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PREFACE 

Avalon Peninsula, a highly irregular •and almost disconnected land 
area of some 3,800 square miles at the southeastern tip of the island 
of Newfoundland, includes the capital city of St. John's and about one
quarter of the population of the province. Since 'the first reconnaissance 
survey by Jukes, in 1839, many eminent geologists have contributed to our 
knowledge of its rock formations and mineral resources. 

The present report deals in some detail with an area of about 500 
square miles at the northeastern tip of the peninsula centred about St. 
John's and Torbay airport and including Bell Island, famous for its 
Wabana iron ores. The formations described are partly of Precambrian and 
partly of early Palreozoic age, the latter including the 'Classic Cambrian 
section of Manuels River •and the iron-bearing Ordovician strata of Bell 
Island. The report deals with their stratigraphic and structural disposi
tions, and with their relations to various batholithic and minor intrusions 
and to a variety of mineral deposits. It is illustrated by several figures 
and plates, and is accompanied by a coloured geological map of the Torbay 
area on a scale of 1 inch to 4 miles. 

GEORGE HANSON, 

Chief Geologist, Geological Survey of Canada 

OTTAWA, November 15, 1951 





Torbay Map-area, Newfoundland 

CHAPTER I 

INTRODUCTION 

GENERAL STATEMENT 

Torbay map-area lies within north latitudes 47°00' and 47° 50' and 
west longitudes 52°30' and 53°00', in the Avalon P eninsula of eastern 
Newfoundland. It has an area of 1,345 square miles, of wMch about 805 
square miles are ocean oovered. 

This easrternmost 'tip of North America jutting into the N-0rth Atlantic 
Ocean contains tJhe city of St. John's, which is linked to the mainland 
by modern rail, air, and sea services. Trans-Atlantic air and s·ea travel 
facilities are also ·availa:ble. 

A network of paved 1and gravel roads provides for mQtor travel through 
much of the area, and outlying parts of the ·coast may be reached by small 
boats. Away from the roads, travel acrosS' country is difficult in most 
places because Qf thick bush, wet bogs, and generally 11ough terr.ain. 

About one-quarter of the population of the province of Newfoundland 
is concerutralted· in this area, in and around St. John's, W abana, and 
the small fishing villages that dot the coaist, and the few producing mines 
and quarries in the area have aided materially in maintaining employ
ment there. In particular, the iron mining industry on Bell Island in 
Conception Bay has been a bulwark in Newfound1'and's economy since 
the discovery and early development of the ore around the tum of the 
century. 

St. John's, the provincial capital, with a population of about 45,0001, 
is situated on a magnificent, natural, land-locked harbour (See Frontis
piece), which is capable of accommodating all but the largest of modern 
ocean liners. It is a •seaport, the ·eastern terminus of the Newfoundland 
Division of the Canadian N atil()nal Railways, a distributing centre, and 
an important centre of the Newfoundland fishing and sealing industries. 
Wabaina, with ·a population of 8,171 (1945 census), an importa1JJ.t iron 
mining settlement, is served by small, private steamship ferries, which 
operate between Portugal Cove and The Beach. Other sebt'lements in the 
area include the fishing villages of P-0uoh Cove, Bauline, Flat Rock, 
Torbay, Portugal Cove, St. Phillips, Quidi Vidi, Topsail, Manuels, Foxtrap, 
Long Pond, Petty Harbour, Bay Bulls, Witless Hay, Mobile, Tors Cove, 
Cape Broyle, Calvert, Ferry1'and, and Aquaforte, roost of which have a 
popuiation of less than a thousand·. 

1 1945 census. 
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PREVIOUS GEOLOGICAL WORK 

Prominent among the many geologists who have worked within the 
map-area are: J. B. Jukes, Alexander Murray, J. P. Howley, T. C. 
Weston, G. F. Matthew, C. D . Walcott, G. van Ingen, A. 0. Hayes, N. C. 
Dale, A. F. Buddingtion, B. F. Howell, H. A. Baker, and J. S. Vhay. 

The first geological report and map of Newfoundland by Jukes (27) 1 

was published in London, England, in 1843, as a result of his field work 
for the Newfoundland Government in 1839-40. In that report, the rocks 
of Aval'On Peninsula were named and classified as follows: 

"Upper Slate Formation 
J a. Belle Isle shale and gritstone 

l b. Variegated slates 

Lower Slate Formation 
J a. Signal Hill sandstones 

l b. St. John's slate" 
with intrusive areas of granite, "sienite", porphyry, and basalt, etc., shown 
on the map. 

Sir William E. Logan, founder and first Director of the Geological 
Survey of Canada, 1842-1869, was next invited by the Governments of 
Gr~at Britain and Newfoundland to carry on official geological surveying 
in Newfoundland. To · this end, Alexander Murray and an assistant, 
H. H. Beckett, were sent :to Newfoundland in 1864. 

Murray, who later became Director of tJhe Geological Survey of New
foundland, and who was knighted for his services., continued official 
geological mapping in Newfoundland from 1864 t.o 1883. In 1869, J. P. 
Howley was appointed Assistant Geologist; he succeeded Murray in 
1883, amd continued his services until 1909. The results ,of their work 
were assembled and published in collected form in two volumes: the 
first (35), published in 1881 in London, England, comprises their reports 
from 1864 to 1880, and the second (25), issued in St. John's, Newfound
land, in 1918, includes those from 1881 to 1909. These volumes contain 
much information on the geology of the area under present consideration, 
and the second volume contains their map (36) of 1881 , which shows the 
distribution of formations within the Avalon Peninsula, and remains the 
most detailed geological map of this peninsula yet available. 

Matthew and Walcott eaoh published accounts of the important sec
tion of Cambrian rocks exposed on Manuels River, following Weston's 
discovery of fossils there in 1874 (50). 

Walcott in 1899 proposed (46) the name "Avalon Terrane" to include 
the formations lying between the basal beds of the Cambrian system and 
the Archrean gneisses of Newfoundland, and used the names Signal Hill, 
Momable (St. John's slate), Conception, and Torbay for these formations. 
In 1900, after Matthew's w.ork around Trinity Bay and subsequent pub
lication (34), Walcott d,escribed ( 4 7) a new Precambrian "terrane", the 
Rand•om, which he said rested conformably on the Signal Hill sandstone 
and conglomerate, and which he included in his "Aval.on series". 

In 1907, Howley published a ooloured geologic-al map (24) of New
foundland in which he recogn•ized tJhe presence on Avalon Peninsula of a 
"series of mixed igneous and aqueous deposits", all highly metamorphosed, 

1 Numbers in parentheses are those of references listed in Bibliography at the end of this chapter. 
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which he called typical Lower Huronian, and which he placed stratigraphic
ally below the Avalonian series. The term 'Avalonian' was 'applied pro
visionally, as Walcott suggested, to the sedimentary series lying between the 
Huronian and Cambrian formations. Murray's comment on the similarity 
of these sedimentary rocks on t.he Avalon Peninsula to the "Auriferous 
series" of Nova Scotia was expressed again by Howley. The map, 
reprinted in 1925, is again <lUt <lf print. 

In 1914, van Ingen ( 44) published a "Table of the Geological Forma
tions of the Cambrian and Ordovician Systems 'about Conception and 
Trinity Bays, Newfoundland, and their Northeastern-American and West
ern-,European Equivalents". The same year, paper's by Hayes on the 
"Geology of the Wabana Iron Ore of Newfoundland" (14, 15), and by Dale 
on "The Cambrian Manganese Deposits ,of Conception and Trinity Bays, 
Newfoundland" (8) were issued. 

In 1916, Buddington published a paper on "PyrophyHitization, Pinitiza
tion, and Silicification of Rocks Around Conception Bay, Newfoundland" 
(3) and, in 1919, •another on "The Pre-Cambrian Rocks of Southeast 
N ewfound1'and" ( 4) . He proposed the name "Avondale volcanics" for 
Rowley's (1907) Huronian series, which corresponds in part with Murray's 
(1881) Laurentian gneiss and "a" and "b" divisions. Howell (22) later 
suggested the name be replaced by "Harbour Main volcanics". Budding
ton's conclusion& are well summarized in his 1919 report (4). In reference 
to certain similarities of the rocks ·of the Conception, Torbay, and Momable 
(St.John's) series to the Goldenville quartzites, the banded argillite division, 
and the Halifax formation, respectively, of the gold-bearing series of Nova 
Scotia, ·he states: 

"Specimens from an outcrop in the yards of the Canadian Pacific terminal at 
Halifax are indeed indistinguishable, except for a more prevalent cleavage, from many 
characteristic specimens of the Momable series. Before any correlation may be 
suggested, however, it is necessary that a more intimate knowledge of uhe conformable 
or unconformable relations within the Newfoundland series shall be known, as well 
as more definite information eoncerning the relations of the gold-bearing series of 
Nova Scotia to the Cambrian." 

In 1920, Howell, who has contributed most to our knowledge of the 
Cambrian faunas of Newfoundland, published two papers: one on "Correla
tion of the Midd'1e Cambrian of Newfoundland ·and Great Britain" (20), the 
other <ln "The Middle Cambrian Beds at Manuels, Newfoundland, and 
Their Relations" (21). These were followed, in 1925, by another, on "The 
Faunas of the Cambrian Parad<lxides Beds •at Manuels, Newfoundland" 
(22), and, in 1926, by "The Cambrian-Ordovician Stratigrnphic Column in 
Southeastern Newfoundland" (23). 

Baker resumed official geol-0gical surveys in Newfoundland as Govern
ment Geologist from 1926 to 1929. In the general report for 1928 (2), he 
expressed the need for revision of the existing geological maps of Ava-Ion 
Peninsula, and presented his views on some of the problems involved. He 
contended : 

"That the gr-oup of rocks separated <>ff by Howley as 'Lower Huronian' (the 'a' and 
'b' beds of Murray) are not t he oldest but the youngest Pre-cambrian of this area. 
They must be of a much later date than the Signal Hill Conglomerate and must occur 
well up in the sequence of the Random terrane which itself constitutes the upper 
portion of Walcott's A valonian series." 

In 1914 (14) and in 1915 (15), Hayes published papers on the Wabana 
iron ore, followed in 1929 (16) ·by a paper entitled "Further Studies <lf the 
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Origin of the Wabana Iron Ore of Newfoundland", and in 1931 (17) by 
"Structural Geology of the Conception Bay Region and of the W abana Iroo 
Ore Deposits of Newfoundland". His sketch map of the structural geology 
of the Conception Bay region, which appears in this last report, differs in 
many respects from those previously published. He disagreed with Baker's 
conclusion on the relative ages of the 'Conception slate' and the Signal HiH 
'series', believing the latter to overlie the former at Red Head north of Tor 
Bay. He stated : 

"The recent criitical study -0f the structural relations of these formations confirms 
the writer's views regarding the system -0f thrust faulting, illustrated by Figure 2 -0f 
Hayes' report, and the overlap of the Cambrian, Bell fsland and Wabana strata 
on the Avondale volcanics and Conception slates which compose the oldest representa
tives Qf the pre-Cambrian formations of the Avalon Peninsula." 

Bulletin No. 7 ( 45) of the Geological· Survey of Newfoundland by Vhay, 
published in 1937, ·contains the results of his investigation of the geological 
features and economio possibilities of a relatively small area containing 
pyrophyllite deposits, situated about 3 miles south of Manuels, Conception 
Bay. He concluded that: 

"Large areas ·Of quartz-pyrophyllite schist were formed by hydm!Jhermal altera
tion of sheared rhyolite lavas and conglomerates near a granite contact. Certain 
schist areas contain a high percentage of pyrophyllite in addition to scattered lenses of 
nearly pure pyrophyllite." 

A 6-foot bed of conglomerate in the 'Conception slates' ·containing frag
ments of basalt, rhyolite, and some granite is mentioned. 

Referring to the granite in a footnote, Vhay states: "This granite 
must be derived from the erosion of an older intrusion, not identified in 
the •area". He noted that both the granite and intruded rocks were sheared 
near the c·ontact in many p laces in the J.ohnnys Pond aTea; that some pyrite 
was introduced into crushed zones in the granite near the conta'Ct; and that 
·at these places the weathered surface shows ·considemble limonite staining. 
He disagreed with Buddington in concluding that all of the silicification as 
wel'l as tf:ihe pinitizati<on is related in origin to the granite intrusion, and that 
a:Jterat.ions resulting from both of these rather widespread hydrothermal 
processes probably antedated the effects of pyrophyllitization. He stated: 

"In general it may be said that •the pyrophyllite replaced the quartz. It may be 
that it has a:lso replaced the feldspars of the original rock where it •had not been 
enti11ely silicified; but whereas the replacement of the quartz was incomplete and 
can be obser.ved, the replacement of the feldspar, under rthe same conditions, took place 
more readily and went to completion, so that the relations cannot be determined. 
In most thin sections of the pyrophyllitized rocks it was observed that rthe orientation 
of the pyrophyl1ite flakes shows no r·elation to the schistosity which seems therefore 
to be an inherited structure. This suggests that the rocks had been sheared previous 
to the pyrophyllitization, and were not under great stress when hydrothermal solutions 
caused the development of pyrophyllite." 

Reference was made to all the known mines and mineral resources of 
Newfoundland and Labrador in Geological Survey of Newfoundland Infor
mation Circular No. 4 ( 42), by Snelgrove, published in 1938. A sketch 
map of the general geology of Newfoundland accompanies the report. 

Princeton University contributions to knowledge of the geology of 
Newfoundland number fourteen publications, of which seven have direct 
reference to Torbay map-area, and include the work of van Ingen, Hayes, 
Dale, Buddington, Howell, and Snelgrove. The associations begun by 
van Ingen and his students at Princeton have been maintained to the 
present, to the general benefit. 
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PRESENT WORK 

Most of the previous geological work done in Torbay map-area was 
either of a reconnaissance, or extremely detailed, specialized nature. The 
present work was, therefore, undertaken to collate, revise, and clarify 
the great amount of information that had accumulated -on the rocks of 
the area, as well as to provide a geological map that mightt assist in the 
development of its mineral resources. 

Field work upon which this report is based was begun in the summer 
of 1948 for the Geological Survey of Newfoundland, and continued in 
1949 for the Geological Survey of Canada. A preliminary report (40) 
on the 1948 work was made for the Geological Survey of Newfoundland in 
1949, prior to the entry of Newfoundland into Confederation with Canada, 
and in 1950 a preliminary map, Torbay, Newfoundland, was issued by ithe 
Geological Survey of Canada ( 41) . 

Study of the literature on previous geological work had shown the 
need for mapping and revisi-on of terms. To this end, a re-definition 
of rock formations, groups, and series is presented in the "Table of 
Formations" (pages 13, 14), and their distribution and structure are shown 
on the accompanying geological map and structure-sections. 

A large area of volcanic rocks of types similar to the 'Harbour Main 
volcanics' and comprising amygdaloidal andesite, pink-tinged, flow-banded 
rhyolites and felsites, and agglomerate and tuff, is mapped around Witless 
Bay Country Pond. Conglomeratic members of the Conception group in 
the vicinity bear water-worn cobbles and pebbles derived from the volcanic 
group, and an unconformity between the Harbour Main and Conception 
groups is indicated. 'Dhe term Harbour Main group is used here to include 
both the volcanic and sedimentary rocks of the 'Harbour Main (Avondale) 
volcan~cs', and is applied to rocks of that type that occur in :the map-area. 

The name Conception group is here proposed to include the 'Concep
tion slate' and 'Torbay slate', which lie disconformably beneath the St. 
John's formation, which in turn underlies the Signal Hill formation -0on
formably; and the name Cabot group is proposed to include the St. John's. 
Signal Hill, and Blackhead formations. 

The Blackhead formation, comprising more lthaIJJ 5,500 feet of red and 
greenish grey, arkosic sandstone, with thin intercalated beds of slate, 
argillite, and siltstone, overlies the Signal Hill conglomerate conformably, 
preserved in the core of a great syncline between Signal Hill and Cape 
Spear. More than 16,000 feet of apparently conformable sedimentary 
rocks are involved in the fold. 

The occurrence of the Topsail fault is confirmed at Topsail Head, 
and the fault zone is traced inland past the eastern end of Mobile Big 
Pond. On indirect evidence, the fault is thought to have been initiaited 
in Precambrian time and to have marked the site of renewed movements 
in the Palreozoic Era. 

Intrusion of the Holyrood granitic batholith and pyrophyllite mineral
ization near Manuels probably occurred in Proterozoic time. The emplace
ment of the granitic rocks may have taken place over a long period, but 
an older granite is indicated by the occurrence of granitic cobbles and 
pebbles in conglomerate of the Harbour Main group. Similar pebbles 
in smaller numbers are to be found in places in conglomerates of the 
Conception and Cabot groups. 
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The latest glaciation is shown to be one in which local valley glaciers 
moved radially outward from the interior towards the east and noiith
west shores, furrowing an older till as they did so. Elevated coastal 
terraces, composed of water-worn, glacial till, give evidence of recent, 
partial emergence of a coast-line whose dominant features are those of 
submergence. 
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SURFACE FEATURES 
COAST-LINE 

The relatively smooth eoastal plain that slopes gently bayward 
on nearly flat-lying Cambrian sha1e and slate, from Topsail Head past 
Kelligrews in Conception Bay, stands in marked contrast with the precipi
tous eastern coast, which is built mainly of .strongly folded, resistant, Pre
cambrian sandstone and conglomerate, and where cliffs tower •500 feet above 
the sea. Except for the Cambrian low1and on Conception Bay the remain
ing coast-line is almost continuous outcrop. Fortunately, this rock-bound 
coast is b1,oken by several, fine, na·tural harbours., the best of w.hi·ch is the 
one at St. John's. The eas·terl.y trending fiords of Bay Bulls, Witless Bay, 
Mobile Bay, Cape Broyle Harbour, Caplin Bay, Aquaforte Harbour, and 
the narrows of St. John's harbour are engraved across the resistant beds of 
the coastal folds (See Frontispiece) and give evidence of having funnelled 
large quantities· of glacial ice from the interior of Avalon Peninsula east
ward to the sea. Each provides sheltered, deep-water harbours. 

Erosion is most active on the elevated coasta1 belt, where the forces of 
wave, wind, stream, and ice have .combined to strip the rocks bare. WeH
developed, wave-·cut, rock benches are to be found in many places along 

1 Now Dominion Wabana Ore Limited. 
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the present s·trand (See Plate II A). Marine terraces of silt, sand, anrl 
gravel, at elevations· up to 35 feet, are preserved in Bay Bulls, Witless Bay, 
Mobile Bay, Caplin Bay, and Ferryland and Aquaforte Harbours, indicat
ing that the sea has been withdrawn from these .areas in Recent time, and 
that it once stood at least 35 feet higher with respect to the land than now. 
Although evidence is lacking in the map-area, the possibility that most of 
the area was submerged in Quaternary t ime should not be precluded. The 
fiat-topped surfaces of Little Bell (See Plate II B) , Kellys, and Bell 
Islands, at elevationrs of about 75, 175, and 300 feet respectively, may repre
senit wave-cut benches formed by marine transgressions during the Quater
nary P eriod. They are veneered with accumulations of glaicial drift, and 
with stratified silt and sand that may be of ma·rine origin. The occurrence, 
near the southwest end of Bell I sland, of a thin mantle of stratified silt 
and sand, with shale flakes derived from underlying rock formations, might 
be noted here ·as a Recent wa·ter-laid deposit of pGssible marine origin, at 
an elevaition of abGut 200 feet above sea-level. Although evidence in support 
of this was not found, recognitiGn of terraces at comparable elevations is 
made difficult because of the modifying effects of weathering and erosion, 
including glaicial aiction. The earlier and higher terraces antedate the last 
glaciation, and it may be intimated that a close relationship existed between 
Recent sea-levels and successive Pleistocene glacial stages. 

INTERIOR PLATEAU 

A rough p'lateau, diffi.cult to traverse on foot, covered with innumerable 
thickets, bogs, ponds, and streams, forms the inland part of Torbay map
area, and ha•s been modified by both glacial erosion and deposition. A 
mantle of glacial gravel .and 'boulder clay as much as 50 feet thick covers 
much of the plateau, in some places resting directly on glacially polished 
and grooved bedrock. The surface is broken by outcrops and monadnocks, 
which reach ·an elev.a·tion of about 1,000 feet, and by glaci•ally modified 
stream valleys. 

Streams draining inland lakes and ponds display the chara.cteristically 
haphazard drainage pat.tern of recently glaciated areas, •as they meander in 
shallow beds through level stretches and plunge in a series of rapids and 
cascades through partly incised, rocky ·channels to the sea. Peat bogs, 
forests, lakes, and streams .are devekiped on the glacial mantle. 

In a paper on "The Surface of Newfoundland" (43), Twenhofel and 
MacClintock state: 

"There seem to be three erosion surfaces on the Avalon Peninsula. The lowest. is 
around 200 feet high and is gently rolling. The second is 350 to 450 feet above sea 
level and is preserved only on the highest parts of the P eninsula as the South Hills 
of St. John's. Monadnocks rise in places above this level. Some of these exceed 1,200 
feet. 

"The 700 to 800-foot level is considered the eastward extension of the surface of the 
High Central Plateau. The 350 to 400-foot level is correlated with the Lawrence 
Peneplain and thought to be the eastward extension -0f the Mary March Brook-Hines 
Lake Flats level." 

RESULTS OF GLACIATION 

There is good evidence that the Torbay area was heavily glaciated dur
ing Pleistocene t.ime by ice moving radiaUy seaward from the central part 
of Avalon Peninsula. Considerable thicknesses of relatively unweaJthered 
glacial debris of local origin, including erratics 20 feet in diameter, are 
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common. Glacial markings-Sltrire, grooves, rock polish, and chattermarks 
-are abundant and esp~cially well preserved beneath the mantle, and 
occur even on the tops of the highest hills. They indicate (Figure 1) that 
the direction of ice movement from Cape St. Francis to St. John's was, in 
general , to the east-northeast and from St. John's to Aquaforte, slightly 
south of east, with minor variafo::ms; but that from Bauline to Manuels· it 
was northwesterly. A large central area from which glaciers moved out
ward, mainly to the northwest and east, is also indicated by the distribution 
of erratics of local origin, and is reflected by the present drainage pattern. 

No fragments of Bell Island iron ore have been found, or are known to 
have been found, in the drift of the area, with the exception of four 
pieces of a single specimen of fine-grained oolitic hemat ite, at the fishing 
settlement of La Manche, south of Tars Cove, and these may have been 
brought there by hand. 
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CHAPTER II 

GENERAL GEOLOGY 

INTRODUCTORY STATEMENT 

REGIONAL GEOLOGY 

Torbay map-area forms a no11theastem part of Avalon Peninsula, a 
highly irregular area of some 3,800 square miles in southeastern Newfound
land connected with the main part of the island by the narrow isthmus 
between Trinity Bay on the north and Placenrtia Bay on t.>he south. Its 
bedrock ranges in age from Precambrian to Ordovician•, •and its north
easterly :trending structures, characteristic of Newfoundland and of the 
Appalachian region, are reflected in the remarkable parallelism of penin
sulas, bays, lakes, rivers, and ridges. Precambrian formations here show 
a great development of intermediate to acidic volcanic rocks, succeeded 
by an aggregate of some 20,000 feet of unfossiliferous sedimentary rocks. 
Intrusive into the volcanic rocks and into the lower members of the 
sedimentary series are igneous rock•s ranging in composition from meta
gabbro :to granite, and in size from batholithic proportions to small dykes. 

An almost complete Cambrian sequence is preserved around the coast 
as infolded and infaulted ·erosion remnanrtS' of originally much more exten
sive deposits. These Cambrian rocks succeed Precambrian volcanic, sedi
mentary, and igneous rocks unconformably, but are known to be intruded 
by basic and acidic dykes at various localities in areas contiguous to Trinity 
and Placentia Bays. In Trinity and Bonavista Bay areas', Lower Oambrian 
strata rest disconforma'bly on a formation of sparsely fossiliferous sedi
mentary rock&, the "Random terrane", which in tmn roots, apparently 
conformab'ly, on the Musgravetown group, unfossiliferous rocks of probable 
Precambrian age. In the ·area about Conception Bay, Lower Cambrian beds 
unconformably overlap the Precambrian Harbour Main group of volcanic 
rocks; the Conception group of sedimentary formations; and apparently 
the Holyrood batholithic granitic rocks, which together occupy the greater 
part of the Avalon Peninsul·a. Lower Ordovic•ian •sedimentary rocks succeed 
Upper Cambrian strata with no apparent unconformity, but are only known 
to occur in the Conception and Trinity Bay areas of eastern Newfoundland. 
Folds, fractures, and thrust faults characterize the rocks of t.>he Avalon 
Peninsula. 

LOCAL GEOLOGY 

In Torbay map-area, the oldest bedrock recognized is that of the 
Harbour Main group, which comprises a thick assemblage of volcanic 
rocks, with minor interbedded sedimentary strata, 'and their metamorphosed 

52459-2 
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equivalents. Secondary structures, including joints, cleavage, and faults, 
are prominent in the lavas, as a result of which their attitude is difficult 
to determine. Crumpled against them, and in part derived from tJhem, are 
rocks of the Conception group, composed mainly ·of fine-grained, greenish, 
sedimentary rocks, alternating with red beds, mainly near the top. Bedding 
and 'Secondary structures are well defined locally, and indicate thait these 
rocks are thrown into fold that trend mainly north-northeast. Most of 
Torbay map-area is occupied by these deformed, unfossiliferousi, sedimentary 
rocks. Grey-black, red, and green beds of the Cabot group lie strati
graphically above Ltem, but they are in places overridden by Conception 
group rocks. Within tJhe map-area, the Conception and Cabot groups 
together attain a total estimated thickness of more than 20,000 feet. 

Intrusive into rocks of the Harbour Main and Conception groups 
are bodies of meta-gabbro aTid granitic rocks of the Holyrood batholith, 
whos·e relations to the Cabot group are unceritain. Although a more precise 
dating of the granitic intrusion may not be made, it seems probable that 
it was emplaced in Proterozoic time following extrusion of large amounts 
of lava and during, or after, accumulation of thick sedimentary deposits 
that were derived mainly from the volcanic rocks. 

An angular unconformity separates tJhe Harbour Main group, the 
Conception group, and the granitic intrusions from the overlying fossili
ferous Cambrian strata around Conception Bay. Gently dipping Lower, 
Middle, and Upper Cambrian beds, consisting mainly of shale, slate, 
crystalline limestone, and conglomerate, are exposed in the gorge of M1anuels 
River. They are succeeded beyond an interval Dccupied by the waters of 
Conception Bay, by outcrops of Lower Ordovician sandstone and shale on 
LitJtle Bell (See Plate II B), Kellys, and Bell Islands, the total thickness 
of Cambro-Ordovician strata being estimated at about 8,000 feet. Although 
the Cambra-Ordovician s·ection is relatively undisturbed, it is intersected 
by many high-angle faults. Among these the Topsail fault zone at 
Topsail Head has truncated the Cambrian and Ordovician strata -along the 
east side of Conception Bay. 

The eroded bedrock surface is overlain by a mantle of glacial till, 
boulder clay, and roughly stratified sand and gravel, on which the most 
recent stratified delta sands and storm beaches of cobbles are built 
along estuaries and in sheltered coves. Much of ·the interior bedrock 
and till is overlain by bogs composed of roughly stratified layers of com
pacted peat. 
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TABLE OF FORMATIONS 

This table outlines the geology of the area as interpreted by the writer. 

Period and epoch 

Recent 

Quaternary 

Formation (thickness 
in feet) 

Post-glacial sediments 
0-35 

Lithology 

Peat; stratified sand and gravel 

Minor disconformity-submergence and partial emergence 

Glacial drift 
Pleistocene 0-50 

Glacial till, boulder clay, sand, and 
gravel 

Lower Ordovician 

Upper 

Cambrian Middle 

Lower 

Late Proterozoic (?) 

52459-2! 

Great unconformity 

Wabana group 
1,000+ I 

Shale and.:C sandstone; oolitic hema
tite, oolitic pyrite, and phos
phatic pebble beds 

Minor disconformity 

Bell Island group 
4,000+ 

(base not exposed) 

Sandstone and shale; oolitic hema
tite beds 

Strata missing-covered by waters of Conception Bay 

Elliott Cove group 
300+ 

(top not exposed) 

Acadian Series 
300± 

75± 

Shale, thin-bedded limestone and 
sandstone; paper slate 

Shale, slate, thin-bedded limestone; 
manganiferous beds 

Shale, slate, crystalline limestone, 
and conglomerate 

Disconformity - -

Blackhead 
formation 
5,500+ 

Cabot Signal Hill 
group formation 

7,500± 

lSt. John's 
formation 
1,000 ± 

Red and greenish grey ·~arkosic 
sandstone; minor slate, argillite, 
and siltstone 

Red conglomerate,!lfred, green, and 
greenish grey, arkosic sandstone; 
minor slate, argillite, and siltstone 

Dark grey to black slate, argillite, 
and grit, with a few arkosic con
glomerate lenses and a transitional 
zone to grey sandstone at the top 



Period and epoch 

Mid-Proterozoic (?) 

Early Proterozoic (?) 
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Formation (thickness 
in feet) 

Discon! ormity 

Basic dykest 

Lithology 

!small dykes of diabase and trap 

Intrusive contact 

Holyrood batholith1 \Pink and grey granite, granodiorite, 
syenite, and aplite 

Intrusive contact 

Meta-gabbro1 \Small stocks of meta-gabbro 

Intrusive contact 

'Torbay 
slate' 
3,000± 

Conception 
group 

'Conception 
slate' 
3,000± 

Unconformity 

Harbour Main group 

Flinty green sandstone, green, red, 
and reddish brown tinged slate, 
argillite, sil tstone, and sandstone, 
with some quartzite, quartzitic 
sandstone, and conglomerate 

Flinty, green to greenish grey 
siltstone, fine-grained green and 
grey sandstone, green to grey-
green slate with some red slate, 
conglomerate, tuff, and agglo-
merate 

Chloritic schist, amygdaloidal ande
site, rhyolite, felsite, and basalt 
with volcanic breccias, agglom
erate, tuff, and interbedded, flinty, 
green and red siltstone, slate, and 
coarse conglomerate 

1 May be in part, or entirely, younger than Cabot group, and in part older than Conception group. 
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PRECAMBRIAN ROCKS 

HARBOUR MAIN GROUP 

N arne. The name 'Harbour Main group' is used here in reference to 
rocks of types similar to the Lower Huronian rocks of Howley (24), the 
"Avondale volcanics" of Buddington ( 4), and the "Harbour Main volcanics" 
of Howell (22). The name Avondale had previously been applied in 1883 
by P. Fraser to a 'belt of limestone in Chester county, Pennsylvania, .and its 
use in Newfoundland has, consequently, been abandoned. The type locali
ties of the group are at Avondale and Harbour Main beyond Torbay map
area, on Conception Bay. 

Distribution. Harbour Main group rocks form the hardrock cores of 
Avalon and Burin Peninsulas, 125 miles apart, •and are thought to occur 
in the interior of central Newfoundland. The base of the group and its 
thickness, which is believed t.o be several thousand feet, are not known. 
So far as is known, it forms the lowest member of the later Precambrian 
(Proterozoic?) rocks of Newfoundland. The occurrence of pebbles of 
igneous and sedimentary rocks in conglomerate of the group indicates the 
existence of a pre-Harbour Main sedimentary and igneous terrain in addi
tion to Archa>an gneisses and schists. Within Torbay map-area, volcanic 
and sedimentary rocks of the Harbour Main group, or their metamorphosed 
equivalents, lie in strips near the western margin, from Cape St. Francis 
to a point west of Cape Broyle Harbour. A relatively large inlier of 
the group lies in the south-central part of the area near Witless' Bay Country 
Pond. 

Lithology. The Harbour Main group consists mainly of volcanic rocks, 
with minor amounts of interbedded sedimentary strata. Amygda.Joidal 
andesite, mauve and green-tinged., flow-banded rhyolite and felsite, choco
late-brown rhyolite porphyry, agglomerate, tuff, coarse conglomerate, fine
grained, flinty, banded, green and red siltstone, sandstone, slate, and 
chloritic schist comprise the group within the map-area. Rocks of rthe 
group are regionally metamorphosed and intricately folded and faulted. 
The effects of dynamic and thermal metamorphism are shown locally. In 
general, the more acidic flows predominate; these are silicified .and sericit
ized, whereas the more basic flows are chloritized and pinitized. Pyrophyl
litization is largely ·confined to sheared acidic flows· near faults •and intrusive 
granite contacts. 

Coarse conglomerates of the Harbour Main group are composed 
chiefly of rounded, water-worn cobbles, pebbles, and fragments of volcanic 
rocks, wit-h •some of pink granite, syenite, and green siltstone, and with 
interbeds of fine, green, sedimentary and volcanic mcks. They outcrop on 
the eastern shore of HolyroocL Bay, beyond the map-area, and on the Witless 
Bay line. The component pebbles indicate the type of terrain from which 
this part of the group was derived. 

Buddington (3, 4) gives detailed petrographic descriptions of many 
of the rocks of the group, and in some cases provides chemical analyses. 
Extrusive rocks described range from basalt to rhyolite, and most of these 
are variable in ·colour, texture, and composition. Flow breccias and agglom
erate are represented, as well as interbedded sedimentary rocks that range 
from coarse boulder conglomerate to fine, well-bedded tuff and slate. Many 
of the tuffs are said 'by Buddington to be "soaked" with hematite. 
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In detail the rhyolites may be homogeneously fine grained, dense, and 
massive, or sparsely porphyritic and flow-banded, or they may show a com
bination of these features, varying much within short distances. Silica, 
derived mainly from the natural glass and microcrystalline aggregate of 
quartz and feldspar of which they are largely composed, commonly com
prises more than 75 per cent of the rock. They may be red, reddish brown, 
or green in ,colour, depending on the content of hematite, which occurs 
commonly in finely disseminated specks and microcrystalline aggregates 
concentrated in flow-bands. The rhyolites weather to paler shades of their 
fresh ,colours, and are hard and flinty. Microspherulitic and spherulitic 
textures, .and eutaxitic and perlitic structures are common. Spherules are 
commonly concentrated at the axes of folds. Alteration of the feldspars has 
characteristically yielded tiny flakes of white mica, and in ·certain places 
pyrophy llite is conspicuously developed in sufficient concentration to be 
mined. The equivalent or rhyolitic tuffs are commonly very fine-grained, 
hard, flinty, finely bedded rocks, in pale shades of green or pink, and 
break with a <eonchoidal fracture. They consist mainly of quartz, feldspars, 
glass, argillaceoug. materials, and chlorite, with subordinate amounts of 
white mica, magnetite, hematite, and epidote. 

The more basic flows are dark green, ·or greenish grey, -chloritic rocks, 
with amygdules commonly displayed. They and their equivalent tuffs 
are fine gr.ained and ·commonly schistose. Amygdules may contain epidote, 
hornblende, and ·calcite crystals, or an interlocking aggregate of them. The 
finer grained groundmass is typically ·a confused, microcryst.alline aggregate 
of feldspar laths, quartz, hornblende, epidote, apatite, magnetite, and chlor
ite, which shows evidence of flowage in a semi-parallel alinement of cryl:ltals. 
The intermediate to basic tuffs are commonly fine-grained, dark greenish, 
highly altered rocks, with a semi-granular texture. Feldspar, hornblende, 
chlorite, quartz, glass, magnetite, and apatite form recognizable grains in a 
chloritic groundmass that commonly makes up more than 50 per cent of the 
rock. 

Coarsie tuff, agglomerate, and conglomerate bear idenltifiable frag
ments of the extrusive rocks in a typically green, fine-grained matrix. In 
places in the tuff and agglomerate hematite permeates the groundmass and 
colours the rock reddish. Tuff and agglomerate fragments are angular to 
subangular, and those of the conglomerates well rounded. The fine-grained, 
minor, sedimentary interbeds of green and red siltstone, sandstone, and slate 
are in part tuffaceous, and resemble some bed's in the overlapping Concep
tion group. 

Structural Relations. The Harbour Main group is cut off by the 
intrusive Holyrood granite where it reaches the 'Coast about a mile east of 
Holyrood, on Holyrood Bay, beyond the map-area, ·and also south of 
Manuels. Many inclusions of rocks of the group are to be found in the 
granite. The locally metamorphosed equivalent of the group i's found bor
dering parts of the eastern boundary of the Holyrood granitic batholith, 
where it is again, .as in Holyrood Bay, succeeded by members of the Concep
tion group. An inlier of the Harbour Main group is also unconformably 
overlapped :by the Conception group along, and south of, part of the Witless 
Bay line. 

At Manuels River, H arbour Main rocks ,and possibly its intrusive Ho1y
rood granite .are overlain unconformably 'by a coarse conglomerate, which 
forms the base, there, of a thick Cambrian and Ordovician section. 
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Mode of Origin. The recurring association of sedimentary strata with 
flows and pyroclastic materials within the Harbour Main succession is 
indicative of alternating, relatively quiescent periods of sedimentation and 
periods of explosive volcanic activity. The extrusive rocks give no evidence 
of deposition under water, but it is believed that the extensive and thick 
sedimentary interbeds including tuffs were water laid and formed, perhaps 
under mixed continental and marine environments, mainly under reducing 
conditions. In regions of active volcanism, lavas of acidic to intermediate 
composition characteristically yield thick gravel accumulations interbedded 
with contemporaneous lava flows. Pettijohn (38, p. 209) indicates that such 
·conglomerates form a ·c'lass apart from normal gravels derived from a 
variety of sour·ce rocks. 

As a result of his areal study of the Harbour Main group, and in view 
of the constant recurrence of conglomerate ·beds in the stratigraphic suc
cession and the fact that they reached thicknesses of 150 to 200 feet and 
contained well-rounded boulders up to 3 feet in diameter, Buddington ( 4) 
was inclined to believe that river erosion had played a more important role 
than wave work in the deposition of the beds. 

The predominantly greenish colour of the matrix of the ·conglomerates 
and the similarity of the finer grained greywacke type interbeds to those 
of the Conception group point to .analogous conditions of deposition, under 
reducing conditions, in a marine or lacustrine environment. The type and 
composition of the component rock fragments indicate a derivation in the 
main from penecontemporaneous volcanic and sedimentary rocks, with the 
introduction of some materi.al from an igneous terrain as yet unknown in 
this part of Newfoundland. 

Age. The age of the Harbour Main group is not precisely known, •as it 
does not contain fossils. However, the group is known to be succeeded 
unconformably by more than 20,000 feet of unfossiliferous sedimentary 
rocks considered to be of mid- to late Proterozoic age, and is unconformably 
overlapped by Lower Cambrian strata at Manuels River bridge. For these 
reasons, the Harbour Main group may be assigned with confidence to the 
Proterozoic, or possibly the Archrnan. 

Correlation. Descriptions of the Proterozoic Coldbrook group of New 
Brunswick indicate a rather close similarity to the Harbour Main. The 
Coldbrook group is considered to be Proterozoic, as it overlies the 
supposedly Archrnan, Green Head group unconformably, and is unconform
ably succeeded by Lower Cambrian 1 formations. 

CONCEP'l.'ION GROUP 

Nam e. The Conception group is here considered to include the varie
gated beds of the 'Torbay slate' 2 , and the predominantly greenish and 
greenish grey members of the 'Conception slate' 2 , whose names were intro
duced by Wa'lcott in 1899 (46). The group corresponds also to the beds 
of Murray's (35, p. 145) "b" and "c" divisions of rocks Qf lthe Avalon 
Peninsula. 

1 Geology and Economic Minerals of Canada (third edition); Geol. Surv., Canada, Ee. Gcol. Ser. 
No. 1, p. 107 (1947). 

2 The terms 'Torbay slate' and 1Conception slate' are retained here because of prior usage and 
present convenience, but eventually should be supplanted by more conventional formational or group 
names. 
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Distribution. Rocks of the Conception group occupy large areas of 
Avalon Peninsula. Similar rocks are known to occur near Bonavista Bay, 
northwest of the peninsula, where they have been inciuded in the Connecting 
Point group (19). In Torb.ay map-area, they occupy a belt that extends 
from Biscayne Bay south of Cape St. Francis past the southern boundary 
of the map-area. No complete section of the rocks is exposed, and the 
sequence is further obscured by folds and faults, but a thickness of about 
6,000 feet of sedimentary strata is estimated for the group. Rocks of the 
group are revealed in scattered exposures, ,and spread by many folds, over 
much of the ·central part of the area. The Topsail fault zone forms the 
western boundary of the main part of the group, but several outliers occur 
west of the fault. 

Lithology. Trhe Conception group consists mainly of fine-grained, well
bedded, greenish to greenish grey siltstone, argillite, and slate, with sand
stone, quartzite, conglomerate, tuff, agglomerate, and intercalated red beds 
mainly near the top. Most of these rocks. weather white to buff. The strata 
of the two subdivisions of the group, the lower 'Conception slwte' and the 
overlying 'Torbay slate', are similar in many respects, and, indeed, com
monly indistinguishable, but recent mapping has shown a predominance of 
red beds in .a disturbed sedimentary zone .at the top of the group, character
istic of the 'Torbay slate', and beds· of tuff and conglomerate near the base, 
characteristic of the 'Conception slate'. For these reasons, and because of 
the lack of other criteria that might serve w distinguish them, it has seemed 
best to include both 'Conception slate' and 'Torbay slate' in the one Concep
tion group, and to indicate its subdivisions on the map only where they are 
readily separable (See footnote, page 17). 

In Torbay map-area, the 'Conception slate' includes fine-grained, 
green to greenish grey siltstone (See Plate III A), argillite, sandstone, and 
slate, with some conglomerate, tuff, and agglomerate. The conglomerates 
are 'Composed of rounded pebbles and cobbles of volcanic rocks evidently 
derived from the Harbour Main group, with some of pink granite and 
syenite, set in a dark green, fine-grained groundmass of argillaceous mate
rial, chlorite, calcite, magnetite, and quartz. The agglomerates are com
posed almost entirely of subangular to angular fragments of volcanic rocks. 
The tuffs are of simiJ.ar pyroclastic origin, but are fine grained and relatively 
well sorted. Microscopically, the fine-grained, well-banded, sedimentary 
rocks, which comprise the bulk of the Conception group, consist mainly of 
variable amounts of quartz .and feldspars, with minor amounts of micas, 
ohlorite, carbonates, and magnetite, and occasional particles of volcanic rock 
cemented in a fine-grained, argi-Jlaceous groundmass, which, here and there, 
contains incipient metacrysts of carbonate and pyrite. Variations in the 
proportions of quartz, feldspars, and clay minerals cause v.ariations in hard
ness, cleavability, and other physical properties of the beds. Where fissility 
is well developed locally, the rocks are slates. The ·coarser grained equiva
lents of the siltstones are formed of angular to subangular grains of quartz, 
plagioclase, orthoclase, rhyolite, felsite, spherulitic l.ava, and other material 
in an argillaceous groundmass, and are classified as greywackes. 

The 'Torbay slate' of Torbay map-area includes flinty green sand
SJtone, green, red, chocolate, and reddish brown siltstone, sandston~ 
argillite, and slate, with some quartzite, quartzitic sandstone, and minor 
conglomerate 'beds. The mineral composition of these beds resembles that 
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of the 'Co ception slate', but in general includes more argillaceous material 
and hemaitite, ·and shows a cleaner separation of argillite and quartzite. 
The fracture of the fine-grained rocks is commonly conchoidal. In many 
places a well-defined cleavage has developed both parallel with and across 
the bedding planes, and has yielded a rough slate that has been adapted 
for roofing material. Some of the more argillaceous members of the 'Torbay 
slate' weather white to buff. 

Structural Relations. Buddington, in his areal study (4), was noit able 
to observe the relations of the Conception group to the beds above and below. 
In Torbay map-area, the group was found to overlie the H arbour Main 
volcanic rocks unconformably, and to underlie the St. John's formation of 
the Cabot group disconformably. In moSlt parts of the area, the variegated 
beds of t e 'Torbay slate' maintain their position immediately beneath 
the St. John's formation. Angular, subangular, and rounded grains, pebbles, 
cobbles, and boulders derived from the Conception group are found in the 
conglomerate member of the succeeding Signal Hill formation of the Cabot 
group, and although the rather rare conglomeratic beds of the St. John's 
formation arc composed mainly of pebbles of basic igneous rocks, quartz, 
and feldspars, the disconformity between the Conception and Cabot groups 
is indicated by the abrupt passage from the red beds and quartzite of the 
'Torbay slate' to the dark grey to black slate of the St. John's formation. 

Mode of Origin. The Conception group of well-bedded, relatively 
unaltered, fine-grained, sedimentary rocks is composed of materia1's derived 
chiefly from the underlying Harbour Main g~oup, swept from tJhe land and 
deposited rapidly in thick accumulaitions under quiescent, reducing, prob
ably marine conditions. Agglomerate, tuff, and tuffaceous beds among the 
lower members of the 'Conception slate' show the waning effects of volcanic 
activity, which was probably related to that of Harbour Main time. Near 
the top of the group, the alternating red and green beds of the 'Torbay 
slate' indicate that the sediments were exposed for short periods to 
alternately oxidizing and reducing conditions. The red colour of the beds 
is due mainly to hematite in the cement and as coatings on grains that 
are comparatively fresh and hard. Rapid erosion, short, quick transport, 
and deposition in shallow water are suggested. The red beds differ from 
the green mainly in their greater hematite content. Hematite was formed 
subsequent ito transportation and deposition of the sediments. Ripple-marks, 
crossbedding, cut and fill structures, and bedding whorls in the 'Torbay 
slate' alsv attest deposition in a turbulent, shallow-water environment. 
Thin beds of pea-sized conglomerate in the 'Torbay slate', composed of 
assorted, rounded grains and pebbles derived from Harbour Main and 
'Conception slate' rocks, are further il1lustrative of near-shore, shallow-waiter 
depositio , and of the minor disturbances in sedimentation that took place 
at that time. 

Age. Jo definite fossils have been found in rocks of the Conception 
group, but its stratigraphic position between the H arbour Main and Cabot 
groups signifies that it is of Precambrian, possibly mid-Proterozoic, age. 
Precambrian meta-gabbro amd granite are intrusive in to rocks of the lower 
part of the Conception group, buit are not found in contact with the 
'Torbay late' or younger formations in the map-area. Lower Cambrian 
strata unconformably overlap rocks 'Of the Conception group at many 
localities outside the map-area, but wit!hin the Avalon Peninsula. 
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Correlation. Descriptions of the Connecting Poinit group (7, 19) indi
cate a rather close correspondence with the 'Conception slate' of the 
Conception group of Torbay map-area. On the other hand, the red beds, 
quartz.ite, and conglomerate of the 'Torbay slate' are apparenrtly missing 
in rthe Bonavi·sta and Trinity Bay areas, although the writer noted a few 
red beds in the Connecting Point section on tJhe east shore of Placentia 
Bay during the summer of 1947. Grey to black shale, argillite, and slate 
similar, in description, to the St. John's formation rocks are included 
in the Connecting Point group (7, 19), and whereas an angular unconformity 
separates the Connecting Point group from the overlying Musgravetown 
group, the 'Torbay slate' of the Conception group passes di1sconformably 
upward to the St. John's formation of the Cabot group. Christie (7) notes 
unconformable relations in some parts of Bonavista map-area and apparent 
conformity in others, between iJhe Connecting Point group and the overlying 
Musgravetown group. 

INTRUSIVE ROCKS 

M eta-gabbro 

Distribution. Two small stocks Df rneta-gabbro outcrop within Torbay 
map-area; one, about 6 miles south of Manuel•s, is intrusive into volcanric 
rocks of the Harbour Main group; the other, about 2 miles• east of Horse 
Cove, is surrounded by drift, but is apparently intrusive into sedimentary 
rocks of the 'Conception slate'. 

Lithology . The first stock is intimately penetrated by small tongues 
of granite and by epidote veinlets. It consists mainly of hornblende 
and labradorite, and has a granular to ophitic texture. The feldspars 
are much altered to white mica, and some of the hornblende to fibrous 
epidote, zDisite, and quartz. The second small stock consists essentially 
of labradorite and augite, with accessory magnetite, and secondary white 
mica, chlorite, and epidote. Blocky, subhedral crystals and laths of 
labradorite feldspar are fractured and intimately penetrated by aggregates 
of secondary feldspar, white mica, chlorite, and epidote, but a suggestion 
of ophitic texture remains. The rocks of both stocks are of a dark greenish 
black colour, and weather to a rough, grey surface. 

Age. They are thought rto belong to the suite of intrusions that 
Buddington (4) described as occurring as small, irregular patches on the 
borders of and within the area of the Holyrood granite batholith, and 
also as huge dykes in his "Conception slate series". 

Although meta-gabbro intrusions do not come in contact with rocks 
younger than rthe 'Conception slate' in Torbay map-area, the occurrence 
of pebbles of meta-gabbro in conglomerate of the St. John's formation 
suggests tha·t these stocks were intruded before the deposition of the 
St. J ohn's formation of the Cabot group. 

H olyrood Batholith 

Distribution. This· granitic batholibh occupies a strip about 2 miles 
wide alDng the west-central border of Torbay map-area, where it is 
intrusive into rocks of the Harbour Main and Conception groups, but is 
believed to be overlain unconformably by Lower Cambrian beds. 
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Name . The batholith was' named and described by Buddington ( 4) 
as follows : 

"The backbone of the St. John's Peninsula is mapped by Howley (1907) as 
Laurentian. This rock in its northern half was found by the writer to bear intrusive 
relations t the Avondale volcanics and to constitute a granit0e batholith five .to 
six miles in width and aboot forty miles in length, if its boundary continues to 
coincide with that ·Of Rowley's Laiurerutian area. The eastern boundary, where it 
was followed by the writer for several mi•Jes, is delimited by a fault plane. Along 
the west side the beds are very much disturbed and folded. The rock is a pink, 
medium-grained, equigranular, bi·otite grainite, consisting essentially of quar-tz, ortho
clase, albite, oligoclase, and chlorite, the Iatter believed to be derived from biotite. 
Fresh flakes ·of •original biotite, however, are found only in occasional sections." 

Lithology. Rocks of the batholith within the map-area vary in tex
ture and colour from place to place, and in composition from granite 
through granodiorite and syenite to aplite. Many hybrid rock types are 
to be found along the marginal zones of the batholith where it intrudes 
volcanic and sedimentary rocks o.f the Harbour Main and Conception 
groups, a d the older meta-gabbro. Inclusions are abundant. A few small 
diabase and trap dykes are known ito cut the granitic rocks. 

The bulk of the H olyrood batholith in the map-area is medium- to 
coarse-grained, pink granite, mottled with light green spots and carrying 
quartz and feldspar pheno<Jrysts. The surface weathers rough and to a light 
pinkish grey <Jolour. Microscopically, about 75 per cent of the rock is seen 
to consist of roughly equal amounts of equigranular quartz and orthoclase 
crystals a veraging 5 to 6 mm. in size, with about 10 per ·cent each of oligo
clase and >ehlorite, and accessory magnetite, hematite, zircon, apatite, and 
biotite. Minor amounts of sericite, kaolin, and epidote occur .as alteration 
products. Deuteric, micrographic intergrowths ,are observable in some of 
the fe ldspars. Prominent also is a fine-grained, salmon-pink rock -of sugary 
texture whose mineralogical composition is revealed under i:lhe microscope 
to be very similar to that of the rock described above. The fine grain size, 
granitic composition, and panidiomorphic texture classify the rock as granite 
aplite, and its close relation to the associated granite of the Holyrood batho
lith is evident. Local loss of silica and incorporation of foreign material 
into the magma have produced syenite, granodiorite, and many hybrid rock 
types. 

Age. In reference to the intrusive rocks of southeastern Newfoundland, 
Buddingt n wrote ( 4) : 

"In ge era!, it may be said that the salic rocks have been intruded as molten 
masses of batholithic or stock type, with few apophyses or dikes, whereas the older 
basaltic or gabbroic magmas, to a preponderating extent, have been intruded as dikes. 

"The rocks, with the exception of the quartz syenite and granodiorite, whose posi
tion is unknown, are given in 'l'he order of their intrusion, beginning with the oldest. 
Those around Conception Bay comprise hornblende granite gneiss, hornblende gabbro 
and plagioclase gabbro without O'livine but locally quartz-bearing, basic granodiorite, 
biotite granite and granophyre, quartz syenite, aplite and granophyre dikes intruding 
the granite, and younger dikes of rhyolite porphyry and diabase intruding all the older 
rocks. 

"Geographically, chemically and physically 1the vofoanics, plutonics and dikes of 
the Conception Bay region appear to be genetically allied. Thus the gabbros, quartz
bearing gabbro, hornblende porphyrite with quartzose groundmass, granodiorite, quartz 
syenite, biotite granite, granophyre, and aplite form a series of rocks with ascending 
silica raitio, belonging to the same geographical area and very probably to the same 
period of intrusion." 
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In Torbay map-area it seems well established (4, pp. 455-456) that the 
Holyrood granite was intruded, uncovered, and eroded before the deposition 
of Lower Cambrian, pre-Paradoxides beds. It is intrusive into rocks of the 
Harbour Main group and into lower members of the Conception group, but 
its precise relationship in point of time to rocks intermediate in age between 
the 'Conception slate' and Lower Cambrian beds is not known. It seems 
most probable that the bulk of the granite was intruded during the interval 
between the deposition of the 'Conception slate' and Cabot group, but the 
possi·bility exists that the graniti-c rocks were empiaced over protracted, 
widely separated periods. Pebbles of granite are to be found in conglomer
ates of the Harbour Main, Conception, Cabot, .and Lower Cambrian groups. 
The last a1one seem to overlap the Holyrood granite unconformably (See 
also 4, pp. 455-456). Granitic pebbles in rthe Harbour Main and Conception 
groups are attributable to the erosion of intrusions somewhat older than 
the bulk of the Holyrood batholith. There is no direct evidence bearing on 
this point in regard to the Cabot group. 

Fluctuating changes in the depositional environment of the 'Torbay 
slate' and the relatively sudden change to the black-shale facies of the 
St. John's formaition suggest, but do not prove, a period of crusta·l instability 
that may have been related to intrusion of the Holyrood granitic magma 
into the crustal rocks of this area. On the other hand, it is not in•conceiv
able that all, or part, of the granitic magma was emplaced following 
deposition of the more than 14,000 feet of strata of the Cabot group . Even 
in the area between Bonavista, Trinity, •and Placentia Bays of eastern 
Newfoundland, where igneous rocks of post-Ordovician, probable Devonian, 
age are intrusive into overlying Cambra-Ordovician strata, intrusions are 
rather rare in the Proterozoic or early Cambrian ( ?) Musgravetown group. 
It should be emphasized that no direct evidence was found to estaiblish the 
age relationship between the Cabot group and the Holyrood bathohth. 

Basic Dykes 

In addition to the diabase and trap dykes that cut the HolyTood 
granite, there are a few similar, small, dense, black, fine-grained dykes 
that cut both the vokanic rocks of the Harbour Main group and granitized 
zones in them, along the east coast of Conception Bay. The dykes present 
chilled margins to the rocks cut. They are not known to come in contact 
with Palreozoic rocks in this area, however, so their precise age is not known. 
They may be genetically related to the Holyrood batholith. 

CABOT GROUP 

General Statement 

Name. The name Cabot group is here used to include three conformable 
sedimentary formations, which, in ascending order, ·are the St. John's 
(St. John's, Aspidella, or Momable slate), Signal Hill, and B'1ackhead 
(Random?) formations. Cabot tower, built on Signal Hill overlooking the 
harbour and city of St. John's, commemorates John ·and Sebastian Cabot, 
credited with the discovery of Newfoundland, making North American land
fall near Cape Bona vista on June 24, 1947 (See Plate I). 
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Distribution. The Cabot group lies in a belt along the eastern seaboard 
of Torbay map-area, extending some 50 miles from Red Head to Ferryland 
Head. T e group comprises more :than 14,000 feet of arenaceous and 
argillaceous sedimentary rocks at the type localities of St. John's, Signal 
Hill, and Blackhead, but wedges out towards the north and south. 

Lithology, Structure, and Age. Rocks of t.he Cabot group range from 
fine black slate oo coarse red conglomerate derived in the main from the 
underlying Harbour Main and Conception groups. With the exception of 
the St. John's formation, the rocks are of an arkosic nature, contrasting 
markedly with the Conception group, on which they rest disconformably. 
The group is· strongly and differentiaily folded in a north-north
easterly direction. The uppermost measures of the group are not exposed in 
Torbay map-area, and no undisputed fossils have been found in it. 
Although its exad counterpart is not known in Newfoundland, the Mus
graveiown group of Bonavista and Trinity Bays is undoubtedly the local 
equivalent of at least part of the Cabot group. Its age is, therefore, prob
ably late Protero:wic, but it may be very early Cambrian in part, depending 
on where the base of that system is drawn. 

St. John's Formation 

Name. This formation was first named "St. John's slate" by J. B. 
Jukes (27) and was included by ,him with the "Signal Hill sandstones" in 
his "Lower Slate Formation''. The name "Aspidella Slaites" was later 
applied to the formation by Murray and Howley (35), ,and "Momable 
Slate" by Walcott ( 46) . Retention of the name Si. John's seems best, as the 
formation is well exposed at that celebrated city and as the name was 
first applied there. The possible fossil Aspidella has been declared an inor
ganic concretion, and Momable Bay has been renamed Mobile Bay (both 
at the settlement and on recent maps of Newfoundland), so both of these 
names are unsuitable. 

Distribution. The St. John's formation extends in a sinuous belt from 
Torbay southerly past Aquaforte Harbour on the southern boundary of the 
map-area. It is well exposed at Bay Bulls, Witless Bay, Mobile Bay, Cape 
Broyle Harbour, Caplin Bay, Ferryland Harbour, Aquaforte Harbour, .and 
at St.John's, the type locality. Because of the intricately folded and faulted 
nature of the bed•s it is not possible to obtain a true measure of the thick
ness of the formation, but it is estimated to be between 1,300 and 2,400 
feet thick at St. John's . 

Lithology. The St. John's formation ·consists mainly of crumpled, dark 
grey to black, gritty slate and argillite, with ·a zone of intercalated sandy 
beds at the top transitional to the greenish grey Signal Hill sandstone above 
(See Plate III B). Beds of conglomerate occur with the slate in a few 
loca'lities. 

Murray's (35) description of the formation, his "d" division, follows: 
"d. Dark brown or blackish slates of St. John's with ripple marks very distinctly 

displayed upon some surfaces, and in which some obscure organic remains have been 
found resembling the fossils found in c. and another supposed to be the shelly casing 
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of some description of Annelid1 . The cleavage of this slaite is sometimes very J'egular, 
oblique or at right angles to the bedding, but in parts it also cleaves parallel with the 
stratification. Towards the top there are frequent 'layers of hard, fine-grained, greenish 
sandstone in terstratified, not usually over 6 or 7 inches in thickness." 

The dark slates ,are loca.Jly pyritiferous, and weather grey, tan, and 
rust. Fracture cleavage is we11 developed locally, both about parallel with, 
and transverse to, the bedding, which in many places is difficult to deter
mine. Microscopically, the dark slates are seen to consist of very fine
grained, homogeneous aggregates of day minera1s and quartz grains, with 
minor amounts of .carbonates, micas, magnetite, ·chlorite, .carbon, pyrite, and 
iron oxide stains. The size and proportions of the mineral ·components vary 
greatly, but most of foe grains are about 0 · 05 mm. in diameter. Olay miner
als and quartz together total about 80 per cent of the slate. Skeletal 
metacrySlts of carbonate and pyrite occur locally, and micaceous minerals 
are alined para1llel with the bedding. Coarser phases ·contain recognizable 
grains of altered cloudy feldspars, and a few, thin, fine-grained, conglomer
atic lenses are ·composed almost entirely nf rounded quartz and feldspar 
grains. A few ·conglomerate beds am composed mainly of pebbles of 
gabbro. Toward the top of the formation, grey sandstone beds •become 
increas·ingly abundant and thicker and completely gradational into the 
overlying grey and greenish beds of the Signal Hil1 formation. The sand
stone beds are ·composed .chiefly of grains of quartz and feldspars with 
minor accessory minerals. They are interbedded with argillaceous layers 
and are ripple-marked in pla.ces. The transitional wne attains its greatest 
development on Bay Bulls and Mobile and Witless Bays. 

Structure. Lying, as they do, stratigraphically between the more com
petent beds of the 'Torbay slate' and the Signal Hill formation, the strata of 
the St. John's formation are intricately crumpled and faulted. Fracture 
cleavage is inherent and locally well developed. The formation lies discon
formably above the Torbay slate and conformably below the Signal Hill 
formation. 

Age. The age of the St. John's formation is not known, as undoubted 
fossils have not been found in it, but its stratigraphic position between the 
Conception group and Signal Hill formation indicates it was formed in · 
Proteroz·oic, proba'bly fate Proterozoic, time. 

Correlation. At Hillview on the s-outhwest arm of Random Sound 
in the Trinity-Bonavista Bay area, Hayes (19) found a formation of grey
black shale, slate, argillite, and dark conglomerate, similar in some respects 
to the St. John's formation, but which he included in his Connecting 
Point group and placed unconformably below his Musgravetown group, 
of late Precambrian or very ·early Cambrian age. In Torbay map-area, the 
St. John's formation is transitional upward to the Signal Hill formation, 
which in turn resembles part of the Musgravetown group, but only a 
general correlation may be made. It is clear that the pattern of events 
is not identical in the 1two areas. There is also a lithological similarity 

1 Arenicolites. The forms in question were supposed to resemble the Oldhamii of Bray Head, but 
were pronounced upon examination by the lnte E. Billings to be undeterminable. He doubted their 
organic origin altogether. At a later date, however, fossils of a very low type were found, which 
Mr. Billings described and named A•pidella terra110vica, a form later declared by Walcott to be a 
spherulitic concretion. 
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between rocks of the St. John's formation and the Halifax formatiron of 
the Meguma series of Jova Scotia, and to the Onwatin slate of the White
water series of the Sudbury region, Ontario, both of which are believed 
to be of laJte Proterozoic age. 

Signal Hill Formation 

Name. The name "Signal Hill Sandstone" was used first by Jukes 
(27) and later by Murray (34) for strata that correspond with Buclding
ton's "Sig al Hill Series" ( 4) and with the persent writer's Signal Hill 
formation. The formation includes three main members corresponding to 
Murray's 'e, f, and g' divisions, and which in ascending order are: a grey or 
greenish grey to green sanclsitone, with intercalations of black argillite 
and slate ear the base; a reddish to reddish brown feldspathic sandstone, 
witJh interbecls of reddish slate and argillite; and a reddish to reddish brown 
conglomerate with reddish sandstone and slate interbeds. 

Distribution. Rocks of the Signal Hill formation form the greater 
part of the eastern coast of Torbay map-area, extending from Red Head 
southward to Mobile Bay and reappearing on 'the Cape Broyle and Ferry
land head! nds. At the type locality of Signal Hill, they attain a total 
estimated thickness of 7,800 feet, but the formation thins along the strike, 
both northerly and southerly from Shoal Bay. 

The harbour at St. John's lies at the contact of the Signal Hill and 
St. John's formations, and the "Narrows" or harbour entrance is carved 
in the Sig al Hill sandstone and conglomerate. The city is built largely 
upon rocks of the St. John's formation, which tand at a lower level tJhan 
the more resistant Signal Hill rocks. 

Lithology. The sandstone of the lowest members of the Signal Hill 
formation is in the main medium to fin e grained, and is very hard, in beds 
as much as 3 feet thick, which become greener in colour toward the top 
of the member. 'Dhe weathered surface is greyish brown ito yellow. Micro
scopically the rock is seen to comprise a granular aggregate of subangular 
to angular quartz and feldspar grains with accessory magnetite, apatite, 
chlorite, biotite, enstatite, epidote, and minor amounts of sericite, and 
clay minerals. In general, the grain size is between 0 · 06 and 1 mm.; 
quartz con.-titutes about 50 per cent and cloudy feldspars about 35 per 
cen't of the rock, and the clay minerals are well separaJted into argillaceous 
lenses. The greenish colour is due to the occurrence of chlorite, enstatite, 
and epidotc. 

The greenish sandstone passes upward into the intermediate members 
of the formation through a zone of intermingled red and green beds to a 
dark reel sandstone, which in turn passes into the reddish conglomerate 
of the upper member. The red sanclsi:!one is hard and tough, occurring in 
strong, massive becl:s that pass into pea-size and coarser conglomerate at 
the top. The rock is ·commonly well jointed, and provides an excellent 
source of building stone. It weathers to a slightly lighter colour and 
outcrops in bold, rounded ridges that follow the bedding and formational 
trend. Microscopicaily the red sandstone is seen to consist mainly of an 
aggregate of subangular to angular grains, 0 · 06 to 1 mm. in diameter, of 
quartz (35 to 40 per cent), feldspars, and acidic volcanic rocks, with 
accessory micas, magnetite, chlorite, apatite, epidote, and hematite. 
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Secondary quartz, sericite, epidote, and hematite form the cementing matrix. 
The reddish colour of the rock is due to hema'tite films and permeations 
and to the colour of many of its component grains of volcanic rocks and 
orth1oclase. Minor interbeds of siltstone, argillite, and slalte are inter
calated with the sandy beds. 

Red s·andstone of the intennediate member gives way upward to fine 
conglomerate overlain by a thick succession of gravelly, intra-formational, 
conglomeralte beds composed mainly of pebbles and cobbles of rhyolite por
phyry, rhyoliite, granophyre, intra-formational red shale flakes, red and 
green siltstone of the Conception group, and quartz. Occasional pebbles 
of basalt and IQf granite are to be found in places1 in t!his upper member. 
Comparatively few of the boulders are as much as 1 foot in diameter. Th~ 
pebbles are commonly subangular to rounded, but are occasionally angular, 
as are many of the smaller grains. As with the sandstone the reddish colour 
of the conglomerate is due in part t 10 hematite staining and to the colour 
of many of its component grains. W ea;t.hered surfaces are pale to greyish red 
or mauve. It should perhaps be pointed out here again that well-rounded 
pebbles of rhyolite and granophyre similar to those in the Signal Hill 
congl1omera'te occur in large numbers in the conglomerates of the Harbour 
Main group, from which it may be inferred that the conglomerates of both 
groups are formed in part of material derived from a ·common source. 

The three members of the Signal Hill formation are transitional, 
roughly equal in thickness and, together with minor argillaceous interbeds, 
total about 7,800 feet in thickness in a section through t!he South Sid_e 
Hills of St. John's. The formation gradually thins toward Red Head and 
Ferryland from Shoal Bay. 

Structure. The Signal Hill formation is well bedded in the main, and 
crossbedded and ripple-marked in places. These structures, together with 
beds showing grain size gradation, permit the reoognition of tops of beds 
at many localities. In general the formation is broadly fold·ed; beds 
are overturned to the ·east in a few places, steeply dipping in many, and 
gently dipping in a few, the results of compression into nort!h-northeasterly 
trending folds by stresses that were probably applied from a northwesterly 
directiion. Many faults intersect the rocks, and an inherent rhombohedral 
joint system is very well developed locally (See Plate IV A and B). The 
formation is transitional downward to the St. John's formation and is 
overlain conformably by the lithologically similar beds of the Blackhead 
formati'On. 

Origin. In reference to his "Signal Hill Series" Buddington ( 4, p. 470) 
wrote: 

"Because of the predominating sandy character of such a t hick series of sediments; 
the repetition and often considerable tJhicknesses of conglomerate beds; the presence 
of so much fresh plagioclase and ortihoclase throughout the rocks; the prevailing sub
angu]ar character of the component grains; the pr.edominat ing red colour due to inter
stitial hemati t.e mud, to films of hematite, and to oxidized grains of basalt, rhyolite , and 
magnetite; the constant recurreni:!e ·of thon-gaHen beds; frequent cross-bedding; litho
logic alternations of sandstone, conglomerate and shale; and the absence of any lime
stone, fossils, or carbonaceous materials, the writer has been led to conclude that t hese 
beds originated as dominantly fluviatile deposits of subaerial origin in a subarid 
dima:te. It is quite possible that the basal 1,300 foet of green-gray sandstones accum
lated under a permanent water-level; but if so t he water was apparently drawn off or 
excluded at foe time of t he accumulation of the sui::ceeding reddish-brown series." 
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The transition from the reducing conditions in w.hich the St. John's 
formation was deposited to the predominantly oxidizing conditions in which 
the Signal Hill formation formed is evidence of the transition from deep- to 
shallow-water deposition, as is the coarser, arenaceous and conglomeratic 
nat ure of the Signa'l Hill beds. The crossbedded nature of the Signal Hill 
formation is also evidence of rapid shallow-water deposition. The angular 
to subangular shape of many of the component grains ,and the relatively 
unaltered condition of the feldspar and apatite grains are evidence of rapid 
erosion, short transportation, and quick deposition and burial. Interstitial 
argillaceous lenses, and the su·bordinate amounts of clay minerals in the 
groundmass ·of the sandstones, are evidence of a fine degree of sorting. The 
component grains show the formation was derived mainly from the rapid 
erosion of acidic igneous rocks of Harbour Main group type, with abundant 
fragments of Conception group type rocks, .and penecontemporaneous red 
shale fl akes. Some granite is also indicated in the eroded terrain. There is 
li ttle doubt that the Signal Hill formation corresrponds to the tectonic arkose 
of Pettijohn (38, pp. 257-261); thick, rapidly accumulated, wedge-shaped 
deposits associated with strong uplift and rapid erosion of the crystalline 
rocks, accumulated in great fan-like bodies adjacent to the highland area. 

Age and Correlation. The precise ·age of the Signal Hill formation 
is not known, as fossils are laicking. Its stratigraphic position (See Plate 
VA) suggests iJt is of Precambrian, possibly 1ate Proterozoic, age. Its exact 
counterpart. is not known in Newfoundland, but it bears unmistakable 
similarit ies to part of the Musgravetown group (19) of the Bonavista
Trinity Bay area. The latter is considered to be of late Proterozoic or 
early Cambrian age (7, 19). 

Blackhead Fqrmation 

Name. The name "Bla·ckhead" was first a:pplied by Hayes (17) in 
reference to the rocks at Black H ead east of St. John's, and described by 
him as "dark gray sandstone and slates". The formational name is here 
applied to the sedimentary rocks that lie immediately and conformably 
above the Signal Hill conglomerate and thaJt are found in the core of a 
syncline in these rocks ·at Black Head. The top of the formation is not 
exposed. 

Dis tribution. The Blackhead formation outcrops at Sugarloaf Head and 
on Small Point northeast of St. John's and in the peninsula between St. 
John's Bay and Motion Bay. It has an estimated thickness of more than 
5,500 feet. 

Lithology. Rock types are similar to those of the Signal Hill formation, 
and incl de, in ascending order, three members comprising, mainly, arkosic, 
reddish, greenish grey, and reddish sandstone, with slate, argillite, ·and 
siltstone interbeds. No extensive zone of conglomerate is found in the 
Blackhead formation, and there is a somewhat greater percentage of argil
laceous beds than in the Signal Hill formation, but arenaceous beds predom
inate. In general the grain size of the sandstones is between 0·06 and 
1 mm., and the chief component grains of quartz, orthoclase, and plagioclase 
show t.he same angular to subangular shapes and relatively unaltered condi
tions characteristic of 'the und~rlying Signal Hill beds. 

52459-3 
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Structure. The Blackhead formation rests conforma'bly above the 
Signal Hill conglomerate member, near its type kicality, at Cape Spear, 
and at Petty Harbour. Part of bot h limbs of a great syncline, more than 
6 miles in breadth, -are exposed between Cape Spear and St. John's, but the 
gentle, undulating northward plunge of the fold carries the upper measures 
of the formation beneath St. John's Bay. The same type of rhombohedraI 
joint system, locally well developed, forms many quarry sites for building 
stone. 

Origin. The lithology of the Blackhead formation indicates it wa-s 
.formed under conditions similar to those obtaining during deposition of the 
Signal Hill formation, but in off-shore, somewhat deeper water, with mainly 
oxidizing, but alternately oxidizing and reducing, condiltions prevailing. The 
lack of intraformational conglomerate, the greater abundance of the finer 
grained, more argillaceous rocks, and 'Of unoxidized, greenish coloured beds 
bespeaks deeper water deposition. The composition, fresh character, and 
angularity of grains, the relatively clean separation of arenaceous and 
argillaceous fractions, and the predominantly light colours and oxidized con
dition of the iron are indicative of the rapid erosion and deposition charac
teristic of the arkose environment. 

Age. The exact age of the Bl11<ckhead formation is not known, as no 
fossils were found in it. Its stratigraphic position and its close relation and 
similarity to the Signal Hill formation suggest that it is of late Proterozoic 
age, but it may well be very early Cambrian. 

Correlation. Resting as it does immediately above the Signal Hill con
glomerate, the Blackhead formation falls within Walcott's "Random 
terrane" (46) of Trinity Bay, but is somewhat different lithologicaHy and 
is much thicker than any of the sections described by him. Christie (7) 
points out that the Signal Hill type conglomerate, .above which the sparsely 
fossiliferous, early Cambrian or late Precambrian, Random formation occurs 
at Hickmans H arbour Point, Random Island, was not necessarily formed at 
the same time as the SigI}al, Hill conglomerate at its type 'locality, as more 
than one conglomerate zone occurs in the Musgravetown group. It is, there
fore, considered unwise to draw a correlation between the Blackhead and 
Random formations. It would appear that the Blackhead is the equivalent 
of ,the upper part of the Musgravetown group, but because of differences in 
the sectfons no dose correlation may be made. 

CAMBRIAN ROCKS 

GENERAL STATEMENT 

A section of more than 900 feet of gently dipping, fossiliferous, Lower, 
Middle, and Upper Cambrian sedimentary rocks overlaps the Precambrian 
Harbour Main group and apparently also the Holyrood granite uncon
formably. A basal conglomerate 18 feet thick is exposed at Manuels River 
highway bridge; elsewhere the section comprises conglomerates, ·crystal
line limestone, manganiferous shale, varicoloured shales, slate, and sand
stone. The Lower Cambrian conglomerate at Manuels River bridge contains 
rounded grains, pebbles, cobbles, and boulders of silicified and otherwise 
altered volcanic rocks, white quartz, a few of medium-grained, altered 
granite, and rare, small, worn fragments of pyrophyllite, in a sandy 
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matrix. Most of the constituents are weathered, but their sources may 
be traced with some certainty to localities nearby. At Topsail Head, 
Cambrian strata are truncated by Vhe Topsail faulrt zone, a series of 
steeply dipping thrusts, which brings pre-Cambrian schists into contact 
with locally contorted Cambrian beds. Upper measures of the Cambrian 
section are covered by Conception Bay, where they are succeeded, without 
any apparent major unconformity, by Lower Ordovician sandstone and 
shale. 

In general, fossiliferous Cambrian beds occupy the lowland that extends 
from Topsail H ead past the western boundary of the map-area on Oon
ception Bay. Sections of 'the rocks are exposed along the coast and in 
stream valJ eys; the best, and almost continuous, section being in tJhe valley 
of Manuels River, where rocks represoenting :the three epochs, Lower, Middle, 
and Upper, of Cambrian time are exposed. This classic section has 
been the object of detailed investigations by many of the leading students 
of the Cambrian since Weston's discovery of the first fossil there in 1874, 
following Murray's recommendation that a palreontologist should study 
these beds. 

LOWER CAMBRIAN ROCKS 

The terms "Etcheminian"l and "Hanfordian" were first applied to 
the Lower Cambrian rocks of New Brunswick (32, 33, 47), and· later 
extended to Cape Breton and Newfoundland. The Newfoundland "Han
ford formation" of the "H anfordian series" of van Ingen's 1914 table of 
formations (44) is not the exact equivalent of the New Brunswick 'Hanford', 
which was originally described by Matthew (32). In view of the current 
work on the Cambrian of Newfoundland by Hutchinson 2 , it seems best 
to refer to the relatively thin group of strata resting between ithe pre
Cambrian and the pre-Paradoxides Cambrian beds on Manue'ls River, Con
ception Bay, merely as Lower Cambrian. 

Beds f the Lower Cambrian form a group tlhat is best exposed in 
the valley of Manuels River, with 18 feet of conglomerate at the base 
and exposing a section about 75 feet thick downstream, at which point 
they are conformably succeeded by Paradoxides-bearing beds. The Lower 
Cambrian Series compristis mainly greenish grey, olive-green, and red 
shales, nodular crystalline limestone, conglomerate, and some sandstone. 

In reference to this series Howell (22, pp. 24-26) wrote: 

"The basal beds of th e Lower Cambrian, varying considerably in character 
(and perhaps in age) even in the small area in the map . . . are conglomerates 
in and adjacent io the brook valley, and limestones and shales at the southwest of 
the railway .- tation platform. They appear to be dep·osits that accumulated along 
an uneven r cky shore. At the falls of the brook3 ihe conglomerate is 18 feet th ick, 
and consists of well rounded boulders and pebbles, apparently derived from the 
adjacent Pre-Cambrian, with the interstices between them filled with sand. It is 
coarsest at its base , where some of its boulders are said to measure as much as 12 
feet in diameter (Dale, 1915, p. 377), and grades upwards through 3 feet of limy 
sandstone into a shaly, pyritiferous, pink and biue limestone containing great 
numbers of what are probably pteropocl shells. 

"The beds next above this limestone in -the brook section are almost entirely 
concealed, but a single small exposure in the bed of the stream, and many loose pieces 

1 Etcheminian Series was used as a rock term by Matthew in 1888, in The American Geologist, 

2 R. D. Hu1 chinson, Palroontologist, Geological Survey of Cannda. 
vol. II, p. 1. 

a Manuels River. 

52459-3! 
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in the soil of the adjacent fields indicate that they are probably hard olive grey 
shales. The next higher bed is exposed a little farther down the stream. It is a 
red shale, 21 feet thick, which merges upward through some 6 inches of red and 
green limy shale into a bed described by Dr. Dale (1915, p. 380) as a 'nodular and 
pebbly reddish blue limestone', which is 11 feet thick, and contains many fragmentary 
fossils. Overlying this, and exposed both in the banks of the stream and along the 
near-by wagon roads, are about 34 feet of hard, olive grey shale, which breaks 
wi th a conchoidal fracture and contains occasional black nodules, up to 1 inch in 
diameter, some of which, according to Dr. Dale (1915, p. 385), 'show pinkish centres 
o.f some fine-grained minerals such as rhodocrosite or manganiferous calcite'. Dr. Dale 
has stated t hat the cont.act of t his shale and the underlying limestone as exposed 
in the bank of the stream is a disc-onformable one. It is certainly a very uneven one; 
but the beds seem sometimes to grade into each other. A very careful and detailed 
study and comparison of this limestone and shale and the similar limestone and 
shales that outcrop in the vicinity of the railway will have to be made before their 
relative ages and the character of their contacts will be fully understood. This 
34-foot thick olive-grey shale shows many small slicken-sided surfaces, and at most 
places yields very few fossils. In the brook exposures it has yielded nothing but some 
small brachiopods, and in the outcrops al-ong the wagon roads it appears to be 
quite barren. In a railway cut just southwest of the railway station platform however, 
beds almost certainly referable to some part of it contain a small fauna. One of 1:1he 
members of this fauna, a large trilobite named Catad-oxides magnificus, is believed 
by D r. Matthew, who discovered it, to be closely related to the Sardinian genus, 
Metadoxides (Matthew, 1899b; 1899c, pp . 83-87, pl. VIII). 

"The succeeding beds of the section are well exposed only in the valley of the 
brook. The first one is a peculiar, dark bluish grey shale, 4 to 5 inches thick, 
and full -of flattened, subspherical nodules, which are 1 inch or Jess in diameter and 
are probably composed, according to Dr. Dale (1915, p. 385), of manganiferous calcite. 
On top of this nodular bed is a thin layer of what Dr. D ale (1915, p. 385) has 
described as a 'Cryptozoan shale', containing 'roughly concentric or zonal structures 
measuring H inches in diameter, irregular and subspherical nodules measuring 1 inch 
in diameter, and intercalated lenses of manganiferous calcite'. Above this 'Crypto
zoan' layer is a three-foot bed of hard, green shale, with manganiferous calcite 
nodules in its upper p-ortion, and near its base specimens of a trilobite apparently 
specifically identical with Dr. Matthew's 'Catadoxides magnificus'. This fossiliferous 
bed is followed by 10 feet and 10 inches of unfossiliferous, manganiferous, red and 
green shales, some of which contain small, fla ttened nodules. Most of t1hese nodules 
are similar t-o those occurring in the beds below, but some of them may be phosphatic.1 

"The next higher stratum is possibly the lowest of the Paradoxides beds in this 
section." 

The 18 feet of coarse conglomerate at the bottom of this Lower Cam
brian section rests with angular unconformity upon volcanic rocks of the 
Harbour Main group, which are loca1ly metamorphosed and intruded by 
granitic dykes. The conglomerate is composed mainly of altered fragments 
of the eroded, underlying volcanic and granitic rocks. Farther west, on 
Holyrood Bay, Cambrian sedimentary material apparently fills cracks and 
fissures in Holyrood granite and otherwise seems· to rest unconformably on 
the eroded surface of t he granites (See 4, p. 455). Lower Cambrian beds are 
succeeded, apparently conformably on Manuels River, by Middle Cam'brian 
Paradoxides-bearing shales. 

The pre-Paradoxides, Callav-ia fauna of the beds indicates their Lower 
Cambrian age. A palreontological correlation may be made between the 
upper measures of this Lower Cambrian Series and the Hanford Brook 
formation of New Brunswick on the basis of their Protolenus faunrus. There 
also seems to be a lithological similarity between the conglomerate beds and 
those of the Ratcliffe Brook formation of New Brunswick, although the 
latter is much thicker. Thus, these Lower Cambrian beds show a marked 

1 Mnnganiferous beds at Brigus have been found to be of very early Middle Cambrian age by 
R. D. Hutchinson (1950), and it seems probable that the manganiferous beds here are of the same age. 
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similarity to the Etcheminian and Hanfordian series of the Lower Cambrian 
St.. John group of New Brunswick1 , although they are not exact counter
parts litho.Jogically. 

ACADIAN SERIES 

In 1914:, van Ingen (44) described the Paradoxides beds about Concep
tion and Trinity Bays as the "Manuels series", composed of a single forma
tion, which he called the "Manuels formation". Howell (22) found the 
known Paradoxides beds at Manuels and elsewhere in southeastern New
foundland to be divisible into at least three distinct. formational units, and 
suggested, with van Ingen's approval, that the term 'Manuels' be abandoned 
as a formational name and retained in its larger sense alone. Howell (22) 
used Walcott's· term 'Newfoundland' as a general series name for all the 
Middle Cambrian, Paradoxides beds of south eastern Newfoundland (some 
of which differ lit.hologi-cally from the Paradoxides beds at Manuels), and 
van lngen's series name 'Manuels' was restricted for the Paradoxides beds of 
the Conception Bay region w.here the lithological character of the beds 
appears to be everywhere about the same as at the type 110cality, Manuels. 
Howell (22) noted: 

"The three major units into which the beds known to contain Paradoxides at 
Manuels seem to be most natura:lly divisible, both lithologically and faunally, are here 
named the Chamberlin's Brook formation, the Long Pond formation, and the Kelligrew 
Brook formait.ion." 

These formations are characterized by Paradoxides bennetti, P. hicksi, and 
P. davidis faunas respectively. Howell (22) added: 

"The formations grade gradually into each other. The same is true of the 
bennetti, hicksi, and davidis faunas. It has therefore been found necessary to draw 
the exact rvertical boundaries between the zones more or less arbitrarily." 

The present writer did not find it practical to subdivide the Paradoxides 
beds in Torbay map-area in the c·ourse of field work, but has referred them 
to rthe Acad·i·ll!ll Series 2 , as suggested by Hutchinson. 

Beds· of these rncks are best exposed in the valley of Manuels River. 
Other exposures are on Chamberlin's Brook, Long Pond, and Kelligrews 
Brook. 

On Manuels River the section comprises some 300 feet of shales, con
taining occasional nodules, ·lenses, and thin beds of limestone. The lower 
234 feet, which consists of hard, greyish shales, ·holds few fossils except 
in its upper 13 feet, and grades gradually upward, through ·brown, finer 
bedded shales with abundant fossils, into thin-bedded, soft, black shales 
replete with trilobites and their fragments. 

The Acadian Series succeeds the Lower Cambrian Series conformably, 
and is in turn succeeded, ·apparently conformably, by the Upper Cambrian, 
EHiott Cove group. 

Paradoxides bennetti, P. hicksi, and P. davidis faunas are represented. 
A detailed description of the stratigraphy and fauna! succession is given by 
Howell (22, pp. 35-57). 

1 Geology and Economic Minerals of Canada; Geol. Surv., Canada, Econ. Geol. Ser. No. 1, third 
edition , pp. 110- 111 (1947). 

2 The 'Manuele series' of van Ingen, the 'Newfoundland aeries' o f Howell, and the 'Newfoundland 
group' of Rose (Preliminary Map 50-24). 



32 

The Paradoxides fauna indicates a Middle Oambrian age for the 
A-0adian Series. Although somewhat different lithologically, there is a 
marked similarity in fossil -0ontent to the Middle Cambrian Fossil Brook, 
Porter Road, and. Hastings Cove formaitions Qf New Brunswick1 . In this 
1-egard Howell (22) wrote: 

"As far as can be told at the present trm.e, the Paradoxides faunas of southeastem 
Newfoundland ar·e more nearly related to those of New Brunswick, Massachusetts, 
Great Britain and Scandinavia, than •bo those of France, Bohemia, Poland and southern 
Europe. The fossils of the Paradoxides beds of Vel'mont will probably also prove to 
be closely related to those of Newfoundland, but they are at p11esent too little known 
to make a satisfactory comparison possible." 

ELLIOTT COVE GROUP 

Van Ingen (44) used the name Elliott Cove (locality, Random Island, 
Newfoundland) to describe a 'series' <Composed of a single formation, his 
Elliott Cove formation. It seems 'best to retain the name in its broader 
sense, but to restrict it to a group term as these beds may not represent the 
entire assem'blage deposited during the Upper Cambrian epoch. The group 
term is here applied to the beds that succeed the uppermost known 
Paradoxides beds on Manuels River and the overlying Upper Cambrian 
beds, which are here ·covered by Cvnception Bay. 

Beds of the -Elliott Cove group are exposed in Manuels River gorge 
and on the shore of Conception Bay near Topsail He&d; at the former 
locality tJhe beds have an aggregate thickness of more than 300 feet, but the 
top is not exposed. 

The Elliott Cove group comists of thin-bedded, dark grey and blB1Ck 
sha'les, with abundant nodules of pyrite a nd paper thin slate. Minor lenses 
of limestone and sandstone are intercalated with them. 

Howell deS<Jribes them as follows (22) : 
"N·ear ·their base <they appear to be barren. Some thirty feet up from the battom, 

however, a few fossils have been found, including a brachiopod, an agnostid trilobite, 
and a small bivalved crustacean, which may indicate the presence of the 'Paradoxides 
fo rchhammeri' and 'Agnostus laevigatus' zones, the two uppermost known divisions of 
the Paradoxides beds, which are well-developed in Scandinavia. These beds of 
doubtful age are succeeded by finely-bedded black shales containing a trilobite 
resembling Agnostus pisiformis (Linne), which are followed by similar shales holding 
Agnostus pisifo!1ffiis obesus Bel•t, and other types characteristic of the "Olenus beds' of 
northwestern Europe. Aibove these 'Pisiformis obesus' beds ar·e micaceous shales and 
sandstones showing ripple marks and other evidences of sha:U.ow-wa:ter origin. These 
micaceous shaUow-water beds, which include the highest beds of the brook section, 
seem to be barren, for ·the most part; but a few species, t he majority of them brachio
pods, have been found, one of which, Orusia lenticularis (Wahlenberg), is aibundan t at 
some horizons." 

The Elliott Cove group Qverlies the Acadian Series with apparent con
formity , although the cont&ct represents a palreontological break. It is suc
ceeded, apparently ·conformably, beyond a sea-covered interval, by Lower 
Ordovician ·beds. Aocording to van Ingen (44) and Howell (23), with the 
exception of the d'Oubtful, lowermost 30 feet of skat.a of the group on 
Manuels River, the beds are of Upper Cambrian age. Indeed there is a 
marked similarity in lithology and fossil content between the Elliott Cove 

1 Geology and Economic Minerals of Canada; Geol. Surv., Canada, Econ. Geol. Ser. No. 1, 
pp. 110-111 (1947) . 
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group of Newfoundland and the Agnostus Cove and Black Shale Brook 
formations of the Upper Cambrian Johannian series of New Brunswick 
(18, pp. 76-80) 1. 

ORDOVICIAN ROCKS 

GENERAL STATEMENT 

A thick, stratigraphic section, estimated to '()omprise more than 8,000 
feet of relatively unmetamorphosed, fos~iliferous shale and sandstone, 
with intercalated beds of oolitic hematite iron ore, is referable to the Lower 
Ordovician epoch, and indudes the Bell Island and Wabana groups of rocks 
(15, 44). Beds referable to these groups are known only in the Conception 
Bay basin, where they outcrop on Bell, Little Bell, and Kellys Islands, and 
apparently underlie much of the bay. It is probable that beds referable 
to van Ingen 's ( 44) Lower Ordovician, Clarenville series also underlie lthe 
bay between Kellys Island and the mainland. The Lower Ordovician beds 
of the Bell Island and Wabana groups maintain an apparently conformable 
sequence with the underlying Upper Cambrian strata, striking northeasterly 
and dipping in general 9 to 14 degrees to the northwest. The strata that 
would normally reaich the mainland along the east shore of Conception Bay 
are prevented from doing so by the intervening Topsail fault, which 
thrusts up Harbour Main and· Conception group rocks. 

BELL ISLAND GROUP 

Van Ingen ( 44) introduced the term 'Bell Island series' for the middle 
part of the Lower Ordovician secti·on in Newfoundland, and subdivided the 
series into eig.ht formations. In the present report the term 'group' is used 
in place of van Ingen's 'series.'. 

Rocks of the Bell Island group occupy Kellys and Little Bell Islands, 
and the greater par.t of Bell Island (See Plate V B). Some 700 feet of shale 
and sandsfone of the group are exposed vn Kellys Island and 400 feet on 
Little Bell Island, with an additional 2,200 feet, including beds of oolitic 
hematite iron ore, on Bell Island. The base is not exposed, but an estimate 
of thickness of 4,000 feet is made for the group. 

The Bell I sland group comprises thick formations vf grey, grey-brown, 
brownish, ·and greenish sandstones, grey, brown, and black shales, and 
mi'()aceous sandy shales, with beds of whitish sandstone, red oolitic hema
t.ite, and ferruginous sandstone and shale. The strata are in broad lenticu
lar beds that vary in thickness, but are mostly less than 1 foot thick (See 
Plate V B). However, Z'Ones composed mainly of sandstone or shale are 
common and persistent, although the ·component beds vary considerably 
in thickness. In the main, the sandstones consist of rounded to subangular 
grains of quartz between 0·06 and 1 mm. in diameter, with minor amounts 
of glauconite, chamosite, altered feldspars, and ferromagnesian minerals, 
and accessory zircon, sphene, and magnetite. These are set in a minor 
argillaceous groundmass, with secondary quartz rimming the primary 
quartz grains. Carbonate minerals are '()harncteristi·cally lacking, but sider
ite is to be found ·along with chamosite and glauconite in the matrix of the 

1 See also Geology and Economic Minerals of Canada; Geol. Surv., Canada, Ee. Geol. Ser. No. 1, 
third edition, 1947, pp, 110-111. 
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more ferruginous beds. The brownish sandstones are commonly higher in 
argillaceous minerals and siderite, and the greenish sandstone in glauconite 
and ,c·hamosite. The shales are commonly very fine-grained aggregates of 
comminuted quartz and carbonaceous material in a predominating argilla
ceous groundmass; crystalline chamosite is common and siderite relatively 
rare. The shales are richly fossiliferous. Beds of red, oolitic hematite 
occur in three main zones within the Bell Island group exposed on Bell 
Island. These 'beds .are ·Commonly granular aggregates of small concretions, 
oolites, or spherules in a variable groundmass. The spherules are in gen
era'! less than 0·5 mm. in diameter, and are commonly flattened parallel 
with the bedding and many of them fractured. The ore beds characteris
tically break into rhombohedral shaped blocks because of the prevailing 
joint system. These inherent fractures are commonly marked by minute, 
interpenetrating veinlets of calcite, calcite with hematite, and quartz. 
Traces of bedding and crossbedding, ripple-marks, rain-drop impresssions, 
fossil fragments, worm burrows, and boring algae tubules are to be found in 
the ore. These and other features pertaining to the ore will be discussed 
more fully under the chapter on Economic Geology. Fine-grained greenish 
grey sandstones and siliceous, blackish shales occur as partings in the hema
tite ore and as accompanying and intercalated beds. They consist mainly 
of very small angular fragments of quartz, wit.h minor accessory minerals 
and occasiona.Jly abundant shell fragments and carbonaceous material, in a 
chamositic matrix. Contacts between ore and parting rocks are normally 
fairly sharp. Microscopically spherules may be observed in places in 
narrow zones of the parting rock at contacts between ore and rock. 

Rocks of the Bell Island group locally display pressure crumples and 
a well-developed rhombohedral joint system, both of which are attributable 
to ,compressive forces. The base of the group is not exposed, being covered 
by Conception Bay, but the beds show structural concordance with the 
nearest exposed, underlying, Upper Cambrian strata. A very minor dis
conformity eparates the group from the overlying Wabana group. 

Exclusive of the hematite beds, the rocks of the Bell I land group are 
'Consolidated, elastic marine sediments, most of which seem to have been 
deposited in the shallow water of a tidal basin with its included and 
marginal deeps. The sandstones and shales are generally well sorted, and 
are in gradaitional and lenticular beds, which apparently accumulated on an 
uneven, undulating bottom. Thick zones of shale represent deposition in 
somewhat deeper waters than t.hat in which the sandstones accumulated, 
and zones 'Of interbedded shale and sandstone represent lateral gradational 
deposition to the more shallow-water sandstones. The latter show ripple
marks, crossbedding, rain-drop impessions, worm burrows, and other 
evidences of shallow-water deposition. The shales are abundantly fossili
ferous, and i-Ogether with the sandstones, have supplied specimens of the 
following 'Species (15, p. 12): Lingula hawkei, Lingula affinis, Lingulella 
bella Sphaerobolus fimbriatus, Obolus bui·rowsi, Cruziana similis, Arenico
lites 'sp., Sphaerobolus spissus, and boring and other algae. The fauna is 
further evidence of shaHow-water, marine condiltions of deposition, and 
indicates a Lower Ordovician age for the group. 

WABANA GROUP 

Van Ingen (44) introduced the tenn "Wabana series" for the upper 
part of the Lower Ordovician rock section on Bell Island, and subdivided it 
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into six formations apparently mainly on palreontofogical evidence. 
'Wabana group' is used here in its place for those Lower Or·dovician rocks 
that lie above the Bell Island group and form only part of the strata 
deposited ·here during the epoch. 

Rocks of the Wabana group occupy the nol'thwest part of Bell Island 
and e>..'iend beneath Conception Bay. A thickness of more than 1,000 
feet is known. 

The group includes formations 'Of shale and sandstone similar to those 
of the Bell Island group, with beds of oolitic h ematite, chamositic slate, 
oolitic pyrite, phosphatic pebble-beds, and soft black shale carrying dis
seminated pyrite. The lithology of these rocks is very similar to that 
of the Be11 Island group, but black shale bec'Omes more abundant and 
graptolites make their appearance in the fauna, which includes (15, p. 22) 
Didymograplus, Sphaerobolus, Schizocrania, Synhomalonotus, Lingula, 
Cruziana sim.ilis, Arenicolites, Eophytiim linneanum, Orthis, W estonia, and 
boring algae. The graptolitic, pyritiferous black shales and <JOlitic pyrite 
with graptolites, indicate somewhat deeper, reducing, marine environmental 
conditions of deposition, with ready access to the basin from the open sea, 
but on the whole for the lower parit of the group the same shallow water, 
oxidizing co ditions prevailed as evidenced by deposition of the ore beds, 
as in the case of the Bell I sland group. The fossil content of the beds 
indicates a Lower Ordovician age for the Wabana group. 

The W abana group overlies the Bell I sland group with very minor 
disconformity. A thin, interformational cong~omerate bed containing peb
bles of oolirtic iron vre occurs just above the 'Dominion bed', the uppermost, 
iron-ore zon of the Bell Island group. This gives way tJo a t!hin zone of 
shale and sand·stone, with oolitic pyrite and thin pebble beds composed 
mainly -of shell fragments and phosphate nodules. The top of the Wabana 
group is not exposed, but diamond drilling from the submarine slopes of 
the mine has shown the upper measures to consist largely of soft, black, 
pyritiferous shale. 

QUATERNARY OVERBURDEN 

Accumulations of glacial till , formed by glaciers active during the 
Pleistocene ice age, and including boulder clay, gravel, sand, silt, and 
erratics, rest upon tJhe eroded surfaces of all of the ~onsolidated rocks of 
the area. The till was observed to be as much as 50 feet thick, and 
may be thicker in places. It mantles most of the area, except some of 
the highest ridges, from which it has apparently been removed by erosion, 
as patches are left in protected hollows. It extends from the flanks of 
the highest hills to sea-level, where it has been easily eroded, reworked, 
and re-deposited by the sea along present and former shores. In places it 
rests directly upon glacially polished and grooved bedrock. Most of the 
material cor prising the till is of local origin, and its fragments range in 
size from sand grains tJo erratics more than 30 feet across. In general 
the till is almost unsorted, but areas in which boulders, cobbles, pebbles, 
sand, silt, and boulder clay individually predominate show the crude sorting 
thart is ·characteristic of glacial drift. Small patches of stratified sand 
and silt are to be found, and are presumed to represent glacial outwash. 

Marine terraces as much as 35 feet above present sea-level are known 
along the coast, and may have occurred at much higher elevation. Beaches 
of cobbles, pebbles, gravel, sand, and silt are being formed along the 
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present strand where storm waves have tossed the cobbles from 10 to 20 
fe~ above high tide level. Such beaches are best developed in the map-area 
along the southern shore of Conception Bay, westward from Topsail Head. 

Peat deposits occur at many localities, developed on poorly drained 
areas on the glacial mantle. They are widespread and deep in the area 
between Cochrane Pond and Bay Bulls Big Pond. Many of the peat bogs 
could supply ciommercial peat litter and horticultural moss, and some peat 
fuel. From those wilth underlying muck, areas might be reclaimed for 
farming by draining, clearing, ploughing in the peat, rolling, and f.e.l'tilizing, 
chiefly with lime, although this would be a oostly undertaking, perhaps 
impractical. 

Most of the farms in the area have been cut from the bush, with small 
fields placed on patches of the glacial ti'll or on marine terraces most 
suitable for farming. Forest litter has helped to form a thin topsoil in 
favoured places, but in most cases the soil has been made by manual 
work in removing countless rock fragments and adding natural fertilizers. 
The soils throughout the area are deficient in lime and leached to acidity. 
They are Podsols typical of the north temperate coniferous forest zone. 
Their lime deficiency is detrimental to agriculture, but because of it the 
waters of the innumerable ponds and lakes of the area are remarkably 
soft and lime free. A pipeline from Windsor Lake supplies St. John's 
with some of this pure, sofit water. 

The average annual precipitation at St. JQhn's is about 54 inches, 
which is fairly evenly distributed through the year, and gives a fair 
average for the surrounding disltrict. Much of this is Iost to the sea 
following the winter 'break-up', when normally dry rocky brooks become 
rushing torrents. Power companies operating in the area have dammed 
several of the ponds and brooks to conserve the supply for generating 
electricity, and the bogs act as giant sponges in soaking up ·rainfall and 
ground water, to be yielded on ad·equate demand. 
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CHAPTER III 

STRUCTURAL GEOLOGY 

GENERAL STATEMENT 

Of the main stmctural features of the map~area (See Map 1018A and 
accompanying structure-sections) the most striking are: (1) the great 
syncline in the Cabot group rocks east of St. John's; (2:) the abrupt fault 
scarp at Topsail Head·; (3) the intricately folded ·condition of the St. 
John's formation; ( 4) the pronounced unconformable overlap of the Cam
brian on Precambrian rocks at Manuels River ·bridge; and ( 5) the position 
of the early Palreozoic sedimentary basin upon the folded and eroded Pre
ca.mbrian rocks in Conception Bay. Remarkable, too, is the rhombohedral 
joint pattern, displayed best by the Wabana iron ore beds and to a lesser 
degree ·by the Ordovj.cian sandstone and the Precambrian Cabot group 
sandstone ·and conglomerate. Many other faults, joints, and cleavages 
affect the Precambrian and, to some extent, the Palreozoic rocks. 

Regionally, all the rocks in the map-area have been deformed by com
pressive stresses applied differentially over lengthy ·and widely separated 
intervals of time. Although the same general fo1d and fault pattern seems 
to apply t hroughout the Precambrian to Ordovician section, the folds are 
tighter, the dips steeper, and the fau lts more prominent in the Precambrian 
rocks. The intricately folded ·condition of the incompetent Precam:brian 
members indj.cates the tremendous pressures to which they were subjected. 
Comparable structures are not to be found in the P.alreozoic section in this 
area, although severe crumpling of Cam·brian strata is evident ·along the 
Topsail fault zone. 

The semi-parallel alinement of most of rthe fold axes and fault planes 
in a north-northeasterly direction suggests the forces may have operated 
from northwesterly or southeasterly directions for much of the time, with 
overturned beds at Cape Broyle Head indicating ·aictive stress from the 
northwest. This is supported by evidence of almost horizontal movement 
a.long steeply dipping faults that parallel one set of prominent joints and 
intersect the north-northeasterly trending structures almost at rig.ht angles. 
There is also some evidence of cross-folding and doming of beds parallel 
with the northwesterly trending faults. Frncture ·cleavage is developed 
thrnughout, both parallel with and at an angle to the bedding. 

UNCONFORMITIES 
The Harbour Main group is overlain unconformably by the Conception 

group, as conglomerates in the fat.ter carry rounded fragments derived from 
the former, but because of the lack of -0bservable primary structures in most 
places in the volcanic rocks it is difficult to know if a structural discordance 
or a disconformity is represented. At several localities in the .area bedded 
rocks of the Conception group rest. on schistose volcanic rocks of the Har
bour Main group with pronounced discordance between bedding and 
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schistosity. Because of the occurrence of interbeds of sedimentary rocks 
in the Harbour Main group similar to certain beds in the Conception group, 
and because of the occurrence of tuffaceous beds in the Conception group, 
the writer is inclined to believe that the unconformity between the two 
groups does not mark a time interval of major significance. It should not be 
overlooked that any adequate interpretation of the complex geofogi-cal 
history of this section of Newfoundland should take into account the fact 
that periods of igneous activity, both intrusiv·e and extrusive, may have 
been contemporaneous with those of sedimentation, and that rigid rock 
formation classifications may have only limited, local application. 

In considering the structural significance of the intrusive igneous 
rocks of the area it should be recalled that they include two small stocks 
of meta-gabbro, the eastern border of a granitic batholith, and a few, small 
basic dykes, all of which are known to intrude Harbour Main group rocks. 
The granitic rocks are also intrusive into lower members of the Oonception 
group and into meta-gabbro, and they are in turn cut by some of the small 
basic dykes. None of the intrusions comes into contact with upper 
measures· of the Conception group or with the Cabot group in the area, but 
the granitic rocks are apparently overlain unc{mformably by Lower Cam
brian beds. Little light can be thrown on Buddington' idea that these 
igneous rocks (he did not mention the small basic dykes) together with the 
Harbour Main rocks form a comagmatic series derived from a basaltic 
magma. The diversification and textural variations of rock types in the 
granitic rocks indicate that the emplacement of the Holyrood batholith 
occurred in several magmatic surges, and it is only a step fartJher to classify 
the meta-gabbro stocks as early 'crystallates' of a differentiating magma. 
The 'Occurrence of pebbles of granitic rocks in conglomerates ranging in age 
from Precambrian (Harbour Main and Conception groups) to Lower Cam
brian proves that granitic rocks were unroofed in this region prior t.o the 
intrusion of part of the Holyrood batholith into Harbour Main and Con
ception group rocks. It is not dear whether or not there is a genetic 
relationship between the granitic -ource rocks of the pebbles and the Holy
rood batholith, and it is perhaps simpler to assume there is not. In any 
event considerable time must have elapsed between the various intrusions. 
' Evidence of the Precambrian age of the meta-gabbro and granitic rocks 

is considered to be definite, but their relationship to the upper part of the 
Conception group and to the Cabot group is not clear. The scarcity of 
granite pebbles in the Ca·bot group lends some support to the idea that the 
Holyrood batholith was intruded during or after the period in which the 
Cabot group accumulated. However, this should be viewed in the light of 
the fact that on Trinity and Bonavista Bays, Cabot group type rocks 
(Musgravetown group) pass upward to the Random formation and thence 
across an .apparently minor disconformit.y to ,Lower Cambrian beds aproxi
mately equivalent in age to those that rest upon the erQded surface of the 
granite in the Conception Bay area. 

Irrespective of the position of the igneous intrusions in the sequence, 
beds of the Oonception group are succeeded with no apparent angular dis
cordance by those of the Cabot group. Conglomerate in the Signal Hill 
formation of the Cabot group bearing fragments derived from the underly
ing Conception group, and the sudden ·change in lithology at the contact of 
the groups, are evidence of the disconformit.y that separates them. Con
formable and gradational contacts are found between the St. John's, Signal 
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Hill, and Blackhead formations of the Cabot group. Both the Conception 
and Cabot groups contain fragmen ts apparently derived from the Harbour 
Main group. However, as previous.Jy mentioned, pebbles of rhyolite 
porphyry, granophyre, and granite similar to those in the Signal Hill con
glomerate occur in large numbers in conglomerates of the Harbour Main 
group, from which it may be inferred that the conglomerates of both 
groups were formed in part of material derived from .a common source that 
included some pre-Habour Main rocks. 

The top of the Blackhead formation and of the Cabot group is not 
exposed in the map-area. From evidence elsewhere in eastern Newfound
land it would appear that these rocks should pass upward through a 
sparsely fossiliferous zone (Random formation) across an apparently minor 
disconf rmity to unquestioned Lower Cambrian strata. 

In Torbay map-area, Lower Cambrian beds rest with pronounced 
angular unconformity on rocks of the Harbour Main group and are con
sidered to overlap the Holyrood granite, filling cracks in its eroded surface 
(See 4, p. 455). Also the basal, Lower Cambrian conglomerate contains 
fragments .derived from the underlying metamorphosed Harbour Main 
group rocks and the younger intrusive granite. It seems dear, therefore, 
that the Harbour Main group was folded, intruded by granite, and eroded 
in Precambrian time ·before the deposition of these Lower Cambrian rocks. 

A fection, comprising an estimated 1,000 feet vf Lower, Middle, and 
Upper Cambrian beds, succeeded by about 8,000 feet of Lower Ordovician 
strata, preserving marked concordance of bedding throughout and otherwise 
showing no evidence of any significant interval of non-deposition, follows. 

As Lower Ordovician beds form the youngest known consolidated rocks 
of the area it is not possible to identify vr accurately assess the individual 
effects of later events in its geological history. However, the gentle areal 
dip of more than 8,000 feet of Cambrian and Lower Ordovician strata is 
evidence that the segment of the earth's crust that they occupy in Concep
tion Bay has been only moderately deformed since the deposition and con
solidat.ion Df these Palreozoic formations. Elsewhere in Newfoundland, 
younger rocks of Ordovician, Silurian, Devonian, Mississippian, and Penn
sylvanian age are known, with evidence of orogenic disturbances having 
oc·curred during or at ·the close ·of each of the periods, and perhaps culminat
ing in the Appalachian revolution at the close of the Palreozoic Era. There 
is no direct evidence to indicate that rocks younger than Ordovician were 
ever deposited in this area. Indeed, erosion to t.he Proterozoic with infolded 
and infaulted Cambrian and Ordovician beds suggests that the area has 
been dominantly positive since mid-Palreozoic time. 

Pleistocene drift rests with great angular discordance on all of the 
consDlidated rocks of the area, and is separated by a minor disconformit.y 
from the overlapping, most recent, beach and bog accumulations. 

FOLDS 

Alt ough an insufficient area Df Harbour Main group rocks is exposed 
to indicate a regional pattern to its folds, it seems along with the Holy
rood batholith to form much of t.he basement complex upon which Lower 
Palreoz ic ·beds were deposited in Conception Bay. Sufficient primary 
structures are observable in the group ;here, however, to indicate a 
complexly folded condition. 
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In addition to innumerable minor crumples many major, north-north
east striking folds are shown in the Conception group, among them a syn
cline east of T opsail H ead, an anticline north of Country Pond, and several 
fairly open folds in the Cape St. Francis, Pouch Cove, Tor Bay, and 
Ferryland areas. 

A great syncline in the Cabot group plunges gently north-north
eastward, with its steeper westerly limb forming Signal Hill and its easterly 
limb including Cape Spear. The less competent beds of the St. John's 
formation are intricately crumpled beneath the thick, competent sandstone 
and conglomerate sequence of the Signal Hill and Blackhead formations, 
yet everywhere maintains a conformable and gradational contact upward to 
the Signal Hill formation. At Bay Bulls, a major syncline in the Cabot 
group plunges southerly, as do several minor crumples. At Cape Broyle 
Head, the strata are steeply dipping and in part overturned to the east. 
Several broad folds in the strata occur near Tor Bay and Flat Rock Bay, 
north of which Cabot group rocks are dragged beneath those of the Concep
tion group. Most of the folds in the Conception and Cabot groups plunge. 
northerly, but irregular dome- .and basin-shaped terminations on some of 
the folds are indicative of some ·cross-folding. 

A major syncline in Cambrian and Ordovician rocks apparently under
liea Oonception Bay. Within Torbay map-area, only the truncated part 
of the southeastern limb of the fold is exposed, but it is well known 
that Cambrian beds skirt the southern and southwestern parts of the bay, 
turning sharply northward and becoming more steeply inclined, and there 
is no reason to believe that the Ordovician beds under the bay do not 
follow the same pattern. Such evidence is indicative of a syncline plung
ing gently north-northeastward. Structures exposed on the west side of 
Conception Bay may have an import&nt bearing on the westerly and 
northerly terminations of the fold and submarine extensions of the beds. 
Apart from the regional folds, Cambrian beds are locally crumpled and 
overturned in places along the Topsail fault zone at Topsail Head Beach. 

The major fold pattern in these Cambrian and Ordovician rocks is 
thus indicated to be very similar to that in the Precambrian Cabot group, 
except in degree of intensity. Supporting evidence is to be found in the 
Trinity and Bonavista Bay areas. 

FAULTS 

Faults are a conspicuous feature of the rock formations of Torbay 
map-area. Bedding faults, strike faults, dip faults, and oblique faults are 
all represented, but most of them fall into two categories, namely, longi
tudinal faults and transverse faults . The longitudinal or strike faults trend 
north-northeasterly to nort.herly, and the transverse or dip faults strike 
northwesterly. Faults of both types are commonly steeply dipping, with 
the strike faults· showing evidence of oblique-slip and the dip faults of 
strike-slip to oblique-slip movement. Most of the faults are attributable 
to thrusting due to compression. 

Many major thrust faults are known, including a zone at Topsail Head, 
t.wo in the J ohnnys Pond area, several in the peninsula east of Conception 
Bay, one north of Flat Rock, and another at Cuckold Head. Faults of 
les.ser magnitude are also represented in many places, among them those 
displacing the submarines iron ore beds at Wabana. 
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The Topsail fault is traceable as a zone of chloritic schist and sheared 
volcanic and sedimentary rocks, more or less impregnated with quartz veins 
and stringers, along or near the eastern margin •of the Holyrood batholith, 
extending from Topsail Head, where it passes beneath the waters of Con
ception Bay, southward in a curve past the eastern itip of Mobile Big 
Pond. At Topsail H ead, the fault zone strikes north 13 degrees east and 
dips easterly about 80 degrees. Cambrian beds at the base of the towering, 
600-foot cliff are crumpled and cut off by the fault, buit they are much 
less sheared than the quartz impregnated schists that abut them. Milky 
white quartz veins parallel the Cambrian-Precambrian fault contact and 
fault planes in the Precambrian schist on the cliff. The walls o.f these 
quartz veins are slickensided in places against Cambrian strata, indicating 
a relative movement of the east side obliquely upwards and to the north 
with respect to the west side. The more sheared condition of the Pre
cambrian rocks coupled wi1th the confinement of slickensided quartz veins 
to the Precambrian rocks and Precarnbrian-Cambrian fault contact zone 
indicate that the fault was initiated in Precambrian t ime, with later injec
tion o.f quartz veins, followed by additional movement and displacement 
of the Palreozoic beds. As the fault follows the eastern margin of the 
Holyrood batholith it seems probable tlhat the batholith acted as a buttress 
against wl11ch the less competent rocks were thrust or as the causative 
agent of thrusting. The quartz veins of the fault zone may be genetically 
related to the Precambrian Holyrood granite, but there is no direct evidence 
to indicate this, or the amount of displacement caused by the fault. 
Although about 6,000 feet of Palreozoic strata appear Ito have been truncated 
near Portugal Cove, the northward curving of the bed and steepening of 
thei1• dips, observed near Topsail beach, probably necessitates a consider
able decrease in this estimate. 

The abrupt scarp and sheared condition of the rocks along the eastern 
shore of Conception Bay are taken as evidence that the Topsail fault zone 
closely parallels the coast under water, trending northerly past Cape St. 
Francis to where the Harbour Main group begins to give way to the 
Conception group and where the scarp ends or loses its identity. The 
fault zone probably continues for some distance, bearing a litJtle east of 
north and diminishing in size. 

Apparently fanning off from the Topsail fault zone in St. John's 
PeninS'Ula in a horsetail pattern are several faults that roughly parallel 
the north-northeasterly trend of the folds. These faul.ts traverse rocks of 
the Harbour Main and Conception groups. In general, scarps are developed 
along tJhem in the Harbour Main group and valleys in the Conception 
group. 

An interesting fault occurs a few yards' west of Flatrock Bay (See 
Plate IV A). It strikes north-no:rtheast and dips about 45 degrees to the 
west-northwest. Beds of the Cabot group are thrust beneath older strata 
of the Conception group, which appear to lie stratigraphically above them 
at ithis locality (See Plate IV A). However, the fault is observable, and 
the true stratigraphic relations are indicated by tJhe occurrence of fragments 
of Conception rocks in the Cabot conglomerate. 

A system of northwesterly striking, steeply dipping, transverse or dip 
faults, at St. John's, Quidi Vidi, Torbay, Middle Oove, Portugal Cove, and 
Topsail Head, intersects the previously mentioned folds and faults almost 
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at right angles. These show evidence of almost horizontal shearing move
ment parallel with t he fault planes, and in places the beds• have been 
dragged along them, indicating a left-'hand displacement. 

Underground mining wt Bell Is.Jand has demonstrated the occurrence 
of two maj·or fault systems affecting the ore beds, one that trends north
northeasterly, the other northwesterly. In general the faults of the first 
system dip steeply nor1thwesterly and those ·of the latter system steeply 
southwesterly. Most of these faults appear to be normal faults, although 
displacements along them, which are measurable in tens of feet, are due 
mainly to shearing couples, as evidenced by nearly horizontal slickensides 
along the northwesterly trending faults . Reference is made to J. B. 
Gilliatt (10) for a detailed account of the folding and faulting of the 
Wabana ore deposits. He describes two main sets of faults, with parallel 
joint systems, affecting the ore beds and associaited strata, one striking north
easterly, the ·other northwesterly; suggests tJhat there is a definite relation
ship between the faults. and joints; and attribuites their formation to folding 
of the strata caused by intense horizotnal compression from the northwest 
and souilheast. He writes as follows (10, pp. 909-910). 

" . .... it would appear at first sight that the down-throws [See Figure 3, p. 48]1 
took place in a series of steps, in whi·ch the strata beyond the break moved down and 
off-shore, and one would naturally be led into error ~md consider first the settlement 
at the centre of the basin. This would produce tension along the dip followed by 
normal faulting, towards the centre of the basin. The inclined angles of the 
fault-planes would also indicate tha.t the line of least resistance was towards the 
centre of the basin, and that the strata on the down-throw side of the fault was free 
to move in this direction; but the reverse of this can be shown from the striation 
marks, which show that intense compression caused the faulting, better described as two 
horizontal opposite forces acting ;towards the centre from the long sides of an ellipse 
and bending the strata downwards along the central axis. This caused right-angled 
fracture-planes along which the compression found relief by shearing out the open 
ends of the ellipse diagonally to rthe strike of the strata .... " 

JOINTS AND CLEAVAGE 

A striking rhombohedral joint pattern in the oolitic hematite beds 
of Bell Island causes the ore to break easily into regular, angular, relatively 
smooth-sided rhombs. This joint pattern is evident to a lesser degree 
throughout the Ordovician rocks of the area, particularly in the sandstones, 
and also in the sandstones and conghimerates of the Cabot group (See 
Plate III A and B) and to some extent in the Cambrian rocks. It is a 
feaiture that, like the fracture cleavage, is locally well developed, depending 
on the character of the rock, the intensity of folding, and proximity to 
faults. Fracture cleavage occurs both approximately parallel with, and 
at an angle to, the bedding, and is confined mainly to the more incompetent 
argillaceous and tuffaceous rocks of the area. Both jointing and fracture 
cleavage are intimately related to folding and faulting in Torbay map-area. 

lThis report. 
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CHAPTER IV 

ECONOMIC GEOLOGY 

INTRODUCTORY STATEMENT 

SIGNIFICANCE OF MINING INDUSTRY IN TORBAY MAP-AREA 

Apart from the operations ·at Bell Island very little mining has been 
done in Torbay map-area. W abana Iron Mines ~lone, however, provide 
the economic support for most of .the population of Bell Island, and a 
source of revenue for the provincial government, besides supplying iron 
ore to Canadian, European, and American markets. The recent (1950) 
curtailment of production from the mineiS caused by the withdrawal of the 
European (British) market has served to emphasize the dependence of the 
people of Bell Island on its mines. Encouraging signs of expanding pro
duction have more recently (1951) been noted. 

Mini g costs in Newfoundland are, in general, lower in areas such as 
the Avalon Peninsula, where access to good roads and fo railway .and ship
ping facilities may be readily provided. The concentration of population 
in the St. John's area is ·an added incentive to the development of mineral 
resources, providing as it does a possible market and labour supply. 

GENERAL DISTRIBUTION AND CHARACTER OF MINERAL DEPOSITS 

As the rockS' of Torbay map-area vary greatly in character and in age, 
so do their containea mineral deposits. Exclusive of structural materials, 
the know mineral deposits of proved and possible economic value within 
the Prec·ambrian rocks are of hydrothermal origin, whereas those within 
the Palreozoic formations are regarded as mainly of primary sedimentary 
origin. T e latter tend to occur as more or 1ess uniform layers, many of 
them extending over large a:reas, whereas the deposits in the Precambrian 
rocks •are relatively smaller, more erratic, irregular, lens- or vein-like 
deposits. 

FUTURE PROSPECTS 

Potentially valuable deposits of gravel, building stone, and peat occur 
at many localities. Substantial tonnages of sand and gravel .are obtained 
from the mantle of glacial drift, but production figures are not available. 
A local company operates a sorting plant at Seal Cove, a few miles west 
of the map-area, from which much of the local requirements for road 
surfacing, railroad ballast, and the building trade are supplied. A rock 
crushing plant and quarry on Signal Hill green sandstone beds produces 
small quantities of crushed rock for road metal, and in the past, the green, 
gr·ey, and red sandstones of the Signal Hill formation have been quarried 
at Signal and South Side Hills for building purposes. Small quarries have 
also operated on the pink Holyrood granite, and on the greenish Ordovician 
sandstone f Kellys Island. These operations all might be greatly expanded. 

52459-4 
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Nodular, crystalline limestone beds up to 3 feet in thickness occur in 
the Lower and Middle Cambrian formations. Specimens of reddish marble 
taken from one of the beds analysed 78 · 52 per cent calcium carbonate, ·and 
had a pleasing appearance when polished. The beds are a possible source 
of lime in limited amounts, as well as of ornamental stone. Extensive beds 
of shale and slate within the Cambrian formations provide a possible raw 
material for a brick and tile making industry and for the manufacture of 
prepared roofing granules. 

Many small, lightly pyritized zon€s and copper-bearing v,eins occur in 
the Precambrian rocks of the area. They are interesting mainly for the 
traces of gold and silver that they carry in places. But, perhaps the 
greatest single, potential, undeveloped mineral resource of the area lies in 
the manganiferous beds of the Cambrian strata, from Topsail H ead to 
beyond Kelligrews. Large tonnages of manganiferous and phosphatic 
shales and limestone are ·considered too low grade and too difficult to con
centrate economically. The grade and reserves of the material are, however, 
not .completely known, nor have concentration tests been exhaustive. 

The prospects of future discoveries of ore deposits in the area are not 
promising, ,as prospecting on the ground is difficult because of extensive 
drift, bog, and bush cover. The contact area of the Holyrood granite 
appears .to hold some inducement for prospecting, particularly near the 
Topsail fault zone. 

MINING HISTORY 

One of the earliest attempts at mining in Newfoundland is recorded 
by Jukes (27) as about 1778, on a copper-bearing vein near Shoal Bay, 
about 12 miles south of St. John's. It was exploited for a short time, 
abandoned, and reopened in 1839, again unsuccessfully. An attempt to 
mine a similar vein in the White Hills north of Quidi Vidi was also 
unsuccessful. 

The oolitic hematite of Bell I sland was first recognized ·as iron ore 
about 1892, .shortly after which the Nova Scotia Steel and Coal Company 
Limited acquired mining areas there. The somewhat romantic history of 
the discovery of the value of the Wabana iron deposits was recorded by 
the Reverend M. Harvey in 1897 (13, pp. 94-95) as follows: 

"Ln Conception Bay, about twelve miles distant from St. John's, lies Belle Isle, 
six miles in length and three in breadth. It wa.s long noted for its excellent soil and 
the value of its farm products. No one dreamed t haJt it held any minerals. Under the 
vegetable soil, however, there were erlensiV'e strata of rock of a dusky red colour, 
which cropped out at seveml places in the cliffs around the shores of the islaJlld. Blocks 
of ·this reddish rock were detached by the weather and lay on the beach, but no one 
took any notice of these boulders. A fisherman, who was going to St. John's, chanced 
to observe that these rocks were much hea.vier than ordinary blocks, and it occurred 
to him that othey would make good baUast. He piled a number of them into his little 
craft, and when leaving St. John's on his return trip, having obtained a cargo of 
g-00ds, he left his ballast on one of the wharves. Seme one with a sharper eye than 
his fellows was struck with the appearanoo and weight of the stones, and suspected that 
they were metalliferous. He sent a sample to England for analysis, and was speedily 
informed thait it was a rich iron ore. An exploration on the island followed, and the 
red rock was traced Ul!lder the soil for a oonsidemble distance. Soon the area was 
covered with mining licences; and when the strata were partially uncovered, one of 
the finest deposits of iron ore in the world was found." 
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Mr. R. E. Chambers of the Nova Scotia Steel and Coal Company 
Limited was the first engineer sent to examine the deposit, and he per
suaded his company to obtain tJhe land rights from the Butler brothers of 
Topsail in 1893 and to take out submarine 'Claims. The first small shipment 
of ore was made to Halifax in 1895, to be later transferred to the furnaces 
rut F errona near Pictou, Nova Scotia. The company Iater built blast 
furnaces at Sydney Mines, Cape Breton, for smelting the ore, and steel 
mills at New Glasgow for fabrication. 

The Dominion Iron and Steel Company Limited was formed in 1899 
and it acquired submarine claims immediately adjoining t he northwest 
shore of Bell I sland. The same year it purchased two of the rthree ore 
beds of the land area from the Nova Scotia Steel and Coal Company 
Limited, acquired limestone deposits at Port au Poiir,, Newfoundland, and 
erected blast furnaces and a steel mill at Sydney, Cape Breton. 

The two companies operated individually on Bell Island until 1921. 
During this time the .i. ova Scotia Steel and Coal Company Limited found 
it necessary to drive slopes through rock to work their submarine holdings. 
A holding company, the British Empire Steel Corporation Limited, was 
formed in 1922, bringing both companies under one management. L31ter 
this gave way to the Dominion Steel and Coal Corporation Limited, which 
is the holding company for tihe two original operators at Wabana, and 
other allied interests. Since 1895, the Wabana iron mines1 of Bell Island 
have produced more than 48,000,000 long tons of hematite ore, which 
averages about 52 per cent metallic iron. In 1931, Hayes (17, p. 21) 
estimated that about 2,500,000,000 tons of ore may be found within the 
limits of submarine mining, of which one-half is recoverable by present 
mining methods. Much higher estimates have been made (9, 11), varying 
from 3,500,000,000 to 10,000,000,000 tons. Figure 2, a sketch map of Bell 
Island, shows the position of the mines and plants in plan and in sec
tion (1951). 

In t he early part of the century unsuccessful attemps at mining on 
a small scale were made on manganiferous bed near Topsail Head, 
Manuels, and south of Kelligrews. About the same time some work was 
done on the pyrophyllite deposits south of Long Pond, Manuels, and 
some limestone was quarried near Topsail H ead and Manuels. 

Following suspension of work on the pyrophyllite deposits in 1905, 
limited perations were resumed in 1938 and continued sporadically until 
the present. A crushing plant was built at Talcville on tihe railway in 
1942 with the co-operation of the Commission of Government. Four 
t est-holes totalling 430 feet were drilled by a diamond drill owned and 
operated by the Geological Survey of Newfoundland. Discouraging results 
were reported; but known reserves are considerable in lower grade, quart
ose material. To the end of 1948, in 12 years of quarrying, the deposits 
have produced a recmded total of 15,109 tons of pyrophyllite valued at 
$84,010. 

Beach pebbles especially selected for grinding purposes were colleoted 
and exported by J·oseph Dawe, from tihe beaches near Long Pond, Manuels, 
from 1940 to 1947 to the amount of 2,641 tons valued at $29,247. 

1 Now operated by D ominion Wabana Ore Limited, a controlled subsidiary of D ominion Steel and 
Coal Corporation Limited , holding about 132 square miles of claims at Wabana. 

52459-4~ 
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METALLIFEROUS DEPOSITS 

IRON DEPOSITS 

W abana Iron Ore 

Mention has previously been made of the occurrence, history of dis
covery, and development of the "\Vabana iron ore on Bell Island. Five zones 
of oolitic hematite, rthree of which are mineable, are exposed in the Lower 
Ordovician rocks on this island. The three ore zones, which are known 
locally as the "Dominion, Scotia and Little Upper beds", or "Lower, Middle 
and Upper beds" occur in the upper part of the Lower Ordovician Bell 
Island and W abana groups in the north western part of the island. Ore 
and rock beds dip gently northwesterly (See Plate V B) and pass beneath 
Oonception Bay. The Upper and MiddJ.e 'beds' are •separated by about 
58 feet, and the Middle and Lower 'beds', by about 240 feet of intervening 
strata, the latter including an oolitic pyrite zone. 

All t.he ore in the land area has been mined out, and extensive sub
marine mining is now in progress in all three 'beds' by Dominion W abana 
Ore, Limited. Six mines have been developed at Wabana to date, Nos. 2 
and 4 minesl with a daily capacity of 1,000 tons each are operating in 
the Lower 'bed', about a mile off shore. No. 3 mine is opernting in the 
same 'bed', with a daily capacity of 1,700 tons at about 2 miles from shore, 
and No. 6 mine, with a daily capacity output of 1,700 tons, is operating 
in the Middle and Upper 'beds' about lt miles from shore. A depth of 
1,600 feet below sea-level has been reached, with 1,300 feet of rock cover. 
At this depth, more than 2 miles down the dip of the 'bed', all faces are in 
ore. According to J. B. Gilliatt (10) tJhe ore varies from 10 to 30 feet 
thick in the Lower 'bed' and from 6 :to 13 feet thick in tJhe Middle and 
Upper 'beds'. Estimates of ore reserves as much as: 10,000,000,000 tons 
have been made (9, 11). Figure 3, after J. B. Gilliatt, shows a verrtical 
seotion of the ore 'beds' and slopes (See also Figure 2) . 

In addition to the ore zones, ferruginous rocks are known within the 
Lower 0 dovician strata of Conception Bay as follows : chamositic sand
stone, on Kelly's Island; chamositic sandstone with oolitic hematite, west
ward from Lance Cove; oolitic hematite, in two zones, one about 2 feet thick, 
traceable from Eastern Head past Kents Bridge to the coast near The Bell 
(Figure 2); and oolitic pyrite, in several bands from a few inches up to 
4 feet thick, just above the Dominion or Lower bed. For completeness of 
description the following is quoted from Hayes (15, pp. 10-11): 

" .. . Oolitic iro!ll ore and ferruginous rocks have beeill found in six 21ones on Bell 
island and these aPe given in stratigraphical order, beginning with the lowest: 

"Zone 0. -A thin ferruginous band occurs in the strata, forming the extreme 
southwest part of the island, outcropping from Lance cov.e westward· to the western 
shore near the 'Clapper'. 

"Zone 1. -This zone is partially exposed by shallow cuttings !!ilong the tramways 
of the Nova Scotia Steel and Coal Company and of ·the Dominion Iron and Steel 
Company near their intersection at Kents Bridge. It may be traced by intermittent 
outcrQps f om Eastern head ·on the east coast of the island to the northwest coast 
between ig head and the Bell. . . . It contains bands of oolitic hem!lltite, two of 
which appear to be continuous, •one attaining a thickness ·of about 2 feet. 

1 The capacity of all operating mines is being currently increased to meet market requirements. 
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"Zone 2. -Including the Dominion Bed. -The lowest oolitic hematite of this 
zone is about 600 feet stratigraphically above zone 1, and the whole zone consists of a 
series of bands of oolitic hematite alternating with shales and cross-bedded, fine
grained sandstones, comprising a:bout 100 feet of strata cU!lminating in the Dominion 
bed. The t op 35 feet ·of strata are com.posed1 largely of ooMic hematite in thick beds 
with thin forrugin•ous sandstone and shale parting rocks .... 

"Zone 3.-Pyri·te Beds. -Oolitic pyrite occurs in from one to three bands extend
ing through strata from a few im:hes up to 4 feet in thickness, and found from 1 tJo 10 
feet above the highest oolitic hematite of Zone 2 .... 

"Zone 4. -Scotia Bed. -This 21one commences 210 f.eet above Zone 3 and is con
fined to about 15 feet of strata .... 

"Zone 5. -Inoluding the Upper Bed. -The lowest band' ·of this zone is separated 
from the top of the Scotia bed by about 40 feet of sandstone and shales, and the 
oolitic iron ore continues upwaTds through aboub 50 feet of strata." 

The graphic log of diamond drill-hole No. 1, given here 1as Figure 4, show3 
more than twenty-six seams of oolitic hematite in 480 feet of strata pene
trated. 

Th-e detailed stratigraphy, petrology, chemistry, and mode 9f origin 
of the ore have been rather fully dealt with by Hayes (15, pp. 93-94), 
whose observations ·and conclusions are best given in his own words: 

"The oolitic iron ore with ferruginous shales and sandstones forms part of a series 
of sedimentary rocks of lower Ordoviciaru age. 

"The ore beds are characterized by ripple-marked• surfaces and• cross-bedded layers 
and contain remains •of animals which •lived in shallow water. The spherules of the ore 
vary in size from O·l to 0·5 millimetres and are composed of alternating concentric 
layiers of hematite and chamosite. These spherules wer·e pierced by living boring 
algae, hence the iron minerals forming them were precipitated near the surface of 
deposition, while the algae flourished on the sea bottom. 

"Siderite occurs in smaller quantity than hematite and chMnosite, but becomes 
l·ocaJ.ly abundant. It replaces chamosite and hematite and in some instanoes detrital 
quartz in the {)re. The algae are found in all hori11ons in the me beds and formed a 
very abundant marine plant life growing on the sea bottom. Tubules of the a:lgae are 
preserved in the sidenite and are frequently coated exteriorly with hematite. The 
siderite was chemically precipitabed, probaibly under cover of overlying sediments where 
concentrations ·of a=·onia and' carbon dioxide resulted from decaying organic matter. 
Thus while hematite and chamosi.te were forming at the surface {)f deposition>, the 
siderite was oontemporaneously formed in the immediately underlying sediments. 

"There is a total lack -0f limest·one from the series, and igneous rocks are aloo 
absent. P actically all of the -original calcium content of the ore, averaging aoout 
2 · 5 per cent, is present m the form of fossil remains composed >J.arg.ely of calcium phos
phate, •or as calcium phosphate derived from such organic matter. The phosphor-ous 
of the ore is also derived from the remains of organfo life preserv·ed• in it. N{) evid·ence 
of diagenelic transformation from an original oolitic limestone .to an oolitic iron ore 
has been found and ill'O concentration {)f iron has occUTred since the deposition of these 
ferruginous sediments. !They are primary bedded iron ore deposiils, mined today in 
essentially the same conditi•on except for indurati·on, faulting, and the addition of sma.'11 
amounts {)f secondary caloite and quartz in faU!lt cracks, as when they were laid• down. 

"Oolitic pyrite also occurs as part of the same series of sediments, but is character
ized by a planktonic fauna indicative of open ocean currents and deeper water. The 
layers 'Of pyrite show distinct stratification and are probably simifar in migiin to 
modern deposits of pyrite now forming in the Black Sea. 

"The pyrite spherules are composed -of ooncentric layers of pyrite, frequently 
alternating with layers of phosphatic material. Pyritized• andi unpyritized graptolites 
and brachiopod remains occur together in contact with the spherules, indicating that 
some mechanica:1 mixing took place oru the surface of dep{)sition." 
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In reference to the composition of the -ore, Hayes (15, p. 66) wrote: 
"AU of the constituents of the ore vary within certain limits at different localities 

and at different portions of the ore beds, as shown in the following table: 

H ematite ....... .. .... . ... ..... .. .... . ..... ..... ...... . 
Chamosite ............................................ . 
Siderite . ... .. ....... . .. ... .... .... .......... ... . .. .. .. . 
Caloium phosphate .... . ........ ... . ................... . 
Calcite .................... . ... .. ..... ...... ... . ...... . 
Quartz ......................... . ... ... ........ . .... .. . 

and Gilliatt (1) reported: 

Per cent 
50 to 70 
15 to 25 
0 to 50 
4 to 5 
0 to 1 
0 to 10" 

" ... The ainalyses of the ore, in the three seams, vary fr.om 50·5 per cerut :to 58·5 
per cent Fe, and from 9·5 per cent to 15·0 per cent silica." 

It is clear from the foregoing accounts of ore zones and host rocks 
that they are regarded by Hayes as primary, shallow-water, marine sedi
ments1. Ore and rock show many features in .common in support of this, 
as: bedding, crossbedding, ripple-marks, raindrop impressions, well-pre
served marine fossils, worm burrows, and .cut and fill structures. In addition, 
delicate microscopic tubules of boring algae are preserved in the ore. The 
host rocks clearly represent elastic sediments, but the origin ·of the iron ore 
is not quite so evident. It is a mixture of chemically precipitated ·and 
subordinate elastic material. Chemical and physical processes, together 
with the action of oxygen freeing algae, all appear to have contributed to 
its formation and deposition. The oolites are accepted as evidence of 
direct chemical precipitation and accretion of hematite and chamosite 
about nuclear, elastic grains. Penetration of oolite grains by boring algae 
tubules indicates the probable close association of algae with ore deposi
tion. The oolites are commonly cemented in a matrix of siderite or of 
chamosite and siderite. Siderite commonly partly replaces both hematite 
.and chamosite of the oolites. Hematite and chamosite rim and partly 
replaoe das<tic quartz and shell fragments, but in the main the elastic 
quartz and shell fragments are unaltered. The crystalline condition of the 
hematite, siderite, and chamosite in the matrix is also an indication of 
chemical precipitation, or of replacement, or both. Some mechanical sort
ing, transportation, and deposition by water prior to consolidation of the 
ferruginous oolitic sediments is shown by crossbedding and alteration of 
layers of oolitic and earthy hematite. Penecontemporaneous erosion, trans
portation, and deposition are shown by interformational conglomerate beds 
carrying rounded fragments of the oolitic iron ore, which :again is further 
evidence of its sedimentary origin. 

Recent experimental work by Castano and Garrels (5) has shown that : 
". . . signifi ant quantities of ferrous iron can be carried in solution in aerated river 
waters of pH72 or lower . If such waters enter a marine environment with solid 
calcium carbonate in equilibrium with the sea water, the iron is essentially completely 
precipitated as ferric oxide, both in the water and as direct replacement of the 
calcium carbonate. 
". . . If they move into an area of stagnant water where organic debris tends 
to accumulate, the minerals formed might well be chamosite (if silt is present) or 
siderite and pyrite." 

1 T. L. Tanton, of the Geological Survey of Canada, recently visit.ed Bell Island, and has •~pressed 
the opinion, in discussions with the writer, that the Wabana iron deposits are replacement deposits 
by primary chemical precipitates from mineralized solutions that were introduced, presumably from a 
deep-seated source, into the fossil-bearing, Arenig, elastic sedimentary rocks. 

2 Hydrogen ion concentration, or degree of acidity. 



LEGEND 

ORDOVICIAN 
Mainly sandstone and shale 

-CAMBRIAN 
Mainly shale 

PRECAMBRIAN (?} 

Mainly granite 

1 ::.·-:~ ... ·:fl 
PRECAMBRIAN (1,2) 

Mainly sedimentary rocks 

Mainly volcanic rocks 

Outcrop of oolitic 
hematite 'beds' . 

Fault . .... . . . . ,..,...,...,l'VVV,..av"' 

Bedding. , ... ... - ---

Syncline . , , . , .. _ + _ 

10 

G.S.C. 

52 

48°00' 

47°oo' 
Scale of Miles 

0 10 20 

Figure 5. Map of Conception Bay, Newfoundland, showing general geology, structural 
pattern, and inferred submarine geology. 



53 

Reactions in sea water generally favour the formation of ferric com
pounds be ause ·of dissolved air, even in deep ba;sins, unless the water 
becomes st agnant or reducing agents such as organic material are at 
hand. The formation of siderite in the ore is attributable to reducing con
ditions and to the occurrence of carbon dioxid·e in parts of the unconsolidated 
sediments, probably due t() decaying organic material and rapid burial. 
Some mec anical mixing of the components of the ore occurred before 
consolidation of the sediments, which, coupled with removal of the per
meating ferruginous fluids due to compacition, produced the ore. 

Beds of oolitic pyrite above the Dominion bed carry graptolites and 
pyritized graptolites, and were evidently formed in a manner similar to 
the hematite ores but under reducing conditions and in somewhat deeper 
water. Thin, nodular phosphatic beds composed of shell fragments, nodules 
and oolites of calcium phosphate, and in places of siderite and pyrite in 
addition, occur above the Scotia bed. The phosphatic oolites are probably 
fanned by the solution and reprecipitartion of phosphatic shell material. 

Silica at 12··0 per ·cent, and phosphorus, at 0·85 per cent, are the 
two most objectionable impurities in the -ore. Sulphur is, in general, less 
than 0·03 per cent, and calcium less than 2 per cent. Silica occurs mainly 
in chamosite and as detrital quartz, phosphorus, and calcium in shell frag
ments, and sulphur in pyrite; but some secondary quartz and calcite have 
been introduced in tiny intersecting veinlets. Some crystalline quartz 
also occurs in the matrix of the ore and ooliitic pyrite. 

Because of the difficulty in proving ore in advance of mining, it is 
not possible to provide an accurate estimate of ore reserves. Geological 
conditions suggest that an unfailing supply of good quality iron ore is 
available for the next 100 years art Wabana, even if production is increased 
tenfold. 

Figure 5 shows the simplified general geology of the iron ore bearing 
Conception Bay basin, with inferences on the possible submarine extent 
of the ore beds. 

Bog Iron 

Material from a small bog iron beach deposit composed of small, friable 
fragments of impure, cellular limonite, on the north shore of Cochrane 
Pond, gav the following analysis: 

Per cent 
Iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39·40 
Manganese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2·11 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5·05 
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0·69 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 

I,t was not possible to trace the deposit for more than 20 feet on the 
shore because of the thick cover of bush and overburden. The source 
of the iron and manganese is probl€matical, but their oxides are character
istically deposited by bacterial action in bogs or from mineral-bearing 
springs and streams. 

MANGANESE DEPOSITS 

Among the previously recorded, but undeveloped, mineral deposits 
are the thin manganiferous zones in Cambrian shale, which have been 
described in detail by Dale (8). Manganese carbon&tes and oxides occur 
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in nodules, disseminated lenticles, and bands in dark 'Shales. According 
to Dale, the manganese rocks are: "essentially calcareous or dolomitic 
argillaceous carbonates and oxides or carbonate-oxides of manganese, with 
hematite, barite, and tri-calcium phosphate as the chief accessories". The 
manganiferous beds are generally covered by overlying Cambrian strata or, 
where exposed by erosion, are obscured by glacial drifit and talus, buit they 
outcrop at a few localities between Topsail H ead and Long Pond, Manuels. 

In 1942, attention was drawn to the deposits by North American 
demands for manganese. Under the direction of Rupert Wiseman, then 
Assistant Government Geologist, Geological Survey of Newfoundland, 
the manganiferous zones on Manuels River and south of Kelligrews were 
sampled. In addition, six closely spaced diamond drill-holes, totalling 
1,029 feet, were drilled at the Kelligrews .Jocality. On the basis of the 
information at hand, Wiseman (M) estimated ithat 10,000,000 tons of 
possible, low-grade ore is to be found in a zone 5 feet thick, extending 
between the Manuels and Kelligrews localities. Mention is made (51) of 
samples containing 11·55, 10 · 73, and 8 · 29 per cent manganese across 
widths of 5·8, 7·8, and 13·4 feet, respectively, at Manuels. Four bulk 
samples from the beds of the deposit on the ·south side of 1\ifanuels River 
were sent to the Ore Dressing and Metallurgical Laboratories of the D epart
ment of Mines and Resources of Canada for testing. Of these, sample 
No. 4, which was channelled across 5 feet 10 inches of t he zone, yielded 
10 · 35 per cent manganese. Concentration tests by flotation and combined 
calcination-flotation on this material raised the manganese content to only 
25 per cent, and it was concluded that the deposirt could not be concentrated 
to ore grade by any known process short of chemical trewtment (28). 
The investigation was, consequently, abandoned before the extent and 
grade of the deposit had been fully determined. 

A manganiferous zone occurs in Cambrian beds on the terrace at the foot 
of T opsail Head, and, about 1910, a manganese carbonate-·oxide bed 
about H- feet thick was explored by means of a small open-cut. The 
bed and workings are now sloughed over, but a sample taken from the 
dump yielded 25·9 per cent manganese and 4·18 per cent phosphorus. 
Overlying shale beds strike northeasterly and dip rather steeply beneath 
Conception Bay. 

Most of the manganese in these zones occurs as complex carbonates, 
bearing manganese, iron, calcium, and magnesium, but some is in the form 
of oxides. The deposits occupy zones in Cambrian shales, within which 
the manganese minerals are locally concentrated in beds, lenses, and nodules. 
Although it is extremely fine grained, there is reason to believe that the 
manganese-bearing material might be concentrated to ore grade by heavy 
media separation and roasting 1 . So far as known these processes have 
not been applied to Topsail Head-l\fanuels-Kelligrews manganese-bearing 
materials. 

A little phosphorus and calcium occur with the manganiferous beds in 
nodules, oolites , and shell fragments. Hematite and barite are also known. 
Such elements as calcium and phosphorus may be regarded as impuri ties 
in attempts to concentrate manganese, but their value as fertilizers is well 
known, and they might conceivably be recovered by chemical treatment as 

1 See Report of the Ore Dressing and Metallurgical Laboratories, Bureau of Mines, Investigation 
No. 1350, Concentration of Manganese Ore from Brigus, Newfoundland, 1943. 
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a by-prod et of manganese. Enormous tonnages of low-grade material are 
indicated here and at other localities in Oambrian strata of the Avaion 
Peninsula. 

It is interesting to note that encrustations of bog manganese oxides 
are found on pebbles in the bed and banks of La Manche River. 

MOLYBDENUM DEPOSITS 

Three narrow, molybdenite-chalcopyrite-pyrite bearing quartz veins 
occur in Holyrood granite near its ea.stern margin and about l ·2 miles 
south of the Witless Bay line. The veins vary in width from 2 to 6 inches; 
are exposed for a distance of 250 feet on the southeast slope of a granite 
hill; and are covered with overburden at both ends. An aggregate chip 
sample from the veins assayed as follows: 

Molybdenite .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . 7·4 per cent 
Gold .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 0·005 oz. per ton 
Silver .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . 0·225 uz. per ton 

To the writer's knowledge, this is the first occurrence of molybdenite 
desicribed in the Avalon Peninsulia. The deposit warrants careful prospect
ing, as do the other mineralized areas in the peninsula in which gold and 
silver have been reported. 

PRECIOUS METAL DEPOSITS 

In addition to those of the molybdenite occurrence, just described, 
traces of gold and silver have been reported from assays of samples taken 
from widespread, lightly pyritized shear zones in Precambrian rocks in 
Torbay m p-area. Although ·such returns do not represent ore, they lend 
some incentive to the search for more important deposits. Traces of gold 
and silver ave also been found in some of the quartz-calcite-chalcopyrite
pyriite veins of the area. 

COPPER DEPOSITS 

Malachite-stained, quartz-calcite veins bearing small amounts of chal
cocite, bor ite, ·and chalcopyrite occur at several localities along the eastern 
coast, within Signal Hill sandstone and conglomerate, near Shoal Bay, 
Miners Point, Motion Head, and the White Hills. Early .attempts at 
mining two of these veins were unsuccessful because ·of the smallness of 
the veins and their low copper content. The chief point of geological 
interest lies in speculating on the fact that these copper-bearing veins cut 
the sedimentary beds of the Signal Hill formation 12 miles east of the 
nearest known igneous and potential source rock. 

A few small, quartz and quartz-calcite veins bearing chalcopyriite and 
pyrite, cut sedimentary rocks of the Conception group in the area between 
Pouch Cove and Cape St. Francis. Chip samples from some of these veins, 
assayed for gold and silver, yielded traces of the precious metals. 

NON-METALLIC DEPOSITS 
PYROPHYLLITE DEPOSITS 

Deposits of pyrophyll'ite and its variety agalmatolite have been recorded 
since 1898, south of Long Pond, Manuels. Howley (25) mentioned rthe 
deposits in 1900, and subsequently described the attempts to develop them 
in the early part of this century. The deposits were studied in 1913-14 by 
Buddington, and described in detail by Vhay in 1937 (45). 
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The mineral pyrophyllite closely resembles talc in i,ts phy5ical prop
erties and can be adapted to many of its uses. Pyrophyllite is a hydrous 
silicate of aluminium; talc, a hydrous sil'icate of magnesium. 

Southwesterly from Manuels, pyrnphyllite occurs in large replace
ment lenses in sheared rocks of the Harbour Main and Conception groups 
close to the intrusive eastern border of tihe Holyrood granite. Pyrophyl
litization p:rocesses have been chiefly effective in sheared volcanic rocks of 
the Harbour Main group, and have resulted in the formation of either 
quartz-pyrophyllite schist, containing vari1able proportions of those minerals, 
or pure pyrophyllite schist. 

The most important deposits are in the J ohnnys Pond, Mine Hill, 
D og Pond, and Trout Pond areas. In about 12 years of intermittent 
operation the quarries near J ohnnys Pond and Mine Hill hav·e produced 
more than 15,000 tons of pyrophyllite valued at more than $84,000. In 
1947, about 276 tons of pyrophyllite were produced, valued a.it $39 per ton. 
Vhay (45) estimated that more than 50,000 tons of 75 per cent pyro
phyllite and 200,000 tons of 30 per cent pyrophyllite occur on Mine Hill, 
and as much medium- to high-grade material in an adjacent area. He says: 

"Large areas of quartz-pyrophyHite schist were form ed by hydrothermal altera
tion of sheared rhyoli te lavas and conglomerates near a granite contact. Certain 
schist areas C'Ontain a high percentage of pyrophyllite in addition to scattered lenses 
of nearly pure pyrophyllite. 

"A large tonnage 'Of high-grade and medium-grade quartz-pyrophyllite schist is 
available around J ohnnys Pond, and it is believed that if a satisfactory method of 
separating pyrophyllite from quartz is found the deposits could be worked profitably. 
Air separation or froth flotationl will probably be found feasible." 

It might be noted that when a use for a product of mixed pyrophyllite 
and quartz in found the merchantable reserves will be greatly increased. 

The massive, compact form of the pure pyrophyllirte, agalmatolite, has 
been used for making carved -0rnaments; difficulty is encountered in 
securing good material for this purpose because of the deavable nature 
of most of the pyrophyllite in these deposits. 

BUILDING STONE 

It is of interest to note thart Government House, a hands-0me building 
at St. John's, is constructed mainly o.f reddish Signal Hill sandstone. It 
stands in favourable contrast to the neighbouring Legislative building, 
which is built of whitish limestone imported from Ireland. The Church 
of England Cathedral, St. Patrick's Church, and part ·of the Mental Hospital 
at St. John's are built of greenish grey Signal Hill sandstone, a durable 
srtone, but lacking the warmer colour ·of the overlying reddish member. 

The Roman Catholic Cathedral of St. John the Baptist is constructed 
mainly of greenish Ordovician sandstone from Kellys foland, as is the 
Court House, which is faced with granite from Petites on the south coast 
of Newfoundland. A oonvent near the Roman Catholic Cathedral is built 
chiefly of reddish syenite from the Holyrood bartholith, a very durable and 
handsome stone. Many excellent quarry sites might be selected on each of 
these rock types. 

1 Recent experimental work by the Mines Branch (30) shows that froth flotation is feasible. 
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CONSTRUCTION AL MATERIALS 

In addition to the sandstone beds and granite referred to above, which 
provide unlimited supplies of rock for road metal and fill, Cambrian shale 
might be sed to manufacture brick, tile, and prepared roofing granules. 
Widespread deposits of glacial till, including gravel, and S'and lenses, 
blanket the bedrock, and are known to attain a thickness of 50 feet in 
places. The deposits in general are not well sorted, but much gravel and 
sand could be reclaimed from them with little trouble. Many borrow pits 
along the dirt roads are in use to keep roads in good condition. 
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PLATE [f 

99101 

A. J\ lod<'rn \\"<ll' <' ·tuL bench in cru111pled red bed" of "J'urb'1tY slaLc', 
show in g joints and fracture clea1·age intersecting beds almost at 
r ight angleR: lwd" Hll' ikc no1·tl10l'I)' and clip Rtceply to the wesl 
( 1 ie11· "' '11ll1 l. ( l 'a ;;<· i.) 

U!JU!J7 

H. l,illl1• 11!'11 l"Lt11d. ( '011<·<• plio 11 ll ;1_1. "l11111"i11µ- ll at -lnppl'd sul'L1<· <· al 
75-fooL clc1·alion ( 1· ic\\· southe;1'lel'l.1· fru m llt·ll Island). ( I' ages 
7, 12. ) 
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PLATE I II 

99096 
A. Exc:anltion on s l1t.•a retl :-;i l:-olonc ,,f ·Conccplion ~\ale· 1war casl end of 

) rohile 13i g P ond sho\\"s beds str iking nor therl.1· and dipping stcepl,1· 
ll'c:;lerlr ( 1·icll' 11·c:;L). [!'age:; J , ~2 .) 

D9100 

B. Hlack slate of the 8L .John's forrnalion 11· iLh ligh l gre)· '<llldslon" 
lenses, nol'th of Bar Bulls : beds strike northerly , clip rather gc nlly 
lo llw casl. and a 1·c inlersc>dccl h.v ncarl.1· 1·c1 tirnl joint~ and f r ac· 
lure dearngc (1·iell' cast). ( l' ap;P~ 2:3. 12 .) 
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PLAT(;; IV 

99098 
A . l nle 1·,.; ec ting fa11llo and joinls on b edding ]J lanc Rurfacc of S ign.al 

JI ill. conglom c ralc '"'"lh o f C'ahol (O\\'l' I': beds ,;trike north - n ort li 
('itHterly and dip about 72 degn•c,, ea,-t-so 11th e as tc rl y (1·ie \\' 11·e,;l ) . 
l l' a ge,; 26. -ll .) 

!l!lO!l~ 

11 .. l oi11L palll' l'll i 11 1«·ddisl1. \\'(•11-li t• dd ed ~ig11al II ill !'O ll glonwr:ilc al 
Fla t i:~oC'k; jni11t:-; strikl' nortl1 (' l'l .\ a 11tl 11 oi-tll\\('sl<..rl,\· . anti dip stc ·P tilY 
.. as l1 ·1·l.1 · and ,.;011tlill'esll' l'i .1 I 1·i1• 11· s1J11t'111·",.;I ). ( l ' ag1· 21i .) 
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A. Y ou nge r ConC"('J>lion µ;ro 11p l'Ol'ks o,·erthru s l 11po11 red d ish Ca l.Jot 

group beds norlheasl of F lat Hock; the i'a u lL plane s ho \\·s just ri g b.t 
of centre, clipping ab out 45 ckgr ces to the left (view northeast ), 
(P age 27.) 

!l!J00'l 

I ~ . l1\1s:-: il ifv ro11 :-: . l ;o\\'(' I' ()rdo \ ' it' i 1111. l{l' ll l :-:lant1 gTollp. g'l l'.\'· iil'o\\tl :·d1al1 • 
:ind lig h t g r e.\· sa11dslo nl'. 'l'l1<• ll t'< 1C"l 1. Ill-II l sl;<1 1d : l >< ·d s diJ> !';l' ll ll ,1· 
11orlh\\'1·:·dt•rl .' l\ it·w 1101 •!h\\' l ':·'1 ). ( P aKPS :t~, -17 .) 
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