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THE GEOLOGY Oii' DLJHLINC ~:OJT PElJHTSUIA , iJEh .. 1<'0U1JD1Al'JD 

INTRODUC'l'I\)N 

LOCATION AND .EXTENT 

Burlin~ton Peninsula map- area is on the 'north coast of 
Newfoundland bctv1een 1i!l1ite Bay and Notre Dame .Bay, and includes 
that land to the north of a line joining Western Arm, White Bay, 
to Middle Arm, Green Bay. The centre of the area is at 
apµr oximatel y latitude 49053 1 north and longitude 56°03 1 west . 

This r eport pr esents t he r esults of fie ld work for the 
Geological Survey of Newfoundland in 1944 and 1945, during which 
some 140 sqvare miles of pr eviously unmapped countr y were 
systematicall y traversed. In addition, it includes a correlation 
of earlier work in the area , for which purpose reconnaissance trips 
were taken into the previousl y described a r eas. 

PURPOSE OF rHE INVESTIGATION 

The ·copper mines in the Tilt Cove- Bett Cove region and 
sout hward. along the coast of Notre Dame Bay were oper a t ed until 
the close.of the nineteenth century. Minor l ead-zinc and 
molybdenite deposits near Fleur de Lys have long been known. The 
present study was made to ascertain the geological settings of the 
known mineral deposits , and to integrate the work of the several 
wr iters who have contributed to the geology of small par ts of 
Burlington Peninsula . 

ACCESSIBILITY 

Travel in t his pq.rt of Newfoundland is entirely by water , 
except in the winte r months when some over l and trawl is possibl e 
by dog- team. For short trips , small , open motor-:boats may be hired 
in any . of the villa ges , and larger boat s for longer sea trips are 
available for charter at _ sever al Notre Dame Bay ports . During the 
ice-free months , May to December, the government steamer Northern 
Ranger, running bet ween St . John ' s and Corner Brook, calls at por ts 
in White Bay District on both eastbound and westbound trips . The 
government steamer Cl;ide ·-calls weekly a t several points in Notre 
Dame Bay. Another route , commonly used by field parties , is via 

. (the Newfoundland) r ailway to Badger , by taxi f rom Badger to South 
Brook, and thence by cl:iartor ed boat to Burlington Reninsula. This 
is the most dependabl e route and involves a minimum qf delay. At 
present ther e a r e no t hrO\lgh- going roado in the area. 

CULTURE 

Burlington Peninsula is sparsely settled. Agricultur al 
land is scarce in the district . Coachman ' s Cove , Baic Verte , La 
Scie , and Bur lincton each have a few acres , and small gardens in the 
other settlements can supply only part of the local-demand for 
vegetables ~ 

Short roads and trails are found near the "C':i.JJ.ages and a.long 
some of the main brooks . Elsewhere , tr:-avel is difficult because of 
the dense , scrubby forests and abundant lakes and bogs. 
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FORESTS 

A large part of Burlington Peninsula is occupied by open 
bogs and lakes witfrhoggy margins . Forest distribution in the better 
drained areas is. irregul ar, partly as a result of forest fires . The 
peninsula between Mings · Bight and Pacquet was swept by fires some 
45 years ago. Nowhere do the serpentinized, ultrq.basic rocks support 
forest growth. Iri the Burlington distr ict, forests fires have laid 

_ba:i;:e large areas of rock, and ori the high . hills southwest of 
Burlington and al ong _Middle .f'.::r:m Ridge mossy upland vegetation, with 
'no trees, prevails . As :i~ usual in other parts of Newfoundland, the 
greenstone areas are thickly wooded, In the granite country, trees 
grow only where glacial drift is thick enough to.; support growth. 

, Most of the pulpwood ai;id pit-props cut in the district have come 
. from such gran:Lte are~s. ~rid the greensto'rJ.e be],t~ . 

Spruce and fir a;re the most;- conunon trE)~ S , with some large 
birch in tho protec.ted valleys . 

SOILS _ . 
... .---.. 

Prospecting for arable land ;Ls one of _thej· purposes of a 
geological survey in those parts of Ne1rv.fouridlanq .as ·poor in 
agricul tural .resour ces · as is Burlington Peninsula. .The incredible 
barrenness of some 6f the inhabited places on this coast is illustrated 
in such villages as Pacquet. and Nippers Harbour , both ·ma jor 
settlements , where there is not a single field more than 50 feet 
square . Burlingt_on, la Scie , WoodstocJ.<., B.aie Verte., and Coachmans 
Cove have enough cultivated ground to supply their basic needs, but 
other villages must import a large part of their staple foods . 

There is little hope in Burlington Peninsula for the 
discovery of any large areas of agricultural land. Most of the known, 
useful soil is made up of washed, sorted glacial debris, with varying 
proportions of forest rot , along the sides of inlets or at the mouths 
of st_r~am$ . The forested a:i:'~as are usualiy underlain ·by heavy boulder 
drift, and other areas by either bogs or barren rock. Small patches 
of soil will perhaps be found . in some of the gr eenstone areas . 

"· -- ·· ·-··--.· 
I I 

HISTORICAL RESUME 
' . 

Attention was first drawn to the geology of Burlington 
· · Peninsula by the discovery of the Tilt Cove and Batts Cove copper 

deposits . The former deposits were discovered in.1857 by' Smith 
MacKay, who was then exploring the coast , and those of Betts Cove 
were found shortly thereafter (71, p. 116)1. Since the beginning 

1 
Numbers in parentheses are those of r eferences in 

Bibliography at end of this .r eport. 

of active operations at Tilt Cove properties., in 1864 (ibid., p. 116), 
many rep9rts have ~een made on the copper- bearing ~ocks of the 
eastern side of the peninsula . In 1864, Alexander Murray made a 
reconnaissance of the eastern side of the northern peninsula of 
Newfoundland, and in his report alluded in a general way to the rocks 
of Mings Bight-Baie Verte region, and-to the rocks at We stern Arm, 



White Be.y (71 , p,. 18, etc .. )o In the report of the Geological Survey 
of New:Coundland. f or Hl57 , Murr ay described in some detail the rocks 
in and about tlw Union mine at Tilt Cove, and Tlk1.pped an adjoining 
area of about J-4 square miles" In 1875, Murray rc·~e.xD .. mined certuin 
parts of the Notre Dame Bay district , including t he Detts Cove mine , 
then being opened (71 , Pc 411),, In 1877 and 1878, Murray made a 
careful triail5ulation of the co2.st from Cape St, John to t he head 
of Green Bay. Robinson (77) gave a brief descr .:.ptj.on of the topography 
and rocl~s encount(.; r ecl on a traverse from the Southwest Arm of Gr een 
Bay to the head of Vmito Bay, at the extreme so'J.th of Burlington 
Peninsula . Various writers contributed to the s;oology of the copper 
mines in the follov:ing yea: ~s . They include Nar3-tt (67 ) ·' Wadsworth (97), 
Garland ( LJD), and de founay ( 2'7) ~ 

The Princeton expeditions of 1915, 1916, and 1 S'~ .. 7 
contributed much information, a s yet unpublished _, on the geology of 
Burlington Peninsula. In 1923 _, Sampson (79 ) di scussed the origin of 
the fer:rnginous cherts in the volcanic rocks of the Notr e Dame Bay 
r egion; Eardley-Wilmot ( 30) descri bed the molybdenite and copper 
deposits of the Fleur de Lyo area in 1925; and Snelgrove ls paper (81) 
on 11 The Central Mineral Bolt of Ncwfoundland 11 was published i n 1928 ~ 
In 1931, Snel grove (83 ) pr esented a summary of the available 
i nf orrnation on the Tilt Cove- Betts Cove - region; and his r epor t of 
1935 on the gold deposits of' Newfoundl and ( 85) i11cluclea clecer-iptions of 
some of the prospects of the peninsula , in particular the Gol denville 
mine bet ween Mings Bi ght and Deer Cove on Baie Verte" In the summer 
of 1937, Fuller (39) made a study of the rocks of .the Fl eur do Lys 
area , the rcsul ts of which were publishec;l. in 1941., In 1938 _, Snel grove 
(86) published a r esmne of all mineral deposits in Now:found1and, and 
in it described JWJ.ny of tho prospects· of Burlin<~ton Pen:i.nsula" A 
compilation (28 ) of al l the in.i'or:mation on copp3r prospects in 
Newfoundland, by Dougl ac , Rove , Williams , and others , added consi der abl e 
informat ion, particularly for the region from Tilt Cove southward along 
the Notre Dame Bay coast., In 1940, Ma cLoan (69) described the geol ogy 
and miner a l deposits o.f the Littl e Bay area, which adjoins Burlington 
Peninsula on t he southoast , as did Watson (100) of tho Baio Vorte ~·Mings 
Bi ght area. In 1942 , Livingstone (64) described the Rambl er gold 
prospect. From 1940 to date of writing, 1947 , several authors havG 
described , in more or l ess detail , the mining properti es of Burlington 
Peninsula . In 1944, Rose (78) mapped in detail an area extending 
about 7 miles to the south of Mings Bight .. Much of his wor k i s 
i ncorporated in the geological map a ccompanyi ng t hj_s report ~ 

The earliGst geological map of Newfoundland, that published 
by Al exander Murray in 1873, shows Burlington Peninsula underlain 
largely by 11 laurentian11 rocks , with no further description. North­
east of a line joining Bai e Verte and Stocking Harbour,, the rocks 
are called ''ln.uzon11 , except for a thin strip of 11 I.aurcntian11 along 
the north coast from H::md.y Harbour to Cape St . John. In addition, a 
small mass of gr anite is shovm parallell ing the shore of Bai e Verte .. 

Howl ey ' s map, published in 1907 , shows the peninsula 
underla in by 11Ser pentines , Diorites , Dolerites_, etc,, 11 , with a long 
ridge of granite r unning northeast just inland from the Notre Dame Bay 
coast, but with no further differ entiation of rocks. 
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PHYSIOGRAPHY 

SURFACE 

The surface of Burlingt on Peninsula is an irregular upland , 
on which the surface features trend in general northeast , a. 
directi on t hat corresponds with the pr evailin'g trend of the .rock 
s t ructures of most .of Newfoundland. In detail., the surface reflects 
local ·variations in the underlying rock structure~ 

The ~ t')ast al !'mg the northeast part of the peninsuJa is 
marked by abrup~t cliffs ' which are indented by fiord-like bays such 
as Mings Bi ght , Bai e Verte. , and Pai.cquet . Along the shore of White 
Bay, cliffs extend from Partridge Point t .n Seal Cove without 
interruption. Alcng Notre Dame Bay, the cliffs r each an elevation of 
350 feet near Cape St . John,"but a r e considerably lower to the 
soutmvest. In s·ome places along,. the White Bay coast and in the Cape 
St . John district the cliffs ·'dir_ectly truncate the ·upl and sl!-!'face . 
In most pl aces, however , the 1.and rises steeply f r om the .cliff-line 
to the general level . of the upl and surface in a ~transition zone up 
to i mile wide . Ea.eh of the major indentations o·f the coast is at 
the -mouth of 2. river valley cut into" the upland surface> and rounded 
l and forms are, therefor e , mbre common in the upper pa:rts of the 
bays than on the exposed sea· coast . 

Each of the major rock divisions has a cha'.racterir·tic 
t opographic expression, indicating that the r:eli ef ·of thQ . area is 
lar gely the result of differential erosion. · ·Massive :.ntrusions 
cutting softer rocks stand out as bol d .hills . Easily eroded rocks , 
such as talc schi st , underlie deep · val leys , and zones c~~l. c.:ng 'the 
contacts of different rock formations ar e commonly low~lyingo 

The peninsuia· between Baie Verte and White 'Bay is ·a. 
dissected upland und'erlain mostl y by gneisses and . schists of · the 
Fleur de Lys group . · The upland su~face ~ a~ an elevation of about 
900 feet, has a relief of about 400 feet near the shore, . and .. less 
inland. The southern part of the area has been described by 
Watson as a 11 broad , rolling expans·e at w;i. average eleva ti~n of 900 
to 1 , 000 fect 11 (100, p . 7), and by Twenhofel and MacClintock as 
11 mature with fJa t - f.loored val;Leys 11 ·(94;- p. 1707) • 

. Inland, the areas underlai n by greenstones of the Baie 
Verte group are characterized by a flat ; even surface <re an elevation 
of between 500 and 600 feet . Minor intrusive masses stand out as 
low, rounded ridges . Extensive muskegs , bogs , and l akes cover the 
areas underlain by the greenstones . This type of surface extends 
southwest al ong the centr e of the peninsuJa at l east as ~~r as 
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Fl o.t Water Pond, and p:..~ob2bl~ continues several milCJ s i'.::i.r:t,'-~nr~ 

Intrusive masses stand out boldly above the rest of the 
co'.m-r..ry . The granite to the vrcst of hi,cquet j_s marked by .:i. ran(;e 
of hills trot rise 300 to 500 feet abovG the gGneral l evel and 
have el evations up to 900 f eet, South of Coni'usion Bay , a r.:i.nge 
of · hills underlain by fine ·· gru.ined intrusive rock rises from the 
sGa to more than 900 f eet, .:i.nd i s 300 to 400 f l;0 ·[·, above the country 
to the sout h. Granite , granite porphyry., and rhyolitj_c intrusions 
underlie a series of prominent hillG) which arc S to 10 mil es wide 
in the neighbourhood of Middle Arm and extend r orthea:a·!:,w?.rd 
parallel wit h the shore of Green Bo.y to beyond Burlington~ ~hny 

of the summits of these hills are 1 , 000 to 1,100 feet above sea.­
level , and three are nearly 1,200 feet high; t ho White H5.lls of 
Burlington and the gr eat Mi ddl e Arm Ridge arc part of tr...ls highl and . 

The Cape St . John peninsula and much of the area underlain 
by the Cape .Brule granite has o. rolling surface at el evations of 400 
to 600 feet . In that part of the peninsula underl a in by the Cape 
St . John gr oup , ridges of rhyolite and andesite alternate with 
shallow valleys developed on softer bedso A si'1lilar ridge- and- valley 
topography is developed on the Snooks Arm volcanic rocks . In the 
gro.nite areas , erosion along lineaments bas produced long valleys 
and rolling hills . In the r egion northwGst of Nippers Ha.rbour t he 
gr anite country becomes much more bold and rough, presumably the 
r esult of l ocal glacial erosion. 

As a result of studies of the surface of Newfoundland, 
Twenhofol and NJacClintock established three erosion surfa ces, which 
they t ermed the Long Range peneplain, High Valley peneplain, and 
la.wrence pencpla in (1941 , p., 1720, etc ~ ) ,. 'L'ho uppermost l evel is 
r epr esented only i n the western mountains , but the High Valley 
peneplo.in and the Lawrence pi:::neplain arc r epresent ed in Burlingt on 
Peninsula at el evations of 900 to 1 , 000 feet and 500 to 600 feet 
r espectivel y. Thus the flat , level surface devel oped on rocks of the 
Bai e Vcrte group and much of the flat-topped Cape Stc John Peninsula 
are correl at ed with the Lawrence penepla:Ln., The High Valley 
penepl ain is represented in the ar ea by the Hilltops at o.bout 1 , 000 
feet , and includes parts of Middl e Arm Ridge , the Burlington Hills, 
the Confusion Bay Hills , and t he Dunamagon Highl.:i.nd. 

DRAINAGE 

Glaciation of Burlington Peninsula has produced the 
disrupted drainage pattern characteristic of most nor~hern areas 
of North America. Throughout the area , drift dams , hanging valleys , 
rock- basin lakes , and poorly integr ated stream systems are common 
f catur es . 

STREAMS 

The streams of Burlington Peninsula may be divided into 
three classes: (1) subsequent streams, which follow contacts , fault 
zones , or soft- rock zones; (2 ) streams cutting across the rock 
structure . Many of t hese have developed on the sides of the main 
V<l.lleys and are , therefore , tributary to them; others follovi fault 
zones ; and (3) streams with irregular courses, which are the result 
of glacial scour and fill . 



Many of the major streams follow easily eroded rocks . 
Trinnns Drook at Mings Bight follows the ta.lease western boundary of 
a serpentine mass . The lower course of" Mings South Brook closely 
follows the talc schist zone on the eastern margin of the same 
ultrabasic mass , and in many places in the last mile of this valley 
it can be seen that massive serpentine has limited la·teral erosion 
by the stream. On the eastern side of the same valley, t0e massive 
Mings Bight gneisses have similarly restricted stream erosion. 
Pacquet Brook flows along the contact of the Mings Bight group and 
t he Dunamagon granite. 

The tributaries of the main brooks connnonly crosscut the 
rock structures o Their valleys can be divided iilto three parts: the 
flat headwaters , many of which follow irregular courses; middle 
parts , which are character ized by open , mature valleys ; and the 
lowest parts , with steep, narrow ravines with waterfalls , rapids and 
steep gradients down to the level of the main streams . 

Streams of the third class are common in the headwater 
region of any of the main str0ams , and are mb~t common in the region 
underlain ·by the rocks of the Baie Verte group . Their irreglilar 
courses are the result of the disturbance of the preglacial drainage 
system, on a surface .,of little relief, by means of> scour and · 
deposition. In the Beaver Pond region and southward~ rock-basin 
lakes and irregular, poorly integrated stream systems , due to irregular 
damming by glacial debris , prevail. In the •Rambler area; extensive 
swamps and numerous shallow lakes form part of the deranged stream 
system. 

LAKES 

The lakes , which are locally called ' ponds ~ r egardless of 
their size , are largely of glacial origin and may be classified as 
follows: 

(1) Lakes formed . by irregular deposition of glacial debris . 
Lakes of this type 2. r c most commonc Those al ong Southwest (Woodstock) 
Brook from Southwest Pond to the sea a re formed as a r esult of the 
formation of a series of dams of bouldery drift in the valley bottom. 
This drift is usually obvious in the outlets of the_ l akes thus formed. 

(2) Lakes in. basins formed by the scouring. acti on of glacial 
ice . Tu~ny of the large shallow lakes such as Beaver Pond, Rocky 
Pond, Di g Gull Pond, and Red Cliff Pond are f ormed in such basins; 
their outlets are over lips of bedrock, and bedrock is continuously 
exposed around the shores of some of these lakes. 

(3) Bog holes and ponds . Several ponds not mor e than 
100 f eet across were observed to be dammed by -thick veget a tion. Others 
vary f rom barren, r ocky, plantless ponds to !quaking bogs ' and 
suggest that some of these ponds are r emnants of r ock-basin l akes that 
have been al most completely filled with vegetati on .. 

A differc;mt t ype of l ake is illustrated by small wat er 
holes not more than 40 feet across that occur in step-like arrange­
ment, one above t he other , on gently sloping, boggy a r eas . They 
are separated from one another by walls of mas si ve plant growth. 
The difference in l evel of adjacent ponds, whi ch &re from 3 t o 10 
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::·cot ap2.rt , ti.:1.y bo ;:-,0 nuch as 3 feet . The dopth of water :i.s usually 
not closely, me2.cmr cablc , rmt prooo.bly soldon exceeds 10 feet . Their 
bottoms &ro obscured by a thick cone of vogctat-ion, and thei r sides 
D. r o conunonly vertical . 'l'hc bedrock of such boggy ar eas was not 
obscrvoc-1 , but f r om the surrounding country there is litt l e to 
su:;gcst that t he surfci.ce is step- like and could so account for such 
a series of bog- holes . A,. E. Porsild (74 ) expl ai ns sucli ponds as 
the r 9sult of solifluction. Vfhere thi ck layers of vegetation, 
l ying on smooth, gently sl oping rock surfaces, become saturated 
with water , · gr adual slippi ng may r esult in a buckling of the 
vegetable covep ,. This would gi ve rise t o a number of lavr1 _parallel 
ridges , wi th small depress ions between. Wat er woul d eventually 
occupy these hollm~s and give rise to a ser ies of subpar allel, 
oblong, or arcua te ponds , whose long ax·os woul d be normal to the 
dir ection qf slope ,. Rap i d plant growth at the sur face of such 
ponds would soon al t er their shapes and coul d account for their . 
nearly vertical ·walls . 

COAST-LINE AND SEA FLOOR 

An abundance of evidence i ndicates that the north coast 
of Newfoundland has been deepl y submerged. The coast of Not.re· 
Dame Bay i s very irregular , with long , fior d-like indentations 
and many islands . River valleys continue bel ow pr esent sea- level 
in such inl ets as Baio Vertc , Mings Bight, and Mi ddl e Arm. Recent, 
parti al emer gence is i ndicat2d , however, by the el evated wave- cut 
benches, upl ifted and partly dissected del tas , and terracing at 
the r,1ouths of some str eams . 

Each of the indentations along the north coast of 
No'V'rfoundland that roach as much as 25 miles i nland is c;, drovmed river 
valley that hc.cs been modified by gl ac i ati on. Baie Vorte and Mings 
Bight do not have shallow t hresholds . There can be litt l e doubt 
that Gr een Bay has been gr eatel y deepened by i ce action; from 
depths a s gr eat as 225 fathoms , southeast of Stocking Har bour, it 
shallows to a t hreshold of 140 fathoms . 

Many uplifted mari ne f eatures in northern New-.foundl and 
show recent emergence of the coast; and mos t protected bays show 
a flight of r a i sed beaches and benches . The major rivers of the 
distr ict a re cutti ng into old delta deposits that are now exposed, 
and marine f ossils are found in mud and clay deposits as much as 
100 foot above the pr esent strand-line . 

A wave- cut bench on serpentine rocks occurs at an 
el eva tion of 110 f eet at the Red Cliffs , Mi ngs Bight . A si..rnilar 
bench occurs at 25 fee t in the same localit y. East of t he mouth 
of Trimms Brook in Mings Bight , a wave-cut bench at about 110 feet, 
backed in some pl aces by cliffs , extends f or more t ban 300 yards 
along the s i de of the ser pentine hills. Other , l ess promi nent 
benches on bedrock occur at several localities . 

Among t he upl ifted del ta deposits are those a t Baie Verte , 
Rattling Brook, ·and Apsey Cove , which were fir st described by 
Wat son (1939, p. 10) and wer e visited by the writer . I n t hese 
localities , stratifi ed sands and gr avel are being exposed and 
carried o;ff by pr esent stream action. Fossils occur in some of 
the beds . 
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Several ter:reces along the western side of Mings Bight 
show the characteristics of wave-cut benches . On the ea~tern 
side, similar wave-cut benches occur at several levels. Nieander 
scars were noted at the backs of two ·of the terraces near the 
mouth of Tr:ilnms Brook on the eastern side of Mings Bight . It was , 
therefore , concluded that some · of the lowest terraces._ in this 
region are the result of erosfon by a· stream that became adjusted 
to different levels of the receding sea. In the last mile of the 
valley of Nti.ngs South Brook, similar terraces were observed, though 
they are· obscured by heavy woodse Trimms Brook; at its mouth, 
i.s .at present · cutting about 6 feet below the top of former flood­
plain deposits of stratified sands and fine gravel. 
'. 

Terraces, at several levels, occur on stratified deposits 
of boulders, gravel, and sand at the mouth of the brook that flows 
into .Jfti.ddle Arm' of Green Bay just west of the village. Large , 
wave-washed, beach boulders occur in some layers , and in others 
boulders and cobbles covered with bryozoa and small gastropods were 
found. In one clayey layer, abundant , well-preserved remains 
of pelecypods, barns.cles, gastropods,. and bryozoa weather out 
on the rain-washed surface. They have been identified by Professor 
T • . H. Cl.ark of McGili University as follows: 

Peiecypoda 
Saxi~ava arcica Linn 
Ma.coma calcarea Gmelin 

Gastropoda 
Acmaca testudinalis Muller 

Crustacea 
~al.anus _c::."~:k::_+:,~ B::::ug · .. ~""'e 

At Pacquet, Mings Bight,, and several places along the 
shore of' ·Confusion Bay, wave-cut benches as m:uch as 100 feet wide 
occur at 'present sea-level,,. 

All observations on uplifted marine features w~re plotted 
and compared with what would: be expected from the projection into 
th:j.s area of Flint's obser"Vations along the west .coast (i940). 
Observations of the writer .do not support Flintt s hypotheses, and 
suggest the desirability of reinvest.igating the problems of post­
Glacial uplift in Newfoundland~ 

CLIFFS 

Cliffs .form an outstanding feature of the physiography 
along nruch of the shore of Burlington Peninsula and , indeed, along 
nruch of the coast of Newfoundland~: Yet previous writers have made 
little mention of them, assuming that . they have been produced by 
wave erosion during the ·:present · marine cycle . · Several lines of 
evidence have led the vvriter to believe that the cliffs of northern 
Newfoundland are not as simpl~ in their orig.in as commonly assumed, 
but that . they are the result of . a long' c;9mplex history •.. '. 

\ \ :,. .. ' ' . •, 

Some of the cliffs have undoubtedl;Y 'becri cut by recent 
wave erosion, · as evidenced. by the beaches 13.nd benches . at the present 
strand- line . The cliffs along much of the Capo St. 'John coast are 
cut in easily eroded rock, and rrrust have receded considerably during 
the present cycle of wave erosior.~ But othor cliffs have originated 
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in other ways . Tho cliffs that rise abruptly from more than 100 
fathoms below sea- l ovel in Groen Bay to 700 fcot above tho sea 
are duo to gl acial erosion and stoc:pening of the former valley 
sides • . '.i'hoy havo scarcel y oven boon notched by present wave 
activity. The long line of cliffs along the White Bay shore rises 
from depths of 160 fathoms to 400 f oot above tho sea , with no 
significant breaks in tho profile at wave l ovol . Beaches and 
benches along this shoru arc virtuall y lacking. At many places 
along tho Notre Dame Bay shore , in the !-hndy Harbour area and 
near Capo Bat , glacio.l rounding extends to within a f ew feet of 
the sea . Between Stocking Harbour and Burlington, glacial gouges 
and striae occur at water level. On the north side of tho 
entr ance t o Middle Arm (White Bay), glacial channelling and striae 
are exposed in the wave-washed zone . The Handy H:i.rbour Islands , 
Mings Tickle Island , and other islands now exposed to wave attack, 
show rounded forms that arc presumably due to glacia t i on. The· 
cliffs al ong the inlets of Mings Bight and B.aie Verte i n many 
places extend into deep vvator without benches or beachc:D . This 
evidence suggests that many of the prominent cliffs are not due to 
.wave erosion in the present cycle . 

In the New England- Acadian r egion, D. w. Johnson has 
shovvn that wave erosion has been slight since the f looding of the 
depressed land surface (61, p . 183) . He suggests that many of the 
cliff's , at one time considered as evidence for ext ensive wave erosion, 
are actually tho r esult of the submergence of .cliffs developed by 

. subacrial processes and but little modified by wave attnck. 

On the north coast of Newfoundland , soundings on vnrious 
Admiralty charts indicate that the wnture topography of the land 
surface , developed by subacrial erosion, persists beneath the 
sea to a depth of at least 150 fathoms . NBny of t he valleys leading 
into tho long inlets of Notr e Dame Bay extend seawards to considerable 
depths . Without doubt they wore carved by rivers at a time whcm 
the sea was considerabl y lower than at present . Halls Bay, for 
example , continues beneath the sea as a submarine valley beyond the 
zone of apparent glacial over - deepening to 140 fathoms . Although 
contouring on the f ew soundings availabl e is at best inaccurate , 
there is nothing to sugu;est that the valley docs not continue to 
200 f a thoms . Its bottom, beyond the r ange of obvious over deepening, 
is at about 180 fathoms . This gr oat depression may well bo the 
r esult of the drowning of a river valley that at one time ext ended 
along the eastern side of the northern peninsula . 

From soundings alone; the north coast , there is little 
evidence of former stands of tho soa at which wave erosion cut 
deeply into the land (Admiralty charts Nos . 280, 285) . The bottom 
of Notre Dame Bay slopes from the present shoreline to a depth of 
150 to 17 5 fa thorns within 1 mile or 2 miles , Seaward from there , the 
bottom is an irregul ar bench with a relief of 300 to 350 foot . 
Contours drawn from soundings on tho Admiralty charts show that 
the slope from strand to lovrermost bench is fairl y r egul a r except 
for a steepening between 90 and 125 fathoms . The base of tho shore­
ward slope at the margin of the bottom bench may represent a former 
strand-lino. The Horse Islands , about 12 wiles northcast of 
Burlington Peninsula, aro joined to it by a flat submarine shelf 
at a depth of about 70 fathoms . It is possible that this is partly 
tho r esult of wave planation. Ono small r e- entrant on the northwest 
side of the shelf may indicate that Baie Verto drainage once joined 
11 1:"Ihitc Bay River " as a tributary. 
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The strand-line of northern Newf oundl anQ must have 
migrated ba.ck and forth many times during the many ·oscillations . 
of sea ... level that have occured in the history of the northeastern 
coast of North America . The general submerged aspect of the 
entire eastern seaboard r egion from the mi ddle Atlantic states 
northwaxd is well known, but the time and the amount of"submergence 
are not a.greed on. 

In the opinion of the wri ter, the present- day shore 
features are nlearly not the result of long-continued wave erosion 
that has carved great cliffs at the present sea-level and a wide 
plain beneath the sea in the pr esent cycle of marine erosion. 
Instead, the slope from the irregular submarine pla.in at about 150 
~athoms to the level of the highest, p~st glacial, emerged, 
strand-line features should be looked upon as a zone that bas been 
occupied by several different strand-lines during the oscillations 
()f sea level that have occurred since the great initial drowning of 
late Te~tiary time . Present- day cliffs at sea- l evel can be regarded 
as part of a regi on of complex physiographi c history. They are due 

. partly to the submergence of a .rugged subaerial topography, partl y 
to glacial steepening, and partly to wave erosi on at aeveral different 
stages, with t~e present marine cycle in very early youth. 

MARINE· POTHOLEs 

On the vrave .. washed roc.ks ab l"lut mi dway between Litt l e Pacquet 
Hal'bour and Teakettle Cove (about 2 miles northeast of Pacquet)·one 
l arge pothole and sever al smaller ones are cut into the mass i ve 
quartz .. aJ.bite-mica gneisses of the Mings Bight group . Fuller found 
similar potholes in the shore zone in the Fleur de Lys area (39 P• 4) ; 
he thought these were moulins . The return of water to the sea. after 
the breaking of storm waves would provide powerful and turbulent streams 
of water that would affect the whol e shore zone to an elevation of 
perhaps 40 feet O!l the exposed parts of the coast . As so'on as a 

. small depression in the rocks became l arge enough to hold a few 
boulders , __ the development of .potholes would proceed in exactl y the 
same manner as in ord:inary streams . Potholes now at elevations above 
the zone of wave action ;may have been formed when the sea- level was 
higher .. 

GLACIATION 

Everywhere in Newfoundland gl acial drift _is fresh and 
unweathered, suggesting to numerous writers that the last glaciation 
was Wisconsin in_ age _ No evidence to the contrary vras found in 
Burlington Peninsula . 

The general northeast movement of the ice in the 
peninsula ha.s been establi shed beyond · doubt by the present writer. 
Di version of the ice flow, from the flanks of the peninsula into the 
main flow down White and Green Bays , is evident from striae and ice­
scoured rocks a long the coasts . Local relief guided ice movements 
in the last stages at least, as. shown by the positi9n of the present-­
day diVides , relative to directions of movement , and the fact tha.t 
everyvvhere the striae follow valleys . For example , at the junction 
of the Nliddle and Southwest Arms of Green Bay, striae suggest a 
confluence of ice streams that moved outward from each of these 
valleys around the peninsulai. b~tween them. 
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Nurnorou::; crcsccntic c;out;t)S of t he tY}x; described by 
Gilbert (41) 2.:1d 1-hrri.s ( 50 , iJ • 215) vmro observed. 'l'heso , as 
well as stric.e , arc cornn.on on t he r ock sur .f'c.i.cos tln t d i p t o the 
southwest , a nd a lja i nst which t he ice 1:mst have pushed i n coming 
out of depressions . Ro ches noutonnees woro f ound to be abundant 
in sm.1e a r L3as . M::.ny "of thn s .. ,all l aku bnsins , particul a rly t hose 
j ust s outh of Boavc:t' Ponc.l , s how plucking on their sout hwcst sides 
and polishi ng and rounding on the ir northeast shores , which is 
taken to indica t o northea[3t direction of ice r:1ovoment . 

Thu distribution of orratics suggests t hat t he distance 
of transportation has not boon gr oat , and confirms the general 
northoastward d il·oction of r;1over;1ent of t he ice. This is particularly 
clea r in t he district between Mings Bight and Pacquet. No 
boulders of the Mings Bight group were observed south of its contact 
wit h tho granite i;ia0s to the south, but many gr anite boulders wer e 
found to t he north of the contact. On the highl) St point of the 
DunamaGon Highland ~ northeast of Bel l y Pond , s everal boulder s of 
Cape Brule e;r anito , a s well a s scattered Grecmstone boulders of t he 
Baie Vorte gr oup , were found . 

Glacial deposits aro nowhor o quantitatively important . 
Erratics a r e ever ywhere , but nowhere does t he till excood a few feet 
in thickness . Glac ic:ll deposits and water- sorted clacia l debris forril 
the floor of r:uny of the i~ia j or valleys of the r egion. Southwest 
Br ook, bct-ween Sout hwest Pond and Lower Pond , flows ove r large , 
angul a r , ico- carriod boulders . On the east side of the valley a r c 
stra tified s.::mds and t;ravols , ·which aro probably part of local outwash. 
Boul der dur,1ps a r c c or.nnon in many of the gr ani t o areas . Bet ween 
Burlington and Fl e.t lfat er Pond, heavy for est growth cov~rs coarse 
bouldur drift . Wher e SJ .iall stroar.1s have swept the surface clean it 
i s ovj_<..lont t hat novrhor o is tho cover Bore them 10 foo t t hick. 

Bowl- like depr ess i ons , which must be due in part to 
e;l a cial er osion, occur at s ever al place s alone, t he c oo..st of Burlingt on 
Peni nsul a . Ihr bour Round and Dr ont Cove o.r e s ituated i n gr oat 
semicircular basins that are backed by hic;h , abr upt cliffs . Ne ither 
wave a ction nor strean a ction s eem adequate for the erosion of 
such depr essions , and cvcr;yw"l1e r e ico er os i on is evident in r ounded 
l and for1~1s , stric:~c , ancl polished and plucked surfaces . Nippers 
Harbour , nnc1 ad j a cent coves i ns i de tho Ni pper Islands , a r c part of 
anotho r such basin, now partly subr;nrine , which has a sh.all ow 
threshold, sug[3esb.ng that ice action was pr ominent in its forriiation. 
I,ittlo Lobster Har bour and an ad jacent cove on tho coast of White 
Ba;'/ arc; cirque;- like clopress i ons , undoubtedl y cut into t he t abl eland 
of tho Fl our de Lys PoninsulG. by ice . At Tilt Cove , Snel grove has 
described the Wi nser Lake basin as a cirque (1929 , p . 28 ). Whet her 
those various e r os i on i'on1s have come about through cirque- cutting 
action of l ocal i_;laciors i n a late stage of the W:i.sconsin gl ac i a tion 
and , t her ef oro , to bo t or rnocl. c irque s , in tho strict sense of the wo r d , 
or have come about tlu·ough pronounced modif ica tion of depr essions 
a lready t here , is open t o doba t e . Ono t hing see111s certa in, however , 
and t hat is they owe the ir pr esent cha r act ers to glacia l erosion. 

GENERAL GEOLOGY 

GENEHAL STATEMENT 

The rocks of BurlinEton Peninsula are Gne i sses and 
schists overlain by volcanic rocks , wit h i nt crcala t ed s od:iJnontary 
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beds , all of which have been folded and intruded by a complex of 
ignoous ·rocks • . The trend of .the fold structures is northeast , 
parallel with the general trend of structures in Newfoundland, and, 
indeed, with the trend of the Appalachian belt of which Newfoundland 
is essentially a part . 

The oldest group of rocks in the area is the Flour de Lys , 
a succession of schists and gne isses exposed on the western side of 
the peninsula, and extending southwest beyond tho limit of the :oap­
area. These rocks form an anticline, with minor superir.1posod 
synclines . Rock compositions correspond with the garnet zone of 
metamorphism, except near small intrusive l".lD.sses where they have been 
modified by hydrothermal solutions . 

Overlying the Fleur de Lys1 but beyond the liraits of the 
map- area, arc the similar rocks of the vVhi to Bay group , which occurs 
near Western Arm and southward alone; the eastern shore of White Bay. 

The Mings Bight group, comprising ~neisses and schists in 
the biotite and garnet zones of metamorphisn , is exposed in the 
small peninsula between Mings Bight and Pacquet Harbour . The 
structure is roughly dornlli , with minor anticlines and synclines . 
These throe groups of rocks are considered. to be probably of 
Precambrian age . 

The Snooks Arm e;roup consists of andesitic lava flows vrith 
abundant pyroclastic beds and intercalated sedir.1entary roc,ks . These 
rocks occur in a curved anticline, which plunges to the northeast 
at about 20-degrees . Fossils found at the base of the group indicate 
that at least part of it is of Ordovician age . 

At Tilt Cove , a small exposure of slate and ar gillite is 
seen to lie unconf ormably below the rocks of the Snooks Arm group . 
These are probably post- Fleur do Lys and Minbs Bight in age , and 
r.iay be as young as early Ordovician. Their area of exposure is not 
large enough to be .included on the map . 

The Baio Verte group consists of altered volcanic rocks , 
and is believed to rest unconf ormably upon those of the Mings Bight 
group. On the basis of litholoGical resemblances and structural 
relations, the rocks of this group ar c correlated with those of the 
Snooks Arm and other altered volcanic rocks in the Notre Dame Day 
re gion that are believed to be of Ordovician age . Most of the rocks 
of the Baie Verte group were originally lava f l ows of andesitic 
composition, with some pyroclastic bods , but include near the top 
sedimentary rocks that have Qeen altered to riarble and slate . They 
have been folded into northeast trending anticlines and synclines , 
which in some places lie en echelon. 

The Nippers Harbour group occupies a coastal strip that 
extends southward from Nippers Harbour. The rocks consist of lava 
flows of andesitic and basaltic composition, with rare sedimentary 
horizons . The relations of those r ocks to those of the other groups 
are not known. 

The youngest strata in the regi on arc those of the Cape 
St. John group, which consists of reddish brown and green andesites 
and rhyolitos , and fine- to coarse- Grained, yellow, orange , and green 
pyroclastic and sedimentary rocks . They overlie thos<;) of the Snooks 
Arm group on the south and those of the Baie Vorte group on the 
north. 
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The ol dest intrus i vc r ocks of the district ar e si;iall 
russe s of cliorito porph;yrite in t he Tilt Cove r egion. These arc 
consider ed to be the; i ntrusive: equivalent of the l ava s of the 
Snooks Ar r.1 gr oup , as tl:tGY intrude t hose rocks and no others . So1;1e 
of tho thick rhyolitcs of the C,:ipo St ~ John gr oup are considered 
t o be i ntrusive anc~ probably e;enetically r ol a t ecl t o t he f lows of 
that gr oup. 

The ot her int r usive rocks of tho r ce;ion ar e younger t:han 
t he bedded r ocks . Of these t he oldest ar e the ul trn.basic r ocks , 
which occur at sever al localities , c;oner ally as tabul ar or sill-like 
concordant nas s c) s . I n au . .; t hey arc younc;er t han ·the Ordovician, 
Baie Vcrte gr oup, but probably pr,e- Devonian. They a r e commonly 
serpentinized ancl partl y altered t o t alc and carbonate . 

In the Baie Vcrte-Mings Die;ht ret;ioh~ ··gabbro and diorite 
aro cornLlon as snall concordant r,usses, which intrude the volcanic· 
rocks and aro cloarl~r youne;er than the ul trabasic r ocks ,. Quart z 
di orite , e;r anitc , quartz por phyry, and crunite porphyry masses occupy 
l ar ge ar eas in t he sout henstern part of the peninsula . Nuraerous 
dykes, var yint; r;r eatly in corn.position, ·and sr:iall stocks of quartz 
porphyry and gr anite porphyry, intrude the volcanic rocks, They 
are known to be post- Or dovician, and nr e gener ally r ec;ar ded as 
Devonian in a ge , althouch no_ positive elating is possibl e ,. 

FLEUR DE LYS GROUP 

INTRODUCTI ON 

The occurrence of Gneisses and schists in the peninsul a 
between Whit e Bay anc1

. Baio Verte was noted by Murray (71) o.nd Howl ey 
(72). Fuller (39) mapped the t J pe area of the c;neisses neo.r Fl eur 
de J.Jys , and Watson (100) described gneisses i n the Bai e Verte ar ea , 
which he.naned the Hattline Brook gr oup , and which bear a close 
r e semblance to those studied by Fuller in t he Fl eur de Lys area" 

LITI-DLOGY 

The Fl eur de Lys gr oup consists of gneisses , with sone 
in~erbandecl schists , occasional thin bands of crystalline l i uestone , 
ancl , rarely, quartzite . 

·. , The Bneis ses ar c typically 11edim1- t o coarse- grained, 
li~ht gr ey r ocks , and weather gr ey or gr eyish brown. Thcy. c_onsist 
es senti2~ll3i- of quartz , a l bi t o, and bioti t e or r;ruscovite , or bot h. 
In some fncie s hornblende occurs . Gar net is commonly presont and 
l ocally may constitute 20 per cent of t he r ock. Accessory minerals 
incluclc chlorite , niagn0tite , pyrite , 3raphite , and , rarely, 
tournialine . The rocks a r e co15;ionly banded , and bancls that consist 
chiefly of quartz and f el dspa r alternate with ot hers in which 
biotite ; hornbl ende , or chlorite predominate , Augon structure , 
with albite ' eyes 1, is al so a common f ea t ure of t hese r ocks . 

Interbanded dark schists form a relativel y si713.ll 
pr oportion of t he Fl eur de Lys group. They ar e dar k green r ocks , 
and consist chief l y of bi otite or hornbl ende , with minor quartz, 1 

f el dspar , and a littl e epiclote. The crystal line l~ne stone 
obser ved by Fuller (39 1 p. 7) occurs in narrow l ent i cular bands 
and contains much r;iuscovite ~ The rare quartzite is a white , platy 
or schi stose rock. 

.' 
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A section of the group is exposed in the type locality 
in the Fleur de Lys area , where i t was c~vided by Fuller into 
six ' formations ', some of which he subdivided into members or zones . 
The section, as given below, is a modification,, by the writer , 
from Fuller's repor t (39 , pp . 7, 15, etc.)~ The thicknesses 
given are true thickn~sses . The writer visited the type locality 

· but did not measure the section again. 

Formation 

Pardee gneiss 

Birchy schist 

Shoalrocks gneiss 

Logy F.ormation 
Woody Cove member 

Ygol member 

Lue Point member 

Lince- a- Jardin member 

Caplin Cove member 

Fleur de Lys Group 

Description Thickness 
Feet 

Platy, blue- grey gnGi ss , in 
· irregular bands , in which thin 

quartz layers alt ernate with 
muscovite-biotite bands; some 

.. magnetite ' gr ar!',j_t0 > and pyrite... i ,ooo 

Uniform, green, cltLO~iLe schist, 
with a few ban0s o~ quartz, biotite, 
and chlorite gneisres; contains 
dominant chlorite 7 but minor 
epidote; .. quartz and f el dspar also· 
present ••• •OO~? O O ~ •OO•• · ·· · · ···· · 600 

Light, greenish gr ey> crinkled gneiss , 
with feldspar augen, cp:1rtz, 
muscovite, and some garnet . The 
grain size varies ,from ~et 3 to· 
o . 06 nun. •••• $• • 0(' ~ SllO ~ IJ C •~• ······ 

Garnet gnei ss , schis '.:. , and dark brawn 
biotite-garnet g~ejss ••• • • •• • •••• 

Light grey, quart. 7.-rJ'J:::sov-:i.~e gneiss , 
with minor game"~ , j;"y?'.'ite _, and 
some hornblende-2'.'ic~ layers • ••• •• 

Dark brmyn, pl aty biotite gneiss •••. 

Light grey garnet gno~_s.s ·• • " • • • • • •••• 

Dark brown, platy, oiotite-rich 
gneiss with graph:i:\ e ., The lowest 
20 feet is a bh .isl1 gr ey, pyrite­
stained marble , 1r · th abu.ndant 
muscovite • ~C~-~ ~C~ t~•·~~~~ · O~ · · ··· 

3,ooo 

1,000 

1 , 200 

350 

700 

270 



Formation 

·Starboard gncj_ss 

Headland gne iss 

Capta ~one 

Barry zone 

-· 15 , .. 

DT.:; c:r.i.pt ion 

Regularly banded, bl uish grey 
gneiss when f r esh, weathering 
to brownish gr ey; light grey, 
garnet -beari ng gneiss , with 
darker bands of biotite-b~aring 
gneiss containing graphite , and 
hornblende gnciss o The l ower 
part conta i ns marble lensas of 
calcite and muscovite 10 to 40 
feet thick; l owermost 2 feet > · 
pur e white platy quartzite •••e o o~ 

Quartz- feldspar-biotite--gar net gneiss , · 
with whit ish gr ey_. fine - grained, 
muscovite- r;i.ch fac i es and darker; 

Thickness 
Feet 

s,ooo 

platy_, garnet- bear i ng varieties • • 4 , 000 

Wavy, foliated , pinkish gne iss with 
many augen of al bite , about 2. 5 mrn. 
in diameter ~ Quart?.J ,. bioti t c; , 
muscovl te : and magncti te are 
subsidiary minerals ; some chlorite-
bear ing layers •· · · · · ~ · •· • • ••••••~ 4 , 000 

STRUCTUHE 
~ 

V.fhere cxa.mined by the 1vri ter along the western side of 
Burlington Peni nsula , l ar e;ely beyond the map- area , the Fleur de 
Lys rocks have a northq:i.st01·l y strike and dip nortrmeotward at 
from 40 to 80 degrees . On the east s i de of the peninsula , i n the 
areas mapped by Full er and Watson, and be t vmen those ar eas , the 
same gr:mer al nort hoasterl y strike prevails , but dips ar e south­
east cr l y, f rom 30 to 75 degrees ~ The structure of the peni nsula 
between Baio Verte and White Bay is t hus a broad anticline , whos8 
axis parallels the northeastorly trend of the peninsula . Super­
i 0posod on this structure a r e some minor local synclinal f olds, 
such as th2t we st of Littl e Bay Head .. The possibility t hat t he 
penins1.1.la is not a single anticlinorium, but a series of close 
f olds , is r ecognized, but the fact that no othor ma jor f old axes 
have been r ecognized in the areas mapped favours the more gener al 
anticlinal structure . 

OIUGIN AND MCTAMORPIUSM 

The rocks of the Flour de Lys group are l ar gely of 
sediJnentnry origin. The occurrence of conform.able , intcrbodded 
crysta l line limestone and quartzite strongly snggests t his , as 
does also the presence of graphite in s.ome of the biotitic bands . 
The f ine , persistent banding in l ayers of diffe r ent composition is 
probably an original bedding structure ~ Less direct , but still 
f airly conclusive evidence of the sediment ary or igin of tho gne isses 
is ai'forded by the mineral composition,., Quart?,~mica schists , 
commonly containi ng garnets, in some places constituting as much as 
20 per cent of t he rock, arc b(~lj cvcd to represent original beds 
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of impure sandstone and shale . 
. . 

The origin of some of the darker bands, howevor, is not 
.. a.s _ 9le~r. On the southern shore of Middl e Arm, White Bay, to the 
west of the map- area , hornblende- rich layers· have the appearance 
of much metamorphosed dykes or sills , Other layers of the dark 
schists could possibly represent original dark shales or greywackes , 

Opinions differ as to whether the metamorphism of the 
sediments was chiefly the r esult of r egional processes, or was in 
large part due to hydrothermal solutions genetically r el ated to 
granitic and-other intrusive bodies that have invaded the r ocks 
of the group. 

From their study of the gneisses in the limited areas they 
mapped , both Watson and Fuller concluded that hydrothermal solutions 
introduced considerable amounts of quartz and feldspar , and locally 
some tourmaline . Thus , Fuller found that the gneisses in the Fleur 
de Lys area contain two kinds of quartz and feldspar : original 
quartz in small , clear grains included poikiloblastically within 
feldspar grains or in bands with muscovite and biotite; and 
secondary., introduced quartz , which shows wavy extinction and includes 
numerous-spherical grains of an unidentified mineral~ Similarly, 
secondary f eldspar was recognized surrounding and including original 
mineral3 of the rock. Watson concluded, but did not offer definite 
proof , that .the gneisses in the area he studied are richer in soda 
than are normal sediments, indicating introduction of materials by 
hydrothermal solutions , but admitted that some of the quartz and 
feldspar augen and quartz veinlets in the rock might represent 
recrystallized original quartz and feldspar (100 , p ,. 5),, 

However , because of the general uniformity of· these 
rocks , the writer believes that in general they are the result of 
normal regional metamorphism, and fall into what Harker has 
designated the "-garnet zone" (48, p. 218) . Locally, as i n the 
vicinity of the Partridge Point granite stock and other igneous 
intrusions, they have doubtless been modified by the i r.troduction 
of material by hydrothermal solutions . 

AGE 

The age of the "Fleur de Lys group has not been definitely 
established. Workers in the area f rom Murray to Watson have 

· considered them to be Precambrian on the basis of lithology. 

MINGS BIGHT GROUP 

INTRODUCTION 

Watson (100) described gneisses and schists that are 
exposed on the southeast side of Mings Bight for a distance of 1 
mile, and termed them the Mings Bight formation. Rose (78) traced 
these rocks slightly f8.rther, and retained Watson 's norn.enclature . 
They are now known to extend from Mings Bight to Pacquot, .and to 
have a somewhat more complex nature than was originally suspected. 
Th~ writer , therefore, proposes to call these.rocks the Mings Bight 
group . 

The Mings Bight group of gneisses and schists occupies 
about 11 square miles on the peninsula between Mings Bight and 
Pacquet ; and is bounded on the south by the Dunamagon granite . The 
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structure of t he r ·.:;,s s i s broadl y dorna1 , vdt h suporimpo::rnd fol ds . A 
southwa.rd plunging anticline par al lel s the southern shore of Mings 
!3 i s :.--1t , and clos e; isoclinal f' olds occur i n the r egion of Pacquot 
I-b.r bour . 'l'ho writer 1 s est i rna t o of the thickness of tho group is 
o.b9ut 8, 000 feet . 

LI'l'HOI,OGY 

The Mings Bight gr oup consists of gneisses and schists 
composed essentially of quartz , al bite , biotite , mus covite , chlori te, 
and hornblcmdo , with small amounts of gar net , epidotc , 111'.lgneti to , 
t ourmaline , apatite , calcite , and sphcme. They ar e t he r esult of the 
metamorphi sm of a series of quartzose r ocks , wi th minor intcrbeddod 
shales . The ?evor al rock types i n this group comprise : (1) distinctly 
banded gnei sses in which the proportions of quartz , albite , biotitG, 
and garnet vary from l ayer to layer; (2) porphyrobl astic augen gneisses ,; 
(3 ) massive , fine - gr ained , quartz- biotito gneisses ; (4) chlorite-rich 
o.nd. hornblende- rich schists and gneisses ,; ( 5) graphi tic schist and 
slate ; (6 ) quartzite , (7 ) garnctiferous quartz-muscovite gneisses; and 
(8) actinol ite schists •. 

Banded Gneisses 

. Banded Gneisse s , which differ from l o.yer to l ayer only in 
the proportions of quartz , a lbi t e , bioti to , chl ori t o, and garnet, are 
wid0sprcad within this group . They are wel l exposed along the shor e 
of Mines Dight frora South Brook to the Hed Cliff s and from Cape St . 
Martin to Pacquet Point . The i ndividual l ayers am f r om -! inch to 1 f oot 
thick, and pers ist for distance s of 100 feet or more , suggesting the 
possibility that the l ayering is of sedimentary ori gi n. Individual 
layers w.ithin the banded gneisses are usually quartz- albite- biotite 

. schists , in pl aces clll oritic , and micaceous quartzites . 

In thin section, the r ocks are seen to be medium grained 
and foliated, and to have a gr anobl astic fabric . Quartz, which 
comprises from 50 t o 80 per cent of the r ock, occurs as aggr egates of 
i nt erlocking serr ate- edged gr ains that average bet vreen 0.1 and 0.5 mm. 
i n diamet0r in differ ent f ac i es . Biotito occurs in elongated wisps 
and shreds aver aging i n fine- grained varieti es , 0. 5 by 0.05 mm., and 
in coarse- grai ned facio s as l ar ge as 2. 5 by 1 mm. It constitutes up 
to 1 5 per cent of the .rock. Untwinned grains of aibite (An6_10) 
aver aging about 0 . 5 rnm. in diameter occur in inter locking aggregates 
tha t comprise from 5 to 15 per cent of the r ock. Chlorite is a common 
seconda ry mineral, and occurs as pa tches of interlacing sheaves and as 
an alteration product along cleavage lines and on the edges of biotite 
crystal s . Other accessor y ninerals i nclude muscovite 1 ·· magnetite , 
he ma ti to , ilmon:i.to , l eucoxene, zircon, calcite , pyrit~, apa ti to , 
zoisite , and, r a r el y , tourmaline . 

Torphyroblastic Augen- Gne i 0s 

. Light grey gneisse s , with al bite augon f rom 1 to 3 mm. 
in diameter are best exposed about half- way bet ween South Brook and 
the Red Cliffs on the eastern shore of Mings Bight. 

The feldspar augen weather out in relief , and impart a 
r ough, pebbly surface to the rock. In thin section, the augen are 
seen to consist of l enticular aggregates of cloudy e;rains of albito (An6) 
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with abundant inclusions of epidote , muscovite , and calcite . Augen . 
of mixed albi te and quartz also oc.cur. 

~s_sive , Fine- grained, Quartz- Biotite Gneiss. 

This t;ype of rock occurs at Grand Os Cove, at ·cape Hat; 
and near Little Pacquet. In hand specimens , such rocks are seen to 
consist of a fine-grained , light grey aggregate of quartz , albite , 
muscovite , and biotite . The rocks arc visibly foliated , but do not 
show composition banding . They do , however , grade into banded types 
such as those described above . In thin section, quartz is seen to 
comprise about 60 per cent of the rock. It occurs as a mosaic of 
interlocking, serr ate grains full of minute .inclusions . Anhedral 
grains of albite (Ang) are scattered through the rock . Brovm 
biotite , in wisps and shreds of irregular outline , comprises 5 to 10 
per eent of the rock • . Accessory minerals are epidote, chlorite , · 
apatite , calcite , · sphene , and, rarely, a greenish muscovite . ·some 
of the massive gneisses , for example that at the Cape Hat. exposure , 
may be sheared granite dykes . 

Chlorite- rich and Hornblende- rich Gneisses and Schists 

Chlorite schists occur at several pl,aces on the eastern 
shore of Mings Bight , and are best exposed north of the ultrabasic 
rocks of Red Cliffs . They appear to result from chloritization of 
Mings Bight schists. by solutions related to the ultrabasic mass . 
Magnetite is a common accessory mineral in the schists , and suggests 
that.· much of the chlori te has been derived· from the alteration of · 
biotite already present in the schists , and that the introduction of 
basic material was of secondary importance . 

Banded chlorite schists occur on the south side of the mouth 
of Big Cove Brook and also near the mouth of Pacquct Brook. The 
chlorite in the schists is very fine grained, av3raging less than 0. 5 
nnn. in size . Occasional grains of quartz and albite are scattered 

I 
through the rock. Magnetite and pyrite uccur in octahedra and .cubes 
that commonly transect the. foliation of tho ·schists . 

Thin zones of hornblende-ric~ biotite schists occur 2oo ·yards 
south of. Mings Tickle. The. rbcks consist of a dense a ggregate of 
finely divided biotite1 with accessory albite and quartz , in which are 
set slender prisms of connnon green hornblende as much as l irlch long . 
The parent rock was probably an impure shale . 

Graphitic Schists and Slate 

Graphite- bearing schists. were observed at several.localities ~ 
notably south of Mings Tickle and in the ' yq.lley of South Brook about 
~ mile from its mouth. In the first mentioned locality, crenulated 
biotite schist contains minute plates and veinlots of graphite . In the 
South Brook occurrence , several bods in the gneisses and schists are 
dark grey or black from contained · graphite ~- · In both places, the rock 
is. a dense , exceedingly fine-~rained a(!;gregate of sericite, biotite, 
·quartz, and albite, with accessory graphite . Slat y cleavage- may be 
prom:iii.ent. No traQe of organic remains was found in those graphitic · 
r ocks. 
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Quartzite 

Thin bods of quartzite occur at several localities between 
lviine;s Tickle and 1 IAnsc of Par di . They gr ade froin pure , chert-like 
quartzite t o quQrtz- rich mi ca schiqt. Several bods of dense , very 
f i ne- Gr a i ned , banded qu.:J.rtzitcs , which :rruy be .as little as 2 inches 
thick and do not exceed 2 feet , arc composed of 90 _per cont ·· 
mylonitizod a nd r ecrystallized quartz gr 2. ins, with about 5 per cont 
albite and 5 por cont biotitc . The r ock m s a conchoidal fracture 
and a motnllic ring. Othor· quartzites have ·thin partings of biotite 
and s oricitc . Ono bed, about 2 f oot ~hick, contains scatter ed , 
poorly crystallized , r ed garnets .about 1 rnm. in diameter. Pyrite 
in minute cubes was observed in · somq quartzitic l ayers. 

Garnetiferous Quartz- Muscovite Gneisses 

Garnet- bearing quartz- muscovitc gneisses occur on the 
north side of Pa cquct Harbour , on the coast noirtheast of Pacquet , 
and at, other scatter ed localities .,; Most specimens consist of 
l enticula r aggr oga:t.es ·of elongated serrate quartz grains , which are 
separated by sheaves of biotito and nuscoyito . The quartz, ·which 
cor:J.prisos 20 to 35 per cent .of the rock, contains nwnerous tiny, 
transpar ent inclusions . Albite and rauscovite a r c pr esent in quantity, 
.::md r ed garnet occurs a s euhodr .:i.l porphyroblasts up to 2 mm. i n 
di ameter . 

Actinolito Schist 

Actinolito s chist occurs a t one locality in the valley of 
South Brook a t t he edcc of tho.serpefftinized ultr.:i.basic mass . The 
actinoli t o occurs as veins , masses , anc1 j_rregular replacements i n 
the gneisses and s chists of the:: Min~s Bight gr oup . Chromite , 
ma.gnotito, and calcite a r c common accessory Tii neral s . 

M.F.TAMORP HISM 

The rocks tmt gave rise to the gneisses and schists 
of the Mings Bight group wer e l a r gel y of sedimentary origin, the 
f ine, persistent banding bei ng consider ed to be mor e probably an 
origi nal sedimentary bedding structure tmn due to metamorphism. 
Bods of undoubted sodjJnentary origin, such as quartzites and, 
probably, t he gr aphitic schists , ar e widespread but not common. 
The mineral composit ion of the gneisses and schists- quartz , albito, 
biotite , chlorito, and occasionally garri.et--is commonly produced 
by the metamorphism of impure sandstone. · 

The common miner al assembl age of these rocks · indicates that 
most of the gneisses 2.nd schists are high in the biotite zone of 
r egional metamorphism. The occurrence of gar nets at several 
l ocalities , noticeably near the granite contacts , indicates that 
r:ietamorphism of these parts ms been raised t o the garnet zone. 
Garnet crystals aro usually microscopic , and are widespr ead·. In 
general it may be said that those rocks are slightl y lower in grade 
of metamorphism t han ar e the Flour de Lys gne isses, their possibl e 
correlatives. 
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STRUCTURE 

· The · s.tructure of th9 MinGs ·Bight gneisses is a broad 
dome , in the middle of which the c],ips of the bands ranee from 
about ~ 30 degrees to horizonta],. On the mare;in:;; of the done, 
the dip is· outWa:Tds . The rocks , however , arc complexly foide~. · 
in r.iany. ·pla;ce-s . · · 

. Along the southern part of :t.he eastqrn sh.ore of Mirigs 
Bicht these rocks strike uniformly north 10 to.15 degrees cast, 
and. dip steeply to the west . :"Farther inlancj. , the dip~ .arb to the 
east and the strike is.unchanged. This evidence , t ogether with 
that from aQundant drag-fold~ , which are well exposed alonG the 
shore , indicates an anti cl ine par allel with the shore of Mings 
Bight and plunging to the south at about 30 degrees . 

AGE 

The gneisses and schis.ts of .the Mings Bight group under-
1i8 the volcanic rocks of the Baie Verte group , which arc considered 
to be of Ordovician age , . -From evidence obtained at Pacquet and 
southeast of the head of Mings Bight , the contact of the two groups 
is thought to be an unconformity although such evidence is not 
conclu.sive . Those rocks, : therofore , may be Ordovician, pre- Baio 
Vortc in ago , as is suggested by Watson, or they may be ~re-Ordovician. 
The writer tentatively correlates t hem with the Flour do Lys group , 
and ascribes a Precambrian age to the assemblage . 

SNOOKS ARM GROUP 

INTRODUCTION 

The Snooks Arm group is exposed along the coast of Notre 
Dame Bay from near Nippers Harbour to Beaver Cove. The asscmblaGo 
lies in a crescent- shaped belt about 3 miles wide at its widest 
and narrowing toward the northeast and the southwest . 

These rocks w0re first described in the early r eports on 
the c9pper mines at Tilt Cove and Betts Cove by Murray and others , 
They were named and systematically mapped by Snele;rovc (82 , 83) , and 
detailed descriptions of small areas around the mines were .published 
by Douglas (28) . 

The formations dip steeply, and the general trend is 
northeasterly. The s-tructuro is · not ~ntirely clear , but _appears to be 
that of a tightly folded anticline plunging at a low angle to the 
northeast . 

LITHOLOGY 

Fine- grained r od· slates and argillites of uri:certain age, 
associated with minor coarser strata, aro exposed at Tilt Cove . 
Overlying them unconformably is a thick succession of andosite flows , 
agglomerates , .and conglomerates of the Snooks Arm group. The following 
general t ypes are r ecognized , and will be described separately: 
(1) andesitic agglomerates, breccias, and conglomerates ; (2) and0site 
and augite andesite porphyry tuffs; (3) di.abase porphyrito; (4) andesito 
lavas and pillow lavas; and (5) slates and argillites . 
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Andcsitic Agr;lomor a t es , Br eccio.s , and Cone;l orneratos 

Andesitic a c;r.;lornora tes nnd br eccias nr o corimon i n the 
Snooks Ar:r:1 eroup, as also aro r ocks of similar origin t hE1t mi ght 
better be clns sed ·as con.:;l oncrat os . Most of t he fracricnt s of such 
rocks arc andesito, sil:iila r in all r cspe:cts t o f l ovrs above and 
below the elastic nombors . The aver age; size of the fra i:;ncnts is 
about 4 inches, but may be as nuch as 2 f eet . Many ar c of silicificd 
l avas . The fine - t;ra j_ned gr oundr.uss is cor11poscd of t uffaccous tutori al 
and is cornmonly epiclotizod. Reddish varieties of the aegl omer atcs 
and conglor,1or a t es cornnonly av-re t heir col our t o a coating of hernatito,. 

In some outcr ops, it is evident f r on the det;rc:c of sorting 
and the conspicuous cros sbedding that depositi on t ook pl ace in novi ng 
vrater, and the occurrence of pillow lavas both above and bel ow the 
aGgloner a t cs suggests t hat deposition vras subr,urine . The l a ck of 
r ed· chert fra gments and the strongly epidotized groundr.uss differentiate 
the water-laid menber s of the Snooks Ar m i:;r oup from the sonmwhat 
similar bods of tho Capo St. John _;roup. 

Andesito and Aubi tc Andesite Porphyry Tuffs 

Those tuffs consist of fra L,nents of andesite onbodded in a 
fino- f;rained tuffaceous m tru. They occur adjacent t o both the 
elastic and the lava- f low monbo.r s of the Snooks Ar m ;;r oup. Two typos 
were reco c;nizod, the f irst ·of which compri~0s aphanitic, andositic 
tuffs, which arc gr eenish and in some exposures distinctly stratified. 
Minute fragr.ients of c;r eon chert forn a r:1inor constituent , in addition 
to abundant andosito. These tuffs have been silicifiod and epidotizod, 
and arc stroncly chloritizod alonG fault zones . 

The second typo comprises augito- andos i te por phyry tuffs, 
and was described by Snelgr ove but not observed by t he writer. It 
differs fro11 the first typo i n t hat it contains fragments of· pyroxene 
and porph;Yritic augite andosite (82, p. 46) . 

Diabase Porphyrito 

Coarse-grained sills and dykes, and irregular 1-ia.sses of 
diabase porphyrito in t.ho Tilt Cove area were considered b)' Snelgrove 
and Douglas (82, p. 49 ; 28, p. 107) to be t he intrusive equivalents 
of the andosito lava flows of the r egion. As such they ar e included 
in the Snooks Arm eroup. 

Andesit o Lavas and Pillow Lavas 

Andosito flows predominate i n the Snooks Ar m group. The 
individual flows ar c thick, per s i stent , and show little variation 
a r cally except to the ext ent that some arc massive , some a.re pillowed, 
and some arc vesicular. 

The me et common typ0 i s the pillow lava , particularly 
excell ent exampl es of which arc exposed at Betts Cove Head , Beaver 
Cove, and other points a long t he coast as well as at many places 
inland. Some of the individual flows are more t han 200 feet thick, 
and arc pillowed throughout . Somo of the pillows arc bun-shaped, 
but more corrunonly they are ellipsoidal or elongated, w-lth local 
flattening. They are from 8 inches to 5 feet long. In most pillows 
t he cores arc nruch more cxie.rsel y crystalline than the mar gins, which 
arc usually aphanitic and in some places show am;ygdulos and vesicles. 
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. .. 
Siiillar r.i.assive pillow lava units have been observed widely in Notre 
Dai:ie Bay as. far east as New World Island. Chert , usually of a 
greenish or greyish colour, occurs as lenses a few ),nches thi,ck , , 
and also as irreguiar masses between the pillows . s;ampson (79) 
raado a study of the pillow lavas and the cherts .of; ~ot.:r;-e Da:r:J.e . Bay, 
and concluded that the chert was produced by cher.ifc<?-1 ·precipitation 
during the time · of lava extrusion. .. 

' ;· 

Snelgrove (82) showed that the andesites ,are .composed of 
·near ly colourless augite , plagioclase feldspar , and .hornblende 
crystals embedded in a microcrystalline or partly glassy groundmass. 
others show a tightly interwoven moshwork of feldspar laths . Flow 
structure is not ordinarily well developed. 

The vesicular varieties are confined to the edges of the 
pillows and to the t op f ew inches of some of the massive flows . The 
vesicular lava is conn:ionly somewhat darker than_ the non- vesicular 
parts , and may even be black. Quartz, epidote , and calcite are the 
most common fillings of vesicles . 

Slate and Argillite 

Bl ack slates, which are associated with the pyroclastic 
rocks in -bhe lower part of the Snooks Arm group, contciJn ·· graptoli t cs 
of early Ordovician ago . Fine-grained, r ed argillitesand slates 
that occur at the base of the group appear to have been deep-wat er 
mudstones (83, p . 12) . ·o:. 

ALTERATION 
. . ~' : ~ :.·:'. 

Epidotization has affected all members of the Snooks Ar m 
group , but is mo:r'd marked in the tuffaceous facies • . Silic.:iiication 
is a common feature of some zones , notably those near occurr.~qces of 
copper- bearing minerals. Chlorite is most common in the p:ilXow · 
lava mer.ibers, whore it is most noticeable along the margins of the 
pillows and in the spaces between them. Copper mineralization, 
usually confined to shear zones, is almost everywhere accompanie d by 
intense chloritization, witich has altered tho lava_s .to chlorite 
schist. 

AGE 

·The graptolites found by Snel grove establish beyond 
reasonable doubt the Ordovician age of the Snooks Arm group. The 
lavas' pyroclastic roc.ks' ancl sedimentary beds foliow upward 
through the series without break. The ago of the .s.lates and argillites 
that underlie the Snooks Arm group at Tilt Cove is .. d.oubt;ful . The 
unconformity that separates t hese fine- grained, metamorphosed beds 
from the overlying lavas , interbedded pyrocJ_astic ,rocks·, · and coarse 
sedimentary strata indicates tbat they were folded and ercded before 
the beginnirtg of,. the volcanism (28, p. 107). Th,eye earlier rocks 
may, therefore, be r egarded as possibly pre- Snooks _Arm, pre- OrQ.ovician, 
or · Precambrian. It seems· improbable that the last is true , as other 

· Precambria.n rocks in New:foundland are of different lithological t ypos , 
and are more highly metamorphosed. · CQnsequontly, the writer believes 
that the slates and argillites that unconformably underlie . the Snooks 
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il.rri1 group ar c of Ordovician or earlier ar;c . 

BAIE VERTE GROUP 

Il1THODUCTION 

The nanc Baic Vcrt c vms proposed by Wat son (100) for a 
gr oup of volcanic and sedimentary rocks t hat underlie about 120 
squar e miles of Burlington Peninsul a . They consist of andcs it:i.c 
lavas , gr cyvv.J.ckcs , and t uffs , with t hin, interbedded slates and 
marbl es. Tnese r ocks a r c in contact on the southeast and sout h 
with intrusivrJ rocks and on t he west with rocks of the Flour de 
Lys gr oup . To the nortn they lie unconf orli1fl.bl y on t he gneisses 
and schists of the Mi nr..; s B:i.r;\}it ·group, and t o -the east a r c· overlain 
by rocks of the Cape St . John group . 

The r ocks of the Bai o Vcrt c group have been f ol dcd into 
a series of anticlines and synclines that trend northcast . So:r:1c 
of these folds arc overturned, and most of t hem plunce northcast. 

GENERAL DESCIUPTIOJ\J' 

The Bai o Vorto gr oup consists l argely of altered 
andesitic lavas t o whj_ch t he GOncral t er m ' gr ocns t onc r may be 
appli ed. Intcrbcdded with t he se rocks ar c fine- gr a i ned gr ey­
wackcs , tuff beds , aggl onoratos , fcrruGinous chert,.. sl a te , a]:.tor·ocl 
sandstones , and t hin zones of marble . 

The l owest part of t he asscrnblai;e is l ar gel y lava flows 
now altered t o r ocks ::;r acling f r on pyroxcme- boaring l avas to cr onulatod 
chlorite schists . A few thin beds of greyvvackcs and tuffs wore 
seen. The rocks arc best exposod "'.tn the r egion south of Mings 
Bight , and in the Baio Vorte ar ea to the west$ 

The Ti1idclle part of t he e;r oup i s also l ar gel y al tcred 
l ava f lows , but int er bcdc1cd tuffs , a ggl onerates , gr cywackes , pillow 
l avas , and beds of f cr ruginous chert a r c mor e ii.Uli1or ous . A:mygdaloidal 
and variolitic l avas and flow breccias are also chara cteristic . 
This mi dc1le part of the Baic Vcrto gr oup is the t hickest of t he 
three , and has the widcst·distribution. Sections a r e exposed alone; 
the shores of Baie Vcrte and the western shor e of Mi nt; s Bight . The 
best exposures of t he chert bods ar c near the Goldenville pr ospect 
and alonG the wester n shore of Mings Bight . 

In the uppermost part of the group , gr ccnstone is a[;ai n 
the most common r ock typo . At the extreme t op, thin zones of slate , 
sandstone , marble , tuffs , and gr eywackes are common. 

LITHOLOGY 

Most of t he lava f lows of the Bai e Vorte group have been 
so altered that little r emains of the original minerals or structures . 
Pyroxene.,.bcaring lavas were observed by Watson (100 _, p. 22) and Rose 
(78 ) in tho Baie Verte map- a r ea , and by the writer a t several places 
i n the area to t he eas t . In t hi n section they arc similar t o other 
gr eenstones of t he district except t hat t hey cont a in fragincnts of 
r ccoGnizablc pigconi tc (2V: 35° ) as cor es of l ar ger crystal s of hornblende 
(uralitc ) in a much alter ed groundrnas s . 

Amysdaloidal l avas were observed at sever al l ocalities . The 
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amygdules commonly cohsist of 'calcite, but epidote and quartz are 
also common. In many of the amygdules a concentric banding was 
noted, in which quartz formed the outside rim, epidote and calcite 
the next layer, and calcite the centve. Most of the amygdules are 
~ to ~ inch in longest dimension, though much smaller and much 
larger ones were seen. In some of the more altered zones of the 
greenstones, elongated and broken clots of calcite, quart~ and 
epidote were interpreted as deformed amygdules. 

Variolitic lavas occur on the western shore of Mings 
Bight, but were not observed elsewhere by the writer. The·· 
variolites form grey or greenish knots about ~ inch in dJ..ameter, 
and are set in a dark .green groundmass e~nsisting of ~hJ._orite, 

epidote, and albite • . Watso:n (100, p. 24) found that the variolites 
themselves now censist of ep~dote and clinozoisite. 

Finely banded, greenish grey tuffs end greywackes are 
common. in the Baie Ve!te group, but are particularly abundant in 
the middle part, In many places, .such as the excellent exposures 

· about it miles south of Woodstock on a road to Beaver Pond, they 
are very finely banded, with as many as twenty-five bands to 1 i nch. 
In other occurrenees, individual layers may be a s much as 8 inches 
thick, The difference in colour of the various bands is primarily 
the result of variations in the proportions of hornblende to other 
and lighter coloured constituents. The light bands are composed 
almost entirely _of quartz, albite , and epidote, with min.or amounts 
e:f hornblende,.· .chlori te, and ma.gp.eti te, wherea.s the dark panda 
consist largely of altered pornblende needles and fragments of 
andesite , with smaller amounts of quartz, albite, epidote , and 
chlorite, In many of the individual bands a progressive decrease 
upward in the proportion of hornblende to lighter constituents was 
noted , and with it a decrease in the size of th~ £r ngments . Banding 
in these tuffs is persistent - even .the . thinnest -bands can. be . 
tra ced for distanc~s of 10 feet or more. In most« occurrenpes, 
banding is much more evident on weathered surfaces than on fresh 
rock exposures. 

At sev~ral places in the area, coarse agglomerates, with 
some finer t uffaceous l ayers, are interbedded with the lava flows . 
Good exposures occur on the western shore of Mings Bight and on 
the road from Woodstock to Beaver Pond. The fine facies a.re crystal 
and lithic t uffs, which contain abundant fragments of hornblende 
(possibly after pyroxene) about t inch long, and andesitic rock 
fragments of about the same size, in a fine - grained groundmass of 
epidote, chlorite, and calcite. Some fragments of gr eenish and 
reddish chert, with darkened margins were also observed in these 
beds. 

The coarse facies consists of 0U1gUlar chunks of altered 
lava, as much as 1 foot long, in a fine-grained groundmass 
similar to the fine- grained tuffa.ceous facies . The lava f ragments 
that appear to be altered andesite consist of albite , chlorite, 
hornblende, and epidote , and are set in the ground.mass with their 
longest dimensions parallel. Some of the fragments are of 
porphyritic lava, with much altered phenocrysts of plag~oclase or 
uralit:Lied. pjroxene, as much as~ inch long, in a fine-grained .: 
groundmass of hornblende , albite, epidot~, chlorite , and calcite. 
In a few instanqes, ~dalo;Ldal lavas, with amygdules of calcite, 
epidote , and quartz, were observed intercalated with the._c;i.gglomerates. 

\ ''·-
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Slate wa s observed a t four places in the a.rea; the most 
common type consists of a very fine-graii1ed aggregate of se:cicit.e,, 
quartz , chlorite , epidote , altered feldspar , and a disseminated, 
black, carbonaceous powder. In one locality, magnetite occurs in 

. the slate as discrete octahedra about -i inch longo In several 
zones near the southwest end of the Du~amagon granit e a slaty rock 
of the Baie Ve;rte group is composed largely of sericite, with 
minor amounts of quartz and albite and no dark r.1inerals.,. About % 
mile south of Wobdstock oh the :road tb Beaver Pond;a black ;:ilate 
bed contains a hernatite-rich layer abbut 8 ihches thick,, . Tlie 
hernatite shows slaty cleavage parallel with that of the ~est of t he 
rock, and is composed largely of fine scales of hematite with 
chlorite1 sericite, and other accessory minerals <' 

On the south side of a pond about ~ miles south of 
Vfoodstock, a thin .zone of what appears to be dark slate is exposed 

· in a road cut. In the hand specimen, it is seen: to consist of. a 
fine- grained grounclmas s in which are scattered flakes of specularite 
about 2 nun. in diameter. Thin sections exhibit a groundmas s of 
biotite, chlorite, quartz, and albite grains, which average abotj.t 

. 0~05 mm. in diameter, and por phyroblasts ·, of corrnnon green hornblende 
o.s to 1 nun. long. ~~he groundmas is strongly foliated and crumpl ed, 

· and, micro-folds, which average about lc-5 mm. from c:::-est to crest, 
occur throughout the groundmass. Individual flakes of biotite are 

· conunonly twisted, bent, and even broken. Qua:!:'tz, both in the ground­
mass and as occasional grains as large as o.s mm., characteristically 
contains trains of minute inclusions and strong strain shadows. 
Albite (An6). occurs sparingl y through the groundmass and also as 
porphyroblasts up to 0.25 mm.~ long., Biotite and chlorite occur as 
wisps and shreds throughout the rock. Accessory minern.ls are epidote 
and opaque minerals (mostly magnetite, with some hematite), v~~ich 
occur as discrete grains and as a f ine dust t hroughout the rocke 

In Rattling Brook, on the west side of Baie Verte, a 
lenticular bed of sandstone composed of rnylonit,iz:ed qu2.rtz grains in 
a groundmass of feldspar, chlorite , a ctinolite , and c2.lcite occurs 
interbedded with the usual Baie Verte gr eenstones (100, P~ 25 ). 

Grey, green, and cream- coloured marble, as l enses and 
irregular, non-persistent beds less than 3 feet thick, occurs with 
some of the alter ed lava flOW"s_, and · similar limestones, in pl a ces 
fossiliferous, are common in other parts of the Notre Dame Bay 
district. They usually occur at t he tops of f lows or bet ween flows, 
and are commonly the only sediJnentary rocks in · thick volcanic 
sequences. Beds of ferruginous r ed chert, and l en0es and nodules 
of grey, black, and green chert wer e observed at several places in 
the middle part of the Baie Verte group; they r each their waximum 
thickness and persistence in the exposures at Bi g Head on the west 
side of Mings Bight , and we stward near the Goldenville prospect. 
The average t hiclmess of individual layers is 8 inches to 1 foot, 

.although thicknesses of 3 feet are reached locally at Big Head. 

Specularite , magnetite, and pyrite are visible in the chert 
and ·are concentrated ·on the mar gi ns of the indi.vi dual beds. Thin, 
persistent bands, the result of slight d:Lfferences in the amount of 
hematite present in the chert, are characteristic in some occurre~ces. 
Quartz veins are very common in the chert beds, and appa ~ently fill 
fissures caused by deformation of the brittle chert beds.? whi ch are 
interbedded with less brittle gr eenstones . 



. ·areensohist Facies, The lavas . and pyroclastic .. rocl_cs of 
the Baie Verte group have undergone regionaJ.,, retrograde metamorphism, 
which has changed them to chlorite schists in extreme cases and to 
many ·intermedia~e types that. may be called _ greenstones~ 

In tbj,n section, all .stages in the degradation of .pyroxene 
through ·hornblende · and 'actinolite to biotite and chlor:L-te were. · 
observed, and ill turn . the .development of hornblenqe .from" chlor:ite. and 
biotite • . The ubiquitous presence of chlorite, alb'ite, · epidote, and 
sericite in the greenstones that lie beyond the immediate influ~nce 
of the intrusive racks of the region places them in the greenschist 
facies . of Eskola. (1920},, and approxirnately .in_ the . chlorite zone of 
Harker (1932) • . ,.In t _he region newly mapped by the writer, the principal 
exposure~ of · the greenschist. f ac·ies are south of M:ings Bight, in the 
ir).ter.idr of· the· p'eninsul?- .arourld Flat Hater Pond, and· in. the region 
south of Bate Ve:rte. .. , . . . . . ·. , . . .. 

.1: • . '.'. . 

. LOcally ~~long the. Jll<itrgins of the ~~rii,ta ari~(di~r±te b~ies 
of the area, ho:m(ll~nde .porphyroblasts are visibly derveloped· at tl}~ 
·expense of chlorite arid biotite, and thus 'indicate tba't.tJ;ie greenst,ones 
have· re.ached the a.mphibdlite ·stage of progressive metamorpltiRm• .,The 
a.m1Jhibolite facies pr~vails in the Iong f{riger of Baie Verte):ick_~,~ 

. ~hiah lies .between the Duncl+nagon granite and the Cci:pe . Brule·,gJ:'.a.IJ.;Lte 
•.· s-outhwest o:f Pacquet, in the wedge-shaped area I of J3aie ·.V,e,;f-te . :iioC.ks 
at Q~"pe}J~gn·et, anQ. .;in the sma·ll patches along .;the . ShC?,.r~ . 9f Coaj'usion 
Bay~· : " · .,,- , _.,- ,~· · 

I ' ' . • . J.: L ·_: ~·:J)~\:" 
. . . ·: The .chlorite schists of the regiort ' p.re ligh~ . t _o ~~'. g:r,~~n 

and "weather to a neutrall 'grey. They are s.~rc;i'ngly_ fe>l~ted ~i;i ·m~.~1:, 
expo'sure·s ahd . in extreme cases are crenula ted and !·erumpled. The loosely 
packed p~9clastic members of the ,series we17e appar.ently the most 
susceptible to · ~iteration, as shown in thi;J ::~X:posure~. ~q_cing ,th~ . ~"{fes.~ern 
shore _of Ivrin~s .Bight south of: . Big · Head, · whe:r~ ·the fatndesit~ _ mentg~s,; 
though'~ (;!ilori~i~ed, remain massiy.e whereas 'the tuf.faqeous,, faci-es)u.3:ve 
giveri 'way ''to 'crenulated chlorite schists. · 

. ' . . ; ,·'' 

. . . .,. T~e ~yerage chlorite schist con~irn(3.0 · ·to.'~~9.)?~:J:i : .. 9.~1:i; ·J.c&lorite, 
20 to .30· P~?:" <?.E:mt .. e_pidote, 10 to 20 per cent. quartz, and Y;3:!'~ble1 ; ._ 

amounts of pa'le ' l?Iue-:-gr.een actinolite·, bX'm'qi biotite,, calcite,; and . 
. opaque Illilli:rals,,,J. , ~?;:i,~ly ~gnetite and heln9,tite. · . ' .,, ; · 

• 'I • ~ ' 0 ·1 ;. f • ,•, •'1' i• ' • • ·• i • •• • •;• ,•• I • "(\' :· .' 

. , : ·." Ur ' gene!.~~' ·,the ro_cks of the g;ree'.nschis~. :facies· .are less 
intensely. aJ,tered than the ·chJ.orite schis.ts di;Jscribed above. The 
ave:r;age:i .~~ral ~sse~plage · in~iuct:s :chl~rite, epidote, . calcite, albite, 
ho~nbleri.de (uralite), 8J1d act1nol1te~ . . 

' ) . . . ' 

~. _,,.' · ·· ~· Partly· .·a_i~ei-ed p:yr·~~~.ne.-bea~~g lavas "~ve bee~ . ·ret~.:r,-red.: .. :to 
abo'Ve. · ·They cc>n~is .t of crystals o.:(' pigeoni tic augite J which ar~· almost 
completely alterect··to 'uralite, in. a · grouridmass of chlorite, albite, 

·. epidote, biotit.~.,, and quartz.. In some. thin ~ectiop.s, .u;ra;Litic 
hornplende :. c~~s't::t~\ites as much as 3t(per · pe~t :or -th~_Yock, _but. :ir}.!.J'j 

others ~t~ ·h9_s.:. &i.vep .i/ray compleJ,ely-. to· i;lqjtino+~t~~-' ~~o:r;i;tE'., < E(Pido~~:J 
and zoisite·~ ,., ·· · · · .. · · , · · -

..... ·/ :• 11 ·. '. ·~ ~... • ' .. . : : . ~ . -··Jf l 

. Afu?hib<>:lit~ '. ·Facies. rn t_h~ -~e&~on . ~a.l-t.)'.?t · ~:te ·~vert~;.J ~-h~ 
rocks of · th'.e ·. Baie V~rte se_ries h.;rve bee~ .Rr.ogres~'\rely. me4mo~}1~1;3f!d to 
the amphibolJ .. te facies of Eskola , almnst .. _wi.thout except.ion. In hand 
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specimen, the followinf; types of this facies are reco::;nized : 

(a) Ma ssive a.J,1phibolitic gr censtone 
(b) Banded gneissic gr ecnst,one 
(c) Hornblende-needle schists. 
(d) PorphJ~~oblastic sr eenstone 

(a) Massive amphibolitic &r eenstone dccurs widely through 
the area. It results from the rne tarnorphism of .mass ive lava flovrn , 
i;rhich have resisted deformation to a considerabl e degree,.. In thin 
section it can be seen to . be composcxl of a uedimn- grainecl, grano­
blastic aggrega te of hornblende, actinolite, albite, epidote, biot.ite, 
chlorite, and accessory minerals. Foliation is usually faint even 
in thin section. In some places, such as along the shore of 
Sackerys Cove, in Pacquet Harbour, mas sive amphibolitic greenstcines 
include abundant irregular knots of albite, calcite, and epidote~ 
which ·are ·probably deformed .amygdules. 

. . (b) .. Gneissic a.lnphibolitic greenstones · are marked by · 
alternating layers that are, respectively, amphibole-rich and qu::i.:>:>tz­
albi te-rich. In some ·Sections, microcrumplirig is· ,-eviident. In t he 

· hornblende-l~ich layers the hornblende occurs as ari interlocking 
meshwork of anh.edral crystals that average about o.s mm. in greatest 
dimension. Albite .is accessory. In the quartz-alb:L-Ge- :rioh layers 
albite (An8) and some quartz occur in a mosaic of interlocking 
crystals about 0.25 mm. in diamster, ·with numerous: inclusions of 
epidote. · ·~ '-· 

(c) Hor.nblende-needle schists are the ::10st common of. the 
amphibolite facies. l'.(a.ny variations occur a.long the northeast ar..J 
southea.st shores of Pa.cquet Ii.arbour., and southwestward to Side. Pond. 
They are all markedly foliated, and in some localities shmv- a strong 
lineation. Hornblende, .. which is · commonly actiriold.tic, constitutes 
40 to 55 per cent of the rock and occurs as slender .prisms and 
elongated masses up to 3 :x: o.s mm. Albitie (An )~ which comprises 
35 t9 50 per cent of the rock, occurs as a bacfcg;round ·mosaiC of . 
interlocking anhedral grains and as scattered interstitial grains 
among the hornblende needles. In some sections, lenses composed of 
a mosaic of albite grains have hornblende needles 'flowing! arounJ 
them lllce loi::;s around a boulder. Quartz is an abundant accessory 
mineral in some slides, and may constitute as much as. 10 per cent 
of the rock. Other accessory minerals include epidote, biotite, 
zoisi-t.e, calcite, and l]lagnetite. · ... ·.··-·-

_ (d) In several a.mphibolitic areas, a distincti;ve type · 
of greenstone is found to be composed .of slender,. euhedrar 
porphyroblasts of green hornblende, or actinolitic hornblende ·:set 
in a granoblastic ground.mass of a.lbite, epid.ote, biotite, and .chlorite, 
which average approximately o.2s mm. in length. · The porphyroblast:.s 
of hornblende, w._hioh may be. as large- , CJ.S. 4 x . 0 •. 5;· mm. and comprise as 
much as 40 per cen:t of the rock, . commonly; contain .. poi~ilob],astic 
incl1~ sions of ~pidote and a],bite. 

In some epecimeps of .the amphibolitic : facies, the ground­
mass constituents, particularly well sh~rvn by the biotite, are set 
at an anr;le to the composition banding; which is v.:Lsible in both thin 
seotion and hand specimen an9. which probably represents the oriG;inal 

· bedding~ The porphy:roblasts are oriented :im all ·directions, regard­
less of either the composition banding· or ·bhe orientation .of the · 
ground.mass crystals. This clearly suggests that the rock undervient 
at least twoperiods of metamorphism -- the first_, during which t he 
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, ~ I : ~ 

groundmass minerals· developed at an angle to the !bedding, was a 
result of regi ona l dynainic metamorphism; and the second , during 
which t he unorientecl porphyroblasts developed , was caused by 
thermal Metamorphi sm., ·r elated to t he ·intrusion ;. of the nearby 
granite masses . 

AnothGr type of porphyroblastic h6rnbl'ende gneiss occurs 
at the ,lof;-chut0· on Sout hwest Pond ·"BrOok. ·'In ·Sh_in section:, ·'it is 
found. that the .porphy-.coblasts are uralitized pyfoxene pher,tocrysts 
from an original :pyroxeri~--bearing lava' which ha:ve been add_ed to 
when cha nr;ing . conditions made t he amphibolite facies stable:.,. T_he 
l a r ge actinolitic hornblGnde crystals are set in a fail1~::,fy .foliat ed 
groundmas s of albite (40 per cent) ·~.: ! ca1cite";(5 per ·cent) , · epidote 
( 3 per cent ), and small ·needles · of'l a ctinolitfc ,hornblende'.~ In a 
few crystal s , pigeonitic augite is s till rebogniZable at the core , 
but most of the crystals are urali te . The. outer rims. consist of 
irregular series of needle-like pro j ections-: Of '' dar~er· _and _ rnor,e ... 
strongly pleochroic hornbl'ende ' which clust er . iibout . the. iri.ai,n. ri\a~ses 
of the. crystals like .t'.iJ:cks on a magnet. :These' la'+ge· (;~j_i:ita~s . ~re 
evidently the .r esult of the 1.lraiitizati<in of ph'enocrysts ;.or' ' _'';· 
pigeoni W.c augite and the addition of ci s~cond ge·n~~a ti9~. '.s4' ·' .. 
hornblende during the "thermal rnetairiorphi8m tl1at' t,al:ses'_ 1the '1; -'";·r::: 
greenschist · r6cks :Of the regiOn to Ure . arttphiboiite· ,-r~ci'e~ ~ . · ; ~ ~;~;-~ . ... ,; .. • .. • ·' \• \ , · ·'-' 

.. , j \.."Id 
¥rothermal Alteration. In several places , close to the 

outcrop of the Cape Brule granite , zones of sg],icificq.tion occur in the 
Baie Verte group . The · introduced quartz ' occu-rs -''a s d,if;fus~ replacements 
and as' intricate net works: 'of veins that '· commohly .Yv~El:tJ:ler · 'oii-11 ,.P:f! . 
boxworks on the· surface bf ;the greenstohes '.·' Sericit:i:zation · a.~c .ompanied 
silicificatioh at some places. · .. ''. ')i- ~ !-'.' .: : . : · · .... , • ., _:·J 

. ; . . ) . ; : \·_; ... ~ . ' ; . ' ' 

Carbonat:Lzation of the greens tone9 ' is· in·' sdme instances 
very intense; and has produced · in some place9 ir6m t he a.;I. ter~d .volcanic 
rocks of the· seri es a aistinctive rock type tBat may cont.a:ir:i _-c;ls .much 
as 60 per · cent brownish ferrodolomite . Carbo-S:a tj,'.·zat.idn - ~'rid s'teatitiza tion 
of the gr eenstones occur near the contact·s of' the Ultraba.'sic . rocks . 

;· J • , ' ' ' , • ' , ' I ~·;_l° • • I ' . .' • 

Epidotization is 'localiy :l:niportan~ , , as. for ~ ~xa~pre . Of'!- the 
southeast sh$;Jre :of PacqU:et llarbour , · where ·it' ' ]_s- ;ir,t:t;irnat.ely as,s oc;La ted 
with the quartz veins .· · · · · · .. · · · · · · ' · · · · 

.·;·_;'·. 

Foliation and Bedding . In .many locali~ie9· in Burlington 
Peninsula , the principal· f oliation Wa.s fo~md to be . p'a:railel .with the 
bedding~ Near Big Head, on . t he western . slde . of · +,T.~ngs : .B~ght ~:~ J~~d.~ of 
ferruginous chert · :are Visibly ·parallel with the f oltati9)1 . in th~ ; 
adjacent. gr eenstones of the Baie Verte grou.p:._ -. T.hEi ' f oli,?:t;;i..911 ip. "the 
upper part of the group,-' west · of Bafo Verte ; - is "p~rallei 1nth the 
conspicuous hoi'izori: ~,~k-ers , such <iis .ma~bte ,l~pse.~, ." ,~°1~~-~ :bed8c:' ·· ~nd 
greywaclce beds. In: ·many places:, sou:thwest of ) :Jacquet,; in, .. f,he -a:reas 
underlain by the r ocks of t he Baie. Verte group, f oliatio

1
n paraliels 

the finely bedded greywackes , the contacts . of . the . ~la;t:.y members with 
the ·volcan:j_c units, and . the contacts Of the -' 'c'b~rse'· p~QC),a~:t,ic layers 
with the fine.:..grained, gre·en. iava f lows'. ·· (~,,. ·: ~ · · ·. 

1 
·; •. • '.., .• 

• i ' • . ' ' ,. J ; t ~ I • •' • 

Foliation··parallel with the ' b edding ,-_is ' n~t 1 "~ :~gb;at >o.il~.no1nenon, 
but is characte'.ristic throughout Burli~gt~n P,Eminsu~ . :an~; : ~ndeeQ:, 
in much of .the northern part ·of I;tewfoundt.a~d~ · :j:n ', i)iE! . ,Fo,go. , d;Ls~r.J,ct , 
the · writer has observed thick sections df 'Ordovtcian and. Sil u::i:iiaii 
slates and quartzites in which sla:ty cie'av'age is . p.3:rai1el 'wii'h the 
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obvious bedding pl anes , except in limited areas on the crests of 
an-ciclines and the t roughs of synclines . Twehhofel (personal 
co1m11unication, l '.>::lo6 ) and t he writer have found that s i milar 
parallelism of foliation and beddint;; is characterist ic of much 
of the . Gander Bay- Fobo distric t . In the Day of Expl oits r e3ion, 
Heyl (53, P• 16) found considerabl e i soclinal f olding with 
consequent parallelism of sla t y cleavage and beddi ng. In t he 
rocks of the Eai e Verte gr oup , even in the more open f olds, cleavage 
was found to parallel the bedding _, which indicates mimetic· types of 
f oliation in addition to flow cleavage developed i n isoclinal folds. 

AGE 

No f ossils have been found in t he rocks of the Baie Verte 
group in spite of careful search. Any appraisal of the a ge of 
rocks of this group must, therefore, be made.from lithological and 
structural ·evidence. The only f ossils yet f ound in the rocks of 
.Burlington Peninsula are graptoli tes f rom the 16west part of the 
Snooks Ar m group on the coast of Notre Dame Bay• They were identified 
by Ruedernann as Loganograptus logani and Didymograptus gracilis of 
t he second and third Deep ICill zones of t he Ordovician, and rocks of 
the Snooks Arm group are , t herefore, consi der ed to belong to this 
period. 

In Notre Dame Bay, from New 1!orld Island to Snooks Arm, 
thick lavas and pyroclastic rocks of intermediate composition, with 
thin, interbedded, fossiliferous marine strata are characterist;i.c 
of the Ordovician (Heyl, 53; Espenshade , 33r NacLean, 69; Bair, 7; 
etc.). They ar e t he result of both fissur e and central 'type 
eruptions, and were, appar ently, partly submarine ~· The proximity of 
the Ordovician volcanic rocks of Notre Darile Bay, and their 
l itholoe;ical s:iJnilarities to t hose of the Baie Verte group would 
indicate that the rocks of the latter group are also Ordovician 
in age. 

The particular part of the 01·dovician sys·t-em to. which the 
rocks of the Baie Verte group belong i s not distinguishable • . MetaiM 
morphism has altered the lava flows, pyrocla stic rocks, . and minor 
sedimentary strata to a monotonous succession of greenstones f rom 
which details of the section a r e difficult t o obtain. In addition, 
wide variations within srna.11 geographic l imits would be expected 
in this r egion of volcanic activity, which was periodically under­
going limited submergence. Thus, detailed comparisons of the Baie 
Verte section with others in the r er;ion ar e of little value. Both 
t he Daie Verte and Snooks Ar m groups i mmediately underlie the 
Cape St. John group in different localities . This fact, together 
with their general lithological similarity, mi ght suggest that t he 
Baie Ve rte . group is t he equivalent of the Snooks Ar-m group. 

NIPPERS mrnBO'JR GROUP 

D!TRODUCTION 

Nippers Harbour is proposed as a name. for a group of 
al tered volcariic and sedimentary rocks lying to the southeast of 
t hose of the Snooks 1\rm group, and separated from them by a belt 
of serpentinized peridotite. Although they are unlike the Snooks 
Arm rocks in many minor respects, they may, who!ly or in part, be 
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their correlatives. That part of the assemblage lying between Nippers 
Harbour and the peridotite belt was included by Snelgrove · in tlie Snooks 
Arm group (83). ' Outliers to the Southwest.; at .. 'Bur:i!ington and Middle 
Arm, were inclucled ·Joy MacLean in his· Lushs ·Bight' group (69).~ As 
the rocks of this · proposed group appear to have:n\any featuies 'in 
common; as they appear -to be dissimilar in some respects· to these of 
the Snooks 'Arm group; and 'as · their relationships to other, ·rock· 
groups a:re· obscure they are grouped separately under the ' propos:ed '• 
name Hhpper·s Harbour t. · · · ' : · 

LOCATION 

The Nippers Harbour group is composed of greenstones, 
dark volcanic rocks, amphibolites, altered dykes, and sedimentary 
rocks. They extend along the coast, lying between the interior 
granite and the sea , as far south as ' So'uthwest ·Arm and .nowhere 
occupy a belt wider than 2 miles . · From Stocking Harbou:ri to 'Soutmrest 
Arm ~f Green Bay, the rocks of this group •.occur as · sin.ill .outli8rs, 
usually :cut by granitic dykes . . , . · · · · · .. . 

i./ 

.. - •_j ,.1.,, . .. .. 

-- ~---- · · - -··· · ----·· ... LIT HQL..QO:Y ·.~ 
' 

.1 .. ··· .: •• 4 •, - ...... ·-. ·····• ····-- - ··-· 

' ~ . . ' 
'· 

, . ·;· I .rf ' ._ \. 

· · Nippers Harbour rocks a:re in many respe'Cts unlikB'('thqse 
1'f the SnoC'ks Arm group to the northeast. Most of the latterare 
representatives of the greenschist facies, whereas thos_e. of the 
Nippers Harbour group more closely r esemble rocks of the amphibolite 
zr1ne .of metamorphism. -- The Snooks Arm group is . characterized by ·· 
nurrie:tciu·s, thick pillow-lava members , whereas:. such structures are 
rare in rocks of t'h\3 Nippers· llirbour group,.')-' PyroclcistiC and 
sedimentary beds arc '' common· 1n the ·Snooks Arm gr<;:mp, b:ut ·are ·a~~st 
lacking among Nippers Harbour beds . · . · .'. · ' ·· . 

. . : .~ : ·'-· ,· .· .' : ' 

The rock~ of the Nippers llirbour grdup_·'fuve· .~ Wide _ ra:n~ 
in composition. The · most co!lliilon types consist of · hornblende . , 
~orphyryoblasts, ~varying from minute needles t o prisms as much as' -~ 
2 inch in diameter, set .in a feldspathic groundmass. The 
proportions of the plagioclase and the ·hornblende · varir c,onsidera.p:l.y, 
·and many of the rock types of .the group differ only :m ··g'rain siZ#Jt.: 
and · in the proportions of these two essential constitue'nts. 

In thin section, massive amphibclite was found to consist 
of a porphyroblastic aggregate of hornblende and actinolite (50 per 
cent), saussuritized plagioclase feldspar (2!5 per cent), .in,d·- quartz 
(1:5 per cent), together with acces.sory m:inerals • . . The pl,agJ:.bcla.se 
feldspar occurs in altered, subhedral crystals of a?d.es:trie (A~-8) 
commonly zoned, wit h albite margins. The original plagioclase 
cr-ystal is connnonly obscured by an aggregate ,of albite , • cp:tdote, . 
calcite; sericite , and an unidentified S'Xlly alterbation product. The 
quartz occurs as arihodral, interstitial masses as much as 2 imn~ ' in 
diameter, which, if adjacent to actinolite, a r e penetrated by slender 
needl es of this rilineral. Common gr een hor~o+pn~e occurs as irregular 
subhedral masses. Accessory. minerals includ12 .. ;magnctite , hematite, 
epidote, muscovite , albite, and alteration products . In some of the 
rocks, pale'actinolite or tremoli.te -constitute as much as 40 per cent 
of the rock. Tne original rocks were p~obably diorii:,es or thick 
andesitic lavas., · " ': ·· · "' ·. 

The _chlMite schists arid other ' 'gr een schists correspond in 
general lithology with those of the Baie Verte group prev.Lously 
described. Chlorite constitutes up ·to 40 per cent: of these rocks; 
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and the rer1ia inder is composed of varying amounts of al bite , ep i dote , 
quar tz , and a ccessory miner a l s . , 

. Coarse grai ned congl omerate occurs-. on the· northvves t s i de 
of Rouge H:i.rbour. It is composed l a r gel y of vol canic rock fragment s 
in a red, · ca.rbonate- rich cement • The pebbl es and boulders a r e 
angular to subangular, a nd a verage ' about 5 i nches in · diaxileter, with 
a maxim.um of about 1 f oot. The fragments commonly i nclude ves icul ar 
black basalt or ande s ite , dar k, ca r bonate- r i ch rock, and massive 
green lavas (andesit e ). Some _ sed:iJnent ary rocks occur as lens-shaped 
masses, and appear to occupy s coiir -·channels i n t he t ops of lava 
tlows • . 

Many dykes •of -various composi tions :and f orms ·intrude t he 
··rocks of ~ the Nipper s .. Harbour group , 'and _in many pl aces 2.re wit h 
difficulty disting;Uished from t hem. Pyroxenit e ana peridoti te dykes 
were observed at several localities, and are commonl y s er penti nized 
and w~a~h~r light 'Q_i:own. Dense, dark grey; · diabase dyke s ,. } md fine ­
grained meta-diori t e ar;i.d _l amprophyre s , which weather to . a , ~haki"'.' brovm 

'- ~Plour, ~re coimnon:i.:;v ~ntrusive .. i nto t he rockS i elf' t he gr?~P near 
S toclcing Harb o.i;tr .• , .They ,:wi llc be descr i bed i n ·detail l ate:r . 

· ·1 . r, 

·' .. CAPE ST~ JOHN GROUP 

I N'I1RODJJCTION · 

, The'' writer proposes the name •.cape St . John group r to 
include that sequence of l ava f l ows, with int erbedded sediment ary 

. and pyrocla~tl,c rocks., that overlies t he Snooks Arm group • . 
Sneigrove (83) and Douglas (281 p. 106) used the t erms ' Gos s Pond 
'volcanics t arid •Red Cl iff volcci..nics ' t o. descr i be what they t hought 
were i0wer and upper members . These wri ter s ivorked in· a very 
restricted area ' near Tilt Cove , where the lower part of the succession 
is domillQ.ntly tuffaceous and the upper part i s 'l a r gel y lava f lows3 
The writer has ._ found, however , -i n t r a cing · the beds · nor thwest' t oward 
Confusion Bay ·and northeas t toward Cape St . :j ohn that what was 
formerly cailed the ' Goss Pond volcanj_cs 1 is <:inly t he l ower most . of 
a series . of .tuffa9eous sedimentar y str.ata i nt'erbedded wit h a . series 
of ·thick lava flows. From the excellent expo9ur es:0along the coast 
from Shoe Cove to the tip of Cape St. John, it is _evident that the 
entire eequence of rocks represents one period· of volcanic activity, and 
that it ca:n b~st be .considered as one stratigraphic unit. •' 

:t 

• • i_ • : ~ ~ •• 

GENERAL DES CRI PTI ON ... , \: 

·The' rocks of the Cape St. John group are ··rhyolite flovis, with 
~:mia.11 · rhyolite intrusions, trachytes, andesites, ·acidic pyroclast:lc rocks, 
and water.laid tuff aceous sediments. They are exposed on the shore 
~f Cape St. John Peninsula f rom Beaver Cove to lltiddle Bill, and t hey 
extend southward as far as the Sisters Ponds. The steeply dipping, 
highly ccloured beds of t he group are conspicuous f rom seaward in this 
region, NUJt£rous porphyritic off shoots of t he Cape Brule granite, 
which underlies large areas to the west of this group~ ' i~trude t hem. 
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An excellent section, about 8_,000 teet t:i1ick, is exp?sqd ·along the 
coa st sout h of Cape St. Jolm. The lav~s are comr.1onl~/ ·brro-v·m, with 
some pnrple, gr een, 2.nd yellmr- z:r'e8n =rnember s • The ]_Jyrocl;:i.stic _and 
vrater- l a i c:. tuffaoGous bed::Lare eve;ryvrhern light ·colour~cl , v·rJ:th ·" 
;:reilow, liGht gr een , and rirey tints p::cedom:i!nating. 'A de,scri;Ption 
of t he various rock type c. follows . · · ·) · :. · ·.u:, i.· · · · 

• : •,,:\ 1 x •· tj • ' tl .1· ,, I 

t ' : , • \. I ', ~: 

Rhyo'.Li te Flovrs · 
. ,., I ... ~. . 
tl•. 

The rhyol i t e f lovrs of the district are almost exc:Lusi v~ly 
reddish brmm, o.lthout;h light r er'. and gr eenish fa_cies were also 
ob se.rved . , On neither fresh 1nor- :highly· v\reabhered · st~:r'i'itces are ;f;Low 
structures re.adil;/ seen, _; but they are · strildn~ly dJ.sp,lay~d... on · 1e.~s 
weathered exposures . : . -, ,·\· ..; . · · · ·. !t' . .i' · .· '· · · ' · · · . -· 

.·./ ~ :r J · .. .. 1· •• \. •· 

. . Hanel speclmen~ of ti1~ rhyo'.Lite €blis'i 'sts : of , · n~mei'OUS . . 
phenocr~rsts ' of quartz up =t o ,_ 2 nun. irt diamEiter ~nd ~ l ess ' "comii1o~;r-,: 
orthoclase. f eldspar o( ' .. !:libont the sam~ :. size, in ' a ·derise aphaniti~ -. 
ground.mass. ··The.Y. cont.:1.;in a1:mndant secondary ·mineral~ Hinute veins 
of quartz and calcite are com.r,i.on. 

Vesicular fhyolite is r are . · .L. rl}Yp_lite section about 40 
feet thick underlies illassiveandesite in the cliffs on the south side 
of Cape St. Joh.ri; the uppermost 10 foet ,of this contains many 
vesicular and amygdaloidal zones . The amygdules. _consipt of white , 
cryptoprystallin~ gu.artz. 1 · :· • • .... 1 · · 

( J , · ~- fi· •. ·'.'" l:.j· ,j··,·f 'Jf•'i: 

: ·s~veral zones of spherulitic :di;Ybl:tt·e·"accur . ·in~ ·t;11~1 'iiJ?.s'sive 
flo11rs rn~~r1 Capf?_ St. John. : Spher1.l.lites J occur'·"as. sc~t~~r~f•iih~te' ·!~X 
greyish lmots : about 2rniu. in diameter i n·: the dense·, fine-g:rai:oed~ ... ' . 
reddish lava. ·. Ifo phenocrysts o.f quartz or feJdspa.1~ were-:s1$eii • . 'J'·" 

. ' ··,.i:.' ."· ! ·. · .. . ' ' .. '):·;·:. f, " ''..' . · ; ... :·'.~\:' ; ·~-:.-· :·~ 
. . , ... The ,·r,hyolites ;of this c;roup grade · i''.rdi'ri rn?ssi\'.e ~~ ·1,:Lttle '::·, 
altered l a.vas to crenulatcd ··quartz.:.sericite · sehists. · T~1e 't biclc,· .. 
red-br.orm .rhyo~.;Ltes. ~ :kp ·!~he Cape Co:v.e · t egiOn show the"· ie.ast 'ait~r,a~ion. 
Exall}pies of :nruc}) t.t~tere<,1 rhyolite s were· obseri'.red ·i~ · t"l~.e· :'~·sh?fe _· · '1•• 1

' ~ 
exposm.~es near ~1Jsi.nful Bight~ · and a gain farthe::r ·~·soutli '. :tn the. ·'Red, 

Clif;f Pond di:;itrict. ·''. . 
1
,/. : '~ ... , •• ; •• -: •••• • '. _ ., 

. . . : ·. •.' . ,·se,;r:Lcite is. ·ab:;,u1.<:la-JDlt1 :izirthe ·al te r 'ed · rhy6li i'e ,s , ·~wa, .~f .: ." 
constitute. ~~ pmch as SQ-.,pe:r ceNt : of the · rO"ck~ .-ck.:fc'i t"e ·is ' c'ormil6n ' 
as disseminations and as tiny veinlets. Unaltered 'eyes' of 
quartz and tiny quartz voinlets are characteristic. Locally, 
orthoclase and quartz show an augen structure, .which indicates tha t 
crushing took place on a minute . sea.le during the severe folding 
and faulting of the region. In some instances, notably near faults , 
the secondary foliation that has developed in the shear~d rhyolite 
is not p~ral1e~· with the bedding-~ and~;1s- !tlslliilly ' f~~ibi~ 

1 
.~Y~f.l ~f ~Elr 

severe. alterati_on. ;.<• ·' · · ·· ·· '" · 
. ' '. ." . ; . .. ,· ,. :: - · ~ :i ;· : 

• ,.._1 • ' : ·:· ,· ,., 

·Trachyte > ·· ·, ...... ' \, • 

• " -· 
:_.· t ;;· · ·r:'"\~~ ~ :~ 

·••, ! \.' 
: 1-• .. •:;:. " .. · .· 

( 
. . . , , , . 

-· ' I·' 

·' The absence of . q~ar.t-z p,henocrysts and" the ; 'cont/;fr\.h~d,- '. :· : ·>. 
presence of. orthocla sc phenocrysts in ,·::fome of the · darket · f~·6i.eir c>i· · 
ihe laVa.s .indicate that trachytes occur in the succession. They 
may be regarded as phccses of the rhyolite extrusions. 
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Andesite 

Anclesite flows occur throughout the section, but are 
partj_cul 2.rly abundant near i :idcllo Bi11 of Cape St. John . Individual 
flov:s are from 3 to more than 50 feet thick, and one massive bed 
about 120 fee t thick is exposed in the upper part of the cliff at 
a prol!lontory on t he south side o.f Cape St . John. The andesites of 
this group ' thoilgh siiiillar in general' ·appearance to those of the 
Snooks Arm,are finer in grain and more massive . · lack of pillow 
strv.ctures an~ shear zones and the greater distance. from the 
intrusive masses are believed to have precluded widespread 
chloritization of the type that is so characteristic of the Snooks 
Ar 1n group. 

The anclcsite i s light to cl2.rk green, or purple . Amygdules 
and vesic.les are found in many f lows , but not everywhere. In places 
where exposures are continuous , it was noted tha t vesicles are 
equally plentiful on both the upper and lower margins of the flows , 

· and their occurrence was , therefore , · of little value in deterrnining 
the stratigraphic sequence . 

The thick, massive andesite flows exposed in the cliSfs 
at Fishint; Point, south of Cape St . John, do not show a proportionat,ely 
thicklayer of vesicles and amygclules , but , indeed, are almost 
devoid of them, except i n the uppermost foot of the :Jllows. 

In thin sections, the andesites show felt ed aggregates of 
plagioclase (An~2 ) microlites , which have been alt ered to epidote, 
calcite , and sor?ie sericite . Patches of chlorite and magnetite 
suggest th~ former presence of mafic minerals . The abundant magnetite 
throughout the rock is probabl y partly original acceS.$ory material 
and partly the r esult of secondary alteration. Hinuteveinlets of 
quq.ri;,z and calcite cut the 2.nds.site . 

Amygdules are of calcite , which fills the largest vesicles ; 
epiclote , vrhich fills vesicles of intermedi<;tte .. size and is easily 
distinguishable in hand specimens; and m:i_xtures . of .calcite, epidote , 
and quartz. 

Coarse PYToclastic Rocks 

A coarse a gglomerate i s exposed near the north shore of the 
westernmost of the Sisters Ponds , and occurs widely to the nort h. 
Several similar beds were noted. in the shore exposures of Ca.pe St. 
John. 

A bed north of the Sisters Ponds is about 100-feet thick, 
but most others are .les s than 20 feet thick. Sharp , angu+ar boulders 
and irregular fragments of a variety of volcanic rocks oocur in a 
fin~-grainocl rn.atri.x of angular fra gments of quartz, orthoclase , 
plagioclase , and tuffaceous material. Hematit e commonly coats the 
grains of the matrix, and in sorne pl aces is altered tci limonite . The 
fra:_gmental rocks include dark purplish amygdaloidal andesi te; · rhyolite 
porhYTY, with quartz and orthoclase phenocrysts in a reddish opha.nitic 
groundmass; fine - grained, red-brown rhyolite, with good flow 
structure; fine - grained, gr ey felsits , with mic:rophenocrysts of 
feldspar; vesicular andesite ; red chert, fragme~ts· up to 8 inches long; 
and , r a rely, fragments of bright green, highly chloritized, volcanic 
_rock. 
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These beds apparently represent the subaerial accumulation 
of explosive volcanic debris . They lack evidence of water 
transportation, are irregular in their distribution, and consist of 
heterogeneous a~gular material. 

Fine- grained , , Rhyolitic and Other Light- coloured Tuffs 

Beds of fine - grained pyroclastic. rocks are interbedded 
with the lavas and ." sedimentary formations along the sh6re., between 
Shoe Cove and Beaver Cove, arid along the_ north side of ~ffanful Bight . 

. ' 
The thickness of individual units varies from 1 foot to 

as much a s 200 feet . The colour on f resh surfaces is usually greenish 
yellow, 9ut in some _facies is bright yel:Low and ;Lp. others dark green. 
~'.:eathering produces bright surface colours , which .contribute to .the 
beauty of the cliff-lines in th~ M?ther Burke region .. of . Cape St . John. 

. . . ' 

. Within individual units , there· is little evidence of bedding 
beyond an indistinct banding at some places . A secondary folia.tion is 
common within the beds; it parallels the bedding and may represent 
priraary incipient parting. 

' ., 
Ma.n:y· qf the tuffs are so fine grained that no indi vidual 

grains ~re . visibie t~ the i1a,ked eye. In others,' angul ar fragments 
of quartz ' reddish chert ' and fragments of a bright green altered 
lava are cormnon. 

t : ' 

In thin section t he tuffs. ar~ seen to. be composed of faintly 
bedded , crystal and _lithic material . Secondary !)Unerals, such as 
epidote , zoisite , sericite , calcite , and . a fine , uniderttified, 
scaly a ggregate:, almost completely ob~cure the original pyroclastic 
texture . Rel ict fragments ar~ in some instances outlined by .~ows of 
grai ns of epidote or magnetite , by sericite grouped along the old 
boundaries, or by qj . .fferences in texture between the ground.mass and 
the al te;red fragme,nts . : The _former presence of rare mafic, minerals 
is suspected from the,.,o.ccurrence of clwnps of chlorite and magnetite . 
Angular to rounded grains of altered albite (An8) and ~ngular grains 
and fragment s of quartz are scattered through tfie rock. Extr emely 
fine- grained rock fragments, probably the red, cherty material of 
hand specimens , occur in irregular raasses up to 3 nun. long. Iron 
oxides are l ocally abund/3.nt·~ ·· · · 

.'• ·:· 

Water-laid Deposits 

Water- laid Ash Beds and Tuff s . In places on Cape' St . John, 
extre,rnely .(ine :-- grained ash beds and hi.ff s , E;imila :r to those already 
described, . sh~ strat~ica:tion and crossbeddi ng , i ndicating that they 
were water- laid. The members are usual~y not more than 10 f eet thick. 
They contain fragments of quartz , bright red chen, rhyolite(?), _and 
andesite, as well ~s b:right _green specks thought to be chloritized 
fpagments of lava; and are similar in all respects to· the tuffs 
described above , except that they show sorting, and other evidences of 

:: :Water deposition. · ' 
• l 

Sandstone . In one loc.ality in Seal Island Bight ·in the 
. Cape St . John region, a thin-bedc;l.ed quart.z sands;tone, ._with nruddy 
parting.-pla._?~s, shows abundant mud- cra cks and· r;Lpple-marks . . The 
pr edominate constituents are quartz , muscovite, and clayey ~terial. 
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Obscure , trail- like marRi ngs found on mai1y of ·the mud- crac.irnct layers 
suggest life o;f some sort ; even under the sovc'.l.'e conditions, of the tinJ.eSo 
Ho f ossils , however , were found .. 

Tuffaceous Sandstone . Wa.ter-~aid tuffaceous sandstones , 
which arc probably the equival ent of some of the fine - grained 
r hyolit8 tuff s and ash beds described above , occur throughout the 
Cape St. John gr oup i n the exposures of Cape St . John . The only 
knmm exposure inlanisl. is on a road about ~ mile north of Shoe Cove . 
The tuffaceo11s sandstones are all ·distinctly bedded, and commonly 
show crossbodcling a s VVJ'Jl+• The great &bundance o; ver y fine red 
chert , the fragment;:i of' :l"hyolite and andesite, and the lack of 
detrital mu_scovite , di stinguish the ·tuf.faceou0 sandstones from the 
sandstone s described a:bove , . whereas the larger proportion of quartz 
and the coar ser grain distinguish them. f r om the water - l 1i d tuffs~ 

· -: 
Moderately Co~rse Pyroclastic Rocks and Conglomerates . 

Conglomerates in which fragments as much as 1 incli. long are 
embedded in a ver y fine - grained gr ey- gr een mat1·ix of quartz fra gments 
and tuffaceous mat erial are of common occurrence in the Cape St . 
John section. They comm9nly occur just -above.and below the 
t uffaceous sandstone fac i es described above . The fragments vary 
from rounded to angul ar , .and include abundant red chert , dense , 
greenish, chloritized, _aµd esitic and rhyolitic lavas , some minute 
quartz gr ain"' , and a va r,i0t y , of fine ., :unidentifi ed dar k grey 
particles . Considerable :ealcite is common in the f~roundmas s , and 
:many specimens effe rvesce :i_r1 cold dilute hydrocW.oric. acid ~ Cr oss­
bodding and sorting are conunon .features of these sedimentary rocks . 

Coarse Br ecc ias and Conglomerates . Conglomera t e s vrith 
boulders up to 4 feet long were noted at several places in Cape St . 
John Peninsula . •'l'he boulders includ(j rocks of the following types : 
r ed r hyolit.e , with abundant quarte-filled amygdules; r ed·-brovm 
rhyolites similar to those of the t hicl: flows in the; Cape Cove 
re gion; fine - grained orthoclase porphyry; bla ck, sc0Tiaceous 
andesite ; massive. green ancJ.esite; fine- grained grey fels:i,.te; abundant 
r ed chert fragments ; ·mottled purplish. lavas , which are irr ·part 
porphyritic ; and considerable. tuffaceous ~nd fine sandy material $ 
Much of the gr oundmass and some of the boulders are coated with a 
thin layer of hematite , which gives the rock .a. <!lark reddish brown 
colour. 

' \ 

Crossbedding on a l a r ge scale is common in these coarse , 
water- laid deposits . ~he boulders are commonly well. rounded , 
although some angu:J._ar fr~gments were seen. Imbrication was noted 
in many places . 

Scoria Breccia . Breccias , in which the fragments. are all 
of vesicular andcsite embedded in a matrix: of sandy and tuffacsous 
material , occur immediately above the tops of some of the andesite 
flows . In some beds , which may be up to 10 feet thick, the pebbles 
and cobbles of scoriacoous andesite constitute as much as 50 per 
cent ,of the _ rock. The proportion of scoriaceous material shows a 
progressive decrease upward in the i~dividual beds . 

Slate. ·· In a r econnaissance traverse across the peninsula 
from Notre '"'15'aTile Bay to t he head of Co,nfusion Bay, Snelgrove noted a 
thin zone of slate and ar gillite (82, p. 73). This was not seen 
by the 'V'rri t er . 
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Quartz-bearing C on~;lomerate_" Abundant white quartz 
pebbhis occur with the usual assemblage of r ed chert and volcanic 
fragments in the conglomerates at i11iddle Bill, Cape St . John. 
The quartz pebbles are commonly well rounded , and constitute as 
much as 30 per cent of the rock. 

Chert Beds 

Grey and green beds up to 1 foot thick and 100 feet 
long occur in t he Eidclle Bill r egion of Cape St . John. The rock 
is a dense, homogeneous, banded, cryptocrystalline chert, and 
breaks With a marked. conchoidal fracture ~ The beds are composed 
of man:y~ thin layers, · each of which lenses out gradually along its 
strike. The upper parts of several of the beds· wer·e,~ f'ou11d to be 
brecciated , and the fragments are receniented with the same cherty 
material. In some instances, these angLilar fra gments could be 
fitted . into gaps in the layers below, incij..cating that they did not 
travel far. The lower parts of the beds- -are -1.+ndisturbed. One 
chert bed grades upward into .a conglor:ier.i't 'e . Near t he boundary 
between the beds, the pebbles and bquld~'rs· of the conglomerate 
are er!:.bedded in a cherty groundrnass. · 

The origin of the chert in the volcanic rocks of the Notre 
Dame Bay re ;;; ion has been discussed in detail by Sampson, who 
concluded that the abundant lava flows were accompanied by silica­
bearing waters from which the chert wt:J..s· precipitated chemically 
(79, p. 594). 

Collins and Quirke (19) described banded silica in the 
Iv:Q.chipicoten district. It is rnaqe up of a succession of thin, 
non-persistent l ayers ; ·arid in sor.i:e--·place-s -shpws.b:i:'.e_c_t i ation of the 
type described above. These writer s believe that the silica was 
precipitated, probably b: evap9ration, from pools· of magmatic waters 
that emanated from fissures during the volcanic activity in the area . 
The chert beds in the Cape St. John group are thought to have 
originated in much the same waY. as those in the I\lichipicoten 
distr:ict. The shallow, cross bedded grits and water-laid tuffs that 

. occur in the group, a nd i;.he lack of pillow lavas in the flows 
sug:;est that the place ()f deposition was subaerial 01~ possibly 
marginal marine. The much-disturbed brecciated layers were more 
probably disturbed by some subaerial agent than by a .force operative 
on tl1e bottom Of a submarine basin. The presence of conglomerate 
boulders and pebbles in the uppermost l ayer(') of the chert in one 
place also su5~ests that deposition took place in subaerial basins 
or in shallow marine pools close to shore. ·The silica-bearing 
solutions were probabl y derived by direct emanation from magmatic 
sources or, perhaps, came from the flows t hemselves after 
extrusion. 

·· i · ... 

AGE 

The writer cons iders the rocks of the Cape St• John group 
to be Ordovician in age . The sedimentary and · volcanic rocks of the 
group are litholo:;ically more similar to the Ordovician .rocks of 
Notre Dame Bay than to any others in northern Newfoundland, and they 
overlie , the Snooks Arm group of knowr, Ordovician _ag-e without apparent 
break. · · 
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;::;1w1now,~~:1T o/ D;.:;?cs :r:TION 

It is evident from the occurrence in the Cape St . John 
· group of br ecci2.s that contain abundant f r agments of scoriaceous 

-·· andesite derived from the lava flows, and from the occurrence 
of breccias a nd congl omerates with fragments of rhyolite and 
anclesite in the same bed , that active erosion was in progr ess i n 
t his r egion contemporaneously with volcanic activity. The 
appearance of detrital quartz and muscovite ·in the sedimentary 
facies suggests th2.t the streams that f ed sediment to this area 
were eroding crystalline rocks a s well as volcanic rocks. The 
lack of pillow lavas in the andesites of the group suggests that 
subaerial conditions prevailed during at least part of the time of 
lava extrusion;· and the occurrence of cr6ssbedded and well-stratified, 
coarse- grained, water-laid deposits indicates that strea:ms were 
active, and that 'depositicm was taking place in ·basins a-t or near 
the marine shoreline.; : Tiipple-marks and ntud.:.c1"acks, which were 
observed in several of the finer grained sedimentary members of the 
-g:r01;tp, .show that at some time during>their perio'cf of deposition 
the sediments were e.A.'Posed to the air. 

It is evident ~rom the fore going that the region must have 
been one of considerable relief , and that the sediments of the Cape 
St. John group .must. have ·been deposited in shallow subaerial basins 
or in marine basins near shore , near the mouths of streams. 

Little is known of the topography of Newfoundland in 
Ordovician time, and thus there i s little to suggest the place of 
ori gin of such detrital material as the quartz pebbles . Precarnbrian 
highlands have existed iri the western part of Newfoundland at least 
since Carboniferous times , as shown by the pebbles of igneous 
and metamorphic rocks in the Carboniferous strata of the west coast, 
but vrhether or not there wer e exposu:r"es of such crystalline rocks 
in Ordovician times is not known. It is probable that the . 
metamorphosed sedimentar y rocks of the Fleur de Lys and Mings Bight 
groups were gneisses at this "time, but whether or not they were 
exposed to erosion is uncertain. 

In summary, the Ordovician topography of the r egion probably 
was one of :rugged mountains , with volcanoes cf the central vent type 
in periodic v:iolent eruption, emitt ing ~va flows and abundant 
pyroclastic material. large streams carried detrital material from 
more distant crystalline highlands. and abundant pyroclastic material 
;from t his area, depositing t heir loads at the margins of the sea 
or in inland basins near t he sea. 
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SERPENTINIZED AND STEATITIZED ULTRABASIC ROCKS 

DISTRIBUTION 
/ 

Serpentinized and steatitized ultrabasic rocks have been 
observed at . several localities in Burlirtgton Peninsula. The individual 
-intrusive masses vary from such as are dykes 20 feet wide and 200 feet 
long to one mass that is nearly 12 miles long and 200 feet to ~ mile 
wide. Most of them are tabular botlies; concordant With the rocks 

. : that they invade. 

· GENERAL LITHOLOGY 

The ul trab'as:fo· rocks of the- peninsula were .originally 
peridotite and pyroxenite. 'In plac~s ' they are littlea,itered, but 

, .• . L .generally they ' are largely · or · almost 26mpietely altered·. to serpentine, 
or, less .commonly, to talc with .as:foc'~$.ted carbonate .• 

.. , 
" 

. . . I ·.~, ·• 

. '.'. "'., Where relativE3ly fresB~ they ~re dark green, medium-grained 
,r.ocks•."consisting Of ~ olivine and pyroxene, · with some accessory chromite 
and magnetite. Oli'Vine" predominates in "tl:ie p~ridot'ite. The pyroxenite 
contains 75 to 90 per:- cent pyroxene, wh:i:qtl rn,q.y' be enstatite alone or 
may include some monoclinic pyroxene. ·; . :rrl the_, pyroxeni tes, the olivine 
is included in the pyroxen,e . a.n'ci is cornrrionly more or less completely 
altered \ to serpentine, whereas the pyroxene ~ei 1 ' coI)lpara:tively fresh 
(cf. Watson; .· 100, p. 46; Snelgrove, 83, p. 96) • •. , .. : 

·. ' . ···' 

The peridotites show all stages of serpentinization, from 
rock in :which the pyroxene has su:r7viveq., more or less unaltered, and 
in which there are remnants of olivine ·grains , to .r6ckthat is more 
than 90 per cent serpentine. · The serpentine occurs as matted 
aggregates of miri'litle fibres, sheaves, and btindles _of larger flakes, 
and in places as· concentrically -banded aggregates .of radiating fibres. 

·In some par~l'Y alte'red rocks, ·the '.Olivine remnants appear as isolated 
islands and '.rou.iided aggregates s~p$.rated J::>y network,s .pf serpentine • 
Arrangement of ·the ·serpentine in 1'.>astite structureS; .indicates 
derivation from' pyroxene, and rneshwo;rks of secondary magnetite indicate 
the former presence of olivine. •Jqne va:i;-iety of serpentine, which is 
especially common in the Red Cliffs occurrence and in the eastern part 
of the Mings Bight mass, c,ontains abuntj.ant, ,; ir;regular, alined dark 

· patches that in' "t.hfn .section are seen to be-, Gl.ots of ., finely divided, 
secondary magnetite. · · 

' ' . . . 

DESCRIPTION. OF OCCURRENCES 
' .- ~) . . 

The following brief description of occurrences of ultrabasic 
rocks in Burlington Peninsula is given to point out individual 
peculiarities. 

In the Fleur de Lys area, Fuller (39, p . 15) has described 
an elongated mass of serpentinized peridotite that intrudes the gneisses 
of the Fleur de Lys group. Along the margins of tho mass, particularly 
along the foot-wall, and along faults, talc occurs as veins and, 
together with actinolite, as a general alteration product of the 
serpentinized rock. Iron-stained magnesite occurs as veins and 
scattered crystals through the talc facies. 

The Duck Island Cove Brook mass is about 2t miles long and 
about a mile wide. The Butlers Pond mass is about 12 miles long and 
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avor ngos l oss than -?z- mile wido . Bot h masses are composed of partly 
sorpontinized t hough r ecognizable poridotite. Indi stinct pr imary 
banding or ' pseudostratificat .ion 1 is cha·racteristic of some parts 
of thesG masseE; . .Ser pontinization has alter ed about 50 pe r cent 
of the olivine and about 20 per cont of the pyroxene crwstals 
(Wat son, 100, p . 40). 

A mass of much. alter ed ultra.basic rock lies near ·the north 
tip of t he peninsula between Bai e Vorte and Mings Bight. · Sorpentiniza­
tion i s complete . Talc and ca rbonat e facies are common, though no 
syst ematic arrangement with relation to the boundari:es can be 
established. At the eastern end of the mass the rock is more than 
80 per cent carbonate. 

. The Mings Bight mass, which .extends from the head of Mings 
flight southwar d f or about 5 mil.es . t .o Three Corner Pond, has a maximum 
width of ab out 2 miles. Alteration of the original peridotite is 
nearly compl et e : tho central part of the i ntrusive body is massive 
serpentine , but this has been altered to talc-carbonate along the 
margins and along several fault zones within the mass. The relation 
of the ul trabasic intrusive.· rocks to tho intruded r ocks is well 
illustrat ed i n t he. .. bed of the South Brook of Mings Bight about ~ mile 
from its.i:nouth. Carbonatization i s pronounced in the southeast corner 
of this i ntrµsive body. 

The Red Cliffs mass on the east er n shore of Mings Bight is 
possibly part -of a larger mass beneath the bay. The bulk of the · 
rock is serpentine.. Some partly .altered peridotite, with r erfil1ants of 
olivine crystuJ.s separated by net wor ks of s er pentine, was observed at 
tho north end of the exposures, where alteration to ta.le-carbonate 
is also prominent . The mass is sheared and faulted . 

In the Betts Cove-Tilt Cove area; ' .ser pentinized ul tf.rabas.ic 
rocks occur i11 a sweeping arcuat e belt about 12 miles long, and from 
200 fe et t o ! mil e wide . In this belt a r e found peridotite , pyroxenit e , 
and gradations be_t woen these rocks and compl et ely serpentinized equiva-

· .. lents. Alteration t o t alc-carbonat e is locally prominent:, and primary 
banding is well displa.yed in many outcrops. · 

Al ong the shor e of Notre Dame Bay, southwest ward from Ni ppers 
Harbour to St ocking Harbour, the altered volcanic rocks of the Nippers 
Harbour gro~p are intruded by irregular dykes of serpentinized 
per:i.dotite , which are nowhere mor e than 20 feet ·wide. The volcmic 
rocks themselves show serpentinization in irregular patches from 2· to 
100 square feet in outcrop. Occurrences similar to these were also 
noted in th~ . Snooks Arm gr oup to the northeast. The se dykes are not 
mapped. '·· 

SERPENTI NIZATION 

Local ev-idence bearing on the process of serpentinization 
may be slUnmarized as f ollows: 

(1) Sorpontinization is confined to the ultra.basic intrusive 
rocks except i n rare cases whor e tuffs , pillow l avas, and other 
volcanic rocks have lmdergono serpentinization, a s described · previo.usly. 
This suggests t hat serpentinization was ef fected mainly by solutiqns 
held within the mass , and not by introduced solutions. ,., · 



- 40 -

(2) The uniformity of serpeµtinization throughout any cno 
mass suggests that alteration came from within. Otherwise, 
localization of the alteration along margins or along faults would be 
expected. In any serpentinized mass, tho relict olivine crystals are 
uniformly spaced and show approximat ely the same degree of alteration 
throughout. 

(3) The alteration of the intruded rock is negligible, 
suggesting a ·low temperature of intrusion. A 10 to 15. per cent water 
content in the original magma could account for the low temperature 
of intrusion and the serpentinization as well (Dresser and Denis, 
29 , P• 437, ~ ~.). . 

Thus, it is concluded that the peridotit es were attacked by 
residual solutions present in the .~ original Il1:~gma rather than by 
introduced solutions entering'. :along fissures and channelways . In 
many other areas similar evidence ·has l ed to . j:ihe ·same conclusions • . 

. . 
S~EATITIZATION AND CARBONA~IZATION 

. " 
-Steatitization and carbonatizati on have affected every 

ultrabasic mass in Burlington Peninsula ~xcept . the two that lie 
west of Baie Verte, Talc and carbonate, the .lat~er of which is 
usually a ferrodolomite, with varying proportions of iron, calcium, 
and magnesium, occur as follows: (1) talc schist containing abundant 
knots of carbonate, hereafter referred to as talc-carbonate ropJ<:s; 
(2) massive 'talc, arid massive carbonate; (3) veins of pur e ta;J;c '?r 
pure carbonate; mid (4). carbonatized greenstones; .not acc9mpaniod_ .. by 
steati tization. _ , · -

(1) Talc-carbonate rocks that occur along the mar gins of 
ultrabasic bodies and in fault zone.s are i,isually sheared and slicken­
sided. The talc is white or greenish, and the carbonate occurs ,em'l;ledded 
in it as brownish crystals o.5 inch to 5 in9hes long. Talc-carbonate 
rocks grade into . serpentine rocks . Quartz veins are common in t _a1c­
carbonate, rocks and are usually rich in carbonate . In thin sectibn, 
the carbonate appears as.irregular masses and partly formed crystals, 
and the talc in bundles and sheaves of fibrous crystals replacing the 
carbonate. 

(2) Pure talc and pure carbonate r ocks may be considered 
as the end members . of a continuously gradational series . · In some 
zones of the margihal ·talc-carbonate schists, l enses of nearly pure 
tale occur. Tbey consist of aggregates .of nodules of nearly pure, 
fine-grained, light .green talc. The talc in such lenses does not 
usually show shearing to such an extent as do the schists in which 
the lenses occur. The Trimms Brook talc prospect, on the eastern · 
side of the Mings Bight mass about a mile southwest of the village 
of Mings Bight, occurs in a series of such l enses . 

Rocks whose composition is 80 to 100 per cent .carbonate 
are found along the eastern border of the :M;ings Bi ght ultrabasi~ . 
mass , in the Devils Cove Pond district, and at various points along 
the Betts Cove-Tilt Cove serpentine belt . Most easily ~ccessible 
is the exposure at Red Cliffs. Here, along the shore;. the brj_ght 
reddish brown weathered surface of the carbonate rock is conspicuous 
against the dull gr ey- green of the rocks of the Baie Verte group and 
the meta-diorites • . The rock is composed almost entirely of .carbonate, 
with little or no talc. Quartz occurs as small grains, which r eplace 
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tho cnrbonato; on Hcathe: r ed surfaces they st and out i n r elief o.nd 
pr oduce a sand- paper eff ect. Quart z also f orms conspicuous veins 
and irrocular masses , sono of which ar c vuegy and contain clear 
quartz cryst als vtl th abundo.nt neodl e-liko inclusions of ruti1c . 

(3) Veins of pur o carbonat e and pur e t alc a r c m.rposed in 
a fovv- pl aces along t ho contacts of the altered ultrabasic rocks . In 
t he valloy of t he South Br ook of Mings Bi ght, about half a mile from 
its mouth, several veins of ~ale and carbonate cut the gneiss and 
slate of the Mi ngs Bight gr oup. The central parts of the vei ns ar c 
pur e talc; t he uargins cont ain knot s and cryst als of brownish 
c_arb onat o,. which ext end beyond the walls of the veins into the 
wall-rock. Along sr:iall faults and slip zonos in the talc-carbonat e 
f aci os of tho ~torod poridotitos, veins , as nuch as 6 i nches thick, 
of sea- gr een talc in cloavable nas sos up to 3 inches in diamet er 
ar e co:mr.1on . Veins of carbonD.te penetrate all the r ocks of the 
di str~ct except the later intrusions . Masses of actinolito schist 
4 t o 6 fe et l ong, which ar c exposed i n the bod of the brook, bear an 
unknown r el ation t o t he serp~ntinization and stoatitization in this 
ar ea, b~t presumably r epr esent a h_i gh t eI'l.per aturo f acies of alter ation. 

(4) Carbonatizat ion is characteristic of the metamor phi sm 
of t ho rocks of all t ypes i n the r egion b.ctwoen Bai o Verte . and 
Pacquot . Carbonatized parts of tho Baie Verto forr~ations ar e cot.unonly 
chloritizod, and i n many places are crwnplcd and schist ose . In such 
rocks , vrhich weather brown, the carbonate occurs as disseminations 
and as irregular voinlet s . Carbonatization has also affected t he 
meta- diorites , particularly along shear zones . The most strongl y 
carbonatizod rocks, however, are the ultrabasic r ocks described above . 
They wore t hus oi"l;hcr mor e susceptible to alt orati on, or were closer 
t o the channel ways of migration of solu:tions, which br ought about t he 
alt er ation, or both . The formation of carbonat e in the ordinar y 
processes of re gional metamorphism is dist inct from this floc)ding 
of cert ain areas with carbonat e . 

REL~TION OF THE ULTRJ1BASIC ROCI\S TO STRUCTURE 

Each of the masses of ultrabo.sic r ock in t his r egion is 
concordc:mt with the fo rmations it intr1,1des . In ot her regions similar 
concordance is characteri stic (Hess , 56, p . 639; Dr osscr and Donis , 
29 , p . 415, et al.). 

The Fl our de Lys serpentine body is a concordant , sill-lik,e 
mass t hat parallels t he general strike and dip_of the Fl eur de Lys 
gr oup. It is not , apparent ly, r el at ed t o any of the ma j or structures 
of t he peninsula, and is offs et by the 0ast-wcst fo.ults of the 
district. 

The two masses of sorpentinized peridotitc west of Baio 
Verte are essentially concordant, and occur .near the axial part of 
an irregular syncline in t ho Baio Vorte group . Scvoral small, dykc­
liko bodies of serpentine near the Tor ra Nova mine at Bai o Vertc 
aro near the axis of the same syncline . All t he masses arc cut by 
l at er faults . 

The serpentinizod and st eatitized peridotito on tho peninsula 
between Baio Verte and Mi ngs Bight may possibly be an inclusion in a 
l argo met a- cliorite sill . The few strikes available in the adjacent 
gr oen8tone indicate t hat it is a concordant intrusi on . 
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Tho eastcrri and wes~crn margins of the iVlings Bi ght mass 
par allel t ho gene ral trond of th0 Baio Verte and Mings Bi ght rocks . 
The wust ern end of its southern boundar y is a series of interfingoring 
l obes most of which -are concor dant with t he trend of t he f ornat i ons . 
Tho east orn part is mor e complex. Her o the mass has boon intruded by 
met a- di orito, and i ts eastern boundary is appar ently a f ault . The 
alinemont of clots of magneti t o in t he ser pm1tine , : mentioned abovG, 
i s par allel wit h the boundaries of tho-.-mass , and· furt her suggests 
that t ho · intrusion ·is concor dant. This l arge mass occurs near t he 
axi al zone of an irregular. syncline in the Baio VertG gr oup. The 
small RGd Cliffs ser pent i nized poridotite mass is not f ar from t hG 
axial part of an anticline in tho Mings Bight gr oup . It may, however, 
be an apophysis of a larger mass that once bccupiGd Mings -Bight and 
that was continuous with the Mi ngs Bight mass . 

The long, arcuat o, ser pentine bolt in the Tilt Cove- Betts 
Cove r c)gion is for thG' most part a concord13-r:it intrusion. Tho ultra­

. basic r ocks vmr e intruded. along the boundary between the tightly 
folded Snooks Arm group on the _south and east, andthG·Cape St . John 
gr oup on the riort h and west. Toward its southorn end, however , the 
sorpcmtine bGlt sw:i,ngs a9ross tho belt of grnGnstones near the 
boundary of the Snooks Ar IP: and Ni ppGrs Harbour g·roups , and may 
follow a maj or fault •. 

.. 

AGE 

Snelgrove consider ed t hat the peridotites and pyroxenites 
of tho serpentine be],t of t ho Botts CovG-Tilt Covo aroa wer e part of 
t he sane cycle of i gneous action as wero the ot he r intrusions of the 
r Ggi on (83, pp . 10- lS) . Ho classified the whole compl ex a s of 
Acadi an age , but adduced no evidGnco either for t he gr ouping t ogot hGr 
of . the various intrusive r ockp or f or the assi grm1ent of an Acadian 
age . By analogy -with the siEd.lar r egional geol ogy of thG East ern 
Townshi ps of Quebec (29 ) t he ultrabasic intrusive r ocks might be of 
Taconic ago . The age of tho other alter ed poridotites and pyroxenites 
in Newfoundland are al so not definit ely knovm. On tho west coast they 
aro known t o be pre- Mississi ppian, but Cooper (25) suggests t hat they 
were intruded at t he close of t he Or dovician, wher eas Inger son (59) 
sugge sts a Devonian age . 

The Baie Verte and the Snooks Arm gr oups, bot h of which ar e 
i ntruded by t he ult r abasic rocks, ar o pr obabl y of Or dovician ago . The 
serpentinized poridotitGs must, therefore , have beGn intruded i n post­
Bai e Vorto time , which could be l ato Or dovician or post- Or dovician. 
If the carbonatizat ion and steatitization of t hose r ocks wore 
accomplished by sol utions from thG main gr anitic intrusions of the 
ar ea , thG ultrabasic intrusions arG pr o- l at o Devonian in age . The 
sGrpontinized massGs have bGen involved in tho l at er mountain 
building pr ocessGs, a s they ar e tilted, faulted, and sheared heavily 
on the mar gins . It is , ther ef ore , concluded that t he ser pentinized 
u1 trabasic rocks are post-Baie Vert_e (Or dovician ) and pr o-late 
Devonian i n age . 

DIORlTE, META- DIORITE, AND META-Gil.BERO 

INTRODUCTION 

Jn t he northGaster n part of Burlingto n Peninsula, numer ous 
small dykG s , sills , and irregular masses of diorite, nmt a- diori t e , and 
met a- gabbro intrude the r ocks of thG Baio Vorte gr oup . The l ar gest 
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masses lio .west of .Baio Vo:..··~o , b-:::tvroon it and Mings Bight , and north­
oast of La Scio e Sevor~~.1 small, irrogul ri.r mnssos. a r o oxposod south 
of Nd.nc;s Bight in Jshe 'rhree Corner Pond .district.·. · · 

Most of t he i nl;rusivo bodi es aro concordant, sill-like 
nassos in general outline ~ although l oca2-ly thoir boundaries nay cut 
across tho f oliation of tho intruded groonst onos . Thay range from 
narrow; transgressing dykos to v.·elJ.-dc.finod~ wholly concordant sills. 

Tho sills coI!lll1only show ·Nell-dofinod composition banding 
or pseudostr atification., i\t some places the r ocks of this group can 
bo distingui shed only with difficulty f r om tho greenstones derived 
from the al t oration 0f lmm ±'lows;) but in mos t exposures the intrusive 
r ocks aro. noro massive and much mor e coarse e;rainod. 

LITHOLOGY 

Tho weathered surf aces of those basic r ocks aro usually 
greenish grGy~ '. On fresh sµrfa. ces , such as" those expos~d along the 
sea-cliffs northeast of ~.-·~ Scie , the rock is darker, an.cl the contained 
f eldspars stand out in sharp c ontr ast? · 

The so rocks consist of s'aussuri tized plagi oclase feldspar 
and uralitizod pyroxene or hornbl ende in about equ~l proportions. 
The plagioclase , which occurs as oubhc.Lcal laths as much as 1 inch 
long, showing al.bite and Carlsbad twinn.2.ng, commonly constitutes from 
25 t o 40 per cont . of t ho r ockr Its c o~~osition varies between albite 
and. basic andosine; at one pl<.1..~ 0 in the sill .that lies northeast of 
La Scie strongly zoned cryst n:t s h.:i.vo cores of andesirie (im38 ) and rims 
of al bi t e-oligoclaso ~.-ln12 )., The pl a gioclase is usually al terod to 
a mass of albi t o , opi dot o , zois t to, calcite, a_nd an unidcmtified 
scaly aggregat e . In most' of ti1eso· r ocks no r ecognizable pyroxene 
remains. Hornblende, ploochr0ic i n groons or blue- groens , and 
largely a product of the alteration of pyroxene , comprises 35 to 60 
per c.ont of t ho r ock; some . of it ·is lli:corod to nctinolite and chlorite . 

·. The amphibole commonly occur.s as anhodral masso~ 'that occupy the 
spaces b et ween the foldspa.r lrith9 , in a roughiy sub.:.:ophitic . 
arrangement that is somewhat ob s cur ed by late r citeration products. 
Biotite , straw-yellow t o dark olivo- crovm.l occurs in twisted lamollae 
and scattered flakes t hat c onstitute as much as 10 pe r cont of the 
rock. Lccess cr y minerals include calcite, apatite , opidot e , magnetite, 
and calcite . Introduced quartz , with strong undulatory extinction 
and rows of inclusions, was observed in one thin section. /i. zone in 
which magnetite constitutes about 30 per cent of the r ock occurs in 
the mota-di orite sill just east of Rottis Cove , near ~a Scie. Pyrite 
is abundant in s ome exposur es . 

P~.fil!.1:3-t~.!'.i.2._~a._cios 

Pegmati tic .tacios are common, and may be.st b e observed in 
the cliff exposures near Hettis Cove, east of La Scie . The c?arse ­
grnincd f acies occur as sharply defi~od~ rlv~~-~ke mass~s or irregular 
b odies with gradational contacts_, witlnn the finer facies. ;\t 
severJ place s , particularly near Rettis Cove,, crystals of . 
saussuri tized f eldspar and urali tic hor nblende a r e .. as much as 2 in~hes 
long. In some places in th e s_ci.me . r egion co~si~erable differences ~n 
grain size mark the primary bands , so that it is not uncommon to find 
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. r·e gmatitic meta-diorite . Nor , in the pegmatitic zones , is it 

uncommon to find t hat differentiation is more marked than in the 
or dinary zones , so t hat l ight-colour ed layers , which consist almost 
exclusively of saussuriti zcd plagioclase fel dspar, alternate with 
dark l ayers consisting almost entirely of coarse hornblende crystals . 
It 1.s pr obable that the boulders of pyroxenite and hornbl endit e 
observed in pl aces in this r egion ar e fragments of the dark, massive, 
hornblende-rich bands of the meta- diorite and meta- gabbro , 

ALTERA'rION 

The original pyroxenes of the meta- gabbros are almost 
everywher e uralitized to actinolitic hornblende . In the meta­
diorites, the hornblende may be altered to actinolite and chlorite . 
The f eldspars aro i nvariabl y saussuri tized, and are obscured by a 
fine- grained mass of albit e , zoisite , epidote, and an unidentified, 
fine , scaly aggr egate . In the Baie Verte region, local alt eration 
has produced a zoisite- prehnite r ock that has been described by 
Watson (100, p . 57) . Silicification occurs in some areas , and near 
the ultrabasic masses the meta-diorites and meta- gabbros are locally 
altered to carbonate and t alc. 

I NTRUSION BllECCIAS .. , 

At Rettis Cove, a swarm of dykes , veins, and more massive 
bodies of irregular outline intrude tho coarso-grainad dioritic rocks 
and form what is termed intrus ion breccias . Thei r order of intrusion 
is : dior1te , pogmatitic diorite , diorite ' aplite ', diabase) quartz­
rich.diorite , quartz porphyry, granite , gr anite aplite, and quartz 
veins. 

The diorite pegmatite s and aplites do not form breccias 
wlth the intruded. diorites . Fine-grained quartz diorite , whe,ther 
in rninute stringers or thick masses , almost invariably penetrates 
mid splits off parts of the wall~rock . 

AGE 

The basi.c intrusive rocks are younger than the . uitr.abasic 
.rocks of the r egiop. Thi s is shown conclusively at several localities 
by the occurr ence of dykes of meta-diorite intruding serpentinized 
peridotite . At the Red Cliffs on the east .side of Nti.ngs Bight, a 
dyke of alter ed diorit e about 130 f ee t wide cut·s the ultrabasic rock. 
The meta-diori te is veined by carbonate , which suggest s that the 
diorit e was intruded before the ultrabasic rock had been carbonatized 
and steatitized. A zone of aggregates of r adiating talc crystals, 
varying from 1 inch to 1 foot in thickness , commonly lie s between 
the diorite and t he unaffected scrpentinized ultrabasic rock, and is 
the r esult o! l at er alteration along a contact that aff.ordo~ ac~ f:) SS 
to rising solutions . 

The common occurrence of dykes and sills of meta-'diori te 
and mota- gabbro 1vith chill ed edges in the Baie Vorte , Snooks ·Arm; 
and Nippers Harbour groups shows that theso intrusive rocks- post-; 
date the volcanic rocks . 
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The granitic r ocks of tho r egion o.ro younger than the 
meta.:...dicirites nnd mot c:c- g.J.bbros. In t he Baio Vcrte r egion, an 
offshoot of the Burlington granite complex has altor od the mota­
diorito within its cont act zones . · At Soal Island Bight, near t he 
tip of Cape St. Johl,1, o. small raass of grani t o por phyry· has off shoots 
that cut mota-diorite. At Rcttis Covo, a complet e serie s of gr anitic 
satellite rocks intrude the iaeta-diorite. 

BURLINGTON GRANITIC ROCKS 

INTRODUCTION 

The name ' Burlington ' is hero proposed for those medium­
grained granites and granodioritcs that arc oxposod in the .southwest 
part of Burlington Peninsula and that oxtond southwc stward be:Yond 
the map-area. The actual boundary botwoon tho so rocks and the Cape 
Brule granite porphyry is not defined. 

LITHOLOGY 

The Burlington granite is generally massive, light coloured, 
and ·medium-grained, and weat hers a light colour. It is commonly 
stainec:f' gr eenish yollow where exposed on the coast, duo to the action 
of :;;'ea - ~ivater. In other pl aces a gr een colour is due to epidote . 

In hand specimens, the granite is seen to bo composed of 
white and pink feldspar, clear glassy quart z, black or dark green 
hornblende and biotito, irregular masses of brown sphone, and 
epidoto. Foliation, though uncommon, is faintly developed in places. 

In thin sections, the following minerals have been noted: 
feldspar, 50 to 65 per cont; quartz, 10 to 25 per cont; hornblende , 
5 to 15 per cent; biotito, 5 to 10 per cent; and accessory miner als, 
5 to 7 per cent. 

Etching with hydro£luoric acid and staining with sodium 
cobaltinitrite indicates that mor e than 75 per cont of the feldspar 
is potassic, and l ar gely orthoclase, but some microcline was noted. 
Plagioclase is albite, An7 to An12' and is not prominently zoned. 
Quartz occurs in irregular interstitial masses, and in places shows 
undulatory extinction. Swarms of needle-like inclusions of rutile (?) 
occur in the quartz of some specimens. Hornblende occurs through 
the rocks as subho~rnl masse s ns much as 3 ITLm . long. Biotite 
occurs in clumps and aggr egates up to 2 mm. in length. It is commonly 
partly aJ.tered to chloritc , and in such places contains abundant 
magnetite in fissures and along the cleavage lines. Inclusions of 
zircon arc commonly surrounded by ploochroic haloes. Abundant, 
needle-like inclusions (possibly rutile) are arranged along two 
crystallographic directions in the biotite ' masses. In places, 
alteration of the . f eldspars has producod a scaly aggregate in which 
some sericite is r ecognizable. · 

Various facies of the batholith have differ~nt compositions, 
and granite, biotito granite, hornblende granite, granodiorite, and 
quartz diorite have been r ecognized. The great bulk of the mass, 
however, is granite as described above. 
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RELATION TO INTRUD:CD ROCKS 

The general trend of the lmovm part of the outlines of 
the Burlington granite complex indicates that it qonforms in 
shape to the general northeast ·_ structural trend- in the 
peninsula, al though many small apophy,ses and · offs!l;ob'ts of the 
main mass cut indiscriminately across the structural trend of the 
intruded rocks. The small -~Jen:i,nsula between Stocking a'.rid 
Burlington F..arbours is about .ha.'lf underlain by a1.tered volcanic 
rocks of the Nippers Harbour group and about half by intrusive 
rocks, which a re largely granite but include many dykes of 
diabase, aplite , lamprophyre , diorite,_ fine felsic rocks, and 
rhyolite. The northwesterri ·b-ouridary ·or --the·:·-granite complex 
conforms to the general trend of the greenstones of the area, 
though many minor masses of granite occur interfingered with 
the greenstones . The Burlington granitic complex is, consequently, 
considered to be mainly concordant, with lllinor 'ap-ophyses that 
may be either concordant or disc,o;cdant . _- __ : · :!'~ 1

1
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INCLUSIONS .-/.:_ 

Inclusions are uncommon -in the main body of Burlington 
granite . In some of the small offs11oots , however , as for 
exa.mple along the shore between Burlington and_ Stocking }~rbours, 
inclusions may COlirprise as mµch as SQ per cent of the rock, and 
the mass has the appearance of a :breccia. · 'The inclusions are 
mairtly of the adjacent, pre- granitic . rocks, but·; in one outcrop east 
of Garden Cove several inclusions of pink granite- gneiss-, of a 
type common in f recambrian areas and unknown in p~ce on this 
peninsula, were observe_d . These -may be '-fragments of the basement 
complex brought up from depth during intrusion, and thus may 
indicate the nature of the basement in this district. 

STRUCTURE - ' .. ·. 

The foliation in the interior of the Burlington granitic 
mass is not mapped . Hhere observed , it appeared to :'strike north­
east , except in the r egion south -of Burlington _where the general 
trend is about north 80 degrees west. The mqst prominent set of 
·joints in the latter area parallGls this foliation , which dips 
steeply to the north. In the interior of the mass little indication 
of foliation was ob~erved , but thin sections ·-indicate a slight 
preferred orientation. In many of the small ma·sses cutting the 
greenstones , f olia tio~ :Parallels the contacts , though in most - . , , 
outcrops it is.only .:faintly. deyeloped . · 

. ' -
-pTI·IBR llOCK TYPES .... l. 
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-Along the coast of Notre Da_rn:e 'Bay from R0uge Harbour , _, 
s outhward-. to th~ -southernmost limit of mapping,' at t 'lie mouth .:-Of 
the Southwest Arm of Green Bay, a co111plex of iritrnsive ·~rocks is _ , 
associated with those of the Burlingtoii·granite complex • . The order 
of intrusion of the dykes and small'ifttrti~ive masses appears "j;o -be 
as follows, beginning .with . th~ , ~ldes~ : (1) gabbro, pyroxenite, 
and peridotite; _ (2) d:Lorit~ ; l·J ( 3) granodiorite; ( 4)'. granite and 
quartz-rich vari€ties , of g·ranite ; _ (5 ) rhyolite porphyry series; . 
(6) aplites; (7) peg:inatit~s; · (8) diabase; and (9) lanrprophyres • 

..; .! ~ 
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Gabbro, Pyroxene, and Peridotite 

Sm:i.11 dykes and masses of these rocks, which are similar 
to t hose described elsewhere in this report , are exposed along 
the shore of Notre Dalile Bay, particularly just north of Stocking 
Harbour. Some of these small masses have been serpentinized. 

Diorite 

Diorite occurs in sills and small dykes, cutting the rocks 
of the Nippers Harbour group . It is a greyish green rock composed 
largely of white plagioclase feldspar _(An38) with a small amount 
of chloritized hornblende. It is similar to the altered diorites 
of the !Vd.ngs Bight- Baie Verte district, which were previously 
described. · . : !: L~ 

Granodiorite, Granite, and Quartz-rich Granite 
. . 

These are part of the main mass of the complex which has 
already been described in detail. They occur comnionly as dykes and 
small stocks without chilled margins. 

• ·i 

RhjY0.lite and Rhyolite .Porphyry 

A variety of redc1-ish or brownish, fine-gra-ined, i ntrusive 
rocks occur in dykes arid irregular stock-.like nasses from a · few feet 
wide . to half a square mile in area. They cut all.the rocks of the 
region except the minor dykes . The rocks of thi;s . c1as.s, which are 
common at, and near, Burlington, are usually conspicuous owing to 
their bright pink colour. 

The fine- graineq. texture of these rocks indica tes 
emplacement at shallow depths~ Some masses contain calcite-filled 
a_mygdules.· . Gra,in siz:e varies from those with •tiny phenocrysts barely 
visible to the naked eye to others that are ·ei:itirely cryptocrystalline. 
Coars~r types resembl e the porphyries of .the ~Jippers Harbour district 
i n that they show partly resorbed phenocrysts of. quartz, or.thoclase 
feldspar, and albite in a .1.ine- grained, reddish groundJnass. 

North of Burlington and near Middle Arm, some of . the 
rhyolitic rocks have the appearance of flows. Reconnaissance indicates 
that there is a gradation from porphyries -containing · abundant 
phe.l!locrysts and not conspicuously banded to very .fine- grained, ·reddish 
and bro-WUish rocks with no phenocrysts and .showing- conspicuous: .. flow 
bands • . . 'l'he rock commo.nly sp;Li ts easily parc,i.l)..el with these. bands, and 
th~ fapt that no intrusiv:e relations. between the banded~ flow-like rock 
aT).d _t,q.e intrusive porphyries were observed su,c;gests the ·possibility 
that the former represent flow equivalents of the intrusions.· ,S-bme of 
the fine- grained rhyolites in Cape St . John Peni .ns).lla possibly · 
r epresent the intrusive equivalents of t he rhyolite masses that are 
Y-.nown to be flows in t hat area. More detailed field work in both 
these areas will be necessary before definite conclusions regarding 
the rela~ions of these rocks . can be ,drawn. . :-:1• 

Aplites 

Very fine-grained, light pink dykes, wit h visible feldspar 
crystals, are t entativel y termed aplites. Some of them carry small 
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i nclusions of":thc ad jacent iritruded rocks. Pyrite i s common as 
small i rregul ar rnAsses a nd . cubes. 

Pegmatites 

On a small point so1.1:thw·est of Stocking Harbour, several 
small .pegmatite dykes wer e observed. They are composed of quartz, 
orthoClase f ·eldspar, a l bite, muscovite, and clusters of garnets. 
The average gra:in size i s not more than 2 inches. 

.[ \ : 

Diabase Dykes 

Diabase dykes are not conunon as part of the Burlington 
granite comple)\: except in. a sma:)._l area .~ongA;.h~-i ehore of Notre 
Dame Bay between Rouge · Ha;rbom:.- ·cirtd'. .Niiddie Ariii. ;· ·where they are 
abundant. The dykes , all of which are nearly vertical, show a 
marked parellelism, and trend north 35 to 60 degrees east throughout 
the district. , · · r 

In hand specimens, the diabase is a compact, fine-grained 
rock of fresh appearance.. In thin section, it is seen to consist of 
plagioclase feldspar ·a:nd augite , with sub-ophltic texture. The 
plagioclase feldspar laths. ,are strongly zoned, · ranging from basic 
_andesine (An44) in the co:r.e s .. :t p intermediate olig.Ocla se (An1·8) on 
the :r~. Tne pyroxene is pig~onitic augite (2V=45°). Alteration 
.hci.s 'produced abundant fibrous actinolite, , chlorite , small amounts 
of calcite, -and a fine- grained , undetermined, scaly ~ggregate in 
the feldspars. The accessory minerals include slender rods of 
apatite, small subhedral grains of magnetite, dark brown biotite, 
and . :small grains ~f ep:j_c1.ote. 

- 1 • 

I.amprophyre Dykes 
~; . . .,. : . 

. ~ . .' ~ '. . ,- .. 
. Tl1e youngest, ;i..ntrus i ve ropks '.of t he Burlington gtani te complex are 

. lamproph~rre . dylrns, which are especially abundant between Std>cking H:lrbour 
and :LiHe entrance to Burlington H:i.rbour. On weathered surfaces, they 
are . light b.rown. Feldspar crystals, which are more resistant to 
weat.hering th.an th~ other constituents of the rock, are etched out on 
weathered surfaces and appear as a tangled aggr egate of grey .. brovm 
fibres. ' 

·j· 

.,, The rock::? are composed of euhedral phenocrysts . of. augite, 
and some. hornblende in a groundmass of lat~like · micralites ~ 
piagioclase feldspar, with abundant accessory minerals and considerable 
chlorite. Augite (extinction angle, 510) ocoUJ;'s in clear, colourless, 
octagonal prisms up to 9 mm. in. length. Most of the augite crystals 
show ~trong zoning, and some are twinned. Common hornblende occurs 
through. the rock as euhedral and.subhedral grains, usually smaller 
than. the augite, but up to 3 mm. in length. The augite comprises 
about 40 per cent of ~he rock and the hornblende about 20 per cent. 

Feldspar microlites (An38 to An40) constitute most of the 
ground.mass. They display no regular .. pattern except, in a few places, 
a faintly developed trachytic flow. structure. Accessory minerals 
include . . epidote , m,agnetite in irr.egular masses, chlorite as an 
al tel'.'a t1on product' of t .he rnafic minerals, serici te, calcite, and a 
fine, scaly alteration product of the feldspars. 
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CAEE BRUJ~G GB.1\.NITE 

The name 1 Cape Brule granit e ' is !1ere proposed for a JJJCl,s s 
of medium-gra ined porphyriti c granite t hat occupies at least 75 
square miles in t he northeast part of Burlington Peninsulil, ~ 

Snelgrove proposed the terltl 1Burtons Pond granite porphyryi f or a 
small part of ·the mass included in the extreme southwest part of 
his Betts Cove- Tilt Cove e.·:oa (83 ) ,.. However } it i s f elt that the 
new name is better, as the gr anite is not exposed at Burtons Pond; 
the e:iq:Josures nearest to Burtons Pond are not readily accessible; 
and rock more t ypical of the whol e i s exposed at Cape Brul e and f or 
about 2t miles along the coast~ 

The Cape Brul e granite is part of an .intrusive complex 
that extends f rom the nor t her n part of the peninsula for at least 
40 miles to the southwest; and possibly farther to join the granite 
batholiths of central Newfoundland . The granite body is irregul ar 
in outline and is about 10 miles long by 10 mil es wideo It is 
bounded on t he north, northeast , east , and southea :::rC. by older 
volcanic and sedimentary rocks and on .the southwest by ether rocks 
of the intrusive complex . 

LI THOLOGY 

The Cape Brul e granite is disti nctive , and composed of 
.cloudy grey eyes of quartz and phenocrysts of feldspar, which 
average 3 mm. in diameter, f:et in a fine- grained greyish g::.·oundmass~ 

It weathers light r::;r ey, and the phenocrysts stand out in relief 
on the surface . Gneissic t.~:.1dir;,g is prominent in s oFJ.e pl-"ces near 
t he contacts , and has been observed as much as l mile from them .. 

Thin sections show that the phenocrysts of quartz and 
.fel dspar ar e embedded in a fine - g1·ained groundmass of qnartz , 
f el dspar, chlori t e , epidote, and calcite, and are gene:cally cmbayed 
by t he minerals of the groundJnass . The quartz grains are clear, 
euhedral ·cryst als , which average about. 2 1.TIJrL, in length and seldcm 
exceed .3. 5 mm. Strain shadows are not marked. Occa slonal tL'ai ns 
of minute, unidentifi ed inclusions were observed. Phenocrysts of 
orthoclase are about the same size as those of quartz. Carlsbad 
t winning is prominent. I iicrocl ine phenocrysts ,• showi ng fine 
grating structure , occur sparingl y throufh the rock e Al bite 
phenocrysts (An7_10) showing good polysynthetic twinni ng are rare • 

.. s Embayment of crysra.Ls that were formerl y euhedral has produced very 
· irregular outlines in some cases . Most of the feldspar phenocrysts 

are altered to a scaly a ggregate containing some r ecognizable 
sericite and calcite. 

The average grain size in the groundmass is 0$05 to O~lO 
nun. in most specimens , but may be 0.25 mm. Chlorite arid altered biotite 
form small wisps and flakes in. the groundmass , and vary in amou~.+, f rom 
a trace to 10 per cent, and seri cite and calcite repl ace t he groundmass 
as well as the phenocrysts ~ Epidote and calcite a.re espec:i..::i.lly 
abundant in the border f acies . 

Accessory .miner als include magnetite , in well-developed 
octahedr a and i r r egular patches; some zircon, giving pleochroic 
hp.loes to biotite and ch1.orite ; muscovH.P, in irregul ar wisps and 
patches; and apatite and an imirl"'·,bilied b:-own accessory mineral,, 
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which occurs rarely. This last mineral is one of high relief, with 
brown to almost opaque pleochroism, absorption greatest where the 
long axis is parallel with the polarizer, and with a birefringence 
not greater than low second order; it is uniaxial and negative. 

MARGINAL FACIES 

A distinctive marginal fa'cies has been noted near the 
boundaries of ~e Cape Brule granite at many ' lo'calities, and is 
characterized by 'eyes• of cloudy, grey quartz in a strongly foliated, 
sericitic ground.mass. The texture of this marginal granite is almost 
completely metamorphic. A mosaic texture is displayed by masses of 

. serrate-edged quartz crystals in the groundmass . · The marked foliation, 
produced by elongated shreds of muscovite and bfotite and by 
lenticular aggregates of quartz with minor albite, 1flows ' around the 
large quartz 'eyes', which probably were originally phenocrysts. It 
is apparent, from the lack of cataclastic structures and the 
parallelism between the foliation and the margins of the .granite, that 
shearing took _place during the cooling stages of the granite . 

. "In thin section, quartz, which occurs both as grains up to 
2 mm. long, and in much smaller grains ns part of the groundm:i.i~ 
mosaic, comprises about 60 per cent of the rock. Biotite, whicn is 
pleochroic in straw-yellow to da_rk brown colours, occurs as 
irregular wisps, with dense pleochroic haloes around minute inclusions 
of zircon. Albite, which rarely shows polysynthetic twinning, occurs in 
crystals scattered th.rough the rock as part of the ground.mass 
aggregate. Calcite occurs in interstitial masses up to 2 mm. across, 
and rarely as minute veinlets. Accessory minerals include epidote, 
apatite, opaques, zircon, and a fine scaly aggregate of alteration 
products. · 

RELATION TO INTRUDED IlOCKS 

Inclusions of intruded rock are common near margins of the 
Cape ·Brule granite. From Pacquet Harb.our to the Rambler ·d.istrict 
the marginal facies zones of the granite carry many inclusions of 
Baie Verte volcanic rocks. In the Confusion Bay area, inclusions 
are so plentiful that the rock resembles a volcanic ·breccia. Some 
of the inclusions are large and may possibly be roof pendants ; 
the largest noted. had an area of about i squar'e mile and lay east 
of Beaver Pond. 

The dip of the contact between the granite 'and the·, :itrira.ded 
rocks is variable: at Gooseberry Cove, 4 miles southeast of Pacquet, 
a vertical contact is visible; from the Beaver Pond district 
westward toward the Rambler mine the contact dips gentl y towa.rd the 
north; and in the Cape Brule region the dip is steep to the west. 

The numerous inclusions and roof pendants , the various 
angles of dip of the contact, the fine-grained facies in certain 
areas such as south Qf Confusion Bay, and the many small stocks and 
bosses of granite porphyry intrusive into the older rocks of .the 
district along the margins of the mass , all suggest that the batholith 
is not deeply eroded. 

Foliation and lineation are marked in the marginal fac:Les 
of the Brul~ granite in most · places, and are more prominent on the 
northern and western side.s than on the eastern and southern sides. 
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The foliation commonly parallels the boundaries of the mass ancl. the 
t rend of · the rocks . i n the adjacent formations , suggestine, that the 
batholith was intruded during the. last stages of a period. of 
:4olding affecting the volcanic and. secUmentary rocJcs· of t he district. 

STOCKS AND BOSSES 

Numer ous smal~ masses of 6ranite porphyry bearing some 
reser11blance to the main mass, occur throughout the map-area. They 
may be divided i nto two classes; those that contain much sericite 
in the groundmass and in which the f oliation is more pronounced than 
it is in the main mass ; and t hose in which the phenocrysts are l a r ger 
t~n in the rock of the main batholith and are set in a dense , 
fine-grained,reddish broundmass. 

Small masses of granite porphy:cy intruding the rocks of the 
Cape St . John and Dai e Verte groups in the I.a Scie district are 
similar to t he rocks of the main mass of the Cape Brule granite, 
except for a greater degree of sericitization of the groundmass . 
Phenocrysts of feldspar and cloudy grey quartz are set in the 
markedly foliated sericite-rich ground.mass. Inclusions of the invaded 
rocks are very cowmon in some places , and are usually elongated in 
the plane of foliation. Fragments of greenstone are commonly 
chloritized. 

A series of -small, concordant mas ses of medium-grained 
granite porphyry occur along a line joining Nippers Harbour to 
Stocking Harbour. Clear, euhedral quartz crystals up to 5 mm. long 
are corroded on the edges and deeply embayed along cracks and 
irrer;ular channels. All gradations were observed from euhedral 
crystals with good boundaries to shapeless , octopus-like masses. 
Inclusions in the quartz are common. In some of the fluid inclusions, 
minute bubbles were observed to be in constant motion. Euhedral 
crystals of orthoclase fel dspar up to 12 mm. long and commonly 
showing Carlsbad t winning , are all altered to a scaly aggregate in 
which sericite, epidote , and carbonate can be recognized. Albite 
occurs as altered, polysynthetically t winned crystals, and few 
large microcline :crystals were observed. I.ate-stage .. alb~tization 
of the potassic feldspars is COllUJ!.on. =·\frmekite was!. o'bs.erved in 
some thin sections . Quartz phenocrysts in some p},aces show 
perli tic cracks and a banding due to inversion fr.am beta-quartz to 
alpha-quartz , which suggests t h..at the temperature of · consolidation 
was above 57s0 c. The ground.mass is fine-grained , and consists of 
quartz and feldspar, 1fr:Lth rare rn.agnetite, chlorite , and epidote. 
The average grains size is O~l t o 0. 2 mni~·. .:J:rregular clumps of 
chlorite , with magne t ite and. · epidote , rrµiy ·indicate the fo:cmer 
presence of mafic minerals. A minute ·veinlet of chlorite, epidote, 
magnetite , and some muscovite was observed in one thin section. 

Several dykes of greyish gra~ite P,orphyry cu,t : ga:;e13nstones 
on t he shore between I.a ·Scie and Seal Island Bight. SimUa:r. dykes 
intrude rocks of the Cape St . John group between the nsir:thwest side 
of Seal Island Bight and·· Middle Bill. ' In · hand _. spe.c:iJ!lens, eq~uidimensional 
phenocrysts of white fe l dspar and grains of"clear quartz., averaging 
about 2 mm. in diameter, visibly make up about 70 per cent of the 
rock. Pyrite occurs uniformly distributed through it . In thin 
section, the phenocrysts are seen to be strongly ,e!Ji'bayeq , _a.nQ. the 
feldspars, which are mostly orthoclase but incl\ide ~oine .. alqite (An8), 
are, in addition,. altered to a very fine-grained . <?-gg:f.egc;i.te,; ·'\"l:hich 
is white in reflected light and probably accou,nts for -the :m:i.,.1.Jcy 
white colour in hand specimens . The strong odour of the . rocks 
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SU6Gests t hat the alterati on is t o kaolin in part. Aggregates of 
minute reddish unidentii'ied spots (probabl y hernatite ) occur in some 
places. .The gr ound.mass of t hese · dykes is finer grained than the 
a ver age for t hat of the other types of porphyry, being less than 
o.os mm. Chlorite i s common in the groundmass , and its parallel 
arrangement shows the strong fol i ation in t he rock. Pyri te occurs 
a s rnas ses of i rregular outlines, and is usually associa t ed with 
zones ric J.1 in chlori te . · 

In one reddish quartz-orthoclase . por phyry near Red Cliff 
Pond, clouds of minute specks of hernat i te . 6ccur t hroughout the r ock. 
The abundant hematite may .hav~ originat ed';:as a result of resorption 
of mafic minerals .in the nianner described by Ba i n (5, Pe 379) . 

m:mAHAGON GRANITE 

I NTRODUCT ION 
..... ·' 

The name ' Dunarnagon granite I is he:l'.'.e;::propos~d for the 
sto~ck of medium:..gr ained pinl-i: granite and its satellitiQ,- bodies, 

·· which together occupy ·an area of about 9 square miles , _ and lie between 
Pacquet Ha:cbour and the head of lungs Biglit. The granite mass stands 
O\)-t ab,ove . the surround ing countr y as an irregular highland . The 

> ~id5es are largely bare rock, and l arge accumulations of granite 
boulders occupy many of the depressions . 

The rock has a .characteris tic pink cqlour and a granitic 
. te:>;:ture . In many place s ·it is. foliated . Usually the colour is 
unchanged by weatherinc; ,- exc13pt in a few places where the rock is 
bleached a pure white t .o a depth .of about l i nch . Weatheri ng has 
produc~d a , rough c;ranular surface on mo,s t 8 ' outcrops ; thus no 
gl ac i a l . stria e are pre ~erved . · · 

LITHOLOGY 
. L. • ~ . 

.... .. , ..... 
'· '· 

!he gr ani te is . rn::>t · uniform in texture or ~omposi tion. 
Feldspars may varY, from .5 mni. in le~gth :to .a9 much as 15 imn.; the 

. groundJiia.ss j s c'omposed of f ine- gr a i ned quartz ·,!=1-Dci fel~spar, with 
no rnafic minerals;' whe;rea s . in ' other.s . bioti~:~ .. TvaY· .consti tu:te as rrruch 
as 20 per cent o.:f · t .he ro.clc ; and .f o;L.iatipn JIJ?.Y be .~rked , · ·or a l most 
l~cldng . · · · · 

... The . follo~ing essential .minerals , ~:re seen .to occur in thin 
· Sections! rniorocline and orthcclase, 40 to 60 pel,' :· Cent;. ,quartz, 
25 to 40 per cent; bio~i te ' ?, • to, 20 . per cen:f;.; and -.alb;Lte ·, 3 to 10 
per cent. . . ., 

:f.'{. ' . 

Quartz ,accurs in aggrega~ces of irregular,ly interlocking 
grains, ·which shmv- conspicuous Boehm larnellae a nd undula tory 
extinction. . Tra ins of inclusions , some of them · liquid and some of 
a n unidentif ietl ,dark nU:ner a l :f.n dust-like particles, OC CUJ.". Clilrn.monly 
in some specimens. The qV;a:rt~ is interstitial to . the . large feldspar 
grains • . 

Eic.rocline crystals .as much as i inch.in length and of 
irregular 9utline commorily show characteristic griq tl'{inning on a 
fine'scale • . Albit e (An7_10 ) occurs as minor) smal1J'.c rystals. 
Alter a tion of t he feldspars bas produced a sqaly ,agg.regate in which 
sericite and epidote are r ecognizable . Perthitic interg~0;wths 
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. arc common, and tcar-t~_rop irrt.ercr o1rvi}1s of myrmeldte were observed 
i n some thin sections . Fis ;mr(rn in the l arge feldspar crystal s 
are commonly filled Vii th secondar:{ al bite . 

;3ioti te occurs jn cll~mp s and l 'a tches , which a re attenuated 
paral lel. vrith t lic fo l iation , anrl character istically s hows many 
pl eoch .. Toic haloes . Apatite and t:i..tanite are common a ccessory 
minera l s , and arc almos t always a s socia'-t:ed wi t h biotite . }!filch of 
the b iotite i s partl y alt ei·ed to chl orite , and the l a t ter also 
occur s scatt er ed t hr ough t he rock as irregular wi sps arn;i shr eds. 

Occasional patches . of a b r ov.mi sh, gel-+ike material we r e 
observed i n t hin sec t ions , and probabl y r epr esent a n i ron oxi de. 
Magne t i t e occurs a s well-crystallj_zed octahedra, and as abundant 
irre;u lar masses appa rentl y developed during t he alt era tion of 
biotite to chl or ite . 

STRUCTUHE 

Foliation is ) r omi ncnt a t many places in th_e Dunamagon 
granite mass , and is faintly developed in at .hers; it bears no 
r elat i on to the pr oximity of bounda ries , .but may be as common in 
the mi ddl e parts of the mass as near its c_ont a cts. Nor does it 
ever yvv-here par allel the conta cts of t he ba tholith, some observations 
on t he southern and we s tern b oundaries indicating that t he f olia tion 
i s at an angle t o the trend of t he contacts . · Before a~lequately 
discussing the gener al pat tel'n of the f oliation a mu~h mor e detailed 
s tudy of the rnass Tmul cl be ne cessary. 

... 

-Foliati9n is riB:cked in thin sections of .t he. igr a ni te by t he 
parallel arr.::tngeiacri-t ' :of the mafic L1i nerals , such a.s ·biotite and 
chlorito ; by t he d irections of el ongation of the blebs in t he i nt er­
growths ; and by .t he dire c t ions of the tra i ns of . inc],.usions i n the 
qua rtz grai ns . 

Jointing i n the Grani te i s irregul ar . One. set of prominent 
joint s i s nearly para l lel vV"it h "the surf ace , wher eas. steep dips and 
irregul a r strikes a r e char act eristic of others. 

The· b oundaries of the DUnarnagon gr anite gene~ally parallel 
t he trend of the intruded f ormations . The north .and west contacts 
of t he gr ani te fol low closel y the bedding of t he Mii:igs Bi ght group; 
the southeast side f ollows t liat of the Ba ie Verte group; and the 
southwest ·end appear s to lie in the axis of a n anticline·· tha t pl ung,e s 
to t he sbut hwest a t about 40 degr ees. 

The Dunamagon granite i s believed to be a correlative of 
t he Cape Brule grani te . Both gr a ni t e s post-da te .the main f olding 
of t he Bai e Verte rocks , and bot h a re largel y conc_orqant wi th • the 
struct t> .. r e s of the for mations · t hey · invade~ .. They are . of generally 
s :iJnilar miner a l compos i tions , and no other petrographic evidence 
suggests t hat t hey a r e of 'wi dely diff e r ent a ges. , ' 

GilAlHTE N:ZitR 1 ' ANSE OF PAlW I 

A small, satellitic body of the Dun<?-ma gon granite, ab out ! 
mile wi de and a lit tle more tha n 1 mile long, outcrops in the steep 
hills on. t he ea s t side of , Hings BJ.;t~ht, north of 1 t Anse of Pardi. It 
is similar in all r e spects to the main mass of the Dunamagon · 
granite described above , except that i t i s :r.iner ·in grain. Dykes 
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of the granite , which show no chilling and no effects on the 
wall-rocks, are m,"posed on the shore of I.lines Bight about ~ mile 
north of 1 r Anse of Pardi. 

GRANITE AT PARTRJIJGE POINT 

Granite occurs at the tip of Partridge Point as a dyke-like 
mass , about 1 mile long, with numerous dykes and offshoots. Micro­
cline is the most abundant f eldspar, with minor amounts of sodic 
plagioclase . Quartz and muscovite ar e the other essential minerals, 
and t_;arnet is t he most common accessory mineral. Granitic pe gmatites 
and ai1lites intrude both the r;rani te and the ad ja cent older rocks. 

PEGl:IA.TITE DYKES AND SILLS 

Numerous pegmatite dykes and sills occur in a zone l i­
miles vri de that extends northwest from Pacquet to Cape Hat. The 
dykes are as much as 20 feet wide and 0,000 fe et long, but generally 
are much smaller. · They are largely concordant with the forr.iations 
they intrude , but crosscutting dykes are not rare. Only the largest 
are shovm on t he map. · 

These peginatitcs are composed largel y of feldspar and 
quartz, vdth minor muscovite and bi otite , and accessory garnet, 
smoky quartz, and tourmaline . The composition of the dykes varies 
considerably, and gradations exist from those of nearl y pure 
feldspar to t hose that coul d be termed quartz vei ns • . The feldspar 
is orthoclase, microcline , al bite , and ix;rthite, and r;rapbic 
intergrowths of quartz and orthoclase were observed in some of t he 
smallest dykes of this region. Although cor.rrnonly distributed 
uniformly, biotite has been noted in crystals.up t o 6 inches across 
and may form as much as 30 per cent of the rock. Greenish muscovite 
occurs in some dyke's as crystals f r om 1 inch to 3 inches · across. Host 

· of the .quartz is .of t he milky variety, but gl assy and smoky V<lrieties 
also occur. . 

On the southeast side of Handy Harbour, a pegmatite dyke 
from 8 to 15 fe et wide i s exposed on a small point. This dyke 
contains fragments of the i ntr uded r ocks in which foliation i s 
parallel with that of t he adjacent wall-rock gneisses . This may .be 
taken to indicate that t he intrusion of the dykes took place after 
the principal period of· folding of the i;iings Bi ght group. 

A mass of pegmatite of irregular outline is exposed on the 
north side of H:tndy Harbour, a nd varies in width from 40 feet near 
the s hore to 10 fe e·t inland, where it splits into several narrow 
offshoots• In mineral composition it is essentially microcline and 
perthite with imiscovite and some garnet. The f eldspars may be as 
much as 2 feet long. The body cuts indiscr:iininately across the 
gneisses and has litt l e visible effect on the wall-rock. It carries 
fragments of the adjacent gneisses whose foliation is parallel 1~ith 
that of the wall~rock. 

An irregular ni.ass of pegmatite outcrops about ~~ mile south 
of Teakettle Cove. · The mass is about 1 1 800 feet long and varies in 
width from 2 feet at t he inland end to about 100 feet near the shore. 
This body was mentioned by Snelt;rove (82) as a possible source of 
f el~spar. It is of further interest i nasmuch as a pocket of tourmaline 
crystals was observed in it near its seaward extremity. 
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The peg:mati.te dykes are considered to be r el ated t o the 
Dunamagon. granite . Their mineral composition - mostly pink 
microcline and orthoclase , quartz , and minor e.lbite and .micas - is 
ver y similar to tl12.t of the granite , and t heir occu:rr ence ·as near 
as 500 feet to the granite cont act also suggests a genetic relation. 

GHAHITE DYKES 

At several localities north oi' the Dunamagon granite , 
fine- gr ained , lic;ht-coloured ·dykes composed of f eldspar, quartz , 
and accessory dar k minen.ls intrude t he rocks of the Mings Bight 
group . The largest of t hese with a maximum width of 30 feet , is 
on the shore about i mile southcast of Teakettle Cove , wher e it 
i ntrudes t lle 1~ings Bight gnei sses irregularly. Another similar body, 
about 30 feet wide and 1 , 000 feet lonG, is exposed about 3,000 feet 
northwest of Pacquet. 

These rocks are pinlc on fresh surfaces, and weather to a 
neutral gr ey. The average grain size is l ess than 1 mm. In thin 
section, albito (An8_ll) constitut es about 30 per cent of the rock. 
Carlsbad twins of orthoclase are common. The feldspar crystals 
are r epl ete with swarms of minute ,. unidentified, opaque inclusions, 
which are conunonly irregular and rarel y rod- shaped. Bent lamellae 
were observed on one al bite crystal. Quartz , which constitutes 
about 20 per cent of the rock, occurs as interstitial masses of 
irr.cgular outline , without strain shadows or Boehm l amellae , and 
witl1 irregular i nclusions . Calcite forms 15 t o 20 per cent of the 
rock, and occurs as irregular interstitial patches and as small 
veinlets cutting i t . i.fagnet ite and apatite are abundant accessory 
niinerals . hinute sl:r cds and flakes of , chlorite and some epi dote 
wer 8 observed . 

RELATIONS OF THE GRAIJIT I C INTRUSIONS 

Though no positive proof can be offered , it i s suggested 
that the various granitic intrusions on Burlington Peninsula are 
the r esult of progressive differentiation from a singl e igneous 
source . The Cape Brul e gr anite porphyry, wi~h its abundant 
orthoclase phenocrysts and sericitic groundmass , repr esents a 
stage beyond that of the rrain mass of Burli ngton gr anite that extends 
far south of the l imits of mapping t o join the main bat holiths of 
cei1tr a l l'Tevvf' oundl and . The Dunaw.agon granite and the Partridge 
granit~ , rich in potassic f eldspar and poor i n mafic mi ner als , are 
the r~s;ults of still further dj]fe.renti ation, and the pegmatites 
and aplites of the northern parts of the peninsula are the end 
products of the process . The general distribution of these r ocks , 
with progressive diffeTentiati on towards the northeast , suggests 
that intrusion was from the southwest ,. 

QUARTZ vEINS A1ND SILICIFICATION 

Quartz veins are connnon in the rocks of the Burlingl{on 
Peninsula . The f ollowing types are r eco:?;nized: 

(1) Quartz-sericite-magnetite ·veins , usually related to apophyses 
of the Cape Brule granite. ' 

.(?) Quartz-pyrite-chalcop:yrite veins, which are c-ommon in some areas 
,, 
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close to the main granite mass or near small stocks. The 
sulphides are usually more abundant near the walls of the 
veins. These veins are the only ones in the district 
that carry minerals of economic importance , both copper 
and gold being present. · 

(3) Quartz-fucheite veins were found (78, p. 23) in some of the 
oarbonatized greenstones near the ultrabasic bodies in the 
Three Corner Pond area. Fuchsite occurs both in the quartz 
veins and in the adjacent wall-rock. These ve~ns were noted 
only in the region south of l!Iings Bight, where abundant 
ultra'basic rocks occur. It is suggest ed that t he chromium 
in the fuchsite may have been derived from the chromite 
that o'Ccurs as an accessory mineral in 't he ultrabasic ' 
irlt'.ntsfve rocks. 

(4) Quartz-carbonate veins, usually without sulphides, are very 
common in the greenstones of the area. Epi dote cormnonly 
accompanies them. They are also found in the ultrabasic 
rocks • . 

·· ( 5) Large·, barren .replacement s , such as one Qvi the easte:cn side 
of Mings Bight~ cohsfst of massive quar:.'2'., gr ading outward 
into the adja'cent gneisses ·and s chistso 

(6) Clear, glassy quartz vein·s occur cormnonly in .the granites. 

Most of the quartz veins of the district are undoubtedly 
related to the intrusion of . t~1e grani te inasses . Not only are thE;ly 
more abundant near the contac,ts of these masses ' but they cormnonly 
occur 11tithin them. Markedly silicified zones alinost invaFiably 
occur within a few hundred fe et of t he contact of the main granite 
mas ses or of apophyses f rom them, but certain irregular masses 
and clots of quartz, particularly common in the older gneisses and 
in the Baie Verte group ,near Pacq_uet, may be the result of 
metamorphic diff erent-iation ,; 

ECONOUIC OEOLOGY 

INTRODUCTION 

Burlington Peninsula has long been kr.m'm as a mineralized 
area favourable for prospecting. In the period between 1870 and · 
1910, four successful mines flourished, and although they ~epresented 
small operations by modern standards , they contributed largely to 
making Newfoundland an important copper p1'od.uc·i ng country of the 
~irne. The active mines and the · peri,xl3 of their o~era tion were: the 
Tilt Cove .w·yst mines, 1864 to 1912 ; the Tilt Cove East mine, 1888 
to 1912; t he Betts Cove mine , 1875 ,to 1883; and the Terra Nova mine 
at Baie Verte, to the west of the map-area , 1862 to 1907. In addition 
to these copper mining operations, a gold mine was operated 
unsuccessfully west of Uings Bight, between 1902 and 1906. Large 
sums have been spent in the past 5 years (prior to '194 7) on the 
Rambler prospect east of Baie Verte ., Surface wor k ·has been done 
and shallow sbafts sunk on most of the prospects shown on the 
map accompanyinG this report. 

Each of t he mines ceased operations when the high- grade ore 
had been mined. Methods of extraction and transportation employed 
at the tDne necessit ated seJ ective mining and hand~pickirig · th€ ore, 
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and the productivity of each of the mines would have been greatly 
iricreased if modern flotation methods of ore separation had been 
available. At the Tilt Cove West mine, about 100:-000 tons of 2 per . 
cent copper ore lies on the dumps, and 250,000 tons of sirnilar ore 
is untouched in the old workings above sea-level (Williams, 102, 
p. 117). 

GENERAL DESCRIPTION 

The copper deposits of the region are mesothermal, 
replacement deposits in greenstones derived from the alteration 
of lava flows of Ordovician age. Hineralization is conunonly in 
evidence along shear zones where chlorite schist .is developed. 
Pyrite, with chalcopyrite and lesser amounts of other sulphides, 
forms veins, irrebular replacement lenses, and disseminations in the 
sheared greenstones, and quartz and carbonates are usually present 
in small quantities as gangue minerals,;··· ·Chloritization and 
silicification conunonly attended the formation of the __ cqpper 
deposits. · ~-· · 

,. 
Snelgrove has stressed the impor"tance of dioritic intrusive 

rocks in the mineral deposits of the Betts Cove-Tilt Cove area. In 
a classification of these deposits he has grouped them under t wo 
headings, those associated with the dioritic . rocks and those 
associated with the granitic rocks. He suggests that the relationship 
is "spatial and inferentially genetic 11 , and that 11 the role of these 
intrusive rocks is conceived ••• as that of a conduit for the 
solutions which deposited t he ore rather than as the parent rock 
of the ore ' solutions themselves" (83, .pp. 36~39). In~ later 
publication (86, p • . 53 ) Snelgrove states. tha."t rig. . genetic relationship 
between the 'dioritcs and the ore bodies is •;• ~ ' ihdicated11 • The · · 
present writer suggests that the copper niinera,'ls. have been ·derived 
from emanations from the abundant granitic rocks of theregfon • 

. "' .. ·I • '. 

Copper minerals were observed in one _ place. near Burlington 
in the granite itself. The granites arid. granodi orites of the . area 
occur 'Vl.rithin a surface distance of three-quarters of a mile '·or less 
from ever.J known copper deposit . Dioritic rocks ahd gabbroic rocks 
on the other hancJ. occur near only two mines , those at Betts Cove 
and Tilt Cove. · 

The structural setting of the coppe.r deposits of the Notre 
Dame Bay coast of Burlington Peninsula has beeri clarified by the 
discovery that every prospect from Burlington to Snooks Arm lies on 
the Stocking Ha:Pbour fault or a subsidiary shear zx:nie . 

,.L •• ., WAIJ,...ROCK AJ;,TERATION 

The most conn:non type of 1J1iall-r9ck alteration is . 
chloritization. Every copper prospect on Burlington . P'eninsula and, 
indeed, in much of Notre Dame Bay, consists of lenses, Veins, and 
irregular replacements in such chloritized shear zones. · · · 

Snelgrove, from a study restricted to the Betts Cove-Tilt 
Cove region where dioritic . rocks are common, stresses ~~e importance 
of these rocks in their relation to both chloritizatiorr .and 
mineralization. However , because chlor~tehas . fo'rmed ;at many place s 
where diorites are lacking, and because granite .bodies .occur throughout 
the district, it appears more probable to the .writer that 
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chlorit izati on was accom1)lished by emanations from granitic magmas . 

Silicificati~n has affected the wall-rocks at many places . 
At the 'Gold Pit' of the F.ambl er prospect, introduced quartz· 
comprises more than 75 per cent of t he rock; the p:rincipal ore 
mineral is pyri te , and values are in gold . Other silicified , pyrite­
beari ng zones occur al ong the shores of Confus i on Bay. 

IVfild sericitization of the wail-rock has affected the 
l ead-zinc deposi ts, at Betts Cove and Walsh Cove , and sericitization 
is marked at several places on the Rambler property. The specularite­
bearing quartz-vein deposits a t the north end of Snooks Arm Western 
Pond are partly silicificd and sericitized. 

GANGUE MI NEI:.ALS 

Gengue minerals are prominent at very f ew of the copper 
prospects of tne district. At t he Rouges Harbour prospect, at 
Rouge Harbour, the chalcopyrite i s a ssociated with a quartz vein 
from 10 to 30 feet wi de . At Burt ons Pond, srnal l quartz veins , most 
of which contain some calcite , occur with th8 mineral deposits . In 
the massive sulphide replacement deposit s, such as Tilt Cove, Betts 
Cove, and the Terra Nova mine at Baie Verte, l~te-stagc quartz veins, 
with accessory carbonate , are common, but are r arely more than 1 
inch wide. 

In the lead-zinc deposits at Betts Cove and ~falsh Cove , 
quartz, calcite, and talc are the ganc;ue minerals . Calcite , which 
is not commonly abundant i n the ore deposits of the region, comprises 
more than half t he vein materi al a t Betts Cove . Fluorite was 
observed at one place at the Hambl er prospect. 

In this report, detail ed descriptions of prospects are 
given only for those for which the writer has new information. For 
detailed descriptions of the others t he reader is directed to t he 
references shown in the bibliography. 

STOCIGNG I-IARBOU11 FAULT 

The Stocking Harbour fault is believed to have a direct 
bee.ring on most of t he mineral occur rences· on the southeast side of 
Burlington Peninsula, and as reference will frequently be made to 
it, a brief description of it will be given here . 

The Stocking Harbour fault is the most prominent fault 
alonG t he coast of Notre Dame Bay. It is mar ked along ita entire 
l engt h by a sharply delineated depression, which is most conspicuous 
in the Stocking H3.rbour-Rouge Harbour di strict. It has been traced 
from a point just north of t he head of Middl e Ar m of Green Bay 
northeastward to a point northeast of Betts Cove, a distance of 
more than 20 miles. 

In the r egion south of t he 1/hite Hills of Burlington, a 
gulch along this fault is f ollowed for several miles by the stream 
that enters Burlington Harbour from the southwest. The gulch is 
steep walled and narrow, and the r ocks in the walls show fracturing 
and shearing but little other direct evidence of the fault. The fault 
follows the two arms of Burlington Harbour, the elongated arms of 
Stocking Harbour, and the southwest arm of ll.ou1.;e Harbour. Sheared 
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and slickensided volcanic rocks wer e observed i n the fault zone 
near the copper prospect at Houge Har bour. At the head of a small 
cove, thr ee- quartGrs of a mile southwest of Walsh Coye , the fault 
i:::; exposed in a cliff . and. 'displ ays a vertical shear ed and mashed 
zone Gbout 30 feet wide , but. f r9m which the direction of movemen~. 
cannot be determined . The fault trace passes northeastward under · 
the ist~Jllus at Wal sh Cove and across the mouth of Nippers Harbour, 
along Durtons Pond, ·and then follows a depression to where it disappears 
north of Betts Cove . 

Evidence from the field and from air photograph·s· suggests 
that a branch of this fault continues along the band of serpentinized 
ultrabasic rocks soutwNost of Betts Cove . The serpentinized rocks are 
everywhere .. sheared and in rr.any places schisted. The topog!'.iiphic 
brea}rn that mark ... the position of the fault to the s'outh continue into 
both the Betts Cove mine area and into the belt underlain by the 
ultrabasic rocks . 

Several.copper prospects lie along the Stocking Harbour 
fault and its svbsidiary~hear zones . The Garden Cove prospect 
lies only a few hundred feet from the fault in complementary shear 
zones , The Shiners Prospect at Stocking Fhrbour lies on slibsidiary 
shear zones visibly related to the main fault , The prospect at 
nouge Harbour lies within a few hundred feet of the ;fault , . anQ.'.·part 
of it is along the fault zone itself . The Bet ts Cove .mineralized 
area , which supported mining.: operations for . more than .10 years , lies 
within 1, 000 feet of the main fault,., at the intersectiqn of two shear 
zones , one of which is par a llel with the main fault . Another strong 
t opographic depression, .v~hich probably marks another major fault, 
parallels the Stocking Ifar !=J our fault about a ~ mile northwest of it, 
between Stocking and Ni ppers HarQours . · 

,.,_, DESCRIPTIONS OF OCCURRENCES 
r ! ... 

ROGUES HAP.BOUR PTIOSPECT 

The Rogues Harbour prospect , so- called from the local 
pronunciation of Rouge Harbour, where the prospect is located, -was 
first opened in 1899. The writer visited the property in 1945 , 

'rhe deposit is a mineralized quartz vein, which ranges · · 
from 10 to 30 feet in thickness and has been traced for about 2, 700 
feet , cutting·amphibolitos and altered volcanic rocks of the Nippers 
Harbour group . It trends southwest from the head of thu western 
arm of Rouge Harbour f or approximately l , OOO feet , then swings 
southward for about 1 , 700 feet . It dips at a high angle to the 
eastward. Diamond drilling indicated that the deposit is not 
persistent in depth. The ore minerals are chalcopyrite , pyrite; 
pyrrhotite , and a litt l e galena . 'Assays by Douglas (2s; p. 97 ) 
showed traces of gol d and up ~o 1. 24 per cent of copper , 

The amphibolitic rocks in the vicinity of the deposit 
are intruded by small plugs of. quartz porphy-.cy, and silicified ~ones 
wore observed at several places . Near the veins t hese rocks show 
slickensides and shearing. The Stocking :&lrbour fault is close to , 
or coincident with, t he vein at its northeastern end. Some of the 
movement along this fault occurred after the intrusion of the granite 
porphyry, as the small masses :immediately adjacent to the fault have 
been sheared. ·rn the deposit itself the sulphide minerals are offset 
by tiny faults . 

,• 
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BETTS •COVE MINE 

This abandoned mine was visited by the writer in the 
summer of 1945, and again in 1946. The latest and 'most authoritative 
descriptions of the mine are those of Snelgrove (83, p. 39) and 
Douglas (28, p. 22). 

The rocks in the vicinity are pillow lavas, massive 
andesites, and pyroclastic rocks of the Snooks Arm group. These 
trend north-northeast, dip steeply, and are intruded by small 
bosses of diorite and quartz diorite, One small mass of olivine 
gabbro outcrops about 2,800 feet south of the mine, and 2,000 feet 
to the northwest is a mass ~f serpentinized ultrabasic intrusive 
rocks. Dykes of l.amprophyre, olivine diabase, and pyroxenite occur 
Ydthin ! mile of the mine, and the main Cape Brule granite mass is 
exposed 1 mile to the nortlhiwest. 

The ore shoots occur in chloritized shear zones in the 
pilloW lavas. · Pyrite, chalcopyrite, and sphalerite, which were 
introduced in that order, replace the chiorite schist. The · 
mirieralization has, heretofore, been thoughtto be genetically related 
to adjacent masses of diorite, which are slightly mineralized in 
places, but the writer·believes that the ore-bearing solutions 
probably came from the granite . 

The Stocking Harbour fault passes throi.~gh a small. pond 
within 1, 500 feet of the old Betts Cove mine. The small inset · ·. 
sketch appearing·ori the accompanying geological map shows the main 
linea:nients of the area as viewed from air photographs , and, iii 
addition, the known faults and- shear zones. In one . system the 
lineaments cross the district from east to west; in another they 
trend generally parallel with the northeasterly extension of the 
Stocking Harbour fault . Both systems are prominently exhibited in 
the immediate neighbourhooc:l o~ the min~, ci.nci _:t_~e trends of t he known 
shear zones of the region coincide with one or the other of the 
lineaments of the two systems, establishing beyond reasonable doubt 
that these lineaments are structural breaks in the rocks of the region. 

There is little direct evidence near the Betts Co'lie mine 
itseli of··the major Stocking Harbour fault, except the great 
topographic lineament that continues to t he southwest for some 20 
miles. Howe-ier, at the north side of the head of Betts Cove a 
considerable shear zone coincides with the lineament, which is· assumed 
to be the trace of the fault. . ' 

That most of the breaks of the r egion are steepl y dipping 
is indicated by the fact that they show littl~. deviation.in direction 
in spite of a topographic relief of more than· 400 feet~ This is 
particularly well seen in the trace of the main .Sto.cking Harbour · 
fault, which rises fror.l sea-level at Betts Cove to the adjacent hills 
without changing direction appreci.a:bly. · 

It seems apparent that the easterly trending shear zones 
are related to the main Stocking FBrbour fault, and th3.t the . 
ndneral deposits: ~re situated at the junction of fractures of this 
system with those of another system that parallel the main fault• 

MOUNT ~USERY . 

On the northeastern side of Betts Cove, several parallel 
shear zones in chloritized pillow lavas lie close to the asstuned 
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position of the Stocking Harbour fault. The schistosity in the lavas 
trends about northeast and dips steepl y to the southeast. Little 
bedroclc is now exposed in ... the mineralized zories, but in the dwnps, 
nodules and irregular lenses of pyrite and· chilcopyrite~ with some 
pyrrhotite, indicate that the mineral .deposits have the form of 
irregular replacements .of the chlorite schists in the shear zones. 
A·geophysical survey carried out by Douglas indicated that there 
is little likelihood of finding a large body of ore in this prospect 
(28, p. 64). 

The mineral depo:;;it , .lies ID, the St6'cking Harpour fault 
zone, and is probably related ' to this -major fault system~ Similar 
mineralizE?d shear . zones occur at the Lowlands, about a mile south 

· of Betts Cove mine. 

BETTS COVE LEAD-ZI~C PROSPECT 

A mineralized zone outcrops oh a hiJJ.side west of a small 
swamp about 6,500 feet due west of the head of Betts Cove. The 
deposit occurs in a lobe of altered volcanic rocks of the Snooks 
Arm group, which is bounded on the west. by a tongue of the Cape 
Brule granite al'.rl on the east by altered ultrabasic r9cks. The 
volcanic rocks were originally of andesitic compositfon, but have 
been ~artly altered to chlorite, serpentine~ · and talc. 

.. Development work has consisted of about .300 feet of 
:. . . trenching and stripping, ancl sinking a shaft about 35. feet deep. 

The rocks exposed at the shaft .. and trenches a:re sheC!-rE?:d and broken 
along a vertical zone that trends easterly,. Slickenf3ides, and 
crwnpled chlorite and serpentine schistP are '.common • . A fissure-type 
vein, ·.4 to 6 inches wide,. lies in the s11ear zone, arrl is .~pprox:i.mately 
paraD.elwith the foliation of the schists. Pyrite and cha.icopyrite 
occur in the central part of the vein, and sphalerite and galena 
are more abundant near. the walls. Quartz and calcite are gangue 
minerals, arid may comp:rise ·.up to 50 per cent of the vein material. 
Polished sections .indicate that pyrite, chalcopyrite, sphalerite, and 
galena were deposited in about that order. A similar vein, about 
3 inches wide and dipping to. the northeast at about 40 degrees, is 
exposed near the level of water in the shaft. Scattered pyrite 
stringers cut the volcanic rocks in the northeaste:r n Y!all of the 
trench that trends southeastward from the shaft. There is no 
indication of other mineraliz2tion in the surrounding region. 

Little wall-rock alteration ad(fom~iartied . mineral deposition. 
Seric.itization 1s prominent near some parts of the V"ein, bu*' it has 
not affected the wall-rocks beyond a few inches from the .vein. 

-· ... On ~he dumps, there is nothing to indic'3-te that larger 
veins or more abundant ore minerals were encountered during 
development. ; The prospect does indicate, hC>Wever, that deposits 
carrying copper, l~ad, and zinc are represented in the district. 

) :. BURT.ONS POND :.?TIOS?ECT 

This prospect lies about 100 yards northeast of the outlet 
of Burtons Pond, which is between Nippers Harbour and Betts Cove. 
Work on the property has included the sinking of four shallow- shaf.ts 
and considerable trenching and stripping. 

.;.. 
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The mineral deposit is in alter ed volcanic rocks of the 
Nippers Harbour g-roup, with serpentinized ultrabasic rocks about 
300 feet to the west. The volcanic rocks have been cut by a fault 
that strikes about north 30 degrees east and dips steeply to the 
northwest. 

The prospect consists of disseminat ed py:i;'ite, with some 
chalcopyrite and sphnlcrito; in irregular veins and as r eplacements 
of the chloritized greenstones,ancl associated with veins of quartz 
and ~rbonate that are rarely greater than 1 inch t hick. The . 
lenses of sulphides are as much as 3 inches t hick and 1 foot long. 
A grab sample taken by Rove (28, p. 33) con~ined some gold, silver, 
and arsenic as well as copper. 

The prospect is located oh a shear zone subsidiary to t he 
Stocking I-arbour fault, which lies about 500 feet to t he west. 

SHIN~RS PHOSPECT 

This prospect is on the northwest side of Stocking H:i.rbour. 
Deve1opment work includes a half dozen shafts, up to 40 feet deep, 
and a co~siderable amount of stripping and trenching. 

The deposit occurs in rocks of the Nippers Harbour grlt70µ; 
which have been int:iJnatel~r intruded by several small, irregular 
granite dykes. l'Iineralization occurs along an irregular set of 
shear zones that trend about northwest and lie within a fault block 
betYmen the Stocking Harbour fault and a parallel fault a little 
less than a mile to the northwest. The mineral ... bearing shear zones 
a.re apparently complementary to the major faults. 

The wall-rocks are ·not notably altered, but ar.e partly 
ohloritized and silicified in places. The mineral deposits consist 
of irregular veins and lenses of pyrite, chalcopyrite, and pyrrhotite, 
with small quantities of spbalerite and galena in the chloritized 
schist. ·A little quartz and calcite comprise the only gangue 
minerals. 

GARDEN COVE (Jennings) PTIOSPECT 

This small prospect, near the east entrance to Bur:lington, 
was trenched and a shaft sunlc about 40 years ago, according to local 
residents. 

The rocks are sheared and amphibolitized volcanic membc1~s of the 
Nippers Harbour group, intruded nea!by by abundant granitic dykes 
and offshoots of the Burlington granite. The shaft is not more 
than 20 feet deep and is now inaccessibl e . Rock on the dump is 
slickensided and sheared, chloritized and partly si1icified greenstone, 
miner alized mainly by pyrite, but containing small veins of later 
chalcopyrite and accessory pyrrhotite. It is not a promising 
prospect. 

PACQUET COPPER PROSPECTS 

Copper prospects occur at several places at Pacquet 
H:i.rbour. The most important is located at high-tide level on the 
east side of the harbour, near the southernmost houses of the village. 
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At the bact of a natl1.ral re cess in t he cliffs, an inclined shaft 
w2.s driven c.bo"LCt 30 fee t deep, some 40 years a go. The shaft is 
now completely filled with wave-washed shore debris., ~::~rrite, 

chalcopyrite , a nd 1,J.agnetite occur in pockets and lense s as much 
as 1 inch t hick and 6 inches lonr; in an irregular zone about 25 
feet long and 6 feet wide,., 

The mineralized rock is chlorite and hornblende schist 
of the Baie Ve rte grou~) , and is not far from the contact ·of the 
Hings Bight group . Locally, the rocks strike a.bout north and d ip 
at low angles to the east. The scLi sts have bE'en invaded by aplite 
dykes and are cut by quartz and ca1cits veins,. The aplite occurs 
as irr,~ 5'Ular sills and dykes up to 8 feet thick~ which are foliated 
para:llel with their 111al;l,s. They co~sist . ,of very fine-g:r:ained 
aggregates of orthoclase . 2.nd quartz, and ,contain numerous flecks 
of pyr~_te and clJ.alcopyrite., The quartz ··veins , wJ1:~Cfl are. a~ . inuch .. 
as 6 inches thick, carry chalcop;yrite and cut the aplite intrusions. 
The calcite stringers are up to -ft inch thick, and are the youngest 
veins. 

~l tI:i~. ~ol1th side of th.~ harbour, . ?- _b.rec.ciaye;d fault zone 
in hornblende-chl·or.i te- garnet schiqts , is . cut : b;y nume:r:ous . barren. 
quartz veins , . which contai.n abunjiar).t dlloritized fragments qf .the 
schists. This locality is locally r eferred to as "the ni:Lne" ~ · Nearby, 
in the low cliffs, several quaf.tz v,eins carry small amounts :of pyrite 
and c halcopyrite. Adjacent aplite dykes, which are strongly foliated 
parallel with their walls , carry numerous flecks of pyrite and 
chalcopyrite. The constant association of the sulphide-bearing 
aplites with the copper deposits. in Pacquet Harbour sugE:,ests that 
they are related in origin. The Dunarnagon granite, which is exposed 
along the northwe~t shore of the :Jarbour, is cut by nwnerous fine­
grained apl ite dykes that were presumably deri1:ed from the main granite 
mass, where<?-S thei<Cape Brule granite,'which is expcised .abolJ.t: l,000 
feet t:o the south of i:,he .min8ralized zones, has no aplites as,so.ciated 
with it • . The aplites ' are t hus believed to have been d.erived from the 
Dunamagon granite . · · ;. , · · 

. r 

These s mall, mineralized zones are important' o'nly -in that 
they show that some copper mineralizatior, accompanied the intrusion 
of the nearby granite masses. · 

NIPPERS HARBOUR PROSPECT 

The Nippers Barbour prospc:; ct is 0itur.t.Jci in th.0 hills .:J.bout one­
quarter mile north of Nippers Harbour. It is a mineralized zone 
in dark, chloritized lava of the Nippers Harbour group, and follows 
a well-defined depression, that , from the abundance of slickensided 
chlorite schist a long it , probably marts the course of a shear zone. 
Hineralization has resulted in the replacement of the chloritized 
lavas by pyrite, chalcopyr·ite, and some pyrrhotite. Small quartz 
veins constitute the only gangue . Development consists of; one shaft 
about 20 f-eet ,deep and some trenching. No commercial q-0.antities of 
ore are in s{ght. · 

1iv'ALSH COVE 

At ·Walsh Cove , just south of Nippe:cs Harbour, pyrite, 
chalcopyrite , and galena occur in gr eern'ltones of the Nippers 
Harbour group. The mineralizAd ::i:'ea is naw cori~pletely covered with 
beacJ.1 debris . A flooded and caved shaft of unknown depth was sunk 
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just above high-water mark near the east end of the beach. 

· Several dykes of quartz-orthoclase porphyry, 1-vhich are 
related to the main mass of rhyolite porphyry about 200 feet to the 
north, . intrude the greenstones:, arid may be responsible for the 
mineralization. Material from the dump indicate s that the sulphide 
minerals occur in quartz veins less than ~n inch wide, as thin 
lenses replacing the chlorite schist, and as disseminations in the 
wall-rock. Nowhere ~ere ~dications of a large deposit seen • 

. ~lfOODSTOCK BROOK 

Small quartz veins intersect Baie Verte .greenstones just 
west of 1ifoodst6ck in the bed of a small broolc • . They carry pyrite 
and traces ·of chalcopyrite, but at no place :i,_s the c.ono.entra~ion 
of sulphide minerals sufficie·nt to warrant development work. ·· 

· MI NGS TICI\LE 

Several veins and . irregular masses: of quartz, averaging 
about 18 inches in total thickness and about SO feet in length, 
outcrop in the Mings Bight group just north of the fishing sr~ck;3 
at tlings Tickle . Pyrite a.nd _Qnalcopyrite occur on t'hema_rgins pf 

·· the quartz veins and in the adjacent wall-rock. · The. prospect is 
not consider ed to be of economic importance. 

SNOOKS ARM PONDS 
'. .. ,. 

Specularite occurs at _. several places· in th~ Snooks Arm 
Pond- Red· -Cliff ·. Pond _'district~ In each place quartz . veins 
intersect altered laVa.s or pyroclastic r 'ocks of the Snooks Arm 
grQup, ·' except near the northern end of . Snooks Arm . Western P9nd, 
where they occur· in rocks '\::if the Cape St. John .group. Pyrite, . 
chalcopyrite, and small pockets of galena commonly';accompany the · 
speculari te. · · ·· · ·· . . 

TILT GOVE 

Tho writer visited Tilt Cove in the sununer of 194,5 .S:nd , has 
only to report that since the latest recorded visit, that of 
Douglas in 1940, this once active mining town has almost completely 
disappeared. The ramp leading dovm to the wharves from the East 
mine, all the mine buildings, and the town that once flourished on 
the shore of iNindsor lake, have been demolished. · .. · 

: I 

TERP.A NOVA 
··11 . 

Watson (:1.00) hcis described in detail the copper-bearing 
pyrite · ores of the Terra Nova mine at Bai e Verte a·nd to the west -~­
of t his area. · The s tockpile of ore , est:Lmated a 's 20,000· tons by . 

· Rove . (28, p. 18) and commonly considered an asset to future mining 
in the r egion, caught on fire in the autumn of 1945, and despite 
repeated efforts to put it out has continued to smoulder . When the 
writer visited the site in t he late sunrraer of 1946 the ore pile was 
nearly unapproachable due t o the great heat and the sulphurous 
fumes. 

I. 
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