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PREFACE 

Avalon Peninsula in eastern Newfoundland is one of the most populated parts of the 
province and the surficial deposits of the region are of considerable importance to 
engineering projects, agricultural development, and water supply. 

Herein the author describes the glacial and postglacial deposits, from which he deduces 
the glacia l and postglacial history of this part of Newfoundland. In addition the 
physiography, climate, vegetation, and hydrogeo logy of the area are outlined. 

This report is part of the Geological Survey's contribution to the development of a 
progra m designed to faci litate the optimum utilization and conservation of the physical 
environment for the maximum benefit of the nation. 

Y. 0. FORTIER, 

D irector, Geological Survey of Canada 

OTTAWA, August 28, 1970 



l\IEl\10IR 368 - Die Oberflachengeologi e der 
Halbinsel Avalon (Neufundland ) 
Von E. P. H enderson 
Die Halbinsel war in der Wisconsin-Zeit und vermut

lich auch in verschiedenen fruheren Abschnitten des 
Plei stozans vergletschert. Die Enteisung hat vor mehr 
als 10 OOO Jahren stattgefunden. Seither hat sich der 
nordwestliche Teil der Halbinsel im Verhaltnis zum 
Meeresspiegel gehoben, wahrend in anderen Teilen eine 
Kustensenkung festgestell t wurde. 
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SURFICIAL GEOLOGY OF AVALON 
PENINSULA, NEWFOUNDLAND 

Abstract 
In this report the physiography, climate, vegetation, and hydrogeology of the 

Avalon Peninsula and the immediately ad jacent a reas a re outlined, the glacial 
and postglacial deposits described, and the glacial and postglacial history of the 
area developed. Although there were probably several Pleistocene glaciations, 
all the observed evidence is related to the Wisconsin. 

A separate, vigorous ice cap is considered to have formed over the Avalon 
ea rl y in the Wisconsi n and its rad ial outflow dominated all the peninsula except 
the northern extremities, which had thin local coverings of their own. Ice 
flowi ng east from Newfoundland a reas to the west of the Avalon was diverted 
northeast and so uthwest down Trinity and Placentia Bays and did not reach 
the Avalon proper, although it did cover the northern half of the Isth mus of 
Avalon. At the Wisconsin glacial maximum, la rge trunk glaciers from the 
Avalon cap flowed down the main bays, grea tly overdeepening them in parts 
and depositing morainic banks on the ocean floor at their mouths. From the 
character and disposition of the glacia l and glaciofluvial deposits and of 
glaciofluvial erosion features, it is possible to trace shifts of the ice centre and 
the mode of final ice retreat. 

Since retreat of the ice, differential uplift has raised the northwest corner 
of the a rea relative to the sea, bu t over the res t of the peninsul a the isostatic 
rise of sea level has exceeded uplift and there has been postgl acial coastal 
submergence. Rel ative stability of present sea level on the east coast is postu
lated until further data bearing on any anomalous modern rapid rise has been 
accumulated, if, indeed , such data exist. 

The cool, humid, postglacial climate has resulted in the azonal development 
of areas of patterned ground and has made possible the growth of extensive 
organic deposits. Radiocarbon dating of these deposits suggests deglaciation of 
the Avalon took place more than 10,000 years ago. 

Probable interglacial benches have been cut in sheltered positions along the 
Avalon eastern coast south of St. John's. They all appear to have the same age 
and show no tilt because they run parallel to postglacial uplift isobases. A tenta
tive age of Sangamon may be ass igned to them. Benches cut elsewhere may not 
be correlated with the east-coast group. 

The economic potential of surficial deposits in the peninsula is outlined 
and discussed. 



Resume 
Le present rapport etudie physiographie, le climat, la ftore et l'hydrogfologie 

de la presqu 'lle Ava lon et des regions environnantes; ii en decrit Jes depots 
glaciaires et postglaciaires et presente l'historique glaciaire et postglaciaire de 
la region . Bien que plusieurs glaciations semblent avoi r eu lieu au cours du 
Pleistocene, Jes observations n'ont precise que celle du Wisconsin . 

11 semble qu'une intense calo tte glaciaire disti ncte se soit formee sur la 
presqu'i le Avalon au debut du Wisconsin , recouvrant graduellement toute la 
presq u'ile a !'exception de l'extremite nord, qui fut recouverte de sa propre 
nappe, bien que mince. Les glaces de Terre-Neuve, en mouvement d'est en 
ouest vers !'Avalon , ont dCvie vers le nord-est et le sud-ouest le long des baies 
de la Trinite et de Pl aisance, n'atteignant pas Ja presqu'lle Avalon tout en 
recouvrant la moitie nord de J' isthme d'Avalon. Au colll's de l'avancee maxi mum 
de la glaciat ion du Wisconsi n, de vastes glaciers se dep l a~aient vers Jes grandes 
baies depuis la calotte centrale d'Avalon, en creusant profondCment Jes baies 
et en deposant des bancs morainiques a leurs debouches dans !'ocean. D 'apres 
la nature et la disposition des depots glacia ires et ftuvioglaciaires et Jes par
ticul arites de !'erosion ftuvioglaciaire, ii est possible de reconsti tuer le mouve
ment central du glac ier et la direction du recu l d6finit if des glaces . 

Apres ce recul , un soulevement differentiel a hausse le niveau du secteur 
nord-ouest de Ja region par rapport a la mer, mais dans le reste de la 
presqu'lle, le relevement isostatique du ni vea u de la mer a ete superieur a ce 
soulevement et Jes cotes de la region ont subi la submersion postglaciai re . Le 
niveau actuel de la mer sur la cote est est considere comme relat ivement stable 
jusqu'a ce que paraissent des donnees su r toute e16vation rapide, si vraiment 
de telles donnees existent. 

Le climat postglaciaire frais et humide a entralne une evolution azonale de 
certaines regions de so ls a fi gures geom et riques et a probablement occasionne 
!'accumulat ion d'imposants depots organiques, dont la datation au radiocarbone 
laisse supposer que le retrai t des glaces dans !'Avalon s'est produit ii y a 
plus de 10,000 ans. 

II semble que des banquettes interglaciaires se soient formees dans des 
emplacements proteges le long de la cote est de la presqu'ile au sud de St-Jean , 
Terre-Neuve. Elles ont apparemment toutes le meme age et n'accusent pas 
d'inclinaison du fait qu'e lles sont paralleles aux isobases de sou levement post
glaciaire. On leur attribue provisoirement !'age du Sa ngamon . Les banquettes 
formees ailleurs n'ont peut-etre aucun rapport avec le groupe de Ja cote 
orientale. 

Le rapport etudie et evalue le potentiel economique des depots de Ja 
presqu'lle. 



Chapter I 

INTRODUCTION 

Avalon Pen insul a forms the so utheastern corner of the Isl and of Newfound land to 
which it is connected by the long, rugged ly indented , tapering Isthmus of Avalon. 
Nearly one third of the population of the prov ince lives on " the Avalon," as it is 
called. The port of St. John 's, the provincial capital, on its eastern coast, is a city of 
about 100,000 people . Cape Spear, some 5 miles southeast of St. John's, is the 
easternmost tip of the North American continent. 

This report deals with the Quaternary deposits and the associated and derived 
topographic features , and considers the economic importance of these surficial deposits. 
The area studied includes Avalon Peninsula and immediately adjacent areas to the 
northwest (Fig . 1). It extends from 46°36'N to 48 °10'N, and from 52°37'W to 
54 ° J 3'W. Its tota l area is approximately 3,800 square miles , of which the irregularly 
shaped peninsula comprises more th an 95 per cent. Although distances are considerable 
- more than JOO miles from Cape Freels in the south to Grates Point in the north , 
and more than 70 miles from Norther Head in Placentia Bay on the west to Cape 
Spear on the east - no part of the interior is more than 15 miles from the sea. Aside 
from sea 1 and air transport into St. John's, the on ly access onto the peninsula is along 
the Isthmus of Avalon , either by rai lway or by the transinsular highway completed in 
1958. Coasta l roads or branch rail lines provide connections to long st retches of the 
coast, and the railway and several roads cross the interior. 

Field work was carried out during the summers of 1956- 59 , inclusive. As much of 
the area is densely wooded or covered by scrub and extensive peat bogs, access to 
most of th e rugged interior was generally by foot , even though such travel was slow and 
diffi cult. Otherwise inaccessible coasta l points could be reached in calm weather by 
sma ll boats hired in fi shing villages. Canoe travel on the larger lakes and streams per
mitted access to the more remote points of the extensive lowland north of St. Mary's Bay. 

In additio n to data collected from aerial photographs, information on the various 
unconsolidated material s was obtained in the field by examining gravel pits and sporadic 
cuts along the roads, rare exposures in excavations and stream val leys, and vertical 
sections along the coast. Shallow pick-and-shovel excavations were also made, but the 
characteristically stony deposits hampered deeper digging by post-hole auger or simi lar 
methods. The scarcity of vertica l secti ons, indeed their complete absence over most 
areas, combi ned with a concealing surface mat of organic materia l in many pl aces, 
made positive interpretation of the nature and extent of the glacial sediments heavily 

lAs well as sea transport into St. John's, there is now (1972) a North Sydney-Argentia ferry 
connection. 

Original MS. submitted : June I , 1966. 
Final version approved for publication: August 28 , 1970. 
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INTRODUCTION 

depe nd ent upon eva luati on of th e geo morphology. Thus , in most instances, sur face form 
was an important crit er ion in recognition of the unit mapped. Altitudes of major 
features were ob tai ned fro m maps with 50-foot con tour intervals, minor intervals 
being determin ed by an Abney hand leve l, supplemented where necessary, by steel-tape 
measurements of slope distances. 

Previous Work 
Early literature co ncern in g Ava lon Peninsula , though sometimes writ ten by keen 

observers, predates the genera l theory of the ice age evolved since 1836- 37 from the 
ideas of Venetz, Agassiz, and Charpen ti er (see Flint , 1947 , p. 2, 3, 536, 542). These 
early st udi es deal main ly with the natural hi story of the peninsula , but th ey also make 
man y references to the surficia l deposits when describing locati on of the most arable 
land. 

Juk es, the first gove rnm ent geologist in Newfoundland , gives a careful and com
prehensive account of the physical geography of Avalon Peninsul a (Jukes, 1842, p. 9- 84; 
1843, p. 25- 30). Jn the 1843 genera l report of the Geological Survey of Newfoundland 
( p. 134- 14 7) , he describes the nature and distribution throughout the peninsula of what 
a re plainly glacia l materi a ls, notes the prese nce or absence of foreign boulders both 
th ere and on the main part of the island , and specul ates upon their bedrock sources, 
particularly upon th ose of the large blocks restin g on the tops of prominent hill s. He 
showed apparent reluctance to state defin itely that their present position had resulted 
from diluvium tra nsport, which suggests he had at least heard of the newly evolving 
theory of widespread glacia l tra nspo rt. 

Jn the second half of the nin etee nth century references to glaciati on of Newfoundland 
as a whole, as well as to the Ava lon Peninsul a in par ti cu lar , appear in numerous 
reports: Kerr (1870 , p. 704- 705), Milne (1874; 1876; 1877 ) , P ackard (1876), 
Murray (1883), H owley ( 19 18, p. 303- 307 ) , Wright (1895) and Chamberlin (1895, 
Abstract). Both Milne and Packard believed a ll Newfound land had been glaciated , 
Murray and Howley considered the whole isl and had been overrun by a continental 
glacier moving down the Gulf of St. Lawrence from the west, and Chamberlin adva nced 
the theory th at the Avalon "was for merly covered by an independent ice-cap whose 
borders moved out in a ll directions." 

Since 1900 there have been numerous references to glac ial and postglacial events in 
Avalon Peninsul a , largely contributed by sc ienti sts employed by the Newfoundland 
Government and the Geological Survey of Canada . These include studi es by Buddington 
( 191 6; 191 9) , D a ly ( 1921 ), H ayes (1931), Vhay (1937) , Snelgrove (1938) , Gutsell 
(1949), Rose ( 1952), Hutchinson ( 1953) , McCartney ( 1954; 1956a ; 1956b; 1958) . 
Most are regional st udi es of the physiography, stra ti graphy, or economic deposi ts, and 
references to Pleistocene phenomena were incidenta l to the main work. H owever , Cole
man ( 1926), M acCJintock and Twenhofel ( 1940 ) and Twenhofel and MacClintock 
( 1940 ) made important specific studies of the Plei stocene glaciat ions of the whole of 
Newfoundl and , Twenhofel and MacC lintock being of the opinion th at the absence on 
Ava lon Peninsul a of gra nit e errat ics of Newfoundland High Central Plateau derivat ion 
supported the view th at the Avalon had a se para te ice cap, at least during the waning 
phases of glaciation. 
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Chapter II 

PHYSIOGRAPHY, DRAINAGE, AND VEGETATION 

Physiography 
Avalon Peninsula lies within the Appalachian System, that great belt of deformed 

Paleozoic rocks extending from the southern United States to Newfoundland and 
beyond. Most of the bedrock within the limits of the present study is Precambrian, 
with restricted areas of Paleozoic rocks in the lowlands or on the bay floors. The area 
is character ized by rolling uplands a few hundred feet above sea level, with monadnocks 
or short ranges o( hills rising to maximum e levations of more than 1,000 feet. High 
land a long most of the coasts genera ll y drops steeply, in places even vertically, to 
the sea, and on ly where lowland areas lie between the water and higher ground does 
the shore slope gently. The most extensive lowland stretches northward from the head 
of St. Mary's Bay. 

Two la rge bays, Trinity and Placentia, separate the Avalon from the rest of New
foundland. Two others, Concept ion Bay and St. Mary's Bay, with headwaters separated 
by barely 20 miles , penetrate deep ly into the peninsula from opposite directions, 
dividing it into th e four large subpeninsulas that comprise most of its area (Fig. 1). 
Jn the main , the long coastline is steep, irregular , and deeply indented. Where it is 
straight , as on the east side of Conception Bay, it probably runs parallel to a major 
fa ult. 

The most str iking physiographic feature of the country is the parallelism of most 
major geomorphologica l elements - the coasts of the main bays, the axes of major 
folds. the faults, and the strike of many rock formations. All trend northeasterly. That 
fau lt s are a major factor in the alignment o( coasts, and even in the shapes of some 
subsidiary bays in the Conception Bay area, was noted as early as 1916 by Hayes 
as sta ted in hi s 1931 report (p. 51). Buddington ( 191 6) and Summers (1949) also 
described the profound faulting of the Precambrian on the Avalon, Summers con
sidering th e major bays to be a li gned over fault zones. 

The present complex surface is th e response, over a long period, to many changes 
in intensity of erosion as a result of variations in elevation . The last major cycle 
prior to glac ia ti o n was one of more intensive erosion due to increased elevat io n. It 
was toll owed by widespread downwarping which , alt hough it erased some of th e uplift, 
great ly increased the effec ts of present coastal erosion by submerging the shoreplain 
depos its that would norma ll y protect stab le coasts from marine attack. Modification 
of th e landscape by ice is on ly the final touch given preglacial landforms. Compared 
to the sweeping transformations that changed the surface configurations during the 
ma ny millions of yea rs elapsing between Ordovician and Quaternary times, the morpho
logica l changes resulting from glaciation are more apparent than real. Except for 
res trict ed areas where concentrations of movi ng ice caused deep local excavation, the 
larger landforms have not been great ly a ltered by the ice and reflect essentially the 
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preglac ial la ndsca pe, th ough with the additi o n of a wea lth o f glaci al deta il impressed 
o n roc k sur faces. G lac ia l depos iti on has m asked la rge a reas o f th e prcglac ial sur face 
ge nera lly red ucing re lie f, usua ll y by a ve nee r o nl y a few feet thick . In so me lowlands, 
howeve r, and in hi ghl and basins where d iffere nces in e leva ti o n are few , thi cker glac ial 
deposit s m ay have sligh tly increased re li ef. Even here, onl y min or landforms are 
invo lved. 

T wenh ofel and MacClintock ( 1940 , p . 1719 , Fig . 15 ) co nsidered th at the upl and 
erosion surfaces o f th e Ava lon a re remn ants o f th e o lder, much-di ssected Hi gh V a ll ey 
Pc ncp la in and the Lawrence Penepla in , both of whi ch appea r in western and central 
N ewfo undl a nd . The Hi gh Va ll ey Penepla in with el evatio ns of 1,300 to 1,500 feet 
asl on th e west coast. reaches its best de ve lo pment at about I ,OOO feet asl on 
the Newfou ndl and Hi gh Central Pl ateau . Jn th e Ava lo n it is rep rese nted by upl ands 
a nd by se pa ra te hill s or rid ges. 700 to 800 feet hi gh , th at h ave been iso lated by 
erosio n. Above thi s sur face , mo nadnocks rise to e levati o ns of 1,000 feet o r more. 

The Lawre nce Penepla in , prese nt in th e wes t a t el evati o ns o f 500 to 1,000 feet asl, 
has been correlated by T we nh ofel and M acC lintock with the ex tensive upl a nd surfaces 
of gentl y rol lin g topograph y betwee n 350 and 500 fee t as l th at m ake up m ost of 
th e pe nin sul a. A third a nd eve n lower eros io n leve l, described by T we nh o fel and 
M acC! in tock ( 1940, p . 171 8) as a gentl y rolling surface about 200 feet as! , is 
th ought by Summers ( 1949 , p. 22) to result fro m di ffe renti a l eros io n o f so ft e r rocks 
deve loped dur in g th e fo rma tio n of the Law rence eros io n sur face ra th er th an as evidence 
of a separate eros ion surface. 

M o nadn oc ks o n the Lawre nce erosion sur face prov ide the greatest local relief in 
the inte ri or. Cent re Hill , just no rth o f Bull Arm , w ith a n altitude o f 1, 13 3 feet, is 
the hi ghest e leva ti on in th e stud y-a rea. Other pro minent hill s such as Butter Pot, 
northeast of H o lyrood . twin hill s 4 mil es south of Place nt ia Jun ctio n, a nd th e Butter 
P ot wes t of Fermeuse reach heights of I ,OOO feet o r more as!. The m assive group 
of hill s no rth west of Bull Arm ri se 500 to 700 feet above th e surroundin g area , their 
iso la ted emin ences do min ating th e countrys ide . Hill s on the Isthmus o f A valon and 
south west of Conce pt io n Bay have somewh at lower elevati o ns but give loca l re lief o f a 
simil a r m ag nitud e. The d ifferenti a l erosio n th a t le ft the hi gh hill s a nd rid ges of the 
rough , indented topogra ph y of th e coas ts a nd the Isthmus o f A va lon , probabl y occurred 
a ft er the upl ift th a t fo ll owed a n ea rli e r lowe ring and levelling o f the la nd. 

Upland Areas 
The upl and s for m the la rgest ph ys iographic unit of the area. They a re developed on 

ha rd bedroc k co nsisti ng o f gra nite, vol cani cs, a nd th e mo re resistant o f the sedimentary 
strata ( Fig. 2) . The sur face, fo r the most part , is a pl a teau of mod erately rolling 
terra in , some trac ts being ru gged and o thers gentl y slo ping, with practically no local 
re li ef . The mo re ru gged tracts have been developed on volca nic rocks and certa in 
a reas o f stee pl y dippin g sedimentary rocks. 

On th e bas is of a ltitude, the upl a nd s may be di vided rou ghl y into two ca tegories. The 
larger . correspo ndi ng to th e Law re nce erosio n surface o f T we nh o fel a nd M acC lintock , 
li es be tween 350 and 500 fee t as l. The sma ll e r category. co rrespondin g to the Hi gh 
V all ey erosio n sur face , is ge nera ll y 500 feet o r more as l, much of it lyin g bet ween 
el eva ti o ns o f 700 a nd 800 feet. 

The uplands m ay a lso be di vided geogra phi ca ll y into a n eastern a nd a western trac t, 
separated by th e wide. drift-cove red lowland ex tendin g no rth fro m St. M ary's Bay to 
Tr init y Bay. The large r trac t. located eas t of the lowl and s, includes most of St . John's 

6 
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136206 
FIGURE 2. Looking west over a mature erosion surface developed on granite, 6 miles southeast of Holyrood. 

and Trepassey Peninsulas, extends arou nd the head of Conception Bay. and except for 
a low land area a long the shore of Trinity Bay, comprises most of Carbonear Peninsula. 
The tract to the west of the St. Mary's Bay lowland includes most of Placentia 
Peninsula and a large part of the Isthmus of Avalon. 

The largest continuous stretch of upland at elevations above 700 feet and. therefore, 
part of the High Valley erosion surface, is the Hawke Hill s region south and southwest 
of Holyrood in the eastern tract. It is a rugged, irregularl y shaped area developed on 
volcanic and gra niti c rocks. In the western tract, the slightly smaller and less rugged 
upland of Castle Ridge and Beave r Pond Hill s constitutes an area of gentle slopes and 
nea rly le ve l ground that covers some 40 square miles in the centre of Placentia Peninsula. 

Other eastern tract remnants of this much-dissected erosion surface include the scattered , 
flat-topped upl ands rising to elevations of 700 feet or more and extending for 20 miles 
south of Mobile Big Pond ; the coastal range of hill s between Bay Bulls and St. John's 
Harbour; a similar range on the east side of Conception Bay; and part of the high 
centra l section of Carbonear Peninsu la (Fig. 3). The extremely rugged, rocky area north 
of the Isthmus of Avalon, between Bull Arm and Random Sound appears to belong 
to the Lawrence erosion surface. 

Extension of the upland surfaces to the shore forms long stretches of steep coast 
(Fig. 4). It is usuall y the lower, Lawrence erosion level that forms the shoreline, with 
the more abrupt parts of the coast generally rising steeply between 200 and 400 feet 
above the water. Where the High Valley surface forms the coastline, the land may 
rise almost sheer from water level nearly to the maximum elevations of Avalon 
Pen insu la. For example, on the east side of Conception Bay, where some of the 
steepest and most spectacular coastline is near Bauline, the shore towers 800 feet above 
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136115 

FIGURE 3. Escarpments facing south of east near Western Bay on Carbon ear Peninsula. 

136199 

FIGURE 4. Sea stack 300 feet high on northeast end of Bell Island. The edge of the flat levelled upland is al right. 
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the water ; 2 miles south of Bauline the coast rises sheer to more than 900 feet. 
Much of the coastal rim of St. John's Peninsula is higher than the interior plateau. 
Steepened stream gradients near the high-rising coasts have greatly increased the 
erosive power of streams, dividing much of the Avalon shoreline into a succession of 
bold headlands separated by short, steep re-entrant valleys whose floors rise rapidly to 
the levell ed upl ands of the interior. 

Lowland Areas 

Central Lowland 
The most extensive lowland on Avalon Peninsul a, developed on sedimentary rocks 

that are only moderatel y hard, stretches north for 20 miles from St. Mary's Bay to 
T r inity Bay and separates the eastern and western highland tracts . From Colinet at the 
head of St. Mary's Bay, the larger part of this lowland slopes gently north for 
more than 13 miles to just west of Whitbourne. H ere, at an elevation of barely 
200 feet , lies the divide between the south-flowing tributaries of Rocky River and the 
north-flowing drainage into Dildo Pond . Northeast of Colinet the surface ri ses more 
rapidly to elevations of 350 feet or more and merges graduall y into the Lawrence 
erosion surface that extends, with graduall y increasing altitudes, as far as the high land 
rimmi ng the head of Conception Bay. Just south of Whitbourne the lowland reaches 
its maxi mum width of more than 10 miles. 

Outcrops are rare in the lowland area. The generally flat to gently sloping bedrock 
surface is covered by thi ck glacial deposits that form a level or gently sloping till 
plai n in the west with relatively few lakes and, in the central and eastern parts, a 
distinctive pattern of hummocks and parallel or subparallel moraine ridges, separated 
by numerous lakes and swales. These hummocks and ridges are generally low but in places 
the moraine rid ges ri se to 40 feet or more and a few measure more than 80 feet 
from base to crest. Locally the moraines form rough , wooded tracts of steep-sided 
hill s and ridges that constitute terrain as difficult to traverse as any fou nd in the 
Avalon. 

Other L owland Areas 
N arrow coastal plains form undulating lowlands along stretches of the shores of 

Conception and Trinity Bays. The lowland o n the southeast side of Concepti on Bay is 
underl ain by Camb rian shales and is the better developed. The lowland on the east 
side of Trinity Bay is underl ai n by both Cambrian shales and harder Precambrian rocks. 
It is less continuous than the Conception Bay coastal strip, with considerab le re lief 
where hill s and rid ges, underl ai n by the harder rocks, interrupt the surface. 

Avalon Peninsu la was heavil y glaciated during the Quatern ary. That a very long 
erosional stage greatly exceeding the duration of the entire Quaternary Epoch preceded 
the Wisconsin glacial period seems certain. Rocks of Cambrian and Ordovician age 
were probably once much more widely di stributed than now, but together with any 
more recent rocks deposited above them, were stripped from the Precambrian surface 
by erosion. At the end of this erosion cycle, the entire area was glaciated, possibly 
repeated ly. Soil and rock were removed from the surface and later redeposited on or 
beyond the limits of the land . Today, many higher areas still remai n bare rock, but 
the lower areas usuall y have a thin to mode ra te cover of glacial deposits. Small areas 
of Cambrian and Ordovician rocks are found at severa l places, generally beneath low
lands or downfa ulted blocks . Although erosive acti vity appears to have been intense, as 
a rule the glaciations only li ghtly modified the older surfaces of the preglacial topog-
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raph y. The general aspect of the land be fo re the Pleistocene differed little from that 
of the present. The pre-Pleistocene bedrock topography, now largel y buried by Pleis
tocene deposits, shows many characteristics of m aturity: broad , m ature valleys and 
o ld bevelled upl ands (Fig. 2) above which monadnocks rise a few hundred feet. 
Exceptions to this ma,y be found either in large pre-existing depressions, such as Trinity 
and Concepti on Bays, that were strongly eroded by ice channelled down their long 
axes, o r in sma ller fiord-like va lleys, parallel to the ice flow , that cut across the 
strike of the rock formation s such as those on the Atlantic coast south of St. John's. 

During postglacial time there has been littl e modification of the surface forms 
produced by glacia tion. In a few places where gravelly, unconsolidated deposits were 
of considerable depth, the rivers rapidly cut their channels; but a lmost everywhere 
else the strea ms ei ther met bedrock beneath the thin superfici al cover o r failed to cut 
deepl y into th e stony glacial deposits. The sur faces of man y of the harder rocks remain 
comparatively unweathered. In some places even min or glacia l markin gs have been 
preserved. The grosser for ms impressed on slates, siltstones, and softer rocks rem ain , 
but , except where the rock surfaces were protected by ove rl yi ng drift , postglacial 
weatherin g has removed st ri ae and most glac ial groovi ng and associated markin gs . 

Drainage 
The many rivers and profusion of lakes fo rm a dense drainage network throughout 

Ava lon Peninsula. Around St. Mary's and Conception Bays streams flow obliquely 
toward th e axes of th ese bays; elsewhere they flow directly toward the coasts, at least 
in their lower courses. Summers ( 1949, p. 24) suggested th at the general pattern is 
inherited from a preglacia l d ra inage system in which majo r ri vers fl owed in the wide 
va ll eys now submerged beneath the four main bays. The streams now fl owing obliquely 
into St. Mary's and Conceptio n Bays are considered to be the truncated upper reaches 
of tr ibut aries that fo rm ed th e preglacial dendritic pattern of these master rivers . The 
sub mar ine channel s that cross the co ntin ental shelf, particul arl y those originating in the 
vicinity of Trinity and Place nti a Bays are considered as extensions of the main streams 
(see Spencer, 1903 , p . 212). 

Although Northwest Brook is the onl y A va lon river longer than 20 miles, several 
streams are between 10 and 20 miles long. Many of the longer rivers ori ginate from 
cha ins of Jakes on the uplands. They do not flow in definite valleys but tend to follow 
circuitous ro utes from lake to Jake for several mil es before ft.owi ng directl y to the 
coast . They descend from the plateau to sea level in the last few miles of their 
courses. Other streams, such as Crossing Place Ri ver and N orthwest Brook, ft.ow in 
large va lleys th at a re well incised below the general surface level and are clearly 
preglacia l in origin . 

The clear wa ters of the numerous streams ca rry little sediment and in most pl aces 
have la id dow n little or no allu vium . Either mod ern fl ood pl ains are completely lacking, 
or flats ad jace nt to the strea ms are covered with onl y a foot or two of material. 
An exception to thi s is fo und where streams have reworked and red eposited outwash 
deposits, espec iall y gravels, e.g., a long the lower parts of Peter's and Crossing Place 
Ri ve rs and Northwest Brook. 

Gl aciation has disrupted and chan ged detail s of the old integrated d ra inage patterns 
of the area in vary ing degrees. The most disorganized drainage found now is in upl and 
a reas of gra niti c rocks, in a reas where the glacial sed iments are thickest, and where 
volcanic rocks outcrop. In the interior, areas of littl e relief are as a rule poorly 
d rained and extensive ly covered by irregula rl y shaped bogs and marshes, some extending 
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many miles. On the granite so utheas t of Conception Bay, numerous irregul ar ly shaped 
lakes occupy basins excavated by ice or dammed by glacial debris. They drain hap
hazard ly, spilling from basin to basin through short rapid streams whose courses tend 
to fo llow jo ints and fractures. In the central lowland northeast of St. Mary's Bay, the 
a rea of moraine rid ges mainl y drained by Colinet and Rocky Ri ve rs, has a thick cover 
of glacia l drift in which bed roc k outcrops are rare o r absent. Numerous Jakes form a 
complex, interlocking pattern controlled by the hundreds of para llel and subparallel 
drift rid ges, and as in areas underlain by granite, the d ra inage is unintegrated with 
little or no bedrock control. 

Where the drift cover is thin or di scontinuous, glaciation has di srupted drainage 
less and the drain age patterns are controlled to a greater extent by bedrock structures. 
Stream courses and lake basins are largely controlled by fracture and joint systems 
in th e more massive rocks and by bedding planes and folds in the sedimenta ry rocks. 
On both Carbonear and Pl ace nti a Peninsul as, close structural control of the drainage 
is evident where lakes and conn ecting streams follow curvilinear courses around the 
noses of plun ging synclines or anticlines. 

A few strea ms fl ow through broad channels much too large fo r their present size 
but which were inci sed in the drift by former meltwater streams of much larger volume. 
The best examples are found a few mil es west of Cape Race and on the west 
side o f St. Mary's Bay northeast of the village of Branch. 

With precipitation on Avalon Peninsula abundant throu ghout th e year - averaging 
more th an 55 inches in the south and more than 45 inches everywhere else, and 
sli ghtl y heav ier in the winter than in the summer - the widespread bogs in many parts 
of the peninsula ac t as sponges to abso rb th e heavy rainfall. In conjunction with the 
numerous lakes, they provide storage to regulate st ream fl ow so that fo r most rivers 
the no rm al low-wa ter fl ow is a large frac ti on of the max imum flow . Because many 
rivers fa ll from th e interior upl ands in their lowe r courses eve n streams with a 
compara ti vely small Aow but with a hi gh fa ll over a short di stance are suitable 
for the development of commercial power . The head waters of ri ve rs th at fl ow in deep 
preglacia l va ll eys and lose a ltitude graduall y over longer dist ances may be di verted 
across drain age di vides to increase the fl ow in strea ms more suit able for power develop
ment. Examples of thi s are th e south-A owing Northwest Brook, whose headwaters were 
di ve rted across a dra inage divide more th an 600 fee t hi gh into a strea m that fl ows 
east into th e Atl anti c at Cape Broyle H arbour ; and Manuel s Ri ver, di verted over a 
drainage di vide about 500 feet hi gh to flow into Topsa il Ri ver and , ultimatel y, into 
Conception Bay. D ams th at rai se water levels of th e larger upl and lakes a few feet 
make la rge wa ter reserves available. 

Vegetation 
Most of the forest cove r of the area is coniferous, with hard woods such as birch 

and ma ple bei ng a lmost entirely co nfin ed to the central lowland about St. Mary's Bay 
where so mewhat sunni er wea th er and sli ght ly hi gher temperatures favo ur their growth. 
F o rests containing timber of any size a re large ly confined to lowland a reas, to deep 
valle ys, and to so me of th e more sheltered bas ins. This di stributi on is la rgely attributed 
to the more extensive areas of deeper glac ia l dri ft usua lly found in these locations. 

Exposed upl ands and the summits of h igher hill s and rid ges are ge nerall y ston y 
barren s und erl a in by bedrock or a thin layer of drift. H ere, th e vegetat ion cover 
consists of copses o f black spruce, dwarf bushes, grass, and moss. Extensive areas of 
bog occur in the ce ntral and so uth ern regions. Jn sheltered depressions and over some 
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extensive areas in the rollin g interior , stun ted spruce 2 to 5 feet hi gh - the obstructive 
'tuck ing bushes' menti o ned by Jukes ( 1843, p. 23) - grow close together with inter
laced boughs a nd spreading to ps, forming a dense mat th at may be penetrated only 
with the utmost effort. In places it will even su pport the walker's weight for a step 
or two before allowing him to sink wa ist deep in to their ha mpering grasp. The most 
extensive of these dense sc rub-spruce areas lies south and southwest of Franks Pond . 

H ow much of the treeless country not occupied by bogs is naturall y barren, and 
how mu ch has bee n denud ed of its vegetat ion by recurrent fires, is uncertain . It is 
believed that mu ch of the barrens was o ri gi nall y forested and subsequently st ripped of 
trees by fire. Stumps and tree trunks, many still coated with charcoal, are to be found 
here a nd th ere. remote from present trees. H owever, ma ny of the hi gher and more 
exposed areas were probabl y as open and treeless when the first settl ers ar rived as 
they are today . Barrens supportin g valuable blueberry picking are burned over every 2 or 
3 years to susta in the yie ld of the berry bushes. The largest of these barrens lies 
betwee n Cappahayden a nd St. Shotts , in the southern par ts of Trepassey Peninsula , and 
except where interrupted in two o r three pl aces by wooded ri ver va lleys, exte nds almost 
continuously for more than 30 mi les. 
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Chapter Ill 

BEDROCK GEOLOGY 

Bedrock throughout the map-area is fo lded and fa ulted, rocks of Precambrian age 
generally being more severely deformed than the subsequent strata. The folding is 
generally open, with moderate to steep dips, and there is comparatively little metamor
phism except for well-developed cleavage. Some of the fau lts transecting both Pre
cambrian and Cambrian rocks are thought to have been most active during the 
Precambrian (McCartney, 1954). However, most or a ll of the Avalon rocks are 
considered to have been affected by fo lding during the Devo ni an Acadian Orogeny, 
whose ac tivity probably accounts for most of the deformation in the region since 
Precambrian time . Younger beds in Conception Bay dip very gently and are disturbed 
only by minor fault in g. Certain tightly fo lded Cambrian beds sou th of Trinity Bay are 
exceptiona l in that they are more severely deformed than the adjace nt Precambrian 
strata , perhaps because of their incompetent nature. 

Precambrian Rocks 
Sedimentary, volcanic, and gran iti c Precambrian rocks underlie almost all the map

area . Most are Proterozoic in age though the oldest group, the H arbour Main volcanics, 
may poss ibly be Archea n (Hutchinso n, J 953, p. 9). The hard , resistant rocks consist 
mainly of vo lcanics, gran iti c rocks, sili ceous slate and siltstone, sandstone, conglomerate, 
arkose, greywacke, and quartzite, with minor amounts of other sed imentary and igneous 
rocks. South of Conception Bay, an extensive area of mai nly granite intrusives, the 
Holyrood Batholith, extends for more than 20 miles into the interior of the peninsula 
and underlies some of its hi ghest and roughest ter rain . Small bodies of quartz monzonite, 
quartz diorite, and gabbro, apparen tl y Precambrian, intrude the Precambri an sediments 
at severa l places. Rocks of the P owder Horn Diorite Complex th at fo rm the high 
hill s immediately north of Come By Chance may be a hybri d gra nitic complex com
pri sing Precambr ian volcanics and sediments intruded by post-Cambrian gra nite, 
possib ly in Devo ni an time ( McCartney, 1958). 

Possible Precambrian Tillite1 

Late Precambrian rocks, tentatively identified as tillite, are exposed at five locations: 
on the east shore of St. M ary's Bay 2 mil es so uth of Gaskiers, northwest of the 
town of St . Mary's at Double Road Point and Frapeau Poi nt ; at the south end of 
Great Col inet Island and on the west side of Little Colinet Island . This las t exposure, 
mapped as conglomeratic sandstone by McCartney ( 1967, p. 3 1), closely resembles the 
other sections except that the top 20 feet a re 'red beds,' suggestive of subaerial 

l Brlickner, W. D. and Anderson, M. M. 
1971: Late Precambrian glacia l deposits in sou theastern Newfoundland-a prelimin ary note; 

Geol. Assoc. Can. Proc., v. 24, no. 1, p. 95- 102. 
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depositi on. M cCartney considered that th e Little Co linet Isla nd beds were atypical for 
conglomerate a nd that th ey presented puzzling features. He would have cal led the 
rocks tillite rather th an co nglomcrat ic sa ndstone, except for the lack of o ther evidence 
of glac ia ti on in so uth ern Newfoundland Precambrian rocks. 

The glacia l orig in of numerous, previously supposed tillites has been questioned in 
rece nt years (Chum akov, 1966, p. 400- 40 1; Crowell , 1964, p. 99) , and it h as been 
suggested th at c riteri a ci ted to exp la in thei r origin ca n result from oth er processes 
such as subaq ueo us and subae ri a l grav ity slidi ng (see D ott, 196 1, p. 1290, et seq .; 
Pet tij ohn , J 957 , p . 265). Both these processes may destroy stratificatio n and evolve a 
poorly sorted mudstone . 

The best diagnostic evide nces of glacia l or igi n a re generally considered to be st ri ated , 
polished pavement on the rock immediately underlying the bed in question, large areal 
ex tent , a hi gh pebble con tent and undeniably foreign erratics . By definition 5 to 10 
per cent of the pebbles in a true tillite shou ld be striated or faceted , althou.!,?h some 
till s have lower percentages. No single cri terio n yie lds a positive identification: the 
presence of a co mb inat ion of them. or indi spu tab le ev idence of one good one, helps to 
m ake ident ifica ti on more ce rt a in . For exa m ple. a large expanse of glaciated pavement 
with crossed stri ae or gouges would not be considered sli ckensides th ough a pavement 
with straight paral le l sc ra tches might. 

Due to the charac ter of ou tcrop. no striated . polished pavement was observed under 
the St . Mary's Bay tillit e. Indeed , it cou ld not be determined if such a pavement 
were present. E nclos ing slates on the exposed sho rel ines had weathered at a faster 
rate th an the tillit e, co ncea lin g th e underlying surface . Though th e deposit is bracketed 
by marin e rocks, a sequence less favou rab le th an a subaerial one, it shou ld be 
remembered th at th e till beneath St. Mary's Bay over li es hard . fine-grained marine 
sediments and th at presumab ly marine sediments are now being deposited above it. 
Thi s would duplicate the succession observed in the east coast exposu re of the bay near 
Gaskiers. Also. the tillite has been traced for more th an l 5 miles and is thi ck for 
at least JO mil es. It contains m any erratics representing a variety of rock types, so me 
stri ated a nd faceted , though perhaps Jess th an the desired l 0 per cent. Some of the 
erra tics have travelled considerable di stances. 

The til lite at Frapeau Point is a dark brown. gritty rock with foreign pebbles of 
chert. sye nite, and monzonite, and a few cobble and bo ulder-sized erratics of simi lar 
lithology. Some pebb les arc stri a ted and , rarely , faceted. For the similar bed at D oubl e 
Road Po int , a tru e thickness of more tha n 700 feet was es tim ated from pac in g a nd 
from slate a ttitud es at slate- t illi te contacts. This bed contai ned severa l large slate 
erra tics. On little Col inet Island erratic sto nes of chert. felsite , jasper, and minor 
gra nite , inc luding o ne of H o lyrood granite whi ch must have travelled at least 28 miles 
fro m the nea rest sou rce. were ident ified by McCartney. The Little Coline t Island 
sec ti on occurs in a marine sequ ence underl ain and overlai n by well-bedded siltstone 
which McCartn ey has identified as of la te Precambri a n age, a n age that D ow (1965 , 
p. 4 1 I) notes has been app li ed to many postul a ted tillites throughout the world . 

The a uthor considers th at ev ide nce cited for glacia l or igin of the St. Mary's Bay 
beds is su ffi c ient to tent at ive ly ide ntify th ese ex tensive . th ick deposits as tillite of late 
P ro terozo ic age, at least until further data. such as discovery of stri ated, poli shed 
pavement immed iate ly und er lyin g th e beds , becomes ava il ab le. 
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Paleozoic Rocks 
Sma ll areas of Cambria n rocks . in par t fossi li ferous. occu r a t va ri ous places, usuall y 

underlying lowla nd areas ad jace nt to the ma in bays. G enera ll y they are preserved as 
sync lina l or dow nfau lted remn ant s of Cambr ian stra ta . Ordov ician rocks (whi ch co nta in 
the long-worked Waba na iro n beds) o utcrop o n isla nd s off the east coast of Conception 
Bay and und erli e some adjace nt pa rts o f th e bay itse lf. Thi s is th e onl y kn own 
occ ur re nce o f Ordov ician rocks on the Ava lo n. Cambri an rocks a re more widely 
di stributed. They are prese nt in areas nea r th e head o f Conception Bay, o n the eastern 
a nd southe rn shores of Trinit y Bay , a nd in sca ttered patches fro m Trinit y Bay almost 
to St. Mary's Bay. They occur in th e vicinity of Bra nch on th e west side o f St. 
M ary's Bay, at St. Bride's o n Pl acenti a Bay opposite Branch , around the heads of Bull 
Arm a nd Come By Cha nce, and north of Come By Cha nce o n Come By C hance River 
(see Hutchinson, 1953: McCartney, 1956a, 1956b, 1958; Rose, 1952; Baird , 1954). 
Accord ing to Greene ( 1962) the largest stretch o f P aleozoic rocks covers approx imately 
45 sq uare m il es a nd is fo und in the Branch- Po int La nce area o f St. Ma ry's Bay. 

T he Pa leozoic cover was o ri gina ll y much more extensive, but toge ther with any 
roc ks de posit ed la ter, was removed fro m th e Precamb rian surface durin g the lo ng 
erosio na l stage th at extend ed up to th e glac ia l peri od . The prese nt widely se parated 
pa tches are remna nts preserved fro m erosio n by down fa ultin g a nd foldin g. In the 
Conception Bay area, Cam bro-Ordovic ian stra ta have been estimated by H ayes ( 193 1, 
p . 5 1) to be present in seq uences up to a t least 10,000 feet thi ck , a nd Ca mbri a n 
rocks as much as 1,500 feet thi ck (McCartney, 1967 , p . 64); a nd Ordovicia n rocks 
as much as o r more than 8,000 feet thick ( Rose, 1952, p . 33). The P aleozo ic rocks are 
fo und ge nera ll y under low la nds o r dow nfa ul ted blocks in the vicinit ies of Conception , 

Trini ty a nd St. Mary's Bays, a nd a few other coastal areas. 
M inor mafic int rus ives of Pa leozo ic age a re present in a few places, as are so me 

co ntem po rary vo lca ni cs . Sma ll gabb ro plugs and dykes a nd thin , Middle Cambrian 
pillow lavas possib ly re la ted to th em, a re restri cted to the a reas south of Trinity Bay 
a nd west o f St. Ma ry's Bay. G abb ro ic to gra niti c intrusio ns o f possibl e Devo ni an age 
a re foun d o nl y in th e western a nd nort hwestern extremiti es of the ma p-area. They 
include the No rthern Bight gra nite, th e Powder H o rn Dio rite Complex a nd the 
gabbro-to-gra nite sequence on the Jo na Isla nd s a nd F ox Island off the east coast of 
Placen ti a Bay (McCa rtney, l 956a, 1956b, 1958). 
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Chapter IV 

GLACIATION, GLACIAL EROSION, AND 
POSTGLACIAL EVENTS 

Glaciation 
During the Pleistocene Epoch , this part of Newfoundland was glaciated, perhaps 

repeatedl y, but the author has found no definite evidence of pre-Wisconsi n glaciation. 
For di scussion of its glacial hi sto ry, the study-area has been divided into two sections : 
the area glaciated by ice radiating from St. Mary's Bay area and by confluent, thin, 
loca l ice cover on Carbonear and St. John 's Peninsul as; and the area glaciated by ice 
flowing east and southeast from the N ewfou ndland interior. The central parts of the 
Isthmus of A valon, which connects these two areas, were covered at different times 
by ice from each source . 

The assumption made by MacClintock and Twenhofel ( J 940, p . J 750 ), among 
others, th at Labradori an ice moved across the whole of Newfoundland at th e Wisconsin 
maximum to "deposit the well-known drift of the Grand Banks," is based on the 
unproved supposition that the Grand Banks are massive termina l moraines. No evidence 
for thi s is cited by those authors from Avalon Peninsula itself, it being assumed that 
late r loca l glac iation either obliterated any evidence, or swept it into the sea 
(MacClintock and Twenhofel , 1940, p. 1747). 

Earlier concepts of ice from a New fo undland ice cap west of the Avalon , or even 
of Labrador-derived ice, invad ing A va lon Peninsula and moving across it to the sea 
cannot, in the opinion of the author, be substanti ated. Orientation of stri ae, errati c 
provenance and landforms, a ll indicate ice of local origin and suggest that thi s Avalon 
ice cap, fa r from being a late-glacial loca l dome formed by separation from withdrawing 
ice from an outside centre, was probably formed early in the Wisconsin glacia l stage 
and flouri shed vigorously enough to dominate the peninsul a and to exclude any ice 
attempting to encroach from the northwest. lf valid for th e Wisconsin , thi s pattern 
might a lso be expected to apply to previous Pleistocene glaciati ons; though if ea rlier 
ones were of greater rel ati ve severity and extent the ba lance between Avalon and 
mainland ice may have been diffe rent. 

Existence of a former ice cap over Ava lon P eninsul a tha t moved outward in all 
directions across its borders was inferred before the turn of th e century by Chamberlin 
( 1895 , p. 467 , Abstrac t ), who observed kames and mora ines on the Isthmus of Avalon 
indicative of westerly movement from the hea rt of the peninsul a into Placentia Bay. 
Coleman ( 1926, p. 201 ) reasoned th at there was evidence of two glaciations by an 
Ava lon Peninsul a ice cap , one ancient, possibly K ansan or 'Jerseyan,' the other 
Wisconsin . H e based hi s conc lusion principall y on observations of Butter Pot hill west 
of Fermeuse, and on th e hilltops south of H olyrood where weathering is more 
advanced compared to the exposed , fresh , reputedl y Wisconsin sur face on Signal Hill 
at St. John's. He considered the th ick moraini c deposits in the viciniti es o f Whitbourne 

16 



GLACIATION , GLACIAL EROSION, AND POSTGLACIAL EVENTS 

and Placentia Junction to be interlobate between the Avalon ice and ice fro m the 
more westerly Newfoundland centre (Coleman, l 926, p. 203). He postulated two 
in vasio ns of thi s western ice into the area, one correspond ing to hi s "ancient glaciation," 
the other to the Wisconsi n. This au thor fo und nothin g to substantiate Coleman's 
conclusions that ice from the main Newfound land centre had invaded Avalon Peninsula. 
Rather, he agrees with Chamberlin 's interpretation . 

Initiation of Glaciation 

Mather ( l 954, p. 300) pointed out th at weather patterns which existed in former 
cold per iods were simi lar to those of today, though the climatic fluctuations mi ght be 
slightly larger and of longer duration. Once cooling is ini tia ted, th e most important 
factor in the accu mulation of ice is precipitat ion (Zubov, 1950, p . 20) . Climatic 
cond itions on Avalon P eninsu la, al ready subjected to heavy falls of snow, would , at 
that peri od, result in great ly increased snowfa ll wi th each degree d rop in temperature . 
The total amount of precipitation would probab ly increase since the temperature 
difference between land and sea would become greater because of the greater lowering 
of temperatures over the land relative to th ose over the water. 

The first ice acc umul ations on Ava lon Peninsu la were probably on the upl ands, in 
areas more than l ,000 feet asl that ring St. Mary's Bay and that li e between the 
50-inch isohyet on the north and the 55-inch isohyet on the south. Because of their 
height and di rect exposure to the moist, oceani c airmasses, these uplands would 
probably have recei ved an annua l precipitation severa l inches more than the present 55 
inches. As the mea n annu al air temperature at St. John's is now 40.6 °F, it seems 
probable, in view of the long, mode rately cold winters and the cool summers, that 
eve n today the mean annu al tempera ture on the St. Mary's Bay upl ands is less than 
40°F. The present climate is already suffi ciently severe there to generate patterned, 
frost-soil features of a type usually fo und onl y much fa rther north . 

It is postu lated that during a period of deteriorating climate, ice accumulation on 
Avalon Peninsul a would begin as soon or sooner th an on other parts of Newfoundland, 
wi th th e possible exception of Long Range. Following the initi ation of ice accumulation, 
buildup would be rapid because of the mari time climate. Precipitation would increase 
because of the chilling effect of the hi gh, cold , ice-covered surface, and this condition 
would probably persist into a glacial stage. Ice wou ld first move east and west from 
north- south d iv ides on Trepassey and Placentia Peninsul as. With increasing fl ow, the 
thicken ing ice wou ld appear to have in vaded the basin of St. Mary's Bay, where 
its surface continued to ri se until the highest pa rt of the ice cap lay over the bay . 
From this po int on, throughout W isconsin time, radia l flow from thi s source appears 
to have dominated most of Avalon Peninsula and the sur roundin g shelf. 

This concept of early buildup di sagrees with the view of MacClintock and Twenhofel 
( l 940, p. J 750) , who held th at the A va lon ice cap is residual, probably le ft by invading 
ice of Labrador o ri gin , and that it on ly acquired radi al mot ion as a late, local 
phase of the Wisconsin glaciation, at which time it eradicated ev idences of the earl ier 
in vasion . Examinati on by thi s auth or of numerous till s, some in deep cuts to bedrock, 
revealed onl y rocks found on A valon Peninsul a itself th at do not requ ire glaciation 
from Labrador or other parts of N ewfo undland to explain their presence . The author 
believes the area was never glac iated from th e northwest for it seems unlikely that 
local glaciat ion fo ll owing an in vasion of outside ice would scour away all fore ign 
detritus down to bedrock, carry every fragment beyond the coasts, and then lay deep 
deposits of loca l genesis wi th no redeposition of any outside erratics. 
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Once a vigoro us ice ca p fl owi ng radi a ll y across th e coasts was fo rmed on the Avalon , 
it would require a tremend ous th ickn ess of out side ice to overwhelm it. T o reach the 
A va lon from the west o r north west, ice would have had to cross deep P lacentia and 
T rinit y Bays, both of which would have acted as main drainage channels to the 
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FIGURE 5. Ori entation of ice-flow ind icators and probable extension of ice at the Wisconsin glacial maximum. 
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Atlantic. It wou ld also, while undergoing major di vergence down these bays, have had 
to rise to at least 2,000 feet to attain sufficient thi ck ness to overwhelm the St. 
Mary's Bay ice cap. If, as suggested, the precipitation pattern of the past was similar 
to that of the present, the heaviest accumulat ion of ice would always be on the Avalon 
ice cap, not over other parts of Newfoundland . The position of the zero isobase of 
postglaci al uplift alo ng the western edge of Ava lon Peninsula strongly supports the 
interpretation that ice from west of the peninsul a would be blocked by a vigorous 
Avalon cap and wou ld be diverted into the easy dra inage routes offered by Trinity 
and Placent ia Bays. This was a lso the position taken by Coleman ( l 926, p. 203) to 
expla in the lack of any postglac ial raised beaches on the Avalon. Massive fl ow of 
western ice across the Ava lon and on to the continental shelf would have sufficiently 
depressed the peninsu la so that the subsequent crusta l rebou nd fo llowing deglaciation 
would have resulted in raised beaches. Absence of such beaches has a bea ring also on 
the th ickness and extent of Avalon ice. 

Wisconsin Glacial Maximum 

All evidence points to the conclusion th at at the Wisconsin glacial maximum, the 
Avalon ice cap, centred over St . Mary's Bay, radi ated outward in a ll direct ions, as 
shown on Figure 5 . Further, it must have been at least 2,000 feet thick to have 
glaciated the upl ands east and west of the bay that reach elevat ions of nearly 1, 100 
feet as l, and to fill the bay whose floor , in places, lies 650 feet below sea level. If 
the bay floor at that time lay at its present level, the minimum thickness of ice 
necessary at all places to cross the upl ands, cou ld not have been less than this . 
H ow much greater depths of ice were atta ined is difficult to say, depending as they 
wou ld on the di stance the cap ex tended beyond the present coasts. The absence of 
raised beaches suggests it did not greatl y exceed this minimum thickness nor ex tend 
far beyo nd the present peninsular limits. 

Outflow fro m the accumulation dome over St. Mary's Bay would probably be easiest 
to the sou th over the wide threshold that is o nl y slightl y below present sea level. 
In the north and northwest, low co ls, o ne at 200 feet , the other at just more than 
400 feet above sea level, gave somewhat less free egress to the large volumes of 
ice that escaped th rough T ri nity and Conception Bays. R oches moutonnees and striae 
show that the co ls have been scoured by northward-movi ng ice (Fig. 6) and the manner 
in which both bays have been overd eepened indicates ice moving down them from their 
heads. In spite of the apparentl y open outlet to the sou th, stri ae, roches moutonnees, 
and moraines indicate that the ice must have accumulated until it was sufficientl y thi ck 
to overtop the upl ands east and west of the bay and to move vigorously across them. 

lt is diffi cu lt to exp lain the thick accumulation of ice over St. Mary's Bay unless 
the ice drainage south and southwest had been blocked. The author believes this 
rest ri cti on to southward movement was the ice flowing east in Cabot Strait from the 
Gulf of St. Lawrence and south from the other parts of Newfoundland - with possible 
addi ti ons, at the time of greatest eustati c lowering of sea level, from accumulated ice 
on parts of the emergent continental shel f. That a la rge volume of ice did move 
through Cabot Stra it is indicated by recent st udies on the bottom topography of the 
passage (Canadian H yd rographic Service, Charts Nos. 4015, 4016, 4041) that show a 
very large, steep-sided trough, many hundreds of feet deep, running southeasterly from 
the gu lf to the edge of the continen tal shelf. Several closed basins have been excavated 
in the fl at, trough floor, and the tro ugh itself must have been excavated in the soft, 
semiconsoli dated Terti ary rocks by ice from the various sources just mentioned . 
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FIGURE 6. Roche moutonnee 24 feet high , 120 feet long, in slate on east side of Hodgewater Line (No. 66 Highway) northeast 
of Grand Pon d. 

Smaller trou ghs from Fortun e and Pl acenti a Bays jo in thi s la rger o ne a nd m ark the 

routes fo ll owed by mu ch of the ice from areas of Newfoundl a nd west of the Avalon. 
Ice moving seaward thro ugh Ca bot Strait, o r accumul a ting on the ,eme rgent parts of 

the con tinenta l she lf, co uld h ave formed the bar rier that b locked south-fl ow in g ice 

from St. Mary's Bay a nd caused it to thi cken until it overflowed its land barri ers . 

Accord in g to F lin t ( 1957, p. 26 1), sea level a t the Wisco nsin m ax imum was at 

leas t 293 fee t (90 m etres) lower th a n a t p resent. It is unlikel y it was ever mu ch 
lower th a n 400 feet ( 123 metres) . As eve n deeper water lies off the m outh s and 

nearly up to the heads of Trinity a nd Conce ption Bays, the outlet glaciers debouching 

there from th e A va lo n ice cap mu st h ave h ad ca lvi ng fronts continuously th rougho ut 
the ir li fe . Though th e glac ier in T rini ty Bay also carried ice from the areas to th e 

north a nd west , a nd mu st h ave been co nsiderab ly la rger th a n the o ne in Conception 

Ba y, it discharged into deeper wate r a nd therefore probably did not extend a ny farther 
seaward. At the ice fro nts, wa stage b y ca lvin g a nd melt ing would prevent the ice 

fr o m projecting m o re th a n about 20 mil es beyo nd th e protecting, bay-mouth head lands. 
The broad SO-fa th o m bank o ff th e m o uth of Concepti o n Bay, lo ng considered to be 
of m ora ini c o ri gin (K e rr , 1870, p . 705), a nd a no ther ba n k with so m ewh at deeper 

wa ter ove r it o ff th e m o uth of Trinity Bay, impl y glac ie r fronts stabili zed a t these 

positi ons for a lo ng period. As grad ie nts o n the ice surface of th e outlet glaciers 
wou ld dec rease as th e glaciers le ngth e ned , and w o uld in c rease as th e ice in St. M ary's 

Ba y thi c kened , stabi li za ti o n of th e positi o n of the glac ie r front s at a sh o rt di stan ce 
ou tside th e ba y m o uth s wo uld be a n importan t control on the he ight a tta in ab le by the 

ice cap. W ith a n increase in hei gh t, the a m ount of ice fl owin g northwa rd fro m St. 
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Ma ry's Bay would become greater; but beca use of the stati onary ca lving fro nt, increased 
fl ow woul d not increase the length of th e glaciers although it woul d increase th eir surface 
gradi en t and th eir rate of flow . Ice fl owin g out across the uplands to the east and 
west would a lso rapidly check th e thickening of the dome, once its heigh t exceeded 
2,000 feet. 

Erosion of va ll eys at Ca pe Broyle and A qu aforte H arbour ind icates th at considerable 
quantiti es o f ice fl owed across the east coast to th e sea. The total vo lume of th is 
outflow was la rge, though probably not so great as that of th e outflow into Trinity 
and Concept ion Bays. Because of the underwater co nfi gura tion offsho re it woul d have 
been insuffi cient to ma intai n an ice shelf more th an a few mil es wide. 

T he vol um e of ice flow ing from the Avalon ca p in to Placentia Bay was small , much 
less th an th e amounts fl owing no rth and east, and there is little ev idence on Placenti a 
P eninsul a of intensive glac ia l erosion west of the Placent ia Bay- St. M ary's Bay 
di vide. Blocked by the ice in Cabot Stra it , the ice d ra ini ng south and east th rough 
Pl ace nti a Bay apparentl y became suffic ien tl y deep at the northern end of the bay to 
overfl ow in to Tri nity Bay across th e Isthmus of Avalon as fa r south as th e D oe Hill s. 
These broad summit s more th an 800 fee t hi gh show unusuall y well developed mamill ary 
rock sur faces, excell ent roches rnou tonnees, crescenti c frac tures and numerou s un
wea th ered stri ae, a ll fo rmed co ntempora neously. This ice m ust have ri sen to heights 
th at prevented a fl ow westward from the A va lon ca p. 

E ven a t the glacial maximum, the heavy d ra inage th rough Trinity and Conception 
Bays a ppea rs to have drawn off so much ice th at outflow from the main A valon 
centre was unable to advance fa r along the hi gh, centra l axes of St . John's and 
Ca rbonea r Peninsul as. A thin , loca l ice cove r confluent with that of the main ice cap 
extended along the cen tra l rid ges of these peninsul as fro m nea r their bases to their 
no rth ern tips. As ind icated in va rious places by the bould er provenance, thi s local ice 
dra ined east and west at right angles to th e cent ra l ridges. A t lower levels, roches 
moutonnees and assoc iated striae give furth er evidence of this fl ow. Though not thick, 
thi s ice covered the entire sur face of the peninsul as, its profil e cont ro ll ed by underl ying 
topogra ph y. Generall y, its erosive ac ti on was feeble, in places little more than enough 
to move loose b locks short di stances, and leav ing much ro tted bed rock in place. N ear the 
coasts the steeper gradi ents increased the erosive power of the ice suffic iently to 
develop heavy striati ons, roches moutonnees, and plucked lee slopes . 

The peak of erosion intensity of Avalon ice occurred durin g the glacial max imum 
and was concentrated along margins of the ice sheet that had suffi cient topograph ic 
reli ef to chann el th e fl ow into deep, fas t-mov ing ice strea ms ca pab le of vigorously 
plucking and scouring the und erl ying rocks. G lac ial overdeepening occurred on the 
fl oo rs of th e two no rth ern bays, valleys o n the east coast were reshaped, and crests 
of th e hi ghest hill s were glac iated . Both south of H olyrood and west of Fermeuse, 
heights th at Coleman ( 1926, p. 201) con sidered h ad remained un glac iated during the 
Wisconsin , a re und erl ain by gra nite and rough-weatherin g volcanics whi ch durin g post
glac ial tim e have in ex posed areas lost a ll but the heav iest stri ati ons, but whi ch in 
a reas with even a thin protec tin g cover retai n po li shed and scratched sur faces. At 
Brigus Jun cti on, 8 mil es east of the H olyrood volca ni c hill s described by Coleman, 
crests at a pp rox ima tely th e same elevati on a re underl ain by hard , fin e-gra ined rocks 
and a re ch arac teri zed by grooved and stri ated roches moutonnees fo rmed by Wisconsin 
ice. Though exposed to weatherin g fo r th e same length of time as the volcanics, 
nothing has bee n removed except th e po li sh and perhaps th e very finest o f striae. 

A s already suggested , the Ava lon cent re probab ly contri buted litt le to the volume of 
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ice moving down Placentia Bay, which always carried a preponderance of drainage 
from the more westerly parts of the island. The most active erosion probably took 
place before and after the glacial maximum, at a time when southward .flow would 
have been less restricted by ice in Cabot Strait. The closed basin beneath St. Mary's 
Bay (e nclosed depth 440 feet; 135 metres) may owe more to glacial erosion before 
or after the glacial maximum than to erosion during it, though glacial deposits south 
of the bay mouth could account for much of the "overdeepening" effect disclosed by 
soundings. The deeper parts of this bay lie one third of the distance from its head , 
and at the time this area lay under higher parts of the ice dome little or no erosion 
would take place. Movement at that time would then have been downward and 
outward rather than along the axis of the bay. There is, however, some reason to 
believe that the highest part of the ice dome lay somewhat south of the upper third of 
the bay, probably near the bay mouth. If so, ice moving northward up the bay 
would erode the .floor toward the head. The large amount of thick till in the 
mora inal areas north of the bay contains stones and pebbles derived from bedrock 
formations underlying the bay, suggesting that late Wisconsin ice came from that 
direction. These deposits were laid down during deglaciation and indications are that 
the ice moved from the south, because erratics, which one would expect to find had 
the ice flowed from other directions, are absent. 

Ice From Other P arts of Newfoundland 

As indicated by erratic provenance, orientation of striae, grooves and shaped bedrock 
bosses, thick ice from the Newfoundland interior flowed south of east toward Trinity 
Bay, across the northwest corner of the stud y-a rea , approximately at right angles to the 
coast. Almost all the ice-movement indicators are oriented between 15 and 25 degrees 
south of east, a direction that continues for about 4 miles along the Isthmus of Avalon 
as far south as Little Southern H arbour and Rantem Cove. Distinctive granitic erratics, 
that could only have originated in areas to the northwest or on islands in Placentia 
Bay, are in tills on the isthmus to a point east of the Doe Hills. Either source would 
indicate a generally east or southeast flow of the ice. Farther south, similar rocks are 
found only on the modern Pl ace ntia Bay beaches north of Placentia Sound, evidently 
carried there by ice rafting. Inland , they are absent from the tills everywhere south 
of Doe Hills. 

On the northernmost part of the isthmus and in the adjacent areas to the north 
and west, most oriented, glacial, bedrock markings were probably inscribed by late 
Wisconsin ice - although ice movement at the Wisconsin glacial maximum is also 
believed to have been in the same direction or very close to it. Going farther south 
toward the Doe Hill s about ha lfway down the isthmus, the ice moved first to the 
east, then , farther south, to north of east (see also McCartney, 1956b, J 956c; Jenness, 
l 960, p. 164). A late local movement followed during which the ice moved north
easterly. Thus from the vicinity of Little Southern Harbour-Rantem Cove, south to 
Doe Hills. two ice movements are recorded at numerous places in the central and 
eastern parts of the isthmus: the older one oriented some 20 degrees north of east, 
the younger one more nearly northeast. The summits of the Doe Hills, composed of 
hard volcanics and rising to more th an 800 feet above sea level, higher than any 
other land for several miles around, were also glaciated intensely by ice moving 20 
degrees north of east, and more lightly, by ice moving 40 degrees north of east. 

Numerous crossed striae date the relative ages of the two :novements, and at 
Rantem, striated , intersecting, planed surfaces confirm .flows that continued long enough 
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to bevel flat the hard, andesitic rock (Fig. 7). The relative ages of the striae were 
mainly determined in locations where the fine , northeasterly, younger striae were 
incised below the edges of the older, heavy, east 20 degrees north striae, and 
where striae oriented 20 degrees north of east were preserved only in the protecting 
lee of rock surfaces striated northeast. The older flow , which registers the movement 
of ice from Placentia Bay into Trinity Bay, deposited the granitic erratics: the later, 
northeast movement represents axial flow of local ice from the high central parts of 
the isthmus. 
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FIGURE 7. Crossed striae and intersecting planed surfaces in till pit on the highway north of Rant em. 

Even at the glacial maximum the flow from the west does not appear to have 
been sufficiently strong to carry western ice across Trinity Bay and onto Carbonear 
Peninsula. However, it did force the heavy, north-flowing stream of Avalon ice against 
the eastern side of the bay, resulting in asymmetrical overdeepening of the bay floor. 
Tee thickness of only J ,OOO to 2,000 feet rather than several thousands of feet is 
implied; otherwise Trinity Bay would have been overwhelmed. This lesser thickness 
may also be inferred from the moderate isostatic rebound indicated by raised shorelines 
only 15 to 30 feet above present sea level. Christie ( 1949, field notes as quoted by 
Jenness, 1960, p. 175) noted that "striations are oriented S 70 E on a smoothly 
polished bedrock surface just south of Grates Point, at the northern end of the 
Carbonear Peninsula," and considered this observation as supporting evidence for the 
movement of ice from west to east across Trinity Bay. The present author searched 
unsuccessfully for these striations. If they do indicate actual movement onto rather than 
off the land, they still may not be a record of an encroachment of western ice 
onto Carbonear Peninsula. As ice from the Avalon ice cap presumably flowed up the 
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eastern side of the bay, the stri ati ons may onl y. represent the fo rcing of the A valon 
ice back onto the tip of the peninsul a under pressure from western ice pushin g eastwa rd 
into the bay. Such an interpretati on would be consistent with distincti ve erratics from 
areas to the west of T rinity Bay being absent fro m the Carbo nea r till s in thi s area. 

The na rrow channel of Bull Arm probably ca rried the heavi est stream of ice east 
into Trinit y Bay. Its precipitous sides plunge to more than 600 feet below sea level 
nea r its mouth (U.S. N avy H yd rograph ic Office, Chart H.O . 1102) and a deep trench 
leads from the in let across the fl oor of Trinity Bay. 

Large vo lum es of ice also entered Placenti a Bay both at its head and from the 
north west across Burin Peninsu la (GSC Glacia l M ap of Canada, 1968). Flow out of 
the bay would have been checked by ice in Cabot Strait , in the same way that St . 
M ary's Bay ice was checked. Thus, du ri ng the heaviest ice drainage of the glacial 
max im um, thi s obstru cted ice backed up and spilled ove r east and northeastward 
across the Isthmus o f Ava lon and extended as fa r south as th e D oe Hill s, which it 
overtopped . East of th e isthmus di vide, a few striae ori ented between 20 and 27 
degrees north of east are fo und on hill tops fo r about 5 mil es south from Doe Hills. 
They may record fl ow of ice to Trinit y Bay fro m the west in th e same way as the 
stri ae fa rth er north , but as no gra nites of wes tern provenance were found in the till s, 
th ey coul d indica te merely local movement. Since ice from the Ava lon ice cap probably 
did no t reach more th an a mil e or two north of the Long H arbour- Chapel Arm road, the 
10-mile stretch of the isthm us between th e road and the D oe Hill s may, like Carbonear 
and St. John's Peninsu las, have bee n subjected throughout the Wisconsin peri od to 
local glac iat ion onl y. O n th e other hand , because of th e heavy glaciation of the D oe 
H ill s crests, it is possib le that western ice may at the glacial maximum have extended 
even fa rther south of the hills. A search fo r granitic rocks of western ori gin in the 
till s of thi s part of the isthmus should clari fy the question of whether ice from more 
westerly parts of N ewfoundl and merged in thi s area with ice from the Avalon cap. 

D e glaciation 

Climate is th e major control fac tor in glac iation. Usually, a more o r less gradual 
retreat of th e ice sheet and its glaciers fro m low peripheral areas is initi ated when 
the rate of ice accreti on in accumul ati on areas feed ing the draining glaciers decreases 
e ither beca use of lessened precipita ti on and / or increased ablation. Retreat continues 
unti l the budget of th e ice fi eld is aga in in ba lance . At the glacia l max imum the 
south ward now of Ava lon ice was obstructed by ice in Cabot Stra it. This ice, being 
in a low peri phera l posi ti on re lati ve to its di stance source, would have been readily 
sensitive to any ameli orati on of climatic condi tions. A thinning of the Cabot Strait ice 
wo uld affect the fl ow fr om St. Mary's Bay even though accumulati on rates over 
Ava lon Peninsula remained re lati vely unchanged. Th at something simil ar did happen 
seems ind icated by ev idence of an ea rly migrati on of th e highest part of the ice 
ca p northeastward from the mouth of St. Mary's Bay toward its head . 

T he fo ll owin g reco nstru ct ion, based on indicated patterns o f ice fl ow (Fig. 5) and 
their assoc ia ted deposits (see Chapter V ), out lines the most probable course of events 
fo llowing th e last glacial max imum . G rooves and stri ae on the tip o f Trepassey 
P en insul a betwee n Trepassey Bay and St. M ary's Bay record easterly movements from 
the directi on of th e mouth of St. Mary's Bay - location of the centre of th e Avalon 
ice dome at the time of the glacial maximum when Cabot Stra it ice was thickest. 
Even had accum ul ati on ra tes ove r Ava lon Peninsul a remained little changed, increased 
drawdow n into Cabot Stra it at a later period , due to the thinnin g of ice there, 
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would have lowe red the ice surface in the v1cm1ty of the bay mouth. Ice farther up 
St. M ary's Bay wou ld then be re la ti vely hi gher a nd the centre of radi al fl ow would 
move northeastward. As the southerl y fl ow of ice out of St. M ary's Bay increased , 
northwa rd moveme nt through the out let glaciers in Trinity and Conception Bays 
wou ld slacken, a nd less ice would reach the east coast. This change may have occurred 
fairly rapidl y, depe ndin g upon how quickl y the eastward flow of ice from Labrador 
a nd the more western parts of Cabot Strait dec reased. 

After the glacia l max imum , radia l flow from a dome centred nearer th e head of 
St. Mary's Bay appea rs to have continued for a considerable time. Eve n a ll owin g for 
the local drainage from Trepassey Peninsu la, most of the ice mov in g through H olyrood 
P ond , a much-overcleepened fio rd w ith trun cated spurs, could o nl y have come from 
thi s so urce. T o the west of thi s ice centre, ma ny stri ae and grooves on ridges 
no rth of Brahch record ice movement towa rd Pl ace nti a Bay and away from the upper 
parts of St. Mary's Bay. To th e east, mo vements o f loca l ice appa rentl y destroyed 
any earlier, similar, easte rl y orie nted markings th a t may have existed o n the west side 
o f Trepasse y Peni nsula. 

The fl ow of ice, east and north o f east out of Pl ace nti a Bay a nd across the Isthmus 
of Ava lon. a ppears to ha ve ceased a t abo ut the sa me tim e that the ice ce ntre over 
St. M ary's Bay shifted no rth , a nd for the sa me reaso n : a lessen ing of the volume 
of east-mov in g ice in Cabot Strait that gave easier south erly egress fo r the thick, 
obstructed ice in Placentia Bay . This lowe red the ice sur face nea r the head of th e bay 
and brought to an e ncl the di ve rsio n of ice into Trinit y Bay. Th at c limat ic cond itio ns 
were still severe, poss ibl y o nly little milder than during the glac ial m axi mum , is 
suggested by the subsequent development of local glac iati on o n the Isthmus of 
Avalon. Though the higher parts of the I sthmus are less th an I ,OOO feet as! , ice 
accumul a ti o n was suITTcient to support axial fl ow into Pl acentia and Trinity Bays, as 
show n by boulder proven ance and assoc ia ted stri ae east of Fair Haven and , far ther 
north , by la te changes o f ice direct io n into Trinit y Bay. 

Although severe glacial conditions still preva iled along the wes t shore of Trinity Bay, 
continued lowe rin g of the Ava lo n ice cap redu ced the nouri shment of the outlet 
glaciers flowing into Trinity and Conception Bays. Even when Avalon ice had almost 
ceased to move north into Trinity Bay, a large volume of ice co ntinued to flow in 
fro m th e west. The Bull Arm ton gue reached across the bay and impinged on the 
shore of Ca rbo near Peninsula , car rying with it di stinctive western erratics th at were 
deposited in the a ngular gravels now exposed in low shore bluffs. Beca use the gravels 
extend inl a nd o nl y a few ya rd s fr om the shore ove r a short stretch of coast across 
the bay from Bull Arm , they probabl y represent a kame terrace deposit . Stones of 
western provena nce are abse nt in adjacent till. 

Most of the ea rl y ice recession appears to have been caused by increased southerl y 
drain age out of St. Mary's a nd Pl ace ntia Bays. H oweve r, at about the time the 
Trinity Bay glacier retreated to the head of the bay, continued ame li orat io n of the 
glac ia l c limate had lesse ned the a nnual amounts o f ice acc reti on. Hi gher summer 
temperatures and the resulting in creased ab lation would qui ckly affec t the whole ice 
cap, reduc ing the fl ow of ice westwa rd across Placenti a Penin sul a. W astage by melting 
eventua ll y became dominant as ac ti ve flow dimini shed. Meltwater deposit s we re la id 
down a nd th e first large meltwa ter cha nnel s were eroded o n the la rgely ice-free slopes 
west of th e north- south divide of Placentia Peninsula . These west-facing slo pes were 
the first to be ice free . After a n inter va l durin g wh ich severa l deep meltwater gorges 
were cut across the ma in peninsul a r di vide , the ice continued it s eastward ret rea t 
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across central Branch valley and toward St. Mary's Bay. No evidence for the late 
centre of outflow on Placentia Peninsula recorded by Summers (1949, p. 83) was 
found by this author. 

At about the same time, ice ceased to move from the St. Mary's Bay area into 
Trinity and Conception Bays, though some ice probably still flowed into Conception 
Bay from St. John's and Carbonear Peninsulas. Most of the meltwater from the main 
Avalon ice centre escaped freely downslope, but a glacial lake was impounded southwest 
of Whitbourne when a mass of residual ice blocked drainage northward across the 
low col into Trinity Bay. This lake was of short duration and drained upon disintegration 
of the ice plug, leaving a foot or two of si lt over lower elevation moraines. 

Ice retreated first from coastal areas, and the reduced flow was concentrated into 
tongues that extended seaward down the major valleys and beyond the retreating ice 
margins. The main accumulation area shifted east from St. Mary's Bay to the highlands 
of Trepassey Peninsul a. Trepassey Peninsula , broader and with a much greater expanse 
of upland than Placentia Peninsula, remained an area of accumulation and outflow for 
some time after the glacial regimen on Placentia Peninsula had come to an end. 
Meltwater erosional and deposit ional feature s, formed when the mai n ice centre lay 
over St. Mary's Bay, remain unmodified on Placentia Peninsula but are absent over 
much of Trepassey Peninsula. South from Litt le Colinet Island , striae on shore rocks of 
the Trepassey coast record the westward movement of this late ice into St. Mary's Bay 
after most or all of the thick St. Mary's Bay ice that formerly discharged eastward over 
the same area, had disappeared . 

Final wastage of St. Mary's Bay ice was swift. Once the Cabot Strait ice had 
disappeared, the sea invaded the area and came into contact with the long southern 
edge of the ice cap. Melting and calving caused rapid ice recession up-bay and the 
last main centre of active Avalon ice retreated to the uplands of Trepassey Peninsula . 
On the west shore of St. Mary's Bay, marginal drainage channels and numerous spillways 
leading shoreward from gorges cut across coastal spurs, mark the marginal positions 
of the ice retreat. South from Little Colinet Isl and, these indicators are absent on 
the eastern side of the bay. Instead, glacial markings, oriented toward the bay, and 
recessional moraines deposited in front of ice tongues retreating into the interior of 
Trepassey Peninsula, are found. Eskers and large meltwater channels around Trepassey 
Bay and along the eastern coast also record retreat from coastal areas into the interior 
of this peninsula. Hummocky moraine and scattered ab lation moraine mark the area 
where the last ice melted , largely as stagnant masses trapped in highland basins in 
the Hawke Hills and south from there to the vicinity of Franks Pond. 

As the ice withdrew from the cols leading to Trinity and Conception Bays, a series 
of ridges composed mostly of till formed parallel to the ice front. Whether they were 
laid down directly at the ice front by marginal melting and ice shove, or were 
formed by the flow, into basal crevasses, of saturated till under hydrostatic pressure , 
has not been proved. This author strongly favours some kind of frontal accumulation . 
The asymmetry of most better developed moraines, some of which are paired, suggests 
that the ice retreat was fluctuating rather than continuous, and that it was interrupted 
by a series of pauses fo ll owed by surges during wh ich the margin advanced short 
distances. Recessional moraines fo rmed in front of ice tongues draining the main 
Avalon cap and those draining the local ice cover on St. John's and Carbonear 
Peninsulas. This suggests that climatic control caused simultaneous pauses and sl ight 
advances at most ice-marginal positions, not just on the St. Mary's Bay lowland. A 
cycle of short cooler periods and warmer periods cou ld cause these fluctuations, and 
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the heavy precipitation of the area would tend to augment their effect. 
On the east coast, south and west of Bay Bulls, the distribution of granite erratics 

suggests a late-glacial shi ft of the southern end of the St. John's Peninsula ice divide 
that separated the southeasterly flow into the Atl antic from the northwesterly flow 
into Conception Bay. Though granites comprise 15 to 20 per cent of the drift at 
the junction of the Witless Bay Line and the eastern coastal highway, they rapidly 
decrease to zero halfway between the junction and Bay Bulls, 1 V3 miles far ther north . 
The gran ite erratics have been transported over slates 7 to 8 miles east 35 degrees 
south from the H olyrood Batholith whose western boundary in this area runs north
south for many miles. C lose to the batholith , however, granites have been transported 
east 35 degrees south from points as much as 4 miles north of the intersection of 
the batholith boundary and a line from the halfway point just mentioned (Fig. 8) . 
Between the batholith and the coastal highway all ice flow in the area toward and 

4 7°25' 

ATLANTIC 

OCEAN 

Older ice divide . 
Late ice divide . 
Direction of transport for 
granite erra tics. . 

Northern limit of granite 
erratics at batholith and 
coastal road . 

· ----+ 

East boundary of granite . .. ~ 

52°35' 

47°25' 

53°00· 52°35' 

GSC 

FIGURE 8. Late-glacial northwesterly shift of St. John's Peninsula ice divide. 

north of Bay Bulls is either roughly in the same direction or a little more to the 
north ; therefore, the ice divide must have shi fted 4 miles north along the edge of 
the batholith fo ll owing withdrawal of the ice from the vicin ity of the coastal highway. 
Otherwise, granites would be found at the highway for at least 3 miles to the north 
of Bay Bulls. As the ice divide lay at right angles to the direction of transport 
of erratics, the observed cond itions indicate a 2-mile shift of its axis in the direction 
west 35 degrees north , which in turn would cause the approximate 4-mi le northward 
shift of its intersection with the north- south granite- slate contact. It is probable that 
late-glac ial shi fts of this or even greater magnitude also occurred on ice di vides on 
the undulating upl ands of both St. John's and Carbonear Peninsul as but have not 
been observed because of the uniformity of the underl ying bedrock formations. 
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Glacial Erosion 
Glaci al erosion on Avalon Peninsula varies from practically nothing in the north 

where wea th er-rotted bedrock still forms the surface cover, to excavations hundreds 
of feet deep a long the channe ls of former outlet glaciers. Where the ice was thin 
a nd had littl e latera l movement its eros ive power was weak rega rdless of the character 
of th e rock beneath it . Where it was thi cker, particularly where it co nverged into 
rapidly mov ing ice streams , th e effectiveness of its more co ncent ra ted erosive power 
was innuenced by the structure and hardness of the rock over which it passed. 

T he more northerly, interior parts of Carbonear and St. John's Peninsulas do not 
appear to have ever been in vaded by ice from other areas; in fact, a ll evidence 
seems to suggest th at the higher centra l areas of these peninsulas were subjected to 
very little erosion even by local ice. Nea r the narrow tip of Carbonear Peninsula, a 
mile north of Bay de Verde village, 5 feet of well-rotted bedrock are exposed under 
thin morai ne. Eight miles to the southwest a large area is covered with shingle 
deri ved from underlying, reddi sh greywacke that appears to be residual material never 
di stu rbed or removed by the ice. Observations were made, principa ll y in the higher 
centra l parts of south ern Ca rbonear Peninsula , of both undi sturbed rotten shale in 
exposed pos itions and of large rock sur faces with only loca l bou lder erratics, many 
of whi ch appea red to have been shifted on ly a few feet or a few yards. On both 
St. John 's a nd Carbonea r Peninsulas ev idence of erosion by ice increases the lower 
the elevation and the closer to the coast. However, except in southern parts that were 
invaded by ice from the main Avalon cap, this erosion seems to have resulted only 
from the ice th at drained perpendicu lar to the long axes of these peninsul as . 

In marked contrast to littl e-eroded sections of St. John's and Carbonear Peninsulas, 
the rest of the map-area shows signs of more active glaciation. Numerous fresh
appearing la ndforms evo lved as degradation proceeded by abrasion a nd quarrying. 
These are seen wherever there are outcrops of rocks resistant to postglacial weathering 
(see fronti spiece a nd Fig . 9). If the genera li zat ion advanced by F lint ( 1957 , p. 8 1) -
that o n average, glacia l erosion is ab le to remove on ly a few feet or tens of feet of 
unwea thered rock - is true for Avalon Peninsula where hard granitic and volca nic 
rocks abou nd , most of the larger features must be inherited , with modifications of 
detail , from a time of long-con tinued , preglacial erosion. The scanty drift in such areas 
indica tes how small were the amou nts that ori gi nated from these rocks. Spalling of 
gran ite and quarrying o n the lee sides of hills wou ld cause much deeper local removal. 

The hard, siliceous slates over much of the area appear to have been more deeply 
eroded th an the gra nites or vo lcan ics . Fractures alo ng cleavage planes a ll owed extensive 
quarryi ng, a nd the resulting large boulders were rapidly fragmented during transport. 
M any thick till s derived from loca l slates, such as those of the St. Mary's Bay lowlands 
th at are large ly composed of rock fragments a foot or less in size, co ntai n relatively few 
large erratics. 

An exa mple of modificat ion of a hill profile by plucking was observed in a slate 
a rea 2 miles north of F ra nks Pond (Fig. 9). Three cirque-like ho ll ows with flat, level 
floors and steep back walls have been formed in the low, smooth , gently slopi ng hill . 
The two larger hollows are 150 feet across at the front , with back wa ll s 25 and 30 
feet hi gh. Three la rge slate erratics o n the floor of o ne of them are 10 to 14 feet 
lo ng and 6 to 8 feet high. Since bei ng quarried by the ice , they have appa rentl y 
been moved on ly a few feet from their origina l position in the back wall where 
bedrock is exposed. No sla te erra ti cs larger th an a foot or 2 feet in diameter are to be 
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FIGURE 9a. Hollows quarried in slate by ice plucking. 
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FIGURE 9b. Back wall of large hollow shown in Figure 9a. (Note large erratics at left, bedrock at right.) 
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found in the adjacent ground moraine for a considerable distance in any direction, 
demonstrating that this type of slate erratic breaks up rap idl y if moved more than a 
few ya rds. Possibly many more plucking hollows exist in the area but they are con
cealed beneath the cover of glac ial drift. 

A low ridge of pebble-conglomerate outcrops I V2 miles southwest of the slate zone. 
From this ridge man y large, resistant erratics have been plucked and distributed over 
the su rface in the direction of ice flow (Fig. 10). The profusion of large erratics 
quarried from so sma ll a n area may possibly result from a pressure release that 
supplied blocks to the plucking action of the last ice to move over that part of 
th e country. The hi gh rate of denudation implied by the volume of materi al in these 
erratics could on ly have been sustained for a short time without entirely removing 
the small source ridge. This phenomenon of pressure release (see Lewis, 1954, p. 419) 
was previously observed in granitic rocks in Labrador (Henderson, 1959, p. 59) and 
may also be the explanation for some of the fields of large, angular, granitic erratics 
seen e lsewhere in the Avalon. 

Glacial erosion was most intense where outlet glaciers channelled ice to the sea. 
Some of this ice moved across the grain of the bedrock structure, markedly modifying 
the confining valleys, e.g., along the central Atlantic coast of the Avalon and along 
the out let routes in the northwest part of the stud y-area. The largest ice streams, 
however, flowed out down the four mai n bays, parallel to both their general alignment 
and their major structural trends (Hayes, L 948, geologic maps: Rose, 1952, p. 40; 
McCartney, 1954, 1956, 1958, geologic maps). It is in these bays and in Holyrood 
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FIGURE 10. Group of large pebble -conglomerate errat ics. The dimensions of the largest, which fills the foreground and looks like 
a bedrock ridge, are 30 x 35 x 18 feet. 
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Pond on Trepassey Peninsula that evidence of greatest erosion is to be found. Zones 
of fau lt-brecciated rock and planes of weakness in the soft Paleozoic shales beneath 
Trinity and Concept ion Bays contributed to the effectiveness of ice erosion in these 
two basins. The greatest overdeepening, 1. 170 feet , took place in Trinity Bay. The 
maximum recorded depth in the bay, 1,920 feet , occurs more th an halfway toward the 
bay mouth , 4 miles from the eastern and 8 miles from the western shore (U.S. Navy 
Hydrographic Office Chart H.O. 1102, 1956). The Jong, irregular, closed basin runs up 
the eastern side of the bay, swerves past the tip of Carbonear Peninsula , and rises 
to about 750 feet beneath the surface some 27 miles northeast by north , well off 
the mouth of the bay (F ig. 11). Jenness ( 1960, p . 168) pointed out that the 
asymmetrical cross-section of the bay floor, with its short , steep eastern slope and 
longer gentle western slope, is not typical of a glaciated valley. Rather, he considered 
the bottom topography indicative of a major submarine fau lt sca rp , and based his 
conclusion partly on the fact that ice entered the bay from the west at right angles 
to the northeaster ly oriented basin. The supposition does not take into account 
the ice flow from the south that would have entered the more easterly of the two 
inlets at the head of the bay and would have moved up the east shore. Pressure of 
ice entering the bay from the west would tend to hold this ice stream in its easterly 
position , thus concentrating erosion on th at side of the bay. The curve of the deep 
trough northeastward across the tip of Carbonear Peninsula may reflect the pressure 
effect of ice moving east out of Smith and Random Sounds . Faults under the bay, 
assumed to run parallel to its long axis, could have contributed greatly to overdeepening 
by providing zones of weakness in the underl ying rock strata; but when all sources of 
ice flow are taken into account that may not be necessary to explain eastward 
displacement of the deep-water trough. 

Overdeepened troughs are indicated by soundings in Conception and St. Mary's Bays 
and in the western part of Placentia Bay. Though less overdeepened than the basin 
in Trinity Bay, they are more symmetrically located and lie closer to the heads of 
the bays. St. Mary's Bay is the shallowest of the four main bays but overdeepening 
there is greater than in Conception Bay and nearly as great as in Placentia Bay. 
St. Mary's Bank, a broad sha ll ow area l 0 miles off the bay mouth , is covered by 
less than 120 feet of water except where it is crossed by a slightly deeper, narrow, 
centrally located channel less th an 2 miles across. This bank may be a massive terminal 
moraine; if so, its location on the basin rim wou ld give an apparent increase in the 
depth of water in the basin equal to the height of the moraine. Soundings south of 
St. Mary's Bank seem to indicate that the depth of the closed basin cannot be 
entirely explained by morainic deposits because, to a distance of at least 30 miles off 
the bay mouth , the floor of Cabot Strait is nowhere deeper than the floor of St. 
Mary's Bay outside this basin. The lengths and depths of the four main bays, the 
amount of overdeepeni ng and the location of the enclosed basins, are shown in Table I. 

Apparent increase of the effects of overdeepening resulting from deposition of 
morainic material off the mouths of any of the four main bays cannot be eliminated. 
Nearly 100 years ago Kerr ( 1870, p. 704, 705) suggested that the 80-fathom bank 
across the mouth of Conception Bay is a great terminal moraine. If, as suggested by 
Summers ( 1949 , p. 24), the bays are drowned st ream val leys, it is reaso nable to 
expect th at the ice which eroded rock from the shallower, inner parts of the bays 
would , upon encountering deeper water , tend to deposit some of it as moraine. Thresh
olds off the mouths of all the bays are part bedrock, part glacial deposits. 

On Trepassey Peninsula overdeepening of perhaps several hundred feet may be 
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FIGURE 11. Closed basins in main bays overdeepened by ice , with some additional overdeepening through deposition of morainal 
material off bay mouths. (Data from U.S.N. Hydrographic Chart 1102, 1956.) 
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present in H o lyrood P ond , which lies in a straight , steep-sided valley with truncated 
spurs a long the west side of its upper reaches, and whi ch ex tends bac k from the 
coast for m ore th a n 10 mil es. A m assive bar shut s it off from the ocea n, though 
its deep waters a re st ill sa lt y. By loca l report, pond depths exceed 720 feet near its 
head . Outside th e bar, the 120-foo t contour lies 5 miles offshore and there is no 
cha nnel lead in g seaward from the bay, sa nd fro m the ad jace nt blu ffs havi ng probably 
filled a ny th at ex isted. With steep walls rising in pl aces more th an 400 feet above 
the water, th e va ll ey a ppears to be a fiord that carried a stron g so uthwesterl y flow 
of ice seawa rd from Trepassey Penin su la . 

Several other va ll eys resemble fi o rd s, th ough their confining hill s are not sufficiently 
hi gh to create th e impressive inl ets fo und in regions of grea ter reli ef. Three of the 
best developed are Cape Broyle H a rbour (Fig. 12) on the east coast, and Bull Arm 
and Deer H a rbo ur on the west shore of Trin ity Bay . Bull Arm, la rgest and deepest 
of th e three , is more th a n 600 feet deep less th a n three qu arters of the way down 
the channe l where it is only littl e more th a n a mile wide. Near the m outh of the 
inlet depths decrease to less th a n 300 feet before descending aga in into a t ro ugh 
th a t crosses th e fl oor of Trinity Bay a nd merges with the other deep submarine 
channel from the south to form th e closed bas in . The sides of Deer Harbour are 
among th e steepest of a ny of the glaciated val leys. One wall in particular ha s been 
spectacul a rl y stri a ted a nd grooved by ice (frontispiece). The harbour itself is rather 
shallow, a nd of the three va lleys has been the least deepened by J?lacial erosion. 
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FIGURE 12. Looking east toward the mouth of Cape Broyle Harbour-a probable fiord . 
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TABLE I 

Bay 

Conception 

Trinity 

St. Mary's 

Placenti a 

Dimensions of th e major bays and amount of overdeepening in 
their enclosed basins 

Depth 
(in feet) 

960 

1,920 

666 

1,100 

Approximate amount of 
overdeepening in 

enclosed bas in 
(in fee t) 

400 

1,170 

440 

480 

Distance of deepest 
part from head of 

bay (in miles) 

17 

40 

18 

20 

Length of bay 
( in miles) 

40 

62 

45 

70 

D ata from U.S. Navy H ydrographic Office C hart H.0. 1102. 

Inl and va ll eys are rarely sufficiently glaciated to have acquired the U shape associated 
with through troughs subjected to intensive erosion by moving ice . When thickest, the 
ice probably moved toward the coast and lower country over wide areas. Although a 
few col valleys on the divides acquired sha llow U shapes, it was only at lower 
leve ls, as it neared the coast, th at the ice channelled its flow . The va lley below 
Black Mountain Pond, 7 miles northeast of Hol yrood has been modified by ice to a 
greater degree than any other valley seen at hi gh e levations. More than 150 feet deep, 
it has a di stinct U shape and descends to Lower Gullies Ri ver over a well-formed 
glac ia l step. 

Postglacial Events 
Redeposition , Erosion, W eather, and Effects of W eathering 

Following disappearance of the ice and cessation of meltwater deposition , modern 
streams rapidly cut through outwash accumu lations, but had little effect on stony 
glacial deposits or bedrock. Inl and, a lluvial fl ats were deposited below dissected vall ey
train deposits and some small alluvial fans were formed below the larger till-mantled 
slopes. The total of such allu viation is small and most of it occurred in the larger, 
mature, south ern va lleys. The greatest amou nt of outwash was deposited either on the 
coast or immedi ately inland . Debris from stream di ssection was either transported out 
to sea or redistributed by shore currents. 

Coasta l outwash is vu lnerable to wave erosion and thus th e greatest postglaci al 
changes have tak en place where thi ck till or outwash deposits have been subjected to 
marine attack, e.g ., at Seal Cove on Conception Bay, and at Point Verde and St. 
Bride's on Placentia Bay. At Point Verde thick proglacial sands and gravels have been 
eroded back at least J 1,4 miles and an amount of coastal recession almost as great 
has occurred in similar deposits at St. Bride's and Sea l Cove. An actively receding, 
till blu ff north of Great Barasway, one point of which stands 230 feet above the 
level of Pl acentia Bay, has retreated an unknown di stance under wave attack. Bedrock 
is exposed in its central part and further recessio n will therefore be slower. 

Where eustat ic sea-level ri se exceeds isostatic rebound, most redeposited sediments 
lie offshore under the transgressive sea. Where the land- sea level s have remained 
re lati vely unch anged, large amounts of sand and pebbles eroded from thick glacial 
deposits have been transported by shore currents and redeposited as numerous massive 
bars and storm beaches. The largest of the bay-mouth bars, the one damming Holyrood 
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P ond , r ises 33 fee t above mea n tid e and probably extends ma ny hundreds of fee t 
below sea level. Some co nstru cti o nal shore fea tures are built largely of coa rser mater ial 
such as cobb les a nd bo ulders. On upli fted par ts of the coast in the northwest, severa l 
massive ra ised bars have bee n preserved from wave attack by lower ba rs a nd beaches 
fo rmed mo re rece ntly . At the head of D eer H arbour o n T rinit y Bay, a ra ised , post
glacial delta has been a lmost co m pletely d issected by th e strea m th at originall y 
deposited it a nd has bee n redepos it ed in the sea as a modern delta th at is just 
awash at low tid e. 

The postg lac ial climate of Ava lo n P eni nsu la is more seve re th an th at of oth er 
simil ar ly located m ariti me areas in th e same la titudes of Europe and No rth A merica . 
W in ters are on ly moderate ly co ld but th e strea m of arc ti c sea ice ca rried on cold 
waters of th e La brador C urrent offshore, ensures th at sprin g is lo ng and cold, and 
summer short a nd cool. Long peri ods of fog and dri zzle are common, par ticul a rly in 
th e south. There is no dry season. Amounts of cloud and fog cove r are hi gh , a nd 
lo ng sunny peri ods wit h their associated hi gher te m pera tures arc ra re . H eavy, year-round 
p rec ip ita ti o n a nd th e scarc ity of fin e sa nd have a lmost ent irely prevented formation of 
eo li a n deposits. A few sma ll sa nd dunes a t th e south encl of Pl ace nti a Peninsu la and 
some beds of wind-tra nsported sa nd on the tops of blu ffs represent almost the entire 
postglac ial eo li an depos its in th e regio n. 

Ex tensive orga ni c deposits, azo nal frost-st ructure soil s, and mechan ica l weath ering 
result ing from low tempera ture a nd abund ant mo ist ure, are th e most widesp read post
glac ial modi fi cat ions he re. Ma ny of th e deeper orga ni c de posi ts a ppea r to have ex isted 
since sho rtl y after deglac iat ion of th eir sites. Pa lynologica l studies by T e rasmae ( 1963, 
p . 162) indicate th at no major climati c cha nges have occurred in the las t 3,000 years, 
though the prese nce in o ne bog of pollen fro m jackpine, which is no longer ind igenous, 
suggests th at a n ea rlier postglacia l climate may have been rath er less severe th an the 
present. Muskeg h as probab ly increased slowly in area l extent th ro ughout postglacial 
tim e. Und er th e present climate, pa lucl ificati on in south ern parts of Trepassey and 
Pl acenti a P eninsul as is st ill ac ti ve, w ith muskeg swamps in vading un covered ground , in 
some places covering mo re th a n half the terra in . P a lyno logica l studi es of two Ava lo n 
Peninsul a peat bogs by Te rasmae ( 1963, p. 16 1) suggest th at bette r d ra ined sites were 
fo rm erly more numerous in the area and th at th e development of muskeg was therefore 
less extensive in la te-glacia l a nd ea rl y postglac ial time th an it is now. 

Frost-st ru cture so il s such as large, sto ne polygons (see F ig. 34) occur in the southern , 
in te ri or part s o f both Trepassey a nd Placenti a P eninsul as. Such so il s are usuall y 
considered po lar or sub po lar phenomena (T ro ll , 1944, p . 55 3: Washburn , 1956, p . 828) 
a nd are genera ll y o nl y fo und much fa rther no rth. T hey are, therefore, azonal in thi s 
a rea. Stretches of ground mora ine as la rge as 20 square miles, covered with fros t
struct ure so il s, show the effecti veness of seve ral facto rs whi ch co mbin e to keep 
temperatures o n the Ava lo n lower th an th ose in sur roundin g a reas: low incidence o f 
summer sun shi ne a nd lo ng peri ods durin g whi ch fog a nd d rizzle are ca rri ed o nsho re by 
mo ist a ir b lowing off th e co ld Labrador Curren t. As poor dra inage a nd th e physica l 
stru ctu re of the so il increase th e effecti ve ness of these climati c fac tors by encouraging 
fros t, the exte nt of trac ts of frost-structu re so il s seems to be e ither sta tio nary o r 
slowly ex pa nding. 

M echa ni ca l wea th erin g has been act ive th roughout the area durin g postglacial time . 
Abund a nt mo isture and the freezing of water in jo ints a nd crev ices, furthers d isintegra
ti on o f th e rocks. F requ ent temperature flu ctu ati o ns ac ross the freezing po int in both 
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winter and spring extend the period of effective mechanical weathering on the Avalon 
to more than half the year. 

The effects of this widespread and rapid mechanical weathering vary greatly from 
place to place. H ard , fine-grained rocks, such as the glacia ll y moulded volcanics on 
exposed summit areas of the Doe Hills, and the high hills east of Brigus Junction, 
still retain most of their fine glacia l ma rkings little affected by weathering since deglacia
tion. Though bare of glac ial markings, coarse-g1'ained gran iti c rocks found over large 
areas have had little more than an inch removed . This ca n be seen when the thin 
till is stripped from str iated surfaces cont iguous to pitted , weathered rock without 
striations. Roc ks weakened by jointing and cleavage fractures show more severe effects 
of mechanical weathering . Extensive splitting a nd hea ving of blocks on high exposed 
areas in the interior of Carbonear Peninsul a, which is underl a in by Precambrian slates, 
have deve loped tracts of felsenmeer where the bedrock may be shattered to depths 
of from 4 to 6 feet. Water freez in g in joints and crevices breaks off pieces of 
rock th a t may vary in size from mere fragments to blocks many feet long. Frost 
heaving displaces blocks of considerab le size (Fig. 13 ), and sma ll stones, falling into 
the spaces between the heaved blocks and adjace nt bedrock, prevent the blocks falling 
back into place after the ice melts. Frost fracturing usually proceeds at a rapid rate 
on finely fi ssured and jointed cliffs and the angu lar fr agments accumulate to form large 
talus . 
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FIGURE 13. Frost·heaved volcanic block, 2 x 8 feet, on ridge 2~ miles west of Red Hill (altitude 750 feet). 
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Differential Uplift 

Compensatory crustal ad justment for depression caused by the last glaciati on is still 
not com pleted. According to avail ab le data , the zero isobase with in the map-area runs 
roughl y south 30 degrees west down Carbo near Peninsul a a few miles inla nd from 
Trin ity Bay, continues past Whitbourne in cent ra l Avalo n, and then curves gently 
southwest to pass under Pl ace nti a Bay sou th of P oint Verde. The position given is 
o nl y as accurate as the data used to calculate it and it may well lie 4 or 5 mil es to 
either side of th e delineated line. In the ex treme north western pa rt of th e study-area, 
raised shore lines formed at the postglacial mari ne lim it indicate that th e la nd there, 
approximately 30 miles distant from the zero isobase, has risen about 30 feet hi gher 
than the eusta tic rise of sea leve l. Di ffe rentia l uplift h as tilted the land upward at 
right angles to the isobase a t the rate of a foot per mile. Tsobases drawn by Jenness 
( 1960, p . 176) for northeaste rn Newfoundland yield the sa me rate of uplift over a 
much wider area when their zero isobase is shifted several mil es east 30 degrees south 
to the positi o n given above . If tilt clue to the differential uplift remains unchanged as 
fa r as the east coast- whi ch is plausible over th e short distance in volved if the Avalon 
ice itself has not di storted the isobases - postglacial downi ng alo ng this coast, due to 
th e excess of eusta ti c rise or sea leve l over crustal rebound , is about 40 feet. As 
the coast parallels th e zero isobase, the minus 40-foot isobase runs down the coast. The 
uni formi ty of eleva tions on east-coast rock benches of probable Sanga mo n age, supports 
thi s conclusion. 

The further amou nt o f c rusta l adju stment alo ng the east coast thought necessary to 
resto re equilibrium after the ice loading of the last glac ia ti o n, has been put tentatively 
at I 5 feet. Thi s is not an unreaso nab le figure fo r an area depressed less than the 
a mou nt of eustat ic lowering of sea leve l. though it is probably a minimum o ne. When 
postglacial crusta l adj ustment is co mpl ete, the zero isobase may lie somewhere in the 
eastern ha lf of Concept ion Bay paral lel to its length , a shift of 15 mil es or more 
at right angles to its present position. Postglacial drowning of the east coast would thus 
be reduced to abo ut I 5 to 25 feet if possibl e warping due to other causes were 
disregarded. 

Dating the Last Deglaciation 
A bottom sample of peat from the bog west of G ould s, o n rolling gro und moraine 

7 mil es sou thwest of St . John's, gave a radiocarbon age of 7,400 ± I 50 yea rs B.P . 
(L-39 I J). A pa lynologica l stud y by Teras mae (I 963 , p. I 57) of pol len from below 
this rad ioca rbon-d ated peat indicates that at least 7 ,500 yea rs ago the ground now 
occupied by th e bog was a Jake in a n area fo rested by ba lsa m fir , black spruce, 
white spruce , a nd birch , a nd possibl y a lso red Ji>i ne a nd a lder. At Whitbou rne, some 36 
mil es so uthwest of Gou lds bog, another pea t sa mple from a bog in a recessional 
mora ine depression had a radi oca rbon age of 8,420 ± 300 years B.P. (I ( GSC)-4). 
The dc·,ielopment of a mature mi xed forest at the G o uld s bog site at 7 ,500 years 
B.P. together with th e exte nsio n of the pollen record in sed iments a t grea ter depths 
th an th at of th e dated sample, impl y deglaciation the re considerably earlier than the 
radioca rbo n elate. Similarly, at th e Whitbourne bog the po ll en sequence in sediments 
und erl ying the dated laye r ex tends cl own another 3 feet. Other similarly located 
depressions in these two a reas have no organic accumulations, which suggests that bog 
deve lopment does no t necessa ril y sta rt soo n af ter deglac ia ti o n but may be initia ted 
by so me min or fac tors afte r which , as the bog creates its own environment favourab le 

37 



SURF!CIAL GEOLOGY OF AVALON PENINSULA 

to the accumu lation of organi c sed iments, it probably continues to develop. For the 
bog sites, Terasmae ( 1963, p. 159) suggests a deglaciation date of 10,000 years ago 
or ear li er, a elate wh ich the au th o r considers reasonable . Radiocarbon dates ob tained 
by the author on the northeast coast of Newfoundl and from sites comparable to those 
parts of the Trin ity Bay west shore th at had been glaci ated by ice from the west, 
furnished minimum cleglac iat ion dates of just less than 12 ,000 yea rs B.P. (D yck and 
F yles, 1960, p. 17). T hi s supports an assumed deglaciation elate for Avalon Peninsula 
bog sites of more than , rather than less than , 10,000 yea rs. 

Rock abrasion benches south of St. John's, cut prior to the last glaciation of the 
east coast, at a time when stab le sea level stood hi gher th an at present, were 
tentativel y dated as of Sangamon age. This is based on their altitude and on an 
estimate of the verti ca l amount of crustal lag required to bring the coast back to its 
pre-Wisconsin equi librium position. Fo r the cutting of the benches, the overl ying till 
ind ica te a el a te at least ear li er than the last glaciat ion of the coast. Farther west, 
rock abrasion benches appear to have been cut at sea leve ls hi gher than th at 
indicated by the benches south of St. John 's. They are overl ain by sed iments judged to 
be marine because of their position and their ab und ance of cobbles and large boulders, 
all we ll rounded apparently by wave ac ti on. These sed iment s in their turn are overl ain 
by till. Present information does not justify making any estimate of either their abso lute 
age, or of their age relative to other benches. 

Sea-level Changes 
There are, in the Avalon, widesp read evide nces of sea-level fluctu ations over a long 

period , both in the large-sca le modifications of coastal morphol ogy that occurred 
ch iefl y fo ll owing pre-Plei stocene downwarping, and in minor erosional and depositional 
forms of Pleistocene and Recent date. Rap id mar ine erosion fo ll owed the last regional 
change in elevat ion during whi ch downwarping was acco mpanied by widespread drown
ing of coasta l areas. Long-continued submergence, perha ps as much as several hundred 
feet, is ind icated by coasta l features characteristic of a heavil y drowned coast line 
(Fig. 14). Rocky, near-shore islands, deep, penetrating inlets, and large estuaries at 
the mouths of smal l streams are th e most prominent evidence of extensive drownin g 
by epe irogenic downwarpi ng in Avalon P eninsul a and all along the Atl antic coasts. 
Drainage patterns about St. Mary's and Conception Bays suggest that streams form ing 

the patterns are the truncated upper reaches of tributaries of m ajor preglacial rivers 
that once flowed where these long bays now li e (Summers, 1949, p. 24) . The slow 
crustal downwarping that has deeply fl ooded the coastal regions is probabl y largely 
pre-Plei stocene, but may have continued until now. 

Whether it continues, has slacke ned , or eve n reversed , wou ld be difficult to determine, 
for throughout the area sea- level changes due to slow epeirogenic movements are 
masked by the much more rapid synchronous ad justments following glaciation. 

Interglacial Marine Benches 
Raised , wave-cut , rock benches and marine abrasion platforms a re found at several 

points on Ava lon Peninsula coasts. The m arine abrasion platforms are cut mostly in 
places where there has been little postglaci al emergence of the coast or postglacial 
transgression by the sea. H ence they a re appa rently interglacial in age . Some of the 
best-prese rved benches and platforms are cut about I 0 feet above present sea level 
along more sheltered sections o f the ex posed east coast south of St. John's: at Bay 
Bulls (Fig. 15) , Witless Bay, Mobi le Bay, and on Coldeast Point, Ferryland. Benches 
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FIGURE 14. Coastline of submergence. Gull Island and Green Island off mouth of Witless Bay on the east coast. 

FIGURE 15. Interglacial rock bench 10 feet above low tide on the north shore of Bay Bulls. (Th e bench runs under a till bluff 
20 feet thi ck and is reflected in the drift as a terrace.) 
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are also found at higher levels in St. Shores Cove on Trepassey Peninsula and on 
Cuslett Point, Placentia Bay, 2 miles north of St. Bride's. There are other benches in 
the map-area that may be wave cut but for which other modes of formation could 

not be ruled out. Two of the best developed , one east of Renews on the north side 
of Renews Harbour, the other I Y2 miles north of Cappahayden, may simpl y be more 

southerly members of the east-coast group south of St. John's. 
With the exception of a bench near Cappahayden, the surfaces of the east-coast 

group of benches transect structural features of underl yi ng rocks. At Cappah ayden, 
approximately horizontal bedding or sheeting in the rock beneath the bench runs almost 
parallel to the bench surface. Al so present is vertical jointing that would probably 

permit large blocks to be easily freed . The back parts of nearly all benches are 
overlain by till that mantles the low cliffs terminating the old abrasion platforms and 
conceals the junction of bench and cliff. 

The higher benches at Cuslett Point and St. Shores Cove, above the reach of present 
wave action, are more completely covered by overburden than are the east-coast 
benches. One Cuslett Cove bench, a quarter of a mile long and 50 to I 00 feet 
wide. is overlain by 10 feet of grave l, in turn overlain by 5 feet of till-like material. 
The grave l, which contains stones too poorly rounded for beach origin , is presumed to 
be outwash with stones more rounded than usual. The 5-foot upper zone is probably 
till , but is very gravelly and could equally well be dirty outwash or co llu vium. However, 
it closely resembles a nearby deposit above the cliff that has been identified as ablation 
till. 

At St. Shores Cove, 15 feet of gravel or gravel and sand of marine origin cover 
most of the bench, and are topped by till that mantles the lower parts of the high 
cliff behind. Two gravel sections exam in ed in detail were composed of stones and 
boulders identical to rocks of the same size range found below on the exposed modern 
beach. Some boulders, 4 feet or more in di ameter and a lmost perfectly rounded, formed 

a layer immediately over the origina l bench surface, a feature not seen in hard 
rocks e lsewhere throughout the Avalon except in places that h ad been exposed to 
prolonged marine act ion. 

Though the origin al bench surfaces at Cuslett Point and St. Shores Cove are 
concealed and thus re lationships between them and rock they transect are less obvious, 
rock was well exposed below both benches in near-vertical cliffs. As no horizontal 
structure can be seen in the underlying rock , the benches are apparently eroded across 
the rock structure a nd are not developed on planes of weakness. 

Origin. and Age 

Rock benches on the Avalon coasts, with elevations varying from 9 to more than 
30 feet above present mean tide levels , origi nated from the abrasive act ion of waves 
at a time when the sea level was hi gher relative to the land than it is at present. 
Transection of structure in the h ard, unfractured rock that underlies most benches, 
eliminates such modes of bench origin as quarrying or differential above-water erosion. 

The spati al relationship of a former marine plane to a raised rock bench of possible 
marine origin varies with severa l factors and influences the accuracy of the determina
tion of the elevation of ear li er sea levels. The most important factors are the degree 
of exposure of the bench sites and the part of the bench measured. On exposed 
promontories where wave action is violent , benches tend to develop to depths well 
below the low-water mark. In bays or other sheltered places they may develop at 
shallower depths, some in places just awash at low tide. Bench surfaces are not 
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perfectly horizonta l but slope ge ntl y up toward the land . The seaward side of even 
a sheltered bench is genera ll y below the old low-tide level and the bench- sea cliff 
juncture is at o r above hi gh tide. The bench su r face relief developed by structural 
control of ab ras io n ma y approx imate ~everal feet (Fig . 16). 

Measurements o n east-coast Avalon benches were taken by sighting parall el to the 
shore as near to the bench ce ntre as possible. The bench centre was assumed to 
represent mea n tid e level at the time th e bench was cut , a nd bench height was 
calcu lated as the height above mode rn mean tide. Though heights of un even bench 
surfaces va ry from 7 to 12 feet or more above present mean tide, measurements of 
the ge nera l level co nsiste ntl y yielded eleva ti ons of from 9 to 12 feet as l. Validity of 
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FIGURE 16 
In terg lacial bench on the north 
side of Witless Bay. Note till 

terrace formed as a reflection of 
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this meth od of measurement was estab li shed by check ing against level s of modern 
benches in sli ghtl y more ex posed positio ns nea r the zero uplift isobase. The central 
parts of the mode rn benches, many of which are as wide as the raised ones, were 
awash o r just above wa ter at low tid e. Average tidal ranges at locations where 
modern benches a re forming a re th e sa me or very close to the 2 1/2-foo t current range 
a long th e eastern coast .1 lt is doubtful th at tidal ra nges o n these steep, open coasts 
have va ri ed appreciably si nce the ea rlier benches were formed. 

Accordance o f bench leve ls within th e east-coast group stron gly suggests that they 
were c ut by the sa me sea-leve l stand. The absence of any tilt along 20 miles of 
glaci ated coast - 30 mil es if the benches north of Cappahayden and at Renews 
H arbou r are included - place them o n the. sa me isobase of equ al depression a nd uplift, 
a n observa ti o n that receives confirmation from the trend of the Avalon zero isobase 
of postglacia l uplift th at li es a lmost exactl y parallel to th e east coast. 

It is difficult to ass ign a more definite date to the east-coast benches than to say 
they we re cut prio r to las t glac iatio n, a n estimate made o n the basis of th eir till 
cover. Tt is tempting to co nsider them as pre-Wisconsin or Sangamon in age, but 
cuttin g during th e ice withdrawal of a Wisco nsi n interstad ia l recession, accompanied 
by coastal depressio n greate r th a n at present, cannot be di smissed. However, the 

!Atlantic Coast , Tide and Current Tables, Canadian H ydrographic Service. 
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remova l by coasta l retrea t of a ll but a few of the sheltered benches of W isconsin 
age a long the ent ire east coast durin g postglac ial time when sea levels were ri sing, 
woul d have required an exceptiona l degree of coastal erosion to be suffic ientl y rapid 
to elimi nate the be nches at th e Wi sconsin level in a ll but the most exposed locations. 
Most postglacia l eros ion wo uld have taken place well below th e modern shoreline and 
wo ul d not have affected benches at sites th at were then considerably hi gher above sea 
leve l than they are now. Postglac ial sea-l eve l ri se a long the Ava lon east coast, based on 
the positio n of th e coast relati ve to th e zero isobase, should be a minimum of 40 feet. 
Because of these fac tors, a Sangamon age fo r the benches seems more reaso nable . 

T he best estimate tha t can be made for a standstill culminating the Sangamon 
eustatic rise of sea level wo uld probabl y be at 25 feet above m odern sea level 
(Fli nt , 1947, p. 440; Fa irbri dge, 196 1, p . 151). H owever, Kuenen ( 1955, p. 201) 
repo rts considerable agreement fo r a glacioeustat ic o ri gin and a Sanga mon dat ing of a 
wide terrace 48 feet above sea level. Recent work by F lint ( 1966, p. 679) on the 
in terpre tation of deposits both on the Virginia coastal pl ain and in the vici nity of 
No me, A laska, suggests th at the max imum level durin g th e Sangamon may have been 
about ha lfway between these two estimates. Based on Sangamon benchin g at a sea 
level 25 fee t above the present one, at a time when Sangamon glac ial isostatic adjust
ment was complete, further ri se of the coast due to recovery fro m the crustal 
depression of Wisconsin ice shoul d not exceed 15 fee t and shoul d be very slow. As 
no sign of upli ft has been fo und during the relatively stable sea levels of the past 
3,000 o r 4,000 yea rs (Schofie ld , 1960, p. 478) , probably no measurable upli ft has 
taken place for at least that length of time. The above argument woul d requi re that 
the ea rlier epeirogeni c movement which deepl y d row ned th e Newfoundl and coastal 
regions woul d have ceased prior to the cuttin g of the benches , or at least would 
have slowed to a neg li gi ble rate fo ll ow ing their cuttin g. Kin g ( 1959, p. 292) concludes 
th at stability during bench cuttin g is necessary and says: "M ost authoriti es such as 
D avis, Johnso n and Co tton, in what may be call ed th e cl ass ical view of platform 
cutt ing, consider th at sea level must be stat ionary during its development." A round th e 
coasts of A va lon P eni nsu la this would expl ain th e posit ions of mode rn platforms near 
the zero isobase of postglac ia l upli ft, particul a rl y those in Trinity Bay. 

On the basis of the tide-ga uge reco rds kept at St. John's betwee n 1936 and 1957 
th at suggest an apparent sea-level ri se o f 21/2 fee t per century, Jenness (1960, p. 177 , 
foo tnote) postul ated that the east coast at St . John's may be sinking at the rate o f 
a foo t per century, in ad diti on to a si mil ar eustatic rise. Unl ess very local downwarp ing 
is involved , un acceptabl y rapid upli ft woul d be demanded fo r the Bonav ista Bay area, 
less th an l 00 miles to th e northwest , to compensate fo r both eustati c ri se and coastal 
submergence by subside nce, at the same time reportin g upli ft ra tes of a foo t to 2 
fee t per century (Jenness, 1960, p. 177). Refo rds of tide-gauge readin gs covering 
much longer per iods than th ose at St. John 's may be extremely d iffi cul t to analyze for 
true sec ul ar fl uctuations due to eustati c change in sea leve l. Sources of error are 
numerous and , considerin g th e brevity of the St. John 's records, fac tors oth er th an 
coasta l submerge nce may be better able to account fo r their suggested sea-level ri se of 
less th an half a foo t. 

O n the benches cut at St . Shores Cove and Cuslett Poi nt where the heav ier overburden 
and th e greater unevenness of the rock surface make it more difficult to measure their 
ave rage eleva ti on above sea level, an interva l of 3 1 fee t was obta ined fo r both 
locati ons. The pos it ion of the benches on an exposed coast at the foo t of high 
cli ffs may have permi tted erosion for a considerable depth below low-tide level, 
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espec ia ll y under the more turbulent condi tions th at occur in such locat ions where all 
wave energy is dissipated at the sho reline. For th is reason , any fi gure for the mean 
tide interva l betwee n mod ern sea level and th e waterplane at which bench cutting 
took place shou ld be treated with caution, and those mentioned above may be low. 
The St. Shores Cove bench is at near ly the same di stance from the Avalon zero 
upli ft isobase as are the east coast benches. but does not correlate with them. Cuslett 
Point is a lmost on the zero isobase, but any isostatic adjustm ent there wou ld pre
sumabl y tend to be greater than simil ar ad justment at the east-coast bench sites 
some 40 miles far ther from the centre of uplift. A greater uplift rate at Cuslett 
Point would inc rease the ver tica l displaceme nt of a wa terpl ane cutting th e Cuslett 
Point bench and one cutting the east-coas t group, and cannot be correlated with 
east-coast benches . The Cuslett P oint bench may, however, correl ate with the St. 
Shores Cove bench , fo r any change in re lative elevations between th e two bench 
sites, introduced by differenti a l uplift , should be within the error inherent in measuring 
their elevations above sea level. The closest dating that can be assigned to either the 
St. Shores Cove o r Cuslett P oi nt benches wou ld be prior to th e last occupation of 
the coast by ice. 

Postglacial Sea-level Changes 
Emergent marine fea tures of postglacial o ri gin a re prese nt on th e Isthmus of Avalon 

and th e area immediately adj ace nt to its northern end. They probably a lso existed 
formerly on the western coast of Placenti a Peninsul a, but later eros ion has obscured 
relati onships th ere. Scattered emergent features have been reported on other coasts of 
Ava lon P eninsul a, so me of them relati vely rece ntl y (Summers, 1949: Rose, 1952; 
Hutchinson, 1953 ). Jenness ( 1960, p. 177 ) considered them as evide nce of a small , 
loca l, rece nt coastal emergence of th e Avalon , but th ought th at subm ergence is now 
occurring. In vesti ga ti on of lately described emergent sites and consideration of further 
evidence support the view th at subm ergence, ra ther than emergence, has dominated 
most Ava lon Peninsul a sho reline in postglacia l time. 

At Cape Broyle, where th e Cape Broyle Ri ver fl ows in a glac iated , mature valley -
one th at he considers to have been previously eroded near ly to base level - Summers 
( 1949 , p. 96) records a waterfal l over a shelf in the river. He ascr ibes the presence 
of th e waterfa ll to loca l postglac ial upli ft of 35 feet. It is , however. difficult to 
follow hi s reaso nin g as glacia l ste ps and the divergence of streams from their origi nal 
beds are common features in heav il y glaciated valleys, and both a re processes th at 
form wa terfa ll s in such positions . 

Rose ( 1952, p. 7) descr ibes what he considers to be a water-l aid Recent deposit of 
possib le marin e origi n at an eleva tion of 200 feet nea r the south west end of Bell 
Island. There is no support elsewhere for so great an amount o f postglacial marine 
emergence and the deposit itself appea rs rather to be of ftuviogl acial origin. Terraces 
identifi ed by Rose ( 1952, p. 7 ) as " marin e ter races o f silt , sa nd , and gravel , at elevations 
up to 35 feet" and preserved in ba ys a long the east coast south of St . John's, a re 
principa ll y und erl a in by till of th e loca l ground mora ine (F igs . 15 , I 6) wit h pockets of 
ftuvioglac ia l materi a l here and th ere. The 'terraces' renect the confi gurations of un
exhumed parts o f rock abrasio n plat fo rm s of interglac ial age, such as th ose d iscussed 
earli er, and th ey term inate at the back edge of th e old platforms. 

Sand and grave l under lyin g a te rrace at an eleva ti on of about 30 feet in the 
va ll ey southwest o f Bay de Grave on the west side of Concept ion Bay is presumed 
by Hutchinso n ( 1953 , p. 27) to be of mar ine origin. Large grave l pits in these 
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deposit s revea l an interna l structure mo re co nsistent with a ftu vioglaci al o ri gin. The 
o ri ginal surface, whi ch slopes towa rd the sea, ca n be traced for J 1/z mil es no rtheas t 
of th e point at whi ch it has an elevati on o f 60 feet to whe re , on the seawa rd side o f 
th e Conceptio n Bay hi ghway, it di sa ppea rs beneath the prese nt sea level. 

The prese nce o f undi sturbed , un consolida ted , ge nera ll y fri abl e, till m ateri al overl ying 
bed rock in exposed positi o ns, is a lmost incont rovertible ev idence th a t sea level has 
not been hi gher during postglac ia l time th a n it is now ; o r if so , o nly to th e exte nt 
of about a foo t a t most. On th e north side o f Witl ess Bay is a 15-foot rock kno ll 

topped by 5 feet of loose, sa nd y till. The knoll is at the e nd of a small fl a t po int 
p rojecti ng in to th e wa ter, and waves entering the bay have removed till fro m the 
seaward- fac in g east sid e . b ut have no t touched th e till on the top or landwa rd side 
o f th e kno ll. A wa ter leve l eve n a few fee t hi gher wo uld have removed the till 
cap ping. 

Some smoothed a nd roun ded shale hill s, veneered by severa l fee t of till , a re fo und 
a t Lo ng Po nd o n the east side o f Concepti o n Bay. At prese nt sea level they are 
shelte red fro m waves of th e o pen bay, and eas il y eroded till cove rs th em down almo t 
to hi gh-wa ter ma rk. Vi ewed fro m a ny side, th e hill s prese nt a smoothl y curved profil e 
a nd it is diffi cult to envisage a ny hi gher water leve l leav ing their steep slo pes unm a rked. 

Till a lso ca ps a rock knob jo ined to th e la nd by a shin gle spit a t Old Perli ca n, near 
the no rth ern tip of Ca rbo nea r Penin sul a . The knob is about 18 feet hi gh and has 
a till cover on the side pro tected fro m wave erosio n. As in W itl ess Bay . th e und isturbed 
till rul es out a ny but sli ghtl y hi gher postglacia l sea levels. The uneroded till d eposits 
at L ong Po nd a nd Old P erli ca n stro ngly support th e th esis th a t no postglacia l upli ft 
has occurred a round Co ncepti o n Bay, a nd th e Bay de G rave ice-ma rginal te rrace . 
w ith un eroded gravels dow n to sea level, fur ther supports thi s v iew. 

Ev ide nce o f postglac ia l, sea- leve l flu ctu at io ns a lo ng the eastern shore o f Trin ity 
Bay is less consistent. P oo rl y sorted grave ls, genera ll y ho rizo nta ll y bedded or dip pi ng 
very ge ntl y para ll e l to the shore, a re exposed a t severa l places in sho re blu ffs betwee n 
H ea rt' s D eli ght a nd Whiteway Bay, a t e leva ti ons as mu ch as 30 feet as l. Several 
unusua l paragneiss and gneissic gra nite sto nes fro m th e gravels we re identified 
by McCart ney a nd Jenness of th e Geo logica l Survey o f Ca nada, as types whose nearest 
bed rock sources li e north west of Ava lo n Penin sul a. Exa min ation o f hundreds of o ther 
sto nes o f simil ar sizes in adjacent till s revea led no ne th a t could h ave o ri ginated fro m 
th e sa me areas. The prese nce o f the unu sual sto nes in gravels o f the shore bluffs, 
therefo re, impli es e ithe r a ma rine ori gin for th e gravels, w ith the fo reign sto nes ice 
ra ft ed from the area wes t o f Trinit y Bay. o r depositi o n by meltwa ter d ra in age margina l 
to ice fro m the same directi on . 

Alth ough pl aces favo ura ble for preservat io n o f to pogra phic fo rm s generated by 
e ither remova l or depositi o n o f eas il y e roded drift we re exa min ed closely, no ev idence 
o f hi gher sea leve l was fo und e ither no rth or south a lo ng th e shore where the 
gravels occur . On th e o th er ha nd , south west o f H ea rt 's D esire, a low poin t and th e 
rock kn ob o n its seawa rd end were both cove red b y 3 or 4 fee t o f grave ll y till th a t 
wo uld have been ra pidl y rem oved by a water level 5 or I 0 feet hi gher tha n the 
prese nt o ne. The grave l is often dirt y a nd poorl y sorted , a nd most o f th e sto nes 
a re angul a r to se mi a ngul ar, with onl y a few th at mi ght be classed as scmirounded . 
Though th e bedd in g is mo re eve n th a n th at u sua ll y found in outwash . it c losely 
rese mbl es th e gravels ex posed in bluffs th a t cut the out wash pl a in on th e southeast 
sho re of Concepti o n Bay. The grave ls a ppea r to represe nt de positio n by meltwater 
d ra inage m argina l to ice th a t a t a late stage o f deglac ia ti o n moved eastwa rd across 
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Trinity Bay - perha ps as a tongue flowing out of Bull Arm - but never ad vanced 
onto Carbonear Peninsula. 

Other th a n the shore grave ls. ava ilable evidence indicates little or no postglacial 
uplift along the eastern shore of Trinit y Bay. The zero isobase is thou ght by the 
author to lie either at thi s eastern shore or , more likel y, a short di stance inland, 
as there is excellent evidence for uplift a few mil es to the west on the opposite 
side of Trinit y Bay . At Broad Lake, 12 feet of uplift is recorded along the east 
side of the lake where a rai sed sp it is continued as a modern spi t of identical 
form. The modern ,spit is just awash at low tide, and lies 12 feet lower than its 
old forerunner. Fyrther evidence for thi s or a slightly hi gher a mount of uplift is found 
3 a nd 4 miles to the north west in foreshore gravels (Fig. 17) a nd sm all beach 
ridges at protected locations in Big Chance and Little Chance Coves. 
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FIGURE I 7. Foreshore gravels in raised marine flat, Little Chance Cove. 

North and northwest of Broad Lake, on the lsthmus of Ava lon and the adjacent 
parts of the island , steadily grea ter uplift is recorded in o ld sho relines, beaches. bars, 
tombolos, and a raised delt a . Perh aps the best evidence is to be seen at the sheltered 
head of Bull Arm where grave ls, shore breaks. and a graded rive r terrace all indicate 
betwee n 28 a nd 34 feet of uplift (eleva ti o ns ad justed for tid e and wave influence). On 
Placentia Bay so uthwest of Bull Arm . uplift of a few feet higher is evident on a 
ba r a nd tombolo at Little Southern H arbour and in sho re gravels at Come By 
Chance. The amount of uplift must be estimated with caution because of the higher 
tides in Plaeenti a Bay ( 5 to 7 feet , ra th er th a n less than 3 feet which is common 
elsewhere) and the exposure to southwest storms. Thirt y feet may be close to the 
m ea n sea- level int erva l between postgl acial and modern seas at the head of Placentia 
Bay, and it is probab ly nowhere more th an 35 feet. 
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Farther south on Pl ace nti a Bay, th e coast steepe ns and becomes straighter, par
ticul arl y so uth of Argent ia . Erosion here has been greater, and the ice-contact deposits 
and proglacia l deltas protruding from the coast th a t originally provided evidence of 
upli ft, have been large ly removed. On the other hand , 5 miles south of Point Verde 
a t Littl e Barachois, the grave l-fi ll ed stream cha nn els of Little Barachois River a re 
incised in the thick , we ll- bedded, outwash sa nd s of a 32-foot shore b luff. Near the 
sea, o n th e north side of the va ll ey of the ri ve r at Grea t Barasway, a terrace 
underl a in by o utwash stands 18 feet above hi gh-tid e level. Without knowing how far 
eros ion has cut them back , these o utwash deposits, th at origina ll y graded to an early 
postg lac ia l sea, a re suggesti ve of uplift but do not provide a n acc ura te measure. 

U nm odifi ed o utwash li es behi nd th e sea beach at Ship Cove, a nd at Gooseberry 
Cove smal l kames rest in g o n rock are almost at sea leve l behind the beach. In 
P atri ck's Cove. 15 miles south of Point Verde, an untrenched a llu via l flat is graded 
to the sea and may indicate a sli ght amount of drownin g rather than uplift. There 
is no definite proof of drow nin g in St. Mary's Bay, since trenched outwash on st reams 
th ere may reco rd nothing more th a n norma l downcuttin g fo ll owing cessation of outwash 
deposit ion. H oweve r, no thin g observed in St . Mary's Bay supported up li ft. 

On hi s isobase ma p of Newfoundl a nd , Jenness ( 1963, p. 11 ) shows the zero isobase 
in a positio n off the east sho re of Trinity Bay a nd then curving more wester ly 
across the Isthmus of Ava lon to Burin Peninsula north of Grand Bank. This zero 
isobase wou ld a ppear to have been placed 15 to 20 miles northwest of its true 
locat io n as it passes north of Broad Lake where uplift of 14 feet is indicated. It 
might be better placed about 5 miles in shore on Carbonear Penin sula , running 
from there southwester ly through Whitbourne and curving westerly to emerge from 
Placenti a Peninsul a about I 0 to 20 miles south of Point Verde (see Fig. 11) . 
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Chapter V 

QUATERNARY DEPOSITS 

The whole Avalon Peninsul a shows evidence of glaciation and much of it is covered 
by thin , un consolidated Quatern a ry deposi ts, interrupted by outcrops or stretches of 
bare rock. The main rock a reas are generall y found on upl and surfaces or form 
th e tops of the hi gher hill s. Two of the largest areas of exposed bedrock are in 
the esca rpmen t country of central Carbonear Peninsul a north of Carbonear, and in 
th e ru gged coasta l belt between Rand om Sound and the northern part of the Isthmus 
of Avalon. The Pleistocene deposits consist of glacial and ftuvi oglac ial materi als, thin 
lacust rin e silts, and , in th e western parts of th e study-area, spa rse marine deposits in 
shore exposures a few feet above sea level. Pea t and postglacial muck are widespread 
in the ce ntral and so uth ern pa rts of the peninsul a, and alluvium is prese nt in the 
lower courses of severa l rivers. A few patches of eolian sa nds occur, generally in the 
lee of sea bluffs that are being eroded by stron g onshore winds. There are also one 
or two small tracts of coasta l dun es. 

D amming of meltwater caused small proglac ial lakes to form after the main ice had 
retreated so uth and east o f the height of land separating the St . Mary's Bay drainage 
from th at of Conception and Trinity Bays in the north and of Placentia Bay in the 
west. Little ev idence of these fo rmer lakes can now be found beyond thin stratified 
silts th at cap recessional mora ines south of Whitbourne, and one or two meltwater 
chan nels that carried dra inage ac ross the hei ght of land from basins now draining 
south or east into St. Mary's Bay. 

Deposits la id down o r reworked by meltwater, such as outwash sa nd and gravel, 
eskers, kames, and o th er ice-contact material s, are sca nty or even lacking in many 
parts. They are particu larl y sca rce in pl aces th at were not reached by the main ice 
sheet. M any of the larger deposits a re located close to the sea or extend into 
it. The ir small total vo lume on land suggests that most of them may have been 
swept out into the bas ins of the large bays th at penetrate deeply into the peninsula. 

T owa rd the end of the glacial period , increased rates of wastage appare ntl y generated 
meltwater streams o f such volume and power th at channel network s were quickly 
eroded. These meltwater channel s, although found throughout the whole area, are 
large and numerous at only two places: west of Cape Race on the south east tip 
of Avalon Peninsul a, and around St. Mary's Bay, particula rl y on the west side, where 
graded channels nea r Branch carr ied south-flowing meltwater across th e hi gh divid es 
on either side of the prese nt west- east section of Branch River. Tracts of thin 
strat ified sed iments and rewo rked till are associated with the meltwater channel system s. 

Shoreline fea tures suggest th at the zero isobase , separating areas of postglacial 
emergence to the west from those of submergence to the east, run s down Avalon 
Peninsul a pa ra ll el to, and a short di stance east of Trinity and Placenti a Bays. D ata , 
however, a re insufficient to determine its exact position and it may lie farther west 
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a short di stance offshore. Though the land along the eastern part of Avalon Peninsula 
rose follow ing removal of the ice load during deglaciatio n, the postglacial sea rose even 
faste r and encroached on land . The pronounced submergence of the eastern coastline 
is , however, clue to an earlier re lative change of water level, greater even th an the 
eustatic rise that followed the last cleglaciation , although the latest rise accentuated the 
drowned appearance of the coast. 

Glacial Deposits and Related Features 
Ground Moraine 

General Characteristics and Distribution 

Over most of the a rea, the ground moraine consists essentia ll y of till but may also 
include strat ifi ed drift in amounts that vary randomly from place to pl ace. In so me 
loca liti es ablatio n moraine forms the upper layer of the morai ne. It is generally coarser 
th an the basal till as much of the fine material has been flushed away by meltwater. 

Ground-moraine till s are commonly stony (Fig. 18) , composed of stones of pebble 
to cobble size with a prepo nd era nce of angular or very slightl y rounded fragments. 
Bould e rs and large blocks of rock are common in most a reas, the chief exception 
being the mora ina l stretch north east of St. Mary's Bay where larger sizes are less 
evident. The matrix of most tills is composed of sa nd and coarse silt, with little 
or no clay or fine si lt. The conspicuous coarse fraction in many places exceeds 60 
per ce nt of th e total we ight of the ti ll , with mechanical analyses indi cat ing that lodgement 
till averages more th an 50 per cent above sand size. An estim ate of the percentage 
of the larges t fragments was made for each sample at the time it was collected. 
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FIGURE 18. Stony ablation (ground) moraine along the Tor Bay - Bauline road. 
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After analysis an adjustment was made for this estimated fraction to obtain totals 
believed to be accurate to within a few per cent. Sand and coarse silt make up almost 
the entire fine fraction except for a few rarely occurring tills that contained a 
significant percentage of clay and fine silt. These tills were chosen for analyses because 
of their unique appearance. 

The factors having most influence on the size of till components are the nature 
of the parent materials and the distance the components were transported before 
deposition. As stated earlier, granitic and volcanic rocks, hard sandstones and well
cemented conglomerates form most of the Avalon bedrock; the remainder consist of 
Paleozoic shales and hard siliceous Precambrian slates . Except for the slates and shales, 
these rocks are resi stant to both abrasion and crushing, and the ice eroded them 
main ly by quarrying, a process that can yield large blocks. Abrasion of bedrock 
fragments embedded in the ice produced much sand and some coarse si lt but little 
finer material. The Precambrian slates, however, yielded blocks which, by fracture 
along cleavage and joint planes, broke down more readily to smaller stone sizes. Also 
more silt was produced from these finer grained rocks. probably through direct abrasion 
of the bedrock by debri s-laden. overriding ice . Where ice flowed over slaty rocks and 
continued for some miles over drift-covered ground that aITorded no fresh outcrops, 
it deposited surface tills that contain few large erratics but are rich in clasts of 
cobble size and smaller. Such tills are widespread east and northeast of St. Mary's Bay. 

The sma ll areas of soft, easily eroded shale of Paleozoic age, found at several 
places near the shores of the main bays on Ava lon Peninsula , in small patches near 
Bull Arm. and along the Come By Chance River, affect the till only locally. Some 
long narrow belts also extend south from Trinity Bay, to the west of Whitbourne. 
General ly they have influenced the till s very lit tle as most of the material eroded from 
them was transported directl y into the sea . In a narrow belt a long the east side 
of Trinity Bay. however, sect ions show deeper-than-average till, high in silt and sand 
content and with few large blocks. This is probably due to the soft Cambrian shales 
a long the shore to the south, since ice moving north down Trinity Bay, parallel to 
the strike of the sha les, wou ld redeposit the material eroded from this narrow shale 
belt close to the water. Between Placentia and St. Mary's Bays, possibly the largest 
area of the Avalon underlain by Cambrian shales, the thin till is more silty in 
places and conta ins less coarse material because of dilution by soft, friable Cambrian 
shales. 

As the distance from source increased, the transported non-sh aly rock fragments 
were gradually reduced in size. They cou ld , however, never be carried very far before 
reaching the sea. When deposited, they formed tills composed entirely or almost 
entirely of material sand sized and coarser. As the ice rarely moved very far without 
encountering fresh outcrops, larger blocks were cont inua ll y being added to its load of 
debris and therefore the ratio of large to small stones in the glacial load generally 
did not decrease much with distance. Materia l carried by the Avalon ice never travelled 
more than a few miles, generally less th an 20, before reaching the sea. Maximum 
possible distance wou ld be about 40 miles . 

Most stones in the till s are angul ar or, at best, slightly rounded. They are normally 
angular even in many of the deeper till s derived from slates in whi ch usually the 
stones are smaller. Almost al l these slates are hard, highly sili ceous rocks with apparently 
low resistance to crushing, alt hough the fragments derived from them are rather 
resistant to round in g by abrasion. The fragments were therefore not much rounded 
before deposition and general ly exhibit greater angularity than other lithologic types. 
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Like other Avalon tills , those originating mainly from slaty bedrock are composed of 
materi a ls removed only short di sta nces from their sources. 

Slightly or moderatel y rounded stones are most common in the deep tills of the 
end-moraine a rea northeast of St. Mary's Bay. Jn this region the later ice moved 
across a large area of deep, unbroken drift deposited earlier, and the till deposits 
were thus transported longer distances without encountering outcrop areas that might 
add freshl y broken blocks. Some of the stones in the present till may have been 
rounded by both water and glacier transport. The incorporation of these stones into 
upper layers of the till sheet probab ly occurred during the retreat of the ice, particularly 
if there was any fluctuation of the glacier margin , for at such periods meltwaters are 
abundant near the ice edge. Al so, at such times, water-rounded stones would more 
likely be incorporated into the till instead of being swept beyond the limits of the 
peninsula by advancing ice. Any modera tel y rounded to well -rounded stones in the 
tills probabl y owe their markedly greater rounding to stream transport prior to 
incorporation into the ice. According to Holmes ( 1960, p. 1642) , even when glacier 
transport has produced well-rounded stones, such stones still retain more traces of 
origina l concave surfaces than do stream pebbles or cobbles. With the relatively short 
distances travelled by the materials composi ng the Avalon tills , a well-rounded , hard , 
compact stone wou ld on ly likel y be produced by a combinat ion of both wa ter and ice 
transport . 

The ha rdness of much of the generally friable ground moraine is directly due to its 
hi gh content of coarse pieces. This is particularly true for tills derived mainly from 
sil iceous slate and siltstone, where cleaved, interlocking, angular fragments form a mass 
th at may prove almost impervious even to a pick. Such hard till s were examined 
in a fresh excavation of the Trans-Canada Highway north of Kenmount Hill east of 
St. John 's, and in a gravel pit one third of a mile north of Pouch Cove (Fig. 19) 

FIGURE 19. Stony till (50 to 75 per cent coarse angular fragments) in a gravel pit 1,500 feet north of northern boundary of 
Pouch Cove. 
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near the tip of the St. John 's P eninsul a. Throughout the stud y-area, this type of ground 
moraine is little affected by water. Unless mu ck soi ls or muskeg overlie the till , trails 
across its ro lling surface are genera ll y as passab le after heavy rain as in the driest 
weather. Tts surface shows few of the characteristic long grooves and flutings that 
genera ll y parallel the last movement of the ice. 

Jn ma ny places the ground mora ine is partly composed of irregul ar , unoriented , till 
rid ges and hill s whose mode of occurrence gives no indicati o n of any particular 
circumstances th at may have led to th eir for mati on. Orien ted markings such as flutings, 
however, fo rmed where the ice shaped the ground mora ine as it fl owed across it ; fo r 
though clay or silt till s a re du ctil e a nd easil y mo ulded by moving ice, granular tills, 
such as the m ajority of th ose of the Avalon, do not flow or mo uld so easily . It is 
sign ifi cant th at th e largest a nd best-developed oriented ridge, located 2 mil es northeast 
of L ittl e Southern H arbour on the I sthmus of Avalo n, was foun d at one of the 
on ly two p laces where sa mpling showed th at th e ground mo rai ne included much clay 
(Tab le II , Sample 33). With one except io n all th e prominent , shaped till r idges lie in 
the lee of bedrock knobs and form pa rt of crag-and-ta il feat ures th at indicate the 
direction of ice movement. 

TABLE II Percentages o f gravel (2 mm a11d m ore), sa11d (0.02-2 mm), 
silt (0.002-0.02 mm) , a11d clay ( less tha11 0.002 mm) i11 tills 

Sample Depth below 
Type of till No. surface ( in feet) Gravel Sand Silt Clay 

1 9 51 27 19 3 lodgement 
2 10 62 20 18 trace lodgement 
3 4 80 15 5 0 ablation 
4 9 60 32 8 0 lodgement 
5 5 85 10 5 0 abl ation 
6 8 70 9 21 0 lodgement 
7 10 60 20 20 0 lodgement 
8 7 56 18.5 24 1.5 lodgement 

11 15 55 15 27 3 lodgement 
12 7 56 21 20 3 lodgement 
13 5 59 21 19 1 lodgement 
14 8 45 29 25 1 lodgement 
16 8 48 19 30 3 recessional moraine 
17 15 57 27 14.5 1.5 lodgement 
18 8 60 23 16 1 recessional moraine 
19 10 54 25 19 2 recessional moraine 
21 12 60 24 15 1 lod gement 
23 5 45 25 29 1 lodgement 
24 8 45 27 27 1 lodgement 
33 8 47 18 27 8 lodgement (o riented ridge) 
35a 85 65 19.5 14 1.5 lodgement (Lower, St. Shotts 

Cove) 
35c 14 43 30 20 7 lodgement (Upper, St. Shotts 

Cove) 
42 8 55 29 15 1 lodgement 
45 10 62 24.5 11 2.5 recessiona l moraine 
46 10 36 21 30 13 lodgement 

Samples did not i11cl11de stones of more th an an inch in diameter. Wh en sampling was done an estimate 
was made o f t11 e am o unt o f gravel composed o f fragment s w ith diameters greater th an an inch , and the 
percent ages of the various fracti ons were adjusted accordin gly. 
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On the Isthmus of Avalon , 2 mil es northeast of Little Southern H arbour, the largest 
of the oriented till ridges, 25 feet hi gh near its up-ice end , extends east 15 degrees 
south for half a mile from a hi gh rock knob just west of the main highway. The 
highway crosses its centra l part throu gh a 15-foot cut, exposing a brown, si lty till 
that breaks eas il y into cubes a half to an inch across . No oth er till in the area 
possesses this property, and mechanical ana lysis revea ls that for an Avalon till it has 
an unusua ll y high co ntent of both sil t and clay: 27 per cent silt and 8 per cent 
c lay. By a sma ll lake northeast of this, anoth er three or four oriented till ridges, 
500 to 1,500 feet long but only 5 or 6 feet high , run a lmost para ll el to the main 
ridge. 

In the northwestern corner of the study-area, a mil e so uth of Centre Hill, three 
oriented ridges run east 25 degrees south from three sma ll rock knobs, the la rgest 
ridge being about 8 feet hi gh and more than 1,200 feet long. South of Red Hill 
on the east coast near Cappahayden, a gro up of small rid ges, apparentl y for med in 
the lee of sma ll rock knobs, ca n be seen on aeri al pho tographs of the area. They 
li e in thin ground moraine. 

L ineations of somewhat different nature occur in a thi ckly forested area of heavy 
ground- mora ine cover abou t 3 miles east of the head of Sa lmonier Arm, St. M ary's 
Bay. These ridges, abo ut a mile long, were not examined on the ground , but on 
the aeria l photographs no rock exposures could be detected near them. It appears to 
be an area of a lternating wide, shall ow grooves and broad, low ridges that control 
loca l dra inage and extend long fingers into the lake at the western end . They were 
apparently formed by ice flowing east 22 degrees north out of a late glacial centre in 
nearby St. Mary's Bay. 

Though large oriented ridges with sharp ou tlin es are rare, other more irregular and 
less prominent drift features have been widely impressed by the ice on the granular 
Avalon till s. Diffi cu lt to see on th e gro und , th ey show clearly in aer ial photographs, 
principa ll y through their control over min o r d ra inage. The a li gn ment of lakes, strings 
of sma ll ponds and the sma ll strea ms lying more o r less pa ra ll el to the directi on of ice 
movement th at a re so ev ident throughout the stud y-area, a re largely the effects of 
moulding of the drift by flowing ice. H oweve r, patterns diverging at th e greatest 
angles from the direct ion of ice movement may have had their o ri gin in basins formed 
along rock-co nt ro ll ed depressions as a result of irregular damming by drift deposits. 
The a lternate str ips of forest and of wetter, treeless ground , fo und in flat or gently 
sloping areas, and that are similar ly ali gned parallel to ice movement , a ppear to be 
due to moisture changes cont ro lled by a ve ry min o r !roughing of the till and emphasized 
by sensit ive vegetative indicators. 

Because of the nature of th e till , the prominent, sharply defin ed grooves and ridges 
that result from ploughing by ice for med o nl y rarely and only und er exce ptionally 
favou rab le conditions; e.g., in areas wh ere th e ice has passed over steep-sided , bedrock 
knobs. Here the till may have been pressed up into channe ls created by the ice 
dow nstream from the hill ocks, perhaps in the ma nner suggested by H oppe and Schytt 
( 1953, p. 114) for sma ll rid ges forming behind boulders frozen into ground mora ine . 
Even then they appear to have formed on ly when a hi gher-than-usual content of silt 
or c lay made the till more plast ic th an is customary on the Avalon. The rid ges lying 
east of Sa lmonier Arm may be excepti ons. 

Ground moraine covers more th an 85 per cent of the study-area. It is thin com
pared to its area l exten t, ge nera ll y being less th an a few tens of feet thick. For 
more th an ha lf its exten t it is co ntinuous, but th ere are also large stretches of discontinu-
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ous cover where bedrock exposures a re common. In low country frequent rock outcrops 
are probab ly an indication that the bedrock surface is uneven . The till is thickest and 
most continuous in the lowlands, in areas of moderate local relief, and at higher 
elevations in wide , shallow basins , where it may average 10 to 20 feet deep. Southwest 
of St. John's , excavations for a dam and a power canal showed that the till 
cover there is I 0 feet or more thick, and well borings on the plateau between St. 
John's and Conception Bay record similar depths. Such depths appear representative 
of the general thickness in areas of continuous ground moraine on St. John's Peninsula, 
and probably in most similar tracts throughout the map-area. 

Ground moraine is much thicker in a few areas: 
( I) just south of St. Vincent's, on the west side of Holyrood Bay, more than 

I 00 feet of till is exposed in the bluff facing the sea. The till sheet extends inland 
with dimini shing depths less than a quarter of a mile until it reaches a rock-controlled 
ridge ; 

(2) ten or eleven miles farther south on the same coast, just northwest of St. 
Shotts, till and stratified sediments have been laid against the lower parts of the 
ancient sea cliff where a steep rocky face extends above the drift stratum. An exhumed 
marine rock bench , a short di sta nce above water level , protects the till from further 
erosion. The horizontal extent of the till coincides with the length of the bench; 

( 3) north of Great Barasway on Pl acentia Bay, a coastal bluff exposes a till deposit 
more than 200 feet thick that is interrupted only once by a layer of gravel 10 
feet thick , that cuts across the bluff face about 40 feet above the sea. The glacial 
sediments a ppea r to coat an old sea cliff, for bedrock outcrops in a ditch beside 
the coastal road that runs parallel to the cliff about a quarter of a mile inland. 
These depos its suggest that great depths of till may be restricted to pockets in the 
lee of steep or vert ical slopes near the sea that appear to have favoured deposition 
when ice moved across them. 

Jn general , the effect of ground-moraine cover is to smooth the surface relief by 
filling small bedrock valleys and depressions. Jn areas of continuous or nearly continuous 
ground-moraine cover, the thickness of till is most uniform where there is little local 
relief on the bedrock surface, although long, gentle or moderate slopes, or even-sloped 
ridges that are broad in comparison to their height, may also only slightly affect the 
till depths. Till thickness varies most where a rolling, bedrock surface has moderate 
local relief approximating I 0 to 30 feet , with crests and troughs fairly closely spaced. 
Though the bedrock relief is still reflected through the till , the ground moraine does 
not cover closely spaced heights and hollows uniformly but possesses a swell and swale 
topography of its own (Fig. 20). When till ridges and depressions of the drift layer 
coincide with underl ying bedrock depressions and ridges, till depths vary rapidly and 
small outcrops may occur in areas of otherwise thick, continuous ground moraine, 
often at elevations well below those of the higher ridges in the area. Where bedrock 
is hummocky, knolls of till may be interspersed among knolls of rock or knolls with 
rock cores, with no apparent difference between the surface forms of the various hills 
and ridges. Ground-moraine areas with this characteristic are found southwest of Franks 
Pond and in the knolly country south from the western side of the two high hills 
4 miles to the south of Pl acentia Junction. 

Two till sheets, separated by stratified deposits and possibly deposited by separate 
ice adva nces, occur at two widely separated points along the coast: at St. Shotts Cove 
near the extreme southern tip of Avalon Peninsula , and at Great Barachois on 
Placentia Bay . What may possibly be two separate tills were also found at three other 
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a Slight local relief 

Vertical Scale 
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b Roll ing bedrock with moderate loca l re l ief 
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FIGU RE 20. Variations in depth of ground moraine over bedrock, with (a) slight local relief, and (b) rolling bedrock with moderate 
local relief. 

loca li ties: one inl and in the va ll ey of th e W aterfo rd Ri ver, th e other two in coastal 
blu ffs - th e fi rst , nea r T opsa il H ead on th e east coast of Conception Bay, the second , 
near Bra nch on the west coast of St. Mary's Bay. P ositive identi fica ti on of d ifferent 
till sheets in direc t contact with each other, u nsepara ted by other sedimen ts, h as not 
bee n made anywhere in th e stud y-area. 

St. Shotts Cove Till Sheets 

On the no rth side o f St. Shotts Cove, three qu arters of a mile west of St. 
Shott s vi ll age, a 25-foot- thi ck secti on of older till underl ies the sur face till and is 
sepa rated fro m it by a 45-foot-thi ck seq uence of sand , si lt and gravel (Fig. 21) . The 
sect ion lies midpoint in a dri ft blu ff J 00 fee t h igh th at extends eastward more th an 
2 ,000 feet fro m the rocky cli ffs of Western H ead on the west side of the cove and 
termin ates at a rock point . It fill s the head of the more westerl y of the two embayments 
for ming the cove. 

T he lower t ill exte nds to the beach and in several pl aces conti nues below the hi gh
tide line. I t appears to rest on rock which outcrops here and there on the beach 
itself . Above this are 45 fee t of stra tifi ed sed iments covered by 30 fee t of the sur
face till th at fo rm s th e top o f th e coasta l bluff . Both till s have a sa nd y matrix and 
a simil ar brow n co lour. The upper til l b reaks into fr iable chunks an inch to 2 inches 
across, probab ly because it has an unusua ll y h igh clay content fo r an Avalon till 
(see T ab le ll , Sample 35c) , whereas the lowe r till b reaks irregul a rl y, or crumbles 
read il y to a loose mi xt ure. A lthough the top till has the larger small gravel fract ion, 
the lower till co nta ins more of the la rger sizes of the cm:rse frac t io n (a n inch or 
more in d iameter). These coa rse fragments are also less angul ar th an th ose of the 
upper till , and many of the stones a ppea r to have been transported and rounded by 
water. The rou nded stones were probab ly picked up and incorpo rated into the till as 
the ice adva nced over marine o r ri ver gravels. Sea or ice has eroded away all the 
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FIGURE 21. Diagrammatic cross-section of the Pleistocene deposits exposed in the shore cliff of the western embayment of St. 
Shotts Cove, Trepassey Peninsula. 
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lower till except for this remn ant at St. Shotts Cove and the deposit is not thought 
to extend far inland as, everywhere, a thin , bedrock-controlled cover of ground moraine 
begins half a mile or less from the coast. 

The section was traced laterally for more than 300 feet over the central part of 
the drift bluff, with no change in the thickness of the tills or of the separating 
stratified deposits. This suggests that the relationships outlined also continue across 

the head of the western bay of St. Shotts Cove. Eastward beyond the rock point, 
the drift bluff fringing the rest of the shore of the cove is formed of surface till 
right to beach level. West and north a long the coast, a varying thickness of till 
caps the rocky cliffs for 2 miles to St. Shores Cove. There 90 feet of the upper till 
overlies 12 feet of marine sand and gravels which in turn rest on rock . There is 
no exposure of the lower till. 

Identification of the St. Shores Cove gravels as marine in origin is based on two 
factors: first , their presence on an apparently mature marine abrasion bench; second ly, 
on the wave-washed appearance of a basal layer of boulders, 2 to 4 feet in diameter, 
th at immediately overlies the rock, a nd of stones in finer gravels hi gher in the gravel 
bed . On the exposed modern beach , just above the low-tide line, well- rounded gravels 
of a ll sizes were indistinguishable in appeara nce from their counterparts in the fossil 
gravels 40 feet above them on the marine bench. 

Stratified deposits separating the till sheets at St. Shotts Cove appear to be largely 
outwash. Stones in the gravels are semi angular and like the angular grains in all but 
the bottom few feet of the coarser sand beds, they resemble the coarse fraction in 
other outwash gravels . Large rounded pebbles and cobbles as much as 8 inches in 
di ameter are scattered throughout the lower few feet of the coarse sands. Water-worn 
ston es in the lower sands may be second-cycle stream sediments derived from either 
an earlier stream deposit or, by meltwater erosion, from the lower till , and redeposited 
in their present location. Absence of any erosional contact between the top of coarse 
sand strata containing the rounded stones and the stratified layers considered to be 
outwash , or below between them and a bed of fine sand and si lt overlying the lower 
till , seems to indicate that all the st ratified beds of the St. Shotts section were 
deposited as a continuous sequence. 

Great Barasway Till Sheets 

Two till s separated by stratified gravels outcrop on the east side of Placentia Bay 
in a high drift bluff that extends northward from Great Barasway for more than 
three quarters of a mile. Near its southern end, the bluff rises from the beach to 
a hei ght of 230 feet. It is sti ll bei ng actively eroded . The thickest drift section 
observed by the author in the study area is exposed in thi s bluff, and the fo llowing 
sect ion lies just north of its hi ghest point: 

Type of deposit 

Ablation till (?) 
Till 

Gravel 
Till 
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Desc ripti on of deposit 

Silt y, with numerous scattered boulders; dries to a hard , li ght grey 
to white compacl mass with powdery rock flour on face; forms 
very steep, heavi ly g ullied slopes; retreats by undercutting o f the 
lower till. 
Outwash; well stratified , medium size; moderate rounding. 
Sandy mat.rix with fewer bo ulders and silt than upper till ; softer; 
forms a less steep cliff face. 

Thickness (in feel) 

Unit Cumulative 

138 146 
14 160 

40 200 
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South of the highest part of the bluff, toward the valley of the ri ver at Great 
Barasway , the upper till thin s ra pidly as the bluff hei ght decreases . The gravels separating 
th e till s thicken in the same directi on to 35 feet a t a point about 600 feet north 
of the valley. H ere they end abruptly against till 125 feet high which forms the 
entire blu ff. The till contains thick lenses of massive sa nd and di sturbed gritty silt , 
with included a ngular stones. Apparentl y ice moving down the valley removed the 
gravels a nd possibly so me of the older till , a nd repl aced them with younger till mixed 
with partly incorporated silt a nd sand that had been deposited in water ponded 
aga inst adjacent valley sides. 

Exposures near Topsail Head, Branch, and St. John's 

Two other coasta l bluffs have fairly extensive exposures of two tills separated by 
stratified sedi ments: the first, o n the east side of Concepti on Bay about three quarters 
of a mil e southwest of T opsai l Head ; the second , on the west side of St. Mary's Bay 
1112 miles east o f Branch . The Concepti on Bay section consists of 25 feet of hard 
sa nd y till se para ted from an overlying 20 feet of si mil ar but softer a nd less cohesive 
till by a band of a lternating silt a nd fine gravel layers, a foot or more wide. Each 
layer is a half to three quarters of a n inch deep . On St. Mary's Bay near Branch, 
8 feet of till resting on rock is overlain by 15 feet of fine to coarse sands which 
are in turn overlain by 5 feet of a simil ar till that forms the top of the shore bluff. 
Pebbles in the stratified materi a ls of both secti o ns are similar to those in adj acent outwash 
deposit s laid by meltwater entering the sea. Such relationships, combined with the marked 
simil a rity of the till above a nd below the stratified materi als , suggest th ere is no 
marked time break between the upper and lower till s. 

Two mil es southwest of the head of St. John's Harbour, on the east side of 
Wa terford River , a n excavation shows 3 feet of grey till overlying 15 feet of brown 
till. The brown lower till contains considerably fewer stones than th e overlying grey till. 
Beca use thi s sectio n is located at the bottom of a moderately steep, valley-wall slope, 
and beca use in the grey layer there is a faint horizontal banding parallel to the 
hill side. it is thou ght the upper layer may be colluvium from higher up the slope. 
The deposit is neve rtheless included here fo r, if it is not colluvium overlying till, this 
valley is the only known place where two di stinctly different till s, possibl y of different 
age, were found in direct contact. A similar relationship was found in a poor exposure 
ha lf a mil e farther up th e valley, though he re the contrast between the two till s 
was no t so di stinct a nd sharp . 

Ablation Till 

Ablatio n till has been mapped over parts of the interior of Ava lo n Peninsul a, and 
near th e head of Salmonier Arm it extends in a belt alo ng both shores (see m ap 
in pocket). It represents the superglacial and englacial loads of the last ice in the 
area (Fig. 22) and is actually more widespread , in thin patches or as scattered coarse 
surface materi a l, th a n the extent of ablation-covered areas on the m ap would indicate 
(Fig. 23 ). H av ing been tra nsported gently with little grinding a nd crushing, and 
probably for short er di stances than lodgement till , it tends to contain a greater portion 
of angular and coarser materi a l. Al so reworking by meltwater h as removed most of 
the finer material s, generally leav ing it shar ply differenti ated from underlying drift 
(Fig. 24). Although abl ation till is not confined to clusters of small , gravell y hillocks 
and their intervening flats , where it does occur in such associations it may be found 
throughout their entire extent. It is usua lly found capping the till , and in gravel pits 

57 



SURFICIAL GEOLOGY OF AVALON PENINSULA 

a Superglacial till on ice surface 

\ 
C> 

() 
Ice with scattered englacial load 

Bedrock 

-----------;----;--:--:--;-;:-- <J 'V. 
<J • t> • • Basal till m transport " · . t> · . 
• 'V • ·.O. "C> • • •• q . ll.. : •\;' · 6 . 

A • . " • v . ;, . "Deposited basal tH/. 

Basal till lodges on basement during transport to form ground moraine. 

b Superglacial and englacial tills form ablation 
moraine; ablation moraine thickens in hollows 

."". ;,.~. · .·.·~·.:;3·.~~~0~·'3-°: ·!>;,'? :>-
0

". •• ·~. 9 o. ·· ~: :;~· -· ~·- - · · o · · ·~ • Ooo .• 

c 

<l 
Stagnant ice 

0 
D 

17 . "<l 
• ~ 'Q· 

<J " • • .,, ••• <l" . . I>. !' . . q. Till C> •••• " 

Ablation moraine forms on surface of ice from superglacial and 
eng lacia l till; fines are transported from area by meltwater. 

Ablation moraine- hummocks in 
positions of vanished hollows 

Boulders 

"' 

Thick hummocky ab lation moraine over ground moraine to left, 
scattered ablation till on bedrock to right. 

FIGURE 22 
Origin of ground and ablation moraines. 

GSC 

and other excavations it is revealed resting on the underlying, more compact, lodgement 
till. 

The presence of ablation till may be suspected wherever surface boulders and cobbles 
are unusuall y abu nd ant. Nevertheless it does not genera ll y form a mappable unit and 
its separate ex istence is usually only revealed in some of the numerous small active 
gravel pits . Furthermore most of the till is so stony that throughout the study-area 
the more gravell y phases of lodgement till present surfaces simi lar to those underlain 
by much of the ablation material. Many sections along the Topsail highway, as well 
as pits and secti ons on other roads, cut through homogeneous, stony till to depths of 
20 feet or more. Only here and there are the top few feet different from the lower 
material , indicating limited patches of ablation till. Restricting the mapping of ablation 
till to places where the rel ationship between ablation and lodgement till is clear, has 
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FIGURE 23. Sparse ablation till deposited as large boulders scattered over bare conglomerate ridges. Looking south 40 degrees 
east, 5 miles southwest of Franks Pond. 

FIGURE 24. Six feet of ablation till overlying gravelly lodgement till on the south side of Portugal Cove Road, just east of 
Portugal Cove. 

136190 
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probab ly mea nt th at in some areas considerab le amounts of ablation material may 
have been mapped as lodgement till. 

A s much as 7 fee t of ablati on till has been observed in isolated hill s and slopes 
and in a large gravel pit a qu ar ter of a mile north of the Topsail railway stat ion. 
Although fa irl y extensive deposits are thought to exist in the areas of hummocky 
mora ine, ac tua l ex posu res are rare. Here and there, especially in the areas of hummocky 
moraine, ablati on till takes the form of a sparse cover of scattered erratics, commonly 
of a sin gle rock-type, and includes some unusually large blocks. The erratics lie on 
the surface of the und erl ying drift rather th an being part of or wholly enclosed by it , and 
in some places are eve n perched upon bare rock (Fig. 23). In this study, these 
sca~tered boulder fields were not mapped as ab lat ion till. 

The largest mapped a rea of ab lati on till lies north of and along the west side 
of Windsor Lake, north west of St. John 's. H ere the floors of severa l wide , sh allow 
valleys, in whi ch lobes of ice stagnated behind the Concept ion Bay coastal hills during 
a late stage of deglac iation, are covered by small , round , dri ft hill s wi th the occasional 
uneve n, irregu lar ridge . The rid ges are apparentl y form ed of several, overlapping drift 
hill s. These a reas are uniforml y covered with several feet of ablati on till , which, seen 
in secti on, is sharpl y separated from th e stony ground moraine which everywhere 
und er li es it (Fig. 24). Where th ese drift hill s and rid ges are best developed and most 
numerous, concentration of the coarser dri ft fragments by water is obv ious in places, 
with sheets of boulders and cobbles coveri ng the sides of the hill s or flooring the 
depressions between them. On eithe r side of Voiseys Brook, east of Portugal Cove, the 
hill s and ridges are covered by about 8 inches of a gravel composed of small , flat, 
shale pebbles. The stones in these co ncentrat ions are angular to subangular and show 
littl e ev idence of rounding by water, probably because they are largely derived from 
hard slate and si ltstone, havi ng been littl e exposed to erosio n by meltwater. After 
meltwa ter had removed most of the fines , and after so me minor sliding and washing 
into gu lli es and depressions in th e wasting ice, th e saturated bulk of the till reached 
its present position . The dri ft th at fill ed the gullies and depressions in the ice now 
forms the characteristic rid ges and rounded hill s. 

Though lit tle of th e flat-lying abl ati on morai ne th at forms a featureless top surface 
layer could be mapped, isolated exposures suggested th at it might cover a fa irly 
extensive area . Good exa mples of deposits of ab lati on till from 2 to 6 feet deep 
were fou nd in several large gravel pits on St. John's Peni nsul a, notably at one north 
of St. John's , just west of the Mount Pea rl Ex perimental Farm , and between P addys 
P ond and Manuels Ri ver. The low si lt content in such deposits is a desirable property 
when a till depos it is worked for gravel and sa nd. 

Large fi eld s of scattered errati cs o f superglac ial ori gin are rare. Much more common 
a re the sma ll er accu mulatio ns o f erra tics th at occur as swaths of boulders in down
slope de pressions, on fl ats below converging slopes, and in mora inic areas. Although 
so me o f th ese sma ll bould er fi elds may be of superglacial origin , most a ppear either 
to ha ve been left behind when mcltwater removed the finer parts of the till , or to 
have been transported to their present locations by shall ow, rap id , meltwater streams. 

Two outstanding a reas of boulder fields fo rmed of superglacia l material are found 
on rough hummocky moraine in a basin of the Hawke Hills a few miles southeast 
of H olyrood, and on o therwise bare, rock ridges southwest of Franks P ond (Figs. 23, 
24). The H awke Hill s area is the more exte nsive; the boulders are larger and in 
places more numerous, with some stretches being covered by granite erratics only, 
whereas o th ers have a mixture of gran ite and lava. All the boulders a re close to 
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their po in ts of o ri gin and indiv id ua l b locks may measure more th an 20 feet long. M ost 
of the big erra tics a re perched on the unde rl ying d r ift, giving the a ppeara nce of having 
bee n ge ntl y lowered onto th e surface as the last of the material deposi ted by the 
wastin g ice. Some, parti cul ar ly gra ni tes, tend to be cubi ca l or rectangul ar , the rock 
appea ring to have spli t along jo in t cracks . T owa rd and beyond the east side of the 
basi n, lenses and patches of the more commo nl y occur ri ng ablat ion moraine cover 
some slopes of hill ocks th at are, in some insta nces at least, partl y constructed of 
roughl y sorted grave ls. 

In the Franks Pond area , the bould ers are sm all er and more scattered . They appear 
as th e o nl y co nstitu ent of the abl ati on deposit , possibl y because the wasting ice may 
have been clea ner here th an it was far ther north in the H awke Hill s. 

The la rger zo nes of ablat ion till seem to have fo rmed ch iefly as a resul t of the 
isolati on of ice masses on fl at o r ro lling tracts sur rounded by hi gher ground . During 
genera l ret rea t of the ice, as movement across the hi gher ground ceased , these isolated 
masses became stagnant and wasted by thinning in situ instead of by fro ntal retreat . 
Sur face and enclosed mate ri al, much of it subjected to co nsiderable reworking by 
meltwater, sett led into place to for m the ablation ti ll. Wheth er the ablati on till fo rmed 
a coherent layer several fee t thi ck or was a mere scattering of bould ers depended on 
the average amount of deb ri s per unit volume of ice and on the thickness of the 
stagnant ice . 

Recess ional (End ) and Hummocky Moraine 

Du ring glac ial recession, systems of mora ine rid ges were fo rmed at various places 
th ro ughout A va lon Peninsul a, principa lly in the thickl y wooded area north and east 
of St. Mary's Bay. Limi ted exposures indicate that most of the recessional m ora ines 
and many of the hummocky mora ine rid ges a re for med of till . F lu vioglacial deposits, 
ab lati on mora ine, and rewor ked glac ial deposits are prese nt locall y, most commonly 
in a reas of hummocky morai ne, where in places they may comprise most of the 
m ora ines. 

Origins and Description 

M oraine rid ges on Ava lon Peninsul a may, fo r di scussion of their mode of origi n, be 
di vided into the fo ll owing gro ups: pe rimeter areas - small a reas o f recessional mora ine 
near the coasts where the d ri ft is generall y thin ; St. Ma ry's Bay a rea - the m ai n 
a rea of recessiona l moraines about th e head of th e bay; a reas of hummocky moraine. 
m a inl y loca ted in hi gh interi o r basins. 

Perimeter Areas 

These wo uld have been th e first a reas to become ice free. E arl y in the deglaciation 
pe ri od , whil e most of Ava lon Peninsul a was still covered by ice, glacial m ora ines 
fo rmed close to the sea in a number o f outl et va ll eys, parti cul arly th ose trendin g east 
and south towa rd the A tl anti c. Most o f them were fo rmed by the main Ava lon ice 
sheet, but a few a lso fo rm ed in fro nt of the small glaciers th at flowed from the 
thin ice cove r extendin g ax ia ll y a long St. John 's and Ca rbonea r P eninsul as. 

F urther wi thdrawa l o f the ice resulted in similar deposits being laid down fa rther 
inl and . Although less cont ro ll ed by pronounced valleys, whi ch are generall y restricted 
to the coastal areas, th ese mora ines st ill fo rmed in depress ions that tended to channel 
the ice into lobes in fro nt of the main ice margi n. Most of th e ridges appear to h ave 
o ri ginated e ither as push mora ines in front of ice tongues, or as margina l accumul ations 

o f debris transported by mov ing ice (Fig. 25 ). 
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135816, 135817 

FIGURE 25. Recessional moraine belt to east of Red Hill , near Cappahayden . 

Not o nl y th e form a nd site of the mo ra ines but, in many places, their compos1twn 
and th e cha racter o f adjo ining areas, indicates o ri gin throu gh fro ntal accumulation. 
Many, part icul a rl y those in va ll eys, a re rid ges or series of till hill oc ks, a rcuate and 
concave to the ice. Rocky hill s on e ither side and rock exposures in the valley fl oor 
both upslo pe a nd dow nslo pe from some morainic belts, suggest that the moraines have 
probably bee n pushed into place by ice th at sc raped materi al from the rock floor. 
They are co mposed la rgely of rock blocks of a ll sizes, with o nl y a little fine material. 
It is di ffic ult to picture such materi a ls be ing forced by sq ueezin g or seepage pressure 
into c revasses or basal cavities in the ice , a nd the moraines, therefore, must clearly 
be some so rt of fro ntal accumulation. Because the more act ive ice at the front of 
mob il e va ll ey lobes favoured mo ra ine form ati o n, these mora ines are fo r the most 
part co nfin ed to va ll eys a nd are rare o n intervening hi gher ground . Fluctuations of 
the ice ma rgin would tend to fa vour the formation of push mora ines durin g fo rward
moving phases, parti cul arl y in a reas where bedrock was cove red by loose glac ial 
m ateria ls. 

F a rth er inl a nd the mora ines may be yo unger a nd less stony, but there a re no hill s 
or brea ks in slo pe in the underl ying ground adj acent to most of them to cause the 
extensive crevassing required for the formation of ridges by the squeezing of basal till 
under stagna nt ice. The mora ines rare ly occur nea r pronounced eminences where the 
strongest crevassing in the ice would be expected. 

St. Mary's Bay Area 

Thi s is an a rea of recess ion al mora ines. The ma in bod y formed late in the deglaciation 
of th e Avalon , as the ice sheet retreated from main d ra inage di vides and down the 
lo ng slope of St. Mary's bas in towa rd a n ice centre whi ch , thi s author beli eves, still 
lay more than 50 miles to the southwest. By this time ice had ceased to flow north
ward th rough cols into Concepti o n Bay or through the low trough of Dildo Pond into 
Trini ty Bay. Much of th e no rthern half of th e mora ine pl a in is fl at a nd several o f 
the la rger Jakes th at now extend deep into it , notab ly Dildo P ond , The Pond that 
Feeds the Brook , and Avonda le Pond South , drai n into th e northern bays. Others 
a re se pa rated fro m the dra inage of Trinity a nd Conception Bays by co ls o nly a few 
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feet, or a t th e most a few tens of feet , hi gh . Because meltwater streams could 
drain north through out lets leve l with o r littl e higher th an the present lakes and 
streams. wa ter levels in thi s area at th e time of moraine formation were sim ilar to 
the mode rn ones. Meltwater from about two third s of the mo rainal area , from th e 
centra l part, and probab ly from much of the eastern part, also di scharged through 
Avondale Pond South and Middle Gull Pond, across bedrock sil ls less than 450 feet 
above sea level. Big Pond a nd Gul l Pond in the east-central section of th e moraine 
area , a re a little less th a n 400 feet as! and most of the mora ine rid ges between 
them ri se to more th an 450 feet as l. Most of these moraines were built on dry 
land o r in bodies o f shall ow water on ly sli ghtly large r than the modern po nds. Absence 
of stra tified deposits o n th e tops of any ridges exa min ed supports the hypothesis of 
subae ri al formation of the moraines in the east-central secti on and north of the 
Sa lmo ni er Ri ver. 

The western third of the St. Mary's mora inal belt is partly separated from the 
east-centra l section by a di sco ntinuous ridge covered with ground mora ine th at crosses 
th e area d iagonally from roughly north of Colinet to near Bay de Grave. Segments of 
thi s ridge continue west of the Co linet Ri ve r and east of Ocea n and Snows P ond s. 
Exce pt for a few mora ines in the southwest where Rocky River emerges, the western 
morai ne rid ges and some o f those just east of the ground-moraine covered rid ge in 
th e Co linet Ri ve r va ll ey, lie above the 200-foot level. West of Whitbourne, a col less 
than 200 feet hi gh sepa rates the headwa ters of Rocky Ri ver which drain s south to St. 
M ary's Bay fro m waters drainin g north to Trinity Bay. Blocking of the southward 
drain age at Whitbourne wou ld have left the water- land ratios north a nd east little 
changed from th ose of today, for me ltwater co uld escape northward into N orth River 
and Conception Bay throu gh Snows Pond and The Pond th at Feeds the Brook. South 
of Markl a nd , blockage of th e drain age left most mora ines in thi s exposed area standing 
above la kes th at were sli ghtl y larger th a n the present ones and th at drained north 
through Dildo Pond to Trinity Bay. With southward drainage blocked , Colinet River 
escaped westward across depress io ns in th e ground moraine-covered rid ge a nd thence 
flowed no rth. Free no rthward escape of meltwater in the western half of the moraine 
belt provided subae ri a l de positi o nal conditions there simil ar to those in the east. The 
mo raines in both a reas are simil a r in height and outline thou gh those in the west 
are not so lo ng nor so evenl y patterned. 

Differences in composition o f moraines were noted in exposures a round Whitbourne. 
Excavations in two moraines just west of the tow n showed 4 or 5 feet of ablation 
till overl ying lodgement till in o ne exposure, a nd a sa nd y till with very few large 
stones in it in the other (Tab le ll , Sample J 9). A gravel pit in a moraine 2 miles 
north o f Whitbourne shows 2 to 4 feet of ablatio n till overlying sa nd y till. Exposures 
in mora ines so uth of Whitbourne showed pockets of gravel and sa nd in the till and 
a laye r of sa nd and si lt J 2 to 18 inches thick covering many of the moraines. The 
sand a nd silt were not stratifi ed, but thi s m ay be because of di sturba nce of the 
to p foot or so subseq uent to de position. They appear to have been la id down in a 
short-l ived glacial lake near Whitbourne th at submerged the m ora ines, a condition that 
presupposes either a large plug of stag na nt ice in the basin of Dildo Po nd blocking 
drain age to th e north , or some other type of more local ponding. The seco nd explanation 
see ms th e more probab le, for mo re meltwater Aowed across thi s low-l ying part of the 
mora in al belt th a n elsewhere, so me of it from th e Co linet valley to the east. So much 
of the til l consists of sa nd and silt th at th ere is a ready source of supply for the 
sanely layer on top of the moraines. The presence of ablatio n till o n moraines to 
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the north suggests the possibility of their formation behind the ice margin rather than 
right at the edge. Nevert heless, simil ar ities between these moraines and others in the 
mora inal belt are so great that a ll are considered to be contemporaneously formed , 
recessional moraines. 

Jn add ition to the arcuate form of the moraines and their a lign ment transverse to 
the ice Aow (patterns a lso associated by so me authors with crevassi ng in stagna nt ice) 
there are other reasons for consider ing them as ice-marginal features. Steepened 
proximal faces characterize most of the hi gh , single rid ges of the well-developed 
moraines in the centra l part of the morainal belt and many of the ridges in marginal 
locations. It is difficult to explain the occurrence of steepened faces o n the side toward 
the ice unless the moraines we re formed against a supporting ice wall. The distal side 
would then be un supported a nd mater ial would either be ab le to slide or would be 
modified by meltwater. Be nches o r subsidiary ridges usually a lso occur on the side 
nearer the ice. 

An exp lanat io n for periodic surges of wasting but still-act ive ice is not easy to find. 
The size and spac ing of the la rge moraines argues aga inst a ny suggestion th at they 
may be a type of annua l deposit. The ice that formed them ori ginated in a n ice centre, 
still perhaps I ,OOO fee t thi ck , that lay in the rather deep basin to the south , and 
wou ld have thinned severa l hundred feet in the course of its retreat from the hills 
fringing Conceptio n Bay to the southern end of the mora inal belt. This wou ld require 
a much grea ter number of years than the number of moraines present. The benches 
or subs idi ary ridges a lso require exp lanat ion. 

Annual precipitation in thi s area is o ne of the heaviest in Newfoundland, with the 
55-i nch isohyet cross in g St. Mary's Bay close to where this autho r believes the Avalon 
ice cap may have been centred. The chilling eflect of the ice cap on moist, onsho re 
winds at the time the mora ines were being formed, may have resulted in a n increase 
in precipitation. Dur ing cooler periods, this precipitation would fa ll as snow . Alternating 
cool and warm years, a t a time when temperatures over the ice cap were close to 
the critica l point determining wheth er the precipitation would fall as snow or as rain, 
could result in marginal surges of the ice cap. Assuming the ice cap to be in the St. 
Mary's Bay area, it wou ld be bordered and confined by hi gh land o n both east and 
west , and marginal surges would th ere fore be directed north a nd south . Such Auctuations 
would favo ur formatio n of frontal mora ines by pushing marginal materi a l fo rward 
during the adva nce phase of a cycle a nd depo iting it. The ice melted durin g stati onary 
or retreatal phases. This mechanism may not be necessary to account for the recessional 
mora ines of the perimeter areas previously discussed as th ey may simply mark pauses 
in a more co ntinuous retreat. 

Although it is not easy to exp lain th e moraine formations solely as frontal deposits, 
th ere is th roughout the area a co nspicuous lack of features such as eskers, large ice
block depress ions, rimm ed plateaus, or meltwater cha nnels crossing ridge crests, that 
are usua ll y associated with areas of dead ice or with areas of heav il y crevassed ice 
located well back from the ice front. Meltwater deposits , e.g ., the mora ines northwest 
of Mahers or so uth of Whitbourne, co nfor m to what would be expected at a wasting 
ice front. Even the presence of ablation mora ine over mora inic ridges in the low area 
nea r Whitbo urn e mi ght be explained as being due to loca l co nditions such as float ing 
ice in the glacia l lake in whi ch silts were deposited elsewhere. Nevertheless, the 
possibility that so me of the moraines we re formed subglacia ll y by the sq ueezi ng of 
water-soaked till into basal cracks of crevassed ice can not be completely ruled out. 
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Areas of Hummocky Moraine 

Hummocky moraine, frequently called 'dead-ice moraine' because of its o ri gin in 
areas of stag nant ice, is found th roughout the Avalon in patches extend in g 10 sq uare 
miles or more. It occurs mainly in the hi gh plateaus and elevated basin country around 
St. Mary's Bay, in places where the ice stagnated after flow across the major topographic 
divides had ceased. In rough terrain, the ice th at lay in partly enclosed basins or 
o n uneven , eleva ted count ry became stagnant, even tho ugh so metimes it was still 
severa l hund reds of feet thick. Such masses waste unevenl y, formin g chan nel s and 
cavities both subglacia ll y and on th e su r face, a nd sepa rating into irregul ar blocks. Thi s 
pattern of melting is stro ngly suggested by the variable composit ion and extremely 
irregular shapes of most of the deposits. 

Jn certain ways these deposits closely resemble those found in the Scandinavian 
areas of hummocky morai ne, espec iall y the Yeiki type described by Hoppe ( 1959, p . 7). 
The stony nature of much of the Avalon till gives it low plasticity a nd m ay have 
restri cted formatio n of this type of drift ridges. Meltwater deposits such as kames, 
eskers, ou twash lenses, outwash veneers a nd , probab ly, crevasse fillings, are common. 
Heterogeneous mingling of till a nd strat ifi ed deposits, a nd the presence of many till 
ridges, suggest sliding a nd sq ueezin g of the till during melting of blocks of ice. H ollows 
left after these blocks had disappeared acid to the roughness of the terra in. 

Superimpo ed esker , meltwater erosion cha nn els, and ablatio n moraine deposits 
demonstrate that to a large exte nt the hummocky mora ines of the Avalon evolved 
subglacially. The surface ab lation moraine genera ll y consists of large errat ics and in 
at least one instance such ab latio n moraine covered a n esker th at was itself la id down 
on hummocky moraine. The almost complete absence of a ll such features in the 
area of recessional moraines is o ne of the strongest pieces of evidence that those 
features were not formed under stagnant ice. 

The bedrock is an important factor in forma ti on of hummocky moraine, whi ch is 
best clevelopecl above or ad jacent to grani ti c or volca ni c rocks, types that contributed 
th e largest quantities of detritus to the late ice. Furthermore, the to pogra ph y developed 
on granit ic and vo lcanic bedrock is usually rougher than that in a reas underlain by 
other rocks, a circumstance favou rab le to large-sca le stagnat io n of ice. In areas where 
slate or other fine-grained rocks are dom inant, the hummocky morai ne is more subdued , 
has fewe r la1ge erra ti cs, and less ad mi xed ftuvioglacial materi a ls. 

Distribution of R ecessional and Hummocky Moraines 

R ecessional Moraine 

Most recessional moraines were deposited a t some fairly ea rl y stage of deglaciation 
in rest ri cted areas where tongues or lobes of ac ti ve ice projected beyond the ma in ice 
mass, down va ll eys, or into broad open depressions. This occurred when the Avalon ice 
flowed from the St. Mary's Bay regio n, across the main watersheds towa rd the sea. 
About one eighth of a ll moraine rid ges mapped in the area appear to have been 
formed by suc h ice tongues in numerous sma ll areas scattered about th e perimeter of 
the peninsul a. Moraine ridges did not form a lo ng more stable stretch es of the ice 
margin o n the int erve nin g h igher ground. 

Hummocky mora ine, which consists of steep, uneven dri ft hi ll s and short, unoriented 
ridges, is m uch less widespread th a n are recessional mora ines. It is a lmost entirely 
co nfined to par tl y enclosed upland basins, havi ng formed where large bodi es of stagnant 
ice. trapped in depressions, wasted in situ . At severa l places areas of end moraines 
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are co nti guo us to areas of hummocky moraine or rough ground mora ine. The boundary 
between the two types of deposits is drawn through transitional a reas where considerable 
num bers of th e ridges mi ght reasonably be ass igned to ei ther class of deposit. The 
largest and best-formed moraine ridges are in the central parts of th e extensi ve area 
of recessio na l mora ines around the head of St. Mary's Bay. They a re among the 
you ngest mo raines in th e area and were deposited durin g a fa irl y la te stage of glacial 
re trea t whe n ice had beco me restricted to St. Mary's Bay and th e adjacent shores. 
M ora ines formed at severa l places where th e ice ab utted aga inst hi gh , steep, bedrock 
hill s projecting above th e surface. These drift rid ges (show n on the map as end 
moraines) could include some latera l moraines a nd crevasse fillin gs. Possibly the 
youn gest mora ine ridges are th ose fo und in a number of small areas inl and a long the 
east coast, near the mouth of St. Mary's Bay. They were formed during a short-lived 
flow of res idua l ice from the sou th ern part of Trepassey P eninsul a a fter the main ice 
cover had disintegrated . 

A ll the mora ines map ped appear to have been formed by loca l ice. None was found 
in th ose parts o f the ma p-area th at had bee n covered by ice originating to the 
west of Avalon Peninsul a. M ost of the recessiona l moraine ridges examined are com
posed of till , with on ly min o r a mo unts of outwash . Although , except in parts of the 
hummoc ky moraine areas, there arc fewer stra tified deposits than mi ght be expected, 
some belts of recess iona l moraine con ta in grou ps of kames or other ice-contact deposits 
a nd a few have extensive o utwash trains or flats associa ted with th em . Possibly the 
largest ou twash deposits formed contemporaneously with mora ine belts a re those in 
sou th er n Avalon at Peter's Ri ver on H o lyroocl Bay, and alo ng the lower reaches 
of o rth west Brook. Similar but sma ller deposits are found o n the southwest side of 
Concepti on Bay, and on its west coast at C la rk e's Beach and Shearstown. 

All mo ra ines observed in the st ud y-area a re considered to be recessional, formed 
durin g momentary ha lts o r minor advances in the general retreat o f th e Avalon ice. 
An y true end morai nes that ma y have bee n formed must have been la id down by 
ice th a t had adv a nced beyond th e prese nt limits of the la nd e ither at the edge of 
ice sta ndin g in the sea, or upon land subseq uently subm erged by a ri sing la te glacial 
or postglacial sea. Th at big mora ines do lie off the coasts is strongl y indicated by 
hyclrogra phic charts, which as me nti o ned earl ier show shallow ba nks off the mouths of 
a ll th e large bays. In a ll exce pt Trinity Bay, the deepest water lies considerably closer 
to th e bay head th a n to th e mou th (see Fig. l l) . 

The possibility of major mora ines offshore was recogni zed by Kerr ( 1870, p . 705) 
who suggested th at the SO-fathom bank off the mouth of Concept ion Bay was a 
submerged termin a l m o ra ine for med when th e ice stood at its max imum advance. The 
broad ri dge kn ow n as St. Mary's Bank , which ri ses above the 30-fathom contour and 
extends so utheas t of Ca pe St. Mar y's across the mouth of St. Mary's Bay (U .S. Navy 
Hyclrographi c Offi ce Cha rt H .O. 11 02), a ppea rs to be a termina l moraine laid down 
at a fa irly la te stage in th e retreat o f th e Ava lon ice. The cha nnel separating St. 
M ary's Ba nk from the sha ll ow wa ter o n th e east side o f th e bay may represent a 
breac h in thi s mo ra ine, possib ly cut by meltwater. It is on ly a few fat homs deeper 
th an th e bank , and probably formed when, as a result of the low sea level preva iling 
at th e time th e mo ra ine was formed , the region near the mouth of St. Ma ry's Bay 
stood above wa ter. 

Belt s of e ncl mo raines covering numerous sma ll perimeter a reas in th e Avalon (see 

map in pocket) for the most part lie in valleys leadin g to the sea, either on the 
Atlanti c coast so uth of St. John's or around th e upper sho res of Conception and 
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Trinit y Bays. They are considered by th e aut hor to have been fo rmed by ice tongues 
d ra in ing from th e main ice centre sometime after th e ice had withdrawn from the 
adva nce offshore pos iti o ns occ upi ed d u ring th e glac ial maximum. Ice still flowed 
v igorously seawa rd , however , across d ivides in th e St. Mary's Bay a rea a nd down 
coas tal va ll eys. As these tongues retrea ted by wast ing, th ey left morain ic h ill s and 
ridges where halts o r mino r ad va nces occurred. The better developed ridges are 15 to 
30 feet h igh and a few reach 40 or mo re fee t. Till in the ridges is generall y sto nier than 
that in the ground moraines and includes more large b locks. A notable except ion is 
found in sma ll a reas of recent mora ines o n th e east side of St. Mary's Bay, where 
th e till resembl es th at of the moraines about the head of the bay and contains few 
large blocks. The la rgest moraine be lt in thi s area extends southwest from the town 
of St. M a ry's aro und the head of La H aye P ond. Nea rly a mile across and about 2 
mil es lo ng, it s ce ntral pa rt is co mposed of steep-sided till hill s, so me of them as 
mu ch as 35 fee t hi gh. On ly rarely is th e interna l composition of mora ine ridges well 
exposed , but, in this part icul ar belt , sect ions alo ng the road through the central parts of 
the hills revea l the stru cture of the ridges. The till exposed in these sections is 
ma inl y composed of coarse mater ials but contains few large erra tics. One sa mpl e taken 
fro m a typ ica l exposure co m pr ised 86 per cent stones a nd sa nd (Table JI, Sample 45 ) 
and ap pea rs typica l of o ther morai ni c hill s in the belt. Lenses a nd pocket s of stratified 
sa nd a nd grave l arc common, indicat ing considerable water ac tion during fo rm ati on 
of th e mora ines . Jn so me cuts the till has practicall y no si lt-sized materi al a nd shows 
crude la ye rin g suggesti ve of slid ing and washin g by water dur ing deposition. 

Genera ll y the recessional mora ines are composed of till , a lthough the composition 
may va ry fro m ston y mora ines in whi ch large blocks a re th e conspicuous component 
to moraines in wh ich m ost of th e clasts are less th an a foot or 2 feet large. Exam
ina tion of sto ny mora ines suggests th at their hi gh proportio n of coarse frag ments 
result s from prox imit y to gra ni te , volcanic bedrock o r pebble-co ngl omerate as sources 
of erra tics; a nd from their loca ti o n in a reas where th ere is so littl e drift that the 
ridges the mse lves constitute th e majo r glacial deposit s. As there are no deep secti ons 
th rough good stony moraine rid ges, it cou ld not be determined whether the large 
erra ti cs a re dis tributed throu gho ut the bod y of the morai nes or are mainl y confined 
to the sur face. 

Few mo ra ines a re found be yo nd the regio ns covered by ice flowing from the St. 
Mary's Bay centre. T he thin , ax ia ll y d ra ining ice, believed to have covered the northern 
parts of Ca rbo near a nd St. John 's Peninsul as. would genera ll y have had little erosive 
or transpo rting powe r, parti cula rly on the hi gh cen tra l platea us. Thi s is substantiated 
by the sparse ness of th e widespread ground moraine and the lack of evidence of 
intensive glac ia ti o n. In th e northern secti ons of these peninsulas a nd in parts of 
T repassey Peninsul a, the few sma ll , sto ny, recessional moraines were deposited either 
in areas of thin d ri ft or directl y on exposed bedrock, usuall y a t low altitudes near 
th e coast wh ere topograph y fa voured more vigoro us drainage of the thin ice cover. 
On St. John 's Peninsula , a few sto ny moraines 15 to 30 fee t hi gh li e o n the south 
side of Po uch Cove a nd two other patches of similar morainic rid ges occur about 3 
mil es to the south a nd so uthwest respectivel y. Between H eart' s Content and Heart's 
Desire, th ree areas of sma ll , sto ny moraine rid ges and hillocks, a ll about a mile 
lo ng, a re found within a few mil es of each other. O n Trepassey P eninsula they are 
found west o f Cappahayden a nd west of Franks Pond. 

About 80 per cent of a ll morainic rid ges in the map-area lie north and east of 
St. Ma ry's Bay. Most of this region is a heavi ly drift covered pl a in of moderate 
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elevation that extends south and southeastward for a lmost 50 miles in a great arc 
from south of Dildo Pond nearly to Holyrood Pond. Most of the ridges li e southeast 
of Dildo Pond, within a large oval area of about 20 by 17 miles . Another irregular 
area of moraines extends southward from this oval for more than 10 miles and varies 
in width from a mile to 4 miles. Two long projections extend eastward from it into 
areas of thin drift on the high interior plateau. South of this th e moraine belt 
continues toward the head of Holyrood Pond as a ser ies of sma ll di scon nected patches. 
Most of the terrain underlying these widespread moraines is either flat or slopes 
gently up to higher ground north and east from St. Mary's Bay. Between the main 
area of morainic ridges and the shore the slopes are covered with ground moraine. 

Simple mora ine ridges reach heights of 20 to 35 feet, and widths of 300 to 500 
feet. They are genera ll y a ha lf to two thirds of a mile long, and steeper on their 
proximal than on their di stal side (F ig. 26). Where they occur as a series, most of 
the crests are 600 to 1,200 feet apart. Elsewhere, they are much more widely 
separated , particularly toward the edges of the larger morainic areas and in smaller 
outlying groups, where they also are smal ler. Generally the crestlines are even, except 
where moraines, usually a li gned across the direction of the last ice flow , are formed 
of ridges or of two or three round or ova l hills joined by saddles; here they have 

FIGURE 26 
Recessional moraines. 
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undu latin g crests. Most of the rid ges run fair ly stra ight, their long axes perpendicul ar 
to the movement of th e ice, though a few bi furcate or coalesce into small , irregular, 

gro ups. H ere and th ere they are arcuate, generally concave toward the ice, thou gh a 
suffic ient num ber are convex toward the ice to prohi bit fo rmul ati on of any general 
rul e. The longest observed rid ge, located 4 mil es northeast of Whitbourne on the 
northwest side of Gander Pond , is nearly 2 miles long, and is convex toward the 
ice . Its shape, however, is beli eved to be due to a high bed rock r idge immediately 
to th e north, up each side of whi ch the ice flowed . 

South east of Dildo Pond , in th e centre of the large, oval area where moraines are 
we ll fo rmed , the ridges are narrower and longer than elsewhere and have even crests. 
Asymmetry is best deve loped in thi s type of morai ne which m ostl y has south-fac ing 
prox ima l slopes as steep or steeper th a n the north-fac ing di stal ones. Where the 
prox imal slope is less stee p, it is genera ll y because of a second ary accumulation of 
dri ft pi led aga inst that side of the moraine in the fo rm of a bench . This gives a sharp 
break in slope, o r eve n a secondary r idge (Fig . 26) . Moraines with benches or minor 
auxi li ary ridgi ng are commonl y hi gher and broader th an simple ridges . The hi ghest 
mora ine observed , at the southern tip of Ocean P ond, is of thi s type. Its base 
wid th is nea rl y 700 fee t, and its crest stands 82 feet above the lake surface on the 
north and 63 feet above the fl at swa le on th e south . In contrast to other compound 
ridges, th is mora ine has a sharp crest and so is not overl y broad . It is, therefo re, 
somewhat atypica l. 

Moraines in th e la rge ova l cent ra l m oraine region, m zones transit ional to other 
types of glac ia l deposits, tend to be much more irregul ar in symmetry, height of crest , 
and o ri enta tion. Al so, th ey are ge nera ll y shorter, many being only a few hundred to 
a thousand or so fee t long. In plan, many of these appear to be composed of three 
o r more roundish, morainic hill s, separated by saddl es but nevertheless forming a 
di stinct unit. 

Mora in ic ridges in th e large oval of recessional mora ines are composed of till s in 
which large blocks and errati cs measurin g as much as 2 or 3 feet, a re rare. The 
till cove r is thi cker here th an in other parts of the stud y-a rea, grani te boulders are 
absent , and large vo lcani c rocks occur in onl y a few places . H ard siltstone and slate, 
with some greywacke and a rkose, compr ise the bul k of materi al in the r idges, par
ticul ar ly in the so uth ern pa rts. T o the north east, where morai ne fin gers extend up some 
va lleys, th ey may cont a in some volcanic or other bould ers deri ved from nearby rock 
form ati ons. 

Although no secti ons have been made in th e moraines of the interior of the oval, 
cuts about 20 fee t deep occur along the Salmonier L ine (Highway 6 ) in the southeast, 
a long th e T ra ns-Canada Highway and th e ra il way to the north , and in several large 
gravel pits beside the two roads. In spite of the sma ll number of large erratics, 
about half the bulk of most o f the hill s is composed of gravel more than 2 mm in 
size (see T able TT , Samples 16, 18, and 54). 

An except io na l mora inic area is located north of the ra ilway line, a mile northwest 
of Ma hers. H ere a large com plex mora ine that has been clea red of bush rises 45 to 
75 fee t over a di stance of severa l hundred fee t . There are very few erra tics of cobble 
size o r large r on its uneven sur fa ce and o nl y a few, small , stone piles on the undulat
ing fa rm fi elds to the west. The mora ine and adj acent mora inic area occupied by the 
fa rm have fewer stones and boulders tha n any other place in the Ava lon where tills 
have bee n identi fied at th e surface . 

On th e northwest side of the moraine, a 7-foo t road cut exposes poorl y sorted, 
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silty grave l containing lenses a nd thin layers of cleaner, stratified gravel a nd sand. The 
stra ta a re somewh a t di sturbed , for the sa nd laye rs run across the ban k in wavy bands 
and in o ne place ve rtical beds a re exposed for several feet. Thi s section occurs in 
typical ice-cont ac t deposit s th a t h ave bee n di sturbed either by subsequent sliding or, 
more probab ly, by ice shove. The considerab le thi ckness of sa nd and gravel, together 
with th e abse nce o f coarser surface mate rial nearby, suggests th a t a n integral part of 
th e ridge is composed of fluvi oglac ia l m a teri a l. Subsequent clearing of trees from 
other wooded m o raines in the vicinit y may revea l more composite ridges of this 
type. However, it seems lik e ly th a t ra th er than being constructed entire ly of stratified 
m a teri a ls, th e la rge r ridges are composed mainl y of till with a veneer of ice-contact, 
stra tified ma te ri a ls, a nd perha ps with some int erspersed. smal l kames superimposed. 

At a few pl aces till ridges, pa ra llel or a t low a ngles to the direc tion of ice flow, 
occur low on the slopes of steep , hi gh bedrock hill s that apparentl y fo rmed nunataks 
or re-ent ra nts in ice th a t was still mov ing . These ridges are genera ll y more irregular 
in o utlin e a nd contain more boulde rs than most recession a l mora ines, a nd the ir va rying 
directi o ns bea r no rel a tion to th e orientation of the nearby moraines . Six miles west 
of Co linet , rid ges of thi s type ha lf surround an 850-foot hill south of the hi ghway; 
they a re a lso found so uthwest o f Ca ppahayclen, on the north and east slopes of the 
hi gh rid ge south of the Portugal Cove South road and 4 miles west of Chance Cove. 
They may be crevasse fillings rat he r th a n true la teral moraines. The till ridge more 
than a mile lo ng th a t lies so uth of Sea l Cove o n Conception Bay is probably a lateral 
mo ra ine. It appea rs to have been deposited by a tongue of ac ti ve ice moving west 
clown the adjacent deep va lley pa ral le l to Sea l Cove Ri ver. Where the highway crosses 
it , th e mora in e is 20 to 30 feet hi gh ; elsewhere , in the e rra ti c-littered knoll s along 
its length , it has a minimum re lief o f J 0 to 15 feet. A gravel pit adjacent to the hi gh
way ex poses 8 feet of ston y. bou ldery till overlying 4 feet of stratified gravel and 
sa nd. A simil a r but shorter ridge 1,000 feet to the east, pa rallel s the so uthern h alf 

of thi s mora in e in the area between it and Sea l Cove River. 

Hummocky Moraine 

Hum mocky mora ine observed a t several pl aces throughout the A valo n, consists 
alm ost entirel y o f rough , irregul a r, drift hills and short, unoriented ridges. It occurs 
much less frequentl y th an the recessio na l moraine a nd covers o nly about 7 to 10 per 
cent of the to ta l area of mora inic hill s a nd rid ges. It is found chie fly in hi gh , rolling, 
lake-stuclclecl secti o ns of the H aw ke Hill s, in simil a r te rrain on north-facing slopes of 
Castle Rid ge in Placenti a Peninsul a, a nd inland , at the base of Carbonear Peninsula 
(see m ap in pocket). Most o f the other scattered , sm a ll patches of hummocky moraine 
lie close to the m ain areas. T ypica l hummock y moraine is genera ll y sh a rpl y differentiated 
from well-cl evelopecl recess iona l mora ine b y greater roughness, diversit y of slope and 
height of individual units, and th e irregular pattern its units form. 

Some of the most spectacular hummocky moraine lies arou nd Four Mil e Pond and 
so uth of the Trans-Canada Hi ghway nea r H olyroocl (Fig . 27) . It consists of steep 
drift mounds and short , irregu lar ridges 30 to 50 feet high. The surface of many of 
them is litte red wit h man y angu lar gra nite a nd lava erratics of all sizes. Toward the 
m a in hill west of the pond , the drift deposits a re smaller. The lower slopes are 
cove red with hillocks abou t 6 to 10 feet hi gh, and inte rmingle with a few, large, 
rock-cored rid ges th at expose bedroc k outcrops on their flanks or crests . Rolling ground 
m ora in e begins 150 to 500 feet above the lake, but as rock' outcrops are either 
ra re o r lac king, it is difficult to dete rmine whether the higher mou nd s and ridges of 
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FIGURE 27. Hummocky moraine formin g stagnant ice topography south of the Trans-Canada Highway and the Witless Bay Line, 
0.6 mi le east of the tu rnoff to Holyrood . 

th e rougher hummocky mora ine are com posed entire ly of drift o r wheth er so me are 
rock co red . Both co nditi o ns may be present. U p the slo pes o f the la rge r hill s the 
drift thins ra pid ly, a nd rock outcro ps may be seen betwee n and in th e si des of 
m a ny d rift hill s at po ints where th e mora ines m erge into rocky hill sides o r thin ground 

mo raine . Even in the rougher, cent ra l zo nes o f hummocky m ora ine, it is the mounds 
a nd rid ges th emse lves th a t co nta in the bulk of th e dr ift. The interve nin g swales have 
genera ll y o nl y a thin cover of til l over bedrock . This cont rasts with a reas of recessional 
m ora ine where th e dri ft ma ntle is usua ll y mu ch deeper tha n th e indi vidual mo raines 
a re hi gh . There are no deep cuts th at show the to ta l thi ck ness o f the dri ft in e ither 
th e recess iona l or the hummocky mora ine. 

Hummocky mo ra ine is m o re va ri ed in co mpositi on th a n recessiona l morai ne ; m any 
of th e rid ges have le nses and venee rs of grave l o r ab la ti on mo ra ine, and so me are 
e ntire ly com posed of ftu vioglac ia l deposits . Thus, in fo rm a nd sur face a ppearance, 
e lements of hummocky mo ra ine may resemble ka mcs, eske r segme nts or possibly 
crevasse fillin gs. 

Meltwate r cha nne ls, ra re in recessiona l mora ine areas, cross som e trac ts of hum
m ocky mora ine; e.g ., the trac t 2 mil es east of H o lyrood th at covers about 4 square 
mil es is c rossed by th ree large meltwatc r cha nnels, two o f them we ll over a mil e 
lo ng. Befo re e nterin g th e no rth e nd o f th e hummocky mora ine a rea, the two northerl y 
meltwa ter chann els c ross a n o utwash Aat th at is half a mile lo ng a nd co mpl etely 
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surrou nded by hill s and short rid ges of drift. Thi s hummocky morai ne a rea is largely 
hemmed in by higher gro und and most of it lies between 300 to 550 fee t as!. It 
conta ins large ftu vioglacia l deposits and eros iona l features and the internal structures 
of some of th e rid ges in its sou th ern part are ex posed in several small gravel-pit 
excavations. The most southeaste rl y o f th ese pits exposes gravell y till; another, 700 feet 
to the north, is ha lf in sto ny ti ll , half in sand y, poo rl y sorted gravel; a third , a 
quarter of a mil e farther north , lies in outwash sa nd and grave l deposited aga inst the 
ridges ; a fourth, still fa rther north , just outside the hummocky mora ine, is in sand 
and gravel covered by 3 feet of ab lat ion till. Still another gravel pit , on the northern 
edge of the hummocky mora ine area around Four Mile P ond shows the interior of 
the rid ge in which it is si tu ated to be a mixture of ex tremel y angul ar, friable, loosely 
packed fragments , few of them larger th an 6 to 8 inches. They are crossed by 
streaks of gravel and ove rl a in by severa l feet of harder st ratum , ev idently a till , 
th at con ta ins most of the erra tics in the exposure. Tt would seem that on deposition 
the lower sediments were water sorted, but not transported very far. They were then 
covered by the till. 

In another area of hummocky moraine about a mile to th e west, another large 
pit exposed a stra tum of cobbles 4 fee t thick that extends for J 50 feet , and several 
feet of stratified sa nd and gravel are exposed in a trench just west of the pit. Lenses 
and streaks of poorly sorted sedim ents also occur at pl aces along with till. The till 
var ies from a hard , ice- la id materi a l of ti ghtl y interlocked , angul ar fragments, to a 
loose friable mate ri al th at appea rs to have been reworked by water during or im
medi ately following deposition. Some of the drift mounds might be described as 
'tilly kames,' so intimatel y mi xed are the ice-laid and water-la id sed iments. 

The largest area of hummocky moraine covers I 0 squa re mil es and extends eastward 
7 mil es from th e low ground a mile east of Dildo to th e hi gh ground on Carbonear 
Pen insu la. It has a few sections that expose the materi als in some of its ridges: two 
grave l pi ts in the western half and shall ow cuts in the eastern half in 10- or 15-
foot-high till hill s. One grave l pit, in a 30-foot ridge, revea ls nothing but till ; the 
othe r, in a sma ll er ridge, exposes 5 to 7 feet of bouldery ab lati on till th at rests 
on lodgeme nt till and co nta ins lenses of stratified gravel and sa nd . All avai lable evidence 
indicates th at the morainic a reas east of Holyrood and in the vicinity of Four Mile 
Pond co ntain a hi gher ra tio of ftu vioglacial deposits than do similar areas elsewhere in 
the Avalon. 

Fluvioglacial, Glaciolacustrinc, and Glaciomarine Deposits 

Within th e map-area, sorted glacia l dri ft transported by meltwater during the waning 
phases of th e last glaciation and deposited usua ll y at or near the ice margin includes 
such ice-contact depos its as eskers, kames or kame terraces, and such proglacial 
deposits as fa ns and outw ash fl ats. In addition , aggradin g meltwater streams deposited 
va lley trains for considerable di stances beyo nd the ice margin. D eltas fo rmed where 
such streams entered lakes or reached the sea. 

Onl y I or 2 per cent of the map-area is covered by ftuvioglacial deposits, a sur
prisingly sma ll ex tent co nsidering the widespread evidence of meltwater acti vity and 
the sa ndy, grave ll y nature of the abund ant glac ial sediments. Small, unmapped deposits 
may be scattered over secti ons otherwise barren of meltwater sediments, but their 
vo lume would be insuffi c ient to change th e pi cture reveal ed by map ped deposits. During 
Recent time, mar ine erosion was intensified by encroachment of a ri sing sea, at least 
in the eastern ha lf of the map-area, and may have removed co nsiderable amounts of 
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th ese deposits th at had possibl y bee n laid down at or nea r th e shore . Stra tified 
f!u vioglacia l sedim ents a re probabl y to be fo und on the floo rs o f many of the bays, 
pa rti cul ar ly in a reas adj acent to large shore deposits, but a large percentage has 
und oubtedl y bee n di stributed farther afi eld hy longshore curre nts. Large meltwater 
channels, eroded in to the drift a round Trepassey Bay and on the west coast of St. 
M ary's Bay no rth and south of Branch, are furth er evidence th at large quantities of 
flu vioglacia l sedim ents have bee n removed and deposited in th e sea . Most of these 
channels terminate ei th er at the sea, sometimes at vertical rocky cliffs, or in shoreside 
outwash deposits th at broaden towa rd the water. 

Most of the la rge flu vioglacial deposi ts lie adjacent to the sea . Th is distribution 
could be ex pla ined , at least in pa rt , if mu ch of th e meltwa ter carri ed li tt le sed iment 
and eroded ra th er th an deposited materi a l. Some credibility is lent to thi s hypothesis 
if one co nside rs th e co nditions at the ice front at th e time th e ice had withdraw n to 
the ma in di vides about St. M ary' Bay. 

T o di scharge sed iments at th e ice margin most meltwater strea ms would h ave had 
to erode basa l dr ift and then transpo rt thi s load uphill to the margi n. Al so, the 
proglacia l precurso rs of the numerous modern lakes in the area would have acted 
as sediment tra ps and their outl et fl ows wou ld be clea r . It seems likely, th erefore, 
th at sur face strea ms ca rrying little sediment would com pri se much of the meltwater 
discharge . Though thi s process probabl y limited deposition of flu vioglacial sediments 
in many loca liti es, parti cul arl y near di vides, effi cient stream transport h ad an even 
grea ter effect in limiting th e incidence of f!u vioglacial land for ms. During deglaciation, 
me ltwater strea ms were sho rt , ra pid , and wi th hi gh gradi ents; hence they had great 
carryin g powe r fo r th eir size. As a result much , perh a ps most, o f the flu vioglacial 
sed iments d ischa rged at th e ice front we re ca rried d irectl y into the sea. Exceptions to 
th is a re fo und west of Cape Broyle and on Placenti a Peninsul a in localit ies where 
seve ra l deposit s of fl uvioglac ia l sedim ent s lie well inl and . 

Eskers 
Esker deposits a re co nfined mainl y to two areas : the Trepassey Peninsul a south 

fro m th e La Manche Ri ver ( though no t a long th e shore o f St. M ary's Bay) with 
twenty-seven eskers observed ; and the Placenti a Peninsula fro m just north of the 
Colinet- Placenti a road to th e so uth ern tip o f th e peninsul a, with nineteen eskers 
observed . More th an ha lf th e T repassey Peninsul a eskers are a pprox imately half a mile 
long, eight a re about a mile long, three a re 2 mil es or a littl e more, and the one 
th at run s no rth into Chance Cove is 5 miles long. The longest esker of the entire 
map-area, more th an 10 miles long, extends a long the route of the Co linet- Placentia 
hi ghway fro m about 7 miles west of Co linet to Southeast R ive r. Other eskers on the 
Place nt ia P eninsul a range in length from 2 to 5 miles. Th roughout the rest of the 
map-area there are o nl y three o r four eskers even as long as ha lf a mile . Som e 
es kers, howeve r, bifurcate at one or more places to fo rm rid ge systems. This has 
resu lted in a more extensive area o f esker for ms th an the quo ted lengths would suggest. 

Most of the la rger esker rid ges co ntain ga ps of va rying length s where material 
either was not deposited o r has been removed by eros ion . Some prese nt-d ay streams 
cross eskers through gaps obviously created by the ir ow n flow. Despit e ga ps, segments 
la id down by the sa me meltwater stream are considered to form a single unit or 
esker. Ave rage he ights of th e rid ges range betwee n 15 and 30 feet , a few eskers 
reachin g eleva ti ons o f 40 to 50 feet . The majo rity are somewhat sinuous in outline, 
stee p sided , with sha rp crests, and wi th heights va rying th roughout their lengths. 
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Genera ll y the sides slope at th e angle of repose for coa rse material. A few are 
mass ive and some of these broader eskers have wide, level tops - a feat ure th at 
probab ly refl ects their mode of o ri gin. Though most commonly fo und along the sides 
of va ll eys or on va ll ey floo rs, so me eskers a re located on open slopes or uplands. 
One, near the north end of the Pl at form Hill s on the P lacenti a Peninsul a, runs 
westwa rd out of the Branch River va ll ey across the main peninsul ar d ivide toward 
Place nti a Bay. 

P a rts of so me eskers exa mined are believed to have been deposited in open channels 
rather th an in subglac ia l tunn els. They are composed mainl y of fi ner grades of gravel 
and sand, have broad level tops, and their gradi ents are low and even, descend ing 
in the d irect ion of the for mer stream flow. The di rect ion of their cou rse is sometimes 
con tinued by meltwa ter channels. At a few places, ge nerally toward the lower end of 
an eske r system, a broad ridge of moderate height wi th a wide flat top has been 
for med ; e.g. , one part of the esker that crosses the road to Bra nch, 6 miles east of 
St. Bride's. 

Karnes or u neven ridges and hea ps of sa nd and gravel a re found beside some 
eskers, a pparent ly where cav ities or fr actu res in th e ice have either slowed the 
fl ow or a llowed di spersa l of previo usly confin ed subglacia l waters, with consequent 
depos ition of the ir load. T he more disorde red mounds and rid ges may represent 
depos its laid down ori gina ll y on top of the ice by surface streams, and subseq uently 
lowered to their presen t posit io n when the ice melted . 

Crevasse Fillings 

Crevasse fillin gs a re co nsidered to be moulds of open cracks in the glacier wh ich 
we re fi ll ed by materi al fro m surro undin g ice th at was either washed in or slid in . 
Me lting of the supporting ice wa ll s left a stra ight , steep-sided ri dge. D epend ing upon 
the process th at co ntri buted most to their construction, the filli ngs m ay be level and 
flat topped, or undul ating and of va rying elevati ons. Fl int ( 1957, p. J 50) considers 
them a fo rm closely related to ka mes. They may also fo rm a gradational ser ies with 
one type of esker r idge . 

Two mi les east of H olyrood , sou th of Fenelons P ond , a fl a t-topped, stra ight r idge 
more than 1,500 feet long, com posed th ro ughout of sa nd and some fin e gravel, stands 
4 to 12 feet above su rround in g bog fl ats. 

T hree mil es east of New Harbour, on the east side of the large pond lying south 
of the New H arbour- Spaniard 's Bay road , two para ll el r idges more th an 1,500 fee t 
long and one thi rd o f a mil e a part a re believed to be crevasse fillin gs . A similar 
ridge on the west shore of the po nd is directl y in line with th e more south erl y ridge 
and is appa rently an extension of it. A lthough the two easterl y ridges have undul ati ng, 
uneve n tops, both run stra ight and are steep sided . They a re co nsiderabl y hi gher at 
their easte rn end, where they bl end in to th e hill side, th an at their western end toward 
the lake, eve n though they still reach a height of a lmost 30 fee t there. Onl y the 
more no rtherl y one was exami ned closely, but they a ppear to dupli ca te each other. 
The northern ri dge co nsists of till and coa rse flu vioglac ial mate ri al, with angul ar 
bou lders as much as 5 fee t in d iameter scattered over parts of its broad top. A 
bo ulder-lined depression at one place on its top resembles a small kettl e. M ost of the 
material in the r idge probab ly reached its present pos ition as a result of till and 
boulders, intermi xed with large amounts of coa rse, crudel y sorted , fl uvioglacial gravel, 
ava lanchin g in to a large open crevasse. Because of the large proportion of coarse 
fragments and lack of fin es, it is probab le th at no additi on of m ateri al by lateral 
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flow of basa l till cont ri buted to the format ion of these three crevasse fillings. 
Although no crevasse fillings possessing the d istinctive form of th ose just described 

were seen e lsewhere, they may nevertheless exist in areas covered by hummocky 
moraines. As the moraines were developed und er and between thick masses of stagnant 
ice, man y may have for med ini tial ly as crevasse fillings , as well as by plastic fl ow 
of subglac ial till under the weight of the ice blocks (see Fig. 22). 

Karnes 

Karn es are general ly rather symmetrical mounds that stand either si ngly or in groups, 
but may be joined together to form irregular masses. U nder so me conditions they 
may even form initiall y as ir regul a r mounds. In the Avalon they are genera lly dis
tributed th roughout the sa me areas as eskers, a nd are therefore most numerous in 
th e T repassey Peninsula south of La Manche River and o n Placentia Peninsula. They 
ma y. however, be found wherever there a re fluvioglacia l deposits. They a lso occur in 
areas of hummocky morai ne and in some places are fo und in assoc iation with recessional 
moraines. In rare in stances a si ngle kame or small group of ka mes may be fou nd 
in a grou nd-moraine area with no fluv ioglacial deposits or meltwater channels nearby . 

The largest group in gs of kames occur in th ick, f\uvioglacial deposits at several coastal 
locations, where they may comprise most of the st ratified sed iments (see map in 

pocket). On Trepassey Peninsula the most prominent of these areas are: 2 miles north 
of Cape Broyle, C ha nce Cove, the head of T re passey H arbour on Northwest Brook, 
and Peter's River o n H olyrood Bay; a nd , on Placentia Peninsula: Jigging Cove north 
of Branch. A few ka mes are found in most of the larger inland areas of outwash 
deposits, particularl y on Placentia Peninsula . Within the map-area kames average 15 
to 30 feet high . A few reach 50 feet, and the highest one examined measured more 
th a n 60 feet from top to base. Rapid ch anges in vo lume, velocity, a nd direction of 
flow of the depositing meltwate rs, is reflected in their uneve n bedding. C uts show 
them to be composed of mixtures of material th at common ly exhibit la rge, ab rupt 
changes in gra in size . So me lenses and bodies of sed iment are well sorted, some are 
chaotica ll y cross stratified o r torrenti a ll y depos ited, and others show strat ification that 
varies from good to barely distingui shab le. Deformation of the beds is common and 
has been caused by sliding or coll apse due to melting of the support ing ice. Many 
kam es include bodies of till , and a few of the large o nes are littered with surface 
erratics of all sizes or covered by a layer of till. One, whose structure is exposed in 
a grave l pit, has a coverin g of ab latio n till severa l feet thick over stratified depo its. 
Most fragments in kame gravels are less well rounded than those in the gravel of 
outwash fl ats or va lley trains. 

Within the map-area, the largest groups of kames, and the 1i1ost symmetri cally 
formed, developed at the ice margin at the end of esker systems where large volumes 
of mel twater were discharged (Fig. 28). Additional ka mes a re scattered either along 
many of the esker ridges, or a ttached or close to the eske r deposits. Many of 
th ese a re the irregul ar type, with less steep slopes. A few appear to be composed 
la rge ly of stratified drift th at or igin all y filled depressio ns in the glac ier o r under stagnant 
ice a nd was subsequently deposited as the underlying ice melted. K arnes for med of 
intermixed till and stratified deposits are referred to here as ' tilly kames.' 

Although some kames fo und throughout the a reas of hummocky mora ine are sym
metrica l, most are irregu lar and likely to co ntain ti ll. M a ny appear to have originated 
in crevasses or on uneven terrai n surround ed by ice, and to have grow n through 
increments of till received from flows a nd from ava lanching till chunks intermixed 
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FIGURE 28. Esker - kame complex on south side of the Colinet-Placentia highway. 

with water-deposited sand a nd gravel. There is littl e sorting of the water-laid sediments, 
and the indi vidua l fragments tend o n the average to be more angul ar th an those in 
kames fo rmed e lsewhere. 

The ka me on the west side of the road a mile north of St. Bride's rises to a height 
of 40 feet and, like ma ny o f the iso lated kames in the map-area, is probably a 
moulin ka me. It is constructed of well-so rted gravels, with stones a n inch to 4 inches 
in di ameter and unusua lly well rounded for ka me gravels. The supraglacial stream that 
formed it must have transported the gravels a considerab le distance. 

Kame Terraces 
Although kame terraces are not genera ll y well developed within the map-area , some 

large ones are fou nd at C larke's Beach on Conception Bay, a nd others have been 
identifi ed near Fermeuse and Ri verhead. 

At Clarke's Beach , North a nd South Ri ve rs flow for their last 2 or 3 miles through 
deep va lleys, a mile to 11h miles apart, separated by a 700-foot hill. Along the 
north wall of the North Ri ver valley, an irregular kame terrace extends inland for 
more than 2 miles from the sea. From a n altitude of 63 feet as l at its head , its 
top slopes northeast, at about 9 feet per mile, down to 45 feet asl at the end nea r 
the sea. It was apparently built between the va ll ey wa ll and a targe mass of 
stagna nt ice th at lay in the va ll eys of N o rth and South Rivers and at the head 
of Bay de Gra ve. For much o ( its length a shallow channel in the terrace top 
marks the last positi on of the m a rginal meltwater stream that built it. An irregularly 
shaped lake 2 miles long now occupies that pa rt of the North River valley where 
stagnant ice lay a t the time the terrace was constructed. 
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Near the centre of thi s lake is a youn ger, lower kame terrace, its top surface 
22 feet above the water. Steeply dipping beds, at angles as much as 34 degrees, 
exposed at the front of thi s lower terrace indicate it is part of a delta th at was 
depos ited in wa ter st ill dammed by the d isintegrating ice plug. A simila r but wider 
kame terrace extends a long the south side of the South River valley. An ice-block lake, 
a mil e long, li es between its upstream secti on and the hill to the north. Steeply 
dippin g beds of well-sorted grave ls ex posed in pits in the 50-foot hi gh ter race front 
fac ing the lake, suggest th at part of this terrace also is deltaic, built into a lake 
th at enl arged with the melting of an ice dam after construction of the main part 
of the terrace to the south . K ame-terrace deposits, mostly extensions of the wide 
South Ri ver ter race, continue arou nd the nose of the hill separating the two rivers. 
They were separa ted fr om the South River terrace when the ri ver excavated its present 
channel through th eir midst. The part of the terrace near the north bank o f South 
River is greatly pitted, and the bottoms of some of the kettle holes are almost at lake 
level. 

Beca use the top of the main terrace on North Ri ver does not fa ll to elevations 
lower th an 45 feet as it a pproaches Bay de Grave, it would seem that th e meltwater 
stream th at built it must have reached the sea over a bedrock sill in the valley 
wall. The la rge South Ri ver terrace, however, appears to have been graded to sea 
leve l. Part of the o ri ginal terrace top sti ll rema ins on the south side of Bay de 
Grave a lthough along most of its seaward face erosion has removed its most easterly 
extension, leav ing instead a low blu ff of strati fi ed sediments behind a barrier beach. 
This remnant is covered with coa rse, st ream-rounded cobbles and is graded directly 
to the sea. Vestiges of old meltwa ter channels on it are visible only a short di stance 
bac k from th e present shore. 

A mil e no rthwest of Fermeuse, another sma ll kame terrace forms a gravel bench 
that ends in an irregul ar, southwest- faci ng, ice-contact slope and lies between the 
road and th e steep va lley wa ll on the northeast. Just north of Riverhead , along the 
stream fl owing into St. Mary's Harbour , similar gravel s lyin g between the road and the 
eastern slope of the va ll ey have been iden tified as kame terraces . Small kame terraces 
probably occur elsewhere th ro ughout the map-area , particul arly where meltwater 
channels are abunda nt . Grave lly hill side be nches th at lack identifi ab le ice-contact slopes 
or stro ngly pitted surfaces, cou ld not be di stinguished from simila r benches underlain 
by till. 

Outwash 
Streams depositing outwash sed iments originate on abl ating glaciers. They are often 

the same ones that , nearer their source, have deposited ice-contact stratified drift. Jn 
its proximal parts, outwash may grade into th ese ice-contact deposits and m ay also 
cover or surround o lder ice-cont act drift. Generally, outwash deposits a re better sorted , 
more thinl y bedded, and composed of more rounded gra ins th an a re ice-contact 
deposits. Thi s is relative , however, for outwash is st ill coarse grained, and sharp 
va ri at ions in gra in size, both ho ri zonta ll y and vert ica ll y, are nume rous . The sed iments 
generall y show dec reasi ng grai n size with increasi ng di stance from the glac ier. As with 
ice-co ntact deposit s, the re is littl e material smaller than sa nd size, the finer grain sizes 
having been flu shed away. Bould ers may be present, either rafted in by fl oating ice 
or, where gradie nts a re very steep , carried in by ra pid meltwater streams. 
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Outwash Plains and Flats 

Outwash is depos ited whe re the gradi e nts o f glaci a l me ltwa te r strea m s fl atten o r 
w he re topograph y chec ks the ve loc ity of th e fl ow. Outwash fl a ts a re ge ne ra ll y de posited 
immed ia te ly in fr o nt o f a was tin g g lac ie r , but o utwash m ay a lso be laid clow n at 
a co nsid e ra bl e di sta nce fro m th e ice m a rgin if stee p, effic ien t ch a nne ls a re available 
to carry th e sedim e nts away fro m th e vicinity o f the ice . 

Alth o ugh in m a ny pl aces o utwash a nd ice-co ntac t fo rms m ay be deposited simul
ta neously fro m th e sa m e me ltwate r strea m s, w he n o utwash sur ro und s de posits such as 
eskers o r ka m es, o r whe n it li es hi ghe r u pstrea m th a n th e ice-contact dep osits - e .g ., 
in the fl a ts nea r M o unt Ca rm el P o nd - it m ust be co nsid ered as youn ger th a n the 
ice-co ntac t fo rm s, hav in g bee n la id a fter the ice had retreated to a positio n at or 
beyo nd the hi ghes t pa rt o f th e o utwash. Outwash witho ut ice-co ntact m a teri a l is m o re 
a p t to h ave bee n de posited so m e di sta nce downstrea m fro m a bl a ting ice, but aga in 

m ay e ith e r surro und o r bury o ld e r ice-co ntac t fo rm s. 
A na rro w o utwash pl ai n ex te nd s ha lf a mil e to a mil e inl a nd fo r m o re th a n 9 

mil es a lo ng th e southeast coast of Co nce pti o n Bay, from Sea l Cove to T o psa il Head . 
Thi s is the largest co ntinuo us bod y of strat ifi ed drift in th e m a p-a rea . The o utwash 
m a ntl es a nd is la rgely co in c id e nt w ith th e P a leozoic rocks o n w hi ch th e low-l yin g, 
rollin g coasta l pl a in is deve lo ped , fo r bo th termin a te inl a nd a t steep hill s o f Preca mbri a n 
o utcro ps. Va ll ey-tra in de posits co ntinu e a sho rt di sta nce up som e of the va ll eys ente rin g 
the pl a in . Thi c kn ess o f the stra ti fied beds ra nges fr o m more tha n 50 feet in sho re 
blu ffs a t Sea l Cove to no thin g a t a ll where t ill o r bed rock kno ll s p ro trud e above 
the sur face . The la rges t such stre tch is a three-qua rte r-mil e-l o ng, till -covered roc k rid ge 
th at fo rm s th e wes t bank o f M a nu e ls Ri ve r no rth o f th e hi ghway . 

Nume ro us ex posures in the low sea blu ffs indi cate th a t the no rm al seque nce in the 
outwash pl a in a t th e sho re is a foo t to I 0 feet of sa nd a nd gravel o ver till. Thicker 

st ra tifi ed sedime nts occu r w he re ice-co ntac t o r p roglacia l de lta depos its a re present. 
Sa nd and fin e gra vel, gentl y clipping toward th e shore, m ake up m ost o f th e outwash 
east of M a nu e ls Ri ver . Less sa nd a nd coa rser gravel, with less eve n beddin g, a re 
present wes t of th e ri ve r. Be twee n La nce Cove a nd the m o uth of the strea m dra ining 
Law re nce P o nd, pa rts of the stra tified de posits ex posed a lo ng the sho re show confused 
beddin g a nd chao ti c de posit io n of m o re th a n 20 fee t o f gravel. Thi s gravel, probably 
a n ice-co ntac t de posit , is inte rrupted by secti o ns o f well-sor ted ho ri zonta l sa nd. East 
of M a nu e ls a nd Sea l Cove Ri vers, a nd possibl y a lso wes t of K e lli grews Ri ve r , the 
gravel- till con tact clips below sea level, presum a bl y a t pl aces whe re o lder, postglacia l 

channe ls o f th ese ri vers, now cho ked w ith outwash , e nte red the sea. 
As we ll a s be in g inte rrupted la tera ll y by ice-contac t depos its, th e outwash a lso 

grades in pl aces into o th e r st ra tified deposits inl a nd . Thus o utwash de posits lie between 

ka mes a nd th e sea eas t o f M an uel s a nd Sea l Cove Ri ve rs . For 1 'h mil es westward 
fro m T o psa il Ri ve r, a bl a ti o n m ora ine fr in ges th e inl a nd south ern edge of the o utwash 
p la in. Appa re ntTy, whe n the glacier m a rgin had w ithdraw n to the south ed ge o f the 
eas te rn secti o ns of the sho re pl a in , stagnant ice still lay just east o f M anue ls a nd 
Sea l Cove Ri ve rs betwee n La nce Cove a nd K e lli grews Ri ver as fa r no rth as the 
present coastlin e . While m ost o f th e coast a l pl a in was be in g covered by o utwash , ka mes 
a nd a n esker we re fo rm ed in the stagnant ice areas; in som e locatio ns such as 
Sea l Cove, la rge surface errati cs w e re de pos ited directl y fro m st ra nded m asses o f 
m e lting ice . E xte nsive deltas fo rm ed off the mouths of Sea l Cove and M a nuel s Rivers, 

a nd a sm a ll e r o ne deve lo ped at th e mouth of K e lli grews River . 
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Wh en depositi o n by meltwater ceased. th e entire shore was co mposed of ou twash 
sa nd a nd grave l, generall y thin except where deltas of larger strea ms projected into 
the water . P robab ly no ice-contac t de posits ex tended as far no rth as th e sea but 
ra ther stood well inl a nd surrou nd ed by fl a t-l ying o utwash. Subsequent erosion removed 
mu ch of thi s stratified drift, parti cul a rl y from the de ltas. It is diffi cult to es tim ate th e 
amount of thi s e rosio n, but th e presence on top o f the Sea l Cove deposits of m ore 
th a n 30 feet of ge ntl y dipping to pset beds w ith a sur face grad ie nt of 30 to 40 feet 
per mil e, suggests th a t thi s pa rti cu la r outwash fan may o nce have exte nd ed as much 
as a mil e fa rth er no rth th a n it now does. The a mo unt of coastal retreat due to 
eros ion was less a t o th er locat io ns. West of La nce Cove th e sea enc roached suffi c iently 
far to expose ice-co nt ac t deposit s in the shore bluffs. Some postglac ial ri se in sea 
leve l, evident from the below-sea- level pos iti o n of o utwash-fill ed strea m cha nnels and 
the minor flooding of prese nt estuaries, ma y sli ghtl y increase th e suggested amounts of 
retreat of th ese o utwash deposits a lo ng the coast. 

Sed iment s in different outwash flat s show a wide range of grain sizes, som e being 
co mposed almost entire ly of cobb les, as is the fl a t o n La M a nch e Ri ver, others being 
composed largely of sa nd with lenses of grave l. C lay is absent, a nd silt near ly so. 
Some fl ats show a la rge change fro m one end to the other in the average grai n 
size of their sediment s. Cu rrent bedding, cut-a nd-fill stru ctu res a nd lensin g a re common. 
M ost ou twash fl a ts la rge enough to map are fo und ei ther o n Placenti a P enin sul a o r in 
easte rn and south ern section s of T repassey Peninsul a . Many a re sma ll , perhaps a 
qua rter to ha lf a mile across, but severa l are a mil e to 2 mil es lo ng. On Trepassey 
P en insu la, inl a nd from Cape Broyle, fou r outwash fl a ts each more th a n a mil e across 
li e east and southeast of Mount Carmel Po nd. A fifth , o n the L a Manche Ri ver, 
lies astride the coasta l highway just north of Cape Broy le. A s exp la ined below, th e 
la rge outwash flat at St. Bride's on the Place nti a Bay coast differs in its ori gin 
from inl and o ut wash fl a ts. 

Much of the Concepti on Bay outwash plain accumul ated as a series of fl at, coalescin g 
fa ns where numerous sma ll strea ms fl owed fro m th e ice a nd spread out in a n inter
loc king pat tern of sha ll ow, shiftin g channels. The preserved foss il strea m cha nnels, 
generall y o nl y a foot o r so dee p, a re di fficu lt to fo ll ow for any di sta nce o n the 
ground a lthough some, particul arl y those between Lance Cove a nd K elli grews River, 
can be easily traced on a ir photographs. Onl y a few of th e sed iment bodies m apped 
as 'o utwash' may be cons ide red purel y as ou twash , for a lmost a ll a re assoc iated with 
e ither ice-contac t or glac ia l fo rm s la id down either simult a neously or just a litt le 
earlier. The large outwash fl a t o n the La Manc he Ri ver a nd th e sm a ll e r fl a t, 11/2 

mil es upstream from th e mou th of Witless Bay Brook , li e between a reas of recessional 
morai ne. Eskers protruded above the sur face of three of th e four large trac ts of 
o utwash east a nd so utheast of Mount Ca rme l P o nd. A few kames are a lso present, 
particularly in th e sma ll est tract 3 m iles direct ly south of th e po nd o utlet. The four th 
area, the one nea rest Cape Broyle, covers the low, level country upstrea m from a 
deep, narrow va lley th at ev identl y obstru cted and reduced th e velocity of melt water 
fl owing through it into Cape Broyle Ri ver. The meltwater thu s checked spread out a nd 
deposited sa nd and gravel. A few o lder ice-contact deposits m ay be prese nt , som e 
possib ly in th e fo rm o f kames. On Trinity Bay th e small outwash fl at on the valley 
floo r of a stream fl owin g into Spread Eagle Bay, is of simil ar o ri gin . l t lies u pstrea m 
from a narrow gorge cut th ro ugh an obstructing bedrock ledge th at crosses the va ll ey 
a t its lower end . 
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The thickest section of stra tified drift seen underlying an outwash fl at is exposed in 
the coasta l bluff at St . Bride's. The 35 feet of coarse gravel forming the upper layer 
of the deposit is separated by a sharp, horizonta l contact from 20 feet of flat-lying, 
lamin ated sa nd contain ing minor amounts of silt in bands (Fig . 29) . Most of the 
gravel shows cut-and-fill bedd ing with dips in va rio~s directions. Strata in the upper 
few feet para llel the coast and dip gently westward toward the sea. 
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FIGURE 29. Outwash deposit, St. Bride's. Dark area at left centre marks seepage of water at the sharp contact between gravel 
and underlying laminated sa nd containing si lt beds. 

This deposit must have grow n in a land ward direct ion from a m arine delta built 
into the sea by th e large meltwater discharge th at laid the outwash t ra in dow n the 
St. Bride's va ll ey. As th e delta advanced westwa rd , the surface of the outwash at 
St . Bride's rose to its present level of 55 feet above hi gh tide at the modern sho re
line. Though th e outwash deepened as the delta grew, the coa rse gravel exposed in 
the mode rn sho re bluff has all bee n depos ited subaeriall y. The laminated sand at the 
base of the section rese mbles fre shwater sedim ents ra ther than marine delta bottom 
sets, fo r no marine foss il s cou ld be fou nd . They may represent ea rly, fin er grained 
sediments, deposited in deep water ponded between the steep coast and th e ice still 
lyin g offshore, espec iall y as it is improbable th at the postglacial sea level at St. Bride's 
ever stood high enough fo r still-water deposits of thi s type. Because of its internal 
structure, this deposit is classified as an outwash fl at rather th an a delta remnant. It 
is considered an extension of a valley train that occupied the stream valley at St. 
Bride's and merged seaward into a marine delta. Erosion has completely removed 
the proglacial delta portion of thi s flu vioglac ial landform. 
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Valley-Train Outwash 

Outwash th at is confined to a va ll ey floor as a fill and that is long in comparison 
to its wid th , is called a va lley tra in. Those within the map-area lie in the larger, 
deeper va ll eys. As most Ava lon streams flow in sha ll ow open va lleys, or sp ill from 
lake to lake th rough flat cou ntr y in the interior, entering deep va ll eys only when 
approachin g the coas t, most va ll ey trains are fou nd nea r the sea. Apparently all were 
graded to tidewater when deposited , with th e exception of two located well upstream 
on Peter's River and No rthwest Brook. Both these streams flow in deep, well-developed 
va lleys th at extend unusuall y far inland. 

All vall ey trains have been dissected and now remai n on ly as va ri ous-sized remnants 
below terraces along the va ll ey sides . Origina lly they may have been somewhat longer, 
but removal of va lley fill upstream or down stream from the terraces prevents meaningful 
measurements that could give some estimate of their lengths at the time outwash 
deposition ceased. T oday they average less th an ha lf a mile wide and are from l 1h 
to 3 mil es long. Valley tra ins composed of coarse gravels had steep gradients, generally 
steeper th an th e allu vium of the modern stream. As a result , the surfaces of the 
rem nan ts of any given va ll ey tra in become lower downstream relative to the present 
water level. Alternatively, where average grai n sizes of the outwash were smaller, 
terrace surfaces may have much the same grade as the alluvial fl ats and th eir elevation 
above the stream va ries little . 

The bulkiest va ll ey train observed extends downstream from the head of Peter's 
Ri ver va lley for at least 3 mil es. On th e north valley wall, 2112 miles upstream from 
the head of th e large pond on Peter's River, is a mass of outwash more than a mile 
long. Trenching of th e fill has left three te rraces with elevat ions of 15 , 40, and 50 
feet above the river, the 15-foot elevat ion surface having much the greatest extent. A 
probable fourth terrace sur face lies 55 to 60 feet above the stream and may represent 
the origina l surface of the fill. As there is still an unkn own depth of gravel below 
the ri ver, th e fill at this part of the vall ey must have been more than 60 feet deep . 
A sma ller outwash remnant, a mile above the pond on Peter's Ri ver, on the same 
side of the va lley, preserves part of the original surface 30 feet above the river. 
This gives a va lley-train gradient some 20 feet per mile greater than that of the 
present a llu vial floor. Contours on the modern a llu vial flats show an average gradient 
of 40 feet per mil e, suggesting that the grad ient on the old valley-train surface was 
about 60 fee t per mil e. As gravel deri ved from th e Peter's Rive r fill is coarser than 
grave l in o ther va ll ey trains, th e latter probably al l h ave lower grad ients. 

Thick va ll ey trains were a lso deposited in the P lacenti a Bay area by Northeast and 
Southeast Rivers. Jn th e va ll ey of Northeast R iver there is trenched fill to bedrock, and 
terraces remain on both sides. Southeas t River also has cut clown to bedrock, and 
th e remnant outwash, all on th e south side of the river valley, stands 50 feet above 
the water at its upstream e ncl . This valley fill is the only one with deep kettles in addition 
to the well-defined strea m chan nels fou nd on some of the others. 

Moderately thi ck fill s were laid by Crossing Place River above Holyrood Pond, 
Shearstown Brook on Conception Bay, and Northwest Brook flowing into Trepassey 
H arbo ur. Trenching has le ft te rraces 10 to 15 fee t above the strea ms, but as the 
streams fl ow over modern a lluvia l flats below these terraces, the total depth of the 
original outwash deposits is not revealed by the stream cutting. They probab ly had 
tota l thicknesses of about 25 feet. Thinner deposits of outwash fill , perhaps 10 to 20 
feet thick , fo rmed in the va ll eys o f Lance Ri ver on Pl acenti a Peninsul a, th e streams 
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aroun d St . Bride's. a nd th ose a t the head of St. Mary's H arbour. A few small 
outwash deposits la id down in stream va lleys occupy o nl y a small par t of the va lley 
fl oor and are located to o ne side of th e stream . They are not much longer than 
they a re wide, and are classed as outwash fl a ts ra ther th an va lley trains. 

The ex tent to whi ch ou twash fills va lleys in fro nt of an ice terminus depends on 
the grad ien t of the va ll ey floo r a nd th e amount and gra in size o f the meltwa ter 
load. Retrea t of th e ice up a low-grad ient va ll ey would favo ur outwash depositi on 
thi ckenin g upstrea m so as to ma int ain a steeper gradi ent there th a n on the und erl ying 
va ll ey floor , as th e stream aggrades its bed. This process would explain the thi ck 
fill in the va ll ey of Petcr's Ri ver . Sli ghtl y steeper va ll ey fl oo rs, perh a ps with fin er 
outwash, have produced va lley tra ins of mo re uni fo rm thickness; e.g., those in the 
va ll eys of La nce Ri ve r a nd Shearstow n Broo k. As in oth er fo rms of o utwash depositio n, 
fo rm atio n of va ll ey fi ll wo uld not begin a t the ice margin so long as gradients were steep 
e nough to a ll ow th e strea ms to ca rry a ll their load , bu t ra th er a t so me dow nstrea m po int 
where gradients became more gentle. Exa min ati o n o f va ll ey trai n deposits th roughout 
th e Ava lo n shows that th ey were la id clown under al l of th ese condit ions. The P eter's 
Ri ver de posit is probab ly the best exa m ple of outwash thi ckening upstream in a low
gradient va ll ey; Shea rstow n Broo k a nd La nce R ive r have ave rage grades on the o ri ginal 
va ll ey bottoms, nearly the same as the grades on th e fill sur faces; th e St. Bride's va lley 
train was fo rm ed fro m outwash carried in to the va ll ey th rough a large, steep-gradi ent 
meltwa ter chan ne l that ex te nded back from the head of the outwash into the h ighl a nd 
to the east. Depositi o n at St. Bride's co ntinu ed until the ice lay we ll east of the head of 
the va lley trai n . 

Proglacial Deltas 

F o ll owin g glac ia l retrea t from th e coast, proglac ial deltas were fo rmed either where 
la rge meltwater cha nnels reached the coast, o r seawa rd fro m the many coastal locatio ns 
now frin ged by ice-co ntac t depos its a nd o utwash . O ver the eastern two third s of Avalo n 
Peninsul a th e sea has rise n in postglacia l time re la ti ve to the la nd , th e greatest ri se 
occurrin g a lo ng the inde nted eastern coast, in whose inl ets a nd bays deltas would 
ori gina ll y have bee n most protected fro m mari ne erosio n. A ny delt a depos its la id dow n 
a lo ng the east coast now li e offsho re benea th the t ra nsgress ive sea. Some postglacial 
emerge nce has occurred alo ng th e west coast of Pl ace nti a Bay , but south o f Placenti a 
Sound the ex posed coast is stee p and stra ight , a nd north of Place nti a Sound littl e 
outwash was deposited . A ny de ltas built a lo ng the so uth ern stre tch of thi s coast would 
necessa ri ly have pro jected beyo nd the present shoreline into th e deep water of Pl ace nti a 
Bay a nd would have bee n ex posed to wave eros io n o n three sides. Subsequent coastal 
emerge nce wo uld have been insuffic ien t to preve nt th eir destructi on by the sea. With 
o ne o r two excepti o ns, loca tio ns of fo rm er delt as are ma rked , a t best, o nl y by sea
washed blu ffs of o utwash or ice-co ntac t stra tified dri ft th at o ri gina ll y lay o n the la nd
wa rd side of th e stra tified d ri ft co mpl exes of whi ch they o nce fo rmed pa rt . T he outwash 
blu ffs at th e mouth o f Sea l Cove Ri ver in Conceptio n Bay a nd at St. Bride's in 
Place nti a Bay a re co nside red to be remna nts o f fo rmer o ut wash delta co mpl exes. 

At th e shelt ered head o f Deer H arbour no rth o f the Isth mus of A va lo n, ra ised 
delt a deposits for m th e o nl y well preserved marin e delta remna nt observed . Though 
much of th e delta has bee n destroyed by a r iver th at eme rges from the deep 
vall ey behind it , a co nsiderab le pa rt o f the ori gina l sur face rem a ins, pa rticul arly east 
of the ri ver mouth whe re it stretches for o ne fi fth of a mil e and is bound ed on its 
seaward side by what a ppea rs to be pa rt of the old delta fro nt. The top surfa ce 
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behind thi s front stands 17 feet above the modern delta which is just awash at 
extreme low tide and whi ch is largely constructed of redeposited materials resulting 
from dissection of the o ld proglacia l feature. The di ffere nce in elevation between the 
two deltas is take n to rep resent the amount of coastal emergence at this point. 

P o int Verde on th e south side of Pl acent ia Sound is th e largest m ass of stratified 
drift laid down in the sea in an exposed posi tion. This prominent landmark , crowned 
by a li gh thouse at it s no rthern tip , has been partly eroded away. Origina ll y an isl and 
separa ted from the shore by a shall ow lagoon, it now is jo ined to the mai nl and by 
massive bars at its north and southwest points, and in th e central area , by a short 
stretch of art ificia l fill th at ca rries the road to the lighthouse. The mass of drift is 
in the form of a blunt crescent , almost a mil e long from tip to tip, th at rises grad ually 
sout hwestwa rd from the lagoon and ends in west and south-facing sa nd and gravel 
bluffs th at rise 40 to 50 feet. The hi ghest parts of the origina l delta may h ave lain 
immediate ly behind th e prese nt cli ff line. T here are several kames at the broad southern 
e ncl , and one or two kett les at the eastern part. A meltwater channel runs from the 
centre of the fo rm ation to the hi gh west bl uff. The narrow northward part of the 
m ass is smoother, with h igh fl at areas behind the bluffs. 

The P o int Verde deposits appear to represe nt a large mass of ice-contact stratified 
drift th at was transpo rted by meltwater di rectly into the sea from ice that Jay just 
offshore, possibl y th e foot of a glac ier fl owing out of Placent ia Sou nd . That they 
originally were much grea ter in ex tent is indi ca ted by the large expanse of shall ow 
sea in front of th em, grea ter in a rea than any fo und elsewhere a lo ng the c0ast. A 
broad bank covered by less than 5 fa th oms stretches southward for 1114 miles from 
their sou thwestern t ip, and similar sha llows extend ha lf a mile west of the li ghthouse 
(Ca nadi an H ydrographi c Serv ice Cha rt 4622). The shall ows probably indicate the 
minimum extent o f the o ri gi na l proglacial delta. The external for m and structure of 
the remaining po rti on show th at th e sediments were transported fro m an ice-front 
located in the d irecti on of the sha ll ow-water areas to the north east. Delta ic deposits 
may still be present in lowe r parts of th e secti on at the north end nea r the li ghthouse. 

Mate ri a ls exposed in the Po int Verde bluffs a ppear to be ice-contact deposits, 
pa rti cul arl y th ose towa rd the south . Ra pid varia ti ons in gra in sizes, and in the dips 
and str ikes of beds, are typ ical. At one point , a steeply dippin g bed of clean cobbles 
more than 6 inches in diameter is in contact with fine sand. E lsewhere, boulders 4 
to 6 feet across li e among pebb les and sa nd. Toward th e north end of the long 
west bluff, the gravel is less coarse , the sa nd co ntent increases, and the bedding is 
less irregul ar. 

Eyewitness accounts ind icate how littl e resista nce to erosion these isolated masses of 
un co n o li cla ted grave l and sa nd offe r when exposed to waves from the open sea . The 
modern ra te of retreat of the coastal bluff wou ld be more than sufficient, if conti nued 
over postglac ial tim e, to remove such de posits . The li ghth ouse keeper, when visi ted in 
the summer of 1959, estim a ted retreat of th e bluff at the li ghthouse as 50 feet in 
30 yea rs, a rate of 11/2 to 2 feet per year. A lso there is a current report of a rock , 
now lyin g near ly ha lf a mile offshore, th at was embedded in the coastal bluff little 
more th an a century ago. This, however, gives a rate of retreat too hi gh to credit. 
If th e shall ow-water ba nks are taken to outlin e the maxi mum a rea of stratified deposits 
th at once stood above the sea , an average retreat rate of less than a foot per year 
would be eno ugh to accoun t for the present position of the shore. P o int Verde appears 
to be a rap idl y va ni shin g remnant of a once extensive deposit of stratified d rift. The 
rate of retreat o f the shore bluff may be increasing as the thi cker parts a re eroded away. 
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Four miles farther so uth a t Little Barasway, coastal exposures in an outwash flat , 
whose upper surface is now 40 feet above the sea , show many similarities to the 
deposits at Point Verde . North of the st rea m that Aows into the sea at thi s point, 
30 feet of coa rse outwash are exposed above the beach , and erratics and some bouldery 
kames are located a short di sta nce inshore . For several hundred feet to the south 
o( the strea m, fin e to medium sa nd is exposed in beds 14 to 20 feet thick south of 
th e ri ver. These are overlain, conformably in part , by several feet of gravel. The 
mode rn beach concea ls the base of all secti o ns to a height o f about 12 feet above 
th e hi gh-tid e line. The sa nd s strike paral lel to the beach , with low dips to seaward 
a nd with mu ch crossbedd ing. The ge nerall y horizontal contact between sa nd and gravel 
becomes uneven in places where stream channels, now filled with crossbedded gravel , 
were eroded 3 to 6 feet into the sa nd. Strikes and dips elsewhere in the gravel resemble 
those in the sa nd. The sectio n termin ates in the south in 12 feet of torrentiall y bedded 
gravel und er la in a nd overlain by 6 feet of ho rizont a ll y bedded sa nd a nd gravel. 

South of L ittl e Baracho is Ri ver, the deposits behind the bluff a re probably delta 
topsets th at grew rapidly thi cker as the proglac ia l delta was built seaward by outwash 
from th e adjacen t ice . The ab und a nce of the meltwater is indica ted by channel scouring 
in the sa nd a nd by th e to rrentiall y bedded gravel lo the south. The presence of till 
over ou twash at the back of the Aat shows th at the ice read va nced at least once 
during the time a delta was being built a nd indica tes deposition over a fa irl y long 
period . Postglac ia l coastal emergence has raised the beds an unkn ow n amount, probably 
about 5 feet. 

T n St. Ma ry's Bay there has been little or no change in sea level. Erosion ap
pears to have large ly destroyed delta s that may ha ve existed there or in sheltered 
loca ti ons such as Crossing Pl ace River a t the head of H o lyrood Pond . The trenching 
of o utwash upstrea m and the consequent formation of modern deltas have covered 
any older deposits. 

Only two proglacia l deltas have been identified inland in freshwater bodies. Their 
appare nt sca rcity may stem from the fact th a t most o( the lakes were small a nd 
sha ll ow and wo uld have qui ckl y filled with outwash. Continued depos iti o n would mask 
the deltaic na ture of the initi a l deposits. The former basins of these lakes are now 
buri ed beneath outwash Aats. Moreover, streams continued to fl ow through the larger 
lakes th at we re not fill ed by proglacial deposits, a nd after o utwash depositi o n h ad 
ceased. mode rn de lt a depos its became indistinguishable from an y earlier proglacial ones 
a lready laid dow n. The best example of this is the delt a deposit located where Peter's 
Ri ver Aows into a large pond 8 miles northeas t of Holyrood Bay. 

Two large fan-shaped landforms, obviously proglacial deltas , li e in lakes in the north
west corner of th e map-area. Sediments for the larger of these were transported 
north wa rd into the central part o f a lake , 2 miles long and 3 miles northwest of 
the head of Deer Harbo ur. The delta extends completely across the former lake, 
di vidi ng it into th e prese nt two smaller o nes. The other proglacial delta , much smaller, 
was bui lt o ut into the pond 2 miles north of Great Southern Harbour. 

Prominent delta forest bedding in kame terraces, exposed in gravel pits at C larke's 
Beach on the west shore of Conception Bay, were formed by infilling of ice-block lakes. 

Ice-marginal L acustrine D eposits 

For 4 miles a lo ng the road leading south from Whitbourne, a layer of sa ndy silt , 
12 to 18 inches thick , co vers many of the moraines. It is not known how far east 
and west of the road this layer extends, but it must include an area of several 
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squa re mil es. Wh ere it is thi ckest, the sand is fai rl y well sorted , with few sur face 
pebb les o r larger-s ized sediments. Laminae a re absent even in fresh cuts, but because 
of the thinn ess of thi s sa ndy mantl e, any o ri ginal beddin g would probabl y have been 
destroyed by frost ac ti on o r by so il di sturba nce caused by roots of the indigenous 
fores t cover. A ny sto nes now prese nt were proba bl y in trodu ced into th e layer by 
these processes, fo r when large trees fa ll sto nes entwined in their deeper roo ts are 
li fted above th e ground and later deposited upon th e sur face as the tree decays. 
M ost of the mora ines thus man tl ed with sil t and sa nd are fo und at hi gher elevat ions 
than the lowest part of the St. Mary's Bay- Trini ty Bay di vide southwest of Whi tbourne, 
across whi ch meltwa ter from th e region escaped in to T rinity Bay. 

Abl ati on till on top of ridges west and no rth west of Wh itbourne mark s where a 
rem nant of stagnant ice persisted in the vic inity of the low part of the d ivide after 
th e ice fro nt had retreated south . This ice rem nant wou ld have preve nted free north ward 
escape of meltwater, and would have suffic ientl y ra ised the level of the proglac ial lake 
lying between divide and ice cap to cause flooding of the morainic r idges. Submergence 
of th ese ridges las ted long enough for the th in deposit of lacustr ine silty sa nd to 
for m over them. Subsequen t d isin tegra ti on of the ice lowered the lake level to less 
th an 200 feet as l, we ll below most o f the rid ge crests and nea rl y to th e level 
of lakes th at now d ra in so uth to St. Ma ry's Bay. Lac ustri ne deposits laid down in 
proglacia l lakes have not been ident ifi ed at any other place in the St. Ma ry's Bay 
a rea, where as a lmost eve ryw here else th ro ughout the map-area, the ice retreated 
upslope and co nd itio ns were unfavo urab le fo r the for mati on of ice-marginal lakes. 

M eltwa ter Erosion 
Meltwate r erosion within th e ma p-a rea is best demonstrated by the presence of large, 

fi a t-bottomed channels in un conso lidated deposits and by steeper, more irregul ar, Y
shaped cha nn els cut in bed rock. Today most of the channels are dry and are either 
situated in places whe re th eir format ion by any combinati on of modern drai nage would 
be diffi cult or im possible, o r are occupi ed by streams much too small for them. The 
smaller channels tend to be V-sha ped . A few wide, shall ow, low-gradi ent channels 
have fi at, rock floors from whi ch littl e materia l o ther than the overlying thin drift 
has bee n eroded . Where fa ir-sized modern streams fl ow in old meltwater channels, it 
may be difficult to detect their original meltwater o rigin beca use of postglacial erosion. 
Exa mination of sur rounding co untry, particu lar ly if it conta ins f!u vioglacial erosional 
feat ures, may perm it such an in fe rence to be made wi th accuracy. 

Other phenomenon caused in whole or pa rt by meltwater erosion are: (a) tracts of 
bedrock on upper slopes or on rocky rid ges wi th broad summit areas that have bee n 
swept clea r of glacia l debris even th ough adjacent slopes are generall y littered with 
the loose, thin ground mora ine tha t partly covers most hi gher areas; and (b) some 
wide sha ll ow d raws paved with a jumble of boulders ranging in size from a fo ot to 
severa l feet in di ameter. 

Meltwater Channels 
Chann els eroded by fo rmer meltwater streams are found in many part s of the map

a rea but are numerous in o nl y two loca ti ons, where they fo rm integrated d ra inage 
pa tterns. Both locations a re in the extreme south: one, on T repassey Peninsul a, 
parti cul arl y between P ortu ga l Cove and Cape Race; the oth er, in the southern half 
o f Place nti a Peninsul a where especia ll y fin e exampl es a re fo und on slopes d raining east 
and south to St. Mary's Bay. Old meltwater channels are either few o r entirely abse nt 
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on the lake-strewn , undul at in g pla tea us of central A va lon. Thi s is probab ly due to low 
grad ients that inhi bited erosion , and to the 111asking effect of the 111any 111 odern lakes 
a nd strea111s th at fo ll ow the sa111c courses. Further111ore, platea us beyond the area 
covered by th e thickest part s of the A va lon ice cap , had a more restricted supply 
of 111eltwater. 

Northern Meltwater Channels 

Tn the northern pa rt of th e map-a rea on ly three or fo ur s111 all areas of well-formed 
meltwa ter cha nne ls have bee n fo und. The larges t channel in the most northerly of these is 
occupi ed by Ha lf Moon Brook, a s111 a ll strea m th at enters the sea 2 mil es north of Fl at 
Rock nea r th e lip of St. John 's Pe nin sul a . All th ese cha nnels a re e roded in till a nd lead 
across a nd away fro m sm all areas of end 111o rai nes between Po uch Cove and Fla t R ock. 
Another six or e ight prom inent 111cltwater chan nels a re fo und about a mile south of 
Lance Cove o n Concepti on Bay, app rox i111 a tel y 24 miles to th e south west. Five of these 
chann els or igi nate o n a hi gh-leve l, o utwash fl a t east o f th e bedrock ridge th a t a t thi s point 
for 111 s the boundary of th e low coasta l outwash plain (see map in pocket). Three of 
th ese cha nnels ru n no rthwest to th e ice-co nt act deposits at Sea l Cove, a nd have cut 
gorges in th e crest a nd steep seawa rd fl a nk o f the ridge. F ro111 the coastal hi gh way, 
the upper secti ons of the go rges appear as dee p notches in the ridge crest. Jn their 
descen t to th e coastal out wash pla in , th ese channels drop more th an 100 feet in less 
th a n one third of a mile. Three o th er channel s run nort heast to Lawrence Pond. They 
a re c ul into till a nd ha ve gradients of less th an 200 fee t to the mil e. Immediately 
east o f Lawrence Pond, two mo re short , dry, runoff chan nels, also excava ted in till , 
slope down the west va lley wall of the Lower Gullies Ri ve r. Both dro p m ore tha n 
200 feel in little more th an half a mile . 

Elsewhere, meltwater channels a re frag111entary, ill-formed features, difficult to sep
arate fro111 o th er mino r, poslglac ia l, erosiona l for 111 s. No cha nnel s of mappable size 
we re fo und o n Carbonea r Peninsul a, the Jsth111us of Avalo n, or that secti on of the 
m a p-a rea no rth of the isthmus. Sh a ll ow channels on outwash , such as th ose found on 
kame terraces a t C lark e's Beach a nd over much of the outwash pla in between 
Topsa il H ead and Seal Cove, a re co nsidered lo be fo ssil channels of aggrading rather 
tha n eroding streams. 

Central Avalon Meltwater Channels 

Mellwater cha nnels a re more nu111erou s in central Avalon , most of th em to be found 
in th e vicinit y of H o lyrood or near th e east coast. One of the most unusual is a 
wide , sha ll ow channel, nea rl y ha lf a mile across at one po int, that ca n be traced for 
3 miles from Ni ne Island Po nd South east of north towa rd A vonda le. Ev idently an 
overflow cha nnel , it drained the lakes in th e eas tern part of the grea t end-mora ine 
belt between the St. Mary's Bay- Concepti on Bay divide and the ice retreating towa rd 
St . Mary's Bay, a nd carried a la rge vo lume of water across the divide into Conception 

Bay . Throughout its len gth , the bedrock floor of the channel floor is bare, and has 
a n unu sua ll y low grad ient o f less than 50 fee t to the mil e. Although they removed 
the thin ground-moraine cover, the sediment-free waters from the lakes to the south 
had little power to erode th e rocky cha nnel fl oor. The low till banks can be traced 
only to a point a mile south of Avond a le rai lway stati on. From there to Conceptio n 
Bay, the wide va lley fl oor has li tt le or no till cover - in contrast to th e ma ntle 
of gro und mo raine o n th e va ll ey slo pes. The modern Sa lmo n River, an underfit 
strea m, mea nders from pool to poo l over th e rocky va lley floor. 
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Two miles to the west of this ch annel , between Middle Gull Pond and Briens Pond , 
is a seco nd , smaller ove rAow cha nnel across the St. Mary's Bay- Conception Bay 
div ide. Tt , too , has a low gradient , but carr ies no modern d ra inage . Meltwater flowed 
throu gh thi s smal le r channel to join the Avondale channel at about its midpoint. The 
few ot her channels in thi s vicinit y have steep gradients, but carry no drainage other 
than sm a ll am ounts of loca l runoff. 

Three channels cross the a rea of hummocky mora ine 2 mil es so utheast of H olyrood . 
The two largest, both mo re th an a mil e lon g, desce nd the hi gh ridge east of the 
hum mocky mora ine. The more northerly of these , with its outl et at Butter Pot Pond, 
o ri gi nates east of the rid ge crest , thro ugh whi ch it has cut a col gu ll y. The channel 
bottoms have average gradi ents o f 200 a nd 330 feet per mil e. 

T wo miles north of H o lyrood, a la rge, Aat-bottomed cha nne l, floored with rock in 
places, runs fro m the hi ghway west of H awco P o nd down to the shore of Conception 

Bay . ft drops 200 feet in four fifth s of a mil e and h as a maximum depth of at 
leas t 35 feet. Just sou th of Co ll iers Station , about 8 miles northwest of Hol yrood, 

anoth e r chan ne l. three quarters o f a mile lo ng, descends from the hi ghest point of the 
rid ge above Nine Island Pond to th e po nd sho re , a d rop of mo re than 200 feet in 
two fifths of a mile. 

Most of the othe r twenty or so pro minent cha nne ls in the ce ntr al a rea e ither reach 
the Atl a ntic coas t between La Manche Ri ver and C h ance Cove, or lie inl and from 
this sa me stretch of sho re . Some arc lo nge r th an those di scussed , but a ll h ave charac
teri s ti cs similar to the types a lready encountered. Two are overA ow ch annels, one of 
which was the ou tl et of a la rge pond , mo re than a mile no rthwcst of Cappahayden, 
during the short tim e th a t d irect meltwater drainage eastward from the po nd was 
blocked by stagna nt ice. A sh a ll ow, low-gradient channel in cised in till, it run s south 

a nd east to enter the sea a t Cappahayden. The seco nd overAow cha nne l c rosses a 
50-foot co l between the no rtheast tip of Franks Pond and the most northerly of 
th e Saunders Po nd s. It is a wid e, sha ll ow channel a nd lik e the large Avondale overflow 
channel, it ha s a bare bedrock floor. A ga in, erosion of th e rock has been negli gible. 

Southeast of Mount Carmel P o nd a n east- west ch ann el more th an 11/2 miles long is 
the largest ce ntra l-A va lo n represe ntat ive o f th e group of channels that drained directly 
from hi gh iso lated su mmit a reas to lower gro und. Such channel s drained po ndin gs th at 
formed where hi gh a reas had me lted free w hile the surroundin g lower gro und was 
sti ll la rge ly occu pied by ice. Downstrea m secti o ns of th ese strea m s may h ave flowed 
part ly or w ho ll y in subglac ia l tunn e ls, a n in fe ren ce strengthened by th e presence of 
eskers near so me o f their out lets. In its central pa rt, the la rge channel so utheast of 
M o unt Ca rmel P o nd fo rm s a deep rock gorge whose flo o r dro ps nea rl y 300 feet 
in less th a n three qu a rters of a mile. A simil a r sm aller channel th a t heads a few 
hundred feet from the upper section of thi s large east- west channel, runs north off 
the sa me hill. 

Four miles upstrea m from the mouth of L a Manche Ri ver two channels desce nd 
the south va ll ey wall. The la rger , a wide channel 2 miles long, divides near its 
upper encl a nd both branches cross a divide into a sm a ll drainage basin to the west. 
An undcrfit stream now drains in through its southern branch a nd fl ows clown the 
ma in cha nn e l to La M a nch e Ri ver. 

One of the mo re extensive meltwa ter d ra inage systems runs east of and parallel to 
Chance Cove Brook . It is composed a lterna te ly of esker segments and of glacial 
dra in age cha nn e ls th at occ ur singly or in sets para ll el to each o the r, so metimes with 
as many as four channels to a set. This esker- channel complex never operated as a 
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single integrated drainage system but was formed at two or th ree different periods as 
the ice retreated from the coast. Each parallel set of channels was formed as a series 
of successive ma rginal streams beside shrinkin g ice th at lay in the depression now 
occupied by C hance Cove Brook. The channels nearest the present stream were cut 
last . Individual channel s are more than a mile long a nd 20 feet deep, and have flat 
bottoms as much as 50 feet wide. 

Three miles north of Cape Broyle, an unusual chann el more than a mile long is 
crossed from west to east by the coasta l highway. It leads from a large area of 
ice-contact deposits to a rocky va ll ey running down to the sea. Just east of the 
hi ghway a sma ll irregular esker occupies the chann el bottom, its position indicating 
deposition subsequent to cha nnel forma ti on. This is one of two instances of this 
rel a tionship, though the opposite combination, channels forming subsequently to eskers 
a nd either cutting through or runnin g alongside the esker, is commo n. Deposition of 
eskers in th e two chan nels suggests th at th e channel s were cut by st rea ms that flowed 
in subglacia l tunnels and changed from erod ing their beds to aggrading them. 

The remai nin g channels in centra l Avalon are sma ll and of the V-shaped type . A 
set of this type furrows a hillside just north of Aquaforte Harbour. 

Trepassey Peninsula Meltwater Channels 

As indicated ear lier, the largest concentration of meltwater channels in the m ap-area 
is to be found in southern Trepassey Peninsula. East of Trepassey Bay, long channels 
are inci sed in a till plain whose surface fa ll s gently from north to south , with 
grades of 100 feet or less to the mile. The largest continuous channel is 4 miles long, 
more than 5 if a steep inland section separated by a small lake from the longer 
section is included. The whole 5-mile system appears to have operated as a single unit 
at the time of format ion. Some nearby channel systems are 2 to 4 miles long. Most 
of them steepen and fork a t least once in their upstream sections . They originate near 
the crest of a broad rid ge, descending from it as steep rock gorges before developing 
the wide, flatter cha nnel s observed on the till plain. Where they are crossed by the 
Portuga l Cove- Cape Race road, the most westerly channels for m an anastomosi ng 
pattern. The largest channels in thi s braided network are mainly steepsided and flat 
bottomed. Depths may exceed 25 feet a lthough, in ma ny sections, rock bars have 
checked deepening. Their appea rance suggests that fo r a short time at least they 
carried very la rge vo lumes of glac ial drainage. 

With one exception the ot her large chan nel systems in Trepassey Bay area, nearl y 
a dozen in a ll , lie west of the bay. The exception is an isolated system th at funnels 
into the va lley of Northwest Brook some 3 miles upstream from th e mouth. All are 
shorter than the Trepassey channels just described , less than 2 miles long, and in the 
main have steeper gradien ts. On many the average rate of fa ll is more than 200 
feet to the mil e. Most of them origi nate near th e eastern edge of the ro lling plateau 
that stretches west from Trepassey Bay and they drop rapidly down its steep, seaward 
slope to the vicinity of the bay shore. 

A group of ten sma ll , V-shaped channels, some as much as 1112 miles long, cross 
th e slopes that run down to Back Brook a nd Port ugal Cove Brook from their 
common divide. All but two of these chan nels lead into the Back Brook drainage. They 
were apparent ly cut by meltwater strea ms originat ing on th e hi gh land between these 
two st reams . 
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Placentia Peninsula M eltwater Channels 

The rem a inder of the mapped cha nne ls is fo und in th e south e rn part of Placenti a 
Pen insula. They va ry in length fro m a mile to m ore th an 4 miles and most of th em 
at some time carr ied la rge vo lumes o f meltwa ter. They probabl y fo rm ed durin g the 
fi na l stage of deglac ia ti on of A va lon Pe nin sul a when ice wastage was ra pid . These 
ch an nels m ay be di vided into two groups accordin g to th eir posi ti o n west or east of 
Bra nch Ri ver. 

The fi rst gro u p west o f the r iver consists o f severa l cha nnel s th a t carried water 
wes twa rd toward Placenti a Bay ac ross th e ma in d ra inage di vide a nd away fro m the 
ice ce nt re. L a rge ly cut in rock , much of th eir length co nsists of gorges 30 feet or 
mo re deep. The d ow nstrea m, wes te rl y sect ions of some of th em, eroded where gentler 
slo pes have a cover o f gro und mo ra ine, a re inc ised in till. 

A mi le north of Suga rl oaf Peak a nd 5 mi les east o f Pat ri ck's Cove , the la rge 
north ern bra nch of one cha nnel ori ginates from a saddle on the m ain Place nti a Bay
Bra nch Ri ve r di vide. A la rge esker, run nin g west up th e west va ll ey wa ll o f the 
Bra nch Ri ver a lmost to where the mel twa ter cha nn el begins, lies in direct line w ith 
the rav ine cut by escaping meltwa ter . The glac ial d ra inage channel was obviously cut 
by th e sa me stream th at la id the esker deposits, and the two geom orphi c forms, one 
erosio na l, the o th er de positi o na l, appear to have bee n for med contemporaneously. The 
strea m depos ited sa nd and gravel as it fl owed und er h yd rosta ti c pressure in a subglacial 
tunnel u p th e sid e o f th e prese nt Branch valley. As it crossed the saddle, it eroded a 
rock go rge in it s rapid dow nslope fl ow towa rd Place nti a Bay. The go rge, too, m ay 
h ave bee n cut be nea th ice but more proba bly it form ed in th e o pe n, fo r ice retreat 
would be we ll adva nced by th e time eskers were fo rming unde r stagnant ice in the 
Branc h va lley. 

T he second gro up o f cha nn e ls in southe rn Placenti a P enin sul a lies c lose to St. M a ry's 
Bay. N o part of any chann el is mo re th a n 31/2 mil es fro m th e sea. The longest 
a nd larges t run s para ll e l to th e bay sho re for mo re th an 4 mil es, from just south 
of Littl e Baracho is Ri ver to Red H ead Ri ver, a nd must have ca rri ed a la rge volume 
o f wa ter durin g a t least par t o f its ex istence. T oward it s south e rn e nd , about 2 112 
mil es di rec tl y no rth of Ji gging Cove, a sho rt esker o n the cha nn el bottom was 
depos ited, a ppa re ntl y whe n dra inage shi fted east to a parall e l bra nch o f th e channel. 
Because of the presence of th e esker, it woul d seem that at least thi s pa rticul ar 
sec ti on of the cha nn el fl oo r lay in a subglac ial tunnel. At severa l pl aces no rth and 
south of th e ham let o f Bra nch , ice standin g in St . M ary's Bay forced m eltwaters to 
cross east- wes t di vides se pa ra tin g Branch and adj acent ri vers, sometimes a t a ltitudes 
o f nea rl y 500 fee t. The esca ping water cut sho rt go rges into th e ha rd rocks of the 
rid ge cres ts, o ne no rth of Bra nch bein g mo re th an 50 fee t deep. Jn two channels 
so uth o f th e Bra nch va lley, dry ca ta rac ts ma rk the loca tion of la rge fa ll s tha t 
int errupted the courses o f th e melt water streams. 

Origin of M eltwater Channels 

Within th e ma p-a rea, th e lo nger meltwater ch ann els are comm onl y o f composite 
o ri gin . Genera ll y, their upper reaches were fo rmed subglacia ll y, and the m eltwaters 
th en continued th eir jo urney to the sea as ordin ary proglac ial strea ms. Some cha nn els, 
howeve r, we re a pparentl y eroded by strea ms th a t entered subglaci a l tunnels o nl y a fter 
hav in g fl owed o uts ide th e ice for co nsiderable di stances. W est o f St. M ary's Bay there 
is ev idence th a t a t leas t one me ltwater strea m m ay have simulta neously occupied 
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chann els eroded beyond , beside, und erneath , and ac ross the surface of the wasting ice. 
This complex ity is suggested by an esker in a centra l par t o f the channel th at leads 
downst rea m to a low stre tch of uneroded, un conso lidated deposits beyo nd whi ch , on 
hi gher gro und, th e channel aga in co ntinues and fin a ll y develops a mea nd ering stream 
bed typica l of ordin ary subaeria l d ra inage. 

Me ltwater co ntinued to fl ow in some o f the chann els a fter th e di sa ppearance of 
overl ying ice had changed the ir positions fr om subglaci al to proglaci al. It is not easy 
to determ ine the o ri gin of chann el segments th a t have had a co mplex hi story, though 
composite channels may usua lly be conside red as intermedi ate between subglacial and 
proglacia l. Determinati on of in whi ch of these two catego ries any given channel belongs, 
may depend pa rtl y on the morphology of the channel and pa rtly on its re lat ionship 
to ad jace nt topogra phic fo rms. Subglacia l chutes th at lead di rec tly dow n steep slopes 
to the lower ground where ice lay longest, and th at co ntinue on from th ere, are 
those most c learly subglacial. Mea nderi ng and anas tomosing channels with gentle 
gradien ts are th ose most clea rl y subae ri al. Though subae ri al channels may also have 
steep grad ients, their loca tio n in fro nt of div ides to which the ice h ad retreated , or 
leadi ng away fro m lakes as outlet chann els, may serve to di stingui sh them from 
channels for med subglacia ll y. 

Of the dra in age channels fo rmed in various positions relati ve to the ice, those of 
undoubted proglacia l or igin comp~ise onl y a small percentage of the total, although 
many rega rded as of uncerta in or igin must a lso be long in th at category. Some proglacial 
channels were fo rmed beside or in front of mora inal trac ts by dra inage from the ice 
tongues th at laid the mora ines; e .g., those at P ouch Cove. Others se rved as ove rflow 
chann els of ice-dammed , proglac ial lakes, such as th ose nea r Avond a le and Cappa
hayden, and east of Franks Pond . A few were eroded across elevated a reas that became 
ice free before surrou ndi ng lowe r a reas emerged . Except where th ey co ntinue down
stream as subglacial chutes, such channels usuall y stop a t the edge of the hi gh grou nd . 
Where smoo th , till-ve neered slopes led fro m the ice edge to lower ground , any local 
glacial d ra inage eas il y eroded proglacial channe ls. M uch of the d ra in age network 
preserved on the seaward slopes at Cape Race appea rs to co nsist of channels fo rmed 
proglacia ll y, although it a lso inc ludes ma ny composite or subglacia l ones . 

Some co l gull ies we re formed proglac ial ly. The large channel th at carried water 
over the d ivide south of the Branch va lley to Red Cove, is believed to have or iginated 
subaeri a lly and to have bee n eroded fo ll owing th e aband onment of the more westerly 
subglac ial col gulli es th at led to Gu ll Cove. Its clea rcut a ppearance and the abse nce 
of large errat ics, usual in the other proglac ia l channels, support th e premise th at it is 
of subaeria l origin . The most probable source of large chann el er ratics would be by 
deposition from above as th e overlying ice melted. Some erra ti cs may also h ave 
originated th rough erosio n of th e till co nta ining them. 

T he large qu antities of rock th at must have eroded during the fo rmation of m any 
of the co l gulli es, pa rti cul a rl y in a reas where the rock was relati vely hard and un
fr actured , suggest th at th ese gulli es car ried water for comparatively long pe ri ods. This 
would seem pa rticul a rl y true fo r the gullies in the vicinity of Branch most of whi ch 
proba bl y belong to th e composite or subglacia l cl ass of chann els, eroded ori ginall y while 
ice still lay on or aga inst th e hi gher rid ges on either side . Other gullies of this 
gro up may have ca rri ed meltwaters onl y after ice withdrawal. 

Jn addition to pos itions athwart ice-submerged divides, subglacial drainage channel s 
a lso for med where superglac ial strea ms desce nded to the glacial fl oor benea th the ice, 
or where sur face stream s fro m ice-free a reas desce nded into ice-fill ed vall eys by way 
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of steep subglac ia l chutes. These subglacia l chutes drop steeply, so metimes precipitously, 
and ge nera ll y run st ra ight down the hill or va ll ey slope. Drops of more th a n 200 
feet in o ne third o f a mile were measured on some ch ute beds, usuall y where large 
volumes of wa ter from restricted upl and a reas entered bordering valleys still filled 
with was ting ice. 

G ood examples of chutes are to be seen on the rid ge east of Seal Cove (east 
side of Concept ion Bay). These were cut by the sa me mel twater-tra nspo rted material 
that was deposited downstrea m on low- lying ground of the coastal pl ai n as eskers. 
Other examples a re found o n the northern slopes of Branch va ll ey just west of Bra nch. 
Other chutes seam the pl a teau ed ge west of Trepassey Bay, a nd st ill othe rs form 
steep upper-ch annel secti o ns in the complex Cape Race drain age network. Jn so me 
places, subgl ac ial col gullies have been cut across hi gh rid ges, with chutes leading away 
from ma ny o f them . Deep, subglaci all y formed , co l gulli es indi cate active use during 
m a ny melt seaso ns. Some of these wou ld carry meltwater, first as subglacial, and 
la ter as proglacial cha nnels, and would be abandoned fin all y when co ntinu ed deglaciation 
had opened lowe r meltwater escape routes closer to the ice. 

Marginal strea ms th at more or less fo ll owed slope contours sometimes assumed 
subm argina l positions over parts of their cou rses. Although still ftowing approximately 
para I lei to the ice edge, they excavated subglacia l ra ther th a n pro glacia l cha nnel s. Large 
erratics let dow n by the ice are more comm on in the subglac ial parts of these 
cha nnels. 

Gradi ents o f subm a rgin al cha nnel s are less steep th a n those of most other subglaci al 
cha nn els. Beca use in th eir morph ology, submarginal cha nnels closely resemble ice
ma rgina l a nd prog lac ia l cha nn els, the y a re difficult to di stin gui sh from those fea tures, 
parti cu larl y where th ey may all have form ed parts of a continuously operating system. 
A subm a rgina ll y formed segment o f the la rge complex cha nn el north of J igging Cove 
is id e ntified by a small esker o n the cha nnel ftoo r. F o ll owing subglacial fo rmation of 
the chann e l. pl astic ftow of ice part ly closed it, probably after some slackening of the 
meltwater ft ow, and th e esker was deposited in the more restri cted ice tunnel contained 
within th e confines o f the la rge r cha nn el. The esker , which was preserved when 
subseque nt drainage shifted to a para lle l cha nnel to the east, is one of o nl y two 
insta nces where eske r deposits were fo und preserved within channels. Others may 
poss ibl y have bee n destroyed when meltwa ters aga in ft owed in the subglacial channels 
in whi ch th ey had been la id clown. 

N o sequ ences of eve nl y spaced margin al channels or lateral terraces, such as those 
in Sweden used by Mannerfelt ( 1945) to esti mate the a nnual thinnin g of ice, were 
found within the map-a rea. Whether th e topogra phy inhibited multiple-cha nnel for
mati o n o n slo pes, o r whether th e cond itio n of the ice a nd configura tion of its margi n 
were unfa vourabl e, cha nnels once estab li shed appear to have carried meltwater for 
more th an o ne melt season, and possibl y for ma ny. The te ndency seems to have been 
for th e for mati on of one la rge, semiperma nent , meltwater cha nnel rather th an several 
sma ll er, tempora ry, closely spaced o nes. In the few pl aces whe re several cha nnels do 
lie close together, thei r a ttitude and verti ca l se para tions appear haphaza rd and bear 
no know n rel a tionship to ra tes o f ice wastage. 

Meltwater Flushing of Slopes 

As already menti oned , zones of bare rock on the upper parts of long, major 
slopes lead ing from some hi ghl a nd areas, stand out co nspicuously in contrast to the 
thin , di scontinuous grou nd mora ine that covers much of the adjacent hi gh land and 
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neighbouring slopes. The change from debris-covered to debris-free rock is abrupt, 
though both a reas lie on topographically identical slopes. No deposition mechanism 
seems capable of producing this sharp surface change, particularly as some of the bare 
areas lie topographically lower than adjacent areas covered with morainic material. 
Probably the morainic cover was or igina ll y distributed fair ly evenl y and stretches of 
it were later removed by erosion after the slopes became ice free. Even though there 
may be no other evidence of meltwater activity in the vicinity of most of the 
washed-bedrock slopes, the flu shin g of loose material by meltwater seems to be the 
process best ab le to explain this irregular erosion pattern. Removal of the till mantle 
must have been effected by short-lived, meltwater sheet flows of considerable volume. 
In most places no distinctive water-deposited beds are evident below bare areas. The 
amount of eroded materials was not large and appears to have been spread over and 
blended into the genera ll y thicker ground-moraine cover of the lower slopes. 

Less common than areas of swept bedrock a re the shallow draws, floored with 
boulders of various sizes, th at descend some of the long, moderately steep slopes. 
Except for intermittent , loca l slope runoff, they carry no modern drainage. Two large 
draws of this type were observed on east-facing slopes of the upland area west of a 
lake about 5 \l:J miles northwest of Chance Cove Brook. Bou lders in the draws are 
identical to, but several times more numerous , than those on the adjacent slopes. As 
in the bare-rock zones, these boulder concentrations appear to have formed when 
sha ll ow meltwater torrents poured through them, perhaps only once, and even then 
only for a brief time. Although some of the boulders are a type of lag deposit left 
a fter removal of the finer materi als by the fast-moving water, others, particularly the 
smaller ones, a foot to 2 feet in diameter, have been transported short distances. 
Man y of the smaller ones are slightly more rounded than the erratics of similar 
size on nearby ground moraine, but the larger boulders show littl e or no evidence of 
rounding. Material eroded from the draws has not been deposited below them in 
quantities sufficient to be noticeable on the rough surface of the ground moraine, but 
it may have been largely transported into the lakes that generally lie below the lower 
ends of the boulder concentrations. The lack of water-deposited drift or of erosion 
channels below the draws strongly supports the theory of a brief flow, never or rarely 
repeated. 

It is difficult to account for the so urces of meltwater that produced these limited 
but intense erosiona l phenomena. The most probable explanation is th at they resulted 
from a sudden release of ponded meltwater. Quick drainage either of dammed ground 
depressions or of flooded depressions on the ice surface could unleash rushes of water 
across adjacent ice-free slopes or cou ld fill the nearest downslope draw with a shallow 
torrent. The rush of water would be quickly dissipated downslope as the source rapidly 
emptied. It is perhaps significant that the draw northwest of Chance Cove Brook, 
containing the larger of the two boulder concentrations, leads directly away from two 
sma ll lakes on th e rolling upland of the slope. Had the water level in these lakes 
been raised even a few fee t (possib ly by an ice dam in the normal out let channel) 
and if at the same time the outlets leading to the draw had been free, this could 
have resulted in a one-time fl ooding that wou ld account for the boulder deposits now 
prese nt in th e draw . Many of th e bare slopes lie below broad depressions, a topographic 
location susceptible to meltwater floods of short duration during deglaciation. 
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Recent Deposits and Related Features 
Bolian Deposits 

QUATERNARY DEPOSITS 

Eolian deposi ts are rare on Avalon Peninsula , and none is of mappable size. A 
reason for this is the absence of large expanses of sand of suitably fine grain size. 
The deposits of finer sand, laid down as alluvium by some streams, form long, narrow 
strips of limited area. Furthermore, the high , year-round precipitation and abundant 
vegetation strongly inhibit the wind transport of sand. 

At the southern end of Placentia Peninsu la, several small, stabilized dunes, a few 
feet high, lie on an outwash flat behind the beach at the head of Lance Cove. As 
they are not moving now there is no way of estimating their age; they may only elate 
from some exceptionally dry, windy periods in the last century or two. 

Beyo nd a little windblown sand on beaches and bars, the only present-day transport 
of sand by wind takes place along the faces of modern bluffs that have been cut in 
delta or outwash deposits. Extremely strong air currents from onshore winds flow up the 
faces of the larger bluffs, drying them and carrying aloft sand and even small pebbles 
which they deposit farther inland behind the bluff face. The greatest amount is deposited 
immediately back of the bluff face, and this cover rapidly thins to nothing as the 
moving sand is trapped by the grasses and bushes that almost invariably grow right 
up to the edge of the bluff. As exposed vertical bluffs of sand and gravel are susceptible 
to rapid erosion, these are constantly in re treat, removing the accumulated eolian 
deposits before they have attained any great thickness. 

On the west coast of Placentia Bay, the bluff running south from the Point Verde 
lighthouse is the only place where significant amounts of windblown sand have ac
cumulated as a result of wind-stripping of the bluff face. The Point Verde bluff, cut 
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FIGURE 30. Eolian sand on Point Verde outwash bluff. 
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m a rapid ly eroding mass of outwash, is perhaps the largest in the Avalon composed 
sole ly of sa nd and gravel. It rises to 50 feet or more just south of Point Verde 
li gh thouse. Elsewhere the outwash is largely gravel but this particular section also 
contains considerab le amounts of sand . Accumulations of windblown sand on the flat 
surface just behind this northern section reach depths of 5 to 7 feet at the bluff 
edge but thin rapid ly to a foot o r less some 150 feet inland. A I-gallon paint tin 
and a wooden box lid buried 31/z feet below the su rface were found projecting from 
the b lu ff face about midpoi nt in the eolian sa nd section. Their state of preservation 
suggested a ra te of sa nd sedi menta tion at that point of 3 V2 feet in about 20 years. 
As the eroding bluff face approached ever closer, the outer seaward part of the sand 
section would be built up more rapidly than the more inl a nd parts ; thus a period of 
approx im ately 50 years would seem a reasonable period for deposition of the bed of 
eo li a n sand sepa rating the artifacts a nd the outwash (Fig. 30). This suggests it took 
approximately 70 years to deposit th e 7-foot deep sec tion at the bluff edge . 

An independent check on the ra te of sed imenta tion is given by the lighthouse keeper 
who reported a n increased depth of 6 to 12 inches of sand in 10 years, sufficient to 
cover the bottom strand of a wire fence built th a t long ago close to the bluff. He 
also estimated the retreat of the bluff at the li ghthouse as 50 feet in 30 years: a 
rate of I V2 to 2 feet per yea r, which supports the ages suggested above, and 
explains the copious amounts of sa nd eroded off the bluff face by wind. As the fine 
fraction is blown upward and deposited. the sto nes and boulders weathered out of the 
bluff face roll down to the foot of the slope a nd add to the mass of coarse material 
form ing the beach. 

Alluvium 

Almost everywhere on the Avalon, except in the most southerly parts, alluvial 
deposits are smal l or absent, principally because of the unintegrated drainage pattern. 

Most of the streams are short a nd rapid , with clear water flowing in shallow valleys 
over stony beds . Such small quantities of sed iment as may be carried are trapped by 
the numerous lakes that interrupt their courses. Where larger alluvial flats h ave formed, 
the alluvium is commonly derived from outwash previously laid down as valley train. 
Allu vial m ateri a ls underlying ,a few flats have been derived by erosion of the till 
covering the surrounding terra in. 

Examples of alluvial flats a mile to 2 or more miles long, formed by the erosion 
of subsequent st ream s cutting through valley-train outwash formerly aggraded by 
meltwater streams, a re found on the lower courses of Branch and Lance Rivers in 
the St . Mary's Bay area, on Crossing Place Ri ver and Peter's River (where they enter 

Holyrood Pond and Holyrood Bay respectively) , and on Northwest Brook, beginning 
about 3 miles above Trepassey Harbour. Perha ps the largest of these flats is the one that 
closes the upper end of the pond on Peter's River (Fig. 31). Its materials have been 
derived from what was once the most extensive of all the valley trains. Uneroded, 
flat-topped remnants of thi s fill remain as terraces on the valley sides and upstream 
from the modern alluvium, where they rise sharply as much as 40 feet above its 
surface . The on ly two similar deposits elsewhere in the Avalon are both much smaller. 
They lie on the west side of Conception Bay, west of Clarke's Beach , where there 
are a lso thick valley-train deposits . 

Of the a lluvium derived from erosion of sediments other than vall ey trains, the more 
extensive deposits are nevertheless simi lar ly situated , h aving been la id down in the 
wide , deep va ll eys a long the lower parts of the larger streams. Probably preglacial, 
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135866, 135867 

FIGURE 31. Alluvial flats at Peter's River underlain by redeposited valley-train gravels. 

these valleys are mat ure, with spurless sides and gentle curved courses. They have no 
lakes nearer than their headwaters on the uplands which resemble the rest of the 
Avalon drainage. Alluvium from erosion of the surrounding till -mantled slopes has 
accumulated in the wide, level valley bottoms, the largest alluvial fiats being those on 
the lowest part of the Salmonier River valley at the head of St. Mary's Bay. Other 
fairly extensive fiat s are found on the Branch and Biscay Bay Rivers, and two or 
three wide fiats, half a mile or so long, are found where small streams fiowing in 
short, deep valleys meet the sea, e.g., Patrick's Cove and Ship Cove on the west 
coast of Placentia Peninsula. 

Although they cover a total area of only a few square miles, fiats underlain by 
alluvium have a greater importance than their limited extent would imply . Most of the 
terrain of Avalon Peninsula is stony and rough, and the level, more fertile surfaces 
of most easily accessible alluvium fiats have long been utilized for building or agriculture. 

Organic Deposits 
The organic or peaty soils that develop in bogs and swamps are found almost every

where throughout the Avalon and present serious problems to builders and roadmakers 
(see MacFarlane, 1963). Because of excessive moisture and poor drainage, bogs and 
swamps are abundant throughout the map-area, and even some areas of otherwise 
agriculturally useful soils have become waterlogged and unusable . Fens, with muskeg 
a foot to 3 feet deep, blanket many square miles of both level and sloping terrain. 

In discussing the need for a meaningful classification of muskeg, Rad forth ( 1952, p. 
1200) pointed out the bewildering range of definitions that has become attached to 
this term - derived originally from the Chippewan Indian word maskeg meaning 
'grassy bog. ' Though widely used, it is a word to which he noted , many researchers 
"are content to ascribe their own particular set of va lues, no matter how this might 
be at variance with the views of others." As used in the present study the term 
'muskeg' covers all gradations of organic soil types and includes a great variety of 
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peat and muck terrai ns ranging from the deposits fou nd in small peat bogs of thick 
sphagnum moss to th ose in conti nu ous expanses of sedge marsh and fens. 

These o rgan ic deposits vary in thi ckness. In some areas they cover slopes and small 
valleys as wel l as lowlands and level stretches of plateau (see both H ealy and [Radforth] 
in MacFarl ane, 1963). Within the map-a rea , muskeg thickness was probed in four 
small bogs . In two, it was more th an 15 feet deep ; in another - a sphagnum bog 
three quarters of a mile in di ameter, located a few miles southwest of St. John's 
- it was 17 feet deep ; and in a sli ghtl y larger bog just north of Whitbourne, it was 
16 feet deep. Further investigation on the large bogs and swamps of southern Avalon 
wi ll probably discove r pea t thicknesses of 20 feet o r more . Indeed, Healy (see Mac
Farlane, J 963 , p. 33) cla ims a know n depth of 28 feet for a bog near Whitbourne. 

Although some muskeg is fo und in the northwest corner of the map-area , the higher 
precipitation , hi gh humidi ties, and greater percentage of fog and overcast in southern 
Avalon favour its extensive development there, especia ll y in poorly dra ined, fl at or 
low land areas . It is best developed aro und Colinet at the head of St. Mary's Bay, 
on more than half of south cent ra l Placenti a Peninsula , and over much of Trepassey 
Peninsul a. It occurs less commonly on Carbonea r Peninsul a, the Isthmus of Avalon, 
and St. John's P eninsula north of a line from Hol yrood to St. John's. In the high , 
hill y di stri cts of both north and south , the better developed patterns of drainage restrict 
swamp development and, therefore, the occurrence of muskeg. 

FIGURE 32 
Main muskeg (bog and fen) types. 
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Distribution of Bog Types 

Ombrogenous Bogs (as defined by Sjors, 1961) 

In northern Avalon , where bogs are least numerous, ombrogenous or rain-nourished 
bogs are the most common type, comprising almost the enti re bog acreage. They are 
co nvex in fo rm , with flattish tops and steep ly sloping sides (Fig. 32a). The 
sphagnum moss in th em has grow n upward until dry conditions at the top h ave 
slowed grow th and balanced it by wastage of dead vegetation. In m any instances a 
'bog ditch ' ( th at flooded st rip resulting from excess water oozing out of the bog) lies 
adjacent to their edges. The water-table in the smaller bogs may lie several fee t below 

the surface of the hi gher central parts. Larger bogs, where the muskeg sur face is 
undulating ra th er than sli ghtl y domed, m ay h ave surface pools in the depressions. 

Where bogs a nd swamps arc co ntinuous in a ll directions fo r long di stances, ombro
genous bogs may be surrounded by stretches of swamp in which the muskeg is 
sa turated to th e surface. Such cond itions are common in southern Pl acentia Peninsula 
and south west Trepassey Peninsu la where a single traverse across a large area of bog 
m ay cross the boundaries between wet and dry muskeg several times. 

On some upland s, th ick deposits of sphagn um-moss peat have accumul ated to form 
ombrogenous bl ank et bogs, some of th em ex tending more than a mile. 

Minerotrophic Bogs (as defined by von Post, 1937, and Sjors, 1961) 

Soligeno11s bogs . Soli ge nous or basin bogs, formed by the infilling of a water body, 
are widespread throughout the A va lon, parti cul ar ly in the central and so uthern parts 
where re li ef is sli ght and where nume rous lakes and ponds form a large part of 
th e unintegratcd drainage pattern . Generally these bogs surround th ose portions of the 
lake or pond th at have survived infilling and peat development (Fig. 32b). Many 
extend be yo nd the origi nal basin and surround ombrogenous bogs. Others have expanded 
as pa ludifi ca ti on swamps. 

Where the ir development is well adva nced, soli genous bogs are deep, with firm muskeg 
deposits exte ndin g to the edge of the central pool. These muskeg banks descend 
ver ti ca ll y to the pool bottom ; depths as much as 14 fee t have been sou nded 
a long their edges. Fina l fillin g of the deep residual waters appears to be a slow process. 

Pa/11dification s\\·a111ps. These a re swamps in which the muskeg growth, by co ntinuall y 
blocking incoming drainage, cont inuall y fl oods the borders of th e swamp and continually 
expands to occ upy the flooded areas. Such swamps cover a greater area of the Avalon 
th a n do ombrogenous and so li genous swa mps combined. On Placentia Peninsul a, paludal 
peat blankets many of the Jong slopes lead ing to the interio r (Fig. 32c) and, in 
some places, the crests of the di vides. It a lso spreads over more than 50 per cent of 
the higher coasta l a reas. The long slopes are commonly covered by sedges and other 
marsh vegetat ion, for paludification swam ps support a greate r variety of plant types 
th an do ombrogenous or so li genous bogs. The peat cover on till slopes genera lly varies 
between a foot and 4 feet thick , with large boulders either projecting in places through 
its surface or being clearly indicated just below it. 

Toward the coast many marshy slopes grade into rolling grou nd mora ine that supports 
a low bushy vegetati on and contains little humus in the soi l. Eve n in such terrain, 
muskeg wi ll develop in suitab le sites. 

Although not so extensive as on Placenti a Peninsu la. paludification muskeg is well 
developed over much of south west Trepassey Peninsul a, in cen tral Avalon no rth of 
Colinet, and north of the Isthmus of Avalon. 

97 



SURFICIAL GEOLOGY OF AVALON P ENINSULA 

Stability of M uskeg Distribution 

Wi th onl y loca l exceptions, muskeg on the Ava lon a ppears to be either ex panding or 
to he in equ il ibrium with th e envirc .1 ment. Exampl es of both adva nce and retreat are 
to be fo und wi thin the m ap-a rea. Adva nce has been noted in southern Trepassey 
Peninsul a where muskeg was obse rved encroaching onto fl ats of patterned ground 
(see F ig. 35) . Al so, arou nd certa in swamps, th e fl oodin g of th e 'bog ditch' over 
fresh, hea th -covered te rrain , indica tes th at swamp conditions a re spreading. 

Ev ide nce o f retreat is less widespread. Erosion of pea t, especia ll y in some of the 
la rger bog ponds has been deduced fro m the prese nce of peat islands considered to 
be remn a nt s iso la ted by wave ac ti on. J. Y. H ea ly, engineer in charge of agricultu ra l 
bog developme nt (N ewfoundl and D epartment of Mines, Agriculture and Resources), 
co nsiders th e peat is lands in sma ll lakes nea r Colinet may be ev idence of some climatic 
change o r of increasing wind velocities fo ll owin g the cutting o f the sur roundin g trees . 

It is es tim ated th at 1.9 per cen t of Ava lon Peninsul a is now covered by swamps 
(Wilton, 1956). 

Beach and Bar Deposits 
Throughout th e map-a rea, th e prese nt-cl ay beaches and bars are products of coastal 

wave eros ion and a re derived principa ll y from reworked till and flu vioglacial deposits . 
Ad diti ona l materi a l is brought dow n to the coast by a few of the la rger streams 
th at are di ssec ting outwash deposits. F ragmentation of bedrock also co ntributes, though 
mu ch more slowly. These depos it s occur m ai nl y either as stra nd beaches o r as bay-head 
bars. Large sp it s and bay-mouth ba rs a lso occur, bu t a re not so common. 

Strand beaches are best developed a t the heads of ex posed bays where storm waves 
may build rid ges o f sa nd and gravel rising more th an 25 fee t above hi gh tide. 
Along less indented sho relines, slac kening longshore cur rent s allow tra nspo rted material 
to acc umul ate as beach de pos its. Where blu ffs of grave ll y till o r flu vioglacial m aterial 
form the coast, the offsho re currents ca nn ot remove m ateri al from the base of the 
bluffs as fas t as erosion suppli es it. 

One of the largest bay-head beaches lies in the southerl y embayment o f Whiteway 
Bay in south east Trinity Bay, at the outlet of Backside P ond. T oward the north thi s 
embayment is open to the ocea n, and a m ass ive pebble and cobble rid ge, 20 feet 
hi gh and 300 fee t across, frin ges a muskeg fl at as its head . Fresh dri ftwood on both 
its crest and landwa rd side shows th at sto rm waves still sweep over the ridge. 

The largest bay-head bar on th e Ava lon is probabl y th at at the head of Shoal 
Bay on St . M ary's Bay. Almost 4,000 feet long, thi s ba r has a c rest 22 to 25 feet 
above hi gh tide and is surfaced in places with stones up to more th an a foot 
in di ameter . Betwee n the prese nt bar and the head of Shoa l Bay, a re the curved 
remn ants o f several o lder bay-head ba rs. The cent ra l parts of two o r three of them 
have coa lesced to fo rm a sma ll , vegetati on-covered island th at is connected to the 
prese nt ac ti ve ba r by thin spit s (Fig. 33). U nderwa ter ba rs probabl y form offshore 
outside th e la test emerge nt bay-head ba r. and the bar thus 'mi grates' seaward by 
successive ly occupy ing th e offshore ba rs as they build up to th e surface o f the water. 
Shoa l Bay is a lso open to th e sea, and the prese nt ba r and beach , both entirely 
devo id of vegeta ti on, are ev ide nce th at the heavier storm waves dri ve across th e whole 
fo rm ati on. 

H olyrood P ond . o ri ginall y a long, narrow, deep fi ord runnin g inl and fo r more than 
12 miles from St. M ary's Bay, is now closed off from th e sea by a large bay-mouth 
ba r more th an I 1/2 miles long. Erosion of th e thick cliffs o f gravell y till and ice-contact 
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136265 
FIGURE 33. Bay-head beach and bar, Shoal Bay on St. Mary 's Bay_ Several old bars may be seen to left of present one_ 

sa nd and gravel th at extend along the coast for more than a mile to th e south
south east, h ave supplied th e grea t qu antiti es of mater ial required to build the bar. 
Winter storms may close th e outl et at its south end and then the water level in 
H olyrood Pond may rise 10 feet or mo re durin g spr ing runoff before an outlet is 
eroded a nd the water in the pond aga in lowered to sea level. The north end of the 
ba r at St. Vincent's stands 33 feet above mean sea level, but loca l fi shermen report 
th at even this extreme height is crossed by storm waters eve ry 8 or 9 years . 

The town of Placenti a o n th e west side of Pl acenti a Bay is si tuated on a beach 
plain th at c loses the southeast arm of Pl acentia Road and partly blocks Placenti a 
H arbour. This rid ged sa nd pl ain is built of beach ridges, successively youn ger as one 
advances outward to th e sea . Onl y the c rests of the o ld beach ridges now project 
above th e sur face of the plain , the embankments having coa lesced to fo rm the massive 
compound spit th a t constitutes the presen t beach pla in . The large amount of materi al 
in this compou nd spit resulted from erosion of the proglacial delta, the remnant of 
which is th e modern P o int Verde. 

Surface materi al in beaches and bars m ay vary from fine sand to coarse cobbles or 
even sma ll boulders. When coarse fragments cover a beach, they for m o nl y a top layer, 
and excava tion beneath thi s revea ls that the deposits e ither grade rapidly downward 
into fin er materi al, o r end abruptl y where fin er material begins at depths ranging from 
shall ow to comparativel y deep ( McKillop , ] 955 , p . 111 ). In almost all beaches and bars, 
th e size of material grades from coarser at one end to fin er at the other, indicati ve 
of a longshore current fl owing from the coarser-sediment end of th e formation toward 
its fin er-sediment end. 

Alon g th e shores of Trinity Bay, and north of Placentia on the east shore of 
Placenti a Bay, postglacial isostati c ad justm ents have raised old strandlines to elevations 
more than 35 feet above present mean sea level (see map in pocket). There are 

99 



SURFICIAL GEOLOGY OF AVALON PENINSULA 

no rea ll y large uplifted beach ridges, perhaps beca use of lack of time for their 
fo rm a tion during the period of most rap id uplift , o r because of wave clamping by 
floating ice whi ch a t tha t t ime would have been preva lent. Some ra ised bar deposits, 
however, such as those in Placen ti a Bay o n Great and Litt le Southern H arbours and 
on Broad Lake on the east side of Trinity Bay, show la rge quantities of sa nd a nd 
gravel in the lower parts that were o ri gina ll y subme rged . 

The best-deve loped beach ridges a nd ba rs on the Ava lon lie close to the zero 
isobase through Carbonear a nd Placenti a Pen insul as, a lo ng whi ch sea level is unchanged. 
This co nt rasts strongly wi th the Atlantic coast, the area of greatest postglac ial sub
me rgence, where no very la rge beach rid ges are fo und and where there is on ly one 
ba r sufficie ntl y large to m a p. Stab ilit y of wate r levels during postgl acial tim e appears 
essent ia l to a ll ow beaches a nd bars to reach m ax imum size under present coastal 
co nditions. 

Colluvium 
Material c lass ifi ed as co llu vi um was recognized at severa l places in the W aterford 

Ri ver va ll ey a short dista nce above St. John 's. At the base of steep, till-covered slopes, 
it occu rs in fresh cu ts as a layer severa l feet thi ck, overlyin g undi sturbed till. Though 
further deposits have probab ly forh1ecl under similar conditions they have not been 
identified e lsewhere, partly beca use of the sim il ari ty of co llu vium to both ab lation and 
stony lodgement till , a nd partly through lack of suitable exposures . No atte mpt was 
m ade by the author to m ap it separa tel y. 

The co llu via l laye r is identifiable by: a sha rp colour change from grey below to 
deep brown above, at depths greater tha n that reached by norm al weathering; by 
the sim il a rity in stone con tent between it a nd und erlyin g till : a nd by a tendency for 
the cont ained sha le fra gments to li e parallel to the slo pe a t the sa me angle to the 
horizo nta l as the gro und su r face - in contrast to the mo re ra nd o m di stributio n observed 
in till immedi ately underlying the co llu via l layer . Jn one ex posure, faint banding, 
pa rallel to th e slope of the hill side, had deve lo ped within the colluvial stratum . It had 
probaby been produced by up per zones sliding over lower zo nes durin g deposition. 
There was no ridging or o ther sur face indication of colluvium emplacement. 

Co llu vi um , fo rmed by movement of glacia l depos its down va ll ey slopes, produces a 
deposi t com mon ly very difficult or imposs ible to di stingui sh by simple sur face identifica
tion from ab lation till overl yin g grou nd mo ra ine. Where a n upper til l-like layer lies 
o n gentl e slo pes or across hummocky terrain , or where it extends in undiminished 
thickness to the top of slopes, it m ay co nfidentl y be ass igned to some other category, 
probabl y ab la tion till. If it is confined to a low position on mode rately steep to 
steep, drift-mantled slopes, the probabi lity of its being collu vium must be considered. 
No evidence of act ive downslope movement of glac ial deposits was see n . It is therefore 
believed th a t a ny co llu vium present in the ma p-area represe nts mass-wasting under 
climatic conditions colder th a n now exper ienced; i.e., probably soo n after deglaci ati on 
and before vegetat io n had stabilized the slopes. 

Patterned Ground1 

' Pa tterned grou nd ' is a collective term introduced b y Washburn ( 1950, p. 7- 8) to 
describe certain geo morph olog ica l forms evolved ma inl y by fro st action , princ ipally in 
hi gh latitu des a nd a t hi gh altitudes. The patterned ground found on Avalon Peninsula 

IA more detailed discussion o f this subject may be found i11 H enderson, 1968. 
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included so rted polygons and c ircles. no nsorted circles. debris isla nd s. and a few sorted 
stripes and nets (Washburn , 1956, p. 827 , 830) . 

On th e A va lon a ll but the most min or developments of patt e rned ground are 
restri cted to the southern ha lf of th e pen insul a. Local di stributi o n is controll ed by type 
of mate ri a l and by a ltitude. The large r areas of patterned ground (see ma p, in pocket , 
unit 3b) are developed in till on flat-lying or gentl y slopi ng grou nd m oraine, 
generally where ab undant water is ava il able . Altitude is less important. Although frost 
form s found at hi gher a ltitud es arc typi ca ll y better deve loped than those fou nd lower 
cl own. th e range of elevat ions in volved is sma ll. from 150 to 700 feet. Moreover, the 
best large sorted polygons. of a fo rm and size general ly considered to be polar in type 
a nd indi ca ti ve of seve re climati c conditions. lie less th an 250 feet above sea level and 
a re fou nd on a sma ll nat area close to St. Mary's Bay. 

Some 10 square mil es, more th an half the Avalon to tal of just less than 20 
squ are mil es of patterned ground , is fo und on the ground moraine-covered upland th at 
extends west and nort hwcst from Ri vc rh cacl, at th e head of St. M ary's H arbour, to St. 
Mary's Bay . The upl a nd surface is e ither fl a t to gentl y slop in g. or rolling w ith broad, 
low ridges ri sing 15 to 25 feet above th e surrou ndin g terrain. Surfaces with frost forms 
slope o nl y a few degrees. 

E lsew here throughout the area, patterned grou nd covers less th an 10 square miles, 
a lmost all of it in seve n a reas th at range in size from half a mile to 4 square miles. A 
few sma ll e r patches have also been mapped. The largest of the seven tracts, roughly 
circular in outline . is o n Pl acc nti a Peninsul a south of Great Gull Pond. Tn it, till
covc recl ridges separated by lakes and muskegs form a terrain resembling that northwest 
of Ri ve rhead. At Great Gull Pond. however, only about half as much ground is occupied 
by frost forms. because th e grea ter relief combined with rock ou tcrops o n some ridges 
has res tri c ted th e area of flat o r gentl y slo ping grou nd. Both sorted and unsorted forms 
are prese nt. but arc ge nera ll y less well developed than at Ri verheacl in spite of their 
occurrence o n h igher grou nd (at elevations rangin g from 400 to more than 650 feet 
as!). 

The remaining six areas. each extend in g half a sq uare mile or more are a ll in the south
ern part of Trcpassey Penin su la. Frost forms are o nl y moderately we ll developed here. 
Most a rc un so rted c ircles w ith no large so rted forms. This is well illustrated in the 
two la rgest trac ts, loca ted on broad , tree less ridges on either side of the coastal road 
between Ca ppahaydcn and Portugal Cove South . Descriptions of these serve equally 
well for al l. 

Description and Degree of Development 

The well-developccl patterned ground north west of St. Mary's Harbour consists of 
poorly to moclcratcly well for med polygons a nd a few sorted ci rcles. Perfect polygons 
with six sides o utlin ed by sto nes are rare; genera ll y one or two sides are lacki ng 
(Fig. 34). Either a side is le ft open, or two or three polygons combin e to form 
irregu la r. multi sid cd, a ngu lar, closed fi gu res (Fig. 35). The polygonal nature of m ost 
sorted forms is distinct , howeve r, and forty or fifty polygons, both partial and complete, 
may combine to make a recta ngular mesh of sto ne borders enclosing ce ntres composed 
of finer mate ri a l. Sin gle polygons m ay a tt a in dimensions of 6 by J 2 feet, but compound 
o nes, co m pletely encl osed by stone borders, ma y be much larger . Stones in th e borders 
frin gin g th e sorted pol ygo ns commonly ra nge fro m a few inches to a littl e more than 
a foot in diameter, with occas iona l sto nes 1 \/2 to 3 feet across. Some of the larger 
po lygons have seve ra l sma ll , weakly developed polygons within their borders. Most 
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FIGURE 34. Sorted polygons on wet till flat north of St. Vin cent's, St. Mary's Bay. The polygons are 4 to 12 feet long, 2 to 6 feet 
wide, and contain no nets of smaller polygons. 

135840 

FIGURE 35. Patterned ground on a wet ti ll fl at showing imperfect polygons about 3 x 5 feet. 
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sorted forms have pebbles a quarter of an inch to 11/ 2 inches in diameter evenly 
spread over th e cent ra l a rea s. They generally form a single laye r, but in so me places 
severa l inches of loose pebbles and sto nes may have accumu lated ove r the centres. 
The borders, composed o f cobb les o r sma ll e rra tics, may co nsist of loose stones to 
depth s of as much as 24 inches. Lichens are abse nt from stones in a ll larger areas 
where pattern ed ground forms are developed , suggestin g that th e form s are currently 
ac ti ve. They were no ted , howeve r. o n stones of a few iso la ted, so rted fo rms developed 
in thin t ill over lyin g bed roc k: th ese were presumabl y in sta nces where frost activity 
had slowed or ceased. 

Even no rthwest o f St. Ma ry's H a rbour in the area with the best frost forms , well
developed so rted features constitute o nl y a small part of th e patterned grou nd. Much 
of it consists of a pebble-covered surface wi th irregular ly shaped lenses of segregated 
cobb les a nd erratics (F ig. 36) . A few sma ll , weak ly de veloped polygons or sorted 
circles, 9 to 15 inches across, and simil a r to those found within larger polygo ns, were 
observed. Smal l debri s isla nd s may also fo rm in the accumulatio ns of cobbles or 
erratics . In th ese isla nd s th e till matri x, presum ably wh at is left after removal of 
sto nes by frost ac ti o n, has ri sen to form circula r patches of fine- gra ined material 
within the coarse r fract ion . Beyond the larger a reas of co ntinu ous patte rned grou nd , 

a 

I 
12' 

1 
I 
[ 

Stone sorting on wet till flat. Note small incipient polygons developing on fines in 
left diagram. Ground outside of bare frost-churned areas is covered by thin mus\:eg 
or heath vegetation. 
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FIGURE 36 
Patterned ground northwest of 
Riverhead, St. Mary 's Harbour. 
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sin gle mud circles, half a foot to 2 feet ac ross are co mmon a nd are surround ed by 
the low, heath-lik e vegetati o n th a t carpets most of the ex posed upl a nd s. 

N orth west from St. Mary's H arbour, a layer of gravell y mush 12 to 20 inches thick 
und e rli es th e loose sto nes th at cover most o f the patterned ground . All sto nes larger 
th an about a n inch in diameter have been removed from this layer, a nd a shovel 
ca n easily be driven through it. Thi s soft, churned materia l rests on h ard. undi sturbed, 
compact till , fro m whi ch it is sepa rated by a sharp contact. Although th e area was 
examined near the end of an except iona ll y lo ng, dry summ er, the mushy, frost-churned 
laye r was wet immedi ate ly beneath th e loose surface sto nes. W ater cou ld a lso be seen 
between th e sto nes of so me of th e coa rser polygon borders, particularly th ose on flat 
grou nd or near the bottoms of slopes bordered by muskeg. 

M any of the forms of patterned ground o n Avalon Peninsula, particularly sorted 
polygons, sor ted circles, a nd debri s island s, appea r to be trul y azonal, existing here in 
a warmer clim ate and at a more southerly position th an a ny formerly reported. The 
presence of foss il fo rm s of these frost structures has frequently been considered su f
fi c ient ev idence of a former more seve re c limate. Their presence in southern Avalon 
P eni nsu la suggests it might be prudent in some instances to cons ider whether intensifi ca
tion of maritime climatic conditi ons and the resultan t cooler summer temperatures mi ght 
produce mean a nnu a l temperatures suffic ient ly low to explain more satisfactor il y the 
prese nce of such frost forms. 
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ECONOMIC GEOLOGY 

The Ple istocene de posits o f Ava lo n Pe ninsul a are of impo rta nce to enginee ring 
projects a nd to agricultu ra l deve lopment and wa ter suppl y. Though sorted coarser 
materi a ls suitable fo r hi ghway sur fac ing a nd bu ilding a re scattered throu ghout the 
regio n, deposi ts with la rge qu antiti es o f commercia ll y acceptable materi al a re not 
usua ll y loca ted c lose to th e larger co nsumin g a reas such as St. John 's . An exception is 
the large flu vioglac ia l depos it a t Sea l Cove o n Conception Bay, about 20 ra il mil~s 
south west o f the ca pita l. Some hi gh-qu ali ty material has al so been tru cked to St. 
John 's from as fa r away as the pits a t C larke's Beach on the west side of Conceptio n 
Bay. Beca use of th e hi gh cost o f tra nsport ing materi al fro m sorted deposits in more 
di sta nt loca ti o ns, pits in th e sto ny ground mora ine around St. John's have been worked 
periodi ca ll y for sa nd a nd gravel fo r ma ny yea rs; cleavage frac turing, preva lent in the 
hard Precambri a n sla tes fo rming th e coarse r frac ti o n, however, reduces the suitability 
of the fi na l product fo r many purposes. 

Througho ut the a rea ag ri culture has been develo ped o n a va riety o f soil s. Suitability 
fo r the var io us crops depend s la rgely o n the nature of the parent surficial material 
a nd the degree to whi ch th ey have been modified by to pogra ph y th rough the influence 
of dra inage a nd eros io n. Sma ll postglaci al deposits of min eral soil s are confined to 
a llu via l fl a ts a lo ng a few strea ms. Orga ni c so il s a re mo re wid espread and a re beginning 
to be utili zed. 

Surface suppli es of potable wa ter are widespread a nd where the permeable Plei stocene 
depos its a re suffi c ientl y thi ck, readil y abundan t supplies fo r do mestic needs a re obtained 
fro m du g we ll s. Drill ed well s have become increas ingly commo n in the last few years, 
ma ny ob ta ining th eir wa te r fro m bedrock underl ying the P le istoce ne sedime nts. 

Construction Materials 
Knowledge o f the nature a nd di stributi o n of surficial deposits assists in locating 

co nstructi o n materi a ls such as gravel, sa nd , or base fill materi a ls. It also facilitates 
dec isio ns perta ining to siting power da ms, rout in g new roads a nd canals, and making 
pre limina ry estim ates for cut-a nd-fill requi re ments. The properties of construction 
materi a ls, as determined by their co mpositio n a nd method o f form ati on, decide the 
exte nt a nd limita ti o ns of th eir uses for va rious purposes. Costs may be reduced or 
suitable substitutes fo und by rel a tin g pro jects to their geologica l enviro nme nt. 

Gravel and Sand Deposits 
Consumpti on of coarse, granul a r materi als is steadily increasing, chiefl y in construct

ing a nd mainta ining a growin g netwo rk of roads, a nd , in the rapidl y expanding urban 
a rea of St. John 's, in building co nstru ctio n. U ntil now, excavation o f gravel and sand 
has been made in depos its of several differe nt types th at may be geologicall y classified 
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as outwash and ice-co ntact sa nd and gravel; beach a nd bar sa nd a nd gravel; present
day river grave l; and till-derived sand a nd gravel. 

Outwash and lee-contact G ravel and Sand 

Outwash and ice-co ntac t deposits a re here co nsidered together for in many places 
they grade directly into each other, a nd deposits exp loited commerciall y may share 
the cha rac te ri stics of both. Eco nomi ca ll y, th e most impo rtant ice-co ntac t depos its are 
es kers, kames, and kame terraces, ma ny of which , however, li e inl and , too remote 
to hold much commercia l interest at present. T o date, the la rgest commercial gravel 
o pera tio ns have been in p roglac ia l deposits around Conception Bay. As th ey still contain 
large easi ly exp lo ited rese rves it seems th at most production for so me time to come 
wil l like ly be from these sources. 

F or many years the ex tensive ly worked sa nd and gravel deposit on the main railway 
line at the mouth of Sea l Cove Ri ver, has bee n the ma in source of sa nd a nd gravel 
for St. John's. Its eastern par t, nea r th e coasta l hi ghway, is co mposed of ice-contact 
deposits, most ly ka mes and esker ridges . T oward th e sea , where sa nd and gravel is 
extrac ted , it consi sts of deep, better so rted ou twash . Reserves are la rge, th ough the 
prese nce of varying a mounts of soft Camb ria n sha le a nd siltsto ne as a minor constituent 
throughou t much of th e deposit is undesirab le. East of the hi ghway, o n the north side 
of Sea l Cove Ri ve r, a sma ll part of the deposit upstream fro m the Preca mbri an
Cambri a n co ntact was foun d by the aut hor to be und erla in by pre-Cambri a n bedrock 
a nd to be a lmost free of Cambri a n fragments . Thi s limited deposit has also been 
select ive ly worked for the use of the city of St. John's . At C larke's Beach , almost 
directl y across Concepti on Bay fro m St. John 's, ka me terraces a nd proglac ial deposits 
o n North a nd South Ri vers co ntain large rese rves of commerc ial sa nd and gravel. 
Littl e from th is deposit has been ship ped to St . John's because of th e lo ng road 
haul , but it suppli es the populated west side of Conception Bay a nd ships construction 
mate ri a l by schooner to Bell Isla nd . 

Probably beca use of the rough , hill y nature of the coastal road below Bay Bulls, the 
large ice-co ntact deposit of gravel a nd sa nd 2 miles no rth of Cape Broyle a nd just 
west of the main road, has not ye t been used as a source of gravel and sand for the 
St. John's market, though it lies tess than 40 miles so uth of the city. Imp rovement of the 
coastal hi ghwa y, including pav ing, sho uld make shipment fro m thi s depos it to St . John's 
economically feas ible. Farther sou th an d west , at several places a lo ng the coast of 
Trepassey Peninsul a, large ftu vioglacial deposits, used o nl y loca ll y in small quantities, 
a re fo und close to the road . The principa l o nes are those at Renews Harbo ur, Po rtuga l 
Cove South , Trepassey, and Peter's Ri ver ; in a n esker 2 mil es north of Cappahayden ; 
a nd in a n esker-k a me co mpl ex betwee n C ha nce Cove a nd the road 3 miles to the 
no rth . La rge quantities of less access ibl e sa nd and gravel under li e di ssected valley
tra in terraces on e ither side of the upper part of Peter's Ri ver and o n Crossing Place 
Ri ve r above H o lyrood Pond. 

At prese nt rates of use, the reserves of sand a nd gravel found in ftuvioglaci al 
deposits within a few mil es of the population co ncent ra tion in the Place nti a- Freshwater
Arge nti a di strict a re ample fo r a long time . A good-si zed pit is a t present utili zing 
va ll ey-t rai n deposit s a few miles east of Freshwater a t the mouth o f N ortheast River , 
and la rge reserves, both in the esker5 o n either side of th e highway midway between 
Pl acenti a and Colinet and in the remn ant of the proglacia l delta th at fo rms P oint 
Verde, are a lmost untouched . Other simil ar ftuviog lac ia l depos its, either completely or 
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a lmost unused , li e inl and or a long the coast , particu lar ly on Placentia P eni nsul a wh ich 
has a small popula tion widely d ispersed in coasta l villages. 

Beach and Bar Gravel and Sand 

Shore deposits in beach stra nds and ba rs conta in concen trations of sand and gravel. 
La rge amounts a re found on the shores of T rinity, Conception, and St. M ary's Bays, 
close to and west of the zero isobase. Lesser amounts occur along the east coast 
of these bays where hi gh re li ef and postglacia l drowning have tended to restri ct the 
deve lopment of large, longshore accumulations . Bars have a greater total po tential of 
sand and grave l than do strand beaches. 

Most settlement wi th in the map-area is coastal. In the rugged, stony terra in along 
most of th e coasts, b road emergent bars and the fl ats behind beach stra nds have been 
used select ively for the sit ing of settl ements, fi shing fac ilities and equi pment, and fo r 
ra il and hi ghway ro utes. Other beaches are spawning grounds for caplin , a principal 
source of ba it for the fi sheries . Exce pt fo r li m ited loca l consum ption, removal of sand 
and gravel fro m st rands o r bars may be forb idden o r severely restricted to prevent 
damaging the deposits, perhaps to a degree far exceeding the va lue of materi als being 
removed . U nfo rtun ate ly, the heav iest demand fo r construction materi als is in populated 
areas, and most beach and bar deposits not already ut ilized tend to be isolated and / or 
accessible onl y by water. 

A survey of st ra nd and ba r beaches th roughout the a rea ( McKillop, 1955) recom
mended the types of local or ge nera l use to which these reso urces may be put and 
th e amounts to be re moved. If care is taken in the remova l some bars and beaches 
with sett lements adjacent to or on pa rts of them could be large enough to supply 
construction materials for bot h loca l and general use. On Trepassey Peninsul a these 
inc lude th e ba rs at Bi scay Bay, Port uga l Cove, Ho lyrood Pond ; the stra nd extending 
southeast to Peter's R iver: the ba r at New Bridge on th e southeast side of Salmoni er 
Arm; elsewhere th e ba r at Bellevue on the west side of T rin it y Bay, and the bar at N ew 
H arbour on th e east side of Trinity Bay: the east end of the ba r at Long P ond on th e east 
side of Concept ion Bay; and the strand at Renews. Substantial amounts of sand and 
grave l are a lso avai lab le in postglaciall y ra ised ba rs in th e northwest, particul arly at 
Great Southern and Littl e Southern H arbours at the head of Placentia Bay. 

Present-day R iver Gravel 
A lmost all deposits of modern river gravel h ave formed as the result of dissection 

and redepositio n of outwash accumul ations. The la rgest li e inl and on streams fl owing 
so uth in south ern parts of Trepassey Peninsul a, and are not readil y accessible for 
ex plo itatio n. Large quantities of gravel above the big pond on Peter's River will be 
ava il ab le only after 7 mil es of road have been built north fro m the Peter's River
Trepassey road . On Place nt ia Peninsul a a la rge gravel fl at above Branch , and two or 
three sma ll er ones at the mouths of streams on th e west coast offer easily worked 
suppli es fo r local use. 

Till-derived Gravel and Sand 

Till s th roughout th e area have genera ll y a gravelly o r bouldery texture, with a sand 
and si lt matrix con tain ing littl e or no clay (see T able II ). In lodgement tills, by 
fa r the most common type, a sil t content of 20 to 30 per cent renders the majority 
of th ese deposits unsuitab le for most construction purposes unl ess the gravel and sand 
are washed to remove undesirable silt. M any ablatio n ti lls, however, have less than 
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6 per ce nt silt content a nd req uire littl e processing other th a n crushin g and sieving to 
secure commerc ia ll y acceptab le sa nd and gravel. As sili ceous slate, perh aps the m ost 
widespread bedrock type th roughout the ma p-area, c leaves eas il y into elo nga ted , sh arp 
shards un suitab le fo r m a ny purposes, till s co nt aining little silt but with hi gh percentages 
of gra niti c or ha rd vo lca ni c sto nes yield th e best commerc ial sand and gravel. 

Before 1957 , when road maintena nce bega n to be mo re widel y mecha ni zed , small 
till pits spaced c lose ly togeth er a nd wo rked with pick a nd shovel , were exte nsively 
used fo r road grave l. Their product va ri ed widel y in suitability fo r road building or 
dress in g. A fter mechani za ti o n, system ati c sa mplin g, designed to e limin ate pits with hi gh 
silt co nte nt, was u ndertaken a nd extrac ti o n was conce ntra ted in fewe r o f the better 
p its which we re th en great ly enl arged . 

Lod geme nt till s fro m pi ts around St. John's, yie lding m ateri a l tha t requires washing, 
c rushin g, a nd siev in g to produ ce suitabl y sized gravel and sa nd , have been wo rked for 
m a ny yea rs. Though thi s produ ct contains much sla te a nd siltsto ne, the di sta nce from 
the capi ta l of m o re acce ptab le ma ter ia l has c reated a read y market for it as a 
co nstructi o n mate ri a l. 

W hen it is necessa ry to site new pits in glacial till s for produ ction of large 
qu antiti es of co nstruction mater ial, c lose a ttenti on to the ty pe of till a nd the lithology 
of nea rby bed rock fo rm ati on should a id in m a king a choice . An area underl ain by 
ab lati o n t ill , comm on in a reas o f hummoc ky moraine, wo uld most probabl y yield a 
p rod uc t low in silt . If pos itioned where th e ice had fl owed ac ross a la rge area of 
gra ni tic o r vo lca nic rock , th e sto nes co nta ined in the depos ited till would more 
li ke ly be o f des irab le shape a nd litho logy. Tn a la rge-sca le operati o n it mi ght be more 
eco nom ical to move pit prod ucts lo nge r di stances rather th an utili ze in fe ri o r till s nearer 
at hand ; process ing costs could be lower a nd the qu ality of the product higher. 

Postglacial Soils 
Gl acial a nd ftu vioglacia l depos its resultin g fr om the las t gl acia ti on constitute the 

pa re nt materi a ls of most ex istin g so il s o n Avalon Peninsul a . Orga nic deposits, shore 
de pos it s. a nd trac ts o f a llu vium a lo ng strea ms co mpose the rema ining pa rent material. 

The porosity a nd permea bility of th e so il a nd its capacity to sto re avail able water 
for commerc ia l pl ants or o ther use rs, a re la rge ly co nt ro lled by grain size a nd the 
deg ree of so rtin g of so il co nstituents. Steepness of slope la rgely determines its suscep
tibilit y to e rosion . Coa rse rock frag me nts o n the surface or within the so il s may make 
land prepa ra ti o n fo r crops too expe nsive o r re nd er it suitabl e fo r pas ture onl y. Thus, 
in th e A va lon, these va rying co nditi o ns have produced soil s with a wide range of 
fe rtility . 

Mine ral Soils 

The glac ial deposits upo n whi ch most soi ls o f the a rea h ave been developed are 
principa ll y a mi xture o f sa nd sto ne, vo lca ni c a nd granitic rocks, and ha rd siliceous slates. 
U nder coo l, hu m id , c limati c conditi o ns th ey have produced sto ny, podso lic soil s of low 
fe rt ilit y, with a grey, leached to p laye r a nd ye ll ow-b rown subsoil , coloured by secondary 
acc umul a ti o ns of iro n sa lts a nd o rga ni c compo und s from the sur face . The so ils a re 
a lmost everywhere thin , full o f fresh rock fr agments, a nd strongly acidi c. Jn m any 
places they have an indurated layer o f iro n salts in the B ho ri zo n which causes 
poor dra inage. D eve lo pme nt o f good , a rable la nd on till is expe nsive . It requires clearing 
o f vegeta tion and the a lmost ub iquitously preva lent sto nes and boulders; then improve
ment of the soi l b y d ra inage, a nd fin a ll y, the additi on of lime , o rga nic matter , and 
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artifi cial fe rtili ze rs. Based on experience of progressive fa rmers in the vicinity of St. 
John 's, one estimate of the cost per ac re to bring newl y broken land , developed on 

glacial deposits, up to the stand a rd o f arab le land in th e same area, is 500 dollars 
(Nfld . Roya l Comm . Agric. , J 956, p. 246 ) . Of this , the greatest cost is for lime, 
fertili zer , improvement of the so il stru cture, and bu ild up of humus content. 

The largest area of arable land clevelopecl on glacial deposits is close to St. John's, 
chi e f market o f th e Ava lon. Small er a reas of arab le land developed on m ora inic ridges 
are fo und near Whitbourne, where th ere is less th an average re lief, and along the 
west side of Conce ption Bay. Elsewhere sca ttered patches close to sett lements are 
worked mostly fo r loca l consumption. Some small areas of glac ial deposits, deri ved 
from the more easil y decomposable Cambrian and Ordov ician rocks near the heads of 
Concept ion and Trinity Bays and in the vicinity of Bra nch, have produced patches of 
so il of superio r quality. 

Although outwash sedim ents constitute less than l per cent of areal deposits, they 
make up a much hi gher pe rce ntage of the arable Janel . Principa ll y, they underlie low 
outwash plains and terrace areas, either kam e terraces or re mn ants of di ssected valley 
trains. Some outwash consists of coarse gravel, but mu ch contai ns a low proportion of 
sma ller stones o r may be a lmost free of gravel. Though these areas develop podzols, 
the so il s are more fert il e th an o rdinary podzols, bein g genera ll y finer grained and 
with a hi gher content of orga ni c matter. They need littl e clearing, and require the 
additi on of less lime to cou nteract ac idity. 

The la rgest a rea of outwash covers the narrow coastal pl a in south of T opsa il Head 
on Conception Bay, and runs south fo r 9 m il es to Seal Cove. It varies from half 
a mile to a mil e wide, though it is interrupted in places by ice-contact deposits. Almost 
all of it is extensively cu lti vated and produces crops of vegetables and fodder. 

A large a rea of outwash at C larke's Beach between N orth and Sou th Rivers and 
on either side of them, consists of an undul a ting outwash plain nea r the sea th at 
grades into kame terraces upstream a long bot h ri vers. A concentration of far ms on the 
well-d ra ined , Au vioglac ia l depos its cove rs a lmost a ll the surface except that part under
lai n by th e coarser materia ls of the kame ter races. 

Some a rable land is worked on a few of th e more access ible alluvial fl ats . but 
thi s comprises o nl y a small frac tion of the tota l acreage of culti va ted land . Shore 
depos its are also used in pl aces fo r rough grazing or loca l ga rdens. Rough pas ture and 
blueberries - whose va lue may vary great ly fro m seaso n to season - constitute the only 
val uable uses fo r unimproved land . 

Because of the nature of th ei r pa rent mater ials, almost a ll minera l soi ls are subject 
to d rought in spi te of th e humid climate, with ra in fa ll well distributed throughou t the 
growing seaso n. The so il s a re coarse in texture and have littl e water-holding capacity 
because of th eir low co ntent of fin es and o rga nic matter. Excess wa ter quickly drain s 
below th e crop root systems and lack of rainfa ll for even a week or 2 weeks dur
ing warm weather rapidl y checks crop growth . 

Organic Soils 
Widespread accumul ati ons of vegetati ve matter in various stages of decomposition 

form the mu cks and peats upon which the seco nd main class of productive soils in 
the Avalon are now being developed . rt has been fo und th at muskeg ca n be farmed 
economical ly und er N ewfoundl and cond it io ns, a fa ct of immense va lue to the agr icul
tural eco nomy. Much of the area covered by peat may be reclaimed for agricultural 
use a fter appropr iate prepara ti on, principa ll y the development of drainage and the 
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addition of lime and fertilizers. At the head of St. Mary's Bay east of Colinet, 
many hundreds of acres of bog, underl ain by pa rtiall y decomposed peat, have been 
drained , fe rtilized , and seeded to grass a nd other crops. Costs of reclamation and 
preparation are considerab ly less for organic soils than for stony glaci al terrain, and 
the la nd is more producti ve. The rich black soil can produce grass and vegetables in 
greater yields th an other so il s, and sheep have been able to winter successfully on the 
bogland. Eventual ly these so il s should supply range and fodder for a greatly enlarged 
livestock industry, and cou ld help overcome the chronic lack of suitable arable land. 
Intensi fication of the bog rec lamation program is being considered with a v iew to 
produc ing summer pasture a nd winter sil age for an increased number of sheep and 
cattle, and for increased production of vegetab les. Compared to present acreage of 
arable la nd , the a rea of muskeg suitable for exploitati on is very large. 

Jn addit ion to their increasing agricultural use, many organic deposits are of value 
as sources of peat litter. Used as a soil conditioner it add s vegetable matter to farm 
and garden soil s, improves th eir texture, and increases their water retention capabilities. 
Litter is current ly shipped from the bog at Coch rane Pond, southwest of St. John's 
to the local ma rket ; and small quantities from the Bay Bulls Big Pond , 9 miles 
south of the ca pita l, have been shipped to the sa me market in the past. A large 
potentia l for increased production of peat litter could develop in the export m arket 
to the eastern United Sta tes if costs of process ing and shipment can be made com
pet iti ve with other so urces of supp ly. The eastern Un ited States now imports many 
millions of doll ars worth of peat litter both fro m overseas a nd from adjacent parts of 
Canada. The use of peat as fuel in the deveiopment of electr ic power may also 
beco me eco nomica ll y prac ti ca l in th e future as demand for electrical energy grows. 

Water Supply 
Numerous lakes a nd streams throughout the area yield adequate surface supplies of 

good potable water to most urban centres a nd to many indi vidual users. St. John's , 
th e la rgest single consumer, obta ins water from Windsor Lake, 3 miles northwest of the 
city. It a lso has a large rese rve supply in Petty Harbour Long Pond , 4 miles south of 
the city. As most communiti es using surface water supplies are situated near the coast, 
a nd as the interior is general ly uninh abited , there is littl e danger of upstream con
taminat ion. High rainfall combined with low evaporat ion ensures a continual supply of 
naturall y pure water. 

The glac ial till s are rela tively porous, with numerous lenses of sand and gravel. 
Almost everywhere sha llow well s dug in the till yield water sufficient for domestic 
purposes. Settlemen ts li ke C larke's Beach, built on sa ndy outwash deposits, can also 
obtain large yields from well s. A few sma ll isolated communities, situated on rocky, 
streamless shores, must carry wa ter fro m th e nearest surface supply. Drilled well s h ave 
beco me more common recentl y where increased supp li es are required for institutional 
and industrial use. Many drillings tap water in the underl ying bedrock , almost every
where impervious, a nd obta in water in fr ac tures or shattered zones of the rock . 

Though strea ms in A va lon Peninsula are short, with moderate flow s, a considerable 
amount of electric power is generated. As most of the area is an upland that drops 
abrupt ly to the adjacent lowland areas, low-cost sites for power generation are readily 
ava il able . The numerous lakes and ponds dammed by irregu lar ly di stributed glacial 
deposits, presen t on the upl a nd surfaces , commonly form lake chains with little change 
in elevati o n between the indi vidua l water bodies in the system. Small dams that raise 
the le vel s a few feet will generate la rge storage capacities in these interconnecting 
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lakes. As fairly even Aows a re ma intai ned throughout the year, the availab le water 
can be used efficientl y for power generat ion . Muskeg a reas wit hin drainage basins serving 
power sta ti o ns help m a inta in steady ftows, act ing as giant spo nges to store water during 
periods of higher ra infall and feeding it slowly back into the run-off cycle during drier 
periods. 
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SUMMARY 

T he o ldest rocks observed in the map-area are in th e deposit tentati vely identified 
as a late Precambri an tillite, exposed a long the eastern shore and offshore islands of 
St. Mary's Bay . After Ordovic ian time, the region was subjected to prolonged erosion. 
This produced a mature topography with bevelled upl ands, above which rose monad
nocks. Subsequent rejuvenati on th rough u plift produced a rugged topography near 
coasts and on the Isthmus of Ava lon. The last major change prior to glaciati on was 
coastal drow nin g and extensive cuttin g of cli ffs. Interglacial marine abras ion benches 
were cut at several pl aces along th e coasts at a time when sea level was higher 
th an it is now. Those on the east coast may be of Sanga mon age. 

Al though no conclusive evidence of Pleistocene glacial deposits older th an Wisconsin 
have been fo und, the stud y-area was probably glaciated severa l times during the 
Pleistocene, and was most definitely glaciated during the Wisconsin gl ac ial maximum . 
Ice fro m more western parts of N ewfoundl and fl owed eastward over the northwest 
corner of the map-area and the northern half of the Isthmus of Ava lon, but did 
not reach Ava lon Peninsul a itse lf. A vigorous loca l ice ca p covered all th e Avalon except 
Ca rbonear and St. John's Pe ninsul ~s, whi ch had thin local ice covers o f their own . 
Labrador ice movi ng eas t through Cabot Stra it obstructed the southward movement of 
ice from Placenti a and St. M ary's Bays, and th e resultant blocking forced a thickening 
of the ice over St. M ary's Bay. This ice, th erefore, overfl owed west and north across 
th e ad jace nt h igher land to d ischarge into Pl ace nt ia , Trinity, and Conception Bays. It 
a lso flowed eastward to the Atl antic across hill s with elevati ons as much as l ,000 feet 
asl. Jn Pl acent ia Bay, back ing and fillin g ice from fa rther west caused fl ow north of 
east across the Isthmus of A valon into Trinity Bay. 

At the glac ial max imum, great outlet glaciers projected seawa rd from Trinity and 
Conce ption Bays well beyond the limits of the land , an ice shelf extended along the 
east coast , and ice in St . M ary's Bay reached a depth exceed ing 2,000 feet. M asses 
of ice probab ly accumulated on emergent parts of the continental shelf when eustatic 
lowering of sea level was greatest, and th ese masses may h ave been confluent with 
the land ice. Hundreds of fee t of overdeepening by ice occurred in St. M ary's, Placenti a , 
Trinit y, and Conception Bays, but is most ev ident in Trinity Bay which has the largest 
and deepest of the closed basins. 

During the glacial recession, th e ice retreated from the coast and topographic control 
increased as it thinned . On the lowl ands north and east of St. M ary's Bay recessional 
moraines fo rmed in front of ice ton gues retreatin g up coastal valleys. No large pro
glac ial lakes were dammed by the retreatin g ice, but silt covers man y moraines south 
of Whitbourne where water was tra pped briefl y between an ice plug on th e low divide 
leading to Trinity Bay, and th e ice retreating toward St. Mary's Bay. Meltwater 
deposits were fo rmed during upslope withd rawa l of ice margins, though inland , fluvio-
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SUMMARY 

glac ia l deposit s are surpri singly few. Most of this type of deposit was formed adjacent 
to the coast a nd several mass ive proglaci a l delt as were built out into the sea. Much 
of the sa nd a nd gravel carried by rapid meltwater streams was deposited over the bottoms 
of the majo r bays. Meltwater channel s were carved in some till -covered hill sides, and 
gorges were cut across divides, particularl y east a nd so utheast of H olyrood and on the 
west side of St. Mary's Bay. The ice persis ted longest on Trepassey Peninsula, and 
reversal of flow from there into St. Mary's Bay has left str iations and roches moutonnee 
oriented so uth west alo ng the east sho re o f the bay . Upper slopes, swept bare of ground 
moraine, a nd sha ll ow draws, paved with a heterogeneous mixture of boulders of a ll 
sizes, were formed by short-li ved rushes of meltwater th at resulted from the sudden 
dra ining o f ice-cla mmed depress io ns o r pond s on the surface of the ice. 

Fol lowing deglaciation , debri s from val ley-train trenching either for med alluvial flats 
or was ca rried into the sea . Toget her with sa nd and gravel from the marine erosion 
of coastal o utwash and glacia l deposi ts, thi s debri s was di stributed a lo ng the coast by 
sho re currents to form beach and ba r depos its. Postglacial coastal retreat of as much 
as I 114 miles has occurred in progla cial delta deposits. 

Muskeg began to form early in postglaci a l time and is now widespread, particularly 
on Placentia Pen insu la and in southern parts of Trepassey Peninsul a . Paluclification is 
sti ll ac ti ve in cooler, wetter parts of the Ava lon. Bog deposits range up to 20 feet 
thick and extend for man y miles. Frost-structure soils, prese nt on parts of Trepassey 
and Pl acenti a Peninsul as appear to be slowly spreading. They are the result of a 
favourable combination of climatic and physical factors and a re azo nal, being far to 
th e south of a ny similar soil s at equally low elevations in other parts of the northern 
he misphere . The clamp, cool climate of the Avalon has inhibited development of eolian 
de posits, confining them to a few bluff-top sands and a small group of sa nd dunes. 

There is evidence of postgl acial cha nges of sea level at widely se para ted points in 
Ava lon Penin sula . On the Isthmus of Ava lon and in the extreme no rthwestern part of 
the map-area , old shore lines emerge 30 feet or more. The zero isobase trends south 
30 deg rees west a littl e east of the eastern shore of Trinity Bay and parallel to it, 
and from there swings so uthwest into Placentia Bay south of Point Verde. All points 
east a nd south of the zero isobase have undergo ne drownin g durin g postglacial time . 
The rate of upwarp ing between the ze ro isobase and emergent features to the northwest 
is approx imatel y a foot per mile . a ra te which , if extrapolation to th e east coast is 
justified. wou ld indicate max imum postglac ial drow ning there of 40 feet. Tidal records 
suggest there may be current cpeirogeni c cl ownwarpin g in th e St. John's region, but 
mo re ev idence is needed to clarify thi s. 

Plei stoce nc deposits are of im porta nce to engineering projects, agricultural develop
ment. and water suppl y. M ost high-quality sa nd a nd gravel deposit s on the Avalon are 
not located close to the large consumi ng areas. However, in the nea r future, increasing 
populatio n a nd imp roved road s wi ll make much of their material economicall y worth 
exp lo iting. Mineral so il s suitabl e for ag riculture are of small extent , a nd not entirely 
desirable , largely beca use of the hi gh cost of developing them for crops. The more 
widesp read organ ic soil s a rc proving less ex pensive to devel op agriculturally under 
N ewfoundland cond itions, and are becoming increasingly important. They are of im
portance a lso as sources of peat used as a so il cond itioner loca ll y a nd for export. 
Surface supplies of potable water are widespread, and run off has been used to develop 
a conside rable amount of electric power. 
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