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ABSTRACT

The Marystown Group forms the southern extent of the Late Precam—
brian volcanic field which underlies much of the western Avalon Zone of
Newfoundland. The Marystown Group is faulted against older submarine
volcanic an@ sedimentary rocks of the Burin and Rock Harbour Groups aﬁ%
is disconformably overlain by Eocambrian to Cambrian strata of the
Fortune Group.

The Marystown Group has been divided into seven separate strati-
graphic units. In ascending stratigraphic order, these include:
(1) Taylor's Bay Formation, (2) Garnish Formation, (3) Calmer Formation,
(4, 5 and 6) Barasway Complex and the Hare Hills and Mount Saint Anne
Formations (which are interpreted as being correlative), (7) Grand
Beach Complex. The ev#lution of the Marystown Group includes three
main volcanoclogically, petrologically and gecochemically separate inter-

vals. The earliest period of volcanism, represented by the Taylor's Ba*.b

Formation, produced a sequence of subaqueous and subaerial, basaltic to

rhyolitic volcanic rocks af calc-alkaline to mild tholeiitic affinities.
The Garnish and Calmer Formations together mark the onset of subaerial
sedimentation and extrusion of extensive flood basalt fields of alkaline
affinity. A perilod of felsic, subaerial volcanism represented by the
Mount Saint Anne and Hare Hills Formations and the Barasway Complex marks
the latest stage of evolution of the Marystown Group. The Grand Beach
Complex 1Is stratigraphically similar to the late felsic units of the

r;st of the Marystown Group but displays unique chemical features.

The main structural features of the Marystown Group are interpreted

to be the result of an orogenic event which post-dates the deposition of
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Cambrian rocks and pre-dates the intrusion of the lower Carboniferous
St. Lawrence Granite. Recen't geochronological results nggest that the
main deformation is the result of the Acadign Orogeny. Late stage re-
gional flexuring and related north-south and northwest-southeast
faulting may represetit the latest e fects of the Acadian Orogeny or
possibly the onset of the variscan (or Hercynian)o;ogenic episode.

- The lnterna_'l{tratigraphy of the Marystown Group coincides with
1a'te Precambrian volcanic sequences‘elsewhere in the western Avalon Zone
of Newfoundland. Petrological and geochemical variationms within the
Marystown GrOui) are similar to those documented in the Love Céve Group
of the northwestern Avalon Zone. The tectonic significance of these
variations 15 unclear. Similar geochemical trends have been documented

in the Cenozolc evalution of the southwestern U.S.A.

~»
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INTRODUCTION

1.1 Location and Access

The ;tudy area includes parts of the Marystown (1M/3), St.
Lawrence (1L/14), Grand Bank (IM/4), and Lamaline (1L/13) map areas
which encompass the southern third of the Burin Peninsula of south-
eastern Newfoundland, between north latitudes 46°45" and 47°15" and
west longitudes 55°00' and 56°00°.

The largest communities in this area are Marystown, Burin, St.
Lawrence, Grand Bank and Fortune, all of which are serviqhd.by a
peripheral road system, connected by Route 11 to the Trans-Canada
Highway (Route 1), approximately 160 km to the north. The area is
also serviced by Canadian National coastal boat service and there are
small airfields at the communities of Winterland and Frenchman's Cove.

Much of the study area is accessible via tralls, streams, "woods-
roads" and the coastline. Fly camps and helicopter-assisted traverses

are necessary in the more remote central parts of the area.

1.2 thsiograghz

The study area is physiographically a part of the Atlantic Upland
of insular Newfoundland (Twenhofel and MacClintock, 1940). The topo-
graphic variations and physiographic characteristics of the area re-
flect both underlying bedrock type and movement of glacial ice.

vanderveer (1976) concluded that the Burin Peninsula was glaciated

by ice centred on the main part of the Island of Newfoundland to the
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northwest during the Late Wisconsin glacial maximum, with a later

radial glaciation from a smaller cap in the central part of the

peninsula. This latter ice cap was nearer the south coast during the
waning stages of glaciation, resulting in weaker northward icé flow
towards Fortune Bay and up to 18 metres of marine overlap.

The area can be broadly divided into 4 contrasting physiographic

zones (Figure 1:1):

1. An irregular, gently undulating plateau rising from an
average elevation of 70 m at the 'southerg coast of the
peninsula to approximately 200 m in the central parts
of the.peninsula (e.g. near Lunch Pond)

- A central, broad, flat and boggy plain between Winter-
land and Grand Beach
* An area of valleys, ridges and lakes north of Garnish
River
An irregular series of prominent ridges in the western
part of the area, forming the Eastern and Western Hare
Hills
The southern plateau is underlain mainly by mgfic and felsic vol-
canic rocks of the Marystown Group and by intrusive rocks of the St.
Lawrence Granite. The undulatory nature of the southern plateau is 1in
places abruptly broken by monadnocks and roches moutonées which are
sculpted from resistant welded tuffs, coarse brecclas and hornfelsed

sedimentary and volcanic rocks. The ruches moutonées are elongate with




cliff towards the south, indicating a dominantly southward movement
of ice. Mount Margaret, Mount St. Anne and Mount Lucy Anne are excel-
1ent examples of such features (plate 1.1). Similarly, the numerous
lakes and ponds are aligned to the south and southeast, reflecting
glacial control. Locally this trend is offset and parallels the north-
east trend of the regional foliation of bedrock. In the western por-
tion of the southern plateau, drainage and topographic features re-
flect the presence of north-south faults. An increase in intensity of
faulting in the southern and eastern parts of thefarea (e.g. near
Roundabout) is reflected by the irregular topography of that region.

Depositional features of glacial action (e.g. kames, -terraces,
eskers and glacial till) are common throughout this area. Exposure
varies from 20 to 307 in the southern plateau region.

The central plains region (2) is characterized by poor drainage
which is reflected in the extensive marsh and bog development in this
area. The two largest lakes in the study area occur in this central
plain. The major tributary in this area runs in a west-northwest,
east-southeast direction, a feature interpreted by Strong et al.
(1978b) to reflect different periods and directions of glaciation. It
is worth noting, however, that this drainage orientation is localized
near a regional flexure in the shape of a peninsula. Northwest-
trending faults exposed elsewhere on the Burin Peninsula (O'Brien,
1978) coincide with similar flexures. Therefore, the drainage pattern

in this area may also reflect similar unexposed bedrock structures.
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Plate 1:1 Roche moutonée on the southern Burin Peninsula:
Mount Margaret.



Most of the central plains region is underlain dominantly by the
Barasway and Grand Beach Complexes. The northwestern part -of the cen-
tral plains (2a) is underlain by volcanics ot the Barasway Formation.
Physiographically this area is transitional with the valley and ridge
terrain to the north.

The northern valley and ridge terrain (3) is underlain by the
Barasway and Calmer Formations of the Marystown Group and is charac-
terized by the northwest trend of the valleys, ridges and lakes in
that area. These features are lithologically controlled, resulting

from ialternations of basaltic, rhyolitic and tuffaceous sedimentary

rocks of varying resistance to erosion, all of which ére gently dip-

ping and strike towards‘the northwest. In areas of dominantly basal-
tic or rhyelitic volcanic rocks the reglion is physiograp;hically
similar to parts of the southern plateau area.

The amount of exposure in this area is highly variable and ranges
from 10 to 50%.

The topography of the western region is generally a refelction of
bedfock lithology. The prominent ridges (e.g. Fortune Tolt, Eastern
and Western Hare Hills) are underlain by resistant welded ash-flow
tuffs and rhyolite flows of the Hare Hills Formation, whereas the west-
erly adjacent Fortumne Valley 1is underlain by less resistant Eocambriam-
Cambrian sedimentary rocks. The highest elevation in thie area 1is

approximately 300 m (Eastern Hare Hills) and may represent an




erosional remnant of the Long Range Peneplain (Twenhofel and

MacClintok, 1940).

1.3 Previous Work »

A variety of publish;d and unpublished work based upon both  re-
connaissance and detailed mapping, dkals with various aspects of
southern Burin Peninsula geology.

Aside from the earliest‘geological reconnai ssance by Murra; and How- l
ley (1881 ) no major reportq‘d investigations were carried out in the |
area until 1927, when N.C. Dale published the results of his recon-
naissance work on the Precambrian and Paleozoic geology of the Fortune
Bay area. Kauffman (1936)',.1n.apped the St. Lawrence ‘area, with emphasis
on the fluorite mineralization there, as part of the ‘early Princeton
University expeditions to Newfoundland. Van Alstine (1948) produced
the first regional map of the area, as part of a Ph.D. thesis at the
same institution.

In 1948, T.N. Walthier mapped the volcanic and sedimentary rocks
in the vicinity of Grand ﬁank under th."H auspices of the Geological
Survey of Newfoundland. Later that year, he undertook detaliled mapping
of the sulphide occurrences in Cambrian rocks near Lawn. Potter's
(1951) unpublished thesis was based on a detailed study of the Eocam-

brian - Cambrian sedimentary rocks in the Fortune area undertaken at

the same time. 1
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The acquisition of concession areas in the southern Burin Penin-
sula by the Newfoundland and Labrador Corporation (NALCO) resulted in
reconnaissance mapping of the entire area (e.g. Willars, 1953).

Jooste (1954) did similar mapping for the Newfoundland Fluorspar
Limited on their Burin Peninsula concession area. \

The geology of the St. Lawrence area is discussed in detall by
Williamson (1956) in an unpublished report to the Newfoundland Depart-
ment of Mines, Agriculture and Resources. Bartlett (1967)
discussed the silica potential of the Focambrian sequences of the
western Burin Peninsula.

The only publication by the Geologica~1 Survey of Canada which
pertains to the study area 1s'a 1:250,000 reconnaissance map of the
Belleoram map area producé‘d‘ by Anderson (1965).

Interest in the mdneralization associated with granitoid rocks in
the study area increased in the early to mid- 1970's and resulted in
the production of a varilety of Aunpubliahed maps and reports by several
mi}ling companies, notably: CERA (David S. Robertson Ltd.), Allied
Chemical Corporation, SEREM Ltée., EASTEX and Radex Minerals Ltd.
Exploration of the area by Bricish Petroleum (Minerals) Ltd. was
initiated in 1976 and is still ongoing.

Systematic, 1:50,000 scale mapping of the Burin Peninsula was
initiated by the Newfoundland Department of Mines and Energy in 1975.
Strong et al., 1975, 1978b, described the geology of the St. Lawrence

(IL/14) and Marystown (1M/3) map sheets. The regional geology of the

/

- | /




western half of the southern Burin Peninsula was described by O'Brien
et al., 1977 and Strong et al. (1979). The regional geology, in-

cluding descriptions of the stratigraphy and discussion of the tectonic

evolution of the area was published by Strong et al., 1978b. Much of

this work was based upon work by Memorial University of Newfoundland
graduate students, e.g. Teng (1974), but notably Taylor (1976), Wilton
(1977), Strong (1977) and O'Brien (this thesis) . -

\/

1.4 Present Investigation

Field work was initiated in 1975 as a part of a larger project of
regional mapping carried out under contract between Memorial.University
of Newfoundland (D.F. Strong) and( the Newfoundland Department of Mines
and Energy. During 1975, mapping was mostly confined to the western
half of the Marystown (1M/3) map sheet with limited mapping of the
extension of the Marystown Group into the adjacent St. Lawrence (lL/14)
and Marystown east-half map sheets. 1976 field work concentrated
mostly on exposures of the Marystown Group in the Grami Bapk (1M/4)
and Lamaline (1L/13) map sheets.

Field observations were recorded on aerial photographs and
"Forest Inventory' maps at a scale of 1:15,840. Data were replotted
on 1:25,000 and 1:50,000 scale from which the final 1:100,000 map was
prepared.

Petrographic and géochemical studies vere initiated in the

autumn of 1975 and completed early in 1977. Thin sections of approx-
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imately two hundred rock samples were studied, the least altered of
which were chosen for major and trace element geochemical work.

The main aims of the present study were to establish an internal
stratigraphy for the Marystown Group and to provide petrographic and
chemical data for these rocks in the hope of demo;Btrating their tec-
tonic setting. Also the structural history of the area was to be

documented with reference to the regional setting of the western

Avalon Zone.
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2. REGIONAL SETTING

2.1 Distribution of the Avalon Zone

The Burin Peninsula is situated in th’e western part of the
Avalon Z?ne (Williams et al., 1974) of the Newfoundland Appalachians
(Figure 2:1). The total width of this zone is in excess of 700 kilo-
meters (Poole, 1976), approximately twice the width of the rest of the
Appalachian orogenic belt. In North America, "Avalon-type'" rocks have
been identified in Nova Scotia (Schenk, 1971; Keppie, 1977), New
Brunswick (Rast et al., 1976}, Maryland (Rodgers, 1972), Massachus-
sets (Murray et al., 1978), Virginia (Rodgers, 1970; p. 197), the
Carolinas (Seiders & Wright, 1977) and Georgia (Whitney et al., 197@’ b
Similar rocks in the subsurface have been describe& from Fl.;rida
(Rodgers, 1972). 'fhe distribution of the Avalon Zone in the Appala-
chian orogenic belt is shown in Figure 2:2.

Equivalents of the Avalon Zone may be represented in the British
Caledonides by the Arvonian volcanics of North‘Walc;_s and the Longmyn-
dian re;! beds and Uriconian volcanics of England (Wright, 1969).

Possible correlatives of the Avalon Zone outside the Appalachian -
Caledonian orogen in Morocco have been described by Hughes (1972).
Similar correlations between the Avalon terrain and the late Pre-

cambrian of North Africa have been made by Schenk, (1971)and Bruckner,

.(1974). Strong et al., 1978a, suggested that the oceanic basaltic rocks

of the Avalon Zone (Burin Group: Taylor, 1976) may\ be equivalent to

the Proterozolc oceanic crust on the margins of the West African
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Figure 2:1

Map of the tectonostratigraphic subdivisions of the
Newfoundland Appalachians (after Williams et al.,
1974) showing the location of the study area.
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Figure 2:2 Distribution of the Avalon Zone in the Appalachian
Orogen, after Williams, @979%a).
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Craton at Bou Azzer, Morocco (cf. Le Blanc, 1976) .
The generalized global distribution of the Avalon Zone and its

possible correlatives is shown in Figure 2:3.

2.2 Reglonal Géology of the Avalon Zone

2.2.1 General Statement
In general, the geology of the Avalon ione in Newfoundland can be
described as a sequence of late Proterozoic volcanic and assoclated
sedimentary rocks overlain by both marine and continental sedimentary
rocks of Late Proterozoic age. These rocks are conformably to uncon-
formably overlain by shallow water to terrestrial sedimentary rocks of
lower to mid- Paleozoic age. The entire sequence has been intruded by

plutonic rocks ranging in age from late Proterozoic to Carboniferous.

2.2.2 Historical Development of Ideas: Newfoundland Avalon Zone
The pioneer work on Avalon Zone geology was carried out between

1843 and 1925. The findings of the early workers are documented in

several publications, e.g. Jukes, (1843);Murray and Howley, (18811}, etc.

3
and are sugpmarized below in Table 2:1. Most of this work consisted of

isolated observations which produced a disjointed view of regional
Avalonian geology, however, the major elements of Avalon geology were
initially outlined by these workers.

E.R. Rose's (1952) systematic mapping marked the first major

contribution to the understanding of the regional geology of the

»
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Figure 2:3 Distribution of "Avalon Zone" in North America , Northwest Africa,
and Western Europe (in part after Strong et al 1978 ).
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<‘A\ . Table 2:1 Early workers in the Avalon Zone of Newfoundland
\ N
Jukes 1843 - Recognized "Upper and lower Slate Formations' (correspond
in part with the Cambro-Ordovician sediments and the Cabot
and Hodgewater Groups respectively).
Murray and Howley 1881 - Divided the Proterozoic rocks of the Avalon Peninsula into
/ Howley and Murray 1918 the "Laurentian Gneiss" and 'Metamorphic Slates and Sand-
R stones" (roughly equivalent to the Holyrood Granite and the
: Conception Group).
Walcott 1899 - Noted that the "Avalon terrain" (equivalents of the Cabot,
Hodgewater and Musgravetown Groups) overlay the "Archean
Gneisses" (equivalent to the Harbour Main Group) r—
n
- Introduced the name "Avalonian Series' which he subdivided )
into the "Torbay Slates" and the ''Conception Slates''.
Buddington 1919 - Introduced the name "Avondale Volcanics" to replace Walcott's
. "Archean Gneisses' ! :
Howell 1925 - Introduced the name "Harbour Main Volcanics" for the "Avondale
Volcanics" of Buddington.
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Greene and O'Driscoll, 1976
0'Driscoll & Hussey, 1977
Strong et al., 1978
O'Brien et al., 1977
O0'Driscoll & Muggridge, 1979
O'Brien & Taylor, 1979

Index to 1:50,000 scale geological mapping
in the Avalon Zone @f Newfoundland
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Avalon Zone and his terminology 1s, for ﬁhe most part, retained in the
cur?enc literature. He recognized and fedefined the thréé major com- R $
ponents of the Proterozoic geology of the eastern Avalon Zone; e.g.
the Harbour Main, Conception and Cabot Groups, and established their
stratigraphic relationships. 1
Systemgtlic mapping on a regional scale by Hutchinson,(1962);
Bradley, (962); Jenness, (1963); Ahderson, (1965) McCartney, (1967);
Will.iams,(1971);; Williams and King, (1976 0'Brien M.,(mﬂ; ‘ )
0'Driscoll and Hussey, (977) and Strong et al., 1978b) resulted in the
development of the Proterozoic and Paleozolc stratigraphy in the
varlous parts of the Avalon Zone shown in Figure 2:4. The strati-
graphic relationships determined by some of these workers are sum-
marized in the generalized correlation charts (Tables 2;2 & 2:3). A more
detalled summary of some of these authors' observafions is given
below (Sections 2.2.3 and 2.3). Various formation names are given in

Table 2:3. .
The earliest interpretations of the tectonic setting and regional ’ L

——

depositional environments of the Proterozoic succession of the

st

Avalon Zone were made by Papezik (1969, 1970 and 1972) and Hughes and

Brueckner, (1971) .

Papezik suggested that the volcanic rocks of the Avalon Peninsula

may have been the result of alkalic continental volcanism, related to

|

block faulting of a late Precambrian continental platform. This
"Basin and Range environment' interpretation was supported by Strong

et al., (1974);Nixon, (1974);and Strong and Minatides, @975 .
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HEADINGS EASTERN AVALON WESTERN AVALON NORTHERN AVALON
Formation Lithology Formation Lithology Formation Lithology
Conglomerate,
. black shale, sand-
m:m“' Spanish Room,, stone, limestone
Sediments Conglomenate,
shale, siltstone,
_ Terrenceville;s  sandstone.
Boxey Point,, Basalt
Purple con-
glomerate, black
Great Bay shale, gray silts-
de I'Eau,, stone, red sandstone
Red conglomerate,
Pool's Cove,,  sandstone, shale
Red sandstone, cong-
lomerate, shale, red
Cing Lsles,, limestone
Wabana, Gray shale, silt- Gray shale, sili-
Bell Island, stone, sandstone. Clarenville, stone, sandstone
Eocambrian to Black shale, lime- Green slate, Gray shale and
Ordovician Elliott Cove, stone Nine Mile Hill,» quartzite Elliott Cove» siltstone
Sediments Manuels River, Black shale Gray shale, silt- Manuels River,  Black shale
‘ Youngs Cove,, stone, sandstone
Chamberlains Green shale, Pleasant View  Black, red, green Chamberlains Red shale,
Brook, minor limestone Farm ,, shale, limestone Brook, limestone
Red shale, Red, green shale, Red, green shale,
Brigus limestone Salt Pond,, pink limestone Brigus , pink limestone
Smith Point, Pink limestone Blue Pinion,, Qtz. sandstone Smith Pointg Pink limestone
Red, green shale, Gray siltstone, Red, green shale,
Bonavista, - pink limestone Chapel Island,, sandstone Bonavista, pink limestone
Quartzite, sand- Gray siltstone, Quartz sandston
Random, stone, gray shale Bay View,, qtz. sandstone Random gray shale
Late Proterozoic St. John's, Siltstone, shale Red conglomerate, Musgravetown,  Red, green sand-
Continental Signal Hill, * Red, green sand- Rencontre,,  #landstone, siltstone, Love Cove stone, conglo-
Sediments Hodgewater, stone, siltstone, "shale (in part) o merate, silistone
conglomerate i
Big Head Laminated silt- Anderson’s Laminated siltstone Connecting Green graywacke
Conceptian, stone, sandstone, Cove 5y and graywacke Point siltstone, sand-
Proterozoic minor conglom- Davis Cove,, Gray siltstone and stone, conglom-
Marine erate and tillite sandstone erate.
Sediments Sandy Harbour Gray siltstone and
(some units River,y sandstone
in part Great Island,;  Gray siltstone
interbedded Southern Gray conglomerate,
with Proter- Hills (lower),, silistone, graywacke
ozoic Volcanics) Rock Gray siltstone, sand-
Harboury, stone and limestone
Bull Armg Mostly acidic Mortier Bay s  Basalt Bull Arm Mostly acidic
Harbour and basic Mooring Cove,, Basalt Love Cove and basic
Proterozoic Main, volcanics Doughball Point,, Basalt (in part),, volcanics
Volcanics Belle Bay,, Acidic and
(in part Marystown basic
interbedded Tickle Point s  volcanics
with Pro- Grand Le for the o
terozoic Pierre ,, most part
Marine Deer Park
Sediments) Pond ,,
Sound Island
Southern
Hills (upper),,
Burin ., Pillowed
basalt and
limestone .
1 Rose (1952) 14 O’Driscoll (1977b)
2 Williams and King (1976) . 15 O'Driscoll “9;?].8)
3 Hutchinson (1962) 16 Strong et al. (1978b)
4 H':."Taﬁm (1953) 17| Taylor (1977)
5 Howell (1925) 18| O’Driscoll and Hussey (in press)
6 Walcott (1900) ° 19’ O'Driscoll and Muggridge (in press)

20 Smith (1976)

21 Widmer (1950)

22 White (1939)

23{ Van Alstine (1948)
24’ Strong et al. (1974s)

7 Van Ingen (1914)

8 McCartney (1967)

9 Hayes (1948)

10 Jenness (1957)

11 Jooste (1954)

12 Bradley (1962)

13 Strong et al. (1976) B

TABLE 2:3 Table of various groups_and formations which comprise
the five main sedimentary-end volcanic components of
the Avalon Zone in Newfoundland .
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An alternate model, proposed by Hughes and Brueckner, (1971 ) sug-
gested that the Avalon Peninsula represents a volcanic 1sland- complex
which was active until the latest Precambrian. Strong et al., (1978 a,
b), first recognized the presence of oceanic crust i{n the Avalon Zone
and suggested a model of rifting of continental crust, resulting in
"continental volcanism'', rupturing of the continental crust to form an
oceanic basin, and "abortion" of this oceanic basin followed by resump-—
tion of continental type volcanism.

Tectonic models for the formation of the Avalon Zone and its
equivalents elsewhere in the Appalachians have been published by Rast
et al.,(1976)and Whitney et al., (1978). Rast et al., (l976)zspeculated
that the Proterozoic volcanism and plutonism of tle Avalon Zone was
related to an ensialic volcanic arc. Whitney et al., (1978) suggested

that silicic volcanic rocks of the Slate Belt of Georgia and South

Carolina represent the remnants 6’( a primitive oceanic island arc.

2.2.3 Stratigraphic Development of tHe Avalon Zane

The geology of the Avalon Zone in Newfoundland has been reviewed
in some detail in the recent literature; e.g.: Williams et al., (1972,
1974); King et al., (1974 )f;Rast et al., (1976); Strong et al., 0978 a,b);
King, in press). Theref’fore the following section is designed to
present only a brief st;ratigraphic regumé in order to provide a
framework for later discussion (e.g. chapters 4, 8), and will deal

mostly with the Proterozoic evolution of the region.
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The Proterozoic and Paleozoic evolution of the Avalon Zone in
Newfoundland can be best summarized in terms of seven major geological 1
components, the distribution of which is shown in Figure 2:5.

Proterozolc volcanic rocks are widespread throughout the Avalon
chne and represernt the oldest rocks recognized within it. The contact
of these dominantly subaerial, silicic and baséc volcanic rocks with
the overlying Proterczoic marine sediments has been interpreted as
being disconformable to conformable (Williams, 1971; Williams and
King, 1976; 0'Brien and Taylor, 1978; Hussey, 1979.). Late Proter-
ozoic, dominantly continental sediments conformably and gradationally
overlie these marine sediments in the eagtern Avalon Zone (Williams
and King, 1976). In the west, the marine sediments are not as widely
developed and locally the continental sediments directly overlie the
Proterozoic volcanic assemblage (Williams, 1971; O'Brien et al., 1977;
Hussey, 1979 ). The late Proterozoic continental sediments are con-
formably to disconformably overlain by shallow water marine Eocampriafc
Cambrian sedimentary rocks (McCartney, 1967; Williams, 1971; O'B‘rien
et al., 1977). These early Paleozoic sediments locally unconformably
overlie both the Proterozoic volcanic and marine sedimentary terr;ins.

Post-Cambrian sedimentary rocks have been documenited throughout
the Avalon Zone but are of limited aerial extent. In the west these
rocks unconformably overlie Proterozoic volcanic rocks and pre-

Ordovician granitoids (Bradley, 1962; Williams, 1971). In the east,

the contact relations between Ordovician and older rocks -is not pre-

gserved.
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Figure 2:5 Major geological components in the Avalon Zone
of Newfoundland after Williams (1967).
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Paleozoic volcanic rocks are of limited areal extent within the
Avalon Zone. C;ambrian basalts in the Norman's Cove belt have been dis-
cussed briefly by McCa;—tney (1967). Fletcher (1972) documented middle
Cambrian basaltic flows in the St. Mary's Bay area on the Avalon Penin-
sula. Devonian a_nd Carboniferous volcanic rocks have been described
from the Hermitage (Smith, 1975) and Burin (Strong et al., 1978 a,b)
Peninsulas.

Plutonic rocks of the Avalon Zone can be divided into two broad
categories. The Pre-Ordovician intrusions are dominantly ﬁassive to
foliaied hornblende-biotite granites, syenites and granodiorites with
lesser amounts of quartz diorite, diorite and gabbro. The Devomian-
Carboniferous plutonic rocks are mainly alaskitic granite, blotite and

hornblende-biotite granite with minor diorite and gabbro.

2.2.3.1 Proterozoic Development of the Avalo_n Zone

Avalon Peninsula

The base of the stratigraphic section on the Avalon Peninsula is

.the Harbour Main Group (Howell, 1925). Stratigraphic relationships

within the Group are poorly understood; however, the major lithologies
are subaerial felsic volcanic rocks (e.g. ash-flow tuffs, rhyolite
flows), basaltfc fl;)ws and marine and terrestrial volcaniclastic sedi-
ments. The base of the Harbour Main Group is unexposed, however
McCartney (1967) estimated 1ts thickness to be greater than 1,800 m.
The Harbour Maln Group is overlain by marine sedimentary rocks of

the Conception Group (Rose, 1952). There is some ambiguity regarding

the relationship of these two major rock units. The existence of a
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local angular unconformity was interpreted by Rose (1952) and
McCartney (1967) to represent an extensive erdsional unconformity
beneath the Con—c;: on Group. Hughes and Brueckner (1971), however,
suggested that the presence of "Conception-1like" rocks in the Harbour
Main Group, combined with the occurrence of tuffaceous beds and 1 s
within the Conception Group indicated a penecontemporanedbus develop-
ment of these two groups. Mapping in the southern Avalon Peninsula

% by Williams and King (1976) has suggested that in that area, the buik !

! of the Conception Group conformably to disconformably overlies the

Harbour Main Group.

The Conception Group is overlain by a sequence of terrestrial

and locally marine sedimentary rocks kn;‘fﬁ in the eastern Avalon

Peninsula as the Cabot and St. John's Groups (Williams and King, 1976).

Similar lithologies in the west (e.g. Hodgewater Group) are thought to

be correlative with the Cabot Group. These rocks are ingt’erpreted as f

conformably overlying the Conception Group (Williams and King, 1976).

Bonavista Bay Region

The geology of the northwestern Avalon Zone 1s poorly understood
and the topic of controversy; e.g. Jenness, (1963): Younce, 4970);
0'Driscoll and Hussey, 0977);Hussey, (1979) .-

The schistose, felsic to intermediate volcanic and subordinate

sedimentary rocks of the Love Cove Group (McCartneg, 1957) are con-

sidered by some authors (e.g. Jenness, 1963) to be the oldest rocks in

this area and correlative with the Harbour Main Group in the east.
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The Connecting Point Group (Jenness, }.963) i8 a sequence of
siliceous siltstones, shales and greywacke reaching an approximate
thickness of 7,300 metres. Interpretations of the stratigraphic
relationships of these groups are tenuous, since their contact is not
exposed.

Red terrestrial sedimentary and minor volcanic rocks of the Mus-
gravetown Group (Jenness, 1963) appear to h#ve ambiguous contact re-
lationships with the underlying Connecting Point Group. Jenness (1963)
recognized an angular unconforumity above the Connecting Point Cll'oup,
whereas McCartney (1967) lnterpreted the Bull Arm Formation of the Mus-
gravetown Group as conformably and gradationally overlying the Con-

necting Point Group.

Fortune Bay Area (exclusive of the Burin Peninsula)

The oldest rocks in the Fortune Bay area are the mafic and felsic
subaerial volcanic and sedimentary rocks of the Comnaigre Bay (Widmer;
1950) and Long Harbour (White, 1939) Groups. The internal strati-
graphy of these groups 1is very similar, although different fo“rmational
names have been proposed by Williams (1971) for the Long Harbour Group
and 0'Driscoll (1977) for the Connaigre Bay Group.

The base of both groups 1is a seql.lence of flow-banded and auto-
brecciated rhyolites with interbedded massive andesites and basalts
known as the Tickle Point (O'Driscoll, 1977) and Belle Bay (Williams,

1971) Formations. Locally, these volcanic rocks are conformably

overlain by grey and purple sedimentary rocks and interbedded mafic

- —————




tuffaceous sedimentary rocks of the Great Island (0'Driscoll, 1977)
and Andersons Cove (Williams, 1971) Formations, These rocks are
locally and conformmbly overlain by undivided dominantly mafic and
lesser felgic volcanic rocks of the Doughball Point (O'Driscoll, 1977)

and Mooring Cove (Williams, 1971) Formations. They are conformably

overlain by red, fine-grained, micaceous sedimentary rocks of the

Down's Point (0'Driscoll, 1977) and Rencontre (Williams, 1971) For-
mations. Williams has shown that the Rencontre Formation is in con-

formable contact with fossiliferous Cambrian strata.

2.3 Regional Setting of the Southern Burin Peninsula

The geological evolution of the southern Burin Peninsula can be
documented by means of five major geological entities, the distribu-
tion of which is s®wn in Figure 2:6.

A major northeast—trending suture, beneath Eocambrian-Cambrian
sediments and sandwiched between the Lewins Cove and Little Bay Faults
(Strong et al., 1973), divides the Proterozoic geology of the Penin-
sula into two contrasting terrains. The area to the west of this zone
is underlain mainly by volcanic rocks of the Marystown Group (Strong
et al., 1976) which represent a period of g}tensive subaerial vol-
canism. Rocks to the east of the suture, the Burin and Rock Harbour
Groups (Strong et al., 1976; Jooste, 1954) are the products of deep
water marine sedimentation and volcanism.

Sedimentary rocks of Eocambrian-Cambrian age (Inlet Group) are

distributed in fault-bounded outliers throughout the peninsula.
A
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Mid-Paleozoic intrusive (St., Lawrence Granite) and extrusive
(Rocky Ridge Complex) rocks are localized in the south-central parts

of the peninsula.

2.3.1 Proterozoic subaerial volcanism

Subaerial volcanic and associated sedimentary rocks of the Marys-
town Group underlie most of the area between the Lewins Cove Fault in
the eastern part of the peninsula and the Eocambrian-Cambrian Fortune
Group in the west.

The Marystown Group consists of a lower unit of mixed mafic and
felgic subaerial volcanlc rocks, locally overlain by terrestrial sedi-
mentary rocks which are in turn overlain by a later volcanic unit.

The upper volcanic sequence can be subdivided into a lower, dominantly
mafic and an upper, dominantly felsic unit.

Descriptions of the 1ithology, stratigraphy, petrology, structure
;£d geochemical features of the Marystown Group are given in the

following chapters and will not be discussed here.

2.3.2 Proterozoic submarine sedimentation

The Rock Harbour Group (Jooste, 1954) is a sequence of Precamiggrian
sedimentary rocks that crop out along the easterm side of the Burin
Peninsula over a distance of 235 kilometers. The maximum exposed
thickness of the Rock Harbour Group 1is approximately 2000 metres

(Taylor, 1976; O0'Brien, 1978). The base of the Rock Harbour Group has

-
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not been recognized on the southern Burin Peninsula. é:
zed within the

Three major lithological assemblages can be recogn

\\;;:i\ﬂa;hour Group. Cross-—bedded sandstones and greywackes and medium

to coarse grained boulder conglomerates occupy the lowest stratigraphic
levels of the Group. These rocks are ov;r;ain by a turbidite-type
facleé (Taylor, 1976; O'Brien, 1978) of graded gray and greeﬁ siliceous
siltstones and argillites. Stromatolitic limestone-bearing breccias
with black shale matrices and coarse chaotic sedimentary breccias
appear to be localized in the upper stratigraphic levels of the Group
(Strong et al., 1978b; Q'Brien and Taylor, 1979).

The upper contact of the Rock Harbour Group with mafic pillow
lavas of the Burin Group is consider;d to be conformable in the
gouthern parts of the Burin Peninsula (Taylor, 1976). Elsewhere, the
contact of the Rock Harbour Group with all adjacent units is either

faulted or unexposed.

The Burin Group (Strong et al., 1976) is-a wes;-facing sequence of
mafic pillow lavas, aquagene tuffs and a gabbroic sill which reaches a
maximum total thickness‘ of approximately 4 kilometres. ‘aylor (1976)
divided‘the Burin Group into four separate farmations.

The Pardy I[sland Formation is a basal unit of alkalic pillowed

basalt which conformably overlies the Rock Harbour Group. The Port

au Bras Formation is a sequence of mafic aquagene tuffs, agglomerates
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and pillowed basalt which locally displays a conformable comtact with
the upderlying Pardy Island Formation. The Port au Bras Formation is
overlain by pillowed tholeiitic basalts of the Path End Formation.
The top of this formation 1is 1r;egu1ar1y truncated by the Wandsworth
Formation, a 1.5 kilometre thick gabbroic sill, locally differentiated
to'quartz diorite. The Beaver Pond Formation is the uppermost strati-
graphic unit of the Burin Group and gonsists of a sequence of large
(2-3 metre) aphyric, plllowed basalt which is in fault contact with
the adjacent Inlet Group. V

The contact of the Burid and Marystown Croups is faulted but
evidence suggesting that the Marystown Group unconformably overlies

the Burin Group hag been described by Strong (1976) and Strong et al.,

. 1978 a,b)..

2.3.4 Eocambrian-Cambrian sedimentation

Shallow water marine sedimentary rocks of Eocambrian to Cambrian
age crop out in three belts on the southern Burin Peninsula.

The~eastern helt is underlain by the hmlet Group (Taylor, 1976),
a 60 kilometre-long band of uppermcst Hadrynian to middle Cambrian
sedimentary rocks. The Inlet Group is o;ggthrust by the Marystown
Group in the west and 1s both downfaulted against and unconformably
overlying the Burin Group in the east (Strong et al., 1978 a).

e

The base of the Group is the Bay View Formation; ;!éequence of
purple, gray and red, ripple marked micaceous siltstones and sandstones
overlain by gray siltstone and quartzite. It 1is conformably overlain

N

1

Recent, unpublished U-Pb Zircon dates from the Burin and Marystown
Groups supports this unconformity (Krogh, pers. comm.).
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by red and green shale, red shale wiggklimestone nodules and minor
gray shales of the Salt Pond Formation. The top of the Inlet Group is
marked by the Pleasant View Farm Formation. It consists of a sequence
of green and gray manganiferous shales and mudstones and black, f;sty
weathering shales. Middle Cambrian trilobites have been identified
from black éhales of this formation (Van Alstine, 1948; Taylor, 1976).
The central outlier is a narrow (< 1 km) fault bounded belt of
uppermost ﬂadrynian, shallow-water marine clastic rocks which 1is
adjacent to the Marystown Group in the south-cemtral parts of the
Burin Peninsula. The main rock types in this belt are red and pJ‘ple,
ripple marked, micaceous siltstones and sandstones. The geology of
the western belt is described in detail by Strong et al. (in press),
upon which the following description is based. ‘The western belt is
underlain by the uppermost Hadrynian to middle Cambrian Fortune Group.
The base of the Group is the Admiral's Cove Formation, a series of red
micaceous mudstoneé and sandstones inferred to disconformably overlie
the Marystown Group (O'Brien et al., 1977; Strong et al., in press).
The Grand Bank Formation is a sequence of green and gray, thinly
bedded siltstones, red siltstones and gray limestone which conformably
overlies the Admiral's Cove Formation. The Duck Point Formation
locally overlies equivalents of the Grand Bank Formation. It consists
of pink limestones and red, green and purple mudstones with limestone
nodules. 1In areas where the Duck Point Formation is missing due to
non-deposition, the Grand Bank Formation is disconformably overlain by

micaceous green siltstones and white quartzites of the Pieduck Point

a
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Formation. The Fortune River Formation consists of red and green mud-
stone and fossiliferqus (Callavia-zone) limestones which overlie the
Pieduck Point Formation. The stratigraphic top of the Fortune Group
is represented by the Little Danzic Cove Formation, a sequence of |

fossiliferous, middle Cambrian black and gray shales with limey con-

l

cretions.

2.3.5 Carboniferous rocks .
The St. Lawrence Granite is an alkaline to peralkaline alaskitic

granite which intrudes the Marystown and Inlet Groups in the southern

parts of the peninsula. Bell and Blenkinsop (1975) dated the granite

87 11

at 315 + 10 Ma. (Rb-Sr whole rock isochron; A Rb~ ' = 1.47 x 107

year—l) making this the only dated {arboniferous intrusive rock in the

area.

Carboniferous sedimentary rocks occur in a small (< 5 ka) outlier

in the eastern part of the peninsula. Tyﬁical lithologies are white
and pink limestone, red sandstone, red calcareous mudstone and lime-

stone with lesser amounts of black shale. A Tournaisian age for these

¥
]

rocks in tentatively indicated by microfossils from the shales (Strong

et al., 1978 b). "

Small areas of volcanic rocks with chemical and petrological
featur;s similar to the St. Lawrence Granite, occur in the northern
parts of the pluton.® These similarities suggest that these rocks
represent the volcanic expression of the Carhoniferous plutonic

activity in the area.

b




- 34 -

4

A Carboniferous age {326 + 5 Ma.) from a plagloclase separate

‘from the Grand Beach Complex has been documented by Stukas,{(1978),

2.4 Tectonic History: Southern Burin Peninsula

A seven-stage tectonic model for the evolution of the southern
Burin Peninsula was proposed by Strong e_trgl., (1978 a,b). The following
is a summary of their tectonic model.

The uplift and erosion of a subaerial volcanic and plutonic ter-
rain resulted in the deposition of the coarse conglomerates and sand-
stones aof the Rock Harbour Group in near-shore environments. A ‘
deepening of the depositional basin is reflected in the presence of
furbidite .facies rocks in the sequence. The presence of slump breccias
and stromatolitic limestone bearing megabreccias reflects continued
instab.illity at the edge of the depositional bagin. The pre.sence of
pillowed basaltic rocks with oceanic tholelitic affinities reflects

the rifting of continental crust by continuing extensional tectonics

and breakthrough of mantle-derived lavas of the Burin Group. A period

of deformation and greenschist facles metamorphism followed the ces-

sation of the oceanic volcanism. The deformation and metamorphism is
interpreted to be the result of the relaxation of tension and gravita-
tional collapse of the thick volcanic pile.

A reversion to tensional tectonics resulted in the subaerial vol-
canism of the Marystown Group. Gradual cessation of volcanism accom-
panied by gradual submergence in the late Hadrynian and Cambrian

resulted in the deposition of the Fortune and Inlet Groups.
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High level, peralkaline plutonic activity and associated volcanism
and sedimentation in the mid—"aleozoic reflected the initiation of an eﬁ:ten—
sional environment at this time. The peralkaline nature of the St.
lawrence Granite is i#nterpreted to reflect "hot spot"-type magmatism
which is agsumed to be an early indicator of the rifting which formed

the present Atlantic Ocean.
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3. SUBAERTAL VOLCANIC TERRANES:

AN OVERVIEW .

3.1 Nomenclature

Before any meaningful discussion of the rocks produce'd by sub-
aerial felsic volcaniem, some terms must be clearly defined. This
section is reserved to define the terminology used throughout this
thesis.

Classification schemes for velcaniclastic rocks are common in the
literature, e.g. Wentworth and Williams, (1932); Smith, (1960); Fisher,
(1960, 1961, 1966);: Wright and Bowes, (1963); Parsons, (1969}, etc. This
profusion of published material has also led to discrepancies amongst
'original definitfon, ‘classification and current usage of the terms
describing the volcaniélastic rocks.

Figsher (1961) subdivided. the volcanic clastic (or volcaniclastic)
rocks into pyroclastic, autoclastic and epiclastic types. His sub- \/
division i8 based on the primary origin and grain size of the fragments.
Fisher's (1960, 1961, 1966) classifications of pyroclastic fragments and
volcaniclastic rocks, which are adopted for use in this thesis, are
given in Table 3:1. The f-iner-grained tuffaceous rocks of this clas-
gification can be comp;)sitionally subdivided on the basis of the 1ithic,
crystal-and vitric-fragment component of the tuffaceous rocks as\ shovn

~

in Figure 3:1.

The term "pyroclastic' was originally defined by Wentworth and

Williams (1932, p. 24-25) as "an adjective applied to rocks produced by
\




Table 3:1. Terminology and Grain-Size for Pyroclastic Fragments
(after Fisher, 1961)

Grain-Size Epiclastic Fragmegts Pyroclastic Fragments
(m)

boulders, blocks B coarse blocks

~ . i

. and
cobble fine bombs /

pebble lapilli

coarse
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explosive or aerial ejection of material from a volcanic vent...".
Ash-flow tuffs (Smith, 1960) or ignimbrites (Marshell, 1935), tuff
breccias (Fisher, 1960), vent agglomerates and sillars (Fenner, 1948)
are examples of pyroclastie rocks.

Fisher (1960) maintains that autoclastic rocks contain fragments
that were produced (1) within, but not necessarily extruded from,
vo}canic vents, (2) during movement of laya flows, or (3) by gaB ex-

plosions from stagnant flows. This broad category includes such rock

types as flow breccias, autobreccias, intrusion breccias and-or tuffi
gsites. The former two lithologies are formed at the surface, whereas
the latter two rock types are the result of subsurface activity.

Epiclastic volcanic rocks can be defined as those derived by
weathering and erosion of lithifigd or solidified volcanic rocks.
Lahars (Fisher, 1960a; Mullineaux and Crandell, 1962) are examples of
epiclastic volcanic rocks. Fisher (1960) defined laharic.breccias as
those formed by volcanic mudflows carrying, dispersing and depositing
coarse- and fine-gralned volcanic fragments and/or mixed non-velcanic
sediments.

Possibly the most common type of subaerial siliceous pyroclastic
rocks are the ash-flow tuffs. An ash-flow is defined by Smith (1960,
p. 795) as "the basic unit of most pyroclastic deposits known as welded
tuffs, tuff flows, pumice flows or ignimbrites”, or as 'the deposit re-

" gulting from the passage of one nuée ardente... it consists of 50 or
more weight percent of ash and fine ash exclusive of foreign inclusions"
(Smith, ibid., p. 701). The nomenciature to be used in this thesis for

describing various aspects of ash-flow tuffs has been taken from Smith

(1960, pp. 800-801).
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1.2 Subaerial Volcanic Fields

The following section 1is designed to present a simplified over-
view of the difficulties-and inherent problems involved in mapping in
deformed subaerial volcanic flelds such as the Marystown Group. The
problems involved in recognition of ash-flo; tuffs and related rocks of
their source areas at; outlined. The 'ature of eruption of these rocks
{s discussed as is the nature of the facies variations within the de-
posits. The problems involved in ascertaining immediate and ultimate
origins of the magma which produced the volcanic rocks is briefly sum-
marized. A brief summary of some aspects of subaerial mafic volcanism

and problems involved in the understanding of mafic volcanic fields is

presented. .

3.2.1 Ash Flow Tuffs and Related Rocks
Ash flow tuffs often constitute a dominant proportion of the
ailicecus subaerial volcanic rocks in continental areas. Several major

)

problems must be overcome before such volcanic fields can be understood
clearly.

An appreciation of problems of recognition involved in the study
of areas of Precambrian siliceous subaerial volcanism can be gained
from the literature, e.g. Hjelmquist, 1955 Rittman, 1962; Theime,
1970. One of the most basic difficulties arises in distinguishing 1in
the field between ash-flow tuffs and tuf faceous rocks of other origin,

and between rhyolite flows and welded tuffs. In the former case, of ten

such a distinction can only be made where it is possible to recognize




S s

- 42 -

the zonal variations in welding,which are characteristic in many ash
flows. The distinction between ash flow and air fall tuffs which have
undergone deformation can usually ogly be done petrographically, some-
times with limited success. '

In many cases, as pointed ou;/by Smith (1960), single ash-flows
can be undistinguishable in multi#le flow cooling units. In such exam-

/

ples, the scale of mapping often’'governs whether or not a single litho-
logic unit represents a heterogeneous volcanic field or a textdrally
unique zone of a single ash flow.

Because of the complex nature of eruption (and hence deposition)
in some of the larger volcanic fields such as the Absaroka Field of the
southern U.S.A. (Smith and Ba;ley, 1968) and the Toba Field of the
Sumatra (van Bemmelen, 1949;, the concept of single flows developed by
Smith (i960, p. 811) has to be modified. In such cases, one is often
dealing with a series of compound flows in which it may be conceivable
to encounter all possible variations seen in welded tuffs, with the
exception of incompatible chemical composition.

- The location and characteriatics of the volcanic vents and/or
source areas of ash flow tuffs are often the most perplexing problems
encountered in the study of these rocks. Nuées ardentes erupted from
central vents such as volcanic domes and oﬁen craters characteristically
result in deposits of restricted distribution and small volume, e.g.
Mount Pelée, La Soufriére, (McDonald, 1972) while the larger deposits t

seem to result from fissure eruptions (e.g. Valley of Ten Thousand

Smokes). In the latter case, the ash flow tuff depgsits often obscure
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the fissure vents. Some of the largest volumesbof ash flow tuffs

have resulted from the mechanism of caldera collapse (e.g. San

Juan Mountains volcanic field; Smith and Bailey, 1968). Post-ash flow

collapse and resurgent doming often obscures the original vents. Such
“

features have been documented by Smith and Bailey, 1968 in the Valles

Caldera, New Mexico.

Another perplexing problem deals with t#e immediate and ultimate

origins of the magma which produced the ash flow and associated pyro-

_clastic deposits. Large volume ash flow tuff deposits are usually

associated with areas of continental orogenesis on wide island arc
terrains (Lipman et al., 1972; Smith , 1960). The ultimate origin of
these deposits appears to involve the melting of continental crust.
Whereas smaller deposits have their immediate origin within a volcanic _
dome or cone, deposits of larger volume, such as those due to caldera
collapse are probably derived from shallow magma resérvoirs (Smith and
Bailey, 1968). These granitié to dioritic complexes of varying size
are not always traceable into deep seated bodies of batholithic sizes.
However, Smith (1960) and Smith and Bailey (1968) have demonstrated:
that the tditonic settings and regi;nal grouping of some of the ash
flow fields of the southwestern U.S.A. suggest a common origin from
such batholiths. |

Difficulties also arise in establishing whether rhyolite ash flows
arise from granitic magmas, or whether they are derived from the dif-

ferentlated parts of large bodies of granodiorite or quartz monzonite.

Similar difficulties are encountered in areas where rhyolitic, dacitic
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and latitic ash flow tuffs occur together (e.g. Cox et al., 1965;
Noble, 1965a).
It is often diféicult to establish whether these rock types have
common origins or whether they are the result of separate and unlque

magma sources.

3.2.2 Mechanism of deposition of some pyroclastic rocks

Many of the major difficulties encountered in stratigraphic corre-
lation of subaerial pyroclastic rocks are due primarily to the mechanism
of deposition of these rocks. Lithological, petrological and geochemical
variations in rock typés are common tools in the stratigraphic studiesl
of submarine flows and pyroclastic rocks. Subaerial pyroclastic rocks,
however, often display both systematic vertical variations which are
dependent upon variations in the original magma chamber and lateral
variations glve rise to the greatest difficulties encountered in the
stratigraphic and structural analysis of deformed subaerial voicanic
fields. The difficulties in stratigréphic analysls are greatly com-
pounded in deformed areas. Because of the facles variations, the cor-
relation of units across fold hingesg and faults becomes problematic in
many cases. f/

In order to understand the origin of these facies variations, omne
must have some insight into the mechanism of flow movement. The fol-

lowing brief description of pyroclaatic flow movement is taken primarily

from Smith, 1960 and Fisher, 1966. In the majority of subaerial Ppyro-

clastic flows, deposition can occur at any time and at any location
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along th;‘length of the flow. The equal tendency of heavy and light-
weight particles to be deposited often inhibits the sorting of material
within thgse deposits, althgugh density stratification and/or gravity
settling in these deposits‘have been reported in thé literature (e.g.
Li;man, 1967; Gibson, 1970; Elson ?nd Smith, 1970; Walker, 1972). The
dengity and forward motion of a thinning élow is maintained as deposi-
tion from the flow increases.

In any one vertical section of a deposit, the youngest rocks are
represented in the stratigraphically highest part of the section.

Fisher (1966) points out, however, that vertical sections far away from

the source are younger than vertical sections near the source because

"laterally equiyalent lithologic zones are not time equivalent. This

manner of‘heposition explains why vertical sections through pyroclastic
sequences, such as ash flows, display a reverse stratigraphic order to
their original location within the magma chamber.

The lateral and vertical variation in c;ystal content
> ‘ ‘ and vhole rock and crys-
tal chemistry which results from this depositional process 1is discus-
sed at length by various authors (e.g. Scott, 1966; Qalker, 1972;
Sparkes et al., 13976, etc.) but is beyond the scope of this discussion.
The importance of these variatioms, howeve%,“should be taken into

:

account when discussing the general geochemical features of a subaerial

volcanic suite.
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The mechanism of eruption of other pyroclastic rock types often

result in difficulties in stratigraphic analysis. Agglomerates gener-

ally form within the throat of the volcano itself, or on the flanks

close to the vent, and are therefore often interpreted as reflecting
the presence of vents within a volcanic terrane. These deposits are
not generally areally extensive and hence often make poor lithostrati-
g:aphic marker horizons over a large area.

Similar difficulties occur in the study of epiclastic volcanic
rocks. Mudflow breccias or lahars commonly form on the flanks of a
volcanic cone. In some cases, mudflows have traveled in excess of 200
kilometers (e.g. Osceola mudflow; Crandell an& Waldron, 1956), however,
frequently the flows travel only short distances after they reach the
gentle slopes at‘the base of the volcanic cone. In such cases, the
deposits do not serve as good stratigraphic markers within a volcanic
sequence.

In many cases, the debosition of both ash flows and mudflows is
dependent on paleotopography; the deposits often being localizea in
valleys and lowlying areas. This depositional feature leads to marked
variations and nondeposition,which occurs within stratigraphic horizons
containing such deposits. 1In places, many of the above facies varia-
tions occur withinisingle'lichostratigraphic units of the Marystown
Group. These variationd have been interpreted to be the resulr of the
processes similar to se described above. Individual examples are

documented 1in tbe’fbllowing chapter which discusses the volcanic strati-

graphy and depositional environments of the Marystown Group.
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3.2.3 Continental basaltic volcanfsm

Flood or plateau basalts are the most important type of mafic con-
tinental volcanism and are common throughout the Phanerozoic and Pro- _
terozoic. These rocks are generally the result of fissure éruptions
and often cover vast areas. Some of the largest known plateau basalt
fields are the Columbia River Province of the northwestern U.S.A.
(Waters, 1961), the Deccan plateau 6f Western India (West, 1958), the
Karoo Province of West Africa (Cox et al., 1965) the tholeiitic basalt-
ic f;elds of Antarctica (Gunn, i966) and the Late Cenozoic basalts of
the southern Rocky Mountains (Lipman and Hehnert,'l965). The basalts
of the Parana basin of central South America are thought to cover over
1 million square kilometers of Brazil and adjacent countries (Car-
michael et al., 1974}.

In some volcanic fields (e.g. Columbia River Province), basaltic
rocks show little variation in petrological or petrochemical character-
istics (Waters, 1961, 1962). Aprupt changes ,in these characteristics
do’occur at widely spaced intervals but gradational variations are
rare. In areas such as the Columbia River Plateau it is often diffi-
cult to ascertain whether this episodic, "uniform” volcanism is the
result of fractional crystallization of a mafic magma or several magma
types of independent origin (Waters, 1961, 1962; Cox et al., 1965,
1967; Lipman and Mehnert, 1965; . ..)}. There is no
general consensus in the Jlterature as ‘to the exact mechanism of pro-
ducing such lafge volumes aof relatively uniform magma with strong tem-

poral and spatial restrictions but most authors consider it to be the
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result of mantle melting under a tensional tectonic environment. The

exact physical-chemical conditions of such magma conditions remains a
debatable issue.

Abrupt chemical and petrological changes do occur in volcanic
fields such as the African Nuanetsi Province and the Scottish Tertiary
Province (Cox et al., 1967; Thompson et al., 1972). 1In these areas
there is no strong evidence that these spatially associated, chemically
diverse magmas are genefically related.

It is also important to realize that in many fases (e.g. the Basin
Range Province of the southwestern U.S.A.) the vast eruptions of
continental basalts represent limited episodes in much larger tectono-
magmatic events.

In summary, one of the most important problems in studying areas
with large volumes of subaerial mafic volcanic rocks is to ascertain if
trological and geochemical diversities do occur within the sequence;
and if so, what these variations represent in terms of magma generation

the larger tectonic setting of the volcanic field.

The preceding sections have outlined some of the problems involved
understanding various aspects of subaerial volcanic terrains. The
lowing chapter presents a discussion of the stratigraphy and litho-
Yy of the Late Proterozoic Marystown Group. The nature of formation

the depositional environment of the dominantly subaerial volcanic
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sequence are outlined in light of some of the aspects of subaerial
volcanology described above. The Marystown Group was deformed .during
the: PaQeozoic and the eflfect of this deformation is discussed below.
The petrology and geochemical features and their relation to the tec-
tonic setting of the Marystown Group are also discussed in the fol-

lowing chapters.

\
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4., STRATIGRAPHY

4.1 General Statement

The name '"Marystown Group' was first used by Strong et al., 1975

to designate the thick and areally extensive sequence of subaerial
Bilic‘ic and mafic volcanic and sedimentary rocks which underlie', the
area west of the Lewins Cove Fault on the southeastern Burin Peninsula.
The Marystown Group in that area was tentatively divided into seven
formations based on unique facles and depositional environment. It was
recognized, however, that these subdivisions did not necessarily
represent-a true stratigraphic sequence; i.e. certain formations were
possibly lateral equivalents. Continued mapping in the southwestern
parts of the Peninsula (0'Brien et al., 1977; Strong et al., (1979).
confirmed this; but neither of these authors proposed a formal strati-
graphic subdivision for the Group. |

‘ The volcanic rocks which underlie the southern Burin Peninsula
between the eastern and western Cambrian outliers are now considered to
form a continuous succession of Late Precambrian age and are assigned
to a single group, the Marystown Group. Throughout most of the southern
Burin Peninsula, the Marystown Group can be divided into five formations
and two complexes: viz. Taylor"s Bay Formation, Garnish Formation,

Calmer Formation, Mount Saint Anne Formation, Hare Hills Formation and

-~

the Barasway and Grand Beach Complexea.l The first four formations are

listed in order of decreasing age, but the Harvre Hills Formation and the

Barasway Complex are considered to represent facies equivalents within

1 The stratigraphic nomenclature introduced in this thesis is informal.
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TABLE 4:1 Table of Formations for the Marystown Group
and adjacent rocks, southern Burin Peninsula

WESTERN BURIN PENINSULA| # |EASTERN BURIN PENINSULA|

Fortune Group inlet Group

————————— disconformable, locally faulted - - — — — — — — —

*Grand Beach Complex (197 m)

Barasway Complex (?) and Hare Hills Mount Saint Anne Pormation (2 300 m)
rormation (2 300 m)

————— conformable — — — — _ _ __

Calmer Formation (2 500 m)

— — — conformable — — —

Garnish Pormation (2 1400 m)

<eie..... apparent structural conformity --.c.cooeeeee-e

Taylor's Bay Formation
(base not exposed, ca. 2000 m?)
o Ao A s~ ~ fault modified unconformity ~ ~ ~ v ~
Burin Group (ca. 4 km)
— — — conformable, locally fault modified — — |

Rock Harbour Group (ca. 2 km)

(base not exposed)

* May be Paleozoic in age
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the same stratigraphic unit which overiies the Calmer Formation. The
Grand Beach Complex appeaxs to occupy the same stratigraphic position
as the Hare Hills Tuff and the Barasway Complex but there is some ques-
tion as to its absolute age (see section 4.8.3).

A complete section of the Marystown Group is nowhere continuously
exposed, but an aggregate thicknéés of the individual units suggests
that a minimum thickness of the Group would“ pe in, the order of five v
kilometres.

<.

J/

4.2 Taylor's Bay Formation

4.2.1 Definition and Distribution

The Taylor'.s Bay Formation is a new name proposed for the areally
extensive sequence of intercalated rhyolitic and basaltic, dominantly
pyroclastic volcanic rocks which form the lowermost recognizable strati-
graphic division of the Marystown Group on the scuthern Burin Peninsula.
The Formation includes rocks which had been previously included in the
Branching Rivers, Mount Lucy Anne and Beacon Hill Formations of Strong
et al., 1975, 1978 b.

The Taylor's Bay Formation is the most extensive of the subdivisions

of the Marystown G;'oup. It underlies the central parts of the Marys-
town and St. Lawrence map areas and the eastern and centr;al parts of the
Lamaline and Grand Bank map areés respectively. The f‘ormation 18 well
exposed only in the area around the community of Taylor's Bay, on the !

south coast of the Burin Peninsula.
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. /
Poor exposure and repetition within the sequence caused by recog-

nized (and possibly unrecognized - see Chapter 6) folding apd faulting
prevent any relimsble determination of the internal stratigraphy of the -

Taylor's Bay Formation or a reliable estimate of its thickness.

4,2.2 Lithology ) .

The Taylor's Bay Form.atioh consists of a wide variety of rhyolitic
and bassltic volcanic rocks and minor tuffaceous and arkosic sedimen-
tary rocks. . ' I‘<

That part of the Formtion which outcrop}s east of the Tilt Hills
Syncline (i.e. east and southwest of Strouds //Pond) consists of a se-
quence of intercalated and tectonically intei‘leaved basaltic flows and
tuffs and rhyolitic pyroclastic rocks. The basaltic rocks occur both
as thin (£ 100 m ) discontinuous lenses and areally extemsive flows of
varying thickness which are traceable along strike for up to 2 kilo-
metres. The basalts are typically maasivé and structu;‘;ﬁess and only

locally plagiophyric. Hornfelsing adjacent to the St. 'f‘awrence Granite

locally resulnts in the formation of large (2 2 em), magnetite porphyro-
blasts in the basaltic flows. Minor amounts of bedded and massive mafic
to intermediate 1ithic. tuffs and fine grained volcanic breccias occur
as discontinuous lenses intercalated with both the maseive basaltic and
rhyolitic volcanic rocks .. In areas of int'ense shearing related to

faulting in this area (sec‘tion 6.2.3) the basaltic rocks have been

metamrphoséd to chlorite schists.
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The main types of rhyolitic volcanic rocks in the Taylor's Bay
Formation east of the Tilt Hills Syncline are unwelded rhyolitic lithic-
lapilli and crystal-lithic tuffs, with leeeer amounts of rheoignimbrites
and flow banded rhyolites. The lithic tuffs are fine to medium graiﬁed
and contain lapilli of felsic and lesser amounts of mafic and inter-
medlate volcanic rocks in a very fine grainmed, locally crystal rich '
mattix.‘ The unwelded nature of these tuffaceous rocks makes them sus-
ceptible to cieformation and metamorphism associated with the regionﬁl
deformational event, and hence they are commonly metamorphosed to l
sericite schist. In places, the tuffaceous rocks are more coarse

grained and are hest described as volcanic br;ccias.

i
i
i
The rhyolite flows are flow banded and spherulitic and locallyl

dieplay autobrecciation features (Plate 4:1 ). 1In places these fl(')ws
[
are spatially associated with rheoignimbrites which display discontin-

uwous flow-like features. These rocks are uncommon in the eastern ex-
posures of the Taylor's Bay Formation but are more extensive in the’;:
;ie.stern outcropg in the Beacon Hill Anticline. The massive rhyolitic
volcanie rocks are resistant to the effects of regiomnal deformationi‘
which are preferentially developed in the adjacent tuffaceous volcan'\ic

rocks., Near Strouds Pond, in the central part of the peninsula,

4

rhyolite flows of the Taylor's Bay Formation have been hydrothermally
altered by the St. Lawrence Granite, resulting in a secondary assem- .

blage of pyrophyllite, dumortierite and andalusite being developed in,

these rocks.
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Epiclastic volcanic and tuffaceous sedimentary rocks comprise a
minor proportion of tﬁe Taylor's Bay Formation. The sedimentary and
epiclastic rocks are typically unsor ted but display grading and cross-
lamination in places. Their detrital asaeﬁblage is similar to the
clast lithology of the unwelded tuffaceous rocks. These rocks are in-
terpreted to be the result of reworking of tuffaceous rocks in a sub-
aqueous envirgnment. -

The scattered exposures of the Ta;lor's Bay Formation in the
Beacon Hill Anticline consist of unwelded rhyolicic pyroclastic rocks,
rhyolite flows and rheoignimbrites, and basaltic tuffaceous rbcks.

The unwelded pyroclastic rocke are lithic tuffs which, for the
most part, are similar to those which crop out to the east of the Tilc |
Hills S;ﬁcline. Exposures of mafic (and very locally, ;ntgrmediate)
1ithic tuffs are more common in the western exposures of the Formation,
but nevertheless, constitute a winor proportion of ig. The‘felsic
pyroclastic rocks are spatially associated with massive and banded
rhyolite flows. The latter locally display flatten?ng features, in
part primary, which have been intensified by the regional, locally co-
planar, foliat@on.

The major differences between the eastern and western belts of the

Taylor's Bay Formation are in the distribution and nature of the mafic
volcanic rocks. The domiﬁant basaltic rock types are lithic tuffs and
fine grained breccias which occur as discontinuous lenses within the i

rhyolitic pyroclastic rocks, up to 100m long by 50 m wide. Thick and

extensive basalt flows are notably rare in this area.

"> amcapa—... - —
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4,2.3 Contact relaéioné and correlation

The bage of the Taylor's Bay Formation i1s nat exposed on the
southern Burin Peminsula. The Formation is overlain with apparent
structural conformitj by the Garnish and Calmer Formation although its
contacts are often poorly exposed and locally fault-modified. In
places, there exists an apparent structural contrast between the rocks
of the Taylor's Bay Formation and the overlying units of the Marystown
Gro#p. The possible reasons for and sigmificance of this 1is diseussed in
sections 6 .5 and 8.2.

The Taylor's Bay Formation is thrust over Focambrian sedimentary
rocks (possible Admi;al's Cove Formation equivalents) in the central
paft of the Lamaline map area, near Salmonier River. The Formation is
in fault contact with felsic volcanic rocks of the Mount Saint Anne
Formation (section 4.7) in the eastern part of the Burin Peninsula,
between Mount Saint Anne and Mount Lucy Anne.

The contacts of the Taylor's Bay Formation with the Hare Hills For-
mation (section 4.6) and the Barasw;y (section 4.5) and Grand Beach
Complexes (section 4.8) are pot exposed in the study area.

The Taylor's Bay Formation 1is lithologically ;ery similar to vol-
canic sequences elsewhere in the western Avalon Zone. The Formation
stratigraphically underlies extensive basaltic flows of the Calmer For-
mation and clastic sedimentary rocks of the Garnish Formation. 1Its
stratigraéhic position is similar to that of the Belle Bay Formation
(Williams, 1971) and Tickle‘Point Formation (0'Driscoll, 1977) of the

western Fortune Bay area. On the northern Burin Peninsula similar rock

~
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types with

a similar stratigraphic position (Deer Park Pond Formation)

have been described by Bradley, 1962. In the Bonavista Bay area,
Hussey (1979) has described a sequence of subaerial mafic and felsic

volcanic rocks (White Point Formation of the Love Cove Group) which

conformably underlies basaltic flows and clastic sedimentary rocks.

On the basis of these stratigraphic-and lithologic similarities,
the Taylor's Bay Formation 1is correlated with the Belle Bay and Tickle
Point Formations of the Long Harbour Group, the White Point Formatiom

of the Love Cove Group and the Deer Park Pond Formation.

4.3 Garnish Formation

4.3.1 Definition and Distribution

The name "Garnish Formation" was first used by Strong et al., 1975
to designate the mafic volcaniclastic and associated red clastic sedi-
mentary rocks which erop out near - the community of Garnish. This

original usage 1s retained, but the designation is expanded to include

rocks of similar lithology, overlying the Taylor's Bay Formation which

crop out along the western shore of L'Anse au Loup and in the synclinal

core to the east of the Eastern Hare Hills. Similar rock types which

crop out near Tapley Hi11, north of the community of Lamaline are ten-

tatively correlated with the Garnish Formation.
The Garnish Formation attains a maximum exposed thickness of

approximately 1400 metres along the western shore of L'Anse au Loup.
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4.3.2 Lithology
The main rock types exposed in the basal pertions of the Garnish
Formation are red conglomerates and intercalated red, locally arkosic
sandstones. This level of the Formation is best exposed in the vicinity
of Deepwater Point where, cross-laminated, shallow-dipping red sandstones.
'~\\\are interbedded with and overlain by medium to coarse grained red con-
lélomerates (Plate 4.2 ). The sandstones are typically poorly sorted
but graded bedding is locally preserved. Cross—laminations, ranging in
i ) amplitude from 2 cm to 20 cm are locally developed but paleocurrent
f directions have not been determined.
% The conglomerates consist of subrounéed to rounded clasts (S 15
cm) of mainly fine-grained feldsparphyric felsic volcanic and piutonic
rocks. Massive and flow-banded rhyolites, rhyolite porphyries, rheo-
ignimbrites and fine-grained red clastic sedimentary rocks are the main
components of the detrital assemblage. Mafic volcanic and plutonic
clasts are notably rare. ‘
The upper stratigraphic levels of the Garnish Formation are best
exposed in the western parts of the peninsula where the formation

[ reaches its -maximum thickness, e.g. near L'Anse au Loup. In this area

the lower, dominantly:conglomeratic unit passes upwards into .a sequence

of fine-to medium-grained red arkosic sandstones and red sandy silt-

stones. The coarser-grained sandstones are locally crossbedded whereas

i the finer sandstones and siltstones display dessication cracks in

places. Thin (5 1m) horizons of fine grained felsic and oxidized

mafic lithic tuffs occur in the upper parts of the sequence.




Plate 4:1 Rhyolite flow of Taylor's Bay Formation,
near Taylor's Bay. Note autobrecciation
features.

Plate 4:2 Reddish brown conglomerate of the Garnish
Formation, south of L'Anse au Loup.
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The fining-upwards nature of the sequence, combined with poor
sorting and commonly preserved crossbedding in the red, coarser

grained clastic rocks suggest that these rocks were deposited 1in a

fluviatile environment. (see section 4.9).

4.3.3 Contact Relationships and Correlations

Red conglomerate and sandstone of the Garnish Formation discon-
formably overlie felsic volcanic rocks of rhe Taylor's Bay ﬁormation
approximately 3 miles south of L'Anse au Loup. Elsewhere the basal
contact relationships are obscured by faulting or lack of exposure.

Tﬁe absence of deformed detritus in the sedimentary rocks of the Gar-
nish Formation indicates that these rocks were deposifed prior to the
deformation of the underlying Taylor's Bay Formation.

The contact of the Garnish Formation with the overlying mafic vol-
canic rocks of the Calmer Formation is expased near Garnish. The red
clastic rocks are intruded by | metre wide diabase dykes which are in-
terpreted to feed the overlying mafic flows. At Frenchman's Head the
red sedimentary and mafic tuffaceous rocks of the formations are inter-
calated, suggesting a gradational contact. A conformable and grada-—
tional contact of red conglomerates with overlying Calmer Formation
equlvalents has been described in the vicinity of Point Enragée, north
of this area (O'Brien and Taylor, 1979). At this localit& the red
sedimentary rocks are interbedded with green tuffaceous sediments of the

Anderson's Cove Formation (Bradley, 1962) suggesting that these two

sedimentary units may be in part correlative.
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The Garnish Formation occuples a stratigraphic position similar to
that of the Anderson's Cove and* Great Island Formations of the western
Fortune Bay area (Williams, 1971; 0'Driscoll, 1977). The lack of green
tuffaceous sedimentarty rocks in the southern Burin Peninsula may be the
resﬁlt of facles variations within the unit. Similar facies variations
have been documented in equival&nt lithologies to the north (e g
Terrenceville aread Bradley, 1962; Clode Sound region, Hussey, 1979;

and in the vicinity of Point Enragée, O0'Brien and Taylom, 1978).

4.4 Calmer Formation
4.4.1 Definition anq Distribution
The name "Calmer Basalts" was introduced by Strong et al., 1978 to

deseribe the basaltic and minor volcaniclastic rocks which crop out on

‘the southern coast of the peninsula, near the deserted community of

6)

Calmer. Similar rock types are exposed along the northern shoreline of
the peninsula where they underlie the Grahd,Beach and Barasway Complexes.
dhe rocks form a mappable unit of formational status in these areas and
similar lithologies in the central and Qorthern parts of the peninsula
are clearfy separable from the underlying Taylor's Bay and Garnish Eor-
mations and overlying Hare Hills Formatign and Grand Beach and Barasway
Complexes.

Rocks assigned to the Calmer Formation jnclude tﬁe Mortier Bay
Group, the Branching Rivers Formation and the Tilt Hills Complex of
Strong et al. (1977 b). . s

The thickness of the Calmer Formation varies throughout the map

1
area. The formation attains a paximum exposed thickness of approxi-
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mately 500 metres near Calmer (0'Brien et al., 1977; Stroog et al.,

1979). Similar thicknesses of probable Calmer Formation equivalents

have been documented north of fthé #resent study area, near Point

o

Enragée (O'Brien and Taylor, 1@78) .

4.4.2 Lithology

The subaerial basalts of~the Calmer Formation show little litho-
logical variation throughout the southern Burin Peninsula. The major
variation within the formation is in the amount df sedimentary and

epiclastic material intercalated with the basaltic flows. Minor dis-

continuous lenses of rhyodacitic and fhyolitic tuffs/occur in the east-

‘" ern exposures of the formation. Distinctive coarse-grained plagiloclase-

porphyritic flows and siil‘s occur in the east-central exposures of the

formation, notably in the vicin&:y of Tilt Hills. ’
Exposures of the Calmer For}mationr are typified by vesicular anci

amygdaloidal subaerial basaltic flows containing amygdules of calcite,

prehnite, quartz and chlqriter/which range in diameter from 1 mm to

<

€ 5 em (Plate 4:3). The thicknesses of individual flows vary but nomne

in excess of 15-metres have been documented. The flows locally display

megascopic textures diagnostic of subaerial-deposition, e.g. - ropy

flow surfaces, oxidized scoriaceous flowv tops and breccias, 'pipe ves-
icTes feedihg coalescing amygdules (Plates 4:4 and 4:5).

Mafic tuffaceous rocks oceur as 1 to 5-metre thick horizons inter—
' . T

calated with the mafic flows. These mafic tuffs occur throughout the

outcrop an‘:a of the formation and are not restricted to any specific

‘- ﬂ

b4 H




Plate 4:3 Coarse-grained amygdules in Calmer Formation
basaltic flows, near Point May.

Plate 4:4 Scoriaceous top of an amygdaloidal basalt flow,
Calmer Formation, Famine Back Cove.



¥ - = L
- = =«

Plate 4:5 Vesicle pipes, Calmer Formation basalt,
Famine Back Cove.

Plate 4:6 Bedded mafic tuffs, Calmer Formation, near
Calmer.
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'tratigraphic level within it. These tuffs are usually poorly sorted
put locally show evidence of crude grading and crossbedding, the latter
feature suggesting that the tuffs are in part waterworked (Plate 4:6).
The detrital assemblage of the tuffaceous rocks is characterized by
fine to medium;jgrained red clastic sedimentary rocks and minor
rhyolitic volcanic lithologies in a scoriaceous mafic matrix.

Red, medium grained conglomerates and sandstones are intercalated
with the basaltic flows near Frenchman's Cove, Garnish Tolt and Sharp
" Peak. These rocks are lithologically similar to t&g sedimentary rocks
" of the underlying Garnish Formation and may reflec; the interdigitation
penecontemporanity of both formations.

Thin, discontinuous lenses of felsic pyroclastic rocks (e.g. fel-
sic lithic tuffs and fine-grained wvolcanic breccias) occur sporad-
ically throughout the Calmer Formation.

The largest of these lenses occurs within the poorly exposed out-
crop area of the formation in the vicinity of Wet Tilt Hill. The
paucity of exposure in this area makes it difficult to establigh
ther the felsic lithologies are intercalated with the Calmer For-
tion or if they represent inliers of the underlying Taylor's Bay
Imation exposed in anticlinal cores.

Dykes and sills of feldsparphyric basalt with epidotized plagio-
@se phenocrysts up to 2 cm long intrude these felsic rocks (Plate 4.7).
Similar lithologies occur as flows within the Calmer Formation south-
t of Wet Tilt Hill. These coarse-grained feldsparphyric basalts

80 occur as large blocks, in excess of 1 metre in diameter, in a
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coarse grained, mixed (mafic and felsi®) volcanic breccia. Thé occur—
rence of such lithologies led Strong et al. (1979 ) t:-o postulate the
presence of a volcanlic vent in this area. The lack of exposure pro-

hibits the establishment of the relationship of this "vent complex” to

the surrounding rocks,

4.4.3 Contact Relationships and Correlations

The Calmer Formation conformably and gradationullyvoverlies the
Garnish Formation on the south shore of Fortune Bay near f‘renctman‘s
Cove and on the western side of L'Anse au Loup. In the southern and
eastern parts of the .map area, the Calmer Formation lies directly on
silicic volcanic rocks of the Taylor's Bay VF‘omtion. The contact-
appears conformable in local outcrops but the absence of the Gétnish
Formation suggests regional disconfomity. The Calmer Formation is
conformably overlain by the later felsic volca'nicl units (Hare Hills,
Barasway and Grand Beacﬁ Compleieé) in ;he‘weétern parts of the area.

The Calﬂmer Formation is lithologically ‘s:l.mAilar to the Mooring
Cove Formation (Williams, 1971) and Doughball Point Formation
(0'Driscoll, 1977) of the western Fortune Bay area. The Mooring lCov"e
and Doughball Point Formations conformably overlie possible equi'valqnts
of the Garnish Formation (section 4.3.3) and disconformably overlie |

‘

possible equivalents of the Taylor's Bay Formatioh (section 4.2.3) and
;o

are therefore interpreted to occupy a similar strétigraphic position to

the Calmer Formation.
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4.5 Barasway Complex

4.5.1 Definition and Distribution

The name "Barasway Complex" was originally proposed by Strong
et al., 1975, to deaignate the sequence of felsic agglomerates, ash-
tlow tuffs, massive and autobrecciated rhyolite flows and epiclastic
volc‘;anic brecc:l.a's which crop out in the area immediately east and
southeast of the Great Garnish Barasyay. ‘The Barasway Complex lies
directly on the Calmer and Garnish Formations. The latter contact is
fault-modified north of Garnish River, but is interpreted to represent
a local disconformity. The stratigraphic top of the Garnish Formation
1s not exposed.

The complex nature of deposition of the rocks of the Barasway
Complex results in 'rapid lichological variation along strike (see 3.2)
vhich impair the establishment of a atratigraphic subdivision of this
unit, although several lithologically unique divisions of the Complex
can be recognized. These rapid facies variations; combined with local
faulting and folding, prevent accurate estimates of total thicknesses

for the Complex.

4.5.2 Lithology
Ash-flow tuffs and fine-grained heterolithologic breccias are the
most common rock types within the Barasway Complex and are confined

mostly to the eastern half of it., The ash-flow tuffs are best exposed

along route 11 in the northwestern part of the Marystown map sheet and

along the Garnish River. Macroscopically, two major types of welded

™
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tuffs are recognizable. One 18 a red to maroon-colored, densely welded,
fine-grained, feldsparphyric crystal tuff. The other major type is a
strongly flattened, highly altered, pumice-rich lithic tuff (Plate 4:8).
The latter lithology is locally underlain by coarse grained volcanic
breccias containing large (< 50 cm), chactic, locally welded blocks of
red porphyrific rhyolite and red volcaniclastic sediments in a highly
altered tuffaceous matrix. These lithologies may be akin to the tasal
pyroclastic flow deposits described by Fischer (1972).

‘Host of the southern exposures of the complex consist of a monot-
onous sequence of undivided crystal, lithic and vitric tuffs with in-
tercalated fine grained agglomegh&e and volcanic breccias. The scat-
téred outcrops in this afea display various degrees og welding and
flatteninﬁ but well developed macroscopic eutaxitic textures are rare.

The noncontinuous exposure and deformation of the ash flow tuffs
of the Barasvay Complex make it difficult to>out11ne individual cooling
units on a regional scale. In individual outcrops it is posgible to
recognize non-welded, partially welded and densely welded zones, but
these zonal subdivisions cannot be extended on a regional scale.
Massive, autobrecciated and flow-banded rhyolites occur in several
localities within the Ol..ltC!'Op area of the Barasway Complex but do not

appear to form a continuous stratigraphic marker. Massive flows 6f red

"and vhite aphanitiﬁ to feldspgrphytic rhyolite are present only in a

few localities; £.g. immediately north of Frenchman's Hill, on the Fox
Hummocks and i the area immediately southwest of Devil's Brook Head.

Flow-banded and autobrecciated rhyolites are associated giith the

o
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massive flows and coarse~grainéd pyroclastic rocks of the complex but
also intertongue with the ash flow tuffs in the area immediately nofth
of Frenchman's Hill. In this locality the rhyolites exhibit coarse;
highly contorted flow banding, with individual bands varying in width
from 10 mm to approximately 2 cm (Plate 4.9)

Red sandstones and assoclated epiclastic volcanic rocke occur
sporadically throughout the complex and are usually associated with
the coarse-grained pyroclastic and epiclastic rocks.\

The mo iagnostic lithologies of the Barasway Complex are
medium-to very coarse-grained monolitholegic and heterolithologic
epiclastic and pyroclastic breccias and agglomerates.

Two main types of pyroclastic~brecc1as occur within the Barasway
Complex. The first is a series of agiloneracee and pyroclastic
breccias containing blocks and bombs ranging in diameter from < 15 cm
to £ 2.m (Plate 4:10). The dominant clast lithologies are fine grained
porphyfitic felsic volcanic and plutonic rocks. Massive, flow-banded
and porphyritic rhyolites, rhyodacite and rhyolitic tuffs are the most
common volcanic rock types present. Plutonic fragments range in com-
positioﬁ from felsites and granites to quartz diorites nnh tonalites.
Fragments of mafic conppsition are notably uncommon in the breccias.
Red mudstone, crystal-rich %uffaceous Qediuents and ash occur both as
blocks and matrix in the agglomerates. Small (£ 2 m x 1 m) tongues of
brecciated, porphyritic, locally epherulitic felsite represent discon-
tinuous flows and/or intrusions aﬁsociated with the agglomerates. The

well-rounded to subrounded nature of the blocks and bombs appeaf to

’




Plate 4:9 Coarse flow banding in
rhyolite of the Barasway
Formation, near Garmnish.

Plate 4:10 Coarse grained volcanic breccia of the
Barasway Complex; community of Garnish in
background.
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reflect the gaseous activity involved in the formation of these ex-
plosion breccias. Concentric oxidation zones within the fragments are
interpreted to be the result of late stage deuteric alteration by per-
colating groundwater (Plate 4:1}).

The second important pyroclastic rock type in the Barasway Complex
is a fine-to coarse-gfained felsic agglomerate containing dominantly
rhyélitic and lesser amounts of mafic blocks in a felsic matrix. In
the western outcrop area of the complex, these rocks directly overlie
méfic fiows of the Calmer Formation. The agglomerates consist typi-
cally of chilled bombs of massive, flow-banded *and devitrified rhyolite
in a fine grained, highly altered felsic volcanic groundmass. The
bombs are commonly fluidized and often displdy variocus degrees of
welding and'flattening. These feafhre; aﬁgsest that these lithologies
are primary pyroclastic deposits, e.g. agglomerates. They differ from the
eplclastic breccias in that they do not display features suggestive of
redeposition.

Coarse-grained epiclastic breccias outcrop in the northwestern-
most part of the area, approximately | lkm north ﬁl Garnish. These
rocks contain similar sized blocks of similar lithologies as the coarse-
grained pyroclastic facies. The blocks are not as well rounded as
those 1n the explosive fAcies and seldom show the extensive alteration
of the latter. The brecclas are interbedded with dominantly red epi-

N clastic sandstone and unwelded ash~and crystal tuffs. These liﬁhologies

are also the dominant component of the matrix to these breccias. The

e - et S ————— % Mo S o S

above features suggest that these rocks may represent laharie deposits,

.




Plate 4:11 Alteration rim in a bomb in breccia of
the Barasway Complex, near Garnish.

Rlate 4:12:

Waterlain tuffaceous
rocks of the Hare
Hills Formation,
Grand Bank.
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possibly formed on the flanks of an eruptive centre marked by the

coarse grained explosive pyroclastic facies.

4.5.3 Contact Relationships and Correlation

The Barasway Complex conformably to distonformably overlies mafic
tuffaceous sediments and basaltic flows of the Calmer Forﬁation near
White Point on the east shore of Fortune Bay. Interdigitation of the
two units does not occur at this locafity; however, cutcrops of inter-
calated mafic tuffs and flows and rhyolite flows along Beacon Hill
Broock may reflect the gradational contact of the Barasway Complex and
the Calmer Formation. Correlatives of the Calmer Formation to the
uorth‘;f the Garnish River are in fault con®act with the Barasway Com-
plex. North of the present study area, the Barasway Formation and its
equivalents lie directly on both mafic flows (Calmer Formation corre-
latives) anﬁ red conglomerates (Garnish Formation correlatives);
0'Brien and Taylor,(i979), The contact of the Barasway Complex and
adjacent sedimentary rocks of the Garnish Formation is not exposed in
the area. |

)

The .Barasway Complex occupies the same stratigraphic position as
the ﬁare Hills Formation to the west and may’contain the eruptive
centres for the Hare Hills volcanisem. Present data are not sufficient
to establish 1f the Grand Beach Complex can be correlated with the

40

Barasway Complex (see section 4:8:3 ), but a Carboniferous Ar/39Ar.

date from plagioclase separates from the Grand Beach Complex (Stukas,‘l
—e
t

1978) suggests that such a correlation is not probable.

[y
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The Barasway Complex may be correlative with some of the silicic
agglomerates and ash-flow tuffs which Williams (1971) includes in the

-

Mooring Cove Formation of‘the Long Harbour Group in the gorthern
,Eortune Bai.

Rocks of similar lithology as the Barasway Complex have been
described from the Clode Sound area of the northwestern Avalon Zone'
(Hussey, 1979). These rocks have a strapigraghic position similar to
the Barasway Complex (i.e. overlying an e¥>?nsive mafic volcanic unit)
and are thus tentatively interpreted as being co;relatives(see section 8:3).

Recent mapping in the central Burin Peninsula (O'Brien and Taylor,
1978) has outlined similar rock types overlying Calmer Formation

equivalents that extend over 15 im north of the present study area.

RS

4.6 Hare Hills Formation

4.6.1 Definition and Distribution

e

PN

The name "Hare Hills Tuff' was introduced by 0'Brien et al., 1977

e

to deéignafe a series of densely welded rhyolitié and rhyodacitic tuf- |
faceous rocks whicﬁ'disconformably underlie Eocambrian—Camgrian strata .
in the western Burin Peninsula getween Point May and Grand Bank. Strong’
et al., 1979 extended the boundaries of this unit to dnclude similar
rock types along scrike which had previously been ﬁapped as undiéidea
Marystown Group and ren#med it thé Har? Hills forﬁation. Thé nomen-

/ 7 clature proposed by Strong et al., 1979 18" retained in this‘tﬁesis.

- h The Hare Hills Formation,conformably overlies mafic flows of the

o

Calmer FormatiIon in the western part of the Burin Peninsula, It is

Ay
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correlated with felsic volcanic rocks of the Barasway Complex which

locally display similar contact relationahipé with the underlying

Calmer Formation. However, the lithologieal variations which occur
along strike for approximately 70 kilometreg prohibits including al.l'
these felsic volcanic rocks within a lithostratigraphic unit of for-
mational srtatus.

The most complete sectioﬁ of the Hare Hills Formation is gxposed
along the north coast of the Burin Peninsula, between Kelly's Cove and
the community of Grand Bank. The Formation attains a minimum thickness

of apprm&.mately 300 metres at this locality.

4.6.2 Lithology

The base of the Hare Hills Formation in this locality consists of
a series of nonwelded fllsic crystal-vitric tuffs intercalated with
oxidized mafic tuffs, agglomerates and red tuffacecus sediments of the
Calmer Formaiion. The crystal-vitric tuffs are gradationally overlain
by gray lithic tuffs and intercalated medium grained felsic volcanic-
breccias. A thin horizon of maficwbreccias and red volcaniclastic
sandstones separates these lithologies from a sequence of medium-grained
felsie agglomeﬂrates overlain by fine-grained welded plagiophyric crystal
tuffs. Faulting at this stratigraphic level repeats the lower, mafic
levels of the unit along the coastline northwest of Lewis Hill.

A gap in exposure, along Trimms Beach, separates the lower parts of

. .

.the Hare Hills Formation from an upper unit of densely welded tuffs and

waterlain tuffaceous rocks (Plate 4:12). The easternmost é@xposures of
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the upper unit of the Hare Hills Formation consist of a minimum of

several tens of metres of red, fine-grained-plagiophyric crystal tuffs.

These rocks pass upwards into approximately 15 metres of med {um- to
coarse-grained welded and strongly flattened lithic tuffs which are in
turn overlain by 6 metres of a similar lithology disp,lay‘i'ng more mod-
erate degrees of flattening.‘ This Qeided unit passes conformably up- °
wards into approximately 10 metres of green, unwelded, highly epido-
tized lithic-lapilli tuffs which are overlain by a red lithic tuff,
"locally vesiculated, which grades upwards into approximately eight
metres of red and green, fine-to medium-grained waterworked epiclastic
and clastic sedimentary rocks (Plate 4:13 . The reworked tuffaceous
rocks pass upwards into a three-metre thickness of red, medium-grained,
felsic tuffs which fineg upwards into laminated crystal tuffs . )
(Plate4:14 ) which are locally intercalated with laminated red and green
volcaniclastic sediments. These rocks are overlain by approximately
twenty metres of unwélded, green and yellow, epidotized 1lithic tuffs
(Plate 4:15) which are in fault contact with red denmsely-welded crystal
and lithic ash-and lapilli tuffs. These welded tuffaceous rocks com-
prise the most characteristic lithology of the Hare Hills.Formation. A
minimm of 300 metreg of red to maroon-colored densely welded and
locally flattened rhyodacitic and rhyolitic crystal, lithic and vitric
tuffs are exposed along the coast immediately’east of Bouilli Point.
Inland exposures of the Hare Hills Formation consist mainly of a

variety of reddish-brown lithic, lapilli and ash-flow tuffs with densely

welded vitric groundmasses. These lithologies crop out on the Eastern




plate 4:13:

ked

d and green, waterwor
i;iclastic rocks, Hare Hills
Formation, near Bouilli Point.

Plate 4:14

Waterlain, laminated tuffaceous
siltstones, Hare Hills Formation,
near Bouilli Point.
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aﬁd Western Hare Hills, but significant lithological v‘aria&ions are

rarely mappable on a regional scale. Fiﬁe grained pink rhyolite flows,
red vitric tuffs and densely welded, unflattened porphyritic vitric and
crystal tuffs are common on Fortune Tolt and Fugle Hill. The isolated

hills north of the Eastern Hare Hills are underlain by green flinty

‘thyolite flows and black densely welded porphyritic vitric tuffs.

4.6.3 Contact Relationships and Correlatiom

The Hare Hills Formation stratigraphically overlies mafic wvolcanic
rocks of the Calmer Formation east of Point May. The intercalation of
the mafic and felsic rocks of these units near L'Anse au Loup suggests
that its contact with the underlying Calmer Formation may he grada-
tional in this area. Rocks of similar lithology to the Hare Hills For-
mation overlie the Calmer Formation in the Plercey Hill Anticline on
the southern coast of the P_eninsula east of Point May.

The contact of the Hare Hills Formation with the Eocambrian-
Cambrian sequence in the western part o;f the peninsula has been interpret-
ed as g di:;conformity (0'Brien et al., 1977; Strong et al., 1979).
Possible cgrrelatives of the Hare Hills Tuff on Allan's Island are dis-
conformably overlain by Eocambrian red sandstones, althoughthis conract
has alsc been slightly modified by wminor faulting.

The Hare Hills Tuff occuples a similar stratigraphic position as

the Barasway Complex - i.e. the stratigraphic top of the Marystown

Group:conformably overlying the Calmer Formation.

~
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The Hare Hills Formation {s interpreted to be correlative with
parts of the Mooring Cove and Doughball Point Formatioms of the Long
Harbour‘-Group in the Fortur;e Bay area (Williams, 1971; O'Driscoll, l\//’//
1977) and parts of the Southwest River Formation of the Love Cove Group.'

in the Clode Sound region of Trinity Bay (Hussey, 1979).

4.7 Mount Saint Anne Formation

H
4,7.1 Definition and Distribution -

The name "Mount Saint Anne Formation' was originally proposed by
Strong et al., 1975 to designate the north- to northeast-striking
sequence of rhyolitic ash flow tuffs and spherulitic rhyolite flows
which crop out in the north-central and east-central parts of the
Marystown map-area. This original usage is expanded to include litho-
logically similar rocks which crop out along the west shore of Lawn
' Bay. The Mount Saint Anne Formation is thrust over the easterly
adjacent Cambrian age Inlet Group. Its western contact with volcanic
rocks of the Taylor's Bay Formation is faulted. The Mount Saint Anne "
Formation appears to occupy a stratigraphic position similar to the
Hare Hills Formation and Barasway Complex, but has not been included
vithin these stratigraphic units for reasons discussed below (section

4,.7.3).

4.7.2 Lithology
Lack of facing criteria, combined with later faulting and folding

causes difficulty in establishing the internal stratigraphy of the

A




plate 4:15:

Iblcaniclastic sediments over-
1ain by unwelded, epidotized
1ithic tuffs, Hare Hills For-
mation, Grand Bank.

Plate 4:16 Flow-banded rhyolite of the Mount Saint
Anne Formation.
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Mount Saint Anne Formation. The eastern and northern exposJ;és of the
Formation form a moderate-to steep-dipping seq;.xem:e of flow banded
rhyolites and red to maroon-colored welded and unwelded l}thic tuffs.
The rhyolite flows display thin (£ 10 millimeter) flowage bands which
are in places highly contorted. Locally the indiv:dual flows are
autobrecciated (Plate 4:17). —¥He flows often show megascopic devitri-
fication features, the most common of which are. spherules. The spher—
ulitic rhyolites locally consist of almost 100% spherules up to 2 cen-
timeters in di ‘et\er (Plateé4:18 . The preﬁonderance of rhyolitic flows

within the Mount Saint Anne Formation and its correlatives to the

northeast (Taylor, 1976) may indicate proximity to a volcanié source

area. The occurrence of coarse-grained felsic agglomerates and vol-

canic breccias In equivalents of the Mount Saint Anne Formation near
vat:ystown Tolt (Taylor, .1976) supports this possibility.

The westernmost exposures of the Mount Saint Anne Forﬁation con-—
sist of welded to unwelded red to purple rhyoliti'g:¢ and rhyodacitic

¥
lithic and crystal-lithic tuffs (Plate 43119). The rocks are litho-
logically sir;xilar to the agh-flow tuffs of the Hare Hills Formation and
the Bargsway and Grand Beach Complexes.

Sheared, fine-grained volcanic breccias and schistaose, sericitized
rhyolitic tuffs are most common in the westernmost exposures of the
Formation but occur sporadically throughout it. At several localities
southwest of Salmonier Hill, these rock types coincide with topographic

linears, possibly indicating that the schistose tuffs resulted from

shearing associated with faulting.
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Autobrecciated rhyolite of the
Mount Saint Anne Formation.

Plate 4:18 Spherulitic rhyolite of the Mount Saint
Anne Formation, east of Rocky Pond.
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The soutﬁwestern exposures of the Mount Salnt Anne formation con-
sistrdf a lowermost unit of thixotropically deformed tuffaceous sedi-—
mentsrvhich conformably ovérlie_basaltic rocks in a thin fault wedge
near lords Cove (Plates 4:20 and 4:21). These volcaniclastic sedi-
ments are interbedded with red, locall} laminated lithic tuffs which

pass upwards into red, welded and unwelded lithic and crystal, ash and

lapilli tuffs. The latter rock types are lithologically similar to the

tuffaceous rocks which are interbedded with possible Eocambrian sedi-

ments adjacent. to the Pump Cove Thrust Fault.

4.7.3 Contact Relationships and Correlatiops N
In the study area the contact of the_Mounﬁ Séint Anne Formation
with the adjacent Eocambrian-Cambrian rocks of the Inlet Group is
marked by the Lewins Cove Thrust‘Fault. However, Taylor (1976) stated
that adjacent to the Lewins Cove Thrust Fault near Little Bay, felgic
volcanic rocks of the Mount Saint Anne For;ation are conformably over-
lain by Eocambrian sedimentary rocks. Rhyolitic lithic tuffs of the
Mount Saint Anne Formation are intercglated with red, micaceous sedi-
mentary rocks of possible Focambrian age immediatély north of the Pump
Cove Thrust Fault. At this locality, the interbédded sediments and
volcanics are thrust over Eocambrian red and grey sandstones and
quartzites. The nature.of the upper contacts of the Mount Luc} Anne
Formation at these two localities suggests that the Formation occupies

the stratigraphic top of the Marystown Group in the eastern Burin

Peninsula.




Plate 4:19 Yellow rhyolitic, unwelded lithic tuff,
Mount Saint Anne Formation, near
Roundabout.

Plate 4:20 Soft sediment deformation features in
waterlain tuffs of Mount Saint Anne For-
mation, near Lord's Cove.
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The original nature of the contact ofgthe Mount Saint Anne For-
mation with the westerly adjacent Taylor's Bay Formation has been
obscured by lack of expésute and later faulting. The nature of the
movement along the fault which separates tbese Férﬁations is unknown,
but inferred stratigraphic relatio;ships would 1ndicate a compongnt of
reverse movemént. , |

At Lords Cove, on the south coast of the peninsula, a narrow fault
weage of basaltic rocks, equivalents of,;he Calmer Formation are con-
formably overlain‘by tﬁffaceous sediments of the Mount Saint Amme For-
matidn. ,l * v

- The intrusive contact of the Anchor Drogue Pluton (Strong_gg_gi.,
1975) and the Mount Saint Anne Formation is exposed along the southern

shore of Anchor Drogue Pond. Small (< 100 m2) roof” pendants of

rhyolitic volcanic rocks of the Formation are common within the Anchor

~ Droguc Pluton.

Rhyolite flows and felsic lithic tuffs of the Mount Saint Anné
Formation are hornfelsed adjacent to the St. Lawrence Granite, near
Rocky Pond, Saint Anne Méunt and Lawn Lookout.

The stratigraphic position of the Mount'Saipt Anne Formation sug-
gests that it is correlative with other lithostratigraphic units which
directly underlie Eocambrian-Cambrian strata in the western Burin
Peninsula (e.g. Hare Hills Formation). This correlation is also sup-

ported by the lithologic similarities outlined above. Nevertheless,

because of the wide geographic separation of these units combined with




plate 4:21:

Tuffaceous sediments of the
Mount Saint Anne Formationm
overlying Calmer Formation
pasalts at Lord's Cove.

Plate 4:22 Volcanic breccia of the Grand Beach Complex
overlying Calmer Formation basalts near
Famine Back Cove.
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. some litﬁological variation along strike, separate nomenclature has

been established in each case. . : 7 . -

4.8 Grand Beach Complex : . A

4.8.1 Definition and Distribution

The name '"Grand Beach Complex" was introduced by 0!Brien ££_§i~:
1977 to designate the sequence of felsic volcan;c'and volcaniclasgib
rocks with associated comagmatic porphyrie§4vhich overlie equivalents : 5 )
of the Calmer Formation in the north—ceﬁtral part of the southern ﬁurin
Peninsula. The easternmost exposures of the Complex had'previousl;
been diﬁided into an intrusive phase, the Grand Be;;h Porphyry, and an ' *

extrusive phase, the Clancey's Pond Complex (Strong et al.,, 1975).

Subsequent mapping showed that such a division was not valid because
o
the "porphyry" phase is clearly ethusive, rather than int;usive, in i
origin and in many places was unseparable from parts of the Clancey's
Pond Complex. -
The true thickness of the Complex could.not be ascertained 'since
its stratigraphic top is not exposed, however & minimum thickness would
be in the order of 125 metres. Recent exploratory diamond drilling.in— )
* . g
- dicates that in its central parts, the Grand B€ach Complex atuninsia

maximum thickness of 197 metres (personal communication, British

Petroleum Minerals staff).

Y

ok 2

! ——
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r 4.8.2 Lithology

The base of the Grand Beach Complex is exposed at Famine Brook and !
Famine Back Cove. At the former locality a 5 metre thick, flat-lying
epiclastic unit overlies vesicular basalts of the Calmer Formation.
The unit consists mainly of red sandstones and interbedded red sedi-
mentary breccia with minor conglomerate. Fragments in the breccia are
as large as 50 centimetres but'the average clast size is between 4 and
8 metres. The breccias contain fra_gments of vesicular basalt, red
H clastic sediments and minor rhyolite tuffs. The basal unit is overlain
by approximately 25 metres of immature volcanl.il“(.ﬁastic conglomerates and
poorly-sorted volcaniclastic breccias and associat;d agglomerates con-
taining a variety of felsic and mafic blocks ranging in size from 1 to
30 centimetres. These epiclastic rocks are interpreted to represent,
in part, mudflow or landsIide deposits of laharic origin. In the
northern parts of the Complex, these brecrias are intercalated with
welded tuffs of an associated ash flow sheet.
Near Famine Back Cove, the base'of the Grand Beach Complex is
represented by approximately 3 metres of agglomerate and volcani-
"clastic conglomerate whlich directly overlie massive and vesicular
basalts of the Calmer Formation (Plate 4:22). The agglomerates contain
: blocks and bombs of vesicular basalt and lesser amounts of rhyolitic
tuffaceouis rocks in an epidotized tuffaceous matrix. The lower agglom-
! erates are overlain by approximately ! metre of porphyritic rhyolite

. tuffs and welded ash-flow tuffs which grade upwards into a coarse

mafic breccia. Approximately 10 métresrof felsic ash-filow tuffs overlie




plate 4:23:

Ash-flow tuffs conformably
' overlying mafic breccias,
grand Beach Complex, west of
Grouse Point.

Plate 4:24 Welded tuffs of the Grand Beach Complex,
west of Grouse Point.
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these mafic breccias (Plate,4:23). The ash-flow can be divided into a
lower unit rich in flattened pumice fragments and an upper unit of
lithic tuffs showing moderate degrees of welding and little or no
flattening (Plates 4:24 and 4:25). The ash-flow unit grades upwards into
a series of devitrified rhyolites, massive crystal tuffs, crystal
lithic tuffs and welded and unwelded lithic tuffs., A two metre thick

unit of mafic 3agglomerate (Plate 4:26) separates these lithologies from -

an unknown thickness of undivided ash-flow tuffs which grade into mas- ' /L
sive rhyolite porphyry.: - Coarse porphyritic phases of ethe rhyolite
locally show an intrusive relationship with the ash-flows and the

rhyolite porph};ry. However,most of the porphyry contains isolated flat-

tened lithic fragments suggesting that it is dbminantly extrusive in .
ordigin. :,».A/
Rapid facies variations within the Grand Beach Complex, suggested
by variations along strike in the basal parts of the sequence have bheen
confirmed by recent diamond drilling throughout the Complex (personal
communication, British Petroleum Minerals staff).
“\
¢ 4.8.3 Contact Relationships and Correlation
’ The Grand Beach Complex directly overlies mafic volcanic rocks of
the Calmer Formation. Basal relationships exposgd near Famine Back h

Cove suggest no angular discordance at the contact with the underlying

basaltic rocks. It is not possible to establish whether the contact is :

disconformabhle or conformable.




plate 4:25:

grey, welded tuffs overlying
1low lithic tuffs of the Grand

Beach Complex.

Plate 4:26 Agglomerate containing mafic blocks in a
felsic tuffaceous matrix, Grand Beach Com-
pPlex at Grouse Point.
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Similarly, in the Famine Brook section, no angular discordance

between the Grand Beach Complex and the Calmer Formation can be recog-
nized. However, the presence of breccias containing fragments of
underlying vesicular basalt, can be interpreted as representing san
erosional hiatus between the deposition of these two units. An alter-
nate hypothesis involves the incorporation of the mafic blocks in
laharic flows associated with the later Grand Beach volcanism. Such
relationships-‘ould be observed in a conformable sequence, without in-
corporating any extensive hiatus in the valcanic activity.

An 4OAr/BQAr age date from a plagioclase concentrate from the
Grand Beach Complex of 326 ¥ 5 Ma. was obtained by Stukas (1978),

’
This Carboniferous age would necessitate a 300 million year break in
the stratigraphic succession. However, Stukas (l97é) interprets this
date as being erroneous, and the result of complete resetting of the
plagioclase by a strong thermal event ({i.e. the Intrusion of the near-
by Carboniferous 5t. Lawrence Graﬁite).

It is not possible at present, with the information available, to
state for certain whether the Grand Beach Complex is Carboniferous or e
Late Precambrian in age. If the latter were the case, then the Crand
Beach Complex would represent the uppermost unit of the Marystown Group,
correlative of the Barasway Complex and the Hare Hills and Mount Saint
Anne Formation. This suggestion is supported by the striking 1itho-

logical similarities that these various unirs display, but it is not in \

accordance with some of the geochemical data (see Chapter 7).
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4.9 Lithology and Depositional Environments: A Summary

Subaertial volcanic activity on the southern Burianeninsula can be
divided into three lithologically and stratigraphically distinctive
periods represented by: (1) the Taylor's Bay Formation, (2) the Gar-
nish and Calmer Formations, and (3) the Hare Hills and Mount Lucy Anne
Formations and the Barasway and Grand Beach Complexes.

The subaerial, dominantly silicic volcanic deposits of the Taylor's
Bay Formation represent the earliest period of volcanism in the Marys-
town Group. The lithology of this Formation is diverse and includes
tuffaceous volcanic rocks of felsic and lesser amounts of mafic and in-
termediate composition. Mafic flows and tuffs are also present, but in
lesser proportions than the felsic rocks, The deformation of these rocks
causes difficulty in distinguishing between pyroclastic and epiclastic
rocks, however, cross-stratification in some of the tuffs suggests that
part of the sequence was deposited (or reworked) in a subaqeous environ-
ment. Many of the tuffaceous deposits of the Taylor's Bay Formation are
characteristically nonwelded and in places display poorly developed graded

¢

bedding, suggesting that they were the result of ash-fall rather than
ash-flow deposition. However, the effect of the regional deformation
has masked many of the megascopic or microscopic features which could
otherwise be utilized in making this distinction. Welded tuffaceous
deposits occur sporadically throughout the Formation, but constitute
only a minor proportion of it. Poor exposure throughout most of the
area underlain by the Taylor's Bay Formation makes it difficult to

establish 1f these deposits are related to the unwelded tuffaceous

3
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rocks; i.e. forming the lower welded portion of an ash-flow. The dif-
ficulties encountered in .recognizlng texturally distinct zones of in-
dividual ash flows within the Taylor's Bay Formation may be in part

due to poor exposure and deformation. However, if volcanism at this

time resulted in the deposition of compound flows rather than single

flows, it is conceivable that a variety of seemingly unrelated, tex-
turally unique deposits couid be produced. Such occurrences are com-
mon 1in many of the recent, large subaerial volcanic fields (see Section
3.2.1).

Much of the Taylor's Bay Formation consists of fine-to coarse-
grained tuffs and tuff breccias. Coarser-grained pyroclastic and epi-
clastic deposits, common in' the upper parts of the Marystown Group, are
notably rare at this stratigraphic level. The dominantly fine-grained
nature of these rocks may indicate that they represent distal facies of
a much larger volcanic field. The lack of coarse-grained deposits such
as vent agglomerates, monolithologic breccias or co-ignimbrite lag de-
posits within the sequence supports this possibility.

In the central and northern parts of the Burin Peninsula, equiva-
lents of the Taylor's Bay Formation are interhedded with and conformably
overl;ain by epiclastic volcanic and sedimentary rocks (see Section
4.3.3). The upper contacts of the Taylor's Bay Formation are poorly
exposed in the southern Burin Peninsula, but are locally marked by a se-—
quencc of fluviatile sediments, indicating a ressation of volcanism

and erosion of the volcanic paleotopography. This period of sedimenta-

tion is represented by the clastic sedimentary rocks of the Garnish
L4
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Formation. The lithology of the Garnish Formatiom is characterized by
oxidized red conglomerates and coarse-grained sandstones which commonly
display large scale cross—stratification features. These rocks fine
upwards into thinly—bedded red siltstone and mudstone, locally contain-
ing dessication features. These sediments 1in ‘the upper parts of the
Garnish Formation are, in places, interbedded with oxidized basaltic
flows and tuffs. The above features are indicative of a terrestrial -
fluviatile depositional environment.

Fluviatile systems are typified by fining-upwards sequences of
which are characterized by thinly-bedded deposits in their strati-
graphically highest parts (Allan, 1970; Walké;, 1976) . The fining-up-
wards nature of the Garnish Formation may be the result of the gradual
maturing of a fluviatile system accompanied by a decrease in the energy
within 1t. The coarse-grained sediments in the lower parts of the Car-

nish Formation may be in part the result of erosion of fault scarps and

steep-sloped volcanlc highlands. Continued erusion woula result in the

retreat of the source area, producing a lowering of the river gradient

and gradual energy loss of the system, which may have resulted in the
formation of overbank deposits in a braided or meandering stream envir-
onment .

The latest stages of sedimentation of the Garnish Formation were
contemporaneous with the initiation of subaerial basaltic volcanism.
This period of basaltic volcanic activity is represented by the Calmer
Formation and its equivalents throughout the western Avalon Zone (see

Section 4.4.3). On the southern Burin Peninsula, the Calmer Formation
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consists of basaltic flows and subordinate mafic pyroclastic rocks,

The presence of ropy flow surfaces, oxidized flow tops, pipe vesicles,
cearse, coale;ciﬁg amygdules and the infercalations of red sedimentary
rocks throughout the Calmer Formation, combined with the absence of
pillowed flows 1naicate that mfst of these rocks were deposited in a
dominantly subaerial environment.- The localized occurrence of graded
and cross-stratified mafic tuffaceous sediments suggests that some of
these rocks, however, were deposited or reworked in subaqueous condi-
tions.

The basaltic rocks of th2 Calmer Formation are lithologically and
petrologically uniform in nature, a common feature in many plateau
basalt fields (see Section 3.2.3). Fossil fissure vents within the
Calmer Formation may have been concealed by the resulting volcanism,
however the area of coarse mafic breccias and plagiophyric sills in the
Tilt Hills area may represent the site of an eruptive centre. The
duration of this period of mafic volcanism is unknown, but the limited
thickness of the Calmer Formation may indicate that It represents only
a small part of the tectonic evolution of the area.

Contact relationships amongst the Calmer Formation and the over-
lying felsic volcanic sequences of the upper Marystown Group suggest
that no extensive erosional period preceded the renewal of felsic
volcanism in the area. These late felsic volcanic rocks may have been
widespread throughout the southern Burin Peninsula but are presently
exposed only on the eastern and western flanks of the "Burin Anti-

clinorium" (Williams, 1979 a). This late period of volcanism resulted
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in the deposition of approximately 300 metres of silicic,ndominantly
Subaeriai pyroclastic and epiclastic volcanic rocks.>

The stratigraphic units which overlie the Calmer Formation are
characterized by ash-flow tuffs, agglomerates, volcanic and epiclastcic
breccias, rhyolite flows and fine grained epiclastic rocks. Ash-flow
tuffs constitute a significant proportion of all these units. The ash
flows are commonly moderately to densely welded and in places show
non-welded, partially welded and densely welded zones. The pumice~rich
ash flow deposits of the Barasway Complex are in places underlain by
pyroclastic flow deposits. Coarse volcanic breccias, text#rglly similar
to co-ignimbrite lag deposits (Wright and Walker, 1977) are spatially
associated with the ash-flows in the cen&ral parts of the Barasway
Complex. Coarse grained lahars and agglomerates are common in the
Barasway Complex and to a lesser extent in the Grand Beach Complex.
The presence of these deposits has been interpreted by some authors

(see Section 3.2.2) to reflect proximity to an eruptive centre, and it

appears that .the lithology eof the Barasway Complex 1s consistent with

such an environment.

The lahars and polylithologic brecclas of the Barasway Complex
show marked facies variations along strike. Near Garnish, the breccias
are chaotic, with no evidence of sdrting preserved in these rocks.

Over a distance of several hundred metres north and south of this area,
the breccias show a limited degree of sorting and thin, discontinuous
lenses of tuffaceous epiclastic rocks become intercalated Hith the

lahars. These deposits become increasingly well sorted towards the
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north. Epidlastic rocks are more restricted in the area between Gar-

nish and Grand Beach where massive rhyolite flows are spatially

associated with heterolithologic and subordimate monol fthologic
breccias.

Coarse-grained epiclastic and pyroclastic deposits are not as ex-
tensive elsewhere in the upper volcanic cycle of the Marystown Group.
Devitrified rhyolite flows are common in all the upper volcanics but
are most extensive in the northern parts of the Mount Saint Anne For-

i
mation and parts of the Grand Beach Complex-(personak communication,
British Petroleum Minerals staff). Air-fall Euff; are recognizable
only in the Grand Beach and Barasway Complex. |

Subaqueous pyfoclastic and epiclastic rocks are not widespread,
and have been recognized mainly in the Hare Hills Formation and
southern parts of the Mount Saint Anne Formation. The cross~-stratifi-
cation and goft sediment deformation features reflect the
subaqueous deposition of these rocks. The vesiculated tuffs of the
Hare Hills Formation are also consistent with such a depositional
environment.

The arQaI distribution of facies within these lithostratigraphic
units is generally consistent with a facies model in which a major vol-

canic centre is located within or to the northwest of the present ex-

posure of the Barasway Complex.
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5. PEGLOGRAPHY

5.1 Early Volcanism: Taylor's Bay Formation

5.1.1 Mafic Flows and Voleaniclastic Rocks

The basaltic flows of the Taylor's Bay Formation are typically
fine grained, containing little olivine and subsrantial amounts of
highly altered interstitial glass and primary and secondary magnetite.
Although the rocks rarely appear porphyritic in the field, micropheno-
crysts of plagioclase are common in many of the Qery fine grained rocks
which may possibly represent chilled flow bases. The massive portions
of the flows contain groundmass plagioclases up to | mm in dlameter,
which may mask microporphyritic textures., Highly altered pYroxene is
present in subordinate amounts in the flows,

Plagioclase is the most common mineral in these basalts, occurring
as sparse albite microphenocrysts up to 2 mm in length and locally dis-
playing glomeroporphyritic textures. Zoning is present in both the
phenocryst aﬁd groundmass plagloclases. Intense sericitization and
cpldotization of the Plagioclases is widespread. 1In the groundmass,
albite forms small (5 | mm) subhedral laths in’an intergranular to
intersertal matrix of highly altered clinopxroxene, magnetite and
hematitized basaltic glass (P. n.* ‘

In places, the mafic flgws contain up to 10% highly altered clino-

i pyroxene. Low 2V measurements (20—250)‘on one relatively fresh pyro-

Xene suggests a pigeonitic composition. Small (1 mm) euhedral

; aggregates and crystals of chlorite and serpentine with relict poly-
gonal outline may represent completely\altered'olivine, occurring in an
intergranular matrix with epidotized and sericitized plagioclase. No

8 * P = photomicrograph

Note addéd in proof: Mineral identifications were done by examination
of thin sections on a flat stage only.
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unaltered clivine was identified in these rocks. Subhedral to anhedral

magnetite porphyroblasts, ranging in diameter from 1 to 5 mm, are

developed in mafic flows and tuffs adjacent to the St. Lawrence Granite.

The mafic flows are only rarely amygdaloidal, with chlorite occur-
ring in small (1-10 mmw) amygdules which rarely comprise more tham 1% of
the rock. Chlorite is an important metamorphic phase in these rocks and
in places 1t defines a schistosity in the more deformed tuffs and flows.
Epidotes magnetite and subordinate sphene represent the other main meta-
morphic phases in these rocks. Narrow (1 mm) veinlets of quartz and
prehnite are present locally.

The mineralogy of the mafic tuffareous rocks is, for the most part,
similar to the mafic flows described above; the only exception being the”
more widespread alteration which is characteristic of ﬁhe volcaniclastic
rocks. The most common lithic fragments in the tuffs are aphyric to
.very fine-grained plaglophyric basalts which occur as angular to
rounded lapilli and ash sized fragments which range from<i mm to § mm in
dlameter (P. 2). Locally the tuffs are crystal-rich and contain angular
to subrounded crfstals and crystal fragments of clinopyroxene and mag-
netite which together constitute up to 40% of the rocks. Tt is diffi-
cult to distinguish between primary and metamorphic fine grained mag-
netite in many of these rocks. Fine lapilli of plagiophyric basalt,
hematitized mafic scoria Pnd dark brown basaltic glass constitute up to
50% of these tuffateous rocks.

Both the mafic flows and tuffaceous rocks have been locally meta-
morphosed to chlorfite schlst. Chlorite defines the main foliation of

these rocks. The other recognizable metamorphic phases are epidote and




Photomicrograph 1: Vesicular basalt of the Taylor's Bay
Formation. Intersertal to intergranular matrix of albite,
untwinned plagioclase, magnetite, altered basaltic glass
with minor clinopyroxene. Note chlorite and epidote filling
of vesicle. (Plane polarized light; bar scale = .6 mm).

Photomicrograph 2: Mafic lithic tuff of the Taylor's Bay
Formation. (Crossed nicols , bar scale = .75 mm).
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magnetite with subordinate amounts of sericite, calcite, sphene and

quartz.

5.1.2 Silicic pyroclastic and epiclastic rocks

The unwelded tuffaceous rocks of the Taylor's Bay Formation are

dominantly lithic- and lithic-crystal—lapilli tuffs and fine grained

tuff breccias of rhyolitic and rhyodacitic to dacitic composition (P. 3).
The lithic tuffs consist primarily of subangular to rounded lapilli of
sericitized felsite displaying well developed felsitic textures, micro-
spherulitic rhyolite and orthoclase-phyric rhyolite. Lapilli of mafic
composition constitute only a minor proportion of these rocks. In
places, however, fragmencts of plagioclase-pyroxene porphyritic basalts
constitute up tc/>‘257, of the rock. Intense alteration of the lapilli

prevents determination of the composition of the pyroxene, however, one

P

specimen displayed a weak pink-green pleochroism, suggesting the

presence of minor brthopyro'xene in some of the tuffs. Carbonate-

b o —

quartz-sericite alteration, commonly in the form of network \-Ieins, is
widespread in the unwelded tuffaceous rocks. ’

Twinned orthoclase and euhedral to embayed crystals and fragments
of quartz are common components of the crystal-1lithic tuffs of the
Taylor's Bay Formation. Epidotized plaéioclase (An10—20) crystals are
present but rarely constitute more than 207 of the crystal component of
the rock.

The intermediate tuffs typically contain rounded to subrounded

lapilli ,(/(/1/)’?0 10 mw in diameter) of da(;ite with subordinate amounts of

rounded and broken gquartz and albite crystals in a locally devitrified
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and highly sericitized quartzo-feldspathic matrix, in places containing
very minor biotite.

Apart from characteristic differences in grdain size, there are no
significant petrograph'ic differences between the tuff breccias and vol-
canic breccias and the finer grained tuffaceous rocks of‘,the Taylor's
Bay Formation.

Both the felsic and intermediate volcaniclastic rocks of the
Taylor's Bay Formation have beenjffetamorphosed to sericite schist in
many places., These rocks are typified by the growth of secondary
sericite, which defines the main foliation in the rocks, and by varying
degrees of recrystallization of the quartzo-feldspathic groundmass.
Feldspar and qutartz are present as strained, embayed and broken crystals
up to 3 mm in diameter which form augen within fine grained platy
and minutely crystalline to subnicroscopic sericite and opaques
(P. 4). Chlorite and very minor brown biotite ére locally intergrown
with sericite, defining the main foliation in the rock.  The matrix of
the sericite schists typically consists of highly sericitized and epido-
tized plagioclase (locally up to 30%Z of the rock), hematitized and
saussuriti;ed potash teldspars (20-40%), recrystallized quartz (10-20%)
and fine sericitic aggregates. Apatite, epidote and unidentified cpaque

minerals occur in places as fine grained (< 0.5 mm) euhedral to sub-

° N
hedral crystals in the groundmass. Locally ghe matrix of the sericite

schists has been granoblastically recrystallizedL
Tuffaceous sedimentary and epiclastic volcanic rocks of the Taylor's.
Bay Formation are characterized by widespread calcite and sericite

alteration and usually contain subrounded to subangular pebble and sand




Photomicrograph 3: Unwelded lithic/crystal tuff of the

Taylor's Bay Formation. (Crossed nicols , bar scale =
.75 mm).

Photomicrograph 4: Sericite schist in the Taylor's Bay
Formation along a reverse fault near Lawn. Note feldspar
crystals are broken along shear planes which form a 45°
angle with main sericitic schistosity. (Plane polarized
light; bar scale = .6 mm).
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sized fragments of unwelded felsic pyroclastic and mafic rocks which are
petrographically similar to the mafic flows and volecaniclastic rocks
described above. Massive and flow- banded rhyolitic detritus constitutes

4 minor proportion of these rocks.

5.1.3 Rhyolite Flows

Flow-banded rhyolites of the Taylor's Bay Formation are character-

~ ized by continuous individual flowage bands which range in thickness

from < 0.1 mm to approximately 5 mm. The coarser bands display micro-
spherulitic and paecilitic textures (cf. Haworth, 1888) (P. 5). In
areas where devitrification features are not widespread, fine grained
crystalliine aggregates of quartz and hematitized potash feldspar define
the individual flowage bands which both abut and enclose augen of quartz,
albite and orthoclase subhedra. Thin lenses of rhyolite displaying dis-
continuous banding are locally interlayered with the flow banded
rhyolite. Megascopically, these features resemble strong-ly flattened
pumice fragments, although no microscopic evidence of primary welding or
flattening was recognized.(

Massive rhyolites are rare in cthe Taylor's Bay Formation, and ‘;ihen

present, are often devitrified. The spherulitic rhyolites generally

display a finely comminuted siliceous matrix. Quartz, albic® and

-

! -
orthoclase are recognizable in samples where the matrix is coarser

grained. Fine grained aggregates of sericite and carbonate are the main
groundmass alteration phases. Spherulites are not'widely developed 1in

these rocks and do not‘_show a wide variation in size, with individual

spherulites rarely exceeding 0.5 cm in diameter. The larger spherulites
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consist of radially disposed, fibrous crystals of quartz and hematitized

potash feldspar.

5.1.4

Intermediate compositions: dacite and quartz andesite

Rocks which are petrographically and chemically (gsee Chapter 7)
classified as dacite are present as flows only within the Taylor's Bay
Formation where they represent only a small proportion of the formation.
The rocks are quartz normative reflecting the abundance of locally em-
bayed quartz phenocrysts. Sericitized albite locally comprises 40% of
the phenocryst assemblage. Subhedral potash feldspar, strongly saus-—
suritized and locally hematitized, is subordinate to plagioclase.
Locally the rocks contain up to 50% altered plagioclase phenocrysts and
may be more propertly termed quartz-andesite. Subhedral groundmass
ferromagnesian phases in these rocks are pseudomorphed by chlorite and

amphibole.

5.2 Continental sedimentation and mafic volcanism: Garnish and Calmer
Formations
5.2.1 Sedimentary rocks
The fine grained clastic sedimentary rocks of the Garnish Formation
contain sand-and silt-sized rock and crystal fragments in a clay matrix
composed of calcite, minor sericite and unidentified clay minerals. The
rock fragmént:s are subrounded to angular and are poorly to moderately

sorted. Flow-banded, spherulitic and perlitic rhyolites together with

fragments of quartz- and quartz-potash feldspar porphyries and

»

porphyritic rhyolites are the main constituents of the detrital
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gssemblage. Fine-grained fragments of unwelded felsic pyroclastic
rocks are common in some of the sandstones.

Fragments of mafic volcanic rocks are a subordinate component of
the detrital assemblage. The only mafic volcanic lithologies recognized
ijn the detrital assemblage are fine-grained to aphanitic, locally
amygdaloidal and scoriaceous basalt and clinopyroxene-bearing, plagio-
phyric, quartz—andesite. Rare fragments of porphyritic diabase and
metadiabase were also noted.

Whole and broken crystal fragments are an important detrital
‘constituent. Crystals and fragments of vein quartzr embayed volcanic
quartz and strained quartz constitute up to 207 of some of the sand-
stones. Albite is the main feldspar phase. Lesser amounts of
ematitized potash feldspar are present. Epidote, altered clino-
roxene and magnetite are subordiante components of the detrital
ssemblage of the fine grained sandstones and are rare in the coarser-
‘grained clastic rocks of the Garnish Formation. The cobbles and
dbulders of the conglomerates are mostly of felsic volcanic origin and
re petrographically similar to the felsic volcanic and unwelded felsic
yroclastic and epiclastic volcanic rocks, present in the sandstones
id siltstones of the Formation, are notably rare in the coarser-
ained sedimentary rocks. The sedimentary rocks constitute a very
10r proportion of the Calmer Formation and are generally petro-
%;aﬁhically similar to the sediments of the Garnish Formation with the
lly difference being the greater amount (up to 207% of the rock) of

ific detritus in the Calmer Formation sediments.
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5.2.2 Mafic Flows

The uniformity of the basaltic flows of the Calmer Formation is
lictle less striking in thin section than 1t 1is 19 the field. A
typical mafic flow is vesicular to amygdaloidal, locally micropor-

phyritic, fine- to medium-grained basalt. The chilled bases of the

flows are aphanitic or aphyric. Medium to coarsely porphyritic basalt
occurs in the south-central and eastern parts of the Calmer Formation.
The microporphyritic and porphyritic flows contain phenocrysts of
plagioclase and subordinate olivine micro-phenocrysts. Olivine also
occurs in the matrix, together with clinopyroxene and plagioclase.
The latter two phases display ophitic to subophitic relationships in
the coarser-grained basalts. The matrices of the baslats are
dominantly diabasic and show mainly intersertal, intergranular and
locally holocrystalline textures.

Albite 1s the major plagioclase phase and it occurs as both stubby
and elongate, euhedral to subhedral crystals which range in length from
< 0.1 mm to a maximum of 7.0 mm (P. 6). The palgioclases are in places
highly altered, with epidote and carbonate. Albite 1s most common in
the groundmsass of the amygdaloidal flows where it displays intersertal

(]
and locally ophitic to subophitic relationships with altered clino-

- pPyroxene.
In the lithologically distinctive coarse-grained palgiophyric

basalts, which are tentatively correlated with the Calmer Formation

i




Photomicrograph 5:

Microspherulitic growths in hematitized
devitrified band in flow banded rhyolite of the Taylor's Bay

Formation. (Plane polarized light; bar scale = .6 mm).

Photomicrograph 6:

Coarse grained albite phenocrysts in a
fine grained matrix of plagioclase, epidote and opaques;
Calmer Formation basalt. (Crossed nicols :
«75 mm).

bar scale =
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(see Section 4. 4 ), albite occurs as subhedral to anhedral phenocrysts
ranging in length fFOm 1.0 om to 1.0 cm. The Plagioclase phenocryst
are, in places, completely altered to subhedral metadomains (cf. Jolly,
1974) of ecpldote, carbonate and sericite. Plagioclase
(AnlO) 1s also present in these rocks as fine grained (< 1.0 mm)
éuhedral laths in an intergranular groundmass of chlorite, epidote,
altered pyroxene (acrinolite}, sphene and leucoxene. The matrix of
these rocks is fluidized in places and well developed trachytic textures
are locally preserved.. Apatite needles are present in the groundmass

glass of the porphyritic flows.

In the majority of the basalts examined, small pseudomorphs (after

olivine) make up 2-3% of the rock (P. 7). Some of the larger (2-3 mm)
phenocrysts consist of a core of readily identifiable olivine, rimmed by
dark brown iddingsite. In some of the more altered basalts it is dif-
ficult to distinguish fine grained altered olivine from magnetite and
altered basaltic glass in the matrix and the original presence of
olivine cannot always be substantiated. This is typical of many of the
coarser grained plagiophyric flows. |

Clinopyroxene is common in the aphyric, microporphyritic and
vesicular flows. It is typically altered to actinolite, but in places,
relatively fresh clinopyroxene 1is present as subophitic intergrowths
with albite. Augite is identifiable in several of the basaltic flows.

Subhedral actinolite occurs mainly in the groundmass of the basalrs.
although small (< 1| mm) microphenocrysts are locally present in some of:
the finer grained parts of the flows. In the groundmass, actinolite

locally replaces dark brown amphibole which itself may pseudomorph a

Pyroxene phase. Ca-poor pyroxenes are not present in these rocks.
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Epidote, chlorite and hematite are the main secondary minerals and
together they often constitute up to 107 of the rock. Magnetite occurs
as skeletal and euhedral octahedral forms. Leucoxene and sphene are 1
present 1in subordinate amounts.

The amygdaloidal flows are characterized by spherical to irregular

amygdules which range in diameter from 1-2 mm to a maximum of 7.5 cm
and locaily comprise up to 50% of the rock (P. 8). Chlorite and calcite
are the main phéses present in the amygdules and quartz, prehnite and
pumpellyite are present in subordinate dmounts. A zeollte phase,
tentatively identified optically as laumontite, occuré/;s an amygdule-
filling phase in two samples. Both the amygdaloidal and aphyric flows
contain cross-cutting veinlets of calcite, chlorite, epidote and quartz
which range from < | mn to = 10 cm in diameter.

Only one of the studied samples from the Calmer Formation could
possibly be petrographically classified as andesite. The rock contains
microphenoérysts of plagioclase which are locally zoned and oftren
highly sericitized. The clinopyroxenes are altered to actinolite, but
the moderate 2V angle (50-55°) attained from one relatively fresh
sample suggests an augitic composition. The highly altered (epidote
actinolite and chlorite) groundmass contains very small anhedral
cfystals which display a very weak pink to pale green pleo%hroism,
hovever, the original presence of orthopyroxene in these rocks cannot be
definitely substantiated. O0livine was not recognized in this sample.
Plagioclase, mégnetite and pyroxene are the main primary minerals in the

fluxionally textured groundmass,




Photomicrograph 7: Coarse grained clinopyroxene and olivine-
bearing basalt of the Calmer Formation. Large crystal
altered to chlorite, serpentine and opaques may represent
pseudomorphed olivine. (Bar scale = .6 mm).

‘1.‘.:" ; % )
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Photomicrograph 8: Chlorite rim and epidote core of vesicle
in Calmer Formation basalt. . (Plane polarized light; bar
scale = .75 mm).
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Pyroclastic Rocks

The mafic tuffs of the Calmer Formatlon are typically altered and
comprise mostly lithic lapilli and coarse ash in a highly altered matrix.
The most common lithic fragment is altered plagioéhyric basalt, contain-
ing phenocrysts of plagioclase, actinolite and iddingsitized olivine in
an intergranular matrix of magnetite, chlorite and actinolite. Frag-
ments of basaltic scorla, consisting of highly altered plagioclase in
an opaque matrix, are less common. Fragments of fine grained, altered
mafic tuffaceous rock are also present in the tuffs, but the intense
élteration inhibits identification of any primary phases. F{lsic lithic
fragments comprise a very minor proportion of the tuffs and are typically
sericitized rhyolitic lithic tuffs, containing whole and broken crystals
of quartz, hematitized potash feldspar and plagioclase, plus rhyolitic
and mafic scoriaceous lapilli in a hematitized, glassy and locally re-

crystallized matrix.

5.3 Late Silicic Volcanism
5.3.1 Barasway Complex

The slightly to moderately welded asﬁ-flow tuffs of the Barasway
Complex areltypified by fine grained (< .} mm) acicular and platy
shards in a strongly Wematitized cryptocrystalline matrix. Highly
altered pumice fragments locally constitute approximately 20% of the
rock. Flattening of the pumice fragments varies in intensity (P. 9),
The pumice fragments are generally disc shaped and, for the most part,
are randomly oriented, Some stretching of the pumice fragments was

cbserved, But this may be the result of tectonic deformation rather

-




1
1
a

- 115 -

th#n a primary welding feature.

"The strongly welded tuffs contain higﬁly altered, stretched
(length/width ratio < 20:1) shards and pumice, 1in pl;ces enclosing
anhedral to subhedral phenoc;ysts of albite and microcline. Locally the
shards display fork shaped outlines. In areas of strong welding the
shards are flattemed and define a eutaxitic foliation (P. 10). Fiamme
(.1-3 mm in diameter) commonly display microspherulitic textures and
show delicately serrated margins. Strongly flattened fiamme are locally
preserved in these rocks. The matrix of the stwongly welded tuffs is
typically red, highly oxidized and cryptocrystalline and locally shows
devitrification features such as microspherulités.

The pumice-rich ash flows contain both eutaxitic and unflattened,
altered pumice lapilli (P. 11). The pumice comﬁonly shows gerrated
margins, granophyric patches and locally displaﬂs ruled structures
(P. 12 + P. 13). Cuspate and platy, highly oxidized shards can be
recognized in-the vitroclastic matrix.; In some of the more deformed
pumice-rich ash flows, the Elattening *? paralle]l to a weak sericitic
fabric. In.such cases it becomes difficult to establish how much of
the flattening is tectonic, rather than primary in origin.

Crystals and fragments of albite and quartz are common in all the
ash flo; tuffs and locally constitute up to 307 of the rock. Crystals
of albite are generally subhedral, rarely exceed 3 mm in diameter and
often show either lamellar or Carlsbad twinning. Quartz usually forms
euhedral crystals which locally are strongly embayed. Altered augite
is present as small (1-2 mm), subhedral to rounded crystals in the

welded ash-flow tuffs. Fine grained patches of chlorite and magnetite




Photomicrograph 9: Variation in degrees of flattening of
pumice lapilli in eutaxitic matrix of ash flow tuff of the
Barasway Complex. (Plane polarized light; bar scale =

.6 mm).

Photomicrograph 10: Weak eutaxitic texture defined by glass
shards in vitric-crystal tuff of the Barasway Complex. (Plane
polarized light; bar scale = .75 mm).
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are present locally, possibly pseudomorphing olivine. Minor (< 1)

biotite flakes, locally oxidized (< 1 mm), were identified in the
welded tuffs of the Complex.

The massive rhyolitic flows of the Barasway Formation are gray,
aphanitic to fine grained (.05-1 mm) aﬁd locally quartz and/or plagio-
clase porphyritic. Hematitized oligoclase is rare as a phenocryst phase.
The groundmass of the rhy_olite flows is commonly microspherulitic and
comprises fine graine;i (< 1 mm) quartz and potash feldspar with lesser

amounts of lamellar twinned plagioclase. In places the groundmass is

very fine grained, almost cryptocrystalline, and displays partially

developed perlitic textures.

The flow banded rhyolites often display coarse flowage bands, up
to 3 cm in width, defined by microspherulitic intergrowths of quartz and
fheldspar. They are petrographically similar to the massive flows but
are often more pervasively devitrified. The finer (< .1 mm) flowage
bands are usually defined by flow-oriented, acicular opaques.

The autobrecciated flows are monolithologic, containing angular
to subrounded _fragments of massive, banded and porphyritic

rhyolites which are petrographically identical to the rhyolite flows

g
!

described above. The inters:ertal matrix of the autobrecciated flows

comprise; mainly a highly sericitized, carbonatized and devitrified glas-s.
The unwelded pyroclastic deposits in the Barasway Complex are

mainly highly altered rhyolite breccias and rhyolitic to intermediate

tuffs. A typical rhyolite breccia of- the Complex consists of subhedral

and broken crystal and glomeroporphyritic aggregates of albite (0.05-

2 mm), euhedral quartz (.l1-1 mm) and minor hematitized potash feldspar.

Ferromagnesian phases are notably rare and appear to be represented




Photomicrograph 11: Moderately flattened pumice fragments
in eutaxitic matrix of squashed pumice and oxidized shards.
(Plane polarized light; bar scale = .6 mm).

Photomicrograph 12: Ruled structure and serrated margins in
pumice lapilli of pumice rich ash-flow tuffs of the Barasway
Complex. (Plane polarized light; bar scale = .6 mm).
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only by chlorite and serpentine.

The most common lithic fragments in the breccias are highly seri-
citized peotash feldspar-quarcz porphyritic rhyolites and fine grained,
magnetite-rich, plagiophyric (albite) basalt ; the latter locally dis-
playing fluid{ized matrix.

The matrix of the rhyolite breccias is commonly a very fine grained
(£ .1 mm) cryptocrystalline aggregate of quartz, potash feldspar, and/or
plagioclase. Sericitization and carbonatization of the matrix is wide-
spread. Magnetite and apatite are lacally present as groundmass phases.

Epiclastic volcanic and tuffaceous sedimentary ro&ks of the
Barasway Complex are petrographically simila; to the same rock types
which occur elsewhere in the Marystown Group.” They are typically
highly altered, with sericite, carbonate and chlorite being the main
alteration phases. The detrital assemblage is characterized by' a wide
variety of dominantly felsic and lesser amounts of intermediate massive
and pyroclastic volcanic rocks, similar to those found elsewhere in the
Complex.

The agglomerates and coarse grained breccias of the Barasway Com-
plex are dominantly intermediate in composition but contain blocks and
bombs of felsic to mafic composition. The matrices of the agglomerates
are commonly highly sericitized and contain fime grained subhedral laths

of altered plagioclase and resorbed quartz. In the less

altered samples, the matrix locally displays a vitroclastic texture,

with fine-grained (< .1 mm), slightly flattened, altered glass shards
preserved in places. Locally, the matrix consists mainly of devitrified

glass, represented by a very fine grained, microspherulitic, in places




Photomicrograph 13: Granophyric patches in unflattened
pumice-lapilli of pumice-rich ash-flow tuffs of the Barasway

Complex. (Plane polarized light; bar scale = .6 mm).

Photomicrograph 14:

phenocrysts in ash-flow tuff of the Hare Hills Formation.
(Plane polarized light; bar scale = .75 mm).

Unflattened pumice-lapilli with feldspar
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cryptocrystalline quartz -feldspathic groundmass.

J’he rhyolitic blocks in the agglomerates and brecclas are petro-

graphically similar to rhyolites elsewhere in the €omplex. In the breceias,

blocks show nefther megascopic nor microscopic indication of post-
eruptive cooling; e.g. alteration rims, plastic deformation features,
etc.

A typical andesitic bomb in these agglomerates consists of sub-
hedral laths of plagioclase as phenocrysts in a fine grained,
sericitized, locally fluidized matrix of epidote, chlorite, altered
pyroxene, hematite, minor quartz and/or potash feldspar,.

Rare mafic blocks and bombs are either aphyric, plagiophyric and/or
microvesicular basalt. They locally contain eudedral phenocrygts of
epidotized mlbite (1-3 mm) and actinolitized clinopyroxene. The
matrices show fluidal to intergranular textures and typically contain

euhedral plagioclase (An altered pyroxene and opaques.

10)'
A felsic plutonic block taken from the agglomerates displays well
developed graphic .intergrowths. Subhedral to anhedral, locally
rounded quartz phenocrysts show embayed and corrodgd crystal shapes.
Minor alkali feldspar poikilitically encloses zoned and locally
twinned plagioclase.
The blocks in Fhe coarse-grained laharic breccias are petro-
graphically similar to the blocks and bombs in the above agglomerates
and pyroclastic breccias. The matrix of these breccias is predominantly

’
sedimentary and does ‘not display the vitroclastic textures which are

-
locally preserved in the matrix of the agglomerates.
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5.3.2 Hare Hill-s Formation

The non-welded felsic crystal-vitric tuffs of the Hare Hills Formation

contain up to 50% xenocrys'ts of plagioclase (Anlo) and subhedral,
rounded and embayed quartz in subequal proportions. Saussuritized
potash feldspar in places comprises up to 10% of the crystal content of
some of these tuffs. Oxidized biotite, hematite, magnetite and actino-
lite are only present in subordinate amounts in the groundmass.

These rocks very locally contain altered glass shards which are

Al
typically coated with fine hematite dust. The shards are broken and
rarely display any effect of flattening or welding.

Lithic lapilli locally constitute approximately 207 of any one
thin section of the tuffs. The lapilli assemblage consists of roughly
equal amounts of mafic and felsic volcanic rocks. The lithology of
the felsic lapilli is typified by subangular to angular fragments (1.0-
6.0 mm in average maximum dimension) of equigranular aphyric
and quartz-porphyritic rhyolite. Fragments of epidotized aphanitic and
albite-porphyritic basalt rarely constitute more than 10% of the tuffs,

Mafic tuffs of the Hare Hills Formation consist of up to 907 subrounded
fragments of mafic volcanic rocks in a highly chloritized, in places
séricitized, matrix. Felsic volcanic detritus is notably rare in these
rocks and rarely constitute greater than 5% of the total lithic propor-
tion of the tuffs. Olivine~bearing, plagiophyric basalt and altered
basaltic scoriae are the most common mafic lithic fragments in these

rocks. Agglomerates which are intercalated with the mafic tuffs contain

blocks and bombs of petrographically similar rock types. |

/

.
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The grey lithic tuffs of the lower portion of the Hare Hills Formation
lo;tally consist of up to 80% ..felsic and minor mafic lapilli. In places,
the tuffs contain < 10 altered and unflattened pumice-lapilli. ‘
Crys‘tal fragments (subrounded quartz and albite subhedra) rarely com-
prise more than 10% of the tuffs. The lack of flattening or welding
features may indicate air fall deposition.

The non-welded ash-flow tuffs contain irregularly shaped lithic and-

pumice-lapilli with maximum dimensions from .0l mm to ca .20 cm. The
lithic-lapilli and blocks are generally felsic in composition and are
typically highly sericitized and locally epidotized. The pumicerlapilli

v
are disc-shaped, showing little or no evidence of flattening (P. 14). Fine
grained, acicular shards are locally preserved in the hematitized, cryptvo—
crystalline matrix. Accidental crystals rarely constitute more than
20% of these tuffs. The major xenocrystic phase 1s albite, \;rith
hematitized potash feldspar and rounded quartz being abundant. Theno-

crysts of euhedral plagioclase (An_ _) are locally present in the rtuffs.

10

The felsic volcanic breccias are usually non=welded and contain
blocks of sericitized porphyritic rhyolite, red densely welded and un-
welded ash flow tuffs and lesser amounts of h.ighly epidotized, plagilo-
phyric and aphyric basalt. Subangular to rounded crystal fragments of
epidotized plagioclase and quartz occur in the gsericitized and epi-
dotized quartzo-feldspathic matrix of the brecclas.

The densely- welded ash—flow tuffs contain-highly altered, flat-

1 tened shards which, in places, define a strong eutaxitic foliation in

l a hematitized, cryptocrystalline, locally spherulitic matrix. Flat-

tened fiamme (< 5 mm in length) are only very rarely preserved. Albite
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and lesser amounts of potash feldspar are xenocrystic phases. Flattened
and altered pumice lapilli and minor fiamme enclose augen of the xe;mcrysts
(p. 15).

Unwelded tuffs of intermediate (e.g. mixed mafic and felsic lapilli)
compusitlon are characterized by widespread epidotization and lesser
sericitization. Subrounded fragments of porphyritic basalt are the main
constituent of the tuffs. The basalts contain epidotized albite pheno-~
crysts (.01-2.5 mm) {n an intergranular matrix of plagioclase and
altered clirmropyroxene. L Fragments of sericitized unwelded felsic tuffs
rarely comprise more than 207 of the lithic component of the tuffs.

The epiclastic tuffaceous rocks of the Hare Hills Tuff are petro-
graphically similar to the epiclastic rocks of the Barasway and Grand
Beach Complexes (Sections 5.3.1 and 5.3.4) and require no further
description.

Crystal-rich, felsic tuffaceous sedimentary rocks are unique to
the Hare Hills Formation. “The rocks are petrographically sirt;ilar to the
crystal-rich tuffs of the Barasway Complex but contain fewer lithic
fragments. Locally, the tuffs contain up to 707 euhedral to rounded,
whole and broken crystal fragments and aggregates of epidotized albite,
embayed and subhedral quartz and saussuritized potash feldspar. The
crystals vary from £ .01 mm to 4.5 mm. The tuffaceous rocks are well
sorted and locally graded. Thin (1.0—‘3.25 mm), disedntinuous bands of
non—orienged ‘c‘)paque oxides are locally finely cross-bedded, indicating
the subaqueous deposition of these epiclastic rocks.

The massive rhyolite flows are pink to white and aphyric to micro-

phyritic. The groundmass of the flows consists of a fineiy crystalline
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Photomicrograph 15: Flattened pumice lapilli enclosing augen
of quartz crystals. Note flattening of pumice between
quartz crystal and adjacent lithic fragment. (Plane pol-
arized light; bar scale = .6 mm).
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aggregate of subhedral to anhedral quartz, potash feldspar and minor

albite. Pink to orange anhedra of piemontite (0.01 mm - 0.1 mm) occur

in the groundmass and also as small (< .1 mm) phenocrysts in the micro-
porphyritic flows. Devitrification features are rare in these rocks,

although microspherulitic textures were recognized in one specimen from

the Fortune/@olt area. Locally, the rhyolites display well developed

felsitic textures. .

The rhyolitic vitric tuffs consist of embayed quartz phenocrysts,

saussuritized potash feldspar and albite in a fine-grained, locally

devitrified, vitroclastic groundmass. Shards, ranging in diameter from

£ .01 mm to | mm, show varying degrees of flattening and stretching)
Both axiolitic and eutaxitic textures are recognizable in these rocks.

The vitric groundmass is locally devitrified, resulting in sporadic

growth of spherulites.

5.3.3 Mount Saint Anne Formation )

The petrography of the felsic volcanic rocks of the Mognt Saint
Anne Formatign is similar to tho;e of the Barasway Complex (Section
4.5.3) and will not be discussed in detail here.

The flow-banded rhyolites are characterized by sub-millimeter scale,

highly irregular to straight flow bands defined by very fine grained,

microspherulitic aggregates of quartz and potash feldspar and hematite

which enclose augen of and abut against quartz and alkali feldspar pheno-

crysts (P, 16 + P. 17). The flows are locally porphyritic, containing

phenocrysts of embayed quartz (2.5-4.5 mm), subhedral, epidotized plagio-

clase (Anjg) (- 2.5 mm) and hematized potash feldspar (1.5-2 mm).




- 127 -

Photomicrographs 16 and 17: Flow-banded rhyolite of the
Mount Saint Anne Formation. Thin flow laminae forming
augen of quartz and alkali feldspar crystals. (Plane
polarized light; bar scale = .6 mm).
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The matrix of the flows commonly displays microspherulitic devritifi-

cation features. Intense epidotization is locally seen in the.rhyolites.

The flows become in places autobrecciated and petrographically re-
semble similﬁr rock types in the Barasway Complex.
: Spherulitic rhyolite flows are.wldely developed within the Mount
Saint Anne Formation and are pet?ographically similar to the spherulitic
lavas elsewhere in the Marystown Group. Orb, felsite and.microspherul~
ltic textures are locally preserved in these rocks (P. 18). The coarser
grained (£ 5 mm) spherulites are generally spherical in outline and }
consist of straight-edged, fibrous aggregate; of éuartz and potash
feldspar (P. 19 & P. 20).A The finer grained (1-2 mm) spherulites com-
monly display fan and sheath-like morphologies (cf. Loféren, 1974 ; photo-
micrograph 21). At one 1ocglity, a devitrified flow consists entirely
of rounded and sheath spherulich in a microspherulitic to orbicular *~
matrix, The spherulites are locally recrystallized and have been
poikilitically enclosed by anhedral quartz. The pervasive dé;itrifi—
cation of this lithélogy might suggest that the rock was origimally an
obsidian flow. ’
The ash flow-tuffs of the Mount Saint Anne For;;ticn are character—
istically moderately to densely welded, locally flattened lithic and
crystal-lithic tuffs. Neither pumice-rich nor vitric tuffs have been .
identified in this formation. With this exceptic::d the ash-flow tuffs . ,

are petrographically similar to those of the Barasway Complex,.?gd

— —

therefore, are not described here.

Mafic lithic tuffs are rare and occur only in the eastern exposures

of the formation. The tuffs are rich (up to 50%) in irregular-shaped




Photomicrograph 18: Orb and felsitic texture in sgpher-
ulitic rhyolite of Mount Saint Anne Formation.
(Plane polarized light; bar scale = .6 mm).

Photomicrograph 19: Spherulitic growth in rhyolite
flow of the Mount Saint Anne Formation. (Plane
polarized light; bar scale = .6 mm).
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plagiophyric basalt fragments (< I em in diameter). Highly epidotized

anhedra of albite (and minor andesine) occur as phenocrysts (1-3 mm) and

also as a groundmass phase, where it shows intersertal textures with
altered clinopyroxene. Rhyolitic fragments in rhe tuffs are typicaily
highly sericitized quartz and potash feldspar porphyritic rhyolite,
Fragments of andesitic or dacitic conﬁosition were not recognized in
these tuffs,

The unwelded rhyolite tuffs of the Formation contain subangular to
subrounded lapilli (5 mm - < 1 cm) in highly sericitized, locally
crystal rich‘quartzo—feldspathic, in places tuffaceous, matrix. The
dominant lap;)yi lithology is quartz-orthoclase porphyritic rhyolite
tutf. Densely welded, eutaxitic rhyolite tuff fragments were recognized
in places. These tuffaceous rocks are characteristically sericite and
epidote rich, the former phases often defining a weak foliation in the
more schistose tuffs. )

The sericite schists constitute a minor proportion of the Mount
Saint Anne Formation. The main foliation, defined by cryptocrystalline
aggregates of sgricite, encloses augen of embayed and locally strained

47 quartz crystals in a sericitizéd, loc%lly granoblastically recrystal-

~

lized matrix of plagioclase, potash feldspar and quarcz.

5.3.4 Grand Beach Complex
The volcaniclastic and epiclastic breccias of the Grand Beach Com-
plex consist of a variety of mafic and felsic volcanic and sedimentary

fragments in a fine to medium grained, hematitized and carbonatized,

dominantly quartzofeldspathic clastic matrix. The mafic fragments




Photomicrograph 20: Spherulitic growth in rhyolite
flow of the Mount Saint Anne Formation. (Plane
polarized l1light; bar scale = .75 mm).

Photomicrograph 21: Fan spherulite in devitrified
rhyolite flow of the Mount Saint Anne Formation.
(Plane polarized light; bar scale = .6 mm).
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consist of vesicular, plagiophyric and aphanitic basalts, which are

Apetrographically similar to basaltic flows of the underlying Calmer For-
mation (see Section 5.2.2). The sedimentary fragments in the breccias
are typical of the fine-to medium-grained clastic rocks of the Garnish
Formation (see Section 5.2.1).

These breccias also contain fragments of nonwelded air fall tuffs
and _poorly to moderately welde{d ash flow tuffs.  The nonwelded tuffs

contain crystals of embayed quartz, hematitized and saussuritized

potash feldspar, perthite and checkered albite in a highly hematitized,

micrc/)cryslt;;alliné to felsitic quartzo-feldspathic ash matrix (P. 22).
The welded tuff fragments contain xenocrysts of similar composition.
Vitroclastic microspherulitic and weak eutaxitic textures are locally
preserved in the matrix of the tuffs.

The air fall tuffs and nonwelded crystal-lithic ash flow tuffs of
the Grand Beach Complex are typified by fine grainmed (< .l mm) highly
hematitized matrix locally displaying felsitic textures. Discontinuous
flow laminae, defined by fine grained microlites of iron oxide, are
recognizable in some of the tuffs. Devitrification features are un-
common in these rocks, &ltrhough irregular, ameboid zones displayin_g.
microspherulitic textures are locally preserved in the matr*x.‘

Quartz and potash feldspar are the most common xenocrystic phases
in the nonwelded tuffs. Quartz is present as euhedral to rounded, in
places highly embayed, xenocrysts ranging in diameter from < 1.‘0 to
6.5 mm (P. 23). Potash feldspar crystals (< 7.0 mm) comprise approxi-
mately 65% of the identifiable feldspar phases and are often completely

saussuritized, hematitized and/or carbonatized. The local occurrence of




Photomicrograph 22: Broken crystals of quartz, alkali
feldspar and chequered albite from rhyolite tuff of
the Grand Beach Complex. (Plane polarized light;

bar scale - .75 mm).

Photomicrograph 23: Rounded and embayed quartz crystalin ash
flow tuff of the Grand Beach Complex. Groundmass

highly altered to sericite and hematite. Note lithic
fragment of chloritized basalt. (Plane polarized light;

bar scale = .75 mm).
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chequered albite and perthite reflects the albitization of some of the

feldspars and some degree of Na- metasomatism of these rocks. Albite
locally displays lamellar and Carlsbad twinning.

Mafic volcanic rocks occur as borh altered and unaltered lithic
inclusions within the tuffaceous rocks. Most of the fragments are
between 0.5 mm and 5 cm in diameter, however, fragments up to 30 cm in
diameter have l;een recognized.

The larger lithic fragments are locally rimmed by fluorite and
barite aggregates. The basalts are aphanitic, 1nlplaces microvesicular
and rarely contain plaglioclase phenocrysts. Albite, chlorite and opaque
oxides occur in intergranular to partially fluidized matrices.

The quartz-rich crystal tuffs of the Complex contain-up to 407
euhedral, rounded and highly corroded ‘quartz phenocrysts and xenocrysts
which range in diameter from < .| mm to ~ 6.0 mm in diameter. Sausur-
itized and hematitized potash feldspar occurs as small (1.0-3.5 mm)
subhedral crystals, locally with microcline twinning. " The feldspars
display perthitic texture in places. Lamellar-twinned albite locally
constitutes approximately 10% of the rock. The groundmass is a micro-
crystalline aggregate of quartz, potash feldspar and minor plagioclase
which 1s locally coarsened due t;) recrystallization. Felsitic textures
are rarely preserved.

Felsic lapilli are common in the nonwelded to slightly welded ash
flow tuffs and consist mainly of irregularly shaped fragments of re-
crystallized quartz-potash feldspar porphyritic rhyolite and devitrified,

spherulitic rhyolite tuffs. The maximum dimension of the lapilli vary

from 1.0 to 10.0 mm, however, isclated fragments up to 6.0 cm are
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present in places. The lapillvi are locally stretched with length:width

ratios approaching 7:1. The lack of welding textures preserved in these
rocks suggest that these stretched lapilli may be the result of syn- to
post—depositional flowage rather than flattening and/or welding
associated with the deposition of hot ash flows.. Eutaxitic textures
were not recognized in these rocks. A poorly developed flow alignment,
defined by coarsening of the quartzo—féldspathic matrix is locally pre-
served in the more crystal-rich tuffaceous beds. Pumice lapilli in
these rocks show little evidence of flattening. The pumice encloses
quartz and potash feldspar crystals and locally displays granophyric
patches (P. 24).

The lithic tuffs contain felsic lapilli (< 40% of the rock) which
are petrographically similar to the groundmass, with the exception of
being coarser grained (< 0.1-1.5 mm). Quartz, hematitized potash
feldspar and plagioclase are the only phenocryst phases present.

The densely welded tuffs of the Complex display vitroclastic tex-
tures 1in a groundmass which is commonly intensely altered and coated
with a fine, pervasive, hematite dust. Shards and pumice fragments are
recognizable in places and display moderate degrees of flattening.
De’vitriflcation features are not widespread in the welded tuffs, but
microspherulitic textures are locally preserved. Poorly developed
axiolitic texture is present in one specimen of welded tuff.

Rhyolite flows are of restricted areal extent in the Grand Beach
Complex. The flows are typically devitrified and locally show recrystal-
l1ization of the fine grained cryptocrystalline, often felsitic ground-
msss. Euhedral to embayed quartz, hematitized oligoclase and minor

M~
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Photomicrograph 24: Unflattened pumice fragment with
granophyric patches and feldspar phenocrysts. Note
reaction with iron stained matrix. Ash tuff of the
Grand Beach Complex. (Plane polarized light; bar
scale = .6 mm).
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albite are typical phenocryst phases. The upper parts of the
rhyolite unit display poorly developed vitroclastic textures. Both
flattened.and unflattened glass shards are preserved at this level of
the unit, locally forming axfolitic textures. The vitroclastic fel-

sites grade upwards (over 0.1 m) into moderately-welded tuffs which

are petrographically identical to those described above.
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6. STRUCTURAL AND METAMORPHIC HISTORY

6.1 Introduction

The structural pattern of the Marystown Group is dominated by the
northeast trend of most units which has been affected by later flexur-
ing from northeast to east-west. Present structural features are 1n—.'
terpreted to be the result of an orogenic event which post-dates the ’

deposition of Cambrian rocks and pre-dates the‘ntrusion of the middle

'Carboniferous St. Lawrence Granite. The main period of deformation re-

" sulted in a regional northwest-southeast shortening accompanied by the

formation of upright to overturned folds with associated northeast—
striking axial planar follations. Continued compressio;l resulted in
the development j} high angle, northwest -  dipping thrust faults.
The most prominent structural features are broad, open to moder-
ately tight, dominantly northeast-plunging anticlines and synclines
with associated vertical to steeply west~dipping axial planar folia—
tions. Two Bets of faults can bé recognized in the area. North-
east.trending thrust and minor normal faults are related to the main
perlod of folding.. North-south and northwest trending faults post-
date thege structures. Late strain-slip foliations may be related to

this later period of faulting.
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6.2 Structures Related To The Main Deformation Period

6.2.1 Regional Foliatisn

The fegional foliation of the Marystown Group varies in intensity
from a wide to closely spaced fracture cleavage to a penetrative
foliation. It is related to both the folding and faulting resulting
from the main deformational event.

The foliation is axial planar to upright and westward-ovefturned
fold structures (e.g. Beacon Hill Anticline, Tilt Hills Syncline).
Recognizable folds are uncommon in areas of relatively intense defor-
mation. In such areas, a penetrative schistosity, commonly defined by
quartz and sericite, can‘be demonstrated to be axial planar to locally
preserved, tight isoclinal folds. The regional foliation is coplanar
with respect to primary orientations in the volcanic and sedimentary
rocks. ‘

The variation in the intensity of the regional foliation is a
function of several factors. Lithological control of foliation inten-
sity is well displayed in the interbedded felsic tuffaceous rocks and
rhyolite flows of the Taylor's Bay Formation (e.g. in the area north
of Roundabout and in the immediate vicinity of Taylor's Bay). No
tectonic fabric 18 developed within the more resistant rhyolites, how-
ever structurally concordant rhyolitic lithic tuffs preserve a pene-
trative sericitic schistosity (Plate 6:1).

Northeast-striking zones of relatively intense vertical to west-

dipping schistosity which die out rapidly across strike are developed




in the Marystown Group (Plate 6:2). These schistose zones are inter-
preted to reflect the presence of thrust faults within ;he sequence
(Strong et al., 1978 b), but in ﬁany areas no recognizable strati-
graphic marker horizons are available to document the existence of
such faults. One area in which this relationship can be demonstrated
is immediately south of Salmonier Hill, where the intensity of the
schistosity in the Taylor's Bay Formation increases southwestwards

towards its thrusted contact with the Eocambrian sedimentary outlier in

»
that area.

¢
The intensity of the regional foliation i1s, in part, related to
stratigraphic level. Rocks of the Taylor's Bay Formaticn are generally
more pervasively deformed than the overlying Calmer and Garnish For-

mations. The stratigraphic'units which overlie the Garnish Formation

rarely display any regional penetrative foliation. Most of t;e frac-

ture cleavages in the Hare Hills Tuff are related to northeast-trending f;ults
jn this westward-dipping monoclinal sequence. The Grand Beach Complex

is essentially undeformed. Schistosities are cnly locally developed,

and are related to the northwest-trending faults near Grouse Point.
Deformation in the Barasway Complex is variable, but appears to be

mostly lithelogically %ontrolled.

In general, there is an increase Iin deformation from northwest to

southeast throughout the map area; a feature which predates the regional

flexuring of the area. No clearly systematic variation is evident,

this being the result of a combination of the factors governing inten-

sity of deformation listed above. That part of the peninsula underlain
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Plate 6:1 Foliated lithic tuff breccia of the Taylor's
Bay Formation in the Beacon Hill Anticline.

Plate 6:2 Schistose zone in rhyolitic Mount Saint
Anne Formation near Lawn.
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by the Hare Hills Tuff, Grand Beach Complex, the eastern exposures of !

the Barasway Complex and the exposures of the Garnish and Calmer For-
mations west of the Beacon Hill Anticline form a flat lying to weat-

dipping monoclinal sequence (Plates 6:3 and 6:4). Penetrative
foliations are very rarely developad. A coarse fracture cleavage 1s

4 .

the major tectonic fabric preserved in these rocks. A series of north-
east -striking open to tight anticlines and synclines characterizes the
central part of the peninsula which is undgrlain by the Taylor'ﬁ Bay
and Calmer Formations. The eastérn part of the peninsu%a has a struc- .
tural pattern characterized by rtight, locally overturned anticlines and
synclines. Normal and high angle reverse faults are characteristic of’
this part of the belt. This northwest to southeast increase in defor-
mation with proximity to the bo;ndary between the MarystPHn Group and
the Rock Harbour - Burin Group terrain 1s recognizable throughout the

Burin Peninsula (O'Brien, 1978; O'Brien and Taylor, 1979; 0'Driscoll

and Hussey, 1977). . -

6.2.2 Folds

The major folds in the area are broad, open synclines and anti-

. clines with wavelengths in the order of 1-4 kilometers. The upright

folds have assoclated vertical axial planar foliations. The folds are
locally overturned to the east and have steep to moderately west dipping
axial planes and axial planar cleavages. Locally, the western, over-

turned limbs of the smaller folds have been truncated by thrusts.
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Plate 6:3 Gently dipping sediments of, the Garnish
Formation south of L'Anse a@u Loup.

Plate 6:4 Flat lying basalts of the Calmer Formation.
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This feature is present in both the Precambrian and Cambrian gequences

on the peninsula (Taylor, 1976; Strong et al., 1978 a,bX¥.

Locally preserved bedﬂing—cleafage relationships and the regional
outcrop distribution of the stratigraphic units suggest that the -
larger scale folds (e.g. Beacon Hill Anticline, Tilt Hills Syncline)
in the central parts of the area plunge moderately to the northeast.
The two anticlines‘in the southwestern part of the area (near Flag-

staff Point)?plunge to the southwest. Doubly plunging folds, such as

3

those described by Bradley (1962) have not been recognized in this
area. C

Small-scale folds in the volcapic rocks of the Marystown Group
are rare. This rarity may be more apparent than real, due to limited
exposure and lack of lithologically unique marker horizons which can
be traced across fold axes. Also, the rapid facies variations which
occur along strike (e.g. in the Grand Béagh, Hare Hills and Barasway
Complexes) prevent correlation of lithologically heterogeneous strati- -
graphic units across fold hinges (see Chapter 3). |

Isoclinal folds are uncommon in the area, and have only been

- recognized in the Taylor's Bay and Mount Saint Anne Formation adjacent

to the Lawn Bay Fault (section 6.2.3). These structures are both up-
right and overturned to the east. A penetrative. schistosity, locally

AN
coplanar with primary layering features, 1is axial planar to these folds.

-

Open folds, with shallow dipping limbs, are present in the north |

central part of the 'prea. The largest of these is a syncline near Fox

Hummocks. The baSj/pf this structure is underlain by rhyolite flows of

:
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the Barasway Complex. The limbs are underlain by mafic tuffaceous

rocks of the Calmer Formation.

The Kennedy Hill Anticline is cut by a high angle reverse fault

which roughly parallels the fold axis. The axes of many of the larger

scale folds (Beacon Hill Anticline, Salmonier River Syncline) have been

/ offset by north-south trending faults.

6.2.3 Faults

Faulting has played a major role in determining the present dis-
tribution of stratigraphic units on the southern Burin Peninsula.
Four main types of faults are present >:l.n the area. Northeast to east-
+west trending high angle reverse and thrust faults are the most prom-
inent features. Vertical to steep northwest dipping normal faults are
developed only locally. North-south faults of unknown dip show a com-
ponent of strike-slip movement. Northwést—trending faults, in places
represented by shear zoneg, ate.present in the northern part of the

area.

The northeast-to east-trending normal and reverse faults are re-—
lated to the main peLriod of ‘fvolding, particularly in the development of
the eastward overturned folds. The northwest and north-south trending

faults truncate the folds and faults formed during the main period of

deformation/(see section 6.3.1).
The most prominent structural feature in the map area ie the

Lewins Cove Thrust Fault (Strongget al., 1975) (Plate 6:5). It defines
et al €. . :

the eastern and southern extent of the Marystown Q1'6up anbc»l displaces it
; . (Y

A\
\

\
N
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. southeastwards upon Cambrian rocks of the Inlet Group. 1In the area ‘
. east of the St. Lawrence Grapite, the fault strikes north to northeast b
and dips approximately 45° to the west. Westward dipping schistosities

are locally developed adjacent to the fault. Stretching lineation, ‘

parallel to the direction of thrusting, 1is developed in rhyolite tuffs
of the Mount Saint Anne Formatiom adjacent to the fault.
The fault“pﬁne is not exposed in the area between Mount Saint

. Anne and Black Hill, however, the presence of the Fault 1g the most
reasonable explanation of the Marystown Group - Inlet Group contact
relations seen in that area (Strong et al., 1978b). Indirect evidence
for the existence of the Fault in this area may be present in the
southward facing isoclinal folds in the Inlet Group on Ryan's Hill.
These structures are preserved immediately south of the contact with
the Marystown Group. The east-west trend of the fault appears to be the re-
sult of a shallowing of the thrust plane and later regional flexuring.

The latter is indicated by the east-west trend of the basaltic units

f of the Taylor's Bay Formation which parallels the fault in this area.

Several other northeast-trending thrust faults are present in the
area, At Pump Cove, on the socuthern coast of the peninsula, inter-
bedded red sandstones (possible equivalents of the Bay\ View Formation -
section 2.3.4) and maroon lithic and cr.ystal tuffs of the Mount Saint
Anne Fortl;;ation are thrust over red and green sandstones, shales and

orthoquartzites of the Inlet Group. The thrust plane is marked by a

1R AWy W e A

30 cm wide zone of shearing and minor brecciation which strikes north—

o
.

east and dips to the nmorthwest at 45° (Plate 6:6). A schistosity of

i
!
|




Plate 6:5 The Lewins Cove Thrust Fault at Lewins Cove;
light colored volcanic rocks of the Marystown
Group structurally overlying stratigraphically
higher sediments of the Cambrian Inlet Group.

Plate 6:6:

Zone of shearing and brec-
ciation marking the Pump
Cove Thrust Fault.
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similar orientation is locally developed adjacent to the thrust fault.
Anticlines and synclines (wavelength ~ 10 m) which are present in the
volcanic rocks adjacent to the thrust are overturned to the southeast

(Plate 6:7). »

Volcanic rocks of the Taylor's Bs:ay Formation are in fault contact
with red clastic sedimentary rocks of the Eocambrian Admiral's Cove
Formation in the central part of the map grea south of Salmonier Hill.
The contact 1s marked by shearing in the volcanic rocks and southeast-
ward overturning of folds in the adjacent Eocambrian strata. S

Normal and reverse faults are present in the Marystown Group
immediately northwest of the Lewins Cove and Pump Cove Thrust Faults.
The contact between the Taylor's Bay and Mount Saint Anne Formations is
unexposed and is marked by a topographic lineament along which schis-
tosities in the Taylor's Bay Formation are preferentially developed.
The stratigraphic positicn of these formations (sections 4.2 and 4.7)
suggests that the fault hag a high angle reverse sense ‘of movement.
Locally preserved beqding—cleavage intersections suggest the presence
of tight folds within the volcanic rocks east and west of the fault

trace.

The topographic lineaments and sp'atially associated zones of

- e

strong schistosity in the Mount Saint Anne Formation and westernmost
. exposures of the Taylor's Bay Formation (e.g. west of Lawn Bay) may re-

flect the existence of bedding plane thrusts which repeat sections of

. ey e

the stratigraphy in that area. A similar style of faulting has been '

documented within equivalents of the Taylor's Bay Formation in the
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central parts of the Burin Peninsulé (0O'Brien and Taylor, 1979).

A series of vertical to steeply dipping faults, locally with a
reverse sense of movement, are exposed on the west side of Lawn Bay
(Plate 6:8). The largest of these parallels the coast of the bay and
is ﬁnarked by a zone of intense brecciation and localized shearing.
The main foliation along the .fault is8 locally overprinted by 1 m wide,
vertical shear zones (see section 6.3.2). This fault forms a struc-

tural weakness, along which a series of post-tect‘oni% composite dykes
‘ .
is dintruded (O'Brien et al., 1977). .

6.3 Later Structures ‘.

1
-

Structures which post~date faulting, folding and the development

of the regional foliation during the main deformational event are

locally developed in the study area.

6.3.1 Faults*

North-south faulting is evidenced by the offset of lithologic and
stratigraphic units of the Marystown Group. The fault planes are not
exposed but the fault .traces are defined by strong geophysical and
topographic expression (Figure 6:1). No cleavage or schistosity is
associated with the faulting. Most of the north-south stxiuctures
occur in the western part of the area where they offset the axis of the

Beacon Hill Anticline and the synclinal and anticlinal axes in the area

.north and south of Salmonier Hill. The faults appear to have components

of both strike-slip and dip-slip movement.




Plates 6:7 + 6:8 Folding adjacent to the Pump Cove
Thrust Fault.
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Northwest-striking faults crosscut earlier structures produced
)
during the main deformational event. These features are locally
agsociated with coplanar schistosities. In places, the faults display
some component of transcurrent movement.

A northwest-trending fault, immediately north of Great Lawn Har-
bour,displaces the Lewins Cove 'I‘hrusf'. Fault and alx;o defines the wes-
tern limit of Eocambrfan rocks in that area. Primary and tectonic
foliations in the Marystown Group are truncated by this fault.

A major northwest-trending lineament defines the contact of the
Barasway and Calmer Formations north of Garnish River. The lineament
corresponds with a break in both the aeromagnetic and gravity patterns

in this area. Reglonal geochemical frends established by lake sediment

geochemistry (Davenport and Butler, 1978) parallel this gt ructural

break (pers. comm., P.H. Davenport). This northwest lineament parallels
: :

faults of a similar trend recognized .immediately north of the present
study area (O'Brien and Taylor, 1979) and is interpreted to reflect a
similar structure. ’

Narrow (£ 30 cm) northwest-trending shear zones cut the Grand
Beach Complex in the vicinity of'Grouse Point.. The shearing appears
related to a northwest-trending fault which has been outlined by recent
diamond drilling and geophysical surveys in that area (pers. comm.,

BritishJPetroleum Minerals staff). Lack of exposure prohibits the

recognition of the surface extension of this feature.
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6€.3.2 Shear Zones
Late shear zones, which strike nqrthwesé and northeast are locally ) L
developed on the southern Burin Peninsula. These features are less

than 30 cm wide and related to the formation of northwest-trending

faults and the reactivation of the northeast-trending ones.

The shear zones near Grouse Point (section 6.3.1) are the best
example of the northwest-trending structures preserved in the area.
Wider and more extensive shear zones of similar orientations have been
documented §n the central Burin Peninsula (0O'Brien, 1978) where_they,
are interpreted to be related to the regional flexuring of the penin-
sula (section 6.3.4) (O'Brien and Taylor, 1979).

The major fault which parallels the west side of La;n Bay is
locally deformed by narrow (10-20 cm) shear.zones which locally over-
print the cataclastic foliation associated witﬂ the faulting. The late
shear zones generally form at an angle of 45° {(or less) to the fain
foliation. They are parallei to the main foliétion in plan but cross—
cut 1t in section. This shearing is interpreted to represent reactiva-

tion of the fault zome.

6.3.3 Crenulation Cleavage
A locally developed crenulation cleavage post-dates the formation
of the regional foliatigon. This feature is recognizable only in the

westernmost exposures of the Taylor's Bay Formation. North-northeast

trending kink hands are the result of complete transposition of the !

earlier foliation.
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Plate 6:9:

Vertical fault juxta-
posing basalts of the
Calmer Formation and
rhyolite tuffs of the
Mount Saint Anne For-
mation, near Roundabout.

.,

Plate 6:10 Kink bands in sericite schists near Lawn.
(Mount Saint Anne Formation).
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This late strainm slip foliation is well developed in equivalents
of the Taylor's Bay Formation in the central Burin Peninsula where it
forms a well developed, closely spaced cleavage, axial planar to ver-

tical, second phase folds.

6.3.4 Regional Flexuring . >

Tﬁé\nain structural gra«n of the Marystown Group ;s northeast-
trending in the western and eastern parts of the study area but is
east-west in the centre of the peninsula, near the St. Lawrence Granite.

This flexuring is a regional feature which post-dates the deposi-
tion of Cambrian rocks and pre-dates the intruston of the Carboniferous
St. Lawrence Grgnite. The late stage structures described above may be
related to this feature. The régional significance of this feature is

discussed below (see section 6.5).

6.4 Metamorphism

Metamorphic facies within the Marystown Group vary from prehnite-
pumpellyite to lower greenschist facles. The metamorphic grade is re-
lated to intensity of deformation and is in part a function of the
stratigraphic level within the sequence. The metamorphic mineral
assemblages are also related td original rock compositions.

The mafic volcanic rocks of the Taylor's Bay Formation are char-
acteristically metamorphosed under greensgtiist facies conditions. A

lower greenschist facies mineral assemblage of chlorite, epidote,

albite, ralcite actinolite and opaque oxides is typical of these rocks (see
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section 5.1).

Basaltic rocks of the Calmer Formation have been metamorphosed under
prehni}e—pumpellyite and léwer greenachist facies conditions. The
basaltic flows at Calmer and Famine Back Cove locally contain prehnite
and pumpellyite as amygdule-filling phases. Loqglized zones of

shearing and epidotization have a lower greenschist facies mineralogy

" similar to the Taylor's Bay Formation basalts.

The basaltic flews north of Lamaline have a metamorphic assemblage
of chlorite, albite, hematite and gpidote with minor calcite and sphene.
The presence of prehnite in several sections from this area suggest that
these rocks were metamorphosed under prehnite-pumpellyite facies con-
ditions. Baslats of the Calmer Formation from the Three Hummocks area
contéln prehnite, epidote, calcite ahd hematite.

Most of the felsic volcanic rocks of the Taylor's Bay Formarion
display a typical'lower reenschigt facies metamorphic assemblage of
sericite, quartz and epidiote. The felsic volcanic rocks of the various
units which overlie the (almer Formation are only locally metamorphosed
to lower greenschist fac#es. The ash-flow tuffs and rhyolites of the

Hare Hills Tuff, Grand B#ach Complex and parts of the Barasway Complex

contain only minor sericpte and calcite. Epidote is locally present
but not as extensively developed as in the Taylor's Bay Formation.

. ! ]
Piemontite was recognized only 1in rhyolites of the Hare Hills Tuff.

Schistose zones within these units (e.g. northwest shear zones in the

Grand Beach Complex) display a typical lower greenschist facies miner-

alogy of quartz and sericite. .
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Extensive hornfelies are developed in the Taylor's Bay and Calmer
Formations adjacent to the St. Lawrence Granite. They have been‘des—
cribed in some detail by Evans (1978). e

In the northwest parts of the contact aureole, near Strouds Pond,
silicic volcanic rocks have undergone intense pyrophyllitization accom-
panied by the development of andalusite, dumortierite, quart% and
sericite.

The basalt and mafic tuff units have been metamorphoséd into a
series of green hornblende hornfelses, with xenoblastic magnetite

crystals up to 2 cm in diameter.

6.5 Summary and Interpretation

The main period of deformation which affected the Marystown Group
resulted in a reglonal northwest-southeast shortening, accompanied by
the formation of upright to overturned folds with associated vertical
to steeply west dipping axial planar foliations. Continued compression
resulted in the development of high-angle reverse and thrust faults.

The main period of deformation resulted in structural features
which are locally common to both Precambrian ané Cambrian rocks within
the map area.

The youngest rocks. in the area to be affected by the regional de-
formation are middle Cambrian in age. The intrusion of the St.

Lawrence Granite (315 + 5 Ma., Bell and Blenkinsop, 1975 ) post-dates

the main period of deformation, therefore the regional deformation

occurred between the middle Cambrian and lower-middle Carboniferous.
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The lack of a more accurate upper time limit for the deformation pre-
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sents difficulties in establishing whether it occurred during the Vir-

gilinian (Glover. and Sinha, 1973), Acadian (Williams et al., 1974) or

4

Taconic (Rodgers, 1972) orogeniés.1

The northeasterly trendsAgf"tﬁe stFucthres and the easterly dire?-
tion of thrusting and fold overturning are similar to Acadian st;uéturés
elsewhere in the Avalon Zone (e.g. Williams, 1971; Rast et al., 1976;.
However, the marked variation in intensity of deformation is reminis-
cent of the early Paleozoic Virgilinian defdormation as described by
Glover and Sinha (1973).

No direct evidence for a regional Precambrian orogenic event (e.g.
Rodgers, 1972) is preserved in-the st;dy area. |

Locally-developed late structural features post-date structures
produced during tgq main period of deformation. The most prominent of
the late structures are north-south and northwest-southeast-trending
faults and the regional flexures of ;he early structures and strati-
graphic units of the Precambrian and Cambrian sequences .

' These flexures are part of a larger‘regionalgflexure of the entire
Burin Peninsula (O'Brien, 1578) which parallels the Hermitage Flexure

of southern and southeastern Newfoundland (Williams et al., 1970). Qn )
the Burin Peninsula, t;e northern recess of the flexu;e i1s the locus of
morthwest-trending shears and faults (0'Brien, 1978; O'Brien and Taylor,
1979) and the salient in the southern part of the flexure is marked by
the intrusicn of the ghrboniferous'St. Lawrence ‘Granite, apparently
along a north-south t;endiég'fault (Strong et al., 1978 b). The latter
suggests that the flexurigg and assoclated fault%ng may be either a late
l ¢ sericite échists ffom this region have been dated, with ages between

382 + 5 and 391 % 10 MA (D. Dallmeyer, pers. comm., 1979) suggesting
the deformation was Acadian.

~
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Acadian of possibly early Hercynian feature. Other evidence wit!\in the
map area (e.g. parallel fllexuring of Precamb:l':lan and Cambrian atrata)
suggest this flexure is post-Cambrian in age. v

Brown and Coiman—Sadd (1976), considered the Hermitage Flexure to
be an original feature of the rocks west of the Avalon Zone. Ti’ley" suggest
that the original shape of the continental margin may have affected the

initial stresses caused by the juxtaposition of the Cander and Avalon

]

Zones., J— .

The sigmoidal curvat:{e‘ in the trend of the Paleozoic folds (and
related axi;l 1>.1§nar folik:tions) has thé form of a ductilhe shearx. zone
similar to smaller scale ductile\-\dhears described by Ramgay and "Graham.
(1970). 'Similar large scale flexures related to Paleozoic shear zones in
Australia have been reported by Coward. (197¢). He showed that a
regional pattern of folds on northeast-southwest axial planes was modi-
fiedby a sinistral shear couple parallel to the trend of the fold iso-
chrons, 1i.e. axial planar to the flexure,

Such.a model of simple shear could be apialie;i to the "Burin
Flexure". The sinistral shear couple related to the flexuring may re-

sult in the formation of the northwest-southeast trending faults and
shear zones wvhich are common in the recesses of the flexure. T'his
oimple shear mechanism is also suggested by the variations in :_lntensity
of deformation. Areas where the reglonal foliation has been flexured
frow 1ts original northeast orientation are marked by an increase in

intensity of deformation (e.g. 0'Brien, 1978). Similar features in the

South Australian flexures have been related to structures in the under-

lying basement (Covaz;d, 1976) .
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7. GEOCHEMISTRY

7.1 Introduction

Geochemical studies of the Marystown Group were carried out primar-
ily to supplement the petrologic and stratigraphic observations discus-
sed in the previous chapters and to help understand the magmatic affin-
ities and possibly the general éectonic setting of the volcanic rocks of
the sout_hwesten; Avalon Zone. 1In depth discussions concerning the pat-
terns of elemental distribution in these rocks and the detailed petro-
genesis of the Marystown Group volcanics are beyond the scope of this
study and are, therefore, only discussed briefly in this chapter.

The 127 whole rock geochemical analyses are presented in Appendix 1

and include determinations of both major oxides (Fe203, Ij.02 P sio

25 5105,

Ca0, K O, Mg0, Al FeO, NaZO, Mno, HZO) and selected trace elements,

o_,
2 23
including Zr, Sr, Rb, Zn, Cu, Ba, Nb, Pb, Ni, Cr 'and Y. TIncluded in

this total are supplementary analytical data for 18 volcanic rocks of

the Marystown Group which have been taken from Taylor (1976) and Strong

et al. (1979). C.1.P.W. norms for the analysed samples are listed in

Appendix 2.
Analytical methods, along with precision and accuracy data for the

major and trace element analyses are presented in Appendices 3 & 4.

7.2 Sampling
Specimens for chemical analysig were collected with the aim of *
obtaining as representative a sampling as possible for the various

stratigraphic units of the Marystown Group.' However, such a distribution

of sampling. was hampered by several factors. Efforts were made to
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avoid sampling any volcanic rocks which showed obvious macroscopic
evidence of metamorphic alteration. Further sgreening of specimens for
substantial alteration was done during petrographic study of these’
rocks carried out prior to analyses. Nevertheless, most analysed rocks
have been altered to some degree. The pyroclastic nature of many of the
volcanic rocks of the Marystown Group also influenced the sampling dis—
tribution., Because ash ’flow tuffs represent mechanical fractionates of
a parental magma source, many authors (e.g, Lipman, 1967, Spark et al.,
1973, etc.) suggest that the chemical composition of ash flow tuffs
often does not provide an accurate estimate of the chemical composition
of the parent magma. For this reason, care was taken to avoid sampling
- any heterolithologic tuffs or tuff breccias. The majc;rity of the sam—
ples collected for analysis are from maseive basaltic and intermediate
flows, flow-banded, autobrecciated and massive silicic flows and densely
welded plagiophyric vitric tuffs. Specimens of the latter lithology
were selected only vhere included lithic fragments represented less than
1% of the entire rock.

- Despite the difficulties involved in attaining an ideal sampling,
all units are represented with the following sample distribution:
Tayl.or's Bay Formation: 17; Calmer Formation: 42; Hare Hills Formation:

5; Barasway Complex: 11; Mount Saint Anne Formation: 12 (including 6

samples from Taylor, 1976); Grand Beach Complex: 30 (including 12 sam-

ples from Strong et al., 1979). sgsample locations are plotted on the

geological map (in pocket).
Y
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7.3 Alteration

Most of the volcanic rocks of the Marystown Group have been sub-
jected to metamorphism under prehnite-pumpellyite to greenschist faciles
conditions and have undergone varying degrees of chemical alteration.

This metamorphic alteration, combined with chemical changes related to

deuteric and syndepositional altération may lead to difficulties in in-
terpreting many of the primary chemical features of a; volcanic terrain.

The chemical effects of sub seafloor metamorphism (Cann, 1969; Spooner

and Fyfe, 19733 and burial metamorphism (Jolly and Smith, 1972: Wood !
et al., 1976) vary, but most authors consider that the composition of
the metamorphic fluids is the main factor affecting the original chem—
istry of these rocks (Vallance, 1969, 1974; Smith, 1968; Hart et al.,
1974; Kerrich et al., 1977). Metamorphism can produce variable meta-
somatic effects in many of the major and trace elements, par;icularly
Na, K, Ca, Ba, Rb and Sr which locally display up to 50% variation in
concentration.

The petrology of the Marystown Group volcanic rocks clearly 1indi-
cates that some of the major elements have migrated during either syn-
genetic or metamorphic alteration. Alteration of plagioclase to albice,
sericite, zoisite and calcite is widespread in the volcanic rocks
(more so those metamorphosed under greenschist facies conditions) sug-
gesting mobility of Ca0 and,the alkalies. Chloritization of plagio-
clase in many of the basaltic rocks reflects leaching of Ca0 and addition
of Mg0. The diffuse albite twinning and the presence of checkefed ‘albite

in the rhyolite flows may be inferpreted as the alteration of alkali

feldspar to albite (cf. Battey, 1955). The widespread occurrence of
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calcite, chlorite and epidote filled amygdules and veins, common in the
Calmer Formation also reflect major element mobility. The localized '
occurrence of chlorite, followed b}; epidote and calcite reflects the
sequentilal breakdown of Fe and ﬁg bearing phases Such as the olivines

(to iddingsite, chlorite and calcite) and clinopyroxenes (to chlorite

and/or epidote) followed by the metamorphic alteration of the calcic
plagioclases to ‘Lsodic plagloclase and chlorite.

The presence of hematite staining, locally in the form of Liesegang
banding,is common in the basaltic rocks. Similar features have been in-
te;preted by Singer and Naurot (1970), to reflect iron mobility associ-
ated with groundwater percolation. The wide range in Fe203/F‘eO ratios )
shown in Figure 7:1 may be in part due to similar processes.

There is a widespread variation in the alkali concentration of the
volcanic rocks of the Marystown Group (see Figures 7:2 and 7:13). This
variation can be relatedl to a variety of factors. Several authors con-
sider that silicic rocks of keratophyric composition are related to ]
metamorphism and associa~ted metasomatism (e.g. Levi, 1969; Malpas, 1971;

Hughes and Malpas, 1971 and Hughes, 1973). Syn-volcanic alkali mobili-—
zation may also result in variation in the alkali elements. Scottb(1971)
and Lofgren (1970) demox}strated that significant alkali exchange occur-
red between silicic glass and an aqueous phase during the cooling and
post—eruptive devitrification of rhyolitic flows. The significance of
the scatter in KZO/NaZO ratios 18 discussed in Section 7.4.£. e

petrogenetic significance of the variation of alkalies in a canic

rock 1is affected by metasomatic processes, although some of the alkali

variation in the Marystown Group may be the result of primary magmatic
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4
variation (see Section 7.4.1.4).

The effect of metamorphic and deuteric alteration on the major and
trace element concentrations of volcanic rocks must be considered when
using geochemical parameters to interpret the chemical variation of a
volcanic field such as the Marystown Group. The significance of stand-
ard geochemical plots which employ the variation of alkalies to illug—
trate trends in magmatic evolution are clearly limited by the f'z'lteration
effects described above. Examples of such diagrams are the AFM diagram
(Wage; and Deer, 1939) and the various alkalies-silica plots (McDonald
and Katsura, 1964; Kuno, 1966: Irvine and Baragar, 1971).

In metamorphosed volcanié terrains, the most slgnificant parameters
of magmatic variation ar..e the e:lements Al, Ti, Zr, Nb and P, which are
considered to be relativél‘y resistant to mobilization under a varier of
metamorphic conditions (Carmichael, 1969; Cann, 1970; Pearce and Cann,
1971, 1973, Hart et al., 1974; Baker and Henage,: 1974). 1Id recent years
a_number of authors have used the distribution and variation of: these
elements in volcanic rocks in differentiating tectonic environments and
&\iistinguishing m.'?gmatic affinities. Some of the more widely used plots
(e.g. Floyd and Winchester, 1975; Winchester and Floyd, 1976, 1977;
Pearce, Gorman and Birkett, 1975) have been adopted for use in Ehis
thesis‘. It should be emphasized, hﬁwever, that such plots should be
used with discretion and not taken as sole and distinct indicators of
tectonic environment. The geochemical characteristics of the Marystown
Croup are used to supplement the field and petroéraphic studies, and are

not intended to stand alone as an independent means of understanding the

geological environment.
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7.4 Geochemical features of the Marystown Group

The major and trace element data are given in Appendix |. Norma-
tive compositions of these rocks kAppendix 2) were calculated‘from ‘
anhydrous analyses with adjusted Fe203/Fe0 ratios. The anhydrous majof

element oxides and trace elements are plotted against SiO2 in Harker

diagrams in order to outlin? elemental distribution througbout Ehe
Ma;ystown Group. Standard AFM and alkali-silica diagrams .are given to
show the magmatic affinities of the Group as.a whole based on major

N element data. A more detailed description of the unique trends, varia-
tions and affinities of the various Formations is glven in Secrions 7.4.1
to 7.4.4. The geochemical fea;ures of the Barasway Complex and the Hare
Hills and Mount Saint Anne Formations display little significant varia-—
tion and are discussed together and compared to the Grand Beach Complex.
The Taylor's Bay and Calmer Formations are geochemically unique and are

therefore discussed:separately. An attempt is made to recognize relicts

of magmatic affinities now obscured by a metamorphic overprint,

7.4.1 ‘

7.4.1.1 Harker dlagrams: major elepent oxides

The variation of the major elements with concentration of 8102
4

shown in Figure 7:3 can be predicted on standard petrologic grounds.

T e

There 1s relatively systematic decrease in T1Q MnO, P O A1203, MgO,

2’ 275"
Ca0 and total Fe decrease with increasing 8102 content while KZO and

. 0 |
NaZO increase proportionallz with SiO2 A1203, MgO, T102, P2 5 Fe203 ;

and Fe0 show little varlation in trends which could be related to alter-

R e

ation. The marked scatter of Loss on Ignition (HZO and COZ) suggests
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at the relatively poorly defined trends shown by the remaining major
sjements are in part related to element mobility during post-eruptive

The variation in major element trends amongst and within

Figure 7.4 shows the variation in concentration of trace elements

with Si0, for the entire Marystoen Group. Cu and Zn display a wide

2
catter in the more mafic and intermediate compositiorf8, but show a
sgative correlation with 5102 in the more siliceous rocks. The decrease

in concentrations of Cr and Ni with increasing SiO, is predictable on

2
grounds of the similar chemical behavious of these trace elements

d Mg and Fe. The wide scatter of the alkalies, particularly in the

ﬁo concentrations of the silicic compositions, is reflected by the con-
derable variation in concentrations of Sr, Ba and Rb in all rock

. Ba and Sr show slight positive trends with progressively greater
tter in the more siliceous rocks, whereas Rb shows a 50% variation in
icentration in all rock types, masking any primary geochemical trénds
lich these rocks might display. Pb displays a close geochemical
relation with SiOZ. Y and Nb and to a lesser extent Zr display a

ted scatter in all rock types. The geochemical behaviour of Zr

d suggest that its variation in concentration reflects some primary
gmatic variation as well as alteration. The behaviour of Y and Nb is

dictable since these elements are not readily accommodated in most

on rock forming minerals and are concentrated in residual
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liquids (Taylor, 1965). Thus, an increase in the concentration of

these elements in residual liquids would be expected. A discussion gnd
comparison of the sigmificant ve "iations in trace element distribution

M in the various formations of the Marystown Group is presented below.

7.4.1.3 5102 vs frequency histograms
Pigure 7:5 shows the frequgncy distribution of SiO2 in the volcanic
rocks of the Marystown Group. From Figure 7:5b it is eyident that the
Marystown Group as a whole contains a continuum of compositions ranging
fro; 447 to 80% SiO2 with the greatest concentrations of samples in the
. (1) 46-567 SiOZ, (2) 70-74% SiO2 and (3) 7é—BOZ 5102. Inspection of the,
data in Appendix | shows that these peaks represent the (1) Calmer For-
mation,'(Z) t?e Hare Hills.and Mount Saint Anne Formatidns and the
Barasway Complex and (3) the Grand Beach Complex. Figure 7:5¢ shows
that these units form a distinctly bimodal sequence with a progounced

¢
gap in Si0, values from 60 to 667 SiOz.- Figure 7:SaJc1ear1y indicates

2

the contrast of these uni&s with the underlying Taylor's B;y Formation
which contains a significant'number of analyses in the 60 to 66% SiO2
range; ho&ever Lhe low sample slze restricts its solely statistical value.

Martin and Piwinski (1972) concluded that bimodal volcanic spites
are characteristic of tensional tectonic environments. The nature of
the volcanic rocks of the‘Marystown Group supports this conclusion.
Thé continuum of compositions of tﬁe aylor's Bay Forma;ion is -predict-:
able from the petrographic studi;; (see Section 5.1.3). A distinction

between the Taylor's Bay Formation afid the rest of the Marystown Group

is also suggested in several of the discrimination diagrams discussed

below.

b
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7.4.1.4 AFM and Alkalies vs 810, Diagrams

-,
_The AFM diagram (Wager and Deer, 1939) and the alkalies-silica plot ~

.
s i

(MacDonale and Katsura, 1964; Kuno, 1966; vaine and Baragar, 1971) were

designed to use the variation in the alkalies along with total FeO and

.
] e

‘Mg0 to graphically illustrate geochemical trends in magmatic evolution. o~

The mobility of alkalies during post-depositional alteration discussed

in Section 7.3 is evident from scatter of these eliments on the Harker
diagrams and also on the alkalies-silica diagrams.

On the alkalies-silica diagram (Figure 7:6), the mafic rocks of the
Marystown é}oup plot in both the alkaline and subalkaline fields of
MacDonale (1968) and Irvine and Baragar (1971) and in t?e_calc-alkaline
and alkaline fields of Kuno (1966) . It ékbuld be noted thaﬁ approxi-
mately 80% of tﬁe mafic to intermediate rocﬁs of the Taylor's Bay For-
mation lie wifhin the subalkaline fleld whereas approximately 707 of

the remaining Marystown Group basalts (Calmer Formation) plot in the

~alkaline field. Obviously, ' the effect of alkali mobility should be con-

sidered in interpreting such a distribution. Nevertheless, this partial
distinction is congistentvoh many of the immobile elament discrimination
diagrams shown below. »

The distribution of the Ma;ystéwn GFoup volcanic rocks on the AFM
diagram of Wager and Deer (1939), is shown in Figure 7:7. The field of
typica; alkaiiée suites (Irvine and Baragar, 1971) 1s superimposed on
Figure 7:7. The alkaline affinities of the Marystown Group as a whole

are evident from this diagram. The slight iron enrichment in several

of the Calmer Formation Basalts reflects the presence of secondary mag-

netite in these rocks. The difference between the Taylor's Bay Forma-
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_ FIGURE 7:6 Total alkalies vs. §i0, for mafic rocks of the Marystown Group
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FIGURE 7:7 AFM diagram for the Marystown Group. Solid line :calc-
alkaline tholeiitic dividing 1ine of Irvine & Baragar
1971; dashed line trend of Solomon Is. and Bougainville
Is. calc-alkaline suites; dotted line = field of typical
alkaline suites from Irvine & Baragar, 1971 . Symbols as
in Figure 7:2 .
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tion and the overlying formations is aléo reflected in this figure.
[)

-

'7.4.1.5 TiO, : K0 :
7.4.1.5 T 02 K2 P205 Diagram

Aé pointed out by Stromng et al., 1978 a, most of the basaltic rocks
—_— . .

J . .
of the Marystown Group (= 95% fall within the continental basalt field
of the 'r1c12:1<20:1>205 diagram of Pearce et al. (1975) (Figure 7:8).
Tt¥%ese chemical affinities are predictable from the subaerial nature of

these rocks.

7.4.2 Taylor'g Bay Formation y
As evidengsd from the Harker diagramé (Figure; 7:3 and 7:4) and
'frqugncf vs 5102 histograms (Figure 7:5), the Taylor's Bay Formation
{
forms a cohtimﬁum of compositions from basic to acidig, namely basalt
through andesite and dacite-rhyolite. The presence of djcite, quartz
andesite and andesite flows in the Taylor'srBay Form: tioﬁ (see Section

5.1) is reflected by this observed chemical feature. The avera%e

analyses of rocks of thé'?aylor!s Bay Formacipn compare favourably with

.

rocks from ensialic orcgenic terrains (Table 7:1).

el




P20s

FIGURE 7:8 T1'02-K20-P205 plot of mafic rocks of the Marystown Group.
Oceanic-continental dividing 1line from Pearce et al. (1975).
Symbols as in Figure 7:2 . '



TABLE 7:1 AVERAGE ANALYSES (MAJOR ELEMENTS)

a

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
53.8 49.15 60.00 69.98 73.23 47.10 45.40 74.22 47.60 76.20 71.87 74.42 73.40 72.98 60.17
2.0 1.52 1.04 0.36 0.24 2.20 3.0 0.28 1.28 0.10 0.53 0.45 0.21 0.29 0.93
13.9 17.73 16.00 15.21 164.03 }5.70 14.7 13.27 16.46 12.19 13.43 13.30 14.10 13.13 15.70
9.3 7.20 6.20 1.90 1.70 7.80 9.2 0.92 3.95 0.65 0.88 0.29 0.39 0.0 3.23
2.6 2.76 1.86 1.08 0.60 3.40 4.1 0.88 8.48 0.48 1.22 1.91 1.47 1.72 2.48
0.2 0.14 .0.16 0.04 0.02 0.16 0.2 0.05 0.21 0.03 0.08 0.07 0.08 0.22 0.18
4.1 6.91 3.90 0.91 0.35 7.10 7.8 0.28 6.31 0.29 0.48 0.40 0.50 0.41 2.73
9 9.91 5.87 2.70 1.32 10.10 10.5 1.59 7.14 0.21 1.33 0.72 1.07 1.60 4.79
3.0 2.88 3.85 4.47 3.94 3.30 3.0 4.24 3.18 3.57 4.21 5.06 4.06 3.27 4.36
1.5 0.72 0.87 3.01 4.08 1.50 1.0 3.18 0.93 4.87 3.66 2.70 4.02 2.60 2.02

0.4 0.26 0.23 0.10 0.05 0.47 0.4 0.05 0.32 0.88 0.03 0.08 0.05 0.08 0.28

Irvine and Baragar, 1971: 1 = olivine tholeiite; 2 = tholeiite; 3= high-Al basalt; 4~ andesite; 5 = dacite;
ite; 7 - average continental alkalic basalt (from Manson, 1967); B = "K-poor" alkali olivine basalt (Irvine
T, 1971); 9 = sub-alkaline rhyolite (Ewart et al., 1968b); 10 = average Calmer Fm. basalt (n = 13);
for Grand Bank Complex (n = 18); 12 = average Hare Hills Fm. rhyolite (n = 3); 13 = average Mt. St. Anne
Thyolite (n = 9); 14 = average Barasway Complex rhyolite (n = 10); 15 = average Taylor's Bay Fm. rhyolite
® average Taylor's Bay Fm. andesite (n = 3); 17 = average Taylor's Bay Fa. dacite (n = 2).

17
69.59
0.45
14 .58
0.10

2.28
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The distribution of the major elements and their variation rela-

tive to SiG:Z content in the Taylor's Bay Formation display predictable

trends, namely a well defined negative corrclation of MgO‘ Ca0, TiOz,

FeO, Pe203 and more scattered negative correlations of MnO, PZOS’ A1203

and HZO witi*ncreasidg $i0_ concentrations. A predictable increase in

2

concentration\.of the alkalies with increasing SiO2

is evident from the
N .

Harker diagrams. &

Compared to the overlying stratigraphic units of the Marystown

Group, the Taylor's Bay Formation contains a substantial proportion of
y propory,

rocks of intermediate ‘.51’02 compositions. Basalts of the Taylor's Bay

Formation are characteristically lower in average concentrations of MnO,
PZOS and TiO2 than the overlying units. If any other characteristic
variations are present they are partially masked by a high degree of L
scattering of the major elements. Also the sampling distribution of
basaltic rocks inhibits a more meaningful comparison as only 3 basaltic
flows from the Taylor's Bay Formation were considered unaltered enough
for geochemical analysis. "

The variation of trace element concentrations with increasing 3102
in the Taylor's Bay Farmation is, for the most part, similar to that of
the Marystown Group as a whole (Section 7.4.1.2) and deserve no further

discussion. A comparison of the trace element concentrations of these

rocks with the other formations of the Marystown Group 1s given below.

SiO2 Histograms

The frequency vs Si0, histograms (Figure 7:5) clearly indicate the

2

relatively continuous variation in SiOz values for the basaltic to
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rhyolitic volcanic rocks of the Taylor's Bay Formation. The range in

SiO2 values from 46% to 78% SiO2 is unique in the Taylor's Bay Formationm,

as the overlying units of the M_ar_vstown Group form a clearly bimodal

sequence.

T102—}(20—P2(.)S Diagram

The mafic to intermediate rocks of the Taylor's Bay Formation

clearly fall in the "continental” basaltic field in the '1‘102-1.(204'205

diagram of Pearce et al. (1975) (Figure 7:8) as do all the basaltic rocks

of the Max;yystovm Group. However, the field of the Taylor's Bay Forma-

tion is unique in that relative to the Calmer Formation, these basalts

are (1) enriched in K, O (in part due ta metasomatism), (2) depleted in

2

TiOZ’ and (3) do not show the mild "'oceanic affinities'" (cf. Pearce

et al., 1975) of some of the stratigraphically higher basalts.

0 -7 ;
P2 5 Zr Dl‘}gram

/ Winchester and Floyd (1976) compared the 2r and 1’205 contents of

mafic volcanic rocks from a variety of environments and defined a .
5

.

dividing line for alkaline and tholeiitic basalts on the basis of the
concentration of these elements. Figure 7:9 shows the stronger oceanic
affinities (cf. Winehester and Floyd, 1976) of the mafic rocks of the
Taylor's Bay Formation in comparison to the overlying basaltic rocks

in the Marystown Group.
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;Sure 7:9: P205/Zr ratios of basaltic rocks of the Marystown Group.
Viding line between alkaline (A) and tholeiitic (B) fields after
Nchester and Floyd (1976). Symbols as in Figure 7:2.
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Tioz-Zr/PZO5 Diagram
Winchester and Floyd (1976) showed the variation in the ratio of
shown by alkalic and tholeiitic basalts of continental

5

origin. The considerable variation in this ratio shown by the mafic

Ti0, to Zr/P,0

rocks of the Taylor's Bay Formation in Figure 7:10 is characteristic of
tholeiitic basalts. The majority of the analyses of the Taylor's Bay
mafic rocks fall within the field of tholeiitic basalts defined by the

above authors.

SiOz—Zr/Tlo2

The mafic volcanic rocks of the Taylor's Bay Formation plot

Diagram

dominantly in the field of andesite with only a few analyses in the

field of subalkaline basalt on the SiO,-Zr/TiO, diagram of Winchester

2 2
and Floyd, (1977) (Figure 7:11). Most of the more differentiated rocks of
the Taylor's Bay Formation plot in the field of rhyodacite/dacite. One
basaltic rock from the Taylor's Bay Formation falls within the field of

alkali basalt.

7.4.3 Calmer Formation
In general, the basaltic rocks of the Calmer Formation are char-

acterized by higher average concentrations of TiO and MnO than

P
g T
the basalts of the underlying Taylor's Bay Formation. The Calmer For-

mation is also typified by lower concentrations of SiO, and total FeO

'
and variable but lower average concentrations of MgO, Ca0O and K20 than
the Stratigraphically lower mafic volcanic rocks. The Al _O_, concen-

2 3
trations of both formations show little significant variation. The
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’

Harker variation diagrams for the Caln;sr Formation show scattered
trends with an inverse correlation between all niajor eltements and 5i02,

with the exception of the alkalies.

Compared to the basalts of tl:-e underlying Taylor's Bay Formation,
the Calmer Formation is enriched in Zr, Rb, Ba, Zn, Pb and Nb and
relatively depleted in Cr and Ni. The depletion of Cr and Nilreflects
the lower concentrations of total Fe0 in the Calmer Formation and is
strongest in the more silica—}ich © rocks of the Calmer Formation.

Pb, Rb and Ba display a close geochemical correlation with K
(Taylor, 1965) and hence show a scattered but positive correlation with

5102. Sr generally follows Ca, however the mobility of both elements is

evideéd by their scatter in the Harker diagrams, Similarly, the

variation in Na_0 and K

2 0 may be more indicative of alteration affects

2

ra‘ther than any pril;xary petrological features. The inco;npatible trace

elements (e.g. Zr, Nb, Y) are predictably enrichgd in the more differen-

tiated mafic flows' v
There are some distinct differences between the major and trace

element concentrations of the Calmer Formation and the andesitic com-

)

po?dtions of the underlying Taylor's Bay Formation. The Calmer Forma-

tion basalts are relatively depleted in K, 0, Na_O, 8102, Rb, Pb, Nb, Zr

2 2

and Ba compared to the andesites. The basalts are characterized by a

relative enrichment in average concentrations of P205‘, TiOZ, FeO(T), -

Mn0, Cr \Ni and to a lesser extent, CaO and A1203. %

o In gendgral, the Calmer Formation is characterized by a homogenity

of chemical compositions. Nevertheless, minor, albeit relatively
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distinct chemiéal variations are present and appear related to the
petrographic distinctions amongst n@e three major rock types in the
formation, namely: amygdaloidal oliline basalt, coarse plagiophyric
basalt and magnetite-rich, J;phyric" basalt. 1In gener;l, the magnetite-
rich and plagiophyric basalts Showvliﬁited variation in major and trace
element concentrations.relative to each other(with increased SiOz.
However, the fine grained amygdaloidal olivine basalts which are typical

of the Calmer Formation show a depletion in P FeO(rys MnO, Loss on

205’
Ignition, Sr, Ba, Rb, Cu, Zn, Zr, Ni and Cr with increasing 5102. A
clear enrichment in Nb and a scattered and only slight enrichment in
the alkalies is characteristic of these rocks.

The similarities in concentration of TiO Ca0, Mg0 and A1203 sug-

2’
gest that any apparent differences within the Calmer Formation basalts

are not necessarily the result of any fundamental chemical difference,

but possibly represent only local variations in the stage of evolution

_1n the basic magma. The trends within the amygdaloidal olivine basalts

show characteristic varlations with increasing ffactionation. Most of
the variations within the remainder of the Calmer Formation can be re-
lated to recognizable petrographic dissimilarities and the variation in
the nature of the metamorphism. The lack of variation in Ca0 and A1203
within various rock types of the Calmer Formation suggests that no sig-
nificant variation occurs in the order of crystallization of the piagio—
clases and pyroxenes in these rocks.

Enrichment in Nb in the olivine basalts possibly reflects the

slightly more alkalic affinities of these rocks as is evidenced by the

greater proportions of olivine and clinopyroxene in these rocks. The
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]
greater proportion of magnetite in the coarse plagiophyric and magnetite-—
rich flows may account for their slight tholeiitic affinities. These
flows also contain substantial amounts of apatite in the groundmass
basaltic glass (Section 5.3.2). This distinct%on is evidenced by the
increased éoncentrations of P205 in these rocks relative to the finer
grained amygdaloidal flows.
The magnetite-rich basalts contain higher concentrations of. Zr,
possibly reflecting the substitution of Zr+4 for Fe+3 in the magnetite
2+3 04) structure. Similarly, apatite is known to contain sig-

+
nificant amounts of Zr 4 (Taylor, 1965), thus the slight Zr enrichment #

may partially reflect the observed presence of apatite in the coarse

plagiophyric and magnetite-rich flows. The enrichment of Nl and Cr in
these flows also appears related to the magnetite content of these
rocks.

N320 and KZO concentrations show a high degree of scattering in the
basalts of the Calmer Formation. This scattering is not as evident in
the trace elements which show chemical affinities to the alkalles (e.g-
Rb, Ba). The plagiophyric flows are typically enriched in these
elements, but it is difficult to establish whether or not this enrich—.
ment 1s related golely to metasomatic effects. If the variation in con-
centration of Sr is dependent on the metamorphic domain as suggested by
Smith and Smith. (1976),then the epldote metadomains in the plagiophyric
basalts (Section 5.3.2) would explain the Sr enrichment in these rocks.

The fine-grained amygdaloidal flows are characterized by high HZO

and CO2 (Loss on Ignition) and by a high scacter of Ca0 relative to the

o

ok

Y R T




- 195 -

rest of the Calmer Formation. The mobility of Ca0 during metamorphism
is reflected in the albitization of calcic plagioclase but more so in
the widespread occurrence of calcite and gpidote in amygdules, veins

and the groundmass of the basalts.

Major element and trace element discrimination diagrams

The basaltic rocks of the Calmer Formation are transitional between
the Alkaline and subalkaline fields of MacDonald (1978) and Irvine and
Baragar (1971) in Figure 7:6. The wide scatter in al%iiifi_in thesg
rocks is evident in this dlagram, and causes the analyses to plot in tﬁe-
calc-alkaline and alkaliné fields of Kumo (1966). The Calmer Formation

basalts lie within the field of typical alkalic suites on the AFM dia-

gram in Figure 7:7. Ninety per cent of the analysis of the Calmer For-

.

™~
mation fall within the field of continental basalts on the T102-K20—

P205 diagfam in Figure 7:8 with only 10 per cent of the analysis showing

"oceanic" affinities (cf. Pearce et al., 1975). The basalts are tran-
sitional with respect to the alkalic and ﬁhpleiitic fields on the TiO2

vs. Zr/P205 and P205—Zr diagram (Figure 7:9) of Winchester and Floyd

(1976). The more pronounced alkalic affinities of the amygdaloidal

o

olivine basalts relative to the rest of the Calmer Formation are also

evident from Figure 7:10. The SiOz—Zr/TiO2

Floyd (1976) shows that the basalts of the Calmer Formation plot in the

diagram of Winchester and

fields of alkaline and subalkaline basalt.
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7.4.4 Late felsic volcanic rocks
The late felsic volcanic rocks of the Marystown Group can be

chemically classified as rhyolites (sensu lato) and are generally char-

acterized by high total alkalies, variabel KZO/NaZO,'iow Ca0, MgO,

total Fe0, MnO, P205 and TiO2 and molecular ratios of K20 + N320/A1203

~

<l1.

The albitic compositions of originally more calcic plagloclase and
presence of sign;ficant proportions of devitrified glass would ﬁake any
strictly modal classification of the felsic volcanic rocks limited in
value. The classification of these rocks is more appropriately based on
normative compositions, such as the classification scheme proposed by
Baragar (1967) which has been reporduced in Figure 7:12. Inspection of‘
the normative An-Or-Ab ternary plot shows that the felsic volcanic rocks
of the Barasway Complex and the Hare Hills and Mount Saint Anne Forma-
tions vary in composition from rhyolite-trachyte to sodic rhyolite,
although the volcanic rocks are more siliceous than typical trachytes
(cf. Irvine ;kd Baragar, 1971). The volcanic rocks of the Grand Beach
Complex all fall within the field of rhyolite/trachyte, whereas a sig-
nificant proportion of the felsic volcanic rocks of the,Taylor S Bay
Formation c;n be classified as rhyodecite or trachyandesite. A similar
distribution is obtained when the anlayses are plotted on the normative
classification diagram of Streckeison, 1976.

The felsic volcanic rocks are‘distincgly peraluminous, with norma-
tive corundum and total alkalil contents ranging from 8% to 11%Z. Omn the
K.,0-Na

2 2

defire a negative slope which may be interpreted as a function of both

0 plot in Figure 7:13 the analyses of the felsic volcanic rock

the original KZOINaZO ratios in the silicate melt and the local leaching

or preferential addition of sodium and potassium during alkali-
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Figure 7:12: Normative albite-orthoclase-anorthite classif:z.cl:;g.:;c))t.l o
felsic volcanic rocks of the Marystown Group after Baragar

tes
A = s0da rhyolites and soda trachytes, B = rhyolites and trachy s
C = dacite.
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exchange assoclated with subsequent alteration processes.
1f the alkali exchange was completely isochemical, the whole rock
composltions may tend to be concentrated towards the ektremities of
negative 1 slope defining the magmatic suite. However, if igochemical
exchange did not occur the compositions would move towards the origin
along a positive slope defined by the proportional loss of Na20 to K,O.

2

The scatter in compositions (in Figure 7:13)of all units, with the ex-

- ception of the Grand Beach Complex, reflects the superpositioen of such

positive and negative slopes}
Inspection of the Harker variation diagrams (Figures 7:3 and 7:4)
shows that linear to curved trends are relatively well defined for Ca0,

total FeO, TiO MgO, A1203, PZOS and Mn0, all of which show negative

2’
correlations with 5102. A high degree of scattering is observed in the
trends of N320 and K20 and also in the trends of Rb, Ba and Sr in vol-
canic rocks of less than 75% 8102. Concentrations of the base metals
\Pb, Cu and Zn) show no apparent systematic variation. Rb, Ba,

Sr and Zr display a pronounced scattering but are clearly depleted in
the most silicic compositions (e.g. > 751 8102). Nb shows little
variation, whereas concentrations of Y vary from 25 to 50 ppm in rocks
of similar SiO2 composition. Cr and Ni concentrations are typically
depleted in all the felsic volcanic rocks.

TH% data also suggest certaln variations corresponding to differ-
ences 1n ;tratigrapbic position and petrologic characteristic;. Three

chemical groupings can be established; namely: (1) Taylor's Bay For-

mation, (2) Barasway Complex and the Hare Hills and Mount Saint Anne

Formations, and (3) Grand Beach Complex.
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Figure 7:13:

o K20 vs NagO for felsic volcanic rocks of the Marystown
roup.

Dashed lines are molecular per cent equivalent lines.
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The Baraéway Complex and the Hare Hills and Mount Saint Anne For-
mations show a scatter from 1% to 7% K20 and 2 to 8% NaZO, but appear
enriched in average KZO and Nazo content relative to the underlying
Taylor's Bay Formation. Ca0 concentrations are not as widely scattered,
with the Taylor's Bay Formation enriched in calcium relative to the
other units. The Crand Beach Complex shows no substanrial scatter in

,0

either the alkalies or Cal and is enriched in K20 and depleted in Na}_

and Ca0 relative to the other felsic volcanic rocks of the Marystown
»

total FeO and A1.0, show little scatter

Group. TiOz, Mg0O, MnO, PZOS’ 205

and the negative correlation with SiO;2 approximating a typical fraction-

ation trend with the lowest concentrations|present in the Grand Beach
Complex. A slight increase in Fe(),r in the Grand Beach Complex reflects
the hematitization of the feldspars typical of this unit (see Section

5.3.4).

Sr and Ba concentrations show a high degree of scatter /1n all
units, with the exception of the Grand Beach Complex. A comparison of
average gr concentrations indicates that the Taylor's Bay Formation is

.

depleted in Sr and Ba relative to the Barasway Complex and the Hare

° b 13
Hills and Mount Saint Anne Formations ,nile all units are enriched in

Sr and Ba relative to the Grand Beach Complex. The variations in Rb

ref lect those of KZO, and like 1(20, Rb is relatively enriched in the

Grand Beach Complex.
Cu and Pb show no systematic trend and show a wide variation in all
units. Zn shows a similar variation but is relatively depleted 1in the

Grand Beach Complex. Zun shows a wide scatter in all units’with the

exception of the Grand Beach Complex. Zr is enriched in the Barasway
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Complex and the Hare Hills and Hountv Saint Anne Formations relative to

CEAE A

rhyolites of the Taylor's Bay Formationm. The Grand Beach Complex 1s
characterized by a depletion in Sr and enrichment in Nb and Y relative {
to the former three units.

Obviously, the variations in the chemistry of silicic vglcanic
rocks are related to a combination of a number of factt;rs: crystal o
gettling, assimilation, progressive partial melting, l‘iquid {fomisci-
bility and thermogravitational diffusion (cf. Hildreth, 1979). Identi- ’
fication of sindiwidual processes camnot be carried out with the data J
available, therefore, the mechanisms delineated above cannot be consid-
ered the sole causes for the observed variationms.

The origin of the chemical differences between the Grand Beach
Comp‘xﬁnd the other felsic v;olcani‘c rocks of the Marystown Group could
be in part due to several ;Jt‘her causes. Given that some degree of frac-
tional crystallization did occur in the rhyolitic magmas which gave rise

-

to the silicic volcanism, it is possible to explain several features by

crystal fractionation. Crystallization of alkali feldspar and plagio-

clase could cause the enrichment of Rb in the Grand Beach Complex. The

low Ba concentrations of the Grand Beach Complex are consistent with a

model of late stage fractionation of phases éuch as biotite, given

Nockolds and Allen's (1950) obsérvatior_nthat Ba is not depleted in the

magma until a relatively late stage of differentiation. The depletion 4
of Sr could be related to either depletion and removal of Ca during iso- s’

chemical alteration of calcic plagloclase or the appearance of alkali r

feldspar on the liquidus of the original melts. Depletion of Na20 is

closely related to addition of KZO during isochemical alteration of
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alkalic silicic lavas (e.g. Noble, 1965 a,b). The presence of chequered

albite in the Grand Beach Complex suggests some degree of albitizationm,

——
NS

possibly related to the localized release of Na from the hydrated,devitrified ,. .
groundmass. The enrichment of Nb and Y in the Grand Beach Complex ie

typical of latest stages of fractionation of silicic melts (Noble,

1965 a,b; 1967; 1970a).

Also, the available data camnot disprove the possibility that the
volcanism of the Grand Beach Complex is rellated to a period of magmatism
which was significantly separated in time from that of the main period
of Marystown Group volcanism (see Chapter 4), possibly related tc; plu-
tonism associated with the intrusion of the St. Lawrence Granite during

the Carboniferous.

7.5 Summary
All analysed samples show some degree of element mobility, pre-
sumably related to metamorphic effects. These must be considered when .
interpreting the data in terms of magmatic affinities and petrogenetic
models. Despite these constraints, some generalized statements may be’n'
made 1in view of smmmarizing'the geochemical features of the Marystown
Group. )
The Taylor's Bay Formation is a polymodal sequence of volcanic
rocks which range in chemical and petrological composition from basa}t
to andesite and quartz andesite through dacite‘to rhyolite, In terms of

N

the parameters PZOS’ Zr and T102, the mafic rocks of the Taylor's Bay

Formation show moderate tholeiitic affinities, in contrast with the

alkaline affinities of the overlying basaltic rocks. The occurrence of
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andesite, quartz andesite and dacite flows in the Taylor's Bay For-
mation is unique to that formation. Such intermediate rock types,
common in compressional orogeniec terraina, are of limited extent in
the ﬁewfoundland Avalon Zone and have been described only by Hussey
(1‘9‘79) and Hughes (pers. comm., 1978).

The Calmer Formation and the overlying felsic volcanic rocks of
the Marystown Group form a bimodal sequerice characteri‘;ed by a lack of
intermediate compositions. In general the Calmer Formation is charac-
terized by continental basalts with alkaline affinities. These rocks
are transitional between alkaline and subalkaline basalts in terms .of
major elements. The distribution of incompatible trage elements con-
firms the alkaline nature of the basalts. Chemical differences are
present k;ithin the Calmer Formation and they can be- related to petro-
graphically unique rock types. Typical oli&ine basalts of the Calmer
Formation show little geochemicél variation. The geochemical varfations
in the magnetite-rich, aphyric flows and coarse grained ‘plagiophyric
basalts of the Calmer Formation are not necessarily indicative of fun-
damental chemical differences but more so reflect variation$ in meta-
morphism, minor petrologic variations and poseibly variations in the
stage of evolution of the basic magma. N.evertheless, the geochemigtry
of the latter two rock types supports the field observation that these
lichologies. are not characteristic of the Calmer Formation. In several
respects, these rocks are similar to the mafic rocks of the Taylor's Bay

Formation. The uncertainty of the stratigraphic position of these roé&s

has been discussed in Chapter 4.
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The overlying felsic volcanics of the Barasway Complex and the
K4

Hare Hills and Mount Saint Anne Formation show little significant sys-

tematic chemical variation. This supports the stratigraphic corre- ‘

lation of. these units documented in Chapter 4. The felsic volcanic
rocks are rhyolires, soda rhyolites and keratophyres and are character-
ized by high total alkalies, variable KZO/NaZO’ low Ca0, MgQO, total Fe0,

MnO, P.O_ and ’1‘102 and molecular ratios of K 0 + Na_O less than 1. The

25 2 2
possible causes for the unique chemistry of the Grand Beach Complex have
been briefly discussed above.

Any interpretation of the petrogenetic significance of the geo-
chemical data is limited by a variety of factors. Alteration and meta-
somatism has affected the concentrations of KZO’ Nazo, CaO, Rb, Sr and
Ba and has made interpretation of parameters K/Rb, Ba/Sr and Rb/Sr ratios
1imited in value. Nevertheless, some possibilities regarding the pétro—
genesis of these rocks can be entertained.

There is no strong geochemical evidence tO 5uggest that the
Marystown Group represents a complete mafic to felsic differentiation
sequence. It may be thus Suggeste::l that the felsic volcanic rocks are
nor necessardly the result of fractional crystallization of a parental
mafic magma. The presence of inteymediate compositions in the Taylor's
Bay Formation, however, could he interpreted as the result of fraction-
ation but the chemical data are not sufficient to establish the origin
of the andesitic and dacitic rocks in the Taylor's Bay Formation.

When silicic magmas evolve from mafic magmas, it is reasonable to

expe’ct’ that some volcanic products will show gradations in composition,

the possibility that these compositions are the result of hybridization
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rocks are derived by continued fractionation of a basaltic magma. A
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(cf. Eichelberger, 1975) cannot be ruled out. Such a hypothesis sug-
gests that prima;y basalt and rhyolite magma# become contaminated or ;
mix directly with one another to form intermediate compositions. This
would suggest that rhyolitic and basaltic compositions are the result of
partial melting and that subsequent fractional crystallization does not
vesult in the gndesitic cowmpositions.

Similarly, the geochemical data are not suf ficient to establish
with certainty the relation between the basalts of the Calmer Formation
and the overlying felsic volcanic rocks. The a;ailabte chemical and
petrological data suggest that the basaltic rocks of the Calmer Forma-
tion are the result of fractiomal crystallizatio'n of upper mantle mater-
ial. Lack of isotopic data for these rocks makes it difficult to éatab-—
1ish the effects of crustal contamination on the magmas. .The available
data are not cggsl.ﬂtent with a model whereby the rhyolitic volcanic
more applicable model involves melting at lower levels of the contin'-
ental crust, poseibly by mafic magmas related to the Calmer Formatipn
volcanism. The partial melting at the base of the continental crust L
would result in the production of episodic felsic subagrial volcanism.

The variatioi{' in element distribution in the felsic volcanics may

have some petrogenetic significance, but the lack of detailed strati-

graphic control (e.g. at the level of individual ash flow units) han?—
pers any meaningful discussion of this variation. The complexity of
chemical variation within individual ash flow sheets has been demon-
strated by a number of authors (e.g. Smith and Bailey, 1966; Hildreth,
1979). Diseussioﬁ of the effects and causes of these variations is not

possible with the available data and is beyond the scope of this thesis.
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8. SUMMARY AND GENERAL CONCLUS IONS \ '

8.1 Summary of the evolution of the ’Harystown Group

The Marystown Group consists of a late Precambrian sequence of
dominantly subaerial volcanic and assoclated sedimentary rocks which is
in fault contact with the older oceanic volcanic rocks of the Burin
Group and which 1s disconformably overlain by terrestrial to shallow
water marine sedimentary rocks of Eocambrian to Cambrian age.

The Marystown Group can be divided into-five formatlons and two

complexes. The Taylor's Bay Formation is a sequence of rhyolitic and

dacitic to basaltic volcanic rocks which forms the lowermost strati-

graphic subdivision of the Marystown Group. ‘These rocks are overlain
with apparent structural conformit.y by a sequence of terrestrial,
fluviatile sedimentary ‘.rocks named the Carnish Formation. The sedi-
mentary rocks are conformably and gradationall& overlain by extensive
flood basalts of the Calmer Formatiom. Basaltic volcanism gave way to
renewed silicic volcanism represented by the various gtratigraphic units
vhich overlie the Calmer Formation, namely the Hare Hills and Mount Saint
Anne Formations and the Barasway and Grand Beach Complexes. Neither a
structural nor a depositional break is evident between the Calmer Forma-
tion and the overlying felsic volcanic units.

The Precambrian subaerial volcanic rocks ~on the Burin Peninsulia
can be divided into three lithologically, stratigraphically and geo—‘
chemically distinct gsequences I:he Taylor's Bay Formation represents the
earliest recorded volcanic episode. Volcanism at this time resulted in

the deposition of a series of rhyolitic to basaltic flows and pyroclastic

rocks. Many of the internal features of this Formation suggest that

-
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deposition occurred in both subaerial and submarine conditions. The
nature of the deposits indicate that they represent distal facles of a
larger volcanic field.

The upper contacts of the Taylor's Bay Formation are poorly exposed
on the southern Burin Peninsula, but they are locally marked by a period
of fluviatile sedimentation, indicating a cessation of volcanism and
erosion of the volcanic-paleotopography.

In the central and northern Burin Peninsula a series of shallow-
water marine conglomerates and finer grained clastic rocks conformably
and gradationally underlie the Garnish Formation. In the same localitles,
these rocks gradationally ?verlie equivalents of the Taylor's Bay For-
mation. The absence of these intervening sediments in the present area
of discusslon indicates that the basal contact of the Garnish Formation
is locally disconformable.

Coarse grained sedimentary rocks in the lower parts of the Garnish
Formation may be in part the result of efosion of fault scarps and steep
sloped.volcanic highlands. Continued erosioﬁ resulted in the retreat of
the source area, producing a lowering of the gradients and a general
decrease in energy of the fluviatile system . Such processes would re-
sult in the formation of the finer-grain;d, thinly bedded deposits in

the upper parts of the Garnish Formationm. These rocks were deposited in

"environments akim to present day braided or meandering stream systems.

The latest stages of sedimentation of the Garnish Formation were
contemporaneous with the initiation of basaltic volcanism, represented

by the Calmer Formation. The internal features of the flows of this

Formation are indicative of deposition in a dominantly subaerial
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environment. The duration of this period of mafic volcanism is unknown,

but the limited thickness of the Calmer Formation may indicate that it

. represents only a small part (in time) of the tectonic evolution of the

area.

The upper contacts of the Calmer Formation indicate that no exten-
sive period of erosion preceded the renewal of felsic volcanism through-
out the area. This volcanism resulted in the deposition of a maximum of
300 metres of silicic, massive and pyroclastic volcanic rocks.’ Char-
acteristic lithotypes of the late volcanic sequences are ash-flow and
ash-fall tuffs, agglomerates, volcanic and epliclastic breccias, rhyolite
flows and fine grained epiclastic rocks. The proportion of these rock
types varies amongst the different units. The distribution of the
various facies is consistent with a model in which one of the major vol-
canic centres for this period of volcanism is locateé within or to the
northwest of the present exposure of the Barasway Complex.

The existence of three lithologically and stratigraphically unique
volcanie suites within the sequence represented by the Marystown
Croup is evidenced in the petrological, and to a lesser extent, the
chemical data available. The Taylor's Bay Formation consists of -
basaltic rocks of mild tholeiitic affinities. These rocks locally con-
tain pigeonitic pyroxene phases and characteristically contain little
olivine, The rhyolitic rocks show some systeﬁatic differences relative
to the younger felsic vélcanic sequences, but any clear petrogenetic
differences are masked by alteration effects related to syn- and post-
volcanic element mobility. The basaltic and rhyolitic rocks are

'spatially and temporally associated with rocks of intermediate
.2
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composition which have béen petrologically and ggochemically classified
as dacite, quartz andesite and andesite. The presence of such composl-
tions could be interpreted as indicating extensive fractional crystal-
lizacion of a parental basaltic magma resulting in the continuum of com-
positions obgtrved in the Taylor's Bay Formation. Such a chemical suite
is indicative of compressional orogenic environments. An alternative
hypothesis would involve primariiy a hybridization of. initial magmas of
mafic and felsic composition with limited brygtél fractionation.

The majority of the basaltic rocks of the overlying Calmer Forma-
tion display alkaline affinities and characteristically contain abundant
clinopyroxene, olivine and plagloclase. <Ca-poor pyroxenes are not
present, and 4; textural relationships between the olivines and augitic
pyroxenes are evident. The Calmer Formation together with the over-
lying felsic volcanic rocks, the Hare Hills and Mount Saint Anne For-
mations and the Barasway Complex form a distinctly bimodal volcanic
suite, suggestive qf extensional tectonic environment. The relation of
the basaltic and rhyolitic rocks cannot be definitely ascertained on the

basis of the available data. Nevertheless, the data are not consistent

with a model whereby the rhyolitic volcanic rocks are derived by ftaction—_g,

ation of basaltic magma. A more applicable model involves a model of
melting at louerrlgvels of the continental crust, possibly by maflic
magmas related to the Calmer Fdrma;ion volcanism. The effects of con-
tamination due to such'basaltic underplating cannot bé, ascertained wi;h ,
the ayailable data. | .

The relation\gf the éhemically unique Grand Beach Complex to the

rest of the late felsic volcanic sequences of the Marystown Group cannot
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be definitely ascertained. The available chemical data can be inter-

preted by means of a fractionation model. However, the limitations of

such a model, given the data base available, are clear. An alternative g 1
hypothesis Suggé;ts the Grand Beach Complex is not related chemically to
the remainder of the Marystown Grou? and may be related to later
magmatic-tectonic events during the Carboniferous. The tectomic significance )
of the chemical and petrologic variations within the Marystown Group
are unclear, although similar variations have been documented in

Cenozoic volcanism in the Basin and Range Province. Possible analogles )

between both terrains are hazarded below (see Section 8.3).

8.2 Structural history

The main structural features of the southern Burin Peninsula are
interpreted to be the result of an orogenic event which post-dates the

deposition of Cambriam rocks and pre-dates the intrusion of the lower

.

Carboniferous St. Lawrence Granite. Very recent results from an age

dating program on the Burin Peninsula haye bracketed the formation of the

sericite schists of the Taylor's Bay Formation and its equivalents
between 382 * 5 and 391 t+ 10 Ma. (D. Dallmeyer, pers. comm., 1979).
The consistency of the results obtained from 6 samples collected over a
distance of 190 km along strike strongly suggest that the main deforma-
tion is the result of the Acadian Orogeny.

The main period of deformation resulted in a regional nor thwest-
southeast shortening, accompanied by the formation of upright to over-

turned folds with assoclated vertical to steeply west-dipping axial

planar"foliation. Continued compression resulted in the development of




high angle reverse and thrust faults. These structural features are

.

common to both Precambrian and Cambrian rocks within the map area.
Locally developed late structural features post-date stéuctures 1
. formed during the main period of deformation. The most promlnent of
these structures afe north-south and northwest-southeast trending shear
zones and faults and the regional flexuring of earlier structures and L
stratigraphic units of the Precambrian and Cambrian sequences. This
. regional flexuring and related faulting may represent the latest effects
% of the Acadlan Orogeny or possibly the onset of the Varlscan (Hercynlan) )
orogenic episode.
, The main deformational events are interpreted to post-date the vol-
canism of the Marystown Group by a significant period of time; ca. 150
M a. No direct evidence of an orogenic event relating to this Pre- '

i cambrian magmatism 1s preserved in the area.

¢ 8.3 Regional correlations

LS ‘The internal stratigraphy of the Marystown Group tompares With the

late Precambrian volcanic sequences elsewhere in the western Avalon Zone

RESr TeR

in Newfoundland. The stratigraphic ‘sequence of the Marystown Group

LS

’.

shows marked similarities to the Precambrian Long Harbour and Connaigre

Bay Groups of western Fortune Bay (see Chapter 4). Recent work in the
Clode Sound area (Hussey, 1979) has resulted in the establishment of an 4
internal stratigraphy of the Love Cove Group, which corresponds closely

to that of the Marystown Group. Hussey (1979) describes a lower unit of

basalts, andesites and rhyolites (White Point Formation) which is

em AT T SR T D TR
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conformably overlain by shallow water to alluvial sedimentary rocks and
extensive basaltic flows (Thorburn Lake Formation). The latter
1ithotypes are conformably overlain by a late felsic volcanic unit.

The Marystown and Love Cove Groups also display similar geochemical
variations in that the White Point Formation is a polymodal sequence
with tholeiitic affinities whereas the overlying units constitute a bi-
modal, alkaline assemblage.

Correlations with the Precambrian sequences in the eastern Avalon
Zone are not as clear. The extensive flyschoid and "post-orogenic"
molasse deposits which are characteristic of Avalon Peffinsula geology
are not well developed in the west. Similarly the deformation style,
characteristic of the lower parts of the Marystown and Love Cove Groups
is not readily identifiable in rocks of the eastern Avalon Zone.

A north-to northeast-trending series of vertical and reverse faults
(Lewins Cove - Paradise Sound - Charlottetown - Cottles Island Fault
System) marks the eastern extent of rocks which display an internal
stratigraphy and deformation styles similar to the Marystown Group.
This fault system also marks the western extension of extensive molasse
and flyschoid deposits in the Avalon Zone.

The relationship between the Marystown Group and the Harbour Main
Group are unclear. Strong et al., (1978 b) suggested the Rock Harbour
Group of the Burin Peninsula and the Conception Group of the Avalon
Peninsula were possible correlatives. Given that the Marystown Group
overlies the Rock Harbour Group (Taylor, 1977; Strong et al., 1978 a,b),
then the Harbour Main Group, which conformably underlies the Conception

Group, would be significantly older.
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A sound understanding of the relationship between the eastern and
western belts of the Avalon Zone avaits detailed stratigr?h%c, geo—
chemical and geochromological studies throughout the regioen, particularly
in the Trinity Bay and Bonavista Bay regions. Until such datas are
available, correlation across the Avalon Zone will be based largely on

speculation.

8.4 Possible analogies with the Basin and Range Area

The analogy of the silicic volcanism of the Avalon Zone to the
Basin and Range Provifhice was initially proposed by Papezik (1969, 1970,
1972). Similar comparisons were made by Nixon (1974); Strong ‘e_t_a_l. s
(1974); Stron des (1975); and Nixon and Papezik (1979). The
follwingmnded to cover the entire tectonic hic::tory
of the Avalon Zone, but solely the period repre;en;e'd,by the Marystown
Group.

As documented aB{)ve, the geological history of the Marystown Group
can be sugdivided into various evolutionary periods which z;re represented
by u‘n/ique stratigraphic posiltions, depositional environments, and petro-
logical and geochemical features’. The differences between the two major
divisions (e.g. (1) Taylor's Bay Formation and (2) Calmer Formation and
overlying felsic volcanic rocks) are similar to variations seen within

the Cenozoic volcanic rocks of the Southwestern United States (Lipman

et al., 1972; Christiansen and Lipman, 1972) .

Lower to middle Cenozoic lavas of the Southwestern U.S5.A. erupted
o;lto continental crust are predominantly andesite, quartz andesite,
dacite and rhyodacite associated with more silicic ash flow sheets.
The tectonomagmatic setting of this volgdnism is typic;a.l\ 'o.f circ‘dm-

- .

— | \
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Pacific continental margins and ensimatic and ensialic island arcs.
Lipman et al. suggest that these volcanic rocks are the result of
subduction at a compressional plate margin. A major change in vol-
canic associations and tectonic settings occurred at the onset of late
Cenozoic times. Late Cenozoic volcanic rocks include alkalic basalt
fields and bimodal mafic and silicic volcanic sequences erupted in
extensional environments. The incgption of the late Cenozoic exten-
sional environments is interpreted by Christiansen and Lipman (1972)
to be the result of the collision of the East Pacific Rise with a mid-
Tertiary continental margin trench. This resulted in the movement of
the American and west Pacifié plates along active transform faults.

The author does not imply that identical processes were active
during the Precambrian evolution of the Avalon Zone. Neverthele{s, the
role of subduction in the Precambrian development of the Avalon Zone
should not be overlﬁoked. Evolutionary variations, similar to those
within the Marystown Croup. have been described in the Northwestern
Avalon Zone of Newfaundland and in volcanic rocks of the Carolina
Slate Belt in North Carolinas (Glover and Sinha, 1973; Seiders and

Wright, 1977). Future tectonlic models for the Precambrian evolution

of the Avalon Zone should take into consideration the variations which

occur in the Precambrian subaerial volcanic suites characteristic of

N

this Zone.




2oL ann g,

R s L .

- 215 -

REFERENCES

Abbey, S.
1968: Analysis of rocks and minerals by atomic absorption spectro-

photometry; Pt. 2. Determinations of total iron, magnesium,
calcium, sodium and potassiim. Geol. Surv. Can., Pap. 68-20,

21 p- _

[

Allen, J.R.L.
"1970: Studies in fluviatile csedimentation: a comparison of fining-
e-member

upward cyclothems, with special reference to coars
composition and interpretation. J. Sed. Petrol.., V. 40,

pp. 298-323.

Anderson, F.D.

1965: Belleoram, Newfoundland. Geological Survey of Canada, Map 8-

1965.
Rattey, M.H.
1955: Alkali metasomatism and the petrology of some keratophyres.

Geol. Mag., V. 92, No. 2, pp- 104-126.

Baragar, W.R.A. *
1967: Unpublished report to the Volcanology Sub-Committee, Assoc.

Committee of Geodosy and Geophysics, National Research
Council of Canada. (Incorporated in Irvine and Baragar,

1971). -~
N

Bartlett, G.H.
1967: Silica assessment, Fortune area;

foundland Department of Mines, Agriculture an
unpublished report.

unpublished report, New-
d Resources,

Bell, K. and Blenkinsop, J
1975: Geochronology of eastern Newfoundland.

April 3, 1975, pp. 410-411.

Nature, Vol. 254 ,

Bradley, D.A. : .
1962: Gisborne Lake and Terrenceville Map-Areas, Newfoundland

(1 M/15 and 10). Geological Survey of Canada, Memoir 321,
56 p.

Brown, P.G. and Colman-Sadd, S.P.
1976: Hermitage Flexure: Figment or fact?

pp. 561-564.

Geology, Vol. 4,

Buddington, A.F.

1919: Precambrlan rocks of southeast Newfo‘x'\dl d. J. Geol.,

Vol. 27, pp- 449-479. / §




o~

St e

- 216 - ’ -
REFERENCES (continued)
Cann, J.R.
1969: Spilites from the Carlsberg Ridge, Indian Ocean. J.
Petrology, V. 10, pp. 1-19. ‘
Cann, J.R,
1970: Rb, Sr, Y, Zr, and Nb in some ocean-floor basaltic rocks.

Earth Planet. Sci. Letters, V. 10, pp. 7-11.

Carmichael, D.M.

1969: On the mechanism of prograde metamorphic reactions in quartz-
bearing pelitic rocks. Contrib. Miperal. and Petrol. V. 20,
pp. 244-267. . ‘

Carmichael, 1.5.E., Truner, F.J. and Verhoogen, J.
1974: Igneous Petrology. McGraw-Hill, New York, 739 p.

Christie, A.M.
1950: Geology of Bonavista Map-Area, Newfoundland. Geological Sur-
vey of Canada, Paper 50-7.

Cox, K.G., Johnson, R.L., Monkman, L.J., Stillman,C.J ., Vail, J.R. and Wood,D.N.
1965: The geology of the Nuanetsi Igneous Province. Phil. Trans.
R. Soc., Ser. A, 257, pp. 71-218.

Cox, K.G., MacDonale, R. and Hornung, G.
1967: Geochemical and petrographic provinces in the Karoo basalts of
Southern Africa. Am. Mineral., V. 52, pp. 1451-1474. '

Coward, M.P.
1976: Large scale Paleozoic shear zone in Australia and present ex-—
tension to the Antarctic Ridge. Nature, V. 259, pp. 648-649.

Crandell, D.R. and Waldron, H.H.
1956: A recent volcanic mudflow of exceptional dimensions from Mount
Rainier, Washington. Amer. J. Sci., V. 254, pp. 349-362.

Dale, N.C. :
1927: Precambrian and Paleozoic geology of Fortune Bay, Newfoundland.

G.S.A. Bulletin, V. 38, pp. 411-430.

Davenport, P.H. and Butler, A.J.
1978: Distribution of U, Cu, Pb, Zn, Co, Ni, Ag, Mo, F, Mn & Fe in
lake sediments, Burin Peninsula, Newfoundland. Nfld. Dept. of
Mines & Energy, Mineral Dev. Div. Open File 1 M/166.

Eichelberger, J.C.
1975: Origin of andesite and dacite: evidence of mixing at Glass
Mountain in California and at other circum—Pacific volcanoes.
Bull. Geol. Soc. Amer., V. 86, pp. 1381-1391,




ket Slan bt it a Rl SO O

A

- 217 -
REFERENCES {continued)

Elston, W.E., and Smith, E.I.
1970: Determination of flow direction of rhyolitic ash-flow tuffs
from fluidal textures. Geol. Soc. Amer. Bull., V. 81,
pp. 3393-3406.

Evans, J.L.
1978: Contact metamorphism around the St. Lawrence Granite, Burin
Peninsula, Newfoundland. Unpubl. B.Sc. (Hons.) thesis, M.U.N.,
St. John's, Newfoundland, 119 p.

Ewart, A., Tayxlor, S.R., and Capp, A.C.
1968b: Geochemistry of the pantellerites of Mayor Island, New Zea-
land. Contrib. Mineral. apd Petrol., V. 17, pp. 116-140,

Fenner, C.N.
1948: Incandescent tuff flows in southern Peru. Gecl. Soc. Amer.

Bull,, V. 59, pp. 879-893.

Fisher, R.V,
1960: Classification of volcanic breccias. Geol. Soc. Am. Bull.,

V. 71, pp- 973-982.

Fisher, R.V.
1961: Proposed classification of volcaniclastic sediments and rocks.

Geol. Soc. Amer. Bull., V. 72, pp. 1409-1414.

Fisher, R.V.
1966: Rocks composed of volcanic fragments and their classification.

Earth Sci. Rev., V. 1, pp. 287-298.
?

Fletcher, T.P.
1972: Geology and Lower to Middle Cambrian Trilobite Faunas of the
southwest Avalon, Newfoundland. Unpubl. Ph.D. thesis,
Christ's College, Cambridge.

-

Floyd, P.A., and Winchester, J.A.
1975: Magma type and tectonic setting discrimination using immobile

elements. Eargh Plan. Sci. Letters, V. 27, pp. 211-218.
14

4

Gibson, I.L.
1970: A pante-leritic welded ash-flow tuff from the Ethiopian rift

valley. Contrib. Mineral. and Petrol., V. 28, pp. 89-111.

Glover, L., III, and Sinha, A.K.
1973: The Virgilian deformation, a late Precambrian to early Cam-
brian (?) orogenic event in the central Piedmont of Virginia

and North Carolina. Amer. J. Sci., V. 273-A, pp. 234-251.

Greene, B.A. and 0'Driscoll, C.F. o
1976: Geology, Gaultois map area (1 M/12), Newfoundland. Newfoundland

Dept. of Mines & Energy, Mineral Dev. Div., Map 767.




-
.
H
i
'

- 218 -

REFERENCES (continued)

Gunn, B.
1966:

Hart, S.
1974:

1

M.
Modal and element variation in Antarctic tholeiites, Geochem.
Cosmochem. Acta, V. 30, pp. 881-920.

R., Erlank, A.J., and Kable, E.J.D.
Sea-floor basalt alteration: some chemical and Sr isotope
effects. Contrib. Mineral. and Petrol., V. 44, pp. 219-230.

Hayes, A.O,.

1948:

Geology of the Area between Bonavista and Tripnity Bays,
Eastern Newfoundland. Geol. Surv. Nfld. Bull. 32, pt. 1.

Hildreth, W,

1979:

Hjelmqui
1955:

atat

Howell,
1925:

Howley,
1918:

Hughes,
1972:

. Hughes,

1971:

Hughes,
1971:

Hughes,
1973:

The Bishop Tuff: Evidence for origin of eompositional zoning
in silicic magma chambers. G.S.A. Symposium volume on ash
flow tuffs (in press).

st, S.
On the occurrence of ignimbrite in fhe Precambrian. Sveriges
Geol. Undersokning, Arsbok 49, Ser. C, pp. 1-12.

B.F.
The Faunas of the Cambrian Paradoxides Beds at Manuels, New-
foundland. Bulletin American Paleontology, V. l1, No. 43,
1925, Pr. U. Contr. Geol. Nfld. No. 7.

J.P., and Murray, A.

Reports of Progress, 1881-1909. Geol. Surv. Newfoundland.
c.J.
Geology of the Avalon Peninsula, Newfoundland and its possible
correspondence with Morocco. Notes et Mem. Serv. Gecl. Maroc,
Number 236, pp. 265-275.
C.J. and Brueckner, W.D.

Late Precambrian rocks of Eastern Avalon Peninsula, Newfound-
land - a volcanic island complex, Canadian Journal of Earth
Science, V. 8, pp. 899-915.

C.J., and Malpas, J.G.
Metasomatism in the late Precambrian Bull Arm Formation in
southeastern Newfoundland: recognition and lmplications.
Geol. Assoc., Can., Proc., V. 24, pp. 85-93.

Cc.J. ’
Spilites, keratophyres, and the igneous spectrum. GCeol. Mag., -
V. 109, pp. 513-527.

—




e e Al

REFERENCES (continued)

Hussey, E.M.
1979: Geology of Clode Sound area; M.Sc. thesis, Memorial University
of Newfoundland, St. John's, Newfoundland.

Hutchinson, R.D.
1953: Geology of Harbour Grace Map-area, Newfoundland. Geological
Survey of Canada, Memoir 275,

Hutchinsén, R.D.
1962: Cambrian Stratigraphy and Trilobite Faunas of Southeastern
Newfoundland. Geological Survey of Canada, Bulletin 88,
156 p.

Irvine, T.N., and Baragar, W.R.A.
1971: A guide to the chemical classification of the common volcanic
rocks. Can. J. Earth Sci., V. B, pp. 523-548.

Jenness, S.E.
1957: Gander Lake (East Half), Newfoundland. Geol. Surv. of
Canada, Map 3-1957. _ .

Jenness, S.E. .
1963: Terra Nova and Bonavista map areas, Newfoundland. Geol. Surv.
of Canada, Memoir 327, 184 p.

Jolly, W.T. and Smith R.E. .
1972: Degradation and metamorphic differentiation of the Keweenawan
tholeiitic lavas of Northern Michigan. J. Petrology, V. 13,
pp. 273-309.

Jooste, R.F, .
1954: Report on "exploration" of exclusive permission granted New-
foundland Fluorspar Limited on the Burin Peninsula. New-
foundland Fluorspar Limited, unpublished report.

Jukes, J.B. .
1B43: General Report of the Geological Survey of Newfoundland
during the years 1839-1840. Vol. I and II, John Murray,
England, 180 p.

Kauffman, R.
1936: Reconnaissance of the regional and economic geology of the
St. Lawrence area, Newfoundland, with notes on fluorite.
B.A. thesis, Princeton University, New Jersey.

Kepple, J.D.
1977: Browns Mountain Group, Antigonish Highlands, Nova Scotia -
Preliminary reassessment. Nova Scotia Department of Mines,
Mineral Resources Division, Report of Activities. ’




~a

- 220 -

REFERENCES (continued)

Kerrich, R., Fyfe, W.S., Gorman, B.E., and Allison, I.
1977: Local modification of rock chemistry by deformation. Contrib.
Mineral. and Petrol., V. 65, pp. 183-190. -

King, A.F., Breuckner, W.D., Anderson, M.M. and Fletcher, T.P.
1974: Late Precambrian and Cambrian Sedimentary Sequences of
Eastern Newfoundland. Field Trip Manual, B6é, G.A.C./M.A.C.,
1974.

Kuno, H.
1966: Lateral variation of basalt magma across continental margins
and island arcs. Bull. Volecanol., V. 29, pp. 195-222.

LeBlanc, M.
1976: Proterozoic Oceanic Crust at Bou Azzer. Nature, V. 261,
May 6, 1976, pp. 34-35. )

Levi, B.
1969: Burial metamorphism of a Cretaceous volcanic sequence west
from Santiago, Chile. Contrib. Mineral. and Petrol., V. 24,
pp. 30-49.

Lipman, P.W. -
1967: Mineral and chemical variations within an ash-flow sheet from
Aso, Caldera, southwestern Japan. Contrib. Mineral. and
Petrol., V. 16, pp. 300-327. : -
Lipman, P.W. and Mehnert, H.H. &
1975: Late Cenozoic basaltic volcanism and developmernt of the Rio
Grande Depression in the Southern Rocky Mountains. Geol.
Soc. Amer. Memoir 144, pp. 119-154. ’

Lipman, P.W., Prostka, H.J., and Christiansen, R.L.
1972: Cenozoic volcanism and plate-tectonic evolution of the
vestern United States. Phil. Trans. Royal Soc. London, ,
series A, V. 271, pp. 217-284.

Lofgren, G.
1970: Experimental devitrification rate of rhyolitic glass. GCecl.
Soc. Amer. Bull., V. 81, pp. 553-560. Ry
MacDonald, G.A.
1968: Composition and origin of Hawailan lavas. Geol. Soc. Amer.

Memoir 116, pp. 477-522.

MacDonald, G.A.
1972: '"Volcanoes", Prentice-Hull, Inc., Englewood Cliffs, New

Jersey, 510 p.




- 221 -
REFERENCES (continued)

MacDonald, C.A., and Katsura, T.
1964 Chémical composition of Hawaiian lavas. J. Petrol. V. 5,
pp. 82-133. , .

Malpas, J. - .
1971: The Petrochemistry of the Bull Arm Formation near Rantem
Station, southeast Newfoundland. Unpubl. M.Sc. thesis,
Memorial University, St. John's, Newfoundland, 95 p.

Mangon, V.
1967: Geochemistry of basaltic rocks: major elements in Basalts:
The Poldervaart Treatise on Rocks of Basaltic Composition.
Editors, Hess, H., and Pcldervaart, A., Interscience Pub-
lishers, New York, N.Y., 495 p.

Marshall, P.
1935: Acid rocks of the Taupo-Roturua volcanic district. Royal

Soc. New Zealand, Trans., V. 64, pp. 328-366.

Martin, R.F. and Piwinski, A.J. .
1972: Magmatism and tectonic serting. J. Geophys. Res., v. 77,
pp. 4966-4975. '

Maxwell, J.A.
1968: Rock and-Minetgl Analyses. Intersclience Publishers, New

York, 584 p.
McCartney, W.D. .
1967: Whitbourne map-area, Newfoundland. Geol. Surv. of Canada
Memoir 341.

“
Murray, A., and Howley, J.P.
1881: Geol. Surv., Newfoundland, 1864-1880, Edward ‘Stanford, London.

Murray, D.P., and Skehan, §.J., J.W.
1978 Tectonostratigraphic frameword for Southeastern New England;
A review, Northeasterm G.S.A. 13th annual meeting, Abstracts

with Programs, p. 77. -

Mullineaux, D.R,, and Crandell, D.R.
1962: Recent lahars from Mount St. Helens, Washington. Geol. Soc.

Amer. Bull., V. 73, pp. 855-869.

Nixon, G.T.
1974: - Late Precambrian (Hadrynian) ahs-flow tuffs and associated
rocks of the Harbour Main Group near Colliers, Avalon
Peninsula, southeast Newfoundland. Urpubl. M.Sc. thesis,
Memorial University, St. John's, Newfoundland.

.

Nixon, G.T., arid Papezik, V.S.
1979: Late Precambrian ash flow tuffs and assoclated rocks of the
Harbour Main Group near Colliers, eastern Newfoundland;
chemistry and magmatic affinities. Can. J. Earth Sci., V. 16,
pp- 167-181. ‘




_ +
¥
; .
- 222 -
REFERENCES (continued)
Noble, D.C. . ’ .
1965a: Gold Flat member of the Thirsty Canyon Tuff - a pantellerite {
ash flow sheet in southern Nevada. U.S. Geol. Surv. Prof.
/( Paper, 525B, pp. B85-B90.
. Noble, D.C.
1965b: Ground-water leaching of sodium from quickly cooled volcanic
rocks. (Abstr.). Am. Mineral., V. 50, p. 289. . : 1
Noble, D.C.
1967: Sodium, potassium, and ferrous iron contents of some
secondarily hydrated natural silicic glasses. Am. Mineral,,
- V. 52, pp. 280-286. . )
Noble, D.C. :
1970a: Loss of sodium from crystallized comendite welded tuff of
the Miocene Grouse Canyon member of the Belted Range Tuff,
Nevada. Geol. Soc. Am. Bull., V. 81, pp. 2677-2688.
Nockolds, S.R.,: and Allen, R.
1953: The geochemistry of some igneous rock serles. Geochem.
Cosmochem. Acta, V. 4, pp. 105-142.
0'Brien, S.J.
1978  Geology of the Baine Harbour Map Area, West Half (1 M/7);
in Report of Activities for 1977 Newfoundland Department of
Mines and Energy, Mineral Development Division, St. John's,
Newfoundland, pp. 156-161.
O'Brien, S.J., Strong, P.G.'and Evans, J.L.
1977: Geology of the Grand Bank and Lamaline map areas; in Report #
of Activities for 1976, R.V. Gibbons (editor); Newfoundland
Department of Mines and Energy, Mineral Development Division,
Report 77-1, pp. 35-42. , ‘
: 0'Brien, S.J. and Taylor, S.W.
! 1979: Geology of the Baine Harbour and Point Enragée map areas,
: Newfoundland; in Report of Activities for 1978, Mineral
: Development Division, Nfld. Department of Mines and " Energy,
: Report 79-1. y
t
i 0'Driscoll, C.F.
) 1977 : Geology, Petrology and Geochemistry of the Hermitage
{ Peninsula, Southern Newfoundland. Unpublished M.Sc. thesis,
i Memorial University of Newfoundland, 144 p. )
l‘ ~
< .
;
¥
t




e

REFERENCES {continued)

%
O'Driscoll, C.F. and Hussey, E.M.

1977:

0'Driscoll, C:.F. and Muggridge, W.W.

1978:

Papezik, V.S. . ‘ {

1969:

Papezik,
1970:

Papezik,
1972:

Pearce, J.A., and Cann, J.R.

1971:

Pearce,
1973:

Pearce,
1975:

Pearce,
1978:

J

T

J

- 223 -

The Avalonian orogeny of the western Avalon Z{:;, Newf ound-
land. Geological Soclety of America, Abstracts with Pro-
grams, Northeastern Meeting, p. 306. {

Merasheen Project, in Preliminary Project Reports for 1978.
Nfld. Dept. of Mines and Energy, Min. Development Division,
Report 78-10, pp. 61-63.

Late Precambrian ignimbrites of the Avalon Peninsula, New-
foundland. Can. J. Earth Sci., V. 6, pp. 1405-1414.

V.S.
Petrochemistry of volcanic rocks of the Harbour Main Group,
Avalon Peninsula, Newfoundland. Can. J. Earth Sci., V. 7,
pp. 1485-1498.

V.S. :

Late Precambrian ignimbrites in eastern Newfoundland and
their tectonic significance; Proceeding of the 24th Inter-
nation Geological Congress, Section 1, pp. 147-152.

Ophiolite origin investigated by discriminant analysis usfhg
Ti, 2Zr, and Y. Earth and Planet. Sci. Letters, V. 12, pp.
339-349.

.A., and Cann, J.R.

Tectonic setting of basic volcanic rocks determined using
trace element analyses. Earth and Planet. Sci. Letters,
V. 19, pp. 290-300.

¥

.H., Gorman, B.E., and Birkett, T.C. ;
The T10.-K.0-P_0, diagram: a method of discriminating between
oceanic“and nofi-oceanic baslats. Earth and Planet. Scl. -
Letters, V. 24, pp. 419-426.

.A., and Gale, N.H.

Identification of ore-deposition environments from trace-
element geochemistry. In Volcanic.Processes in ore genesis,
Spec. Publ. 7, Geol. Soc. London, pp. 14-24.

'




- - 224 - 4
REFERENCES (continued)

Parsons, W.H.
1969: Criteria for the recognition of volcanic breccias: a review.
. Geol. Soc. Am. Mem. 115, pp. 263-304.
. Pettijohn, F.J. !
1975: Sedimentary Rocks (3rd editiom), Harper and Row, publ., 628 p.

o e e

Poole, W.H.
1976: . Plate tectonic evolution of the Canadian Appalachian Region.

Geol. Surv. of Canada, Paper 76-1B, pp. 113-126.

Potter, D.B.
1951: Geology of the Fortune - Grand Bank area, Burin Feninsula,

Newfoundland, Canada. M.Sc. thesis, Brown University (un-
published). Y

Ramsay, J.G. and Graham, C.
1970: Strain variation in shear belts. Canadian J. of Earth Sci., /

V. 7, pp- 786-813,

Rast, N., O'Brien, B. and Wardle, R.J.
1976: Relationships between Precambrian and Lower Palaeozoic Rocks
of the "Avalon Platform”" in New Brunswick, the Northeast
Appalachians and the British Isles. Tectonophysics, 30

(1976), pp. 315-338. J

Rittman, A.
1962: Volcanoes and their activity. Interscience Publ., John

Wiley and Sons, New York, 305 p.

Rodgers, J.
1970: "The tectonics of the Appalachians''. Wiley-Intersclences,

/ 271 p.

Rodgers, J.
1972: Late Precambrian (post-Gremville) rocks of -the Appalachian

region. American Journal of Scilence, V. 272, pp. 507-520.

v
PRI g

Rose, E.R. ) ol
1852: Torbay Map-Area, Newfoundland. Geol. Surv. of Canada,

Memoir 265, 64 p.

8
*
§

Schenk, P.E. )
1971: Southeastern Atlantic Canada, ngrtheastern Africa, and con-

tinental drift. Can.'J. Earth Sci.,~V. 8, pp. 1218-1251.

~Scott, R.B.
1971: Alkali exchange during devitrification and hydration of

glasses in ignimbrite cooling sheets. J. Geol. V. 79, 31
pp. 100-110. '




iy

- 225 -

REFERENCES (continued)

Seiders, U.M. and Wright, J.E.
1977: Geology of the Carolina Volcanic Slate Belt in the Asheboro,
North Carolina area. In Fileld Guides for G.S.A. Southeastern
Meeting, Winston - Salem, North Carolina, edited by E.R. Burt.

Scott, R.B.
1966: Origin of chemical variations within ignimbrite cooling units.
Amer. J. Sci., V. 264, pp. 273-288.

Singer, A., and Navrot, J.
1970: Diffusion rings in altered basalt. Chem. Geol., V. 6,

pp. 31-41.
Smith, M.M.
1975: Geology of an area around Mose Ambrose - English Harbour
West, southern Newfoundland. B.Sc. thesis, Memorial
University of Newfoundland, St. John's.
Smith, R.E. )
1968: Redistribution of major elements in the alteration of some
basic lavas during burial metamorphism. J. Petrology, V. 9,
pp. 191-219.
Smith, R.L. .
1960: 7ones and zonal variations in welded ash flows. U.S. Geol.

Surv. Prof. Paper 354-F, pp. 149-159.

Smith, R.L., and Bailey, R.A.
1966: The Bandelier tuff: a study of ash flow eruption cycles from
zoned magma chambers, Bull. Volcanol., Ser.” 2, V. 29,
Pp. 83-104.

Smith, R.L. and Bailey, R.A.
1968: Resurgent Caldrons. G.S.A. Memoir 116, pp. 613-662.

Sparks, R.S.J., Self, 5., and Walker, G.P.L.
1976: Products of ignimbrite eruptions. Geology, B. 1, pp. 115-118.

Spooner, E.T.C. and Fyfe, W.S.
1973: Subsea~floor meatmrophism, heat and mass transfer. Contrib.
to Min. and Pet., V. 42, pp. 287-304.

Strong, D.F., Dickson, W.L., 0'Driscoll, C.F. and Kean, B.F.
1974a: \Geochemistry of Eastern Newfoundland Granitoid Rocks.
Report 74-3, Newfoundland Dept. of Mines & Energy, ;1974,

140 p.




P

R it

e

|
:

- 226 - p

REFERENCES (continued)

Strong, D:F. and Minatides, D.G. .
1975: Geochemistry of the late Precambrian Holyrood Plutomic :
Series of eastern Newfoundland. Lithos, 8, pp. 283-295. : L

Strong, D.F., 0'Brien, S.J., Taylor, S.W., Wilton, D.H. and Strong, P.C.
1975: Geology of the St. Lawrence and Marystown map sheets, New-
foundland. Mineral Development Division, Newfoundland
Department of Mines and Energy, Open File Newfoundland 895,
38 p.

Strong, D.F., O'Brien, S.J., Taylor, S.W., Strong, P.G. and Wilton, D.H.
1978a: Aborted Proterozoic rifting in eastern Newfoundland. Can.
Jour. of Earth Seci., 15, pp. 117-131. .

Strong, D.F., O'Brien, S.J., Taylor, S.W., Strong, D.G. and Wilton, D.H.
1978b: Geology of the Marystown (1 M/3) and St. Lawrence (1 L/ 14)
Map Sheets, Newfoundland. Newfoundland Department of Mines
and Energy, Report 77-8, 81 p.

Strong, D.F., O'Brien, S.J., Strong, P.G., Evans, J.L. and Swinden, H.S.

1979: Geology of the Grand Bank (1 M/4) and Lamaline (1 L/13) map
areas, Newfoundland. Nfld. Dept. of Mines and Energy (in
press). .
Strong, P.G. ) _
1967: Geology of the Lawn area, Burin Peninsula, Newfoundland. ’ .
B.Sc. thesis, Memorial University of Newfoundland, St. John's.

Stukas, V. : ) 40 39
1978: Plagioclase release patterns: a high resolution —Ar - At
study. Doctoral thesis, Dalhousie University, Halifax, Nova

Scotia, 141 p.

Teng, H.C. 4 :
1974: A lithogeochemical study of the St. Lawrence Granite, New-
v ° foundland. Unpubl. M.Sc. thesis, Memorial University, St.

-4

John's, Newfoundland, 194 p.

Taylor, S.R. ‘ ‘
1965: The application of trace element data to problems in
petrelogy. In Physics and Chemistry of the Earth, Editors
Ahrens, L.H., Press, F., Runcorn, S.K., and Urey, H.C.,
V. 6, pp. 133-213.

Taylor, S.W.
1976: Geology of Marystown Map Sheet (E/Z),J‘Lrin Peninsula,
Southeastern Newfoundland. Unpubl. M.Sc. thesis, Memorial
University, St. John's, Newfoundland, 165 p.




-h

REFERENCES (continued)

Thieme, J.G.
1970: The Geology of the Mansa Area: explanation of Degree Sheet
1128, parts of N.W. Quarter and N.E. Quarter. Rep. Geol.
Surv. Zambia.

Thompson, R.N., Esson, J. and Dunham, A.C.
1972: Major element chemical variation in Eocene lavas of the
Isle of Skye, Scotland. J. Petrol., V. 13, pp. 219-253.

Twenhofel, W.H. and MacClintock, P.
1940: The surface of Newfoundland. G.S.A. Bulletin, V. 51,
pp. 1755-1929.

Vallance, T.G.
1969: Spilites again: some consequences of the dehydration of
» basalts. Linn. Soc. N.S.W., Proc., V. 94, -pp. 8-51.

Vallance, T.G. .
1974: Spilitic degradation of a tholetitic basalt. J. Petrology,
V. 15, p. 79.

" Vanderveet, D.G.
1976: Surficial and glacial geology, gravel resources inventory,
Burin Peninsula, Newfoundland., Mineral Development Division,
Nfld. Dept. of Mines and Bner!y, Open File Report, 12 p.

Van Alst:ine, R. ?
1948: Geology and Mineral Deposits of the St. Lawrence Area,
Burin Peninsula, Newfoundland. Geological Survey of New-
foundland, Bulletin 23, 64 p.

Van Bemmelen, R.W.
1949: The geology of Indonesia, V. 1A, General Geology of Indonesia
" and adjacent archipelagos. Govt. Printing Office, The Hague,
732 p. .
Van Ingen, G. s
1914: Table of Geological Formations of the Cambrian and Ordovician
Systems about Conception and Trinity Bays, Newfoundland.
Princeton University Contributions to Geology of Newfoundland,
No. 4.

Wager, L.R., and Deer, W.A.
1939: The petrology of the Skaergaard intrusion, Kangerd liugssuag,
East Greenland. Meddl. om Gronland, V. 105, No. &, pp. 1-352.




REFERENCES (continued)

Walcott, C.D.
1900: Precambrian Upper Algonkian Terrane. Geological Society of
America Bulletin, V. 11, 1900.

Walker, G.P.L.
1972: Crystal concentration in ignimbrites. Contrib. Mineral. and
Petrol., V. 36, pp. 135-146.
Ralker, R.G.
1976: Facies Models: 1, General Introduction. Geoscience Canada,
V. 3, pp. 21-24.

Walthier, T.N.
1948: Geology of the Grand Bank quadrangle, Burin Peninsula, New-
foundland. Unpublished field report, File 1 L/14(11), 24 p.

Waters, A.C.
1961: Stratigraphic and lithologic variations in the Columbia
River Basalt. Am. J. Sci., V. 259, pp. 583-611.

Waters, A.C.
1962: Basalt magma types and their tectonic associations: Pacific
Northwest of the United States. In The Crust of the Pacific
Basin, Editors, Macbonald, G.A., and Kuno, H., Amer. Geophys.
Union Monograph 6, pp. 158-170.

Wentworth, C.K., and Williams, Howel
1932: The classification and terminology of the pyroclastic rocks.
Nat. Research Council, Rept. Comm. Sedimentation, Bull.,
V. 89, pp. 19-53.

West, W.D. :
1958: The petrography and petrogenesis of forty-eight flows of
the Deccan Trap. Nat. Inst. Sci. Indian Trans., V. 4,
pp- 1-56. :

white, D.E. :
1939: Geology and Molybdenite Deposits of the Rencontre East Area,
Fortune Bay, Newfoundland. Princeton University, doctoral
digsertation.

Whitney, J.A., Paris, T.A.,, Carpenter, R.H. and Hartley, M.E.
1978: Volcanic evolution of the southern Slate Belt of Georgia and
South Carolian: a primitive oceanic island arc. J. Geol.,
V. 86, T173-192.




REFERENCES (continued)

Widmer, K.
1950: The Geology of the Hermitage Bay Area, Newfoundland. Prince-
ton University, doctoral dissertation. )

Willars, J.
1953: Field report of geological exploration, Burin Peninsula, ,
Newfoundland. Newfoundland and Labrador Corporation (NALCO),
unpublished.

Wilson, A.D. : B
1955: A new method for the determination of ferrous irom in rocks
and minerals. Bull. Geol. Surv. of Gt. Britaim, V. 9,
Pp- 56-58.

Wilton, D.H.
1977: Petrological studies of the southeastern part of the Burin
Group, Burin Peninsula, Newfoundland. B.Sc. thesis,
Memorial University of Newfoundland, St. John's, 115 p.

Williams, H.
1971: Geology of Belleoram map-area. Geol. Surv. of Canada,

Paper 70-65, 39'.

Williams, H.
1979a: 'Tectonic Lithofacies Map of the Appalachian Orogen. Map No.
* 1, Memorial University of Nfld., International Geological
Correlation Project No. 27. .

Williams, H., Kennedy, M.J. and Neale, E.R.W.
1970: The Hermitage Flexure, the Cabot Fault and the disappearance
of the Newfoundland Central Mobile Belt. Bull. Geol. Soc.
Amer., V. 81, pp. 1563-1568. ‘

Williams, H., Kennedy, M.J. and Neale, E.R.W.
1974 The northeastward termination of the Appalachian orogen.
In The Ocean Basins and Margins (A.E.M. Nairn and F.G.
?t_ehli, Eds.), New York Plenum Publishing Corporatiom, V. 2,
pp- 70-123.

Williams, H. and King, A.F.
1976 Southern Avalon Peninsula, Newfoundland, Trepassey map-area.
Geological Survey of Canada Paper 76-1A, pp. 179-182.

Williamson, D.H.
1956: Geology of Oderin and adjacent islands, Placentia Bay. Geol,
Surv. of Newfoundland, Report No. 9, 34 p.




- 230 -
REFERENCES (continued)
Winchester, J.A., and Floyd, P.A.
1976: Geochemical magma type discrimination: application to
altered and metamorphosed basic igneous rocks. Earth and

Planet. Sci. Letters, V. 28, pp. 459-469.

Winchester, J.A., and Floyd, P.A.
1977: Geochemical discrimination of different magma series and
their differentiation products using-immobile elements.
Chem. Geology, V. 20, pp. 325-343.

Wood, D.A,, Gibson, 1.L., and Thompson, R.N.
1976: Elemental mobility during zeolite facies metamorphism of
the Tertiary basalts of eastern Iceland. Contrib. Mirneral.
and Petrol., V. 55, pp. 241-254.

Wright, A.E., and Bowes, D.R.
1963 : Formation of explo'sion breccias. Bull. Volcanol., V. 32,
PP, 15-32.

Wright, J.V., and Walker, G.P.L.
1977: The ignimbrite source problem: significance of a co-ignimbrite
lag-fall deposit. Geology, V. 5, pp. 729-732.

Younce, G.B.
1970: Structural geology and stratigraphy of the Bonavista Bay
region, Newfoundland. Unpubl. Ph.D. dissertation, Cornell
University, Ithaca, New York, 188 p.

et e S et s n WD

i




[

5107
TiO,p
Al203
Fe203
FeO
MnO
MgO
Ca0
Nazo
K20
P20s

L.0.1.

Total

VA 4
Sr
Rb

Cu
Ba

Pb
Ni
Cr

APPENDIX

1:
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MAJOR AND TRACE ELEMENT ANALYSES

GBO850 GBO870 GNO871 GBO852 GB0853 GB0855 GBO856 GB0857 GBO0858

76.90 76.80
0.0 0.08
2.1 12.6
0.14 1.12
0.82 0.19
0.02 0.02
0.22 0.20
0.14 0.10
3.47  3.73
4.88  4.96
0.00 0.00
0.85 1.09
99.54 100.89
188 144
35 33
193 278
49 62
0 0
85 95
32 25
13 20
0 0
0 0
35 51
*(1) (

2)

GRAND BEACH COMPLEX

75.10
0.12
11.9
.42
.35
.03
.48
.62
.78
.90
.00
.02

_OWUVMRNOOOOC —

L]
O

.72

185
75
372
59

131
63
14
57

(3)

77.30
- 0.00
12.40
0.24
0.85
0.01
0.18
0.34
3.65
4,82
0.00
0.69

100.48

180
26
217
58

.74
35
13

43

(4)

77.50
0.10
12.10
0.38
0.71
0.01
0.18
0.24
3.69

4,88

0.00
0.74

100.53

202
43
210

(5)

76.20
.00
.80
.37
.73
.02
.38
.24
47
.82
.00
.68

—
—_— O

COPFPWOOOOO

(Yol
oo

.71

178
38
262
63

66
35
13

43

(6)

76.20
.10
.00
.37
.51
.02
.16
.20
.79
.78
.00
.80

—
QO LOOOOONO

O
o

.93

189
28
208
52

61
34
12
39

n

74.6

.00
.60
.00
.13
.04
.24
.28
.38
.08
.00
A

—
—_O & E OO~ ONO

.49

o
oo

201
20
282
78

63
106
59
61

(8)

75.6
0.14

11.90
0.97
0.68
0.02
0.60
0.20
2.89
5.73
0.00
1.23

99.96

188
57
321
69

96

51
12

46

9)

GBO850-GB0869 - Porphyritic rhyolite tuf fs, Grand Beach Complex,

*

Sample location reference number

GB0852-CBO857 are air fall tuffs, remainder are
ash flow deposits
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GB0859 GB0861 GBO862 GBU863 GBOB6S5 GBOB66 GBO867 GBO868 GBO869

5102 75.00 76.90 76.90 75.70 75.60 76.80 76.40 77.60 75.10
Ti0p 0.08 0.06 0.10 =n.d. 0.14 0.0 0.02 0.02 n.d.
A1203 11.90 12.10 12.10 12.40 12.30 12.20 12.30 12.40 11.30 - ‘
Fe203 0.95 0.69 0.51 0.26 . 0.17 0.85 n.d. n.d. 0.27
Fe0 0.92 0.39 0.80 0.77 0.73 0.43 0.60 0.59 0.45
MnO 0.03 0.02 0.03 0.02 0.03 0.04 0.03 0.03 0.03 -
MgO 0.51 0.17 7 0.65 0.18 0.15 0.23 0.26 0.15 0.35
Ca0 0.28 0.14 0.14 0.16 0.129 0.12 0.12 0.15 0.18
Na,0 3.48 3.87 3.57 .02 4.00 3.10 2.79 3.95 3.70 1
K70 4,80 4.76 4,93 4.48 4 .48 4.88 5.38 4.34 4.74
P05 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
L.O.T. 0.73 0.74 1.36 0.63 0.63 0.87 1.11 0.91 0.68
; Total 98.68 99.79 100.69 9B.62 98.35 99.52 98.00 100.15 97.80 , )l
[ 4
'4
H .
i Zr 91 196 194 * 184 142 147 156 185
Sr 34 19 31 15 13 30 - 27 28 27
Rb 266 309 263 306 302 272 312 230 221
Zn 69 45 78 49 44 56 58 53 59
) Cu 34 * * * * * * * *
; Ba 83 65 81 57 57 147 156 79 82
. Nb 44 92 96 78 86 20 22 22 42
- Pb 13 17 20 16 15 19 20 19 13
Ni 7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Cr n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Y 51 54 59 56 57 38 46 33 43
(10) (11) (12) (13 (14) (15) (16) (17) (189 -
. s *

GRAND BEACH COMPLEX (cont'd.)

1 vy

XS A SRR A MO A | e g

bl

-

e ma— Ty R




51045
Si0, 75.90
TiOz 0.10
AIZO3 11.80
PeZO3 0.63
Fel 0.32
Mno 0.02
Mgo 0.20
Cas 0.24
Na 0 3. 48
KZO 4.87
on5 0.15
L.0.I 0;60
Total 98.31
ir 126
St 356
Rb 225
in 41
Cu 3
Ba BS-
Nb 57
Pb e
Ni 19
Cr 8
Y .

(19)

+

.
S1046
74.80
0.12
12.80
Q.60
0.73
0.03

i.n

5.04

99 .30

114
80
180

66

168

47

(20)

J5-9

77.60

12 . 40

0.78

0.19
0.29
3.00

4.92

l00.27

141
11
204
46

61

35

140
i0
194

41

a3

36

- 2;33 -

J5-35A JS-31B

71.10
0.58
13.10

1.19

»

.08

=3

.08
0.88
0.34
3.88
4.26

n.d.

99.07

1

138

127
13

278

i1

11

-

76.60

99.177

(21) (22) (23) (24)

Analysis of Grand Beach Complex from Strong et _al.,

JS

76

n

11.
0.

99.

1

2

-31a
.90
.d.
BO
22
.53
.01
19
.40
.30
.12
.d.

.00

47

43
53
12
32

68

35

(25)

1979.

.
Js-10
77.50
0.09
l2.40
0.12
0.42
n.d,
0.17
0.21
1.56
4.73
h.d,

0.95
100.15
146

201

27

61

17

(26)

-
1056
74.50
0.05
12.30
1.37
0.35
0.0l
0.21
0.35
3.21
5.04
n.d.

0.78

98.17

129
38

182

(27}

1050

75.00
0.10

12.00
0.5%
0.68
0.02
0.15
0.33
4.20

4.04

115
4“5
159

49

106
47

n.d.

*

1049
76.50
0.05
12.00
0.57
0.55
0.02
.20

o o

.44
3.48
§.02
n.d.

0.09

$8.97

l21
&8
234

57

95
S6
n.d.

20

(29)

.
1048
76.20
0.10
12.00
1.38
0.27
0.01ﬁ
0.12
0.40
3.4
l:91
n.d.

0.55

99.50

119
39
245
51

90

S&
n.d.

20

11

(30)
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I
I
BO1l55A BO85A BD1025 BO71B BARA 1 BARA 2 BOlOA BOl2c BO72 BO388 BO356
{ SiO2 73.40 77.90 70.50 68.00 73.50 71.00 70.20 76.20 70.30 76.30 74.30
I TiO2 0.30 0.06 0.53 0.52 0.20 0.40 0.40 0.0 0.04 0.0 0.16
| A1203 13.70 13.10 15.50 14.90 14.80 15.00 15.30 13.00 14.70 13.30 13.30
I I-‘e203 1.20 0.90 .33 3.10 1.88 .2k 1.36 0.74 2.78 0.66 1.68
\ FeO 0.82 n.d. 1.29 0.07 n.d. n.d. 0.91 0.17 0.27 0.24 0.20
L MnO 0.04 0.07 0.10 0.10 0.10 0.11 0.09 0.02 0.13 0.03 0.13
] MgO 0.62 0.21 0.67 0.77 0.55 0.67 0.73 0.27 1.10 0.15 0.10
cao 0.80 0.82 0.71 1.13 1.76 0.72 1.10 0.90 ¥230 0.12 2.48
NaZO 1.95 3.60 5.84 5.11 4.20 4.70 5.42 3.22 4.80 3.04 3.84
I K20 7.16 4.00 2.94 3.42 2.84 4.48 3.68 3.74 3.92 4.92 2.52
P205 0.04 n.d. 0.15 0.08 0.14 0.04 0.08 n.d. 0.10 n.d. 0.02
LE.0.I. 0.93 0.58 0.89 0.81 0.93 0.76 0.72 1.55 0.92 0.74 0.7
Total 100.96 101.24 100.45 98.01 100.90 100.09 99.99 99.81 100.36 99.50 99.45
(31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41)
Zr 320 203 343 320 245 350 371 150 308 174 322
Sr 120 88 343 % 188 144 340 40 267 L 294
Rb 253 97 67 » 71 132 86 114 128 = 62
Zn 64 61 104 & 74 96 69 48 85 ad 58
Cu n.d. n.d. 9 n.d. n.d. n.d. n.d. n.d. n.d. n.d. nvd.
Ba = * 880 - % * = 953 952 932 681
Nb * * 14 o * o . 7 8 7 5
Pb 25 18 n.d. & 15 16 12 13 3 n.d. 18
Ni 14 n.d. 18 13 2 4 41 n.d. 9 1 L]
Cr n.d. n.d. 10 n.d. n.d. n.d. n.d. n.d. 8 B.d. n.d.
24 42 18 - % 17 31 27 20 26 n.d. 25
BARASWAY COMPLEX
BO155A: albite porphyritic vitric tuff; BO8SA, 71B, 72 fine grained welded rhyolite tuffs;
BD1025: rhyolite flow; BARA 1, BARA 2: albite porphyritic rhyolite; BOl2C, 10A: rhyolite
porphyry:
Bo388: aphyric rhyolite; BO356: rhyolitic rheoignimbrite
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f
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05232
510, 79.50
TlOz 0.22
Alzol 12.04
Fezol 1.35
FeO n.d.
MnO 0.04
MgO 0.11
Ca0 0.10
NIZO 4.71
KZO 1.61
PZOS 0.05
L.o.I. 1.28
Total 101.01

(42)
ir 127
sc Coi62
Rb 87
in 52
Cu 6
Ba 699
Nb 9
Ph 2
Ni *
Cr 8
Y .

05731
80.06
0.16
10.5€
0.97
n.d.
G.04
0.69
1.41
3.44

2.79

100.78

(43)

102
161
50
19
4
764
10

12

B ¢
T265A T3758

68.00 69.10
0.58 0.43
15.50 L4.80
2.29 1.88
0.91 0.40
0.13 0.06
0.85 Q.42
0.75 g.94
5.70 6€.41
3.1 2.86
0.18 n.d.
1.12, ¢.72
~
99.16 98.03
(44) (45)
416 404
8l g2
65 16
114 68
8 7
893 619
13 7
13 12
8 4
n.d n.d
29 19

MOUNT SAINT ANNE FORMATION
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T266A

71.10

14.50

0.13
0.51
0.27
5.97

1.82

98 .64

(46)

411
66
40

109

533
14

11

n.d

2%

TO

72.00

Bg

Jet

1

n

38

19

41

.d

26

T1S59A
7l.40
0.65
16.10
1.98
0.64
0.06
0.45
0.86
5.17
3.92
n.d.

0.82

100.45

(48)

448

198
78

104

1083

12

13

12

n.d

T160A
78.60
0.65%
16.50
1.87
0.0
0.06
a.3%
0.40
5.18
1.99
0.1l

0.56

100.137

(49)

287

55

33

115

17

n.d.

25

0S22A 0S681

€9

0.

13

1.
0.

99.

.40
28
.76
58

.04
.64
.50
.78
.95
.d.

.78

a1

(50)

1

2

1

10

27

66

50

12

41

52

36.

72.01
0.50
13.76
2.68
n.d.

0.07

4.54

4.06

99.89
(51)

305
108
101

72

9a5

13

05682
72.38
Q.59
13.98
3.07
n.d.

a.08

57
244
32

58

205

14

T265A, T375B, T266A, TO#B, T159A, T160A - porphyritic rhyolites (from Taylor, 1976} .

0S7T76A:

0S776A
72.25
a

0.42
13.78
2.22
n.d.
4.07

0.1

224
135
B4

61

904

11

red, vitric tuff; 05681, 05682, red vitrophyric containing red lithic fragments of

similar composition, 0S22A, qrey rhyolite flow, spherulatic: 05732, 05731l: massive
rhyolite [flows.




[e(e} co722 C'O121 C0726 cCO798 COPE32 COP625 cCOl17 col3 COol4 Js-117
.70 47.69 43.02 48.25 52.136 46.40 46.46 43.50 46.60 45.]0 ,43.92
.98 1.25 1.29 1.13 1.19 1.06 1.11 1.20 1.45 1.60 1.s9
.70 16.17 17.53 17.68 15.34 .75 17.16 .70 16.40 15.90
.95 11.22 . .56 .97 .12 .54 .20 .77 6€.97 6.94
.34 .20 .03 .47 .08 .76 .36 4.32
.22 . - . .18 .28 .17 .20 .17 .23 0.21
1.19 .74 . . . .89 .05 .39 . .71 .42 6.91
B.26 .97 . . .29 .80 .91 .79 .37 7.52
.87 .32 . . . .57 .61 .55 .66 . 2.83
.11 .70 . - . .03 .07 W11
¢.59 .36 . . .31 .27 0.19

4.04 .78 . . .42 4,07 J.gl . 5.78 6.20

Total 99.85 98.76 99.25 98.88 499.27 l00.1¢ 98.69 99.08

(54) (55) (56) (58) (59) (60) (65) (66)

CALMER PORMATION

CO0722: aphanitic mafic flow: 0724 mafic flow with chlorite vesicles; 0721 aphanitic basalt:
0726, 0798: oxiqized basalt: P632A: green amyqdaloidal basalt flow; P62SA grev aphanitic
hasalt; Col7, banded basalt; Coll alightly vesicular plagiophyric flow; COl4, CO4: aphanitic
basalt: JS-177 fine grained grey basalt.
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510,
T10g
A1203
Fep03
FeO
MnO
Mg0
Ca0-
Na 20
K50
P20sg

L.O.I.

Total

Zr
Sr
Rb
Zn
Cu
Ba

Pb
Ni
Cr

Js 189

48.31
1.27
16.97
16.38
4.00
0.17
6.29
8.08
3.36
1.51
0.38
3.28

100.00

(67)

138

- 364
47
86
75
474

72
116

CALMER FORMATION
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Js 199
54.68

15.58
10.62

99.8%
(68)

113
521
35
117
20
747

n.d.
12

col

&~
o ]

N
VMO ONONO WSO m

98.

.40
.00
.10
.38
.97
.15
.75
.48
.93
.93
.19
.07

35

(69

118
649

27
78 -
44

260

¢

€01, CO2 massive, aphanitic mafic flows; JS 189, JS 199
green massive fine grained plagiophyric basalt.

€02

o
(=)

.10
.20
.60
.96
.57
.19
.37
.65
.86
.64
.30

p—
O ONSIHFHF OO LD —

99.79
(70)

126
522
19
93
50
265

17
24
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TLO4  TLOS  TLO3 TLO9 TLO2  TL56  TLALl  TLO39 TLO37  TLOSS

S'LO2 47.50 48. 40 48.80 48.80 51.50 45.60 45.60 46.2 55.2 55.0
TiOz L.24 1.46 1.32 1.24 1.24 1.28 1.20 0.92 1.44¢ 1.31
AIZOJ 16.90 17.20 16.80 15.60 16.90 22.00 17.70 18.70 15.60 17.4d0
Fe203 5.25 6.08 5.44 4.64 ‘487 7.17 7.49 4.78 6.47 4.18
FeO 5.11 4.67 S.21 5.19 4.65 6.15 5.‘2_1 5.36 4.2t 2.89 -
MnC 0.36 0.17 Q.17 0.19 0.39 0.28 0.54 . 0.30 0.13 0.13 . /
. MgO 7.92 8.00 7.86 7.41 8.00 3.BO _  6.46 B.64 3.90 2,24
. Cao 6.88 8.40 8.72 10.04 9.86 5.70 8.08 7.36 7.16 T 5.1%
Na20 . 1.34 31.96 3.61 2.58 1.41 31.70 2.39 2.07 3.92 4.13
KZO 1.17 0.71 a.85 0.50 1.00 1.94 2.23 1.90 1.11 4.98
- P;’('J5 0.32 0.30 0.32 0.21 0.38 0.32 c.19 0.10 0.60 0.61
L.O.I. 1.67 1.6) 1.84 1.80 1.56. .42 3.38 3.97 1.74 1.49
l
Total 99.56 100.98 _100.94 98.2 100.76 101.37 101.47 100.30 101.50 100.41 +

(1) (72)  (73) (74) (75) (76) (77) (78) (79) (80)

Zr 179 140 189 168 209 190 ' 134 — 124 181 219
Sr 609 719 613 465 309 483 388 270 449 558 .
. Rb 22 17 18 15 30 135 1i0 104 43 116
2n 104 111 122 87 106 126 187 133 56 67
; Cu 22 n.d. n.d. 15 11 4 76 n.d. n.d. 7
: Ba 392 192 148 234 319 395 361 226 223 1358
Nb 4 5 3 1 6 3 3 3 ‘3 7
Fb 9 ] 9 9 7 9 9 7 7 [:]
Ni 85 13 77 102 87 96 31 79 4 21 '
Cr 162 158 l48 12 124 4B 26 121 * *
¥ 20 18 19 17 23 10 ‘26 23 24 35

PLAGIOPHYRIC BASALT (FROM TILT HILLS}

TLO4, TLOS, TLO3, TLOY, TLS6, TL4l, TLOJ9: plagioclase porphyritic basalt.
TLOZ, TLO3?7, TLO5S. TLO42, TLOST: very coarse gratned pPlagiophyric basal:,
glomeroporphyritic, TO267A, TO38: fine grained plagiophyric basaltic mill.
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TLOB TLO42 TLOS? T0N267A HHISS5B  HHIS57B HHS578 HH153 PHOMA
5102 47.90 30.00 S51.00 16.1¢C 73.6D 71.60 €8.07 70.40 69.82
TLOZ 2.27 1.28 1.39 1,31 n.82 Q.12 0.58 0.4% 0.47
AIZO} ’ 14.60 18.40 18.40 L7.30 12.80 131.60 L4.62 13.90 14.39
FPZO’ 4,28 4.54 5.77 i RS i.36 1.15 3.34 1.15 2.50
Feo 8.13 6.02 3.94 7.85 . 0.58 0.95 n.d. 1.1 n.d.
hhial o} n.35 7.43 0.18 0.27 0,02 0.13 0.13 n.10 0.n8
M0 3.26 1.62 2.97 5,79 '0 40 0.51 0.97 0.52 7.6}
ta) £.90 9.24 8.18 9.14 0.83 1.4 2.54 1.73 r.o7
a0 2.61 2.84 3.03 2.48 3.08 5.02 4.57 4.54 4.77
7.0 0.20 1.%4 1.74 2.30 4.43 3.24 2.97 3.30 3. 46

:<)q 1.48 n.52 0.50 0.15 n_d 0.06 0.17 0.04 0.1l
N 0‘!. 1.86 2.32 2.20 4.99 1.39 bo24 1.28 2,26 1.30
Tatal 101.93 99.75 499 34 100.72 99,31 29.18 99.18 99.50 nA.5%

(81) (82) (83) (84) (85) (86) (87) (88) (89)

r 158 183 215 .60 153 jl4 214 235 .

r i1l ;06 609 647 123 171 289 192 *
b h 55 7"; 69 124 14 Ré6 94 .
N 194 181 73 10l 37 oA 70 () *

Il 19 19 15 46 L] [ 10 B .
Ry k3 406 332 T4y Ill4 A f/x')‘) EDIY hd
b . “ 'r‘ 1 11 13 12 12 .

Y ‘ 7 7 w [ 1l 9 .

1 1 2% 15 . ) 1 .

: .2 il 2 h 1 e s .

26 29 N . . + . .

TRECHTILLEG FOpoaTion

ey partially devitritied rhvelite 0 wi HE]I&/A; red, rlssy
threlite tlow.,
378 taine raained Hreys pladioclase crrronhyre s (00053 - Trey vitrace tutf
HOGA cod crystal tutt, Fovhiophyric (iram Teromg oot LRI L N
N
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MO240

5102 43.10
T102 2.05
Alzo3 16.40
Fe,0, 11.09
FeO 6.47
MnO 0.28
MO 6.57
cao 4.66
Nazo 4.91
K20 0.05
PZOS 0.40
0. I. 3.00
Total 98.98
(90)
Zr 94
Sr 191
Rb 2
Zn 210
Cu n.da=
Ba 63
Nb 2
Pb 7
Ni )
Cr 6
Y 20

MO236
47.20

0.76

174
578
36
48
24
287

112
201
19

MO49 MO235
46.80 46.30
0.85 1.14
18.60 16.90
5.78 4.19
5.14 6.17
0.26 0.37
5.88 8.68
10.63 B.92
1.94 2.7T1
0.80 0.69
n.d. 0.28
1.36 3.09
98.04 99.46
(92) (93)
141 171
491 591
56 15
113 96
90 88
130 299
84 3
9 6
48 114
99 182
20 19

MO1l0lA MO237A

45.20
L.57
14.50
7.45
9.97
0.64
6.07
9.95
1757
0.49
b.14

1.88

98,53
(94)

131
457
15
2370
40
135

14

n.da.

20

- 240

MO102
48.00 48.00
1.10 1.48
17.90 18.10
4.51 4.47
5.45 5.81
0.14 0.26
7-18 B:12
9.74 6.67
3.36 3.75
0.45 1.87
0.21 0.42
2.84 2.09
100.88 101.04
(95) (96)
166 196
684 708
15 56
52 190
689 12

174 -

1 *

7 11

60 141

69 *
16 25

MAGNETITE RICH BASALT FLOWS (CALMER EQUIVALENTS)

MO240, MO236, MO235, MO237A:

MO206, M0O205:

aphanitic magnetite rich basalt
MO66C, fine grained plagiophyric, slightly vesicular flows.

basalt flows, magnetite porphyroblasts.

MO530
49.00
1.00
17:10
5.61
4.89
0.43
7.72
7.70
3.74
0.81
0.32

1.83

100.15
(97)

180
700
46
133
85
139

11
129
242

21

MO206
50.50
1.78
16.90
8.79
5.05
0.69
5.16
5.68
3.56
0.12
0.42

2.80

100.45
(98)

151
811
3
150
11
123

20

MO205 MO66C

MO531
52.20 52.70
Lodls2 1«78
16.50 15.60
4.85 o (B0
4.63 B35
f0.22 0.3%5
* 208 4.37
6.02 6.91
4.30 3.23
1.34 0.05
0.19 0.54
2.10 1.39
16055 D9 Rl
(99) (100)
199 124
627 308
34 4
108 117
43 i
425 72
8 2
9 8
94 6
277 2
20 20

47.90
1.07
16.61
5.24
5523
0.20
9.04
8.40
2.86
1.55
0.18

1.85

100.13

(101)

165
536
76
59
26

269

210
508
23

flows; MO49, MO101a, MO102, MOS531,
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- TPO614A TOJ108 TOJ93 TPO608A TOP607C TOP589B TPOS592B TOS40 TPO654B

84Dy 47.44 47.00 60.00 58.8§ 55.46 41.64 62.75 60.00 66.45

'rio2 119 1.20 1.02 1.36 .1 1.21 0.88 1.04 0.92
A1203 16.07 15.7D 17.10 14.34 14.57 15.15 15.34 15.70 14.49
Fezo3 10.52 4.44 2.79 835 10.29 10.42 5 6.41 191 4.70
FeO n.d. 5509 2.34 n.d. n.d. n.d. n.d. 382 n.d.
MnO 0.18 0.19 0.22 0.10 0.13 0.26 013 0.19 0.18
MgO 7.52 6.58 3.06 2.88 2.42 6.24 2.10p 2.08 122
cao 9.12 T=57 4.49 2.08 3.53 9=55 2.86’ 4.10 2.24
Na20 2.20 3.00 S50 1 .22 0.79 24083 3.1 4,24 237
KZO 1.28 2,110 0.39 6.31 5.85 1.87 2.07 2.39 239
PZOS 0.25 0.42 0.18 0.17 0.25 0.41 02 0.45 0.27
L.OJI. 2.98 4.21 2.22 B TE 4.65 10.24 4.18 2.18 )
Total 98.75 98.21 99 .40 99.42 99.65 99.:89:2 100.69 98.10 9987

(102) (103) (104) (105) (106) (107) (108) (109) (110)
Zr 106 134 140 207 265 122 157 241 189
Sr 383 406 316 119 86 425 538 500 473
Rb - 36 57 12 207 199 52 20 61 53
Zn 78 86 108 87 100 89 93 113 103
Cu ‘ 87 27 8 21 14 68 69 14 6
Ba 560 892 72 924 1322 1801 436 550 802
Nb 7 8 7/ 13 18 6 7 6 10
Pb 5 5 5 17 4 4 3 241 8
Ji 133 66 3 6 9 80 113 155 1
Ce 302 181 & o i 152 154 2 4
¥ * x * * * * = 5 *

TAYLOR'S BAY FORMATION

TOP614A fine grained chloritized basalt; TOJ108: aphanitic basalt flow:;
TOH93: grey mafic flow; TPO608A, 607C: mafic tuffs; TPOS589B: basalt;
TPO592B aphanitic mafic flow, TOS40: aphanitic flow; TPO6S54B: aphanitic
dacite flow.
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TOJ86 TL104 TLO1l5 TO81lA TPOS00C TOOS572C TP621A TOJ1l76A

5102 69.80 65.60 62.50 60.50 69.37 73.99 71.45 73.46
Tio2 0.40 0.93 1.09 0.72 0.49 0.18 0.32 035
51203 ESSAD: 15.50. IS5.90 14.30 14.05 11.84 13.32 14.23
Fe203 1.79 1.40 Z.94 2.74 e 1.54 1.88 1.75
FeO 0.21 2.85 1.65 353 n.d. n.d. n.d. n.d.
MnO 0.04 0.12 0.13 0.14 0.08 0.56 0.06 0.05
MgO 0.49 187 1.42 3.04 0.82 0.19 0.5%. 0.52
caO 0.67 3.56 7.64 5.76 1073 1.56 1.9i' 1.34
Na20 3.61 1.48 1.88 3.28 T 3.96 2.88 2 7
K20 6.09 4.95 ek 3.28 2.61 3.25 4.56 4.63
P205 0.10 0.02 0.17 0.22 0.12 0.08 0.09 0.06
LxOra X 1.74 = U 1e1:3 2.05 1.42 0.84 1.38 1.45
Total 10G6.04 99.45 98.78 99.54 99.37 98.00 98.38 100.81

(111) (112) (113) (1l14) (115) (116) (117) (118)

Zr 245 204 L 248 223 118 190 194
Sr 229 649 1626 499 204 117 292 168
Rb 194 184 70 95 41 78 110 137
Zn 45 98 98 92 50 36 38 39
Cu 8 13 15 = 6 ) 20 15
Ba 1253 1067 502 . 745 577 810 1053
Nb 18 3 3 i 12 8 12 1.2
Pb 20 13 12 10 7 11 22 24
Ni 6 16 5 14 Lol 3 8 e 3

TAYLOR'S BAY FORMATION

TOJ86: red aphanitic vitrophyre; TL104: dacite flow; TLOl5 massive
mafic flow; TOO0O8l massive glassy flow; TPOS500C: grey crystalline
porphyritic rhyolite; TPOS572C; rhyolitic crystal-lithic tuff;
TP621A rhyolitic vitric tuff; TOJ176A: massive rhyolite.
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Norastive Minarsis - Wt. I

GBOJSO  GB0B7C GBOS7) CBOASY CHOAS) CROBSS GDO‘SG CBOBS? GB0656  CBOSSY BCOBSL CROBGZ GBOBG) CPOBLY CBORGL CBOMGY? CDOSLA CBOALY »
Q 37.28 35,67  J4.86 25,08 36,26 35.7) 35.60  32.44 25,87 35,38  35.97 Sl 34,70 35,08 39.9¢  29.%4 .22 B2 :g
- . m
- or 29.22 9.37 35.32 18.54 28.90 29.05 28.78 24.77 3 .30 28.96 28.40 29.3 27.02 27.09 .23 32.48 25.84 .84 é
—
Ab 29.73 31,62 23,83 30.95  3L.29  29.95 2.6 38.07 2477 30.06  31.06 3041 Ja.71 Je.6) 26,39 24011 368 D2.2) »
An .67 .51 1.60 1.56 .21 .19 0.99 1.4] 1.01 L.40 0.68 0.68 0.70 0.58 0.62 ‘\0.59 o.81  0.7% bl .
Ne ’ “
- @]
Le :_‘
Lle . :'U 1
Cor 0.88 Q.91 0.37 0.31 0.46 0.24 0.49 0.58 0.49 0.3 Q.55 0.587 0.68 1.62 1.71 ] !1\' 0.79 .Z N
Y
DL 0.42 % w
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0l Q g
Nt 0.2} Q.45 0.89 0.38 0.5% 0.55 0.5 1.42 1.4l 1.00 Q.74 0,38 0,25 1.28 0.40 . 0:-
1l Q.3 Q.2) 0.19% 0.19 o.27 0.16 0. 12 0.9 0.7 0.04 ,?:
Hm Q.81 o.o1 >
=2
Ap =}
' ~
Fl 0.02 0.0l 0.0l 0.01 0.02 0.0t 0.0} 0.0l 0.01 €.01 0.01 g.01 0.0 0.01 0.02 0.01 ©.02 E
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PRRSpTEAER S R el 4 AR IS

JS-SA" JS-31B JS-31A JS-35A BO1S5A PO85a BDLO2S

36.42 236,33 3.8 30.02 , 32,05 3931 2.7

28.72 30,36 30.7) . 25.8)  #2.30 23.4B  17.4¢

31.79 29,33 28.36 . 33.6¢9 16.49 30.26 49.60

1,08 1.40 2,05 1.8 315 407 2.88




30388
».n

29.43

26,04

0.74

80356
37.45
15.08
32.89
11.76

0s2328
«5.72

§.54

0.37

05731
45.64
16.45
25,09

$.12

T1594
23.7%
13.24
41,88

4.30

0F-224
22,77
17.17
49.84

2.83

05682
24,38

1.19
61.76

1.84




C0537 CO77-4 CO722 CO724 CO721 CO726 CO798 COP632A COP625 CO-17 CO-13 CO-14 CO-15 .JS177 JS189 JsS199 cCO-1  CO-2
Q 1123 1.10 11.63 3.92 3.86 16.91 1.74 1.0s 1.77 11.80 5.75 1.70
or 0.68 4.40 5.93 3.15 8.29 0.19 0.43 13.17 7.50  19.12 0.75 6.67 21.43 4,96 9.22 10.35 5.89 4.05
Ab 34.16 29.87 31.29 25.27 36.93 31.83 23.09 22.78 24.91 5.91 42.73 25.75 20.83 34.78 29.37 32.71 26.56 25.88

An 23.70 27,50 27.05 34.22 18.60 33.86 30.96 23.83 31.74 41.27 24,43 29.65 9.15 26.96 27.65 21.29 41.73 138.76

Ne
Le

Lc
2 2.97 7.92 0.99

pi 7.80 9.83 3.15 1.33  2.83 6.32 11.57 3.56  0.51 5.54 6.92 5.86 2.04 1.85

. hy 5.19 2.48 19.65 9.22 14.99 14.84 9.15 12.65 6.45 13.39 9.63 15.93 22.60 12,29 7.09 8.91 19.30
Wol

o1 - 16.92 6.38  3.88 7.04 9.77  0.83

Mt 0.36 6.09 9,69 10.72 10,68 8.4l ' 6.80 6.14

11 11.79- 1.98 11.85 0.39 0.47 0.39 0.61 0.34 0.43 2,41 2,92 3,27 4,36 0,41 0.36 0,48 2.06 2.44

Hm 0.05 0.02 10,50 12.19 10.51 12,61 11.69 10,69 2,54 0.10 1.69 12,12 10.72 10,95
Chr 0.02 0.03 0.04 0.04 0.06 0.03 0.03 0.0l
Ap 1.43 0,89 0.56 0.5 0.76 0.65 0.47 0,53  0.29 1.2l 137 1.9 0.91 0.69 0.47 0.75
Fl

RUL " 0,36 0.43 0,11 1.03

Sph 3.66 1.58 2,04 2,41 2,75 2,30 2,27 1.56 2.76 2.59

9% ¢



TLOS  TLO2
2,21 9.22

J.06 5.95

22.64 12.02

30.606 37,11

15,76 1,85
15,80 21.4¢

6.98
2.44

TL56

11.70
31.95
26.98

5.67
10.61




ke e -

i
14
1)
i
H
i
{
i
:

HH155B

36.99
26.72
26 .60
4.48

HH157B

27.09
19.55
43.36

5.11

HH578

24.35
17.92
39.48
10.83

HH153

27.56
20.05
19.49

8.02

HH604A

26.75
21.03
41.50
- 447 .




ot
Ab
An
Ne
Le
Le
Cor
Di
Hy
Wol
0l
Mt
Il
Hm

Chr

MO240

0.31

43.28
21.46

0.75

0.97

MO236

7.37
26,97
30.64

MO49  MO235
2.06
4,89 4,23
16,92 23.77
41.02 33,09

10.89  9.02

13.81  9.56

11.08

8.66 6.30

1,67 2.24
0.02

Q.67

MO101A MO237A

4.14
2,99

13,74

32!13

11.08
21,32

11.17
3.08

0.34

2,71
28,98
33.06

12,02
5.41
8.51

6167

2,13

0,02
0.50

MO102

11.16
29.8¢€
27,31

1.19

17.25
6.55
2.84

0.99

M0530 MO206
10.49

4.86 0.72
32,16 30.15
27.92 26.08

1.50

10.04 13.38

8.26 12,91
1.93  3.42
0.05

0.76 0.99

MOS31 MO205
14.11

8,04 0.30
36.92 27.76
22.00 28.36

5.75  2.39

15,37 11.30
2.04

7.14 11.18
2.16 3.4
0.06

0.45 1.27

MOG66C

9,31
24.59
28,36

10.31
5.33
11,77
7.72
2.07

evc
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PRGSO . B
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TOEl4A TOJIO8 TOJ93 TPOGOBA TPOEYIC TPOSB9B TPOS92B 10540 TPOSSAB TQUBE TLIOA TLOIS TLOBIA TPOSOOC TOP372C TP621A TOJI76A

Q 2.65 12.46 20.3 18.80 - 24.83 14.37 20.72 23.85 26.69 26.99 14.2] 21].59, 316,59 1348 35.07
or 7.8 1123 2.3 .88 3637 1230 I2.67 4471 1437 36.89 29.74 14.08 19.88 1576 1908 17.77  21.52
Ab 19.42 26.98 L8.86 10.72 7.0} 14,68 33.20 37,38 46.2) 31,05 12.7) 14,27 128.28 51.03 34,47 a4l 25.28
an .50 26.39 20.00  9.86  17.03  25.26  13.55  17.645  8.52  3.08 iB.26 2070 15.07 4.9 5,08 9.4 6.5
He ‘ 4.2 .
) .
Le
Cor ‘ 2.13 1.06 2.11 . 1.49 1.15 ) 0.3 1.95 |
bt 5.2 10.22 0.63 16.75 0.8l 7.45 1043 2,01 1.08 v . .
Hyp 5.7 5.57 8.27 7.49 6.34 , 8.41 9.24 3.07 1.24 71.54 0.16 6.10 1.15 - 1.36 1.30 tg'
Wol 0.49 |
01 9.06 6.68 .
g mo 684 418 ' . 2.9 2.06 2.64 4.07 La
11 0.36 2.42 1.99 0.22 0.129 0.59 0.2¢ 2.06 0.39 0.54 1.80 2.12 1.4C Q.17 q.37 0.13 0.11
Bew  10.97 872 10.82  11.60 6.6 RTEEEW Y 1.16 2.0 0,68 1.9 1.%
Chr 0.07 Q.06 0.06 0.03
Ap 0.61 1.0k 0.43 0.41 0.81 1.06 0.51 1.0§ 0.64 0.2 0.05 0.4C 0.52 0.28 0.1% 0.22 0. 14 '
Fl
Rutite 1.30 1,65 0.77 0.3% D.lz\ 0.26 0.3
Sphene 2.5% 0.93 1.0

Acaite
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APPENDIX 3: ANALYTICAL METHODS

Samples were prepared by crushing to -2 cm chips with a steel jaw
|

crusher and pulverizing tc =100 mesh 1n a tungsten carbide Siebrechnik
» "Tema" swing mill. Major elements yere determined by atomic absorption

spectrdEét{y using a Perkin Elmer 403 digitized spectrometer, after

N dissolutio;>of samples in a solution of 5 ml HF, 50 ml saturated

' HJBO3 amd 145 ml H20 on a steam bath overnight. Ferrous iron was deter-
mined by titration (Wilson, 1955), P205 by colorimetry (Maxwell, 1968)
and "Loss pn Ignition' after heating in porcelain crucibles at 1050%¢
f for 2 hours in a muffle furnace. Trace élements vere determined with a
i Phillips 1450 computerized X-ray fluorescence spectrometer calibrated
:h against international standards. )
Samples were run as pellets prepared by subjecting a mixture of 10 g

of rock powder with 1.25 g of phenol formaldehyde to a 50 MPa pressure

in a 40 mm diameter die for | minute. The resulting pellets were heated

in a muffle furnace for 10 minutes at 200°¢.
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APPENDIX 4: PRECISIUN AND ACCURACY DATA

MAJOR ELEMENT DATA
Major element oxide determinations by atomic abscrption spectro-

photbmetry for U.S.G.S. standards GSP-1 and AGV-1.

published values; Abbey, 1968; M = mean value;

standard deviation; N = number of determinations.

GSP-1 (granodioritey

Al Fe 0, Ca0 - Mg0

203 23

15.18 4.26 2.06 0.98

14.77 4.22 1.94 0.96
7 8 8 8

0.08 0.07 0.07 0.07

AGV-1 (andesite)

17.01 6.73  4.94 1.53
17.13 6.70 4.78 1.47

4 4 4 A
0.23 0.33 0.16 0.07

T ey R )

Major element oxides : Analyses by G. Andrews

it

Trace element analyses by D. Press and the author;




B. TRACE ELEMENT DATA

Trace element determinations by XRF for U.S.G. and University of

Toronto standard rocks, Memorial ‘University.
Note: all determinations in ppm

S = standard deviation
N number of determinations
P published values

Zin GCa Sr Y ir

85 20 189 98
2 2 6 2
13 13 13 13
86 16 190

85 24 474

2 1 7
10 10 10
85 23




SYMBOLS
Geological boundary {defined, approximate, assumed)..........coomrvnieeeeieeniiniianns .
Bedding, tops known {horizontal, inclined, overturned)
Bedding, tops unknown (inclined. vertical)...........c..c.ocveieeeem i ieniare e
Primirv layering, volcanic rocks (horizontal, inclined, vertical}..........................
Slaty cleavage (INCIINO, YETTICE!) ... ... ociiieeiieviieiie e e et ar e et e s

Schistosity, foliatipn (@ncline&, VEFTIC oo vee e g e

v

Anticline (arrow indicates direction of plunge)

Byncline, (arrow indicates di(EGliOﬂ‘Of plunge). .
Overturned syncline, anticline.......... e b RSO O S SO

Fauvlt (defined, approximate, assumed)

Thrust Fault (ieeth in direction of dip) (deﬁn_e_d, approximate, assumed.............
Drift covered area

Eastern limit of geological mapping in Marystown Group.........iccee ccvvvenenveaene e
Geochemical sample location

Shesring and dip
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GEOLOGICAL MAP OF THE MARYSTOWN GROUP
AND ADJACENT ROCKS

BURIN PENINSULA  NEWFOUNDLAND
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VOLCANIC AND SEDIMENTARY ROCKS

EOCAMBRIAN CAMBRIAN

F,{-L ¥y Undivided Eocambrian to Cambrian sedimentary rocks: Red' and green siltstone, sandstone
L ”‘,! and shale; limestone, quartzite.

LATE PROTEROZOIC

Marystown Group: Units 2 19 9 {units 6, 7 and B are stratigraphically correlative and numbering
does not infer relative ages)

Grand Beach Complex: Ash-tlow and ash-fall wffs, epiclastic and sedimentary breccias, agg-
lomerates, minor rhyolite porphyries and divitrified rhyolites. @

v
Hare Hills Formation Ash-flow tuffs, waterlain epiclashc voleanic rocks, vitric tutfs, minor
rhyolites and felsi tes. o

3

Mount Saint Anne Formation: Flow-bandgd, autobrecciated and spherulitic rhyolites, sericite
schists. ash flow tuffs, wateriain epiclastic voicanic rocks. -

Barasway Complex Ash-flow tutfs, massive, autobrecciated and tlow-banded rhyolites, mono-
lithologic and hiterolithologic epiclastic and pyroclastic brecciag, minor sericite schists.

Calmer Formation: 5a, Subaerial matic flows, locally highly amygdaloidal; matic tuffaceous
sediments, minor mafic breccias; 5b, medium to coarse grained plagiophyric flows and sills and
associated mafic tutfaceous rocks. 5¢c. aphyric, locally magnetite rich flows, minor mafic and
felsic tutfaceous sediments and chlorite schists.

¢

Garnish Formation Red cross-bedded conglomerates and red sandstones, red siltstones and
shales. Minor matic tuffaceous sediments.

Taytors Bay Formation: Rhyohtic, intermediate and mafic flows and tuffaceous volcanic rocks.

Unwelded, tine grained felsic pyroclastic rocks, minor rhyodacite, dacite and guartz andesite
tiows, saricite and chlonte schists.

PROTERQZOIC

Undivided Bucin Group: Pillow basalts, mafic ayuagene tutts, limestgne, gabbro to yuartz dionte
sill.”

s E <

Undivided Rock Harbour Groups  Conglomerates, turbwdites, olistostrome and fossiderous
limestone breccias

INTRUSIVE ROCKS

St. Lawrence Gramte Undivided peralkaline and alkaline aiaskite and associated granitic rocks;
! ) "' includes minor unseparated extrusive phases.

Sea! Cove Pluton. Gabbro, diorite and quartz dorite.

) 7

Anchor Droque Pluton Hornblende -biotite granite  quartz monzornite and granodionite

Laughhios H It Giabbiro Coarse grained hornbitende gabbro ® " s

’
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