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ABSTRACT 

Data acquired in the mapping of some 6, 000 square miles in south­
west New Brunswick provide a basis for the interpretation of Pleistocene 
history of that region. Inherent in the data is some suggestion that two major 
ice lobes may have met more or less along a line between the cities of Saint 
John and Fredericton. Howev0r, the pattern of distribution of ice-contact 
deposits and the sequential development of glacially controlled and modern 
drainage indicate a retreat of the ice margin towards the northwest, a retreat 
that probably occurred earlier than had been previously assumed. 

Les donnees recueillies au cours des leves cartographiques d'environ 
6, 000 milles carres dans Ie sud-ouest du Nouveau-Brunswick fournissent une 
base pour l'interpretation du Pleistocene de cette region. Ces donnees 
amenent a presumer que deux importants lobes glaciaires ont pu se ren­
contrer suivant, plus ou moins regulierement, une ligne passant entr e les 
ville s de Saint- Jean e t Fred ericton. Toutefois, Ie modele de s depOts de con­
tact glaciaire et la delimitation des reseaux hydrographiques d'origine glaci­
aire et moderne, indiquent une reg re s sion de la limite de s glace s en dire ction 
du nord-ouest, probablement a une epoque plus ancienne que supposee au 
prealable. 



QUATERNARY GEOLOGY OF SOUTHWEST NEW BRUNSWICK 
WITH PARTICULAR REFERENCE TO FREDERICTON AREA 

INTRODUCTION 

In 1967 and 1968 the surficial deposits of the St. George (21 G/2) 
and St. Stephen (21 G/3) map-areas were mapped and the data deposited on 
open file at the Geological Survey of Canada. This, and previous work by 
Lee (1957, 1962) in the Fredericton (21 G/l5) and Canterbury (21 G/l4) map­
areas, formed the basis for the present study. This report contains a geo­
logical map showing the distribution of unconsolidated glacial and nonglacial 
deposits at a scale of 1:250.000 and the interpretation of the glacial and post­
glacial history of the Fredericton area. 

ACKNOW LEDGMENTS 

Field assistants in 1967 were R. Heroux. H. Jacobs. and G. Jones. 
and in 1968 N. Szabo. L. McIntyre, and R. Bowlby. The air photo mosaic 
(Fig. 11) was prepared by Mrs. E. A. Fleming of the Surveys and Mapping 
Branch of the Department of Energy. Mines and Resources. 

PREVIOUS WORK 

The literature on the physiography and surficial geology of New 
Brunswick began at the tiITle when the concept of continental glaciation was 
introduced in North AITlerica. Therefore. although the work of Matthew(lB72, 
1875) is mainly an eloquent defence of continental glaciation. others such as 
Ganong made valuable identifications and COITlITlents on glacial phenoITlena in 
widely spaced writings. For instance, in 1896 Ganong noted the unusual 
occurrence of a delta at the outlet of Lake Utopia . near St. George. but men­
tioned almost parenthetically that the lake itself owed its existence to lithe 
glacial daITl between it and Letang". He did not. however, investigate the 
ITlorainic systeITl of which the daITl forITls an important pa rt. On the other 
hand, his article "On the Division of New Brunswick into Physiographic 
Districts" (Ganong. 1899) serves as a ITlodel for current physiographic sub­
division of the region (Bostock. 1970). 

In the period 1881 to 1905. R. Chalmers (1885. 1887. 1888. 1890. 
1895. 1900) produced ITlapS of the entire province and evolved a concept of 
glaciation by radial flow from an ice cap in the highland area of north-central 
New Brunswick. He depended mainly on glacial striations as indicators of 
glacial flow, but some of his published striation lists that also show ori­
entation of striated bedrock slopes suggest that he commonly adopted the 
down-slope direction as that of glacial flow. Other criteria applied to the 
same regions prove up-slope movements equally credible. 

Other phenomena observed by Chalmers in this area have alterna­
tive interpretations. Fo r example. s orne of his "ITlora ines ", although certa inlv 

Original manuscript submitted: June 29. 1970. 
Final version approved for publication: December 14, 1971. 
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cnmposed of glacial till. are better interpreted as drumlins. and his "kames" 
and "marine kames" include deposits that this writer would interpret to be 
fluviatile delta or terrace deposits. and marine beach sand and gravel. 
Chalmers' use of the term "marine kames" leads one to suggest that there 
may have been an element of compromise in his early writing between the two 
principal concepts of glaciation current in his professional lifetime. 

Recent geological work. in and near the area. by Lee (1954. 1955. 
1957,1959,1962), and Melvin (1966) and soil studies by Wicklund and 
Langmaid (1955) and Langmaid (1953) deal with the nature, origin and glacial 
and postglacial history of the area in modern context. This paper is an attempt 
to provide a regional setting for such work. Many other publications having 
local or incidental reference to glacial deposits and history are listed in the 
bibliography produced 'by the New Brunswick Research and Productivity 
Council (1965). 

BEDROCK LITHOLOGY. TOPOGRAPHY AND DRAI'\JAGE 

The area constitutes a triangular structural basin of low relief 
(the Maritime Plain) occupied by flat-lying sediments and bordered on the 
northwest and south by ranges of hills (the New Brunswick Highlands). Imme­
diately adjacent to the Bay of Fundy there is an apron of relatively low-lying 
terrain that is underlain by gneissic and granitic rocks of ages variously 
assigned between Precambrian and Devonian l , and by sediments and minor 
volcanics of Pennsylvanian and Triassic ages. 

"Nearly tvvo-thirds of the map -area, along the western and southern 
boundaries, has relief of as much as 1,000 feet. Devonian granite batholiths 
intruding deformed lower Paleozoic rocks occupy the tvvo principal hilly regions 
of the map-area. The one trending south-southwest across the northwest 
corner of the map-area contains hills in the vicinity of Skiff Lake that exceed 
1.200 feet above sea level. The second, trending southwesterly and thus con­
verging towards the southwest on the first. more or less parallels the north 
shore 'of Bay of Fundy in the area betvveen Hampstead and the north side of 
Passamaquoddy Bay. Its highest hill. Mont Champlain, is 1.462 feet a. s. 1. 
These tvvo areas are linked. betvveen the towns of McAdam and St. Stephen, 
by a belt of folded Silurian to Cambro-Ordovician sediments and metasediments 
whose smooth, glacially streamlined hills attain elevations of about 700 feet. 
These areas are grouped physiographically as the New Brunswick Highlands 
by Bostock (1970). 

The remaining third of the area is a somewhat dissected plain of 
low relief. This area east of Lake George and Oromocto Lake and including 
the city of Fredericton and the northern part of Canadian Forces Base 
Gagetown, is underlain by "carboniferous coarse-grained sediments mostly 
undisturbed and locally including basic and acidic volcanic rocks" (Anderson 
and Poole, 1959). Elevations range to about 600 feet and relief is low. gen­
erally less than 100 feet. This area ispartoftheMaritime Plain physiographic 
region as designated by Bostock (1970). The cuesta-like range of hills along 
the north margin of this plain, betvveen Harvey Station and Fredericton. is 

1 
For detailed descriptions of the geology of parts of the Fredericton rnap-

area, see: Anderson and Poole, 1959; Hay, 1967; Ruitenberg, 1968a, b; and 
earlier work by Alcock, 1938, 1959, 1960a, b, c; 1964a, h. All these publi­
cations include pertinent bibliography. 
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intruded in places by volcanic rocks and has "anomalously high dips" that 
"may indicate faults and/or folds" (Anderson and Poole. 1959). 

A geological traverse northwest from Bay of Fundy in the direction 
of ice-margin retreat would show the following topographic features: a coastal 
area of low relief; a high range of granitic hills extending from Passamaquoddy 
Bay to the south end of Camp Gagetown; a belt of relatively flat terrain and 
low relief fringed along its northwest margin by a cuesta -like ridge that extends 
from McAdam through Harvey Station to Fredericton; and a high range of gra­
nitic hills with maximum relief towards the north along a line fromFosterville 
to Canterbury Station. Thus there were three principal barriers controlling 
the pattern of ice-margin retreat and the development of postglacial drainage 

in southwest New Brunswick. 
Modern drainage of the map-area in large part reflects ice­

controlled late-glacial drainage. In the southern half of the region. i. e . south 
of Oromocto Lake. southwa rd drainage is by means of such streams as 
Digdeguash. Magaguadavic. Lepreau. and Douglas. all of which are parallel 
to major glacial outwash and esker systems. Modern streams are underfit 
in much greater former outwash channels. The run-off from the northwestern 
highland area between Canterbury Station and McAdam collects in large lakes 
near the height of land which drain southward via St. Croix River. This appears 
to reflect a late-glacial condition when these waters were prevented by ice 
from flowing northward into Saint John River. Drainage of the central lowland 
area (Maritime Plain) eastward and northward into Saint John River in part 
reflects glacial ice-margin drainage. but is chiefly due to the re-establishment 
of preglacial drainage systems controlled by the bedrock structure. 

SURFICIAL GEOLOGY 

A bundant evidence of glacial abrasion and deposition testifies to the 
complete glaciation of the map-area. Parts of the area were covered by the 
sea in late-glacial time, as a result of isostatic-eustatic interaction. but are 
now as much as 240 feet a. 5.1. Results of the study of glacial and nonglacial 
Pleistocene sediments of the area are shown on the accompanying map. 

Description of Map-Units 

Bedrock (R) 

This includes those areas in which rock exists at or near the sur­
face; small areas of drift thicker than a few feet may be included in pockets 
among dispersed outcrops. Bedrock is most commonly veneered by till and 
the products of till weathering such as lag boulder gravel and individual 
boulders. In one area in particular (shown as 2/R on the map; see also Fig.7) 
bedrock is strewn with or completely buried beneath a heavy accumulation of 
large blocks of rock (some 20 feet in diameter). mainly grey porphyritic granite. 
The area shown south of South Oromocto Lake is the most spectacula r example 
of this. but other smaller areas are similarly strewn with granite blocks. 
This is common in the terrain underlain by coarse-grained and coarsely por­
phyritic granite north and west of McAdam and Magaguadavic Lakes. The 
town of McAdam and the southeast end of McAdam Lake are easily accessible 
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areas in which large blocks dominate the surface. Similar features are com­
mon in the belt extending northward from McAdam through Canterbury Station 
to \Ileductic and Pokiok. the latter two localities being on the Trans - C'anada 
Highway along the suuth bank of Saint John Rive r. 

Deep wea the ring of seve ra 11' ock typ es ha s produced g ranula r regoli th 
(residual soil) which. in some areas. is exploited as gravel. Porphyritic 
grey granite on the road to C'harlie Lake (Fig. 1) is excavated to a depth of 
about 8 feet. the weathered rock being overlain in places by glacial till. On 
the peninsula between French and Indian Lakes (Sheffield Pa rish) in the north­
east corner of the map-area. in several places south of the town of Oromocto 
as well as within the limits of C. F. B. Gagetown. Carboniferous conglomerate 
(Fig. 2) is sufficiently friable to be used as gravel to depths of as much as 
thirty feet. Fissile rocks such as basalt. some types of acid volcanic rocks. 
schists and slates. are granulated by the development of very closely spaced 
fault and fracture systems. These too are exploited as granular fill material 
and road ballast In parts of the area. 

Glacial features of the bedrock surface: Glacial groovings and striations are 
well preserved on competent rocks such as some granites. fine-grained vol­
canics and sediments (Figs. 3. 4). There are two major trends; southeast 
in the western half of the area and south in the eastern half of the area. 
Striations alone record only the orientation of movement of a glacier. not its 
direction of flow, and may record any stage. or all stages. of glaciation. 
Superposed striae may record more than one glacial episode or variations in 
the pattern of flow during va rious phases of a single glaciation. Crescentic 
markings on some outcrops (Fig. 4) support the concept of the principalllow 
of continental glaciers in the area from northwest and north towards southeast 
and south. 

"Bevelled flutings" (Fig. 5) were observed in two places on the 
Letang Peninsula. It appears that the rock surface was fluted by glacialabra­
sion into a series of alternate pa rallel ridges and troughs (amplitude about 
8 inches) both of which were striated in the regional southeasterly pattern. 
and was subsequently abraded by glacial movement at an angle of about 
45 degrees to the original direction of flow. The second abraded surface 
intersects the fi rst in such a way as to leave a bevelled edge on the; upstream 
side of the original fluting. Because the bottom of the flute bears onlyo;tria­
tions parallel to the groove. and because it would seem that a depression 
would be protected from erosion by a thin cover more readily than would a 
ridge. it is infe rr ed that the depression was protected from secondary abra­
sion by material s uch as till. 

Where this phenomenon occurs it is concluded that there were two 
phases of glacial erosion. the first producing the glacial fluting and the second 
the tangential striation and bevelling. Because the more easterly flow direc ­
tion on Letang Peninsula is compatible with late ice lobation in Passamaquoddy 
Bay, it is assumed that the bevelled edge in these features is on the upstream 
side of the groove. Thus the phenomenon has been used to identify the sequence 
of both glacial abrasion and direction of flow during the last glacial event. 
Where the sequence has been determined by this means. the relevant crossing 
striation symbols are numbered chronologically I and 2 on the map . 

Dive rgen t striations in most other pa rts of the a rea are conlITlOnly 
within a twen ty degree range of the most common or pr incipal direct i on but. 
in a few places such as Sand Point north of St. Andrews and the Fundy 5ho1'(, 



- 5 -

Figure 1. Weathered granite; gravel pit in the vicinity of Charlie Lake. 
Highest part of section approximately 8 feet. esc Photo 159365 

Figure 2. Carboniferous conglorrlerate exploited for gravel in Sheffield Parish. 
Exposure at centre of photo is about 15 feet high. 
esc Photo 159372 
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Figure 3. Striations and crescentic fractures on glacially eroded surface of 
fine-grained volcanic rock. CaITlera faces south; crescentic 
fractures are concave downstreaITl glacially; glacial flow towards 
top of picturp (Sand Point, east bank of St. Croix River). 
GSC Photo 159367 

near Pocologan, striations are found that are nearly at right angles to the 
regional pattern. In these cases, the divergent flow is confined and parallel 
to linear troughs produced by differential erosion along dykes (Sand Point) or 
fault or fracture systeITls (Pocologan). The troughs rangeindepthfroITlabout 
three to nearly ten feet. Since there are SOITle interITlediate striations along 
their ITlutual boundaries, striations of the trough and surrounding bedrock 
surface seeITl cOITlpatible rather than sequential. It is assuITled, therefore. 
that they were forITled conteITlporaneously and that flow of the basal part of 
the ice sheet was deflected locally by these relatively minor troughs. 

Glacial till 

Areas ITlappedas unit I arC' generally underlain b.y glacial till, but do 
include sITlall areas of bedrock. COITlposition of the till ranges froITl silty to 
sandy or gravelly, depending on the nature and proxiITlity of underlying local bed­
rock froITl which it was largely derived. For the saITle rea~>on, unweathered till 

has a range of consistency froITl cOITlpact to loose and friable. Where it lies 
directly on congloITlerate bedrock, only poor sorting and lack of stratification 
will distinguish the till froITl gravel or froIn weathered bedrock. Lee (1957) 
has noted that, in the Fredericton area (21 G/15). till is generally froInthree 
to five feet thick but that, in one section through a dru=lin, it is reported to 
be 156 feet thick. Observations over the wider area encoITlpassed by this 
report suggested that. typically, the till cover ranges froITl three to ten feet 
in till plains and attains thicknesses of as ITluch as 50 feet in ITloraines and 
probably over 100 feet in dru=lins. 
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The concentration of loose b oulders on the surface of the till 

(Fig. 6) and the variable thicknesses of loose, poorly S(l rted boulder gravel 
and sandy gravel that grades downward into cOITlpact till, a re attributed to 
soil-forITling proc <"s scs and ablation. Unlike Le e (1957, etc.) who classified 
the loos e surface debris as 'ablation till' LInd ' colluvium', the author attributes 
much mor e of this material to soil-forming processes, including the erosion 
of slopes by running watt,r. Because the author feels that the material is, in 
most cases, an erosional lag deposit, he disagrees with the usage of the term 
'colluvium' as it appears in Lee's reports and has some reservations on th e 
degree to which the term 'ablation till' may apply locally. 

There are basically two till colours; grey-brown-olive shades such 

as greyish brown to light olive brown (Munsell 2. 5Y 5/2, 2. 5Y 5/4) and darker 
shades ranging to olive greyandolivc (Muns e ll 5Y 5/2, 5Y 5/3) and, secondly, 
reddish brown shades such as dark reddish brown (Munsdl 2. 5YR 3/4) and 
reddish brown (Munsell 2. 5YR 4/4). The grey-bl'own-olive shades dominate 
th e w es tern and southwestern parts of the area that are underlain by slates, 
s chists, and argillites of dark grey to dark green colour, and the reddish 

brown shades are common in the central and northeastern pa rts underlain by 
sedimentary rocks of predominantly dark red colour . Variants on these 
colours are produced locally by the addition of grey, pink or salmon pink of 

Figure 4. Crescentic gouge at Cl, ntre of photo (above c oin) shows, by the con­
choidal fracture of its-- floor, that a chip has b ee n r e mo v ed from 

otherwise glacially polished volcanic rock. Thr gouge is terminated 
by a vertical crescentic fracturp whi c h is concave upstream glaci­
ally. Tension cracks ofthp opposite ori e ntation, i. e. concave down­
stream, are shown both above and below the featured percussion 
form. Flow towards the top of the picture is confirmed by nearby 

c rag - and-tail features (Sand Point, east bank of St. Croix River; 
same: outcropas Fig. 3). GSC Photo 159368 
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Figure 6. Typical sandy till wi.th surface COl1 ce ntr a l·ion o f boulders ingranitic 
ten·ain, vicinity of 'Viu\dam. Sudac c dist1.ll"bed by r oad- building. 
Deposit of till approxirnately 10 feet thi c k at thi s pla ce . 
GS C Photo 1')9369 

Figure 7. Glaciated bedrock w ith thin veneer of glacial debris; map - unit 2/R. 
Till thickness I -I. 5 feet. GSC Photo 1 593 70 



I 0 -

tlw granites and by the addit ion locally of dark to light grey and light olive 
grey o f some facies of the sandstone and c ong loITlerat e rock Wlits. Presence 
of coal seaITlS in some of the ro ck units in the extreme northeast part of the 
area and of g"aphitic schi s ts and s lates in the southwest is reflected by local 
dOl. r];:ening of th e till rolours. 

S treamlin e fcatures of till and/or bedrock: Ic e -moulded streamline features 
on till and/or bed"ock are lTIost CClmmon in the western third of the area and 
most of them are primarily composed of till. Drumlins and crag-and-tail 
are two common features o f that area, both of which dem onstrate by their 
shape that the fl ow of glaciers ac ross the a rea was frolTI northwest to south­
east. On the g e ological map th ey are shown by means of symb o ls. In the 
same belt of streamline features one finds rock drumlins (Flint. 1957. p.68). 
rock-cored drumlins and roch es moutonnees. With the ITlajority of drumlinoid 
hills. where bed"ock is not exposed. it seems possible to equate height of 
the hill with thickness of till. but it is not always possible to judge whether 
or nut the feature is rock- cored. 

Till is present in lTIinor amounts in ridges included in map-unit2, 
but is not distinguished on the ITlap from associated gravel and sand. 

G ra vel- till complex 

Classification of a "cas uncler map - unit 2 is based on both materials 
and landforn1 s . Included are thick accumulations of ic e -gen era ted sediment. 
b oth glacial and glaciofluvial. commonly found in the form of mounds and 
elongate ridges (moraines). 'vloraine rid ges rerogniz e d on the ground and 

on air photographs have been designated by lin e s labelled 'M'. These ice­
ma" ginal or ice-contact sediITlents are dominated by gravel and sand. but 
include till com monly buried within the bouldery gravel matrix of a ITlinor 
moraine. although a few moraine ridges are basicalJy till. Seve ral large 
areas are dens e ly covered by very large blocks and boulders. ·Angularblocks 

uf as lTIuch as 50 feet are known and sizes ranging up to 20 feet are COlTImon. 
Bouldf'rs of all sizes are very abundant. !l1ost particularly in. and glacially 
downstream froITl. regions underlain by coarse-grained granite rocks (Fig. 8). 

Much of the ITlaterial of map-unit 2 is arcumulated in discontinuous 
rno ra in ic ridg es ranging from a few ya rds to seve ral mile s in len gth and form 

ten tu over one hundred ff'et in h e i ght (Fig. 8). Such ridges are oriented 
more or If's S at right angles to the local dire ction of ice flow as represented 
by the orientation of drumlins and striations. Morainic ridges greater than 
fifty fp et in h .. i ght are re s tr ic t ed to the Fundy c oa stal a rca be twee n St. Geo r gP 

and Saint John. N. B.; m oraines in other parts of the area a re generally 
smallf'r. Some of the large coastal moraines have been modified by wave 
action resulting in deposition of marine gravel o n their crests and in the 
development of marine spits. bars. and other marinp shore features along 
their flanks. Such modified featur es are designated on the map by 6/2. 

Closely spaced mi.nor moraines commo nly occupy broad flat 
depressions and are sin.ilar t o minur moraines of the 'DeGef'r'. 'annual'. 
'washboard' (P rest. 1968). or 'Rogen' (Lundquist. 19(9) type. They are 
interpreted as accumulations of glacial debris at or ncar th e active ice mar­
gin. Because they have a faidy l·egular. lohate distribution act·oss the area, 

they are believed to indicate the retreat of the ice margin. 
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/llso included in map-unit 2 are large a"eas of ice-contact strati­
fied c1"ift in i negula r. hummocky or knob-and kettle topography. These 

deposits. produced at the i ce margin during rapid melting. are most abundant 
in the bPlt extending along th e north side of a range of granitic hills in the 
area south of McDougall Lake, between Mosquito Lake and the village of 
Elmsville on Digdeguash River. Deposits of this type, extending northward 
;llong Magaguadavic valley, have been modified by superposition of younger 
outwash gravel and sand that have partly buried the ice-contact deposits. 

These and oth e r a " eas of simila r compo"ition a re designated 4/2 on the map. 
Morainic "idges are not common, or the connections of one to the other are 
obscured by the blanket of ovedying sediment and by related outwash channels. 
so that ice-m.arginal positions cannot be traced readily in this central area 
of concentrated ice-marginal deposition. No data are available on the thick­
ness or granulometry of thes e deposits although they would appear. nonethe­
less. to be significant commerc ial sources of sand and gravel. Their distri­

bution across the map-area emphasizes thelobate characteroftheicemargin, 

Figur e 8. MO"a inic ridge of boulders. gt·avel. some till in vicinity of Big 
Kedron Lake. Top of ridge in background is about fifteen feet 
above road level from which photo was taken. La rge boulder at 
l ef t side of roadway is approximately 6 feet in diameter. Although 
this relatively small feature does not show well on a surface photo­

graph it is easily recognized as a distinct moraini c ridge on air 
photographs where the concentration of g,'ey to white gra nite 
boulders shows up as a white arcuate line. esc Photo 159373 
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Eskcr cmnplex 

eha racl e risti c sedi mcnt is va riously surtE,d, angula I' to subrouncled 
sand and gravel, with silt and bouldcl's (Fig. 9, 10), It is intcrpnctec1 as 
icc-contact sediment on the b:lsis of form, range and variability of sedimen , 
tary structuI'e, and association with masses of ice-contact drift in typical 
hUlnmocky or knob-and-kettle topography, rhe latter are minor feaLl.lI'cs. 
not distinguished on the; map, that occur in several places such as McDouga1l 
Lake area, Pokiok Rivel'-:Vlud Lake area and Mazerall Settlement area. 
Sinuous, sharp-crested I'idges arc characteristic. The e sker ridges l'ang e 
in height from about 5 fee t to neady 250 feet, the most prominent being that 
portion of an esker systenl extending south from McDougall Lake . Eskel's 
of the area are Inore or less continuous over distances of up to ten or nlore 
miles. Sonle portions of eskers near First Eel La:(c (nol,t:hwest COl'ner of 
the Hlap-al' ea), Dead BI·ook. v lud Lake, and Rusa ,~onis River exc ee d 1 00 feet 
in height. 

Eskers occur Dlainly wC'st of On)mocto River and Lqll'cau Riv e r; 
farthel' east, glacial drainagC' seems to have occurred in outwash c han­
nels along th e deep valleys of the Ol'omo c to, 1,J e repisandSaintJohn river s 
and of Back Creek. The western pad of the area is char'acterizcd by a di,;­
continuous system of icc-controlled drainages r e pI'escnted by e skers which, 
fUlm th e dips of stJ'ata in relatively few exposures and from the regional net­
work pattern of the eskers, appear to have carried water southward across 
the easterly trending Saint John valley, B e twe e n the Saint John River and the 
Bay of Fundy, eskers trend south easterly parallel to the regional trend of 
glacial flow . It is possible that the e ntire system was active at One time but, 
the segn,ented nature of the system, the association with apparently succesive 
major outwashes on the coast and along pI'incipal vaJl"ys, and the fact that 
e sk e r ridge s an' found orient e d more or kss al right angh's to nluraine and minor 

moraine systems, where th,' relationship may b,' s('en, all suggc'st that the 
abandonment of esker segments was sequential and controlled by topography 
and thus emphasizes the lobate configul'ation of the icc margin at differ e nt 

times. Some major eskers appal'ently wer<.; at some time continuous across 
major transcun'ent valleys such as the Saint John; sDlalle)' eskers parallel to 
such valleys, and apparently yuunger than the major esk e r s , r epresent the 
transition from glacial to nonglacial drainage cluring the last local phas e of 
ice-controlled glacial drainage. The esker network of southwest New 
Brunswick is continuous with that of adjacent a)'eas of Maine. A few repr e ­
sentative eskers across the International Boundary south and west of St. 
Stephen are redrawn from the maps of Leavitt and Perkins (1'135) to show 
parallelism and similarity of discontinuities common to esker s in the two 
areas. 

One esker in the vicinity of Oak Bay has been mod ified by marine 
submergence and has been pa rtially buried by shore and nea r - shore sedi 
ments; it is designated 6/3 on the geological n13p. 

Eskers contain large volumes of fluvial gravrl and sand and, as 

such, have great potential for commercial exploitation as souI'ces of granular 
nlaterials. \Neathering to depths of 10 feet or more of carbonate-bearing 
rocks producing pebbles that are 'shadows' composed of insoluble residues, 
and th e pre sence u[ large amuunts of schi:;t and slate in certain d e posits in 

the southwestern part of the area, appear, from local experience, to be 
limited in their use for specialized purpose's such as road surfacing and 
concrete aggregate materials. 
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Figure 9. Four-foot granite porphyry .boulder enclosed in silty sand. fine 
sand, and gravel of Otter Brook Eskers. GSC Photo 159371 

Figure 10. Boulder, approximately 12 feet in diameter, in esker, vicinity of 
Graham Corner. Podzol profile etched on boulder marks position 
of side slope of esker before removal of gravel. GSC Photo 159366 
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Out.wash plain. fan and c hannel deposits 

By far the larg est amoun t o f g laciofluvial s e dime nt o f m a p-uni t -+ 
is includrd in rhannel and river terr ace deposits in valley s . The la r g es t of 
these outwash channel deposits are in the vallrys of the Digdeguash. 
Magaguadavic (particularly near Brockway), Ot'omocto(vicinitvof F redericton 
Junction), and Saint John rivers. In the first tw o , esker se gn"lents alt e l'lla te 
with glaciofluvial channels in which outwash is well develop ed. In Lh e Saint 
John'valley, masses of outwash are associated with moraines and (thel' ice ­
marginal features at Wplsford, Upper Bampstead, Gagetown and Fredericton. 
The Little, Kpswick, and Nackawic rivers and Nashwaaksis stream are 
southward-flowing tributaries of the Saint J ohn River. Each of them , as 
.glacial streams, carried coars e outwa sh to that sertionofthevalleynp s tream 
from Marysville and Fredericton and produced in the Saint J nhn valley a 
more or less continuous and regular outwash unit of great depth that ha s been 
incised and redistributed by the modern Saint John River. 

Glaciofluvial sediments deposited at or at a short d i stan c e b e yond 
the glacier margin are also included in map-unit 4; they compt'ise gravel with 
clasts of all sizr;s (including boulders), cand, and lIlinor s i lt. Sot·ting of th e 

material is fair to good and granules are 1l1OStly subangulat· to subl'ound ed 
with roundness and abundance of resistant particl e s increa s i ng rapidly with 
distancE' from source, Fans and df>lt;o, -like d ep o s i ts a re p ro n linent in the 
coastal area and constitute sand and grilvel d e posits up to 150 feL't thick a t 
Maxwell (north of St. Stephen), at and northeast o f Bethel(between Digdeguash 
and St. George on Highway 1), at Pennfield Ridg e and U topia <rolre, ancl in 
the vicinity of Pocologan and New R iver Stations. Seve ral of th e gravel 
deposits are deeply pitted by k e ttles formed by m e lting of a s sociated masses 
of glacial ice, The northern portion of Pennfield plain, form ing the ap e x of 

a triangular mass of gravel about 1 1/2 nLiles east of Utopia ('entre, is pitted 
in a spe cta cula r fa s hion by i r regula r d epr es s ion s as lTIU c h as thi l'ty fret deep. 

SOnLe of the depressions contain lakes (Fig. 11, in pocket). 

Marine s('dinLents 

Late-glacial marine submergence of th e Fundy coastal areas o(the 
Fredericton map-area (21 G) is represented by two facies of marin e sedi­
nLents, a silty facies (map-unit 5) and a sand and gravel facies (map-unit 6). 
The sand and gravel facies sediments are interpreted as shore sediments and 
are most extensive in the raised beaches north and nurtheast of \;faces Bay 
between New River Beach and Lepr e au where vertical sections of between 
10 and 20 feet, mainly of sand, a re exposed along the highway and i n shore 
cliffs, Also included in the shore fa c ies are the products of older gla c ial 
deposits reworked by wave action during periods of immersion and during 
offlap episodes; coarse boulder grav e l and lag boulder concentrations pro­
duced in this way are variously shown on the map as follows: 6/3 - wave­
modified esker; 6/2 - wave-modified moraine and ice-contact material: 6/4 -
wave-modified outwash fan and delta deposits. Only the latter of these wave­
modified units is known to be fossiliferous, but in most places the others do 
grade laterally into off -short: facies silt and clay d e posits that a I'e abundantly 
fossiliferous, 

Silty to clayey facies of the marine sediments (map-unit 5) are 
interpreted as off -shore sediments and o c cur over a wider a rea than the 



Figure 13: 
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Fos silife.cous red silty marine clay (dark bands) int e rfin g e r with 
poorly sort('d gravel reworked from underlying glacial deposit. 
Be·ds dip south towards Bay of Fundy. Height of section approx­
imately 12 f e d. Sheldo n P o int, Saint John Harbour, N. B. 

GSC Photo 1 5 9374 

shore-facies sediments, but their total area is small. (Lacustrine sediments 
probably of glacial origin have a very limited surface distribution in the vicin­
ity of Lake Utopia and St. George and have been included in map-unit 5 in 
those areas.) The marine s illy sediments are most common in flat areas 
adjac('nt to the sea coast and at elevations commonly not more than 50 feet 
above present sea level. Thicknesses of up to 40 f e et hav e be e n obs e rv e d in 
actively eroding shorp cliffs. Silt, silty clay, and clay in thin horizontal lay­

ers uf one-half inch to several inches thick are common. In some of these 
there is colour banding with alternate dark grey to black bands; interbedding 
and interfingering relationships with sand and gravel deposits lying landward 
of the clayey deposits are exposed in a few localities. The most striking 
example of interfingering is exposed in road-cuts along sprvicc roads leading 
towards the mod e rn beach in the large gravel pits at Sheldon Point. There, 
foss iliferous clay beds pinch out shoreward over a distance of about one thou­
sand feet up the g radient of foreset beds of gravel and sand with which they 
are associated (Fi g . 13). 

Like the glacial tills of the area, th e Pleistocene and modern 
marine clays hav e two principal colours, g rey in the coastal areas west of 
Pennfield Station, and reddish brown in th e ar e as e astward at least as far as 
the harbour of Saint John. The s e dist inctiv e colours of similar sediment, 
apparently deposited simultaneously in the same marine basin, must reflect 
the provenance of the material and not differences in the marine environment 

of the Bay of Fundy. 
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The two facies of marine sedime nt are generally limited to a 

narrow zone extending no more than five or six miles north of Passamaquoddy 
and Fundy bays. Lee has r e ported the occurr e nce of fossilif e rous marinE' 
clay in the vicinity of Fredf'ricton, but no other occurr e nc es along the Saint 
JohnRivf'r are known. Althoughmarine deposits are rarely more than 100 feet 

above present sea level, shore facies sediments occur up to 240 feet above 
sra level. This maximum is based un the fact that, on the Pennfield plain, 
glac ial outwas h fan depos its at and below 240 fre t conta in few open kettle sand 
few sections in gravel pits show collapse structures bridged by hori7,ontal 

strata, indicating that depr e ssions of kettles have been fill ed during wave 
planation of the surfac e . Also, the surface of thr same d e posit above 240 fee t 
is d~eply pitted with large kettles. In some of thes e kettle s, bogs and lakes 
hold 'organic s e dimrnts; on e such lake, Little Lak e , has organ ic matte r old e r 
than the old e st known marine sedim e nts of the area and contains only e l e m ents 
of fresh-water environments. Little Lake has a present watpr surface ele­
vation of approximate ly 208 + 5 f('et 2 above s e a l evel (Fig. II), and is rimmed 
by sand deposits at least 240 feet above sea l e vel. There: are at least two 
possible int e rpretations of this information - one, that late-glacial sra leve l 
never exceeded the 240-foot mark abov e present or, two, that formation of 
kettles occurred aft e r subsidence of the sea from a l evel higher than 240 feet. 

All dat e d she·ll materials of the ar ea (s <'e Table I) lie below 

150 feet a. s.1. and only one of the' dates (GSC-886) r e presents shore facies 
sand and gravel deposits; the others arC" from off-shore clay and silt facies 
but which, because of their lamination, stratification and interfingering rela­
tionships with shore facies sediments, are considered to represent a shore­
ward, shallow-water environm e nt rather than a d e ep -water environment. 

Most of the fossil r emains obs e rve d record n e ar -shore and 
intertidal environments. Some spe ci e s, particularly gastropods, possibly 
represent depper wat!?r and may have been introduced in to the assemblage as 
floating m.atl'rial. It is suggested that dominance of seve ral spe c ies such as 
Hiatella arctica, Macoma balthica, Portlandia arctica in Pie isto c ene s e diments 

may repres e nt colder wat e r conditions than thos e of the present COdst where 
these genera, though present, are relatively l e ss common. Modern warmer 
water forms common to the Fundy coast such as oysters, scallops and sea 
urchins have not bpen observed in the fossil material. 

Ostracods id e ntified by U. S. Geological Sur vey paleontologist 

Joseph E. Hazel (pel' s. comm., June 1971), listed in Table II, he interprekd 
as suggestin g "deposition in qu ite shallow, very cold (subfrigid to frigid) 
waters of normal salinity". 

Alluvial d e posits 

Map-uni t 7 comprise s sediments that occur in te rraces flooded, 
or recently abandon e d, by modern streams. They consist of sand and silt 
with small amounts of gravel and disseminated organic matter. Areas of this 
material large enough to mao (gr('atcr than one-ouartp r milr wide) occur on 

2 
This elevation and other data on contours and devations of Pennfield Plain 
shown on Figure 11 were determined by Mrs. G. Mizerovsky and mapped 
using a Z ei ss sterotope. Her original contour lTlap, which contains much 
more detailed information than shown on Figure II, has been placed on open 
file at the Geological Survpy of Canada. 
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the lower Magaguadavic, in thE' lower parts of Oromocto and Douglas valleys 
and, most exte nsiv e ly, in the Saint John River valley. In the latter, alluvial 
terraces in the vicinity of Maug e rvillc: and Jemseg are subject to frequent 
flooding. This produces broad natural levrcs along the river bank broken at 
many places by rhannels branching towards the inner, low parts of the terraces. 
Swamps and lakes on the terrac c are being fill e d gradually by inorganic and 
organic sediment. 

Bog depos its 

Most a r ca s de s ignate d as map-un it 8 are rais ed bog s in poorly dra ined 
depressions, either in glacial deposits or in bedrock. Some are developed 
by partial or complete filling of lake basins. As no complete exposures or 
borings are available, the dimesnions of thr deposits are not known. 

The chief material on the surface of the bogs is sphagnum peat. In 
many case s thp peat grade s downwa rd through seve ral type s of or ganic detr i tus 
(including diatomit e in several small lakes in the headwaters of Little New 
Riv e r (McMullen and Wright, 1938)) into soft grey lacustrine clay. 

Tidal marsh along the Fundy coast is of limited extent, occupying 
two principal areas; Musquash Harbour at the mouth of Musquash River, and 
Lorn,-,v ille Harbour north of the village of Lorneville. It has not been shown as a 
map-unit on the geo logical map. Salt marsh mats of up to four feet thick have 
bern obs('r ved in many places along the coast. 

INTERPRETATION OF GLACIAL HISTOR Y 

Becausr no evidence of glacial and nonglacial events older than 
Wisconsin is available for this region, cvrnts related to continental glaciation 
are '-lssum('d to be of probable Wisconsin or late-Wisconsin age. 

Ic c -flow directions 

Two prin ci pal directions o f ic e flow have b e en noted in the map-area, 
that o f the western half of thr area record rd by southraste rly-trending drum­
lins and other streamlined features and by striations (s e c above), and that of 
thL' eastern part of the area r('corded primarily by southerly-trending stria­
tions. The geologi c al map shows the existenc e of a large outwash fan at 
Pennfield, th r conv e rgence of moraines into an apparent re-cntrant of the ice 
margin north of the Pennfield fan, and a major developme nt of a complex of 
eske rs, ice-contact , morainic, and outwash d e posits in Magaguadavic drain­
ag e basin between McDougall and Kedron lak es ; all thf'se are factors that may 
b e cons iderrd as supporting e vid e nce of lobation, since they all lie in the 
boundary zon" between the two principal flow pattrrns. They may rrpresent 
lobation of the ice, when its margin stood at or n ea r the north side of the Bay 
of Fundy, with two broad lobes conve rging along a' line between Fredericton 
and Pennfield. Bevelled glacial flutings (Fig. 5) on Letang Peninsula support 
the concept of a lat e -glacial ice lobe in Passamaquoddy Bay. 
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Patt e r n of R (' tn'at o f th e La s t Ic,' S h ee t 

l c(' -ma rgin positio ns r C'late cl to t h ,' wastin g of t h e last ic e shee t in 
this Inap -a n'a a re re c orded by: I ) major l'JHJ morai n e s in th e coa stal ar e as 
b e twec n SL Geo rg" and Sa int J o hn; 2) minor moraines and ic e -marginal 
draina ge sys t ems that developed in suc c ('s s ion from s o uth east to northwe st 
across th(' a rea; and 3) ori entat ion 2nd d is t ribution of es k e rs, TJw r e is 
some su ggl' stion of minor r ccess ionClI halts of t h(~ ece mar g in or p(' r haps, 
more corre c tl y , of flu c tuati o n s in the ral e of m elt ing of th e icc shee t as its 
margin mov ed nor th war d o ut of the' area, Th p H ' is no ('vidcnce to date of 
sign ificant read v ancC' o f the ice-rllargin in this part of Ne w Brunswick. 
Becaus e moraines of th e e ntir e rc gion ar e discontinuous, all ic e -margin pos­
itions showing possibl e cOl'r e l ati on of icc-m a rginal features ar e speculative. 

Sari y Phase 

Wav e -moclifi e d remnant s of wha f appear to be the oldest moraines 
pres e rv e d on l a nd ar e cx pos('d south o f Highway I at Sheldon Point and Taylor 
Peninsula in the Saint J o h n Harhou r a rea and between LOl'ne v ill e and Mu squash 

harbours. A small mas s o f morainic matcr ialatSee l y Cov e maybe a related 
fcatur\'. It i s unkown wh eth e r icc stood n o rth, south, or on bo th sides of 
thes E' rid grs during thE'ir formation. 

The moraine of Sheldon Point is m od ified by wav e a c tion and its 
s('ciiments int e rfinger with marinE' clay rontaining shells dated 13,000 t o 
13, "325 year s B . P. This date serv('s as a minimum age for th e formation uf 
the o riginal m o raini c fE'ature. 

Icc-marginal fea tures in the ar ea north of Highway I were formed 
b y icc lyin g to th E' north of the' fe atures. The sequ e nce of (:vp nts related to 
icc-margin r<' treat between Sa int John and Frpdericton is shown in a s(·ri.,s 

of se ven diagrams that constitut<- Figure 12; local names are us(' d for the 
se]ccteo phas e s of this retr eat in order to emphasize the seq.e nce of glacial 
and nonglClc' ;J.l ("'vents. 

Pennfidd Phas e 

(Fig. 12-1, se e also FIg. II) The principal feature of this phase 
o f ic(,-marg in rptrl'at is a triangular apron o f glacial outwash with its base 
Iwar Highway I betwec'!1 P e nnfi cl d Corner and P p nnfidd Station. Its apex, at 
the ra i lway c rossing on th e Old Saint John r oad about I. 5 miles e ast of Utopia 
CentrE', oc c upi c· d a re-entrant in the ic c margin that then lay ag a inst the west 
side of Letan g Riv("'r valley and ex te nded northeasterly through P e nnfield 
CornL'r to the apex of th e P e nnfi e ld outwash plain, thenre southea stward, 
possibly to the vicinity of P e nnfieId Station, when' it appears to have swung 
eastward, possibly across the north ('nd of MacesBaythrou ghLittle Lepreau 
and Suuth Musquash, wher p strong morainic features exist, and thenr e con­
nected with th e very well d e fin ed moraine oc c upied by Highway I betwee n 
Spruc C' Lak e and the Lancast e r a]"('a of Saint J ohn. 

Wes t o f Pennfi e Ld, because of the absenc e o f strong morainic feature's, 
and b('causl' of st rong E'ast e rly flow pattern shown by striations and bevellC'd 
flutings on the peninsula near MascarenC', it is assumed that the icc margin 
formC'd a bulbous lobe cC'ntr('cl on I'assamaqu ocl cly Bay, with its margin within 
this map-ar e a px tE'ncling southerly through Blacks Harbour. 
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The pr,'s (' nt L ittle Lake on [he p"nnfidcl outwash plain (Fig. I J) c o n­
tdins frcshwatel' lake' organic se d iment , the base' o f which was dated a t 
16,500 .±.370 C i 4 years B.P. (GS C -IO t,3 ). Th" lake occupies a k<'ltlc in the 
unmodifi e d g l ac ial outwash dl'posi t I yi n~ m,ore than 240 f,,!?t a. 5.1., Ih (, level 
assume' d to bl' the maximum of mal'i n . , submergenc e of this ar e a . Little Lake, 
whose rim rises a few feet above this as s umecl marine limit cuntd ins material 
of fr('shwatC'r affinity only. Little Lak,' w as a vailable for accumulati o n o f 
organic sedim('nt fr om the time of reccss io n of the icC' margin, plus time 
nec('ssal'y to melt ic(' blo cks in th., outwitsh ck p o sit and to form the k e ttl" lake 
basins tlwr (' . Perhaps o rganic sediment be gan t o acculTlUlatc as carly as 

16,500 y c'ars 13. P. Provided this is a v a li d radiocarbon date, w e may usc it 
as a minimum a ge fo" th (' presence of g l ac ial icc at P('nnf ield an(1 fo r the for­

mation of ['he P e nnfield outwash plain. The age of marine submer ge n c e and 
its possible signifi c ance is discussed in a s e parate s., ('tion that follnws. 

Utopia Phase 

(Fig. 1 Z -2) F o ll o wing tlw formation o[ P c nnfidc1 plain, the icC' mar­

gin rdreate d a short distanc(> to the v i"inity of St. G.'org,' wher e it built a 
major morain e through the site of the town uf St. George, produ c ec] the bar­
ri('1' across lh " sou('h t'nd o f Lak e Utopia d nd oc cupi('d a northeaste rly orien­
tation through Utopia Centre . The rr -cntrant e stablished at th(' Prnnfie ld 
stage' persisted and th e e astern lobp lay with its m argin onhigh ground betwee n 
P ocologan River and Utopia Centre, and pre s umably swung eastward paralle l 
to th e Old Saint John r o ad throu/!h Pocologan and ~ew Riv('r stations to 
L epreau; cast uf L C'jJrC'au th e ice margin may hav e l ain along the present 

Hi/!hway j f r o m L" preau to Saint John. A pitted o utwash apron fo rme d at 
Utopia Centr e with flow east and southe a s t towards an arcuate m e ltwate r chan­
nel that flowed s outh, thpn west to the L c>tang Valley, which was at this time 

free of ic e . New Riv e r Beach ar('a, also pr o bably ic e -fr e e at this time, may 
have begun to r e c('iv( ' outwash sediment. 

T e rmination o f the moraincs just w('st of St. George and th e p e rsis­
t e nt l'videnc,~ of easterly fl o w on the peninsula ne ar Mascarene, plus evid e nc e 
o f s outherly flow of meltwate r across the peninsul a b e tween Mascarene and 
Letang indicate that an ic e lobe also p l' rsisted in Passamaquoddy Bay at this 

time. 

Recession from Lake Utopia to Se c onc1 Falls 

During the- time required for the ic e mar g in to retrl'at from the south 
end of Lake Utopia to th e v i c inity of Second Falls on the Magaguadavic Rive r, 
it was transferred from the north coast of Hay of Fundy to the north side of 
the St. Georgi' granite batholith compl e x and thus lay north of th e- first of the 
regional barrie rs t o southward flow. 

In the Passamaquoddy Bay area, it is assumed that a broad lobe 
shrank from a positi o n se a w ard of DeCI' Island t o a narrow lobe confin e d to 
the estuary of St. Croix River as probably define d by ice- c ontact deposits o n 
the west side of Oak Bay n e ar Benson Corner, possibly similar deposits along 
the same west shorf' betwe en R e d Beach and Robbinston, Maine, and kame 
te rra c e deposits at Sand Point o n the east siele of the rive r, in th(' vicinity of 
Lower Bayside. Superposition of fossilife r ous marine off-shore s e dime nts 
onkame deposits at B e nson Corner and Sand P u int attest to the Passamaquoddy 
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Bayar e a b e ing open to the sea, and ther e for e fr e e of ice, by 12,300 ,>,cars B. P. 
(GSC-886, GSC-795, Table I). 

Recessional moraines in Lake Utopia basin indicate that a narrow 
lobe retreated northward, opening up drainage into the c ast side of Lake 
Utopia and consequently diverting drainage from the Utopia-Letang outwash 
channel into a system now occupied by Messene tt Stream. Thus, drainage 
from the r e -entrant zone that previously suppli e d sediment to both Pennfidd 
and Utopia outwash plains now flowed into the e ast side of Lake Utopia. For 
a time water ponded in the southe rn half of the Lake Utopia basin flowe d 
through a channel that crosses Highw ay l about 2 miles west of St. George , 
but this was abandone d when the present course of Magaguadavic River was 
established thr ough the gorge at St. George. 

During this time a major change also took plac e in the glacial drain­
age system now represented by the system of eskers extending from the north 
side of McDougall Lake, through Sparks Lake and probably extending, at one 
time, as far south as the small esk e r segme nt 1.5 miles west of Utopia 
Centr e that terminates in a small lak e calle d Jerry Pond. This latter esker 
s egment carried meltwater to Pennficld plain. As the icc margin retreated, 
drainage in this area was split, with a minor part div e rte d into Lake Utopia 
(see above), and the major part bping carried by eskers through Sparks and 
Clear Lake s to the headwaters of Pocologan Riv e r. As ice thinned over the 
higher hills n ear Red Rock Lake, eskr'rs were r e pla ce d by an outwash chan­
nel sy s t e m in the headwater area of the Pocologan; at the same time New 
Rive r, Lepreau and Musquash channels opene d and flow e d southward carr y ing 
glacial outwash. 

Bethel-Pocolo gan Phase 

(Fig. 12-3) Ultimately, with the i c(~ ma rg in north of the New 
Brunswic k Highland (the range of hills d01TIinat e d by the St . G e orge granite 
batho l i th), the large eske r system ove r th e ran ge c e ased to function and a 
n ew one forme.d parallel to the north sid e of th e range along the Mc Dougall 
:Lake road, about 3 mile s south of McDou gall L ake . At this time the ice 
margin is thought to have had a narrow lob" in the Oak Bay-St. C r oix valley 
area (s e e abo ve ), to have continued along the no r th side o f hills between 
Waweig and the south end of Lake Digcleguash, through S ec ond F;,lls, and 
then e aste rly through Mosquito L ake , the south e n d o f Lo c h Al va to the south 
shore of Kennebecasis Bay at the northern outskir t s of the city of Saint John. 

Outwash from this position of the ic e w e nt mainly into the St. Croix, 
Digdeguash, Magaguadavic, Ne w and L e pre au rive r valle ys. Large iTIaSSeS 
of sand and gravel accumulated on the s outh side of the be drock barrier at 
such places as Bethel plain and thv ar e a e ast of Pennfield Station including 
Pocologan Station, New River Station and New Rive r Be ach. It is possible 
that the de posits of thC' latter area were laid in the sea, for fossilife rous red 
clays similar to the rf'gional marine clays are exposed b e neath s ands of 
Pocologan and New River valleys. 

During this same time it would appear that parts of the Saint John 
River valley above Saint John became ice-fre e . Masses of ice-contact gravel 
n e ar Epworth Park and near the ferry landing at Hardings Point possibly out­
line an ice lobe in that area. 
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McDougall Lake Phase 

(Fig. 12-4) It is inadequate to usc a single line to illustrate the so­
called McDougall Lake Phase of ice-margin r e c e ssion, for it was a time dur­
ing which the icc-margin recession was rapid, a v e ry large number of small 
recessional moraines w as produced in a broad belt centrE'd on McDougall 
Lake and large volumes o [ outwash werL' produced that accumulated mainly in 
that area. Morainl's in the vicinity of that lake were partially or completely 
buried by outwash so that it is truly impossible to trace any particular ice­
marginal position with any degr e e of accuracy. 

The diagram also shows a significant change in ice-marginal drain­
age. Up to this time all drainage from the ice margin had been southward, 
more or less directly t o the Bay of Fundy using the glacial equivalents of the 
major modern streams and some additional outwash channels. When ice 
retreated to the vicinity of Westfield, the first significant eastward drainage 
towards Saint John valley o ccurred. This was along a lin e ar channel pxtend­
ing southeastward from Qu e ens Lake, as shown in Figur e 12-4. 

As the ice margin retr e at e d through the McDougall Lake area, cor­
responding retr e at in the Saint John vallC'y caus e d additional drainage to open 
up towards Ncr('pis River valley and then 1-0 Douglas River valley. Short-
lived southward gla c ial drainage across high ground at the south end of Camp 
Cagetown pr o ducecl outwash accumulat"d and distribute d in the Long Reach 
section of the Saint John valley. Subsequently, as the ic c r e tre ated north­
ward, ice-contact features w e re produced at Upper Cr ee nwich, Evandale, 
Hampstead, and Central Hampstead; these formed the central masses of 
gravel d e posits late r r e distribute d by the Saint John River. Farther west, 
the Nerepis Rive r [or a time became a major outwash channel and Douglas 
valley, between Welsfo rd and Wirral, became th e principal glacial outwash 
channel for much of th e e astern half of the area. This was so particularly 
when the ic e margin cl e ar e d the south end of South Oromocto Lake and wat"r 
previously route d down th e e sker system to the headwaters of New and Lepreau 
Rivers was divertl,d into major ice-marginal channels flowing northeastward 
into thE' Douglas kiv('r system ncar Wirral. Simultaneously, Patterson Brook 
carried significant amounts of meltwater from th e northe ast. Th" ice margin 
c auld not have be en fa r awa y, for the Wi r ral a rea chann e Is ente r the valle y VE' ry 

near the present height of land betwe e n the northward-flowing Back Rivcr 
and the south-flowing Douglas River. 

Retreat of thC' ice margin in western parts ofthearea is represented 
by apparent alternations bctwcl' l1 development of outwash and of esker systems 
as the margin retreated northwe stward up the valleys. Accumulations of 
m o rainic material in areas flanking thE' valleys appear to corre spond with the 
esk e r segments and the till plains with the segments dominated by outwash. 
Digdeguash and Magaguadavic valleys give the best examples. 

Shin Creek Phase 

(Fig. 12-5) There seems to have been a fairly significant halt of the 
i ce margin halfway betwe e n the Bay of Fundy and th e Fr e dcricton-Meductic 
se c tion of Saint John River. Although no continuous major morainC' was pro­
duced, s('veral well-developed features would se('m, on the basis of physical 
similarity alone, to have some kind of regional relationship. These are, 
firstly, eskers west and east of Canoose Lake , near Rolling Darn station on 
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the Digdeguash River, along Otter llrook (r;ast of Oromodo Lake); secondly, 
morainic devdopments near Tryon Settlf'ment, in the vicinity of the Kedron 
Lakes, n e ar Hoyt Station in the Back Stream valley, and in the c entral part of 
Camp Gagetown, particularly in the vicinity of Upper Hampste ad and Otnabog 
Lake and, thirdly, significant icc-marginal drainage s alon g Otnabog River, 
Mersereau Stream and, most particularly, in the major channel that extf'nds 
from Peltoma Lake, along Shin Creek to the vicinity of Hoyt Station. 

Ice masses in areas west of Oromocto Lake drained via the major 
well-developed river system (e. g. St. Croix, Digdeguash, and Magaguadavic)~ 
but those east of Oromocto Lake drained mainly to the Back Stream valley in 
the area between Wirral and Hoyt Station. Large volumes of ponded sediment 
occur there, and apparently drainage of this large glacial reservoir was south­
ward via Douglas River. 

There followed another period of ice -margin recession during which 
masses of ice-contact and outwash gravel and sand were deposited in the Saint 
John valley between Upper Hampstead and Upper Gagetown. Simultaneously 
the ice retreated from Hoyt Station to the vicinity of Fredericton Junction, 
thus expanding the glaciolacustrine basin in that area and opening the east­
flowing section of Oromocto River to glacial meltwater. 

Oromocto-Gagetown Phase: 

(Fig. 12-6) Moraines built in the northern part of Camp Gagetown 
between Babbit and Farnham Settlement, features near Waasis, Rusagonis 
and Beaver Dam, lobate moraines around Oromocto Lake and massive boulder 
moraines in the vicinity of McAdam are associated here in an ice-marginal 
position of some importance. Significant outwashe s developed at this time in 
the Upper Brockway sector of Magaguadavic River, in the Upper Gagetown 
section of Saint John valley and the above-mentioned extension of ponded sed­
iment deposits took place into the Fredericton Junction area (the lower 
Oromocto valley remaining blocked and regional drainage still flowing south­
ward via Back and Douglas valleys). 

The next episode of ice -margin recession saw the opening of the 
easterly-flowing section of Saint John River between Upper Gagetown and 
Fredericton with the consequence that lower Oromocto River developed as a 
tributary of the Saint John, drainage was reversed in the former outwash 
channel, and Back River flowed northward, becoming separated form the 
Douglas River system by the low morainic ridge that now fortuitously provides a 
drainage divide between these two rivers. With this fundamental change of 
drainage, the modern drainage system for the Maritime Plain sector of the 
map-area, with minor exceptions, came into being for the first time. 

Ice lying west of Fredericton at the Oromocto-Gagetown phase fed 
large esker systems draining into the large lakes of that region (e. g. Spednik, 
McAdam, Magaguadavic, Cranberry) and meltwater thence flowed southward 
via established south-flowing outwash systems (primarily St. Croix, 
Digdegaush, Magaguadavic). 

Canterbury -Marysville Phase 

(Fig. 12-7) At this stage, drainage of the northwest corner of thE' 
map-area was confined to southward glacial channels and the ice margin lay 
in a position between Fosterville and Canterbury, extending through Allandale 
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towards Prince William and Kin g sde ar. In th e v ic inity o f the latte r tw o 
plac e s the ice m ay ha ve defined a l o b e basically in the Saint J o hn vall e y with 
r e late d (' 5kers now fl o wing parallel Lo th e va ll e y. Up to this p o int, draina ge 
had traversed the Saint John valley drvelopinj.; e sk e r systems like that ext e nd­
ing from the vicinity o f Allandale (south of Pokiok) through Mud L ake to 
Prince William Station. Another major (' sk e r, which formerl y flow e d south­
ward between Shogom o c and Kilburn lak e s, at the Canterbury phase took a 
topographi cally c untrolled orientation parallel to the modern Dead Brook. 
The pa rall e lism o f t h is e sk e l' and e s kc l' s e gm e nts in the- Sa i nt J o hn valley su gge s t 

that ic e now r e maining occupied a l obe in the Saint John-St. C roix valley with fl ow 
from nurthwest tow ar d s s outheast and e ast. A fairly stron g moraine east of 
Mar y s v ille with a n a ssoc iate d wes t-flow in g i c t· -marginal draina ge c hannel is 
probably of r e late d age , b ut may repre sent a separate lobe in th e Nashwaak 
vall e y. Larg e d e posits of glaciofluvial sand at the mouths o f Krswick, 
Nashwaak and Na ckawick rivers may b e frnm an interlobate zon e . 

Northward and eastward draina ge of the Eel River drainage basin in 
the northwest c orner o f th e map-are a deve loped only aft e r co mplete removal 
of icC' fr o m th at part of the map-ar e a, and the dC'vclopm e nt of a gorge in the 
P okiok River r e pr e s e nts thr reversal of drainage that occurred at th C' cessa­
tion of the glacie r- e sker relationship in th e Littlp Pokiok vall e y a f e w miles 
e ast of Allandale. 

The bulk o f sand and gravel in t e rraces and flood plains of the Saint 
John River, parti c ularly in that area betwe c' n Mactaquac and E vandalL", is 
considrred to b e basically glacial outwash produced at the ic e margin, or 
carried to th e Saint John by glacial m e ltwater tributaries. It has b e en modi­
fipd by fluvial action of the Saint John River in its various stage s of deve lop­
m e nt that were controlle d by changes of base le v el due to postglacial eustatic 
and isostatic change. 

Problems of Chronolo gy and Correlation 

Ice mar g ins (Fig. 12) have b ee n drawn across thc- Saint John vall('y 
more or l e ss a t right angles to lie against the south flanks of such major 
d e pressions as Kenne b e casis Bay, Long Reach, Washademoak Lake and 
Grand Lake. The w o rk of Melvin (1966) in the area immediately ad jacent to 
the east and covering a smaller area around Ben Lomond, east of Saint John, 
suggests a complicatC'd 10batC' form of th e ice margin that is relab· d to the 
w e ll-develope d r e gional bC'drock stru c ture. It may bC', then, rather than as 
shown in Figure 12, that sparse ic e -marginal features of ar e as east of Saint 
John valley may indeed be related t o a more complex patte rn ()f recession of 
small ice lobes originating from different (northeastern) sources, Nonethe­
lC'ss the sequence of development of glacial and postglacial drainage appears 
to have been more or less as stated for th e areas west of Saint John Rivc-r 
and a modification of the concept of deglaciation of structural basins north 
and east o f Saint John can have little effect on the pattern described for most 
of the map-area. 

Another problem is that of an apparent discrepancy b e twe e n the 
chronology of de glaciation and that of marine submergence. Earlie r work 
(e. g o Borns, 1967) sugge sts that ic e -margin retreat and maximum marine 
submergence of the ar e a w e re sirnultaneous 13,000 ypars B. P. Shell dat e s 
on marine sediments of the Fr e dericton map-area (Table I) are c ompatibl e 
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with this conc e pt. The interpretation by LC'e (Walton, Trautman and Friend, 
1961) of the Sheldon Point locality was that sea and ice wer e c onte mporaneous 
13,325 .± 500 ye-ars B. P. (I(GSC)-7) in a glacio-marine association. New 
exposures show gravels intprfingering with marine sediments now pxposed on 
both north and south sides of a central ridge and dipping both north and south 
away from a central core mass that is glacial end moraine (Fig. 14). The-re­
fore, a moraine C'xisted and was modified by the sea but, in thC' writ e r's 
opinion, the- building of the moraine and the wave modifi c ation Wf>r e not n e c­
essarily contf'mporaneous. The differf>nce bf>twe-en this and L e e's inte rpre­
tation lies in the identification of the interfingering grave l unit. L ee calls 
the sediment glaciofluvial or glacio-marine whereas the pr e s ent writ e r s e es 

it as reworkC'd glacial, hence marine. 
It has been suggested above that a major moraine lying north of 

She ldon Point is associated with moraines and glacial outwash at P e nnfi e ld 
(Fig. 12-1) - the so-called Pennfield phase of deglaciation. The age of 
formation of these glacial features is given a minimum age of 16,500 C14 y e ars 
B. P. by association with dated freshwater organic mate rial of Little Lak e . 
The Sheldon Point moraine may be somf>what older than that of P e nnfi e ld. In 
b o th plac e s, however, marine shell material taken from d e posits at or near 
th e pr e s e nt surface is of the order of 13,000 B. P. (Table I). If the two s e ts 
of dates (kettle lake and shell) are valid, then there is an apparent discrepancy 
o f more than 3,000 years between the ages of glacial and marin" e ve nts that 
is unexplained. 

Figure 14: Glacial till and ice-contact gravel at centre of photo is a remnant 
of e nd mor':;Jle 0v"rlain by gravels dipping north (left) and south; 
section shown in Figure 13 is on same exposure about 200 yards 
south of this locality. Height of section approximately 18 feet. 
Sheldon Point, Saint John Harbour, N. B. GSC Photo 201731-A 
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Let us consider the possibility that materials dated from the base of 
Little Lake core ar e anomalously old b e cause of cuntamination. Graphite and 
coal are known in the map-area, but occur at distanc<"s of 25 to 40 miles 
northwest and northeast of the sample site and ar e ther<,,[ore not s e riously 
considered potential contaminants. The dated material at the base of Little 
Lake cor e contained free carbonates, but this was removed by pre-tre atment 
leaching. As a furth e r check on this aspec t, noncalcar e ous material 10 cm 
above the bas e of the sec tion was date d. It gave a radiocar bon a ge of 
14,300.± 270 years B. P. (GSC-I272). This date would tend to corroborate 
the older date from the base of the cor e and is, inrcidentally, older than shells 
dated from adjacent parts of the Fundy and Maine coasts. Therefor e , it 
seems reasonable to accept as a working hyputhesis that the Fundy coast may 
have become ice-free at least 16,500 years before present. 

The abse'nc e from this area of evidence of glacio-marine conditions 
at or near the' coastal moraines makes it p:Jssible to speculate that the area 
may have been ice-free for a period of over 3,000 years (i. e. ca. 16,500 to 
ca. 13,500 B. P. ) beforp marine submerge'nce to the' local maximum leve l of 
approximately 240 feet a. s.l. Marine submergence then may have tak<en 
place as a r e latively slow on-lap that reached its maximum only 13,500 years 
B. P. This concept seems all the more plausible if it is considered that sea­
weed colkcted by Grant (1971) from marine clay at Gilbert Cove on the south 
side of the Bay of Fundy, has be e n dat e d at 14,100 .± 200 years B. P. 
(GSC-1259). 

If th e P e nnfield area was d e glaciated at 16,500 or more years before 
present, it is probable that eustatic sea level was well below pr esent levels 
~, for example, M'6rner, 1971, Fig. I, p. 133). The great unkown is the 
state of isostatic change at the same point in time. Accordingly, the present 
Bay of Fundy mayor may not have been occupied by the sea as early as 
16,500 R. P. This is a problem that must be investigated by examination, 
where possible, of the bas e of the marine sequence with a view to discovering 
the age of earliest marine occupation and also by examination of mate rial 
underneath the marine seque nce, possibly by off-shore drilling, to inv<"stigate 
the pos sible existence of nonglac ial mate rial in an age range betwe en 14, 000 
and 16,500 years or a little more. 
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