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If a man will begin with certainties, he shall end in 
doubts; but if he will be content to begin with doubts, he 
shall end in certainties. -- Francis Bacon 

CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 

The Harbour Main Group is P' a sequence of slightly 

metamorphosed volcanic and sedimentary rocks located on the 

Avalon Peninsula, eastern Newfoundland (Fig. 1 ) • The Group 

is part of the Avalon Zone of the Appalachian Orogen. In 

Newfoundland this zone consists of a sequence of late 

Precambrian volcano-sedimentary rocks overlain by both 

marine and continental sedimentary rocks of late Precambrian 

age. These rocks are conformably to unconformably overlain 

by shallow marine to terrestrial sedimentary rocks of lower 

to mid-Palaeozoic age. The entire sequence has been 

intruded by plutonic rocks ranging in age from late 

Proterozoic to Carboniferous (Williams, 1979). 

The tectonic setting of this part of the Avalon zone is 

not clearly understood and has been the subject of various 

interpretations. Papezik (1970), Strong et al. (1974), 



FIGURE 1. Tectonostratigraphic zonation of Newfoundland 

(after Williams, 1978, 1979). 
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strong and Minatides (1975), Nixon and Papezik (1979) have 

suggested that the Harbour Main Group was formed during 

continental volcanism related to block-faulting in the late 

precambrian, in a manner analogous to that of the Basin and 

Range Province in the southwestern United States. However, 

Hughes (1970), Hughes and Brueckner ( 1971 ) , Poole (1976), 

Rast et al. (1976) maintain that rocks of the Harbour 

Main Group were formed in either an oceanic island or 

island-arc type tectonic environment. 

As the Harbour Main Group is the oldest known exposed 

rock unit on the Avalon Peninsula, the tectonic significance 

of these rocks is critical not only to an understanding of 

the geological evolution of this part of Newfoundland but 

also to models put forth for possibly equivalent rock units 

elsewhere in the Appalachian Orogen. In recent years 

petrochemistry has become an invaluable tool in defining 

tectonic settings of ancient volcanic rocks. Chemical work 

in previous studies of the Harbour Main Group was concerned 

mainly with silicic rocks which, however, do not have 

sufficiently distinctive signatures. Mafic volcanics were 

therefore selected in this study, in particular those in the 

western belt of the Group. These rocks are potentially 

suitable indicators of the magmatic and tectonic affinities 

of the igneous activity associated with this part of the 

Harbour Main Group. 



1.2 LOCATION AND ACCESS 

Major fault zones divide the Harbour 

eastern, central and western blocks (Fig. 

block consists predominantly of mafic 

5 

Main Group into 

2). The eastern 

volcanic rocks, 

including pillow lavas, massive flows, abundant pyroclastic 

and sedimentary rocks, and locally prominent acidic flows 

and plugs. The central block is dominated by the Holyrood 

Pluton with highly altered volcanic rocks along the 

contacts. Volcanic rocks of the HarbourfMain Group attain 

their most typical development in the western block which 

consists of ash-flow tuffs (ignimbrites), massive basaltic 

flows, and volcanogenic sediments. 

The present study area (Fig. 3) lies within that part 

of the Harbour Main Group defined by Papezik (1970) as the 

'western block'. The area is 

Bay, Avalon Peninsula, and is 

located in southern Conception 

bounded by Colliers Bay on the 

east and north, Gasters Tear Fault on the southeast, and on 

the west by a major fault (Marysvale Fault) extending from 

Turks Gut in the north through the community of Marysvale 

southwestwards and curving around the west side of the Blue 

Hills. Also included in the present study is an inlier of 

Harbour Main rocks located near the community of Brigus 

Junction and straddling the Trans-Canada Highway in this 

area. 

The area lies approximately 70 kilometres to the 

southwest of St. John's and is most efficiently reached by 





FIGURE 3. Simplified geological map of the study area 

Southern Conception Bay, Avalon Peninsula 

(modified from McCartney, 1967, and Nixon, 

197 5) . 
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travelling west on the Trans-Canada Highway (Route 1) and 

then north along the Avondale access road connecting to the 

conception Bay Highway (Route 3). Local communities in the 

area include Avondale, Conception Harbour, Colliers, and 

Marysvale. The Brigus Junction inlier is reached by 

travelling west on Route 1, past the Avondale exit, to the 

secondary access road leading southward to this community 

which is 2 kilometres from the junction with Route 1. 

Numerous roads and trails provide easy access to most of the 

area. 

1 • 3 TOPOGRAPHY 

To a large extent the topography of the area is 

controlled by bedrock geology. The hills and ridges such as 

Finn Hill, Blue Hills, and the west shore of Colliers Bay 

are underlain by more resistant massive volcanic rocks, 

while the lower valley areas between these ridges are 

occupied predominantly by sedimentary rocks. 

Glacial activity during the Pleistocene was the major 

force which shaped the present-day topography of the area as 

shown by whaleback ridges and perched erratic boulders. 

Glacially striated outcrops indicate that the ice moved in a 

general northerly direction. Glacial till is unevenly 

distributed and in places reaches a thickness of 8 metres, 

although many areas (eg. Blue Hills and the west shore of 

Colliers Bay) lack any surficial deposit. For a more 
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detailed account of glaciation in the area, the reader is 

referred to Henderson (1972). 

1.4 PREVIOUS WORK 

Excellent and very detailed reports of previous 

geological work carried out in the area are given by 

McCartney (1967) and Nixon (1975). For the purpose of this 

study, the following summary of previous work is based 

primarily on Nixon (1975). 

Work by A. Murray in 1868 and Murray and J.P. Howley 

between 1869 and 1883 resulted in a geological map of the 

Avalon Peninsula which was published in 1881 • They 

classified the Precambrian intrusive rocks of the Avalon as 

"Laurentian gneiss, etc." and Harbour Main rocks as 

"metamorphic slate, sandstones, etc.". In 1919 A.F. 

Buddington, using chemical analyses, clarified the relations 

and petrology of the Avalonian Precambrian volcanic and 

plutonic rocks. He introduced the term 'Avondale volcanics' 

for the Harbour Main Group as they occur in Conception Bay. 

However, as the term Avondale had been used previously 

elsewhere, the rocks were renamed 'Harbour Main volcanics' 

by Howell (1925). Rose (1952) redefined the rocks involved 

and proposed the name 'Harbour Main Group'. This 

nomenclature was used in a series of G.S.C. publications by 

Hutchinson (1953), Jenness (1963), and McCartney (1967). 

More recently, Papezik (1969, 1970) carried out the 
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first detailed studies of ash-flow deposits of the Harbour 

Main Group at Finn Hill on Colliers Peninsula. Based on 

chemical analyses of the volcanic rocks, he interpreted them 

as "a differentiated series from an alkali-olivine basalt 

parental magma in a post-orogenic tectonic setting of the 

Basin-Range type" (Papezik, 1969, p.1495). The same general 

conclusion was reached as a result of a more extensive study 

of the same area and was presented as a thesis at Memorial 

university of Newfoundland by Nixon (1975). 
p 

Hughes and Brueckner (1971) proposed a somewhat 

different model for the development of the late Precambrian 

Avalon Peninsula. They envisaged a calc-alkaline volcanic 

island archipelago involving contemporaneous volcanism 

(Harbour Main Group), sedimentation (Conception Group), and 

high-level granitoid plutonism (Holyrood plutonic series). 

Within the past few years the Avalon Zone has again 

attracted geological interest as attempts are made to 

understand its role in the evolution of the Appalachian 

Orogen. A NATO advanced study focused on the Avalon and 

Meguma (Nova Scotia) zones as part of the International 

Geological Correlation Programme. Williams (1984) refers to 

the Avalon Zone as a 'suspect terrane' and suggests the 

possibility that this zone may be a composite terrane which 

was assembled in late Precambrian times. 



1 2 

1.5 AGE OF HARBOUR MAIN GROUP 

Harbour Main volcanics and some associated rocks have 

been dated by various methods. The oldest age reported for 

Harbour Main rocks is 1,500 Ma using a 40Ar/39Ar technique 

(Stukas, 1977). This age is cosiderably older than any 

other obtained to date in the Avalon Peninsula, and may be a 

result of excess argon. An Rb-Sr whole-rock isochron age of 

568±29 Ma for the Harbour Main volcanics is indicated by 

Fairbairn et al. ' (1966). Recent studies on zircons from an 

ash-flow tuff unit on Colliers Peninsula have yielded an 

uranium-lead discordant isochron age of 606(+3.7,-2.9) Ma 

for the Harbour Main volcanics {Krogh et al., 1983), which 

is probably a realistic estimate of the age of eruption of 

these rocks. The sedimentary rocks of basal Cambrian age 

which unconformably overlie the volcanics probably have an 

age of 570 Ma as suggested by the time scale of Cowie 

(1964). 

McCartney (1967) reports Rb-Sr isochron ages of 574±11 

Ma and 597±42 Ma for plutonic rocks around Holyrood Bay. 

However, using the longer half-life of rubidium 

(87Rb=1.39x10-11/yr), Frith and Poole (1972) report an age 

of 607±11 Ma for the intrusion. Krogh et al. (1983), using 

abraded zircon cores, dated the Holyrood granite at 

620.5(+2.1 ,-1 .8) Ma. 
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Appalachian orogenic belt. 

outside Newfoundland, 'Avalon-type' rocks have been 

reported in Nova Scotia (Schenk, 1971; Keppie, 1977), New 

Brunswick (Rast et al., 1976), parts of New England 

(Rodgers, 1970, 1972; Murray et al., 1978), the Carolinas 

(Wright and Seiders 1980; Long, 1979; Black, 1980) and 

Georgia (Whitney et al., 1978). Across the Atlantic Ocean 

equivalents of the Avalon Zone may be represented in the 

British Caledonides by the Arvonian volcanics of North Wales 

and the Longmyndian red beds and Uricontan volcanics of 

England (O'Brien, 1979). Possible correlatives of the 

Avalon Zone in Morocco have been described by Hughes (1972) 

and in other parts of western Africa by Schenk (1971), and 

Strong et al. (1978). 

2.2 STRATIGRAPHY OF THE AVALON PENINSULA 

The geology of the Avalon Peninsula has been reviewed 

in great detail in recent literature (eg. Williams, 1979; 

Williams et al., 1972, 1974; King et al., 1974; Rast 

et al., 1976; O'Brien et al., 1983). Therefore, the 

following section presents only a brief statigraphic outline 

in order to provide a framework for later discussion. Table 

1 outlines the stratigraphic relationships of rock units on 

the Avalon Peninsula. 

The base of the stratigraphic section on the Avalon 

Peninsula is the Harbour Main Group (Howell, 1925; 
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unconformity, nonconformity, or disconformity in different 

locations in the Avalon zone. In the east there is clearly 

an unconformity between the Cambrian and older rocks (eg. 

plate 19), but in the west, Greene and Williams (1974) 

suggest that Infracambrian rocks were transgressive into the 

Lower Cambrian. O'Brien et al. (1976) suggest a 

fault-modified disconformable contact between Infracambrian 

_ cambrian and Precambrian volcanic rocks on the Burin 

Peninsula. 

2.3 LOCAL STRATIGRAPHY 

This study is concerned with the west part of the 

western block of the Harbour Main Group. Figure 3 provides 

a simplified geological map of the area. Previous work by 

Papezik (1969, 1970) and Nixon (1975) has documented the 

geology and stratigraphy of the Group on Colliers Peninsula, 

immediately to the east of the present area. Based on 

preliminary work by Papezik, Nixon delineated three 

predominantly pyroclastic sequences, composed essentially of 

ash-flow tuffs with interbedded volcanogenic sediments. In 

order to introduce a discussion of the overlying basaltic 

sequence and to provide continuity from Nixon's study, a 
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brief summary of the ash-flow tuffs as they occur in the 

area is given below. The description of these units is 

taken from Nixon and Papezik (1979). 

2.3.1 Ash-flow Tuff Sequences 

The three ash-flow tuff units, from olpest to youngest 
' 

(ie. east to west), have been referred to as the 'Bacon 

cove, weavers Hill, and Finn Hill ash-flow sequences'. The 

thickness of these sequences varies from about 250 m to 350 

rn. Lithologies vary from sequence to sequence, but 

generally consist of crystal and vitric tuffs usually 

reddish-grey or dark red in colour with varying amounts of 

lithic fragments. Many of the units are conspicuously rich 

in lens-like 'fiamme' structures (Plate 1 ) representing 

collapsed pumice fragments and/or lava clots. The pumice 

fragments are generally more abundant near the top of 

individual units. Variable degrees of welding are obvious 

in most of the units with crystal-rich, non-welded basal 

zones grading through partly-welded to strongly-welded 

centres to partly-welded to non-welded zones near the top of 

the unit. 



plate 1 

Plate 2 

Example of eutaxitic ash-flow unit on Finn 

Hill, Colliers Peninsula. The grey, elongated 

lens-like bodies are 'fiarnme' representing 

flattened pumice fragments. Scale is 15 ems. 

Example of tuffaceous sandstones and silt­

stones interbedded with ash-flow tuff units on 

Colliers Peninsula. Way up is towards top of 

photo. Note 'flame' structures and shale 

chips in overlying sandier unit. Scale is 

15 ems. 
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plate 3 

Plate 4 

Example of coarse conglomerate units 

interbedded with ash-flow tuff units, 

southern Conception Bay. Note well rounded, 

poorly sorted structure. All boulders are 

of ash-flow tuff composition. Hammer handle 

is 30 em long. 

Field exposure of 'porphyrite' unit of the 

Blue Hills sequence. Note the abundance of 

stubby altered plagioclase crystals. See 

Plate 30 for photomicrograph of this rock 

unit. 
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