetrative foliation which trends north-

gast and has steep to vertical dips. Within the Love Cove Group this
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c.atac1ast1'c foliation is axial planar to tight, upright isoclinal folds,
i.e., peninsula southeast of Hare Bay. These folds plunge moderately .
to the northeast within the map-area. " The plunge is estimated by the
intersection of the main foliation and primary layering in the
volcanogenic s‘ediments in plan veiw. Seldom are first-phase, sma_l]
_scale structures developed. However, finely laminated cherty horizons
in thgrcrystal tuffs locally show Fy folds (see Ptate 34). "These
minor structures confi‘rm the large scale structures outlined.

To some extent the effects of the cataclastic foliation .

depends upon the composition of the volcanic rocks. It is readily

descernible in the crystal tuffs where it forms augen around the - S

broken crystal fr_agments [(mainly plagioclase). The matrix is generally
too fine grained to d'bse_rve in the field just what-minerals define
the foliation, which. '1s,re\so1ved mafnly by a fine parting in the rock.
Phenocrysts are elongated in the planes of the fovliétion with "tails"
commenly developed, simil.ar to those on feldspar megacrysts in the
,Lockers Bay Granite (see Plate-35). Thé rare basic volcanic horizons
in the Love Cove Group become quite strongly flattened and sheared
due to differéntia] movement betweeﬁ them and acid units, resulting
in narrow zomes of chlorite schists. The acidic flows may show little
overt signs of deformation. Hwéver,; where porphyritic, the small
quartz and feldspar eyes are flattened.

The most important aspect of the deformation of the Love Cove
Group is its difect correlation wfth the Dfover Fault. As the fault

zone is approached from the Avalon Zone the foliation in the Love Cove
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© Group becohes_more‘intense. Eventua?ly‘it passes gradually into
mylonites of the Dover Fault Zone. On the margins and wifhin the
Dover Fault, Love Cove Group volcanic rocks are reduced to a green
finely banded mylonite (see Plate 36)i i .

It is very difficult to recognize brimary volcanic features
in thin sections of the Love Cove volcanic rocks. This is because
the regiona]vcataélastié foliation has for the most part destroyed
these small-scale features. - In the crystal tuffs fine bands of
severly crushed material alternate with bands containing porphyro-
clasts that are larger and more prominent (see Plate 37). The fine
bands are probably fluxion lines but may also represent an original
variation within the crystal tuff. In-all the rocks the matrix
quartz‘and fe]dspar show strongly sutured grain boundarfes with the
elongated quartz generally defining the foliation. Fine grains of
sericite and larger grains of chlorite are also oriented and along
with elongated quartz form augen around the surviving.porphyroé]asis.
In some specimens.the foliation is undoubtedly defined by finely
crushe;i zones (fluxion Hnes) {see Plate 38). ‘Eomonly the porphyro-
clasts are fractured with actual displaéement occurring between two

‘pieces of the same crystal (see Plate 39). These fracture planes
intersect the main external fabric at a moderate angle, a common
feature in rocks deformed by a simple shear mechanism (Fig. 4)

The main foliation which deforms the Love Cove Group is

demonstratably cataclastic 1ike that whfch.overprints the Gander: Zone.

From both sides this foliation can be demonstrated to merge into the










Dover Fault mylonites and are part of the“same regional deforﬁatiOnal
event. It is also clear that the Dover Fault formed in association
with that event. (It should be noted that recrystallization or
constructive as well as destructive mineral development occurred 5:
association with this Eatac1astic foliation. Where possible the

. . \ .
conspructive growths will be outlined in the chapter on metamorphism. )

3.2.3 The Dover Fault Zone N

The’Dover Fault runs throughout the central portion of the
map-area, defined by a mylonite zone some 300-580 metrés wide. It
‘has for Ehe most part, a general northeast trend which is slightly
curved within the map area. Some of this'variation in a general
northeast ‘trend méy be due to later cross-faults,“however, it appears
to reflect also the original geometry of the fault zone. The zone

%
js consistently steep (except where modified by later faults, eq.

>

west of Dever). - '

The major 1itﬁo]ogic units of the Gander Zone and the Love
Cdve Group of the Avalon Zone are disposed in roughly linear belts,
parallel to the trace of the'Dovér Fault. The éataclastic, penetrative

foliation which overprints these units is also parallel regionally

with the mylonites which define the Dover Fault. Asjwe have seen this

foliation merges and becomes one with the mylonites of the fault zone.

Hence, the Dover Fault involves both Gander and Avalon Zone rocks}
clear]ylrecognizable on its margins. The ceﬁtral portion of the fault

zone represents a more intense version of the cataclastic foliation——
> ) ~ —
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seen in the protoliths‘J

The Dover Fault Zone exhibits many microstructures typical of
mylonitization. Acid volcanik rocks of the Avalon Zone and granites
of the Gande;'Zone‘lose all original textures. Fluxion lines of
finely cPushed and conminuted qJ;rtz and feldspar along with sericite
and chlorite are common. Feldspar porphyroclasts are shattered with ;
segments of the same crystal showing disp]aced.twin lamellae (see
Plate 40). Obvious granulation of porphyroclasts occurs with
deformation taking place from the margin inwards. In this fashion the
pofphyroclasts (mainly feldspar with local knots of sutured
quartz grains) become rounded i.e., grinding due to differential
movement between fluxiqn lineg. Gepera]ly a'completg range of angular
to'round crystal fragments may be found.

Locally zone§ of ultramylonite occur with a very fine banding
defined by fluxion lines (see Plate 41). Pprphyroclasts rarely occur
agd the groundmass is extremely fine grained. Generally the intro-
duction of chlorite and epidote in these zones gives the rock a green

color.

3.3 Earlier Structures

The comp1e§ gneissic banding of the Bonavista Bay Gneiss
Complex is the only structure which predate-the regional cataclastic
 foliation in ghe map area. It is a]mﬁstiimpossible to correlate
successive deformations in gneissés which exhibit a eomp1ex internal

structural history. However, some distinctions may be made pqrticu!ar]y
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between the Hare Bay Gneiss and .the Traverse Brook Gneiss.

~

3.3.1 Hare Bay Gneiss

The gneissic folYation in the tonalitic portion of the Hare
Bay Gneiss i5 a metambrp!gical]y’ segregated banding 21‘3 mm wide. ‘For
the most part it is regular:ly developed and ‘has a consistant northeast
trend with steep dips. Locally it can ‘become' quite complexly folded
with Type 1 and 3 interference oétterné (Ramsay, 1967) well developed
(see Plate 42) These small scale folds, although fairly consistent
int trending nartheast, have extremely variable plunges demonstrable
in any oné outcrop. Locally, where refolds are discernable, the first
apparent fo]d.o‘f'»the gneissic banding is an extremely tight isocl-iné

"~ whose 1imbs event.uaHy merge parallel to the trend of the gnei.ssic
fol'liation or areAsharpl_y._rattenuated. The number of ;deformationﬂ
events whiéh precede 'those interfolial folds is difficult to determine.
However. the coarse, consistent, metamorphic charvacter of the gneissic
‘bandmg would suggest an earlier involved ffistory -of metamorphic
segreganon and structura] transposition. On this bas1s the 1nterfoha1
folds would at the very minimum, be third phase folds, i.e., gneissic
ban‘ding is composite, méking thve*refofds of a fourth generation. These
phases represent the 1a"test structural events now recognizable in the
Hare Bay Gneiss and it is likely that a complex tectonic -history, as
.sug’ges:ted by the very nature of these rocks, pre-date that which is

now discernable.  _ v ‘ T

No systematic grouping of small scale structures is possible

-2 .
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except for the gneissic bandi_ng and thé latest re-folds. The létter
trend in a géneral northwest direction, are moderate to tight withl
_Xerticﬂ a_xial planes and variable plunges. The trend of these re-
ﬂfolds an.d' the gneissic banding is largely controlled by fhe super-
imposed cataclastic fo'l%ation.

The tonalite poriion of the Hare Bay Gneuiss forms augen around
parggneiés xenoHihs (see Plate 2). Thesé xenoliths have a clearly
defined gneissic foliation which is g‘eneraHy-fiﬁer and more vegular
.than that in the tonaljte host. This ‘foHation in the parjgneisses
is commonly fo'ldeq with the axial trace of these folds beirg at all
angled v:jth the external foliation in the tonalitic gneiss. -

“In thin section the gneisses do not reveal much concerning

- BN

- their structural history. In fact, the gneissic banding, so prominent in
outcrop, is generally indistinguishable. Where discernable it consists
of alternating bancjs of quartzc-feldspathic material contaAining few
other minerals, and bands where biotite, muscovite, and chlorite are
coﬁCentrated. This Azilternat_ion, not generally well shown in thin
section, gives the gneisses their well banded appearance on the out-
ﬁrop 5ca1e. In some sections evidence of transposition is prese,rited ’
with remanants of an earlier composite {gneissic) foliationkontained
between the foliation planes of the main 'gnéissic banding. The
“earlier comhosite fo‘liat'l‘on ‘may be preserved as microscopic inter-

folial folds (see Plate 43) and as knots of mterul with an -'lnt.ernal

composite foliation at an angle to.the external main gneissic banding

which forms augen around them. It'is difficult to determine whether

.
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the transposition seen in various sect1ons are all the same age and
possibly related to the latest deformat1on of the gneisses by the
cataclastic Toliation_ or represent earlier stages in the struct.ura1.
development of the gneisses. The f1rsi: case is likely since sfmﬂék
relationships between gneisses_and the super1mpo"sed foliation are
observable in the field. |

The grain boundaries of the individual mingrals are fairly
consistent for all section.s"studied. Both quartz and feldspar show
varying degrees of suturing along grain boundaries. Localiy‘.
embayed to cufved boundaries are present. Where _ sutured boundaries ’
are prominent the quartz generally has been elongated, contains many
sub-grain boundarfes., and exhibits good undulose ext{nction. The
micas (minly biotite) are oriented and are coarser where defin'lng an

earlier foliation than the main gneissosity A

3.3.2 Traverse Brook Gneiss ‘

The Tfavgrse Broolﬁ Gneiss is ;tructuraﬂy more inhomogeneous
than the Hare Bay Gneiss. The gneissic banding is locally and crddély
developed, is much coarser than that of the Hare Bay Gneiss avn.d is '
marked by di ffuse bands of ‘segregated material (see Plate 3). The
result is that this gneissic foliation is discontinuous;nd irregular

i.e., the vicin‘lty of Traverse Pond and Hestem end of Hare Bay
Pond. 3 '

. » . . - | o V\,:‘
. . . 4
It has been suggested that the Traverse Brook Gneiss represents

a mtgmltized'version_of the Hare Bay Gneiss. Numerous ,xenol'lths and

. ”
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large vrafts of typjcall Hare Bay Gneiss occur within {jhe'younger gneiss
terrane whose foliation forms augen around them (see Plate 4).

The 1irregular, d¥ffuse, coarse, gneissic 'foHa_tji.on typi'cal
of the Traverse Brook Gneiss grades into rocks wh;re no clear cut
gneissosity 1s evident in many places. Instead, a strong, penetrative
composite fohat'lon replaces the c¢rude gne1ssic banding and the rock
is identical to an intensely deformed granite. An earlier foliation
is generally quite visible as a preserved orientation of minerals
(mainly biotite and/or muscovite) between the foliation planes of the
main fapric. Locally only one perietrative foliation is evident in
this gneiss terrane. These change; in the tectonic folfiation
apparently affect rocks of the same age. They grade into one another
with no orderly distr1bt‘1tio_nband represent a common phenomenon in )

, migmatite terranes. It should be noted that the crude gneissic

band1n§ 1s the most common ’of; the three styles.

The Traverse Brook Gneisses exhibits a fairly simple pattern
of small- scaie folding of the gneissic ban 1‘ng (except for those nbre
complex areas containing raft of Hare/{:Gneiss) Generally these
moderate to tight, varialﬂy plunging northeast trending folds are
related to the superimposed late foliation (con_tact between Lockers
Bay Graﬁitg and Traverse Brook Gneiss, north of Hare Bay Pond; see
Plate 44). This differs from the Hare Bay Gneiss where the:late
foliation folds already 1socHMUy folded gneissic banding (contact
be tween Lockers Bay Granite and Hare Bay Gneiss, south shore of Lockers
Bay; see Plate d5). |







|
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Locally, elongated, sutured quartz
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The body of granite south of Traverse Pond has similar

structural features to the Traverse Brook Gneiss. The foliation within

it varies from gneissic (see Plate 46) to a single penetrative one.
The gneissic banding of the Traverse Brook Gneiss is most
difficult to outline :1'n‘thin section. For the most part, a strong

alignment of biotite/chlorite and muscqvite fs all that is evident.
. 'gr‘a'ln; may define the foliation.
Where developed, the ghe'lss1c foliation is defined by ﬁiffuse.bands

of“ mustovite, orthocfase,' some plagioclase (- An3°-), quartz and ra're
biotite plus muscovite alternating -'H'lth‘ b&nds ,containinﬁ higher
proportions of biotite/chlor'ite" and mSvcovite. Rarely do sharp

lines separate these bands and generﬁly no cJeariy »defined- boundaries

exist. Commonly, evidence 'of transposition {is preserved as mi¢roscopic

interfolial folds (defined by micas) between the coarsely developed ,

composite folfation planes of the main foliation. Most mineral grains

show evidence of being overprintgd by ;he cataclastic fabric. Severely
strained and “crushed"®feldspars ‘are common along with intensely '
sutufed quartz grains. The feldspars are thg: coarsest grainﬁ. around
which the micas form augen. | o
' ®

3.4 Later Structures

Structures which post date the régional cataclastic foliation
are developed in both the Gander and Avalon lones. Except for the

cleavage in the Musgravetown Group these structures are small-scale

'and locally developed.

»







3.4.1 . Shear Zones -

Smai] shear zbnes less than 1 metre wide locally cut the
deforméd granites of the Gander Zone and the Love Cove Group of the’
Avalon Zone. Within the Lockers Bay Granité and the Dover FauTt
graniteé;'these zones deforh the pre-extsting cetaclastic foliation
(see Plate 47).(eaSt of Hare Bay Pond and south side of Hare Bay
respectively}. The angle between the shear zone boundaries and the
earlier foljatiop is alweys sha1lqw (1ess than 45°) with no apparent
rotatton of the latter into them. Commonly these shear zones are
\ parallel to the regional foliation in plan but cross-cut it in sections.
No'evidence of the earlier foliation is preserved within the zones
and the granites are progre;sively mylonitized from their margins in
towards the'center of the zones. Similar zones cut the cataclastic
foliation qf the Love qeve Group (east of Dover Fault, south side of )
Freshwater Bay). These zones exhibit no systematic distribution and

are possibly related to -later movement along the Dover Fault.

3.4.2  Strain-Slip Fol'i'a.tion ,

A locally developed, widely spaced, strain-slip foliation
transposes the main telfetjon in the Love Cove Greup’(see Plate»48).
It generally hasia north-northeast trend and with steep easterly dips
(coastal exposure west of Cat Bay Gut). Locally the transposition is
less complete and this later deformation is resolved as small- sca1e..

moderately tight. folds or Kinks of the cataclastic foliation. This

structure also overprints mylonites of the Dover-fgult Zone‘(north-
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east. These folds have wavelengths of greater than 2 km, three of
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east oﬁpDover) and some\of the deformed grani rocks of the Gander *
Zone (garneiiferous §r§n{;e. south shore of Ffeshwater Bay). It may

be associated with either later movement alophg the Dover Fault or the
deformation of the Musgravétown Group (see below).

- 3.4.3  Slaty Cleavage in Musgravetown Group

_AThé defo}mational sti]e affécting the Husgravetown Group
cont}asts sharply with that of .the Love Cove Group. These contrasts
occur abruptly across a high-anéle fault which separates the two
groups wegt of Cat Bay Gut. A preferentially deVeloped, northeas t
trendiné;?merrately west and eastxdipping cleavage deforms the silt-

. Y § .
stones, sandstones and conglomeratgf of the Musgravetown Group (see

e 2

Plate 49): It is much more prominent in the fine grained silty
horizons than in the massive sandstone units. It is also more widely
spaced than the fine foliation.in the Love Cove Group. . Individual ;
clasts (1ithic and mineral) are not flattened Jr'e1ongated on the
cleavage planes. .Condlqmerate horiz&ns and other coarse grained units
exhibit'$ coarse?fractdre eleavage. The cleavage is axial planar to

large scale open-folds which plunge gently or moderately to the: north-

which are mappable in the area (Fig. 3). In the fold hinges, small

scale bulking of the bedding surfaces rei&ted to the main folds occur.

Mo later tectonic structures are evident.

3.4.4  Faults

.

Post-mylonite brecciation is ad important feature of the Dover
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f§u1t Zone and is responsible‘for its limited topographic expression
(Tow re1ief along the south of Hare Bay, Dover, and north of Dower
sections). Glearly recognizable di;oriented fragments of mylonite,
one cm to several cm across, occur along this segment of-the fault
(see Plate 27). These fragments are not bounded by shear planes but
"float" in a chlorite/epidote rich, fine-grained matrix (see Plate 50).
~ This brecciation may {n part be related to some fluidization process
such as tuffisite intruéion. localized along the fault, i.é. locally
green chlorite/epidote rich matrix invades the mylonite fragments
(section south of Hare Bay). Carbonate'is also common, filling.post-
mylonite transvérse fractures. This brecciation is also interpreted
to be related to differential movements, aldng the pre-existing zone
of weakness. Locally, minor upright drag folds (see Plate 51)
associated with high angle faults occur (Dover section), alsgnn fault
with apparent dexcrél displacement, runs intolthe Dover Fault Zone

(see below).

A presumed high;angle fault with an approximate N45°E trend

runs along Freshwater Bay, through the trace of the Dover Fault on
the .orth shore of Lockers Reach apd cuts a small island south of
Lewis Island (Fig. 3). Its presence is suggestéd in Freshwater Bay

_ by narrow mylonite and breccia zones which cut the deformed granité south

of. Air Island (see|Plate 52) and by brecciation of the Hare Bay

Gneiss in a narrow headland, on the north shore of the bay. The

small island south of |Lewis lslandfjs cut by the extension of this

fault. The Newport Granite underlies this island, the southern half










of wh1ch is severe1y brecciated. Quartz and fe]dspar clasts are
surrounded by a fine- gramed chlor\lte rich matrix in the breccmted
area (sée Plate 53). .The sense of displacement along this fault has
not been determined. It may form part of a larger fauhlt system which
runs southeast of Freshwater Bay aleng Gambo Pond (Fi.g. 5).

An east-yest‘.fault with apparent dextral displacement runs
along Lockers Bay. The Lockers Bay _Gram'te, the Hare Bay Gneiés and
possibly the -Dover Fault are displaced by this structure. Local
breccwatxon occurs on headlands underlain by the Lockers Bay Granite
on the north shore(of the Bay. Inland from Lockers Bay the fault is
marked by a long valley filled with glacial debris. To the east it
may run into the N45°E‘ fault previously described. o

A similar east-west trending fault, but with smaller dis-
p]écement cuts ‘a Dovér Fault granite and the Hare Bay Gneiss at Hare
Bay. \

Seyeral east-west trepding lineaments on Lockers Flat Island
and Deer Islahd may also mark high angle faults.

On the south shore of Lewis Island, a nor th-south trending
fault cuts and locally brecciates the Hare Bay Gneiss. On the nqrth
shore it separates the Lockers Bay Granite from the Hare Bay Gneiss.

\The fault which separates the Musgravetown Group from the

Love Cove Group has an approximate N15°E trend and would appear not

to be a large disruptive zonme. *The fault' zone is marked by a small

L3
gravel filled depression a few metres wide. The exposures of Musgrave-
. N

town Group adjacent to the fault are gently to moderately dipping red

IN




siltstones which exhibit some fracturing. The penetratively deformed
. . . o .
Love Cove volcan1c rocks show no brecciation close to the fault. The

sense of movement is not known but it is presumably high-angle, dip-

slip with down-throw to the east.

3.5 Summary

The regional cataclastic foliation is common to both the
Gander and Avalon Zones. The Dover fault formed in association wit_h
this deformation during the juxtaposing of the Gander and Avalon Zones
in the Precambrian. Earlier structures in fhe area include the
gneissic fo]iétions of the Bonavista Bay fineiss Complex. Small-scale
later structures al;e locally developed in both zomes.. The relation-
ships between these structures and the deformation of the.Musgrévetown

. A

Group is not known. High angle faults cut the area and may in part
o ' .

contribute to later movement along the Dover Fault.

4




CHAPTER IV

METAMORPHISM

4.1 Introduction

The strongiy deformed rocks in the map-area have undergone
varying degrees ofnmetamorphiém. Low to middle greenschigt cogditions
existed during the regional cataclastic deformation of the Love Cové
Group (Avalon Zone) and there is some evidence that similar conditions
prevailed during the regional cataclastic aefonnation of the Gander
lone. Die to retrogres;ion it is véry difficult to determine what
metamorphic conditioﬁs affected t;e‘gneisses prior to the formation
of the late foliation. The metamorphic grade now‘evidéﬁt iﬁ the Hare
Bay Gneiss is generally low. There is one sugéestion of anatectic
conditions having affected the Traverse Brook Gneiss. The Musgrave-
town Group is essentially non-metamorphic. i/

! 4

4.2  Metamorphism during the regional cataclastic, deformation

. New mineral growth (neomineralization) and re;crysta11izat10n
are associated with the regional cataclastic deformatipn {the dominant
texture is, however, cataclasf*%). Within the Lockers'Béy Granite,
biotiteé is ubiquifous and generally stronély oriented, forming augen
aroﬁnd the large feldspar megacrysts. This biotite is probably primary
and was flattened and rotated during the cataclastic defoﬁmation of -

the rock {t.e., locally small patcheé of biotite oriented at "a high

angle to the cataclastic foliation, occur in the foliated granite

2
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suggesting these grains.had an original orientation which resisted
rotation during deformation). Primary biotite is also common in
undeformed megacrystic granites outside the map-area eg., the eastern

. k)
margin of the Deadman's Bay Granite (Fairbairn and Berger, 1969). In

thin section it is clear that biotite is partly replaced by chlorite

but locally replacement is complete. The chlorite is strongly

oriented and forms augen around porphyr061a§£§. Thus it is inter-

EretedAgo be syn-tectonic although gome static mimetic growth'zggﬁﬁf\f‘
be_discounted.' The general scarcity of chlorite in the Lockers Bay
Granite may reflect a lack of water in the deforming body. Quartz

is strongly re-crystallized in the Lockers Bay Granité producing
stringers of sutured,-e]ongated quartz grains:

Miror biotite is retrogressed EP chlorite in the garnet- "

iferous granites. Both help define the foliation. Muscovite and
.ser{cite with'irfegular to straight grain boundaries are syn-tectonic
and overprint, rare primary biotite (see Plate 54). Quartz is severely
re-crystallized like thét in éhe Lockers Bay Granite. ‘
" Commonly in fhe my1onite; of the Dover Fault Zone, chlorite
and sericite are developed syn-tectonically. These minerals clearly
aefine the fabric and mark tée fluxion lines. Quartz is intensely.
sutured and aligned in narrow zones. Locally distinct’ subhedra)

grains of epidote and massive interstitial epidote occur in the matrix.
It is difficult to know whether this epidote is pre- or syn- tectonic.
However, clearly post-tectonic epidote does occur in post-mylonitic

fractures. In the Dover Fault graniteé; syn-tectonic chlorite is

" after biotite.
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tettonically. The re-crystallization of quartz is ubiquitous with
)

-

In the Love Cove Group chlorite and sericite have grown syn-

typfcal e]ongation_and suturing of grains. These minerals define

the|pervasive foliation. Prejtectonic and possibly syn-tectonic

epi oté occur. Syn-tgctonic sericite form; augen around the older

.epidote grains (see Plate .55), the latter define narrow fluxion lines.
ﬂ Thus, a syn-tectonic mineral assemblage characterizes the

regiknal cataclaétic_foliation. This assemblage is apparently

. !

deve\oped in deformed granitic rockg “and possibly had a retrogressive
ef fedt upon the gneisses (see be]osg-g% the Gander Zone; in Love Cove

_firoup\volcanic rocks of the Avalon Zone; and ih mylonites of the
Jover ¥ault Zone. A }ow‘téumiddle greenschist facies of metamorphism
is suggested by the neomineralized and ;ecrysta11ized‘ch10rite;‘
sericite, muscovite, ep%dote and qlartz.

PR}
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4.3 Metamorphism affecting the gneisses

»

4.3.1 The Hare Bay Gneiss

The paragneiss xenoliths in the Hare Bay Gneiss fall into two
Qpin catagories: psannﬁtic/semi»pe1itié and amphibolitic. The main
folia;%on=in the former is generally defined by a biotite/chlorite
alignment. The chlorite is after biotite and the matrix quartz {E
recrystallized and elongated. The superimpd;ed cataclastic foliation
forms augen around subhedral garnet porphyroblasts (see Plate 56) and

- -

oligoclase porphyroblasts. Coarser grains of earlier biotite occur







as‘inclusioné in the feldspar porphyroblasts. Thus, 3 garnet-biotﬁte—

p]agjpc]ase-quartz assemblage pre-Jateé the later biotite-chlorite-
quartz-alignment. In the amphibolite xenoliths, amphibole (hornblende
as we]1.as tremolite/actinolite) define the main fd]iation. ‘The -
amph:ﬁole generally comprises g}eater than 50 per cent of the rock
with the remaining being plagioclase and biotite. Tw0'per%ods of \\
hornblénde growth are evident:- an early one occurs as orieated

_crystals with relatively straight grain bduhdaries between the.main
foliation p1anes this main foliation is defined.by a subseqpent
amphibole growth (see P1ate 57). Also basal sections of early hoen-
blende with embayed grain boundaries have later amphibole of ;He‘mé{n
folietion forﬁing augen around them.

The latest recrystal]ization of minerals in the paragneiss

xenoliths ;ay be 'of any age. Locally it may be related to the 1a€e

°catac1as£ic foliation or any of the transpositions which affecteq ehe ~
host rock, a tona11tlc gneiss. Whatever, the early metamorphic history
of these xenol1ths might suggest at least anmh1bol1te facies cond1t-
ions.

No high grade metamorphic m1nera]s were observed in the
tonalitic portion of the Hare Bay Gne1s§ Two periods of b1ot1te
growth are evident with the earlier defining interfolial folds between
the main foliation planes- also defined by biotite (see Plate 43).
ﬁuscovite growths'are of-at least two ages - small flakes in the

* matrix form augen around plagioclase porphyroblasts containing in-*

clus1on trails of an earlier muscov1te orventat1on .Muscov1te may




also be observed as late porphyroblasts with random orientations (see
Plate 58). Chlorite is a]soaconnnn and is.generally associatéd with
* the main foliation. Quartz.is recrystallized and elongated, helping

define the main foliation which forms augen around o]igdé]ase/

andesine-porph}rob]asts. Higher gFades'can be suggested for the ‘

early metamorphic history for these rocks. However, low to medium

rednschist facies would appear to mark the latest event.

‘ J

4.3.2 The Traverse Brook Gneiss

The Traverse Brook Gneiss ‘shows two ages of muscovite and
biotite growth. The first defines an earlier foliation-as inclusion.
irai1s in feldspar porphyroblasts and as ‘interfolial fp]ds.r The
second defines the main foliatian. ‘MuScovi::>also occurs és 1a?ge

porphyroblasts\around which the later muscovite forms augeh (see

Plate 59). Biotite is rep]acedvby chlorite. Otheriﬁinefals are

microcline/orthoclase and oligoclase/andesine; relative ages unknown .

Quartz is genera 1; recrystallized along thé planes of th main
fo]%aifon. Cordierite and sillimanite (see Plate 60) are developed
in a quartz veinﬂéutting a x;nolith of Hare Bay Gneiss within the
Traverse Brook Gneiss (north shore of Lockers Bay). This Vein is
]ikély related to the'Trayerse Bnpog‘Gﬁeiss. Although this egideqcer
is not conclusive, such metamorph{c minerals could indicate anatectic
coéditioné affecting the development of the Traverse Brook Gneiss.
Presumably the later event, as indicated by the most common mineral

asgemblage, is of a much lower grade.
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There is no consistent development of metamorphic minerals in

N

the Bonavista Bay Gneiss Complex. Where the same mineral is represen-

ted there is poor control on its relative age. These Facts,‘combined
with the obvious retrograssion of the gneisses (presumabﬁy related to
the regional cataclastic deformation and netamorphism)‘makes a
systematic deciphering of their metamorphic history extremely

difficult.




CHAPTER Vv

EXTENSION OF ROCKS OF THE GANDER AND AVALON ZONES

79 THE WEST AND SOQUTHWEST

5.1 Intr roduction

™

As a result of further work by the writer, many of the map
units shown in Fiq. 3 may be extended (Fiq. 5). Also the paragneiss
component of fhe Bonavista Bay fineiss Complex may be better defined
and the gneisses can be shown to he part of a basement terrane. The
overlying cover rocks of the Gander Group are Eeparated from the

basement qneisses by a zone of reconstitution. The large post-

tectonir qranite plutnons are further delineated and contact relation-

ships are consistent with those previously described.

5.2  The Dover fault

The Dover Fault has been traced as a continuous structure
‘ror Bonavista Bay t(; the south shore of Terra Nova Lake, an appmx-
1mate fistance of 60 kilometres. The fault continues to mark the
boundary between the rJ-ander and Avalon Zones, relationships across
1t are consistently the same and well-developed mylonites remain

the main characteristic. The sections at Maccles Lake and Terra Nova

lake demonstrate this nuite clearly.
5.3 Avalon [one

5.3.1 love Cove Group

Thwe narrow belt of Love Cove Group rocks shown in Fig. 3,




extends to cross the Trans-Canada Highway near Glovertown and widens to
nearly twice its northern width south of the G]overtbwn Junction

from where it then continues to Terra Nova Lake (Fig. 5). Typically,

it consists of mainly acid volcanic rocks, flows and very fine tuffs.

The penetrative cataclastic foliation with its ndrth-northeast trend

's ubiquitous, and consistently merges with mylonites along the Dover

Fault.

The Musgravetown Group, Tithologically and structurally, 1s
essentially the*same to the south. It continues to be in fault
contact with the Love Cove Group.

5.4 Gander Zone

5.4.1 __ The Dover Fault Granites

The Dover Fault granites are conspicuously regular in their
continuation adjacent to the Dover Fault (see Fia. 5). Like the
Love Cove Giroup of the Avalon Zone, they become severely mylonitized
towards the Dover Fault and lose all their igne(').us textures. On the
Trans-Canada Highway, just west of the Gloverto”wn Junction and again
approximately one kilometre south of there, the Jover fFault granites
show possible evidence of repeated flattening along the Dover Fault.
Early feldspars have been reduced to mere streaks in the rock;

subsequent feldspar porphyroblasts are flattened slightly with earlier




- 93 -

deformed ones f.orming .augen around them (see Plate 61). This may
also be explained by late syn—tetton'ic feldspar porphyroblastic
growth. Both suggest a long involved history for the Nover Fault
mylonites. ' b .

Severely mylonitized gabbro is associated with the 'Dover
Fault granites at those sections around Maccles Lake. Locally it
appears that the granite intrudes the gabbro pre-tectonically, i.e.
both have been overprinted by the same Fatac]astic foliation.
Plagioclase feldspar in the gabbro is resolved as white streaks in

the rock.

Locally the Dover Fault granites and associated gabbro are

intruded post-tectonically by relatively fresh granitic material (see

Plate 6}); occurring generally as veins or stringers cutting the
mylonitized country rock. Within the Dover Fault zone some of this
late granitic material may become brecciated by later movements

(Maccles Lake, northern-most section).

5.4.2 The Lockers Bay Granite v

The Lockers Bay Granite outcrops on the Trans Canada Highway
between Glovertown and Gambo Pond and continues south ofhthere where
it is apparently cut off by the relatively undeformed Maccles Lake
Granite (north of Maccles fake - Fig. 5). The Lockers Bay Granite is
typically megacrystic and deformed by the cataclastic foliation. It
is also shown to clearly intrude the gneiés of the Bonavista Bay

Gneiss Complex (see Plate 63).
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5.4.3 The Bonavista Bay Gneiss Complex

The Bonavista Bay Gneiss Compiex has an involved history of
migmitization and deformation. The suggestion of an earlier gneissic
unit, likely paragnheiss, resulted from the studx'of the Hare Bay
Gneiss. This work has shown that such a sugéestion is valid with
the Bonavigta Bay Gneiss fomplex consisting of an olaer paragneiss
'vterrain and a subsequent granite (tonalite) gneiss terrane. The
latter would appear to have originated by migmitization of the older
rocks. The writer now concludes that the Traverse Brook Gneiss,
although providing an easily mappable unit in Figure 3 4s, in fact,

a local phenomenon of limited importance on a regional scale. It
is, then, the Hare Bay Gneiss and the ﬁaragneisses which rep;esent
the fundémental units of the Bonavista Bay Gneiss Complex.

The Bonavist: ay Gneiss Complex is roughly disposed into
two belts, trending approximately north-northeast. They are separated
by two large areas of granitic rock, the Middle Brook and Maccles
Lake Granites (Fig. 5).~ As a generalization the western belt is

. . .

preddmihant]y paragneisses and the eastern belt is mainly granite

. . ~ .
gneiss. The two granites are clearly post-tectonic.

*
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5.4.3.1 The Square Pond Gneiss

'The paragneisses, here termed the Square Pond

Gneiss, are the older of the two gneissic units. An excellent
section displaying both lithological and structural features is
provided by the Trans Canada Highway from Gambo Junction to tlhe north-
west corner of Square Pond. A road mgta] quarry at the northeast
-co;'ner of Square Pond exposes rocks typical of the paragneiss terrain:
a well-b;nded, light grey p’éammitic gneiss (see Plate 64). The
gneissosity is extremely reg‘ular with sharp boundaries marking both
sides of an individ:al band. The average width of the banding is
2-3 mm, but it may be finer or coarser. The gneissosity is defined
by dark bands richer in biotite and chlorite (semifpelitic) alter-
nating with slightly wider bands of light grey, morp psammitic
material. Locally, the main banding contains int rfolial folds and
is quite strongly transposed to produce a new gneissosity (see Plate
65). Subsequent to the development of the complex gneissic banding,
the paragneiss 1s overprinted by a '1até, single penetrative foliation.
This is best shown by garnetiferous granite veins which cut all phasés
of the gneissic banding and are also deformed by the late foliation.
In’ the road metal quarry in question the laté foliation is axial
planar to a large scale fold (hinge zone approximately 30 metres
wide) which folds tr?e complex gnei‘ss banding producing types 1 and 3
interference patterns in the hinge.

Another aspect of the Square Pond Gneiss is exposed at the
Gambo Junction and successive outcrops between there and the road

SN
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metal quarry on the Trans Canada Higbwaj,\‘Superficially these para;
gneisses are structurally simpler and more peiitic than those ;t'
Square Pond. A gneissié banding is no longer evident, the foliation
is phyllitic, the rocks are da(k grey to greenish in celor and fine-
gfained. Close observatibn shows, however, that the foliation is
tomposite and rarely is disposed in small scale, tight, isoclinal
folds of gxtrene]y variable plunge. Also, zones of more psammitic
gneiss showing the regular gneissic banding and structural complex-"’
ities exhibit®d in the road metal guarry, occur inter]ayered with
this apparent "phyllite" sequence (roadside outcrop at Gambo, approx-
imately 1 km from Trans Canada Highway turnoff and along railroad
track near Butt's Pond). It is concluded that thése rocks are part
of the same paragneiss sequence but due to the lithological diff-
erences, do not sﬁow a_successive development of gneissic structures,
i.e. being more pelitic, subsequent deformation completely transposed
earlier structbfes. This regional change in lithology possibly .
“reflects orinal variation within a sedimentary sequence. In this
regard it should be noted that on weathered surfaces the paragneiss

is identical to a metasedimentary terrane but no clastic textures

[4

or prigmary structures are presérved.
\ .

The metamorphic grade of the Square Pond Gneiss is consisten-
tly low (except in local migmatite zones). Chlorite and biotite,
with the latter predominating, is quite common.

The Square Pond Gnei§s is alsoc well developed around Gull
Pon&. due north of Square Pond. To the east of Gull Pond the fara-

gneiss shows an extremely regular, consistent, narrow gneissic banding.




It is possib1e to trace this remarkable "pin-stripe"‘baﬁding several
kilometres along sfrike. Also the strike gf the banding changes from
2 qorth—northeast t;end to a north-northwesterly one. . \
Several gabbro bodies intrude the Square Pond gneiss, i.e. at
Gull Pond (Fig. 5). The gabbros pdst—date the gneissic banﬂiné but

have subsequently been deformed. Ubiquitous garnetiferous granite

veins cut the gabbro pre-tectonically.

5.4.3.2 The-Hare Bay Gneiss

The eastern belt of gneisses, the granitic gneisses,
is essentially a continuation of those shown on Fig. 3 and are similar
" to ;he Hare Bay Gneiss - the name which is applied to this gfstern
belt of the Bonavista Bay Gneiss Complex. The Hare Bay Gneiss
contains xenoliths of paragneiss; the Square Pond Gneiss would
appear to be the source for these xenoliths. A]thougu/the eastern
belt is predominantly "granite” gneiss, it does contain large raf;s of
paragneiss, one such zone occurs on the northeast shore of Maccles
Lake adjacent to.the Dover Fault granite. The zone is approximately,
1/2 km wide and is mainly psammitic gneiss. To the west it forms an

apparently gradational contact with the granite gneiss. The contact

zone is severa1dpetres wide and shows. profuse plagioclase porphyro-

blast growth. The paragneiss grades into recognizable granite gneiss
which also contains xenoliths of the former (see Plate 66). The
banding in the granite gneiss is less regular than that in the para-\

gneiss but still quite distinct; it resembles a typical orthognéiés.

*




. The development of garnet porphyroblasts overprinting the paragneiss
banding is another important feature. The garnets occur in both the
paragneiss zone and locally in paragneiss xenoliths withinAthé granite
gneiss. bGarnets also occur locally in the gfanite gneiss at this
locality. Although detailed thin section WOTkgWEEdg to beﬁabne,

there is @ strong suggestion that the Hare_Béy Gne{ss and its south-
ward extension represent post-paragneiss migmatites which have sub-
sequently been regionally déformed. The same is suggested by zones

of granite gneiss developed within the Square Pond Gneiss, i.e. Mint
Brook and southwest of Gull Pond. There, also, garnet porphyroblasts

overprint the paragneiss banding close tg,the migmatite zones.

The belt of Hare Bay Gnéiss continues to the south shore of

Terra Nova Lake. The Square Pond Gneiss has been mapped only as far

south as Gambo Pond. ' < : . }

5.4.4 Relationships between the Bonavista Bay Gneiss

Complex and the Gander Groyp.

The Bonavista Bay Gneiss Complex hqs been interpreted as a
basement gneiss terrain. The Gander Group me tasedimentary sequence
has béen interpreted as the cover terrain (Kennedy and McGonigal,
1972). The section pravided by Home Pond and Gull Pond (Fig. 5)
strongly subports the above, with the contact between ;he th being
a zone of structural reconstitution. First, the 1ithology and
structures of the Gander Group will be outlined and secondly, the

effect of these structures on the Square Pond Gheiss will be described.

L8




" 5.4.4.1 - The Gander Group o

The contact between the gneisses and metasedimentary
rocks of the Gander Group occurs wheré Home Pond and Gull Pond meet
and continues to the northeast near the southwest end of Wing Pond.
It continues io the southwest, south of Soulis Pond. Northwest of
this contact the area is underlain by the Gander Group. Along Home
Pond the Gander Group looks superficially much 1ike the psammitic
paragneigs to the southeast. That is, the bulk of the mepasediméntary
rocks are light grey psammites. However, several important differences
do exist: the psamnites of the Gander Group clearly show a clastic
texture i.e., individual sand grains are quite distinguishable;
bedding is evident especially where the psammites are interbedded with
black pelites (see Plate 67); 1laminations are dfstinguishab1e within
the pelite horizons and primary structﬁres such as §lumping are
evident. Thus, although polydeformed, there is no doubt as to the
sedimentary aspects of the Gander Group in this area.

Compared to the Square PSnd"Gneiss. the Gander Group is
structurally simple. However, in this:area at least threé phases of
deformation are recognizable. The fifgt foliation, S]. is‘aﬁvery
fine penetrati?e fabric consistentLy parallel to teddipg. Both
bedding and S] have shallow dips-to the west-northwest afd strike
north-northeast. The second foliation, SZ’ is the most conspicious
in outcrop (see Plate 6851 92 is a widely spaced strain-slip foliation

{
which has. a consistent northeast trend and for the most part has a

very shallow northwestward dip, everywhere gentler than bedding.

L







Thus, the section of Gander Group along Home Pond would appear to be -

on the lower limb of a large recumbent F2 antiform overturned towards

the southeast. (This is in accord with Kennedy and McGonigal's work

3

on the Gander Group to the southwest). The wide spacing of the

: ¥
ubiquitous 52 fabriq also adds to the false impression that the rocks

are similar to the paragneiss of the Square Pond fineiss.
Subsequent to DZ‘ a phase of vertical, open folding with

sub-horizontal axes overprints the Gander Group. The F3 folds are
'

only locally developed and are generaily small-scale i.e., wave-
lengths of a few centimetres. Locally. however, the general strike

and dip of S, and bedding is changed by larger F. folds i.e., S, may

2 3
be steep and dip to the east where folded by F3 folds.

2

Thus, the Gander Group represents a polydeformed, clearly
me tasedimentary terrain in the vicinity of Home Pond. The
metamorphic grade however is quite low, apparently of low greenschist

_facies.

5.4.4.2 The effect of structures in the Gander

.Group on the Square Pond Gneiss.

’

The contact between the Square Pond Gneiss and the

Gander Group is not exposed. However, at the soutPwest. corner of
Wing Pond, Gander Group and Square Pond fneiss are separated by only
250 metres. In that area S]. as usual, is paralle[ to bedding in
the Gander Group. The nearest outcrop of paragneiss shows that the

gneissic banding also strike parallel to S1 of the Gander Group, and




- 105 -

here the gneissic banding is apparently mylonitized in that same
direction. Although not cdrclusive, this suggests that the effect
of the Gander Group D] ., 1s to mylonitize the basement gneisses

parallel to the pre-existing banding. Also, close to the contact,

the gneis‘sosity of the Square Pond Gneiss and S] {and beddinlg of

the Gander Group)str_ike parallel i.e., even where there are abrupt
changes in strike, 'the changes are consistent for both terranes. Thus

it appears that S] of the Gander Group controls the attitude, locally,

)

of the Square Pond Gneiss.
The second deformatign of the Giild}%joup, represented by
the widely developed 52 foliation, has a more obvious effect on the

basement gneisses. In the Gander Group, 52 has a consistent north-

east trend and gene'raHy strikes sub-parallel to bedding. [t can
however, inter;séct bedding and S] at a considerable angle (éoutthest
corner of Wing Pond). The same is true for its effect upon the Square
Pond Gneiss, quite clearly displayed along the south apd west shores ‘
of Gull Pond. The gqeissic banding is generally vertical and the \
Gander Group S, cuts 1t with shallow dips to the northwest (see Plate
69). Locally the paragneisse"svstrike. northwest, have,sub-vertical
dips, and are cut by the S, foliation. The gneissic banding is also
disoosed in minor recumbent folds to which the sha]léw northwes tward
dipping foliation is axial planar (see Plate 70). These effects of
the @ander Group 52 are also developed in local patches of granite
gneiss found in the same vicinity i.e., S, only deforf 5, and S_

of Gander Group but re-works E‘omplex gneissic foliations'ﬁm Square

:
3
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Pond Gneiss.
Structural re-working of the Square Pond Gneiss during the .
deformation of the Gander Group is also demonstrated by that body of
gabbro on the west shore of Gull Pond (Fig. 5). The gabbro intrudes
u{e paragneisses, post-dating the gneissic banding. ' Thé southern
portion of this body is virtually undeformed (Plate 71). Its north-

east extension, however, has been quite strongly deformed by a strong

penetrative foliation which locally is tomposite (see Plate 72) i.e.,

result of transposition of an earlier foliat_i‘on. This foliation
trends northéast and has variable dips i.e., both gentle and steep to
the northwest and southeast. Locally this variation in kdip may be
attributed to a late phase of folding similar to the F3 folds of the
Gander Group.. The ga-bbro is therefore interpreted to intrude the -
basement terrain prior to the deformat.ion of the overlying Gander .
Group. It is essentially massive along its soythern margin but is
overprinted by the Gander Group deformatfons along its northern ,
margin, closest to the basement/cover contact. The main foliation
is probably 52, explaining its local composite nature. The later. fc
re-folds would be F'3 folds of the Gander Group.

Continuous exposure between the postulated basement’terrain

and cover rocks do not occur in the Gull Pond-Home Pond area. However,
the contrasts between the paragneisses and the metasedimentary rocks,
the sharp contact between the different terranes, and the re-working

of the older gneissic foliation by the Gander Group deformations

clearly demonstrate that a basement/cover relationship does exist.
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* . 5.5 Aeromagnetic Patterns

at

The contact between the Gander Group and the Bonavista Bay
Gneiss Complex is alsc evident from aeromagnetic maps {Fig. 6). The
Gander Group (Home Pond) is reflected by evenly and widely spaced ‘
magnetic Vcontours represénting broad anomalies of relatively low
intensity. .The low metamorphic grade and lack of detrital magnetite
in the Gander Group could account for this. Thé magnetic pattern
over the Square Pond Gneiss (Gull Pond and Wing Pond) consists of
cﬁlose]y spaced contours defining numerous ellipical shaped anomalies N .
of relatively high intensity. The involved ;netamorphic and structural
history of the gneisses, small gabbro plugs, the possib\}*e presence of
amphibolites, explains this strong contrast with She Gander G\roup

terrane. The abrupt change in the aeromagnetic pattern defines a line .

which coincides with the mapped basement/cover contact.

. Diffuse anomalies of lower 1ntensify than that over the : :
paragneiss terrane reflects the Middle Brook Granite. The granite- ) {
Paragneiss contact east of Gﬁll Pond marks the change in aerorﬁagnetic u
patterns. | ]

-

A 5.6 Post-tectonic Intrusive Rocks /‘\
- .

5.6.1 The Middle Brook Granite

T

The Middle Brook Granite (Fig. 5) is less extensive than
'shown by Jenness (1963). Everywhere the granite is relatively fresh

and undeformed ‘a"}id'pose-dates all structures in the country rocks, i.e.s
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cordierite and andalusite porphyroblasts overprint the foliation of

the Square Pond Gneiss in a narrow contact aureole (Gambo Junction

and east of Gull Pond). In the northern portion of the body, widely
- spaced feldspar phenocrysts give the granite a "spottingly" porphyritic

texture.

5.6.2 The Maccles Lake Granite

A large body of granite very similar to the Middle Brook-
Granite underlies an area to the south of the latter. A particularly
good section of this granite is exposed along the westérn half of
Maccles Lake and is here referred to as the Maccles Lake Granite
(previously referred to as the Freshwater Bay Giranite By Strong et al,
(1974) and Bell et al. (1974) ). However, this granite does not
extend to Freshwater Bay, which was an interpretation based on the
earlier work of Jenness (1963). There i; no evidence to suggest that
it 1inks up with the Middle Brook Granite. (There is no outcrop
around northeast end of Gambo Pond and béttom of Freshwater Ba}, and

continuity is. not suggested on aeromagnetic map of area.)

The Maccles Lake Granite is a coarse grained, porphyritic

body rich in biotite (see Plate 73). For the most part it is massive

but locally may have a weak foliation ;hich is defined byda poor
_:Iignment of biotite. There is no quartz alignment, feldspa?s are

without "tails" and no augen struftures are di;eloped. On the granite's

eastern wargin, north shore of Maccles Lake, there is a more intense

foliation, confined to the contact area of the granite and interpreted
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to be ;nduced by the intrusion of the granite into the country rocks).
The Maccles-Lake Granite appears to intrude the Lockers Bay
Granite. Unfortuﬁately the coﬁtéct area is not exposed buf the‘map
pattern and contrasts between the ‘two granites support this inter-
pretation {Fig. 5)}. fhis granite also intrudes the Hare Bay Gneiss
post-tectonically. Locally, contact migmatiteslare developed (south
shore of Maccles Lake). This local migmatization of the granite .

gneiss results in an agmatite. No penetrative deformation is evident

in the granitic matrix.

5.6.3 The Terra Nova Granite

The Terra Nova Granite is a smaller body which is centered
.arOUnd the eastern end of Terra Nova Lake. [t is a fresh undeformed
granite very similar to the Newpoft Graniteland contains large
microcline megagrysts surrounded by small grains of quartz'and
biotite. .0On its western margin it -intrudes and is chilled against the
Love Cove Group and mylonites of the Dover Fault. The latter may be
seen on the north shore of Terra Nova Lake where feldspathic mylonites
“are cut by the granite. The granite also contains xenoliths of
_granitic mylonite related;to the Dover Fault granites (see Plate 74).
On its eastern margin the Terra Nova Granite intrudes the Musgrave-
town Group producing a contact metamorphic aureole.

b

5.7 Conclusions

The Dover Fault forms the Gander/Avalon Zone boundary for

4




some 60 km in northeastern Newfoundland. Structural relationships and p
most adjacent rock unitg are consistent along its mapped ]enthLb,IEE/////
Bonavista Bay-Gneiss Complex represents two gneissic units; a pard-
gneissrterrane.aﬁd a younger orthogneiss terrane. This complex is

basement to cover rocks of the Gander Group. Large post-tectonic

granite intrusions cut the deformed rocks of the Gander and Avalon

Zones.




CHAPTER VI

DISCUSS{ON AND MAJOR CORRELATIONS

6.1 Age of Rocks and Deformation

The Dover Fault is considered to be Precambrian in age i.e.,

the juxtaposing of the Gander and AVa]on Zones 1is Precambrian.‘ Since
¢ .o .

the regional cataclastic foliation with which the Dover Fault 'is

associated overprints the gneisses and some of the aranifés of the

Gander Zone and deforms the Love Cove Group of‘thelAvann lone, then

- - .
controls on the deformational age-of the Love Cove Group will apply
to all rocks affected by the same event. In this regard the Musgrave-
town Group is extremely important.

Re]at{vely undeformed clastic sedimentary rocks of the
Musgravetown Group are in féult contact with the Love Cove Group
within the map-area (Fig. 5) as well as elsewhere in the Avalon Zone
(Jenness, 1963). The strong contrast in metamorphism and deformationai,

intensity across these faults would suggest that the Love Cove Group

(see Plate 75) was deposited and deformed prior to the Musgravetown

Group (see Plate 76). Jenness (1963) reported the presence of gréenl‘

schist volcanic fragments of the Love Cove Group in basal conglomerates
of the Musgravetown Grdup...This locality at Bread.cbge southwestern
part of Bonavista Bay, was visited by the writer. Abundant greenschist
fragments were found identical to units wifhin the Love Cove Group.

Other metamorphic fragments such as deformed garnetiferous granite

and schistose granite were also found (strongly su porting a molasse

o







type facies for the Musgravetown Group). Since then, other localities
around southern Bonavista Bay hgve been seen with schistose Love Cove
fragments being a common occurrence in Musgravetown Group conglomer-
ates. Thus, it is reasonably clear that the Love Cove Group was
deformed prior to the deposition of the Musgravetown‘Group. The
Musgravetown Group is conformably or unconformably overlain by
fossiliferous Lower Cambrian strata e;sewhere within the Avalon Zone
(Jenness, 1963). Therefore this mlasse facies sequence is late
Hadrynian or possibly Early Cambrian in age and the Lowe Cove Group
must be Precambrian. »

The Bonavista Bay Gneiss Complex is overprinted by the Pre-
c;ambrian cataclastic foliation. GBefore this it had a complex
structural history. Although impossible to state absé]utely, these
gneisses are interpreted to represent & basement terrane of possible
Helikian (or older) age.

The Lockers ‘Bay Granite, by the same argument, 1is considered

Precambrian. The Dover Fault granites may be younger since they

appear to be localized along the. fault, suggesting an already present
- zone of weakness.

Kennedy and McGonigal (1972) and Kennedy {1975) have shown
that the deformation of the Gander Group must ‘pre-date the Middle
Ordovician Davidsville Group farther to the west. They based their
conclusions upon the nature of the contact between the two groups:
unconformity Ain the south and mélange in the north; the presence %f

metamorphic detritus of likely Gander Group derivation within the




Davidsville Group greywackes; and the abrupt change and contrasts
between the simply deformed Davidsville Group and the polydeformed
Gander Group. Since the Davidsville Group contains Middle Ordovician
brachiopods (Jenness, 1963), the Gander Group must have been deformed
in pre-Middle Ordovician time.

1
Square Pond Gnéiss parallel to the gneissic banding. It could also

S. of the Gander Group appears to locally my]onitizé the

be the same late foliation which is ubiquitously developed in the

Square Pond fineiss. Within the Hare Bay Gneiss the overprinting of

the gneissic banding by the late cataclastic foliation is analogous.
Thus, it is probable that S] of the Gander Group and the regionai
cataclastic foliation with which the Dover Fault is associated were
formed by the same deformational event, wh'ich would thus be .of' Pre-
cambrian age.

Subsequent deformation of the Gander Group may be considerably
younéer than D,. 0, for example, is restricted to the cover rocks .
except for minor re-working along the contact with the hasement
gneisses; the po]ariza‘tion of 02 structures indicate that structural
mobilization was initiated west of the basement/caver contact; 02
reflects comparatively high level deformation (thrusting in cover
rocks) which has a limited eastward 1'nﬂuence. ~This contrasts sharp‘1y
w]th the earlier regional steep foliation which deforms the western
margin of the Ava]on lone, overprints the Bonavista Bay Gneiss Complex,
and may also be S] of the Gander Group. .
Kennedy (1975 referred to poséible Precambrian deformation of

the Gander Group'as the Ganderian Orogeny, and considered all the




- M9 -

structures to be related to that orogenic episode. Although this is

quite possible, the structural contrasts outTlined above permit a poly-

3 . N .
orogenic model to be-app11¢d in explaining the deformational history

of the Gander Group.
Post~-tectonic granites, i.e. the Terra Nova, Maccles Lake,
Middle Brook and Newport, may be/of any age ybunger than the regional

cataclastic foliation, probably Middle Paleozoic.

6.1.1 Radiometric ages on some granitic rocks

Bell and B]enkins;p (1974) énd Bell (pers..cpnm.,«1975) have
produced several radiometric ages using the Rb-Sr whole-rock method
on granitic plutons of both the Gander and Avalon Zones. These data
{see Table 1) both cdncur and conflict with the geologicél field data

and the interpretations already outlined in this and preceeding
-

chapters. Only those granitic rocks directly related to the writer's

work will be discussed (Fig. 7).

TABLE I

Rb-Sr whole-rock ages on some granitic rocks from Southeastern

-

foundland.

Straddling Granite
Ackley Batholith
Terra Nova Granite

Maccles Lake (Preshwater Bay. Granite of
Bell et al., 1974)

Middle Brook Granite
Lockers Bay Granite
Dover Fault Granite (South of Hare Bay)

D
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The Straddiing Granite - This granite is common to both the Gander and

Avalon Zones in southeastern Newfoundland and therefore post-dates.the

postulated Precambrian juxtaposing of the two zones (Blackwood and

0'Driscoll, ]9762. The Rb:Sr age of 490 + 10 m.y. supports this

interpretation.

(

Ackley Batholith - This large batholith intrudes both the Gander and

Avalon Zones, virtually welding them together, and post-dates the .
)

Cambrian rocks of the Avalon Zone (Williams, 1971): Its Rb-Sr age

of 344 + 8 m.y. does not conflict with any of the interpretations

proposed.

“Terra Nova Granite - This granite post-dates the Dover Fault and rocks

deformed in association with it. Its age of 335 + 18 m.y. does not

conflict with this.

Maccles Lake Granite (Freshwater Bay Granite of Bell, 1974). This

body intrudes the Hare Bay Gneiss post-tectonically and appears to

“cut off the Lockers Bay Granite. [Its Rb-Sr age of 360 + 17 m.y. is
in agreement with this.

-

Middle Brook Granite - Intrudes the Traverse Brook and Square Pond

Gneiss post-tectonically and post-dates the cataclastic foliation
associated with the Dover Fault. The age of 440 + 30 m.y. for this
post-tectonic, uﬁdeformed pluton is supportive of geology already

described.




Lockers Bay Granite - Interpreted to be Precambrian by writerv based -

on field evidence. The Rb-Sr age of 300 + 18 m.y. for this highly
deformed body poses a grious problem. The writer cannot justify
‘a Carboniferous age for this pluton w;\en considering the regional
geology. Also, the age of 440 + 30 m.y., on the nearby, obviously
post-tectonic, Middle Brook Granite is incongruous with a 300 + 18 my
age for the regionally deformed Lockers Bay (Fig. 3). The age mLst

be significaht but the writer doubts that it represents the intrusion

or deformational age’ of the granite.

Dover Fault Granites(South of Hare Bay) - These granites probably post-
date the initiation of the Dover Fault since they appear to be
localized along it. Also, the deformational inhomogeneity exhibited
by these granites suggest different times of intrusion are represented
with respect to movement along the Dover Fault. Thus, the age of

400 + 30 m.y. on th;t granite body south of Hare Bay may not be in
conflict wiat_:'h. the déta_already presentéd, i.e., the deformation of
that body wou]d.‘represent re-flattening along the Dover Fault at this
time. However, that re-flattening would have to be quite marginal to
the Dover Fault and parallel to the existing folkiatioh i.e., since
that foliation overprints the gneisses, ‘deforms the Lockers Bay
Granite and is Precambrian in age (‘even the radiometric data would
suggest that the pre-existing foliation is pre- 440 + 30 m.y., the

age of the Middle Brook Granite).

The radiometric ages fall "into two categories: those of unde- “




formed post-tectonic- granites which support or éértainl} do not
contradict the field evidence or the writer's interpretation; and
those of highly deformed cataclastic granites which strongly conflict
with the field evidence, the writer's interpretations and to some
exient other radiometric dates. Thus, in a qualitive\fashion there
seems to be some relationship between anomalously young Rb-Sr ages
and the granite§' cataclastic history of deformat{on. Odom and
Fullagar (1973) reached a similar conclusion on“ﬁb-Sr dates of the
Henderson Gneissf»a major litho]dgica] unit of the Inner Piedmont,
wheie it becomes mylonitized adjacent to the Brevard Zone in North
‘and South Carolina. They also suggest that the.young ages reflect
some posf-catac]asis, Tow temperature evént whicg only affected the
already severely mylonitized rocks. Perhaps this may explain the
problems presented by the Rb-Sr ages in this area. Finally, if the
Rb-Sr ages are significant they indicate that a major Variscaﬁ regional
eve;t (including }he Dover Fgult) must have affeﬁted the westernmost
Avalon Zone and most of ére Gander Zone. Although some age dates

themselves refute this event, the structural and stratigraphfc

history of the western Avalon Zone makes this most unlikely.

6.2 The Gander/Avalon Zone Boundary in Southern Newfoundland (after

Blackwood and 0'Driscoll, 1976).

6.2.1 lntroduction

* The Hermitage Bay Fault (Widmer, 1950) forms the boundary
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between the Gander and Avalon ZQnés in southeastern Newfoundland. It
separates deformed granitic_rocks of the Gander Zone from undeformed
setimentary, volcanic, and granitic rocks of the Avalon Zone. The -
fault was interpreted by Widmer (1950) to be a northwest dipping,
high angle reverse fault. In fact it 1s a breccia zone which does
not represent the original étructure which marked the boundary. In
this regard it contfasts sharply with thé Dover Fault. Also, the
Mermitage Bay Fault is probably a Paleozoic feature since it involves
Late Hadrynian - Early Cambrian molasse facies rocks. )
The Gander and Avalon Zones are cut by two granite bodies
which straddle the boundary between the two zones. One is the Ackley
Batholith (White, 1939) that cuts the southern portion of the boundary;
the other is a small pluton that cuts the boundary in the extreme
" south. Nofiheast of Ackléy Batholith, the Dover Fault marks the
contact between the two zones; to the\gautnggit the contact is the

Hermitage Bay Fault (Fig. 2).

6.2.2 Geology of the Gander Jone adjacent to the Hermitage

Bay Fault.

A variety of granitic rocks underlie the Gander Zone in this
region (Fig. 8). rAlong the Hermitage Bay Fault discontinuous len- '
ticular bodies of megacrystic granite are exposed. This rock is
characterized by lafge microcline megacrysts 2-4 cm fong. Overprinting
the granite is a strong, northéast-trending,isteeplyﬁdipping, tectonic

foliation. This penetrative foliation is defined by a biotite/chlorite
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Figure 8. Geology adjacent to the Hermitage Bay Fault in south-
eastern Newfoundland (after Blackwood and 0'Driscoll, 1976).
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alignment (locally by the elongation of guartz) and forms augen

around the microcline megaefysts. These rocks are cut locally by a

e
[

widely spaced strain-slip cleavage.

To the northwest the megacrystic granite is intrudedqby a

fine to medium grained, equigranular granite (Fig. 8). Muscovite is

generally characteristic of this granite but may not occur in local
zones of biotite granite. No clear cut intrusive contacts occur
'between the muscovite granite and the biotite (muscovite) granite.
These granitic rocks are considered part of a~composité pluton.
Overprinting the eﬁuigranular granite is a pervasive, northeast
trending, rorthwest dipping foliation. ’Tpis foliation varies in
intensity and where strongly developed, mica alignment and quértz
elongation are common. Locally the equigranular granite is intruded
pretectonically by garnetiferous granité veins.

Farther to the northwest, these granites and similar bodies

intrude basement gneisses of the Gander Zone (Coleman-Sadd, 1976).

-
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6.2.3 Geology of the Avalon Zone adjacent to the Hermitage

Bay ?ault

Acidic }o mafic volcanic and aséociated‘pyroc1astic rocks
comprise the Connaigre Bay Group (Nidqér. 1950) close to the
Hermitage Bay Fault (Fig. 8). .These include rhyolitic and basaltic
flows, fine ]aﬁinatéd tuffs, and agglomerates. Farther south, the
Connaigre Bay Group also contains red clastic rocks including sand-

stones and coarse‘conglomerétes (0'Driscoll, 1976). These sedimentary




and volcanic rocks are involved in northeast-trending, gently plunging

-

folds with a preferentially developed axial p]anér cleavage. However,

no regional penetrative foliation affects the Connaigre Bay Group
and it is relatively undeformed adjacent to the Hermitage Bay Fault.
The Connaigre Bay Group is undated, but it is correlated with the
Late Hadrynian Long Harbour Gfoup to the east (Widmer, .1950; Williams,
1971). These rocks are also corfe]ated in general with the molasse
facies rocks of the Avalon Zoﬁe.

Intrusive rocks, mainly dioritic to granodiorific in com-
position, cut the Connaigre Bay Group in this region and form part
of a much larger intrusién to the southeast, the Simmons Brook
Batholith (Williams, 1971). The northwest limit of this batholith is
marked by the Hermitage Bay Fault. Adjacent to the fault, minor
zones of shearing and brecciation occur. For the most part, however,
these intrusive rocks are undeformed and show no evidence of a
penetrative fo]iétion. In the south, the Siqnnns Brook Batholith is
unconformably overlain by the Cing Isles and Pools Cove Formations
of probable Devonian age (Williams, 1971). Minor intrusive rocks
also cut the Connaigre Bay Group and include pink-purple felsites,
medium-grained diorite, medium-grained gabﬁro and leucogranite.

Intensely deformed acid volcanic rocks owtcrop in two isolated
Iocatfties along the Hermitage Bay Fault (Fig. 8). The southern
occurrende‘is small, but the northern occurrence occupies-an area at>
Jeast three long by more than one km wide. Thesegvolcanic rocks

contrast shanply the surrounding Connaigre Bay Group and Simmoris

i




Brook Batholith since they are deformed by a fine penetrative foliation g
(see Plate 77}. This foliation has a cataclastic component discernable
in the northern locality. There the volcanic rocks are intruded pre-
tectonically by a granodiorite body. In the coarser-grained rock the

plagioclase crystals are strongly flattened and mechanically broken

down to produce “tav/;". Elongate quartz and gtrongly oriented

biotite form augen around these pyroclasts. The foliation consist-

ently trends northeast with steep dips.

6.2.4 Granitic rocks common to both Gander and Avalon Zones

An equigranular, mediumfgrained Qranite with pink feldspar
cuts both the Gander and Avalon Zones at the northeast end of Hermitage
Bay (Fig. 8). It is here referred to as the Straddling Granite. This
granite is generally leucocratic with guartz, potash feldspar and
plagioclase predominating. Locally, muscovite and minor biotite
occur. In the Gander Zone the Straddling Granite cuEs the deformed
equigranular granite postjtectonically. In the Avalon Zone it intrudes
volcanic rocks of the Connaigre Bay Group. This granite has no penetra-"
tive foliation and is undeformed except for- local shear zones.

In the northeast the Ackley Satholith cuts both the Gander and
Avalon Zones. This huge undeformed batholith has severa]_phases of
granite with a corase-grained, porphyri;jc phase predominating. It
intrudes Cambrian sedtTentary rocks, and correlatives of this granite
intrude probable Devonian sediments of the Cing [sles and Pools Cove

Formations to the southeast (Williams, 1971).







- 130 -

6.2.5 The Hermitage Bay Fault

The Hermitage Bay Fault is a relatively straight feature
extending from Hermi:tage Bay northeastward to the Ack]ey Batholith
(Fig. 8). It is marked by a deep, steep-walled \;alley. The deformed A /
granitic rocks of the Gander Zone occur to the northwest of the fault;
to the southeast the relatively undeformed volcanic and intrusive
rocks of the Avalon Zone are exposed.

The fault is a 50-100 metr:e wide breccia zone. The breccia
. contains both Gander and Avalon Zone rocks represented as small (less
- than 1 ¢m) to Targe (greater than 7 cm) fragments (see Plate 78).
Some fragments may de angular but most are sub-angular to rounded.
Garder Zone f_ragments may be distinguished by their pre-brecciation
foliation whiéh s disoriented within the fault zone. Avalon Zone |
fragments are represented by brecciated, previously undeformed rock.\\
Generally there is a fairly sharp contact between the two types of
breccia within the fault zone. The development. of chlorite is common-

Along parts of the fault-controlled valley, exposure is poor and the

composition of the breccia is unknown.

il

The Hermitage Bay Fault cuts the Straddling Granite which
becomes severely brecciated within the fault zone. It also extends

for several metres into the Ackley Batholith.

6.2.6 Discussion

The Dover Fault is cut off southwards by the Ackley Batholith.

[t is probable that a continuation of this fault once marked the

-3
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sander/Avalon Zone boundary south of the Ackley Batholith as well.
The Hermitage Bay fault, however, now occupies that site.

In southeastern Newfoundland the Straddling Granite is common
to both the Gander and Avalon Zones and post-dates the juxtaposing '
of the two zones. The Hermitage Bay Fault post-dates the Straddling
Granite and therefore is not the origi al structure which marked the
boundary. The deformed acid volcanic rock.s along the Hermitage Bay _
Fault are quite similar to those of the Love Cove Group in the north-
east, It is suggested that these strongly foliated rocks are remnants
of an older deformed terrane that once marked the northwestern margin
of the Avalon Zone and were deformed as a result of the juxtaposing
of the Gander and Avalon Zones. The strong foliation in the mega-
crystic granite of the Gander Zone is the result of the same deform-
ation. ¢
The Simmons Brook Batholith, a Silurian or older intrusion,

is undeformed (except for local brecciation) adjacent to the Hrmitage

Bay Fault. Likewise, the Late Hadrynian Connaigre Bay Group is not

penetratively foliated along the fault. Therefore, the juxtaposing

of the Gander and Ava.lon Zones with the associated regional cataclastic
foliation predated these rocks and is Precambrian ‘in age. " The volcanic
and red clastic rocks of the Connaigre Bay Group have a similar spatial
relationship yith the Gander/Ayalon Zone boundary as the Musgravetown
Group in northeastern Newfoundlar_md.. 0'Driscoll (1976) reported
xeﬁoli'ths of foliated sedimentary ar;d volcanic rocks in a diorite

which cuts the Connaigre Bay Group. The xenoliths are interpreted to




represent the older deformed terrane upon which the molasse facies

and associated volcanic rocks were depositgd.

Thus At appears that a continuation of the Dover Fault once
marked the Gander/Avalon Zone boundary in southeastern Newfoundland.
Subsequent movement modified this contact, producing the Hermitage
Bay Fault along the older zone of weakness. In this area, the
Connaigre Bay Group covers the Hadrynian deformed ,terrané of the
Avalon Zone. The movement whic_h produc’ed' the Hermitage Bay Fault
nost-dates the Straddling Granite and Ackley Batholith. This would
make it of probable Devopian age possibly related to the Acadian

Orogeny in Newfoundland.

x

6.3 General Conclusions regarding the Gander and Avalon Zones in
Newfound1and |

The Gander and Avalon 'Zoneé mark the southeastern side of the
Appalachian system in Newfoundland. The Dover Fault forms the
t:oundary between the zones. ih northeastern Newfound]and'_, initiated
du;ing the juxtaposing of the two zones in the Precambrian. Subsequent
movement probably in the Devonian, niodified this fault in southeastern
Newfound1a.nd producing the Hermitage Bay Fault.

The Gander Zone underlies an aréa to the northwest of the
Dover-Hermitage Bay Fault system. It forms a belt of crystalline
rocks running northeast-southwest in eastern Newfoundland; along the
south coast of ihe fsland it swings around intoe an approximate east-

west trend, eventually ending at the Cape Ray Fault (Brown, 1973) in

western Newfoundland (Fig. 1). The Gander lone is underlain by a
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basement gneiss terrane called the‘Bonavista Bay Gneiss Complex in
northeastern Newfoundland. The Gander Group forms a cover sequence to
these basement rocks. In southeastern Newfoundl&n?, .S.P. Coleman-
Sadd (1974) described a reconstitation zone between gneiss and over-
lying polydeformed meta‘sedimentary rocks of the Baie d'Espoir Group.
The latter has been correlated with rocks in the Gander region
(Jen!;;ss, 1963) and the south coast gneisses are likely an extension
of the Bonavista Bay Gneiss Complex.

The age of dehfdrmation of the Gander Group is pre-Middle

. Ordovician and the first structures “(D]) may be Precarrb‘rian.' Sub-

sequent structures (DZ) may be much younger (Lower Paleozoic?).
The Bonavista Bay Gneiss Complex is Precambrian and may be as old

-

as Hel-ikian. _Eiuring the Late Precapbrian the gneisses were over-
printed by a regional feliation (Ganderian Orogeny) . )

The Avalon.Zone underlies that area to the southeast of the
Jover-Hermitage Bay Fault system and iﬁludes the eastern portion.of‘
Newfoundland. It also exténds to the con'tinen'tal margin (Grant, 1972)
and is the largest of the tectonostrgtigraphic zone.{, be-ing twice
’the width of the remaining Appalachian Belt.

)T‘he oldest rocks‘in the Avalon Zone are Precarrbriar{ volcanic
and flyschoid sequences. 'These are represented by the deformed Lovel.
Covevam‘i Connecting l;oint Groups on the zone's western margin. The
equivalents of -these rocks are less deformed towards the center of
the zone, i.e. the Harbour Main and Copception Groups (Rose, 1952).
The rocks were Aefornled in the Precamprian (Avalonian Orogeny of

©

Lilly, 1966).
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Late Hadrian-Early Cambrian molasse’ facies and volcanic rocks

of the Musgravetow‘n Group unconfofmab]y overlie the Love Cove Group

and Connectmg Point Group (H,ayes, 1948) at the western margin of the

~ Avalon ane. In the east towards the center of the zone, equwalents

of the Musgravetown Group, i.e. Hodgewater Group (Hutchvnso,nl,_ 1953)

‘a;'nd Cabot Group (Rose, 1952) lie with slight disconformity or
c0nformably upon the Conception Group. This change from west to

east reflects a decrease in the 1ntensvty of the Avalonian Orogeny away

from the margin of the Avalon Zone.

6.4 __ Gander and Avalon Zone Corfelations in the Canadian and Southern
Appalachians. o

The zonal subdivision of the Newfoundland Appalachians has
been ‘a'ppﬁed with gom success to the rest of the Canadian Appalachians
(Williams, Kennedy.and Neale, 1972). Since then the southwestward
extension of the Gander and Avalon Zones have been refined (Rast,
Kennedy and Blackwo;)d. 1976). This is best doné 1';\ New Brunswick where
crystalline rocks:of the Miramichi iﬁghlands, including megacrystic
and garnetiferous granitic rogks, are comparable to the Gander ane
of Newfoundland (Fig. 9). The Avalon Zone is underiain bylgneisses
and metasedimentary rocks of the Green Head Group (Alcock, 1938) which
formsv’a basement terrane to the volcanic and minor flyschoid rocks of
the Coldbrook Group (Alcock, 1938). The latter is unconformabfy

overlain by the Late Hadrynian-Early Cambrian molasse facies of the

Ratcliffe Brook Formation (Patel, 1973, 1975). In New Brunswick, the
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Gander and' Avalon Zones are separated by 65 km of Ordovician and
Siluyrian rocks. This Early Paleozoic basin unconformably overlaps
the Gander Zone and is in fault contact with the Avalon Zone. Called
the Fredericton Zone by Rf:i'st, kennedy and B1a;:kwood (1976), it
apbarent]y has developed upon the old Precambrian fault (Dover Fault
of Newfoundland) that separates the ‘Gander and Avalon Zones.

In Nova Scotia, distinction into 6ander~Avalbn Zone rocks is
more difficult. Howeve_r; the southern portion of the George River.
Group (Weeks, 1954) is brobably equivalent to the Greenhead Group of
New Brunswick. The George River is overlain with inferred unconformity
by PrecambFian volcanic and f1y5cho1d rocks {Weeks, 1954) s1m11ar to
those found elsewhere in the Avalon Zone. The northern portion of the

George River Group (on Cape Breton islaond) contains polydeformed

volcanic and iedimentary rocks which may represent Gander Zone

equivalents (Neale and Kennedy, 1975).

it Maine, at least two occurrences of crystalline rocks may
>be corré]ated with the Gander Zone (Fig. 10). One includes parts of
the Grand ‘Pitch Formation (Neuman, 1967) in northeastern Maipe, which
is similar to metasedimentary rocks of the Miramichi Highlands, and
by extension to the Gander Group of Newfoundland. These rocks,'
however, are considered by Neuf;an (1967) to be Early Cambrian in age.
In southeastern Mai'hg. the VCasco Bay Group consists of metasedimentary
. and metavolcanic rocks, including amphibolitds and lime-silicate
gneisses (Hussey, 1971). anetiferous gi‘énite veins post-date the
gneissic banding and have been subsequently deformed These-rocks

~
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are analogous to the-Bonavista Bay Gneiss Complex and in part to the
Gander Group, although the metamorphic grade is generally higher.
However, the Casco Bay Group may actually be a continuation of the
baselent to the Avalon ione, i.e. Green Head Group in New Brunswick,
. Géorge River Group in Nova Scotia (not exposed in Newfpundlaﬁd but
presumably similar to the Bonav1staHBa& Gneiss Compléx).

Fossiliferoﬁs Cambrian rocks of eastern Massachusetts un- )
conformably overlie a granoaiorite baody (Rodgers, 1972). In Newfound-

land, the Avalonian Orogeny as originally defined by Lilly (196@),‘15

marked by a similar unconformity between Cambrian strata and the

Holyrood Granite. Thus the Boston area may represent an extension

o; the Avalon Zone.
In Rhode Island, the Blackstone Group is coa:?héred to be

. Precambrian (Quinn, 1971) and appears to ?gsemb1g the Gander Groua
(Kennedy, 1975). If this area (Fig. 10) fepresents a continuation of
the Gander Zone, then the Gander-Avalon boundary may l}e just east of
Cape Cod.

~ The Fredericksburg Complex in northeast Virginia consists of
granodiorite gneiss, microcline gneissic granite and schists (Pavlides
gg;gl.,'1974). The gneissic rocks are similar to the Bonavista Bay
Gneiss Complex and the schists may represent Gander Group. Agés of
Late Precambrian to Lower Paleozoic are unégrtain but these rotks in
Virginia are good correlatiQes with-the Gander Zone.

" Farther south, much of the area underlain by the Mobilized
Inner Plfdmoni and the Charlotte Belt (Hatcher, 13972) may be Gander

A}
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Zone correlatives. The Carolina Slate Belt comprising Late Precambrian-
Cambrian volcanic and volcaniclastic rocks is brobably a continuation
of the Avalon Zone (Rodgers, 1972).

&4

8.5 _Gander and Avalon Zone Cerrelations in the Caledonian System
A

The most obvious‘European correlatives of the Gander and

Avalon Zones are found in Wales an& southeast Ireland. Possible.
Gander Zone‘eqqivalents ére exposed on the'%slqhd of Anglesey,
northern Wales (F;g. 11). Anglesey is underlain by the Mona Complex
which may be divided into two broad units: a bedded series of meta- -

;sedimentary rocks including quartzites, schists and greywéckes with
metavbIcanic rocks; and a series of banded gneisses. Greeﬁly (1319)
contended that the gneisses were ba;enenteio the bedded series but

Shackleton (1956) maintains that the metasediemntary rocks are

- gradational into the gneisses with the latter representing a mig-

matized version of the former in‘areas of syntectonic migmatitic
activity. H&wever, Brian Sturt (pers comm., 197?) has observed
gneissic xenoliths within the Coedana granite, a body responsible for
much of the migmitization of the bedded series according to Shackleton.
The xenoliths must represent:a tectonized terrane older than the
granite and are likely p;rt of a basement CUMplgx to the bedded seriés.
Shackieton (1975) allows that both exélanations are now plausible.

The Mona Complex is dated as. Precambrian radiometricaily (Moo?bath

and Shackleton, 1966) and by stratigraphic means, i.e. unconformably

overlain by the Late Hadrynian Arvonian volcanic rocks in southeast







Anglesey (Greenly, 1919). Thus, it may be possible to equate the

Bonavista Bay Gneiss Complex with the probab]y basement gneisses of

the Mona Complex and the Gander Group with the bedded series of the

Mona Complex.
In southeast lreland thé Rosslare Complexiconsists of banded
" and nebulitic orthégneiss and paragneiss (Thorpe, 1974) with a
compiéx history of deformation, metamorphism and mobilization. It
is much mﬁre complex than the adjacent CL]]enstdwn Group, a clearly
younger sequence of metasedimentary rocks. Both the Rosslare Complex
and the~Cullenstbwn Group are considered Precambrian (Rast and Crimes,
1969). The Cullenstown Group is similar to parts of the bedded
series of the Mona Complex. (Max, 1975) on Anglesey and by extension
with the Gander Gfaup: The Rosslare Complex would be correlated
with thé basement? gneisses of the Mona Complex and is a good
cprrelative lithologica1iy and structurally with the Bonavista Bay
Gneiss Complex, i.e. Precamﬁrian orthogneiss and paragné%ss.
Excellent corre]étions:exist between the Avalon Zone and
racks in South Wales and thé Welsh borderlands (Fig. 11). In north
Pembrokeshire, South Wales, Precambéian volcanic rocks called the
Pebidian are intruded by granitic and granophyric rocks called the
‘Dimetian (Green, 1908). The Dimetian is overlain by the Caerfai
Basal Conglomerate of Lower Cambrian ége (Rasﬁ-and Crimes, 1969).
In Newfoundland, the Precambrian Harboﬁr Main Group consists of mainly

3
volcanic rocks which are intruded by the Holyrood Granite. The

" Holyrood Granite is digconfornab1y overlain by a Cambrian basal




conglomerate; thus the similarity between Newfoundland and that part
S
of Wales is pronounced.

In the Welsh borderlands a more complete correlation of

Avalon Zone stratigraphy is represented,éy/the Precambrian Uriconian

and“Longmyndian successions. The former consists of acid volcanic
“rocks and is similar to the HarbourbMain Group. The Longmyndian

s subdivided into two broad units; Grey Longmyndian and Red
Longmyndian (Rast and Crimes, 1969). The former consists of grey

and purple léminated‘si]tstones, shales, sandstones and tuffs. The
Conception Group with its laminated sandstones and local volcanic
horizons is readily correlated with the Grey Longmyndian._ H;Lever,

the upper part of the Grey Longmyndian consists mainly of purple and
green shales which sit unconformably upon thé lowér-part of the
sequence. These shales may be correlated with'those‘found at the

base of the Cabot Group which sits upon the Conception Group in New-
foundland. The Red Longmyndian sits unconformably upon the Grey, and
consists mostly of sandstones and conglomerates withigome shales and .
tuffs. These rocks are analogous to the red cong[onnrates'and sand-
stones at the top of the Cabot Group in Newfbundland. Like the Cabot
and its Newfoundland equivalents of Hodgewater and Musgravétown Groupé,
the Red Longmyndian is probably a molasse sequence.

The boundary between the Gande; and Avalon Zgnes is less easily

defined in Wales. However, it is suggested here that it runs through

the Menai Strait which separates Anglesey from North Wales. The

following reasons are u?ed for doing so: (1) the bedded serie’s of the




Mona Complex may be restricted to the northwest of the proposed
boundary as the Gander ,oroup is of the Dover Fault. The occurrence of
.-.Ccrystalline inliers such as the Dutch Gin  Schists, Rushton Schists,
Primrose Hill Gneiss and the Malvern Gneiss (Rast and Grimes, 1968)

in Wales does not refute this. These metamorphic rocks are probably
basement to the Precambrian Avalonian rocks just described. As such 4
-they may better be correlated with the basement? gneiss of Anglesey
and the Bonavista Bay Gneiss Complex; (2) rodks of Avalon Zone
affinity do not cross the Menai Strait; except for the acid volcanic

rocks of the Arvonian (Greenly, 19]9) which unconformely overlie mica

schists of the Mofia Complex in southeast AngTesey. The Arvonian of

North Wales is overlain conformably by‘thé basal Cambrian congfomerate
(Wood, 1969). It is thus Eocambrian in age and 1ike1y correlative I
with the volcanic and sedimentary rocks of similar age and appearance
in Newfoundland, e.g. Musgravetown Group. Therefore the Arvonian
wou}d post-date a Dover Fault equivalent through the Menai Strait;

(3) The Menai Strait is the locality of persistent deep-seéted fauft

movements from the Precambrian onward (Wood, 1974) although no zone

similar to the Dover Fault is preserved.

6.6 Relationships between Gander-Avalon Zones and the Precambrian

Cadomian Orogeny,; a proposed plate tectonic model.

In northwest France, Cogné (1962, 1974) sub-divided the
Precambrian rocks into the Pentéyrien, a migmatized basement gneiss

complex, and the Briovérien, a much less metamorphosed Late Precambrian
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sequence. The Briovérien contains blue schists, ophialites, syn-

tectonic intrusive rockvs, and sedimentary and volcanic rocks of
“geosynclinal" aspect. These racks represent a polyphase orogen,
the Cadomian Orogen (Fig. 11), whose tectonic activity ceased in the
Focambrian and was generally sealed by late intrusion at 550 million
years (Cogné, 1962). Similar belts of Precambrian orogenic activity
occur in Spain, Western Africa, and eastern South America.

It is here suggested that: (1) The Pentévrien basement
gneisses ére continuous with the basement rocks of the Welsh border-
lands, Anglﬁesey, and southeast [reland; th_uslby inference with the
Bonavista Bay Gneiss Complex; (2) The Briovérien represents the
timeA equivalent of the cover rocks to the basement terrane of the
Gander and Avalon Zones 1.e., Gander Group, Cullenstown Group, and
bedded succession of Mona Complex in the Gander Zone; pre-molasse
volcanic and flyschoid rocks of the Avalon Zone‘,‘ (3) the Cadomian

a Orogeny is responsible for the Precambrian tectonic development of
the Gander (Ganderian Orogeny) aﬁd Avalon - (Avalonian Orogeny) Zones.

Traditionally the Avalon and Gander Zones are considered as
part of the‘Appalachia_n system (a reasonable prospect since they \‘mark ?

. the southeast side of that orogenic belt). However, in attributing
the Precagbrian dev'elopment of these zones to the Cadomian Orogeny,
the following points might be corsidered:

71) The Gander and Avalon Zones have been subjected to Pre-

cambrian orogenic activity; &the Cadomian Orogeny is a major orogenic

belt with a considerable Precambrian depositional and tectonic history.




Z) There is no hard evidence that the western margin of the
Appalachian System was an established feature before Eocambrian time,
with earliest tectonism being a Cambro-Ordovician event. [n order
for the Avalon and Gander Zones to be depositionally and tectonically
related to the Proto-Atlantic Ocean to the northwest, the west.ern
margin of that ocean would have to have been in existence wé/H back
into the Precambrian.

Note: The thick sequences of young Moine and Torridonian Precambrian
clastic rocks on the northwestern mérg.in of the Caledonian Belt in
Scotland do not nécessarily imply oceanic crust of the same age to
the southeast. The younger Dalradian rocks (Late Precambrian-
Ordovician) do however, imply a Proto-Atlantic Ocean active by

Cambro-Qrdovician tine.

3) Explanation of the Precambrian development of the Gander

«and Avalon Zones in relation to the Appalachian System involves the
supposition that the Proto-Atlantic was the site of considerable plate
activity (i.e. subduction) in the Late Proterozoic. The Cadomian
Orogeny, on the other hand, is demonstratably of the right age and
suitably} situated to explain both the occurrence and distribution of
the Gander and Avalor) Zones.

* ) The Avalon Zone is the largest of the tectonostratigraphic
zones in tthe Newfoundland Appalachians, being twice as wide as the
rest of tre Brogen. This is probably due to rigi‘d continental crust

forming the basement of that zone, which might be considered as a

micro-plate. Also, the style of deformation of the western margin of

-
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the Avalon Zone, and the overprinting of the Gander Zone'by the same
event is special and perhaps unique. it is a widespread event which
differs considerably from subséquent deformation. of the Gander Zone;
these later strueture/s__,nave 1 westward (Apﬁa]achi;n) generation and are /
of Timited eastward influence. The early low gragie regional deforma-

tion of the Gander and Avalon Zones is thus viewed as nog~Appalachian;

the Cadomian Orogeny is a positive alternative in explaning this

orogenic event that produced the juxtaposing of the Gander and Avalon

Zones.

5) The Gandér and Avalon Zones have-' been affected by Paleozoic
-brocesses related to»thre Proto-Atlantic Ocean, i.e., the Avalon Zone
became a stable platform, the Gander Zone is redeformed (D2 of Gander
Group) and the Dover Fault is reactivated.

The foﬁowing model (Fig. 12) is proposed for the plate-
tectonic development of the Gander aﬁ;i Avalon Zones (w1'th_. particular
reference to Newfoundland): ‘

A/ At 800 m.y., the Cadomian Ocean is well developed. Continental
crust {Pentévrien) is overlain by continental margin deposits"

(Briovérien). - Subduction underneath Paleo-North America produces ‘the

earliest volcanic rocks now seen on the Avalon Zone. ’

B/ Between 700-800 m.y., continued subduction of Cad(_)mién oceanic

R

crust occurs. This results in a small back-arc basin, possibly
situated upon ‘an older zo,nés‘ f»weakness“ in the continental crust. In
this way a micro-plate (A@on) is isolated from Paleo-North America.

The Gander Group with a westward provenance, is deposited in the




graben- like back-arc basin {(which need not be floored by a great
eipanse of oceanic crust). Volcani¢ity and associated sedimentation
continues on the Aval'on plate resuh}h'u_g in deposition of Love Cove,
Harbour Main, Connécting Point and Conception Groups.

Within the Paleo-North Amel;'ican Craton, already developed
graben over 2zones of -weakness in the crust have received sedimentation
(Torridonian and Young Moines).

C/ Near the end of the 600-700 m.y. period, the Cadomian Ocean is
dosed out, producing, the Cadomian Orogen. This forces the Avalon
micro-plate back against Paleo-North America producing the Génderian/
Avalonian Orogeny. The Dover Fault marks the juxtaposing of what

is now the Avalon Zone with the main craton.

During the Ganderian/Avalonian Orogeny, defor'mation is con-
centrated along the .ma'rgin of the Avalon plate and Paleo-North America.
In this way the Love Cove and Connecting Point-Groups are much more
deformed than their latt;ral equivalents toward the centre of the
plate i.e., Harbour Main and Conception Groups. Likewise, the Gander
Group is deformed by the same regional compression.

During the Late Precambrian - tarly Cambrian time the 'rnolasse
rocks, i.e. Musgravetown Group and equivalents, .are deposited in ‘
lérge' fault controlled basins. Théy sit with marked unconformity on
the western mar_gin of the Avalon Zone, bﬁt much less so towards the
-c,entre. of the zone. Coeval with these deposits are centres of

volcaniéi‘t_y.

Around 600 m.y. distension:.back within the Paleo-North




America Craton marks the initiation of lapetus (the Proto-Atlantic

Ocean). Dikes intrude the developing margin and earliest sediment-

ation occurs.

Note: Tlapetus may have originated along the earlier graben structures

which received the Young Moines and Torridonian sedimentation. This
would explain the position of these rocks underneath the Dalradian

on the northwestern margin of the Caledonian System.

D/ The lapetus ocean is well established between 500-600 m.y.. The
western margin of the ocean is mark;;i by the Fleur de Lys Supergroup
(D_alradian) and platformal sediments. The eagtern margin 55 developed
upon the Gander Zone which is,pow completely separgted from Paleo-
North America. Sedimentation at this time upon the eastern margin is
marked by the Bray Series (Lamplugh, 1903) /in southeast Ireland.

The Gander and Avalon ZIones are part of a stable craton
covered with platformal sediments. However, eastward subduction of
lapetus oceanic crust causes vertical movement along the Dover Fault
and locally, distension i.e., Fredericton Zone of New Brunswiék
developes. ‘ :

E/ Before 450 m.yr. ophiolite (the Gander Zone ultramafic belt) is
obducted, pos;sibly from a small back-arc basin developed alogg the
eastern margin. This overiding slab imparts E‘Re high level recumbent
structures to the Gander Group. The eastward .influence of the
deformation is t_:ontro]]'ed by the Hmited\ advance of the ophiolite slab

“in that direction.

Post 450 m.y., the Caradocian Davidsville Group is unconformably




N

deposited upon the tectonized margin. However, the margin is still

&

somewhat unstable and this results in a melange developmg)locally at

the base of the Davidsville Group.

Renewed vertical movement along the Dover Fault produces
major uplifting of Gander Zone relative to Avalon Zone. " In this ua)-/
the Cambrian and younger platformal sediments and a 1irge part of the
Gander Group are stripped off. Th&timing ofithis event need not be
rigid. | N
Concl;sion

The Cadomian Orogen_y'is responsible for the Pfecambrian
deve1opmen; of the Gander and Avalon Zones. Subsequent modification

occurs during the development of the Paleozoic lapetus Ocean.
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