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ABSTRACT 

The inner continental shelf off Nova Scotia can be subdivided into 5 coast-parallel terrain 

zones which record glaciation, and sea level rise and fall during the Late-glacial period. 

At the last glacial maximum an ice mass centred in the Gulf of St. Lawrence extended to 

the shelf edge (Ice Flow Phase 2). During an initial deglaciation phase (ca. 17-15 ka) ice 

was drawn out of the Gulf of Maine, isolating an ice mass over Nova Scotia which later 

became an active centre of outflow (Scotian Ice Divide-Ice Flow Phase 3). The Scotian 

Shelf End Moraine Complex (SSEMC) lies at the seaward margin of the inner shelf. The 

surface SSEMC till is correlated with an autochthonous, stony till on land formed under 

the Scotian Ice Divide. The SSEMC formed at the ramp margin of a buoyant ice sheet. 

Tl:*; Phase 3 ice margin was stabilized by isostatic recovery from Phase 2 ice loads. 

Landward of the end moraines is a series of linear depositional basins termed the Basin 

Zone which contain a complete sedimentary record of events after the deposition of the 

SSEMC. The lowest depositional sequences (Sequences 1 +2; Emerald Silt facies A) in 

these basins are interpreted to be ice proximal sediment, deposited by overflow and 

interflow meltwater plumes emanating from a retreating ice margin. Periodic stillstands 

of this ice mass are marked by small, incipient moraines within the Basin Zone. DeGeer 

moraines are found over a wide area (Morainal Zone) landward of the Basin Zone. Two 

morphological varieties were defined; symmetrical and asymmetrical moraines. These 

formed underneath and at the edge of a rapidly advancing local ice cap centred in northern 

Nova Scotia (Ice Flow Phase 4; ca 13 ka). From 13-12 ka sea-level dropped rapidly, due 

to general isostatic recovery. Ice receded out of marine areas depositing ice distal glacial 

marine Sequences 3 and 4 (Emerald Silt facies B), in the Basin Zone. A lowstand 
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shoreline (ca 116 ka) at -65 m is marked by the landward transition from morainal 

topography to a shoreface ramp, terrace and wave-cut platform. Increased storminess, sea 

ice and icebergs during the Younger Dryas climatic cooling (ca 11-10.0 ka), produced 

Sequence 5 in the Basin Zone. 
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CHAPTER 1: INTRODUCTION 

"The subtlety of nature is greater many times over than the subtlety of argument" 

Sir Francis Bacon 

The Atlantic Coast of Nova Scotia is a boundary between two vastly different 

environments; land and sea. During the Quaternary, ocean, land and ice battled for 

territory. The present coastline is a transient feature, recording the continuing advance of 

the ocean onto the land before the next major glacial cycle. 

Scientists who study the Quaternary in the marine and terrestrial environments have 

differing goals and methods. The purpose of this thesis is to establish a correlation 

between Quaternary landforms and sedimentary units on the Atlantic Coast of Nova Scotia 

and "bridge the gap" between the land and sea disciplines. The ultimate goal is to develop 

a glaciation/sea-level model for Nova Scotia and the inner continental shelf that is 

consistent with both the marine and terrestrial records. 

Paleoclimatic research over the last two decades has been focussed on atmosphere, ocean 

and cryosphere interactions (Crowley and North, 1991). Linking the deep ocean 

Quaternary records with land glacial records is not an easy task. The land stratigraphic 

record consists of deposiL rom relatively recent glacial advances and retreats. In Atlantic 

Canada, pre-Illinoian strata have not been identified, except for the problematic 

"Bridgewater Conglomerate" (Grant, 1989). In fact, Tertiary sediments are not known 

on land and the youngest pre-Quaternary unconsolidated strata are Cretaceous in age 

(Fowler and Stea, 1979). 

1 
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Erosion, sporadic deposition and exposure, and lack of suitable dating methods make the 

history of pre-Wisconsinan glaciations less resoluble (Clark et al., 1993). 

Deep ocean sediment faunal and isotopic records provide a continuous Quaternary climatic 

evolution but only give indirect clues to ice sheet activity, and the precision is limited by 

bioturbation, slow sedimentation rates and oceanic mixing (Kennett, 1982). The resolution 

of any glaciation/sea-level model is also limited by the "inertia" of the ice masses 

themselves. Small mountain glaciers are extremely sensitive and respond to changes in 

global climate in time spans of 102 years. Larger ice masses such as the Greenland Ice 

Sheet are sluggish, with response times in the order of 104 to 105 years (Sugden and John, 

1976). Late Quaternary ice caps in the Maritime provinces were intermediate in size 

between these two extremes (Prest and Grant, 1969). 

Cooke (1972) attempted a global correlation of onshore and offshore glacial events for the 

last 2 million years by matching major glacial and interglacial periods in diverse land and 

sea paleoclimatic records. More recently, Clarke et at. (1993) attempted to match the 

terrestrial record of glacial advances in North America with the oceanic record for the last 

100,000 years. Such correlations are flawed because they rely on age assumptions rather 

than direct lithostratigraphic correlation. Radiocarbon dating provides an accurate 

chronology for deposits younger than 30,000 years BP. A lack of suitable methods beyond 

that range hinders temporal correlation (Clark et al., 1993). The chronology of oceanic 

records has been refined based on the assumed causal relationship between Milankovitch 

cycles and climatic proxies in deep ocean cores (Hays et al, 1976). This orbitally "tuned" 

chronology is currently in widespread use (SPECMAP; Imbrie et al, 1984). Recent 

dating of the Devils Hole speleothems has provided an accurate terrestrial chronology that 
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is in conflict with the SPECMAP chronology (Winograd, 1992; Broecker, 1992). The 

application of a direct correlation of land and sea glacial deposits will help to explain 

discrepancies in land and sea glacial chronologies and refine the role of internal feedback 

mechanisms forcing glacial-interglacial climatic cycles. 

The continental shelf of Nova Scotia is an interface between the deep ocean and the land. 

Glaciers eroded land areas and transported the sediment to the edge of the continental shelf 

(King and Fader, 1986; Piper et al, 1990). If erosional and depositional events on land 

and on the shelf can oe linked, then the first step in the linkage of the glaciers with 

offshore abyssal plain sediments will be established. Ice rafted debris (Conolly and 

Ewing, 1965; "Heinrich" layers; Heinrich, 1988; Bond et al, 1992; Grousset et al, 

1993), recognized within the deep ocean basins, complete the sedimentary cycle from land 

to deep ocean. 

This stuoy will focus on Wisconsinan events on the inner shelf of southern and eastern 

Nova Scotia. This was a time of worldwide glacial advances and retreats, and fluctuating 

climates. 

The detailed objectives of the project include: 

(1) Development of lithic and seismic criteria for the correlation of offshore 

and onshore Quaternary landforms and formations. 

(2) Determination of the flow patterns, offshore extent and recessional history 

of glaciers. 
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(3) Dating of the Quaternary formations to establish a temporal framework for 

glacial events in the region. 

(4) Evaluation of the extent of the sea-level variations on inner shelf, including 

low sea-level stands, residual beaches and erosional unconformities. 

(5) Elucidation of the glacial, proglacial and marine processes responsible for 

the sedimentary units. 

Glacial history on the continental shelf of Nova Scotia is inextricably linked to local sea-

level variations (Scott et al, 1987a). The goal of this research is to develop 

comprehensive, empirical model of glaciations and sea-level change in Maritime Canada. 

1.1 STUDY AREA 

The oceanic area selected for this study is a portion of the coastline and inner Scotian Shelf 

from Halifax to Country Harbour, extending 80 km seaward of the present shoreline and 

including a major morainal system termed the Scotian Shelf End Moraine Complex (King 

et al, 1972, Fig. 1). The terrestrial area includes a strip of land approximately 40 km 

wide along the Eastern Shore of Nova Scotia from Halifax to Country Harbour (Fig. 1). 
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Figure 1. Location of the study area, seismic tracklines and terrestrial reference sections. 

In this thesis study only the Halifax, Sheet Harbour and Country Harbour transects were 

mapped. 

Terrestrial reference sections: 

1. West Lawrencetown Section 

2. Mushaboom Section 

3. Smith Cove Section 

4. Wine Harbour Section. 
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1.2 GEOLOGICAL SETTING AND PHYSIOGRAPHY 

Nova Scotia is an amalgamation of disparate bedrock terranes brought together by the 

dynamics of plate tectonics (Fig. 2). On mainland Nova Scotia, the Cobequid-Chedabucto 

Fault system separates the Avalon Zone to the north from the Meguma Zone to the south 

(Williams, 1978). The Avalon Zone consists of highland massifs of Precambrian to 

Carboniferous volcanic, metasedimentary and igneous rocks flanked by basinal 

sedimentary rocks of Carboniferous and Triassic age. The Meguma Zone consists largely 

of Cambro-Ordovician metasedimentary rocks (Meguma Group) intruded by Devono-

Carboniferous granitoid rocks. 

1.2.1 Meguma Zone 

The Meguma Group has been interpreted as the remnants of a North African continental 

slope sedimentary prism that was amalgamated onto the North American continent during 

the Devonian (Schenk, 1971). The age of these rocks ranges from Cambrian to 

Ordovician (O'Reilly et al, 1992). These sedimentary rocks were regionally 

metamorphosed and deformed into upright, northeast-trending folds during the Lower 

Devonian Acadian Orogeny (Keppie, 1977). Regional metamorphism associated with the 

Acadian Orogeny has been dated radiometrically at 390-410 Ma (Muecke et al, 1988). 

The regional metamorphic grade ranges from chlorite and biotite grade in the central 

region to andalusite; staurolite-cordierite and sillimanite grade toward the east and 

southwest (Keppie and Muecke, 1979). 
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Figure 2. Simplified regional bedrock geology (after Sanford et al, 1991). 



Figure 2. 
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Intrusive into the metasediments of the Meguma Group is a cogenetic suite of 

peraluminous granitic rocks which range in composition from tonalite to granodiorite to 

monzogranite (MacKenzie and Clarke, 1975; Albuquerque, 1977, MacDonald et al, 

1992). All the granitic units contain the major minerals quartz, plagioclase, alkali 

feldspar, biotite and muscovite in varying degrees (O'Reilly et al, 1992). A large 

composite granitic pluton (South Mountain Batholith) underlies much of the area west of 

Halifax, while a number of smaller plutons occur along the Eastern Shore. The age of the 

granitic rocks has been established radiometrically and by intrusive relations with 

fossiliferous Lower Devonian sediments. Radiometric age dates indicate a range of ages 

from 374 Ma for the older biotite granodiorite and biotite monzogranite to 360 Ma for 

leucogranite dykes and two-mica monzogranite plutons (Clarke and Halliday, 1980). 

The rock units of the Meguma Zone are part of an upland surface called the Southern 

Upland (Goldthwait, 1924; Roland, 1982; Map 1). The Southern Upland is an undulating, 

southeastward-dipping surface ranging in elevation from 300 m at the northern boundary 

with the Carboniferous Lowlands to sea level at the Atlantic coast. The upland surface 

is irregular with numerous strike-ridges and mounds formed of resistant rocks and 

constructional glacial features. The terrain is dominated by bedrock with thin drift cover. 

In the higher elevations, eastward-trending strike ridges are common following the 

regional Appalachian structural trend (Keppie, 1982). Glacially-modified, southeastward-

trending fault valley systems (Cameron, 1956) create a rugged, irregular coastline. Major 

harbours such as Halifax, Sheet Harbour and Country Harbour (Fig. 1) and inland lakes 

such as Porters Lake east of Halifax, have fjord-like longitudinal profiles with 

overdeepened basins and sills (Hopkins, 1985). These silled basins attain 100 m in water 

depth (McKay, 1981). 
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A series of Carboniferous and Triassic basins are found within the Meguma Zone. These 

occur as fault-block basins with intervening upfaulted horst blocks (Boehner et al, 1986). 

The Carboniferous basins consist of continental sedimentary rocks (Horton Group) overlain 

by a largely marine sequence of evaporites, limestone, dolomite and clastic sedimentary 

rocks (Windsor Group). In the Triassic basins red bed conglomerates, sandstones and 

mudstones of the Fundy Group are overlain by several basalt flows collectively termed the 

North Mountain Basalt. The Carboniferous and Triassic basins form prominent lowlands 

including the Annapolis Valley, and the Hants-Colchester lowland (Map 1). 

The North Mountain is a cuesta ridge that forms the edge of the Bay of Fundy for 200 km. 

The ridge attains heights of 230 m and slopes towards the Bay of Fundy. 

1.2.2 Avalon Zone 

The Avalon Zone found north of the Cobequid-Chedabucto fault system, is defined by an 

overstep sequence of Cambrian to Ordovician shallow marine rocks that contain a unique 

Acado-Baltic fauna (Murphy etal, 1991; Fig. 2). The terrane was formed by closure of 

the Iapetus Ocean during the Silurian to Early Devonian (Keppie, 1977). The Cobequid 

Highland is a prominent upland feature within the Avalon Zone attaining heights of 300 m 

(Fig. 2). It is composed of Pre-Late Carboniferous strata bounded by the Cobequid fault 

on the southern edge and unconformities and faults on the northern edge (Donohoe and 

Wallace, 1985). These rocks include Hadrynian basement gneisses, quartzites and 

metavolcanics surrounded by Silurian to Devonian metasediments (Donohoe and Wallace, 

1985). Granitic plutons from Hadrynian to Devono-Carboniferous intrude sedimentary 

strata in this region. These plutons form a bimodal suite of diorite and syenogranite and 



12 

tend to be normative corundum free or corundum poor (Clarke, et al, 1980; Pe-Piper et 

al, 1989). In some areas thej exhibit a foliation (Donohoe and Wallace, 1982). The top 

of the Cobequid Highlands is a plateau which is cut by youthful, V-shaped streams on the 

southern side and larger, U-shaped valleys on the northern side (Donohoe et al, 1992). 

The Antigonish Highlands is another distinctive upland block on the western end of the 

northern mainland (Fig. 2; Map 1). It consists largely of Precambrian mafic and felsic 

volcanic rocks and turbidites, unconformably overlain by lower Paleozoic red 

conglomerates, arkoses, felsic and lithic tuffs, and red slates (Murphy, et al, 1991). 

Intrusive rocks are rare, compared to the Cobequid Highlands, and consist of appinites, 

gabbros, alaskite and granites. Appinites are found in isolated plutons in the Cobequid 

(H. V. Donohoe, pers. comm, 1993) and Antigonish Highlands (Murphy et al, 1991). 

They are ideal as indicator erratics (Stea et al, 1989). The upland surface of the 

Antigonish Highlands is more irregular than the Cobequid Highlands and dips gradually 

from 315 m at the steeper, northeastern fault-bounded edge to 180 m along the contact 

with the Devono-Carboniferous St. Mary's graben to the south. 

1.2.3 Offshore Bedrock Geology 

In the study area, the Scotian Shelf is divisible into three physiographic zones. The inner 

zone extends from the present shoreline out to the contact with the Scotian Basin (Fig. 2). 

The Scotian Basin is part of an accreted wedge of Mesozoic and Cenozoic sediments that 

were deposited on the eastern flank of the Appalachian Orogen, after the breakup of 

Pangea (Wade and MacLean, 1990). The inner zone is a zone of irregular topography 

with thin glacial drift and transgressive sediments underlain by metagreywacke of the 
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Goldenville Formation (King and MacLean, 1974). The middle zor.e consists of a series 

of broad basins filled with Quaternary sediments and underlain by Cretaceous and Tertiary 

marlstones, mudstones, sandstones and conglomerates (Wyandot and Banquereau 

Formations (King and MacLean, 1974). The outer zone is characterized by a series of 

broad, flat-topped banks composed of thick, sandy Quaternary sediments underlain by 

Mesozoic and Cenozoic rocks of the Scotian Basin. 

1.3 CONCEPTS OF GLACIATION IN NOVA SCOTIA 

As early as the late 1800s when the glacial theory was born, the nature of glaciation in 

Nova Scotia was being debated. Did former glaciers arise from local areas, originating 

in uplands and confined to the province, or was the ice part of a great continental mass 

which crossed the Bay of Fundy? The Reverend D. Honeyman, curator of the Provincial 

museum in the late 1800's, noted the long distance transport of amygdaloidal basalt 

boulders found along the Atlantic coast near Halifax and used the observation to support 

the concept of a continental-based ice movement that crossed the Bay of Fundy. 

Robert Chalmers (1895) carefully mapped glacial grooves and striations in Nova Scotia 

and proposed that northern Nova Scotia had been glaciated largely by local glaciers with 

floating ice a secondary agent in low-lying areas. In contrast to Honeyman, he did not 

believe that a continental glacier had crossed the Bay of Fundy. Chalmers (1895, p. 95m) 

stated: 

The depression of the Bay of Fundy was not crossed by land ice from 

southern New Brunswick . . . Neither has Nova Scotia been glaciated by 

extra-peninsular ice from the north or northeast. 
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L. W. Bailey (1898) and W. H. Prest (1896), working in mainland Nova Scotia, observed 

erratics that supported both previous views. Bailey stated the compromise position (1898, 

p. 26m): 

As in other parts of southwestern Nova Scotia the facts connected with the 

glaciation of Digby Neck are, in the opinion of the writer, best explained upon the 

supposition of submergence beneath a continental glacier moving southward and 

bringing debris even from the other side of the Bay of Fundy, followed by a period 

of more local and restricted distribution, when the higher portions of the peninsula 

became themselves the centre of the movement, the latter now occurring in all 

directions. 

J. W. Goldthwait (1924), in his treatise "The Physiography of Nova Scotia" dismissed all 

evidence regarding local glaciers in Nova Scotia. He envisioned a major ice mass moving 

southeastward, stemming from a Labrador-Laurentide source, and a subsequent southward-

directed ice movement stemming from ice in the Gulf of St. Lawrence called the "Acadian 

Bay Lobe" 

Pleistocene mapping in the Annapolis Valley initiated at Acadia University, Wolfville 

(MacNeill, 1951; Purdy, 1951; Swayne, 1952) revived the concepts of local glaciers 

(MacNeill and Purdy, 1951). Synchronously, Flint (1951) advanced the idea of local 

highland centres of outflow based largely on the previous work of Chalmers (1895). 

Hickox (1962) confirmed that granitic erratics on the North Mountain were derived from 

the South Mountain Batholith in Nova Scotia and not from New Brunswick as Goldthwait 

(1924) had previously suggested. 
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Regional analyses of air photographs prompted V. K. Prest and Grant (1969) to further 

develop the local glaciation model of eastern Canada. They defined several local centres 

of ice flow, termed the Appalachian Ice Complex that were sufficiently large to hold off 

the encroaching Laurentide ice sheet. 

King (1969) concluded that the Scotian Shelf End Moraine Complex was the terminus of 

a Late Wisconsinan continental ice advance. Grant (1975) proposed a southward flood of 

ice prior to 39,000 years B.P. followed by a retreat about 38,000 years ago and 

re-expansion of Nova Scotia glaciers during the Late Wisconsinan. Grant (1977) and 

Grant and King (1984) further developed the hypothesis that Late Wisconsinan ice of 

Labradorean (Laurentide) origin never crossed the Bay of Fundy. This became known as 

the "minimum model" (Fig. 3). Grant (1977, p. 247) stated: 

"Evidence from scattered stratigraphic sections, from the relationship of a 

sequence of ice flow indicators to a raised interglacial marine platform, 

together with the limits of freshly glaciated terrain against weathered 

bedrock areas, indicates that late Wisconsinan glaciers spread weakly 

toward, and in many areas not beyond, the present coast. These were fed 

by a complex of small ice caps located on broad lowlands and uplands. 

The limiting factor was the deep submarine channels that transect the 

region". 

Thus in Grant's view, Laurentide ice was limited to the northern Gulf of St. Lawrence. 

Today most continent-wide interpretations of the Late Wisconsinan glaciation show a 

relatively simple, monolithic ice sheet centred in Hudson's Bay and extending to the shelf 



16 

Figure 3. Summary of previous Late Wisconsinan glaciation models (after Stea et al, 

1987 and King et al, 1972) and the location of major morainal systems on land and 

offshore. 
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edge off Nova Scotia (Flint, 1971; Denton and Hughes, 1981; Budd and Smith, 1987). 

This is termed the "maximum" model and is believed to represent the equilibrium 

condition. The contrasting ''rriinimum'' model is one with local ice centres and thinner ice, 

extending only slightly off the coast of Nova Scotia and with some highland areas bare of 

ice (nunataks) (Dyke and Prest, 1987). These two extreme models are not in accord with 

recent mapping of glacier erosional and depositional landforms in New Brunswick and 

Nova Scotia (Wightman, 1980; Rampton et al, 1984; Rappol, 1989; Foisy and 

Prichonnet, 1991; Stea and Finck, 1984; Stea etal, 1986; 1989). These authors envision 

a time transgressive, ice flow phase evolution of ice caps in the region. Late Wisconsinan 

ice caps covered all highland areas and extended to the continental shelf edge (Mosher et 

al, 1989; Gipp and Piper, 1990). The complex, but extensive, glaciation model is 

essentially a compromise between the earlier models and it represents the current state of 

the debate. Stea (1982; 1984), Stea and Finck (1984) and Stea et al. (1987; 1992) 

developed a 4 ice flow phase model of terrestrial glacier flow events in Nova Scotia 

(Fig. 4). 

1.3.1 Ice Flow Phase Model 

Complex glacier flow patterns have been imprinted on the landscape of Nova Scotia (Stea, 

1984; Stea, 1994). Many outcrops reveal three or four crosscutting sets of striae and 

bevelled facets that can be traced regionally. Boulders are dispersed east, west, north and 

south of their bedrock sources in Nova Scotia. Sections can reveal four or more stacked 

till sheets of differing provenance. From these facts it is hard to conclude that one ice 

flow or glaciation (through topographic streaming) is responsible. Stea et al. (1984) 

developed an evolutionary model of flow events defined by discrete, regionally mappable 



19 

Figure 4. Ice flow patterns deduced from striae and drumlin directional data. Ice Flow 

Phases la and lb from Appalachian or Laurentide source areas, flowed eastward and 

southeastward across the Bay of Fundy and onto the Continental Shelf. Ice Flow Phase 

2 stems from the Escuminac Ice Centre or Divide. Ice Flow Phase 3 represents 

formation of an ice divide (Scotian Ice Divide) across the mainland of Nova Scotia. 

During Ice Flow Phase 4 remnant ice caps (Chedabucto Bay Glacier, Chignecto Glacier, 

South Mountain Ice C^p) flowed into marine basins adjacent to the province. 
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ice-flow trends termed "erosional stratigraphy" (W.W. Shilts, personal communication, 

1986). Each event is called an "Ice Flow Phase". Flow lines relating to each phase can 

be traced over broad regions of Nova Scotia using striae and drumlin orientations (Stea and 

Finck, 1984). Crosscutting relations and the preservation of older, weathered striations 

on lee-side surfaces are used in the development of an "erosional stratigraphy". The 

patterns of ice flow mapped by striae are verified by till fabric, dispersal studies and the 

orientation of glacial landforms such as eskers and drumlins (Stea, 1984; Stea et al, 

1989). The sequence of ice-flow phases has been discerned from superimposed striae 

sites, and through correlation with stacked till sheets of known provenance (Stea, 1984). 

Each of the ice-flow phases produced at least one recognizable till sheet, sometimes with 

basal and englacial facies. 

Striae patterns, distinctive erratics, till fabric, and striated boulder pavements suggest that 

the earliest and most extensive ice-flows in Nova Scotia were eastward and southeastward 

(Fig. 4). These have been designated Ice Flow Phases la and lb. Several widely-spaced 

striae sites reveal evidence of a distinct eastward flow, later superseded by a southeastward 

flow. The eastward ice-flow may represent a separate, older phase of glaciation. Erratic 

trains of igneous rocks from the Cobequid Highlands and trains of basaltic rocks from the 

North Mountain are oriented southeastward and can be traced to the Atlantic Coast, up to 

120 km down-ice (Nielsen, 1976). This phase may represent Laurentide ice-flow but more 

probably is related to a centre in New Brunswick (Rampton et al, 1984). Anorthosite 

erratics in western Prince Edward Island and the Gulf of St. Lawrence, derived from the 

Canadian Shield, suggest that Laurentide ice did cross the region at some time (Loring and 

Nota, 1969; Prest and Nielsen, 1987, Stea, 1991). 
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The second major ice-flow trend (Ice Flow Phase 2) was southward and southwestward 

from the Escuminac Ice Centre in the Prince Edward Island region (Prest, et al, 1972; 

Rampton et al, 1984; Fig. 4). This flow phase was called the "Acadian Bay Lobe" by 

Goldthwait (1924) and the "Fundian Glacier" by Shepard (1930). Goldthwait (1924) 

envisioned southward flow from a Laurentide source across the Gulf of St. Lawrence. Ice-

flow trends in Prince Edward Island (Prest, 1973) and adjacent New Brunswick (Rampton 

etal. 1984) do not reflect a pervasive southward flow, but suggest radial flow from a local 

centre. This event is recorded by southward striae crossing earlier south- eastward-

trending striae at many localities on the upland regions of Nova Scotia and New 

Brunswick. Carboniferous red beds from northern mainland Nova Scotia and Prince 

Edward Island region were eroded and transported southward onto the metamorphic and 

igneous Cobequid and Meguma Terranes of mainland Nova Scotia along with distinctive 

Cobequid Highland erratics (Grant. 1963; Stea et al, 1989). Schnikter (1987) reported 

evidence of southward dispersal of red clastic material from the Bay of Fundy into the 

Gulf of Maine. 

During the next event (Ice Flow Phase 3), ice flow was northward and southward from 

a divide (Scotian Ice Divide) across the axis of the Nova Scotia peninsula. Granitic debris 

from the South Mountain Batholith were transported northward onto the North Mountain 

basalt cuesta (Fig. 4; MacNeill, 1951; Hickox, 1962). Erratics from the Cobequid 

Highlands can be found dispersed throughout the Carboniferous lowlands to the north (Stea 

and Finck, 1984). Northward-trending striae can be traced across the northern mainland 

of Nova Scotia (Fig. 4). This well-documented northward ice-flow was a response to the 

development of an ice divide in southern Nova Scotia. This divide may have formed as 

a result of marine incursion into the Bay of Fundy (Prest and Grant, 1969) or increased 



23 

precipitation after recession of the Escuminac Ice Cap (MacNeill and Purdy, 1951; 

Hickox, 1962). Northward ice-flow from the Scotian Ice Divide was probably 

synchronous with the ice dome off Cape Breton Island proposed by Grant (1977). The 

divide can be traced from areas south of the Antigonish Highlands (Myers and Stea, 1986) 

offshore into Chedabucto Bay. Here, ice flow was funnelled through the submarine 

channels out of St. Georges Bay and the Cape Breton Channel towards the Gulf of St. 

Lawrence. Northward ice flow was less intense in the western Cobequid Highlands. As 

marine drawdown began to take effect, the ice may have been increasingly directed into 

the Bay of Fundy to merge with southwestward ice streams from New Brunswick. 

During this final phase (Ice Flow Phase 4), remnant ice caps developed from the Scotian 

Ice Divide (Fig. 4). Eskers and striations cut across features formed by earlier ice flows. 

Ice caps or glaciers that formed over the Chignecto Peninsula and southern Nova Scotia 

had recessional margins on land, marked by hummocky moraine, glaciofluvial deposits, 

and the gradual pinch-out of till sheets. Ice flow during this last phase was funnelled into 

the Bay of Fundy and into the Atlantic Ocean. Erosional features and deposits relating to 

these late-glacial ice caps are restricted to low-lying areas. 

1.3.2 Sea Level 

Pronounced sea-level changes accompanied the last glacial cycle in Nova Scotia. Relict 

shorelines can be found above and below present sea level (Fig. 5). On land, a wave-cut 

platform 4-6 m above sea level was formed during the last interglacial interval (Grant, 

1980, 1989; Stea etal, 1987; 1992d). This shoreline is a product of climatically-induced 

sea-level rise and isostatic equilibration from former ice loads. Raised marine strandlines, 
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Figure 5. Plot of elevation isolines of raised marine features and submerged shorelines 

in the maritime provinces and Maine (data from Welsted, 1971; Fader, 1977, 1989; Grant, 

1980; Scott and Medioli, 1980; Kelley et al, 1986; Rampton et al, 1984; Stea, 1983; 

Stea etal, 1994). Modified after Stea et al. (1987). 
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Figure 5. 
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formed by crustal rebound after the last glacial maximum, are found in the Bay of Fundy 

region of Nova Scotia. The complex variability of elevations, tilts and ages of these post

glacial strandlines has been interpreted as a response to the rate of ice retreat and the 

effects of local and regional ice caps (Wightman and Cooke,Quinlan and Beaumont, 

1981; 1982; Scott et al, 1987b; Stea et al, 1987; Grant, 1989). 

Evidence for sea-level rise has been found offshore of Nova Scotia. On the outer 

continental shelf, terraces and erosional features cut into bedrock and glacial deposits, 110-

120 m below present mean sea level (BSL) have been interpreted as lowstand shorelines 

(Amos and Knoll, 1987; Amos and Miller, 1990; King, 1970; King and Fader, 1986; 

Fader, 1989a; Piper et al, 1990). McLaren (1988), however, reported maximum sei-

level lowering of only 75 m (75 m BSL) in the Sable Island area, based on deltaic 

clinoforms and an associated unconformity. Scott et al. (1989) defined a continuous sea-

level curve from 11 ka to the present based on dating of several salt and freshwater peat 

horizons. From this curve they extrapolated sea-level lowering to 78 m BSL at 15 ka. 

Summarizing much of the previous data, they emphasized the complexity of the sea-level 

history and stressed that sea-level histories and glaciation models are inextricably linked. 

Contradictory evidence has been submitted regarding the sea-level history of the inner 

shelf, a portion of the continental shelf extending offshore from the present coastline to 

water depths of 150 m (Fig. 5). Fader (1989) proposed a shelf-wide low stand of sea-

level at -110 to -120 m BSL based on terraces, unconformities and cross-shelf textural 

variations. King (1970) mapped the surficial geology of the Halifax to Sable Island map 

area using textural information from samples and morphological and acoustic 

characteristics from echograms. He defined the boundary between two surficial 
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formations - the Sambro Sand and the Sable Island Sand and Gravel, as representing a low 

sea-level stand. The Sambro Sand was described as a sublittoral muddy sand and the Sable 

Island Sand and Gravel as a clean well-sorted basal transgressive deposit formed through 

the reworking of glacial materials during the late Wisconsinan-Hoiocene marine 

transgression. Surrounding the offshore banks, this boundary consistently occurred at 

approximately 110-120 BSL. On the inner shelf, however, the depth of this transition 

varied, and in the area off Halifax, the boundary was mapped at 90 m BSL. Wang and 

Piper (1982), and Piper and Fehr (1991) proposed that a change from rolling to planar 

physiography at -50 to -60 m BSL indicates a lowstand and subsequent transgression. 

LaPierre (1985) mapped a sand body at -65 m which he interpreted as a relict beach. 

Forbes et al. (1991) found estuarine back-barrier deposits on the inner shelf dated at 10 ka, 

implying that sea-level fell to at least -50 m. They also defined coast-parallel depositional 

and erosional landform "zones". Stea et al. (1992b, c; 1994) reported evidence for a -65 

to -70 m lowstand on the inner shelf off Nova Scotia, dated at 11.6 ka. 

1.3.3 The Thesis Problem(s) 

The main problems to be addressed in this dissertation are the glacial history of the inner 

shelf, the extent and direction of various ice flow phases on the inner shelf and sea levels 

associated with these glaciation events. Correlation of onshore-offshore glacial sediments 

and landforms is essential to accomplish this task. 



CHAPTER 2: METHODS OF STUDY 

To correlate onshore and offshore sedimentary units and landforms the author has 

employed three basic methods: 

1. Mapping of surficial sedimentary units and landforms 

2. Definition of the stratigraphy of surficial units. 

3. Determination of sediment properties: clast lithology, shape and surface features, 

grain size. 

Two governing paradigms are used: 

1. Much of the land stratigraphy is mirrored in the inner shelf, especially in areas not 

affected by the transgression. 

2. The glacial depositional record increases in complexity towards the margin of ice 

sheets (Sugden and John, 1976). 

2.1 MAPPING AND STRATIGRAPHIC CONCEPTS 

The marine geologist relies primarily on geophysical techniques and point sampling for 

basic mapping whereas the land geologist relies on field investigation, aerial photography, 

and more recently, satellite imagery. It is easier to conduct seismic surveys at sea than on 

land because water is an excellent conductor of seismic signals. Transverse (shear) waves 

cannot be transmitted through water so they do not produce interference effects as they do 

on land (Savit, 1983). A continuous cross-section of the seafloor terrane under the ship 

is produced because the detector arrays are in continuous motion. Sampling Quaternary 
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units in the marine realm, however, is difficult and costly. The advantage of land mapping 

is in the ease of sampling and identifying the Quaternary units in naturally exposed 

sections and by relatively inexpensive drilling. Another advantage of land surveys is the 

ability to get a "birds" eye (i.e. aerial photography) view of the terrain. This larger view 

is becoming available in the marine realm with the advent of digital multibeam sounding 

(Loncarevic et al, 1992; Costello et al, 1993). The Nova Scotia coast provides an 

unique opportunity to utilize the advantages of both the terrestrial and marine realms to 

solve the problems outlined earlier. 

Geological maps portray orders of organization in the landscape derived from a remote 

aerial view (air photo-landsat imagery~multibeam-seismics) to a detailed one (stratigraphic 

and acoustic sections and samples). The terminology in the terrestrial realm is taken from 

the glacial-morphologic classification of Goldthwait (1989) utilized in the Surficial Map 

of the Province of Nova Scotia (Stea et al, 1992a). Mapping essentially consists of 

identification, classification and interpretation of landform assemblages or terrain "zones". 

The seafloor topography and subbottom stratigraphy are a result of glacial, periglacial and 

marine processes acting over time. Distinct landscapes are produced by each erosional and 

depositional event. Land-sea correlation is accomplished by topographic and stratigraphic 

comparison of marine and terrestrial landforms. Forbes et al. (1991) and Stea et al. 

(1993; 1994) defined offshore terrain "zones" as distinct terrain types based on unique sea 

bottom morphology (landforms) and seismic sequences and facies (stratigraphy). 

A major portion of this thesis concerns stratigraphic analysis of the offshore seismic 

reflection profiles and stratigraphic sections on land. Stratigraphy is obtained in the 
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offshore by the generation of seismic waves from towed or hull-mounted acoustic sources. 

These emit regular pulses which are transmitted through the water column, reflected by 

the seafloor and the underlying geology, then intercepted by hydrophones which convert 

the acoustic pressure waves to electrical signals. These signals are processed and displayed 

on an onboard recorder which burns a small mark on paper, then advances while keying 

another seismic signal. These marks vary in intensity depending on the strength of the 

returning signal. The reflection of an acoustic signal at the air-water, water-sediment or 

sediment-sediment interface is a result of the acoustic impedance differences between these 

mediums. Acoustic impedance is an intrinsic property of all substances and is defined as 

the product of the compressional wave velocity and the bull: density of the material 

(Sylwester, 1983). The amplitude or strength of the seismic signal depends on the ratio 

of acoustic impedances (reflection coefficient) of the media on either side of a reflecting 

interface. The air-water interface, for example, is nearly a perfect reflector, having a 

reflectivity coefficient equal to -1 . 

In essence, the seismic reflection record is an acoustic cross-section of the geology 

(Sylwester, 1983). The main sources of acoustic reflections in the geological section are 

stratal surfaces and unconformities. Stratal surfaces are defined as bedding contacts or 

relict depositional surfaces (Brown and Fischer, 1982). Unconformities are surfaces of 

erosion and nondeposition which represent gaps in the geological record. Stratigraphic 

analysis is based on the method of Vail et al. (1977), termed seismic sequence analysis. 

This analysis is based on the recognition of unconformity-bound packages of strata. 

Boundaries between seismic sequences are recognized on seismic profiles by terminations 

of reflections. The boundaries are either erosional, lapout (hiatal) or conformable. Within 
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each sequence, seismic "facies" can be defined (Mitchum et al, 1977; Belknap and Shipp, 

1991). The facies are based on the continuity, amplitude and frequency of the reflections. 

These acoustic properties are an indication of the lithic properties of the strata. Acoustic 

reflectivity, the degree of coherence of the incoming reflected pressure pulse, is also a 

useful tool in determining lithic properties of the seabed (Parrot et al, 1980). Seismic 

sequence and facies analysis permit the interpretation of the depositional history of the 

region including sea-level changes and changes in depositional styles during ice advance 

and retreat. King and Fader (1986) used seismic and lithofacies analysis to differentiate 

acoustic units on the Scotian Shelf. Boyd et al. (1988o) were the first to utilize the 

sequence analysis approach on the Scotian Shelf in stratigraphic analyses of Sable Island 

Bank. Gipp (1989, 1994) defined seismic sequences within Emerald Basin. 

King and Fader (1986) subdivided marine basin-fill sediments on the Scotian Shelf into 

three formations: the Scotian Shelf Drift, Emerald Silt and LaHave Clay. These terms are 

in wide use (cf. Piper et al, 1990) and will serve as a basis for further stratigraphic 

subdivision in this study. A formation is defined as a mappable body of sedimentary strata 

which is distinguished and delimited on the basis of lithic characteristics and stratigraphic 

position (North American Stratigraphic Code, 1983). King and Fader (1986) and Fader 

(in Williams et al, 1985) used a combination of lithic and acoustic attributes to define 

Formations and facies on the Scotian Shelf. The oldest formation is the Scotian Shelf Drift 

overlain by the Emerald Silt and LaHave Clay. These formations are described in Table 1. 

King and Fader (1986) never stipulated a single type acoustic section or cores for each of 

the surficial formations but described several piston-cored reference acoustic sections. The 

Emerald Silt is subdivided into three facies (A, B, and C) based on lithostratigraphy and 
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Formation 

Sable Island 
Sand and 

Gravel 

Sambro 
Sand 

LaHave 
Clay 

Emerald Silt 

Emerald Silt 

Emerald Silt 

Scotian 
Shelf Drift 

Facies 

LaHave 
Clay 

Facies C 

Facies B 

Facies A 

Lithic Properties 

Fine to coarse, well-sorted 
sand grading to 

subrounded to rounded 
gravels. 

Silty-sand grading to 
gravelly-sand. 

Greyish-brown, soft, silty-
clay grading to clayey-silt, 
confined mainly to basins 

and depressions in the 
shelf. 

not well sampled 

Dark greyish-brown, 
poorly sorted, clayey and 
sandy-silt, some gravel, 

poorly developed rhythmic 
banding. 

Greyish-brown, poorly 
sorted, clayey and sandy 

silt, some gravel, well 
developed rhythmic 

banding. 

Sandy-ciay, matrix-
supported, diamicton. 

Seismic Character 

Highly reflective seabed, 
closely spaced, continuous 

reflections. 

Similar to above. 

Generally transparent 
without reflections, some 

weak, continuous, 
coherent reflections at the 

base of the section1 

Discontinuous, coherent 
reflections, and incoherent 

zones. 

Medium to low amplitude, 
continuous, coherent 
reflections; ponded 
depositional style. 

High amplitude, 
continuous, coherent 

reflections conformable to 
substrate irregularities. 

Incoherent reflections, 
sometimes with scattered, 
point source reflections. 

Table 1. Quaternary formations and seismic facies defined by King and Fader (1986) and 

their properties. ' These reflections are now considered to be part of a separate formation 

(Yankee Bank Formation) defined later in this dissertation. 
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seismic stratigraphy (Table 1). A facies is described as a body of rock characterized 

by a particular combination of lithology, physical and biological structures that bestow an 

aspect different from the bodies of rock above, below or laterally adjacent (Walker, 1992). 

In this study I will restrict the use of Emerald Silt facies terms defined by King and Fader 

(1986) to seismic facies (cf. Mitchum et al, 1977). This frees these facies terms from 

time constraints. Unfortunately, the LaHave Clay is both a formational and facies term. 

If referring to the formation the term "LaHave Clay Formation" will be used. When 

referring to the seismic facies, "LaHave Clay facies" will be used. 

2.2 SEDIMENT PROPERTIES 

Stratigraphic sections along the coast of Nova Scotia (Stea and Fowler, 1979) provide 

clues to the makeup of moraines in the offshore. Offshore glacial landforms can only be 

sampled on their uppermost surfaces while terrestrial counterparts, exposed in sea cliff 

sections, can be sampled in profile from top to bottom. Lithic data obtained from the cliff 

sections are used to: 

1. Correlate with glacial deposits in the offshore. 

2. Assess the genesis and provenance of the sedimentary units exposed in sea cliff 

sections of onshore glacial landforms. 

?. Verify previous correlations with terrestrial regional ice flow patterns determined 

through landform analysis. 
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The Maritime provinces are characterized by the juxtaposition of tectonic terranes of 

unique geology. Changing centres of outflow in Maritime Canada during the Wisconsinan 

produced compositionally and texturally distinct till facies (Prest, 1896; Grant, 1963; 

Nielsen, 1976; Stea and Fowler, 1979; Graves and Finck, 1988; Stea et al, 1989). These 

lithic variations are largely due to erosion of distinctive rock formations as ice centres 

shifted over the varied geological terranes of the region. The marked contrast between 

Nova Scotia till facies enhances the potential for correlation with the offshore sections. 

Piper et al. (1986) used lithology and stratigraphy to correlate tills on the inner shelf with 

terrestrial till units. 

In the past small-volume, lightweight grab samplers (e.g.van Veen) have been used to 

sample inner shelf surficial sediments and as a basis for the interpretation of seabed and 

subbottom acoustic stratigraphy (cf. Fader et al, 1977). These samples may not be 

representative of the underlying acoustic stratigraphy because of a widespread transgressive 

gravel-lag armor in areas above the lowstand (Fader, 1989a) and current winnowing and 

iceberg furrowing of the till surface on morainal landforms in deeper water (King and 

Fader, 1986, p. 31). In this study a heavyweight (1/2 ton) grab sampler (IKU-Appendix 

2) was used to provide data on the makeup of seabed acoustic units. It penetrated the 

seabed to depths up to 1 metre, and obtained a relatively large, undisturbed sample in 

muddy sediments (Appendixes 3,4; Stea et al, 1993). 

Once the onshore-offshore sediment link is established, former glaciers can be modelled 

from terrestrial flow lines and offshore margins and put into a temporal context. 

Radiocarbon dating and correlation of glacial marine sediments with moraines in the 



35 

offshore basins (King and Fader, 1988a; Gipp and Piper, 1990) has made this possible. 

The interaction between sea-level change and glacial dynamics can be assessed by 

landform and stratigraphic analysis of the inner shelf. 

2.3 MAPPING METHODS-MARINE GEOPHYSICAL DATA ACQUISITION 

See Appendix 1 

2.3.1 Marine Data Analysis 

The ocean floor was mapped by systematically describing all record types along each 

seismic trackline. In addition to visual descriptions of landforms and seismic stratigraphy, 

the areal extent, seabed height and thickness of each stratigraphic unit and landform were 

measured. These units and landforms were later grouped into a hierarchical classification 

of terrain zones and subzones, formations and facies. The thickness of basinal 

stratigraphic units were measured every 5 minutes along tracklines. 

2.4 TERRESTRIAL MAPPING METHODS 

The surficial geological data used in this dissertation were compiled from the Surficial 

Map of the Province of Nova Scotia (Stea et al, 1992a). Field compass and altimeter 

traverses were conducted on specific landforms for more detailed information on surface 

profiles. Several reference Quaternary sections along the Eastern Shore have been selected 

for detailed stratigraphic and till-pebble lithologicai analysis. The sections were traversed 
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by compass and pace and measured by altimeter and tape. The altimeter surveys were run 

in loops with a high tide marker as datum. Photographic logs were obtained from small 

boats. Individual sedimentary units were visually described and logged according to the 

lithofacies classification scheme of Eyles et al (1983). 

2.5 MARINE AND TERRESTRIAL SAMPLING METHODS AND SAMPLE 

PREPARATION 

See Appendix 2. 

2.6 SAMPLE ANALYSIS (MARINE AND TERRESTRIAL) 

2.6.1 Pebble Lithology 

Grant (1963) and Nielsen (1976) conducted regional studies of pebble lithology in Nova 

Scotia. Grant (1963) traced 50 rock species to seven source regions in Nova Scotia 

whereas Nielsen (1976) limited his study to basalt and granitic rocks. Both studies utilized 

the 5-22 mm fraction of the till sample. Many different size ranges have been used for the 

purpose of quantitative lithologicai evaluation of till (cf. Krumbein, 1933; Holmes, 1952; 

Dreimanis and Reavely, 1953; Marcussen, 1973; Fenton and Dreimanis, 1976; Teller and 

Fenton, 1980). In this study the entire pebble (4-64 mm) size range was utilized. 

Important questions about pebble analysis are: 

1. Do the ratios of different lithologies change with grain size? 
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2. Are the number of clasts in the grade size sufficient for statistical 

analyses? 

3. Can the worker identify the lithologies using that grade size, and are 

certain lithologies comminuted into constituent minerals: e.g., granite? 

Dreimanis and Reavely (1953) found no significant change in lithology ratios from one 

grade to another using the 4.699-6.66 mm, 6.680-9.423 mm, 9.423-13.33 mm, and the 

13.33-80 mm grade sizes. Bahnson (1972) concluded that the ratios of different rock 

groups remained relatively constant in fractions larger than 1.44 mm, but changed 

radically in the fractions smaller than 1.44 mm. In the latter fractions, igneous and 

metamorphic lithologies are under-represented, because identifiable rock species have 

been comminuted to mono-mineralic fragments. The accuracy of provenance 

determination depends on the identification of the pebbles, so utilization of the larger 

pebble sizes is necessary. In view of these considerations, the 4-64 mm fraction was 

chosen as a compromise to obtain a large number of clasts in an identifiable size range, 

utilizing a manageable 2-4 kg sample. 

In this study more than 300 pebbles per sample were counted and divided into three main 

categories: 

1. Metasediments (Meguma Group) 

2. Granitoids (South Mountain Batholith (SMB) 

3. Foreign (not Meguma Group or SMB granites) 
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In most samples the "foreign" or non-Meguma components comprise less than 10% of the 

total amount. The significance of statistical comparisons of point counts less than 10% 

from samples of 300 is questionable (Patterson and Fishbein, 1989). Because of this, 

various "foreign" components" were ranked in order of abundance, rather than individually 

counted. To enhance rock identification, selected exotic pebble species from marine and 

terrestrial samples were thin-sectioned and petrographically analyzed using standard 

techniques. 

The lithologic assemblage of a till depends on the intrinsic factors of till formation, the 

nature of the substrate over which the glacier passes, and inheritance/overprinting 

processes inherent in a multi-glaciated region (Finck and Stea, 1990). Lodgement tills are 

deposited by plastering of glacial debris from the sliding base of a moving glacier by 

pressure melting or other mechanical processes (Dreimanis, 1989). This process tends to 

form tills dominated by local lithologies, whereas tills formed through a basal melting or 

ablation process can contain very high percentages of exotic clasts (Dreimanis, 1989). At 

the base of a glacier, mutual clast attrition is high and lithologies such as shales are 

rapidly comminuted (Boulton, 1975). Lodgement tills produced from this material 

generally show little down-ice dispersal. As material is shunted englacially, the amount 

of clast to clast attrition decreases and transport potential is increased. Boulton (1978) 

referred to this process as "mechanically passive transport". Debris can be moved up into 

an englacial position through these processes: 

1. Plucking from rock protuberances high in the ice (Shilts, 1976). 

2. Up-glacier shearing as ice passes over obstructions and regelation ice 

forms underneath (Boulton, 1975). 
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3. As the ice flow becomes compressive, shear planes are created, guiding 

the dirty ice above the substrate (Dreimanis, 1976). 

In any section of tills deposited by a single ice sheet, material from the base, middle and 

upper parts of the ice sheet (basal, englacial, and superglacial) can be deposited as a 

sequence, as the temperature regime of the glacier changes. This ablation-lodgement 

couple is almost universally present in all sections (Shilts, 1976). 

2.6.2 Till Provenance 

Ice flow trajectories are determined by linking source regions to sample sites (cf. Meyer, 

1983). Foreign lithologies at any site along the Eastern Shore study region can generally 

be traced to one or more of these source regions. 

1. Antigonish Highlands 

2. Cobequid Highlands 

3. North Mountain 

Table 2 summarizes the main lithologies and relative abundances of indicator erratics from 

these source areas. The sampling density and distribution in the marine and terrestrial 

environs are sufficient to intersect dispersal "trains" emanating from these large source 

areas (Fig. 6). In evaluation of provenance, the assemblage of erratic rock types are 

sometimes more valuable than identification of individual species. The possible glacier 

flow paths are reduced when more than one indicator rock species is considered. The 
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1. Granitoid rocks («40%) 
(a) red, orange, tan and grey hornblende-biotite monzogranite to alkali-feldspar granite. 

(b) dark grey hornblende-pyroxene diorite 
(c) red and grey to pale orange syenogranite 

(d) sheared (cataclastically-deformed) granitoids 

2. Volcanic rocks («35%) 
(a) tan to orange rhyolites, andesites and dacites (tuffs, ignimbrites and agglomerates) 

(b) black to red-brown basalts 

3. Sedimentary and metasedimentary rocks (~25%) 
(a) siltstone, shale, mudstones, conglomerates, sandstones 

(b) quartzite, schist, gneisses, marble 

ANTIGONISH HIGHLAND LITHOLOGICAL SUITE 

1. Volcanic rocks (=45%) 
(a) rhyolites, dacites, andesites (tufsf and ignimbrites) 

(b) basalt 

2. Sedimentary and metasedimentary rocks (=45%) 
(a) red arkosic sandstone, conglomerate 

(b) blue-grey shale, siltstone 
(c) red siltstone, shale 

(d) fossiliferous, sandstone; green and black, laminated siltstone 

3. Granitoid rocks («10%) 
(a) grey granodiorite 

(b) red to pink monzorganites and syenogranites (some altered) 
(c) diorite, appinnite 

NORTH MOUNTAIN LITHOLOGICAL SUITE 
1. Massive and amygdaloidal (zeolitic) basalt (100%) 

Table 2. Lithologies of the major highland source areas in northern mainland Nova 

Scotia. 
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Figure 6. Location of the terrestrial and marine samples in study region. Till type 

classifications are given for all land samples. Sediment classifications are shown for the 

offshore samples. Note the preponderance of gravel inside the 50 m contour, whereas 

diamicton and muds are largely found in deeper water (see Appendixes 3-7 for sample 

data). 
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presence of diagnostic minerals in the samples can assist in the delineation of provenance. 

For example, muscovite is not a common accessory in the granitic rocks of the Cobequid 

Highlands but is an important secondary mineral in the rocks of the South Mountain 

Batholith (Clarke et al, 1980). Hornblende is not known to occur in the granitic rocks of 

the South Mountain batholith (MacKenzie and Clarke, 1975), but is common in Cobequid 

granites (Donohoe and Wallace, 1985). 

2.6.3 Clast Morphology and Surface Features 

Grain shape was qualitatively assessed using Powers (1953) visual scale augmented by 

identification of characteristic shape types (i.e. glacial flat-iron-"bullet" clasts; discoid 

beach pebbles) and surface markings, such as striations. The percentages of striated clasts 

were evaluated as a<? index to the degree of reworking by wave-erosion and the genesis of 

the deposit (ApDendix 4). 

Shape analysis is a powerful tool in discrimination of glacial facies and sedimentary 

environments (Mazzullo end Anderson, 1987). Glacial depositional environments can be 

inferred from pebble shapes (Boulton, 1978; Dreimanis, 1989). 

2.6.4 Texture 

Karrow (1976) maintained that fine detail in measurement is probably meaningless as local 

variations in till texture can be great. Till units in Nova Scotia can be distinguished based 

on their gravel/sand/mud ratios (Nielsen, 1976). Stea (1982; 1984) correlated till units 
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in central Nova Scotia based on their gravel/sand/mud ratios. Stea et al. (1989) divided 

these till units into older, matrix-dominated till units formed1 near the margin of extensive 

ice sheets and ice caps and clast-dominated, younger tills formed somewhere near a former 

ice divide. 

For the terrestrial and marine samples (Appendix 7) the author uses a simple clast/matrix 

ratio, which is the weight ratio of the <64 mm->2 mm/<2 mm fractions. Grain size 

data from Nielsen (1976) are also utilized for the correlation of till units. 

Gravel/sand/mud weight percentages were calculated for samples from core 91018-53 

(analyses courtesy of the Atlantic Geoscience Centre). A detailed grain size analysis, 

using 1/2 phi intervals, was done on selected till samples and marine sediments. 

The texture of till depends not only on the energy of the glacier transporting agent, but on 

the provenance of the till itself (Shilts, 1978). As a giacier passes over unconsolidated 

sediments, tlvse are incorporated into the till and impart a distinctive signature to the 

grain size distribution. Joint spacing, weathering and degree of induration, are all 

parameters which contribute to the susceptibility of rocks to erosion, and subsequently to 

the texture of the resultant till. The glacier base or "glacial mill" can produce fines by 

abrasion and crushing. Terminal grades in the silt sizes (Dreimanis and Vagners, 1971) 

are produced. In many regions, especially at the margins of the former great ice sheets, 

the fines are inherited from older till material. Meltwater may remove considerable 

volumes of the comminution debris (Drewry, 1986; Eyles and Eyles, 1992). Material in 

englacial transport is suspended above the traction zone and undergoes little comminution 

(Boulton, 1978). 
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2.6.4.1 Marine Tills 

Sampling difficulties in the marine environment make genetic interpretation hazardous. 

Syvitski (1991) cautioned that on glaciated shelves, seismic facies characterized by 

incoherent reflections and high reflectivity, generally interpreted as till, may encompass 

a variety of sediment types, including well-sorted gravels. King (1993) compiled much 

of the pertinent data on marine till and states (p. 349) " The majority of studies ... 

interpret the diamictons as till a trend that possibly reflects Alley et al. (1989) (till-

deformation) hypothesis that provided a plausible mechanism for subglacial deposition 

under a marine ice sheet". King (1993) states that it may be impossible to differentiate 

between primary and secondary till. Hart and Boulton (1991) have extended the concept 

of deformation till in the marine and terrestrial environment to include most till. They 

argue that deformed till is a common phenomenon. In the marine environment, clay-rich 

proglacial glacial marine sediments can be transformed into till by rapidly readvancing ice 

(Alley et al, 1989; King, 1993), however, subglacial deformation may be less effective 

in coarser- grained sediments (Hughes in Denton and Hughes, 1981). Grain size analysis 

of large volume grab samples in this study will help to resolve the problems of till genesis 

in the marine environment. 

2.6.5 Age Dating 

Marine shell fragments and foraminifera were radiocarbon-dated using Accelerator Mass 

Spectrometry and regular beta disintegration methods (Table 3). Foraminifera were hand 

picked from seived (<64 fim) separates for age dating. All ages are calculated with 



14C Age date 
l3C adjusted 
+ / - l a 

3970+/-60 
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+/70 AMS 

11650 
+/-110 

11770 
+ /-200 
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+ /-90AMS 
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+ /-70AMS 
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+ /-80AMS 

13050+/-140 
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Number 
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50594 

Beta-
50593 

Beta-
47892 
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50595 

Beta-
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47891 
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50596 

Beta-
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Beta-
57909 

Beta-
61626 
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Sample No. 
and Type 

Pcore 91018-
53 

IKU 
91018-51 

IKU 
91018-50 

VCore 
91018-40 

IKU-
91018-83 

Vcore 
91018-22 

Vcore 
91018-36 

Pcore 
91018-53 

Pcore 
91018-53 

Pcore 
91018-53 

Pcore 
91018-53 

Vcore 
91018-38 

IKU 
91018-89 

Pcore 
91018-53 

Pcore 
91018-53 

Pcore 
91018-53 

Pcore 
91018-53 

Material 

shell 

shell 

shell 

shell 

shell 

shell 

shell 

foram 

shell 

shell 

shell 

shell 

barnacle 

shell 

shell 

foram 

shell 

Water 
depth/ core 
depth (m) 

168\.024 

165/.5 

165/.5 

80/.80 

82/.S 

65/1.65 

80/1.59 

168/.99 

168/3.45 

168/3.45 

168/2.95 

73/.S 

106/.5 

168/5.90 

168/6.16 

168/4.16 

168/6.95 

Landform/ 
Formation 

Emerald Silt 

Scotian Shelf 
Dr. 

n ii 

Channel Fill 

CH Moraine 

Valley Fill 

Valley Fill 

Emerald Silt 

it H 

n H 

it II 

Sambro 
Delta 

CH Moraine 

Emerald Silt 

it ti 

ti II 

M n 

Table 3. Compilation of 14C ages from this study. 
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respect to the Libby half-life of 5570 years and reported with the value of one standard 

deviation error resulting from the random nature of the disintegration process (Table 3). 

The reported dates are all adjusted for 13C fractionation calculated relative to the PDB-1 

international standard. They are not adjusted for oceanic reservoir effects, unless 

stipulated, because of the regional variability of the effect and poor mixing of oceanic 

water within the shallow, closed basins of the Scotian Shelf (Piper et al, 1990). 



CHAPTER 3: MARINE QUATERNARY GEOLOGY 

3.1 THE STUDY AREA 

The marine study area on the inner continental shelf off Nova Scotia, extends 40-60 km south 

from the present coastline to a prominent set of sea-bottom ridges termed the Scotian Shelf 

End Moraine Complex (King et al., 1972) (Fig 1) It is a region of irregular relief and highly 

variable sediment thicknesses (Forbes et al., 1991) The rner shelf trends NE-SW, parallel 

to the strike of Meguma bedrock basement and the continental shelf break (Piper et al., 

1986) 

3.2 OCEANOGRAPHY 

The main oceanic circulation pattern over the inner shelf is a southwestward flow known as 

the Nova Scotian Current (Bigelow, 1927) Tides are semidiurnal with an average range of 

1 4 m (Hopkins, 1985) Bottom drifter experiments have shown that fair weather tidal 

current velocities are not sufficient to transport sediment except when focussed into 

constricted inlets (Hopkins, 1985) The surface wave climate is seasonally variable, with 

larger waves during winter storms and rare hurricanes (Forbes et al, 1991) Northeastward-

trending storm paths (cyclonic lows) across the mainland generate onshore winds Wave 

heights up to 8 m are generated with a median value of 1 m The offshore extent of sediment 

transport is best indicated in large embayments where shoreface sand wedges can be traced 

to -20 m (Hall, 1985, Boyd et al., 1988a) Pebble-sized gravel is mobilized during winter 

storms at 30 m water depth (Forbes and Drapeau, 1989) Combined wave-tidal current 

activity may entrain silts at depths of 100 m (Forbes et al., 1991) 

48 
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3.3 ACOUSTIC TERRAIN "ZONES" 

Cok (1970), King (1970) and Drapeau and King (1972) divided the Scotian Shelf into three 

physiographic zones an inner zone (Inner Shelf) characterized by rough topography, a middle 

zone (Central Shelf) consisting of broad shore-parallel depressions, and an outer zone (Outer 

Shelf) consisting of wide, flat banks Seismic methods have advanced considerably since the 

70's enabling further detailed physiographic subdivisions Five major coast-parallel zones 

have been designated in the inner shelf (Fig 7) These are (seaward to landward) 

(1) Scotian Shelf End-Moraine Complex (King et al, 1972), 

(2) Basin Zone (this study), 

(3) Outcrop Zone (Forbes et al., 1991), 

(4) Morainal Zone (Stea et al., 1993 a, b), and 

(5) Truncation Zone (Forbes et al, 1991, Stea et al, 1993 a, b) 

Kelley et al. (1989) mapped similar shore-parallel zones off the coast of Maine The inner 

shelves of both Nova Scotia and Maine exhibit a nearshore zone of sediment accumulation 

(sand-gravel) gradinglnto a denuded zone with a thin veneer of residual material over rock 

and till The author has utilized these previous informal mapping concepts and fused them 

into a formalized zonal concept 

"Terrain Zones" can be defined as areas of unique bottom morphology (landforms) and 

seismic sequences and facies (stratigraphy) The zones are a consequence of bedrock type 

and structure, glacial erosional and depositional processes and sea-level rise and fall They 

include assemblages of glacial landforms such as moraines and drumlin fields, areas of 
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Figure 7 Mapped terrain zones and subzones on the inner shelf These zones can be defined 

as areas of unique bottom morphology (landforms) and seismic sequences and facies 

(stratigraphy) The zones are a consequence of bedrock type and structure, glacial erosional 

and depositional processes and sea-level rise and fall Tracklines and the location of the grid 

model of the Sheet Harbour area (Fig. 8) are also indicated on this figure. 

i 
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bedrock outcrop, and deep, sediment-filled basins and channels Subzones are based on 

landform and stratigraphic commonalities at a smaller scale than zones The lowest level in 

the mapping hierarchy is individual stratigraphic units (sequences and facies) definable in 

basins and valleys within zones and subzones These seismic stratigraphic units are based on 

the amplitude, frequency and pattern of internal reflections and their relationship to bounding 

surfaces (e g , King and Fader, 1986, Vail et al, 1977) 

The Scotian Shelf End-Moraine Complex (SSEMC) is a series of large ridges that occur 30-

40 km offshore, parallel to the present-day Nova Scotian coastline (King et al, 1972, Fig 9) 

The Basin Zone is a series of closed, sediment-infilled basins in water depths greater than 

145 m The "Outcrop Zone" was defined by Forbes et al. (1991) as a broad area of bedrock 

outcrop largely devoid of surficial sediment The "Morainal Zone" was defined as a region 

of sub-parallel ridges and intervening areas filled by conformably-bedded and ponded seismic 

units (Stea et al, 1993 a, b) The Truncation Zone was defined as a region of the inner shelf 

with muted topography and planar erosional surfaces truncating bedrock and surficial cover 

(Stea et al, 1993 a, b) A grid model of the bathymetry off Sheet Harbour (Appendix 1), 

displays four of these zones (Fig 8) A SSEMC morainal ridge (Eastern Shore Moraine) can 

be clearly seen, with a linear form and asymmetric profile The Basin Zone is a flat 

topographic area north of the moraines characterized by conformably-bedded acoustic units 

with high amplitude, coherent reflections (Table 1, Emerald Silt) and transparent, ponded 

facies (Table 1, LaHave Clay) Landward of the Basin Zone are ridges and mounds 

composed of acoustically incoherent material (Morainal Zone) The Truncation Zone is 

marked by the change to muted topography around 80-90 m These topographic zones are 

described in detail in the next sub-chapters starting with the Scotian Shelf End-Moraine 

Complex 
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Figure 8 Digital grid model of the bathymetry of the inner shelf in the Sheet Harbour transect 

area (Fig 1) It was digitized from 12 kHz seismic records of the Canadian Hydrographic 

Service The tracklines were 93 km apart and depth measurement;; were taken every 5 

minutes along lines Note the continuity of the Scotian Shelf End Moraine Complex 

(SSEMC) The view is towards the southwest from the northeastern end cf the Eastern 

Shore Moraine (see Fig 9) The arrow marks the location of a major channel also mapped 

in Huntec records 
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Figure 9 The Scotian Shelf End Moraine system (after King et al, 1972) 



ore 
c 

COUNTRY HARBOUR MORAINE 

> : -V:7 [ W,\ V=HOM( 
MORAINE 

SAMBRO MORAINE 

PFNNANT POINT MORAINE 

SOUTH SHORE MORAINE 

0 70 40 mi 

0 60 km 



57 

3.4 SCOTIAN SHELF END-MORAINE COMPLEX 

3.4.1 Introduction 

The Scotian Shelf End-Moraine Complex (SSEMC) is a series of large sea bottom ridges that 

occur 30-40 km offshore and parallel the present day Nova Scotian coastline (Fig 9) The 

ridges occupy the landward margin of a trough (Basin Zone) that extends more or less 

continuously along the entire Scotian Shelf with depths of 140-200 m and a width of 40-

50 km (King et al, 1972) They are composed of the Scotian Shelf Drift, defined as an 

incoherent acoustic unit with occasional diffractive point sources interpreted as boulders 

(King and Fader, 1986) (Table 1) On the southward-facing, deep water side these ridges 

interfinger with the Emerald Silt in a series of wedge-shaped projections called till-tongues 

Till-tongues are defined as wedge-shaped deposits lacking in internal reflections, interbedded 

with stratified glacial marine sediment and rooted in large constructional moraines (King and 

Fader 1986, King etal., 1991, King, 1993) On iue proximal (landward) side of the SSEMC 

moraines Emerald Silt laps onto the moraines 

3.4.2 Halifax Moraine 

3.4.2.1 Location and Stratigraphy 

The Halifax Moraine is located 50 km southeast of Halifax Harbour (Figs 10, 11 and 12) and 

consists of a series of 2-4 km wide, discontinuous ridge segments which protrud above the 

seabed The main segment is oriented NE-SW and is 12 km long Several shorter segments 

to the northeast of the main ridge are oriented NW-SE The total length is 30 km The ridges 
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Figure 10 Legend foi the seismic geology-seismic landform maps of the inner shelf transect 

areas (Fig 1) These maps depict the distribution of acoustic units and their associated 

landform assemblages In most cases, stratigraphic formations and facies (King and Fader, 

1986, Table 1) or units (cf Forbes et al, 1991) are mapped, but where the unit distribution 

is too complex, or erosion is dominant, then subzones are depicted on the maps Schematic 

diagrams illustrate the geometry and lithostratigraphy of the seismic bodies Stratigraphic 

classifications are from King and Fader (1986) and Forbes etal, 1991 (Table 1) 
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Figure 11 Surficial geology-landform map of the seismic tracklines in the southern Halifax 

transect region of the inner she'f ofNova Scotia (Fig 1) See Figure 10 for the legend to this 

map Core locations are marked by an X, IKU samples are marked by a box symbol 

Reference sections, depicted in later figures, are shown with solid black lines and large letters 

beside the interpreted tracklines Major southwest-trending channels can be interpolated 

between tracklines 
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Figure 12 Sparker acoustic profile and interpretation of a segment of the Halifax Moraine 

(Sections B-A, Fig 11) Three till tongues can be delineated in the southern or distal portion 

of the moraine Close up of the distal portion of Till Tongue 3 showing the "feather edge" 

The water depth is shown in metres on the side of the section These depths are calculated 

from two-way travel times using 1500 m/sec as the velocity in water and the uppermost 

sediments 
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have an asymmetric profile, steeper on the landward (north) side The moraine segment 

reference section (Section A-B, Fig 12) is a 4 km wide, broad rise in the seabed Sediment 

thicknesses vary from 15 m on the landward (north side) to greater than 40 m on the seaward 

side, whereas the ridge itself has 30 m of seabed relief The upper moraine surface ranges 

between 150 m and 170 m water depth The reference section ridge is composed entirely of 

acoustically incoherent material, coherent reflections are not visible even on the low frequency 

sleevegun record (Appendix 2) Three till-tongues can be resolved on the seaward side of the 

type section (Fig 12), facing southeastward These tongues are irregular in shape when 

compared with tie reference tongue from the Gulf of Maine (King and Fader, 1986, p 14) 

The lowest wedge-shaped protrusion (400 in long by 10 m thick) is isolated from the morainal 

fragment by irregularly-shaped, high amplitude reflections that extend well into the morainal 

segment It has a convex-upward shape and terminate sharply against the Emerald Silt In 

section A-B (Fig 12), a package of Emerald Silt reflections appear to be closer together at 

the edge of the till-tongue, than either underneath or beyond the tongue (Fig 12) The 

second tongue is thicker with little apparent thinning at its extremity (Fig 12) The highest 

tongue is only a few ten's of metres long and few metres thick On the seaward (southern) 

side of the moraine the uppermost Emerald Silt reflections appear to grade into, rather than 

lap onto, the incoherent material that makes up the ridge The surface of the Halifax Moraine 

is irregular, probably furrowed Numerous point hyperbolic reflectors within the moraine may 

indicate boulder-sized clasts On the landward side, Emerald Silt reflections appear to lap 

onto the moraine 

3.4,1.2 Lithology 

IKU grab samples (28, 50, 51 and 52, Figs 11, 13, Appendixes 3, 4) were taken from the 
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Halifax Moraine IKUs 28, 50 and 52 consist of a homogenous, olive-grey, sandy, matrix-

supported diamicton (Fig 13) IKU 50 contains grey sand and reddish-brown clay inclusions 

The basal samples of IKUs 28, 50, 51 and 52 vary between 23 8 and 38 2 wt % gravel 

(Appendix 7) IKU 52 contains 51% sand and 23% mud (Fig 14) 

The clast shapes of these samples generally fall into three populations, angular to subrounded, 

unstriated (70-95%), subangular to subrounded, striated (1-30%), and rounded (<5%) 

Significantly, some rounded, unstriated pebbles in the bottom sample of IKU 52 (91018-52-

5, Appendix 4) have angular faces indicating recycling (Fig 15) There does not appear to 

be any significant variations in clast shape and striation percentages between the top, middle 

and bottom subsamples of all the IKU samples from the moraines (Appendix 4) 

The pebbles consist primarily of Meguma Group metagreywacke (84-90%) SMB granite 

fragments make up 1-5% of the pebble fraction and foreign lithologies comprise 5-11% The 

foreign lithologies are dominated by mafic intrusive rocks (diorite), pink, K-feldspar and 

hornblende-bearing granitoid intrusive rocks, porphyries, felsic volcanic rocks and red clastic 

sedimentary rocks Again, there is no apparent systematic variation between the top and 

bottom subsamples of each IKU grab (Appendix 4) 

3.4.2.3 Age 

The Halifax Moraine may be somewhat younger than the Sambro Moraine which is located 
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Figure 13. Photographs of the IKU grab samples. A: IKU 52 (M) Halifax Moraine, 

B: IKU 55 Sheet Harbour Moraine, C: IKU 49 Morainal Zone. Note that the diamictons 

are matrix-supported, and some clasts exhibit stoss and lee form. 
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Figure 14. Detailed grain size analysis of selected samples from the marine and terrestrial 

portions of the study region. LT-Lawrencetown Till; ST-Beaver River Till (Stony Till 

Plain); HT-Hartlen Till; TT-Till-Tongue (Emerald Silt?); RM-Morainal Zone (Scotian 

Shelf Drift); IKUs 52, 55 from Scotian Shelf Morainal Complex (Scotian Shelf Drift). 
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Figure 15 Photographs of pebbles in IKU grab samples from the Scotian Shelf End Moraine 

Complex Three pebble shape populations can be distinguished in most samples from the 

moraines (A-right) IKU 52, glacial, flat-iron with striations, (A-middle) well-rounded with 

fracture indicating recycling, (A-left) angular, unstriated, (B-left) IKU 55 striated glacial 

clasts, (B-right) IKU 85 (Till Tongue) - well-rounded clasts 
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15 km seaward (Fig. 9), assuming that the landforms were deposited sequentially during 

landward-retreat. The age of the distal till-iongue on the Sambro Moraine (Fig 9) has been 

estimated at 15 ka by Gipp and Piper (1990, age not corrected for reservoir-age effect) 

During the 1991 survey, core 91018-53 was obtained in a basin just north of the Halifax 

Moraine (Fig 11) The core penetrated into glacial marine sediments which onlap onto the 

proximal part of the Halifax Moraine The apparent age near the base of the core is 13,050 

± 140 14C years on a fragment of Nucula sp (3C corrected) (Table 3) The age can be as 

much as 440 years older with reservoir age uncertainty (Mangerud, 1972) Gipp (1989) 

calculated sedimentation rates of 10-30 m/kyr for basal glacial marine sediments in the 

Emerald Basin Using 20 m/kyr as a sedimentation rate for the lower part of the core and an 

age of 14 1 ka for the core base (corrected for reservoir age-effect), the interpolated age for 

the top of the moraine surface at the core site is 14 5 ka This is considered to be a minimum 

age only 

3.4.3 Eastern Shore Moraine 

3.4.3.1 Location and Stratigraphy 

The Eastern Shore Moraine is located 45 km south of Sheet Harbour (Fig 9) It is a 

continuous, NE-SW-trending ridge (Figs 8, 9, 16), 1-3 km wide and 23 km long This 

morainal segment has a marked asymmetry, thicker and steeper on the north (landward) side 

and thinner on the south (Fig 17) It has 20 m of seabed relief in water depths of 128 ;o 

148 m and ranges in thickness from 45 to 70 m. The moraine consists of Scotian Shelf Drift 

divisible into three massive acoustic units on the sleevegun record (Fig 17), with a 
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Figure 16. Surficial geology-landforms of the Sheet Harbour Transect area (Fig. 1). See 

Figure 10 for the legend to this map. Core locations are marked by an X; IKU samples are 

marked by a box symbol. Reference sections, depicted in later figures, are shown with solid 

black lines and large letters beside the interpreted tracklines. The geology is interpolated 

between tracklines by matching morainal landlorms on the Huntec records with topographic 

highs on a contoured bathymetric map derived from echograms (Map 2). Boxed region is a 

region of closely-spaced tracklines over the Morainal Zone. Note also a major channel 

emanating from the Morainal Zone. 
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Figure 17 Sleevegun record and interpretation across main segment of the Eastern Shore 

Moraine (Fig 16, A-B) The moraine is comprised of three massive acoustic units (Units I -

3) The units taper in a seaward direction Unit 3 appears to truncate Units I and 2 on the 

landward side of the moraine 

rr< 
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prominent reflection between each of them Unit 3 appears to truncate Units 1 and 2 on the 

landward and seaward sides of the moraine On the seaward side of the moraine is a unit 

with higher frequency reflections, interpreted as Emerald Silt (Fig 17) and the acoustically 

incoherent units taper tcvvards the Emerald Silt, but the resolution is inadequate to determine 

the precise contact relationships Huntec records show that Emerald Silt reflections aie 

draped on the landward side and interfinger with Unit 3 on the seaward side The distal 

surface of the moraine is rough with ridge-swale amplitudes of 2-6 m, while the proximal 

slope is relatively smooth The sidescan record of the distal slope reveals a seiies of subdued, 

straight grooves 30 to 50 m wide with elevated edges or "berms" The roughness of the 

moraine surface apparent on the reflection records, is attributed to these linear furrows rather 

than isolated mounds and hollows These furrows resemble those described by Fader (1989b) 

and losenhans and Barrie (1989) attributed to iceberg scour These appear to be best 

developed in water depths above 145 m On the Sambro K.oraine, iceberg furrows are found 

above 180 m water depth 

3.4.J.2 Litho!ogy 

IKU grab samples (55 and 56 Fig 16, Map 2) were taken from the top of the moraine They 

consist of olive-grey, sandy, matrix-supported diamicton, with angular to subrounded clasts. 

Both IKU samples have higher clast/matrix ratios in their top jr surface samples IKU 56 

contains clayey inclusions The basal samples of IKUs 55 and 56 vary between 18.8% and 

20 4% gravel whereas the top sample of IKU 56 contains 34 8% gravel IKU 55 (basal 

subsample) contains 37% gravel, 49% sand and 14% mud (Fig 14) 
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As in the Halifax Moraine samples, three distinU populations of clast shapes can be discerned. 

In IKU 55, most of the larger clasts are unstriated and subangular, whereas in IKU 56 they 

are largely subrounded In both samples a minor proportion ^f the clasts are striated (16 to 

27%) and facetted with flat-iron shapes indicative of glacial erosioi. v3-7%) A few clasts are 

rounded to well-rounded with no surface features. There are no significant variations in 

pebble shapes and percentages of striated pebbles between the surface and bottom IKU 

subsamples. On sidescan sonograms the surface of the moraine is variegated with white and 

dark areas. The strong reflections (dark regions) and acoustic shadows (white areas) suggest 

randomly spread objects 1-4 m in diameter (boulders) 

Metagreywacke of the Cambro-Ordovician Meguma Group (85-90%) is the dominant rock 

type in the pebble fraction of the IKU samples Meguma Zone granites and foreign lithologies 

are only minor components (Appendix B). Foreign lithologies include pink, K-feldspar and 

hornblende-bearing, intrusive rocks, felsic volcanic rodcs and red and grey sandstones. 

Metagreywacke percentages do not vary significantly between the top and bottom IKU 

subsamples. 

The age of the Eastern Shore Moraine could not be determined either directly or indirectly. 

3.4.4. Country Harbour Moraine 

3.4.4.1 Location and Stratigraphy 

The Country Harbour Moraine, located 30 km south of Country Harbour, is the most 

complex landform in the thesis area (Figs. 9, 18). It has an arcuate shape, the western 
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Figure 18 Surficial geology-landforms of the Country Harbour Transect area (Fig I). See 

Figure 10 for the legend to this map Core locations are marked by an X; IKU samples are 

marked by a box symbol Reference sections, depicted in later figures, are shown with solid 

black lines and large letters beside the interpreted tracklines 
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segment trends NE-SW parallel to the other SSEMC moiaines, whereas the eastern poition 

trends NW-SE, nearly perpendicular to the main moraine complex (Fig 9) The western 

segment is 3 to 8 kr* wide, similar to the other SSEMC moiaines The eastern section widens 

to 23 km (King and Maclean, 1974) Like the two previously described moiaines, profiles 

through the western section of the Country Harbour Morain? reveal a marked landward 

asymmetry and are composed of 3 sub-units of acoustically incoherent maret ial (F:g ! 9) flic 

Huntec profiles across the Countiy H-^bout Moraine reveal an irregular surface above 125 m 

water depth resembling the iceberg ft rrows of the other SSEMC moraines but ol lessei 

amplitude These were not visible on the sidescan sonograms from the 91018 cruise, bu i 

previous surveys G Fader (pers comm, 1994) has noted small-scale iceberg furrows on me 

truncation surface south of the moraine South of the Country Harboui Moiaine aic 

numerous wedge-shaped, acoustically massive units intercalated with Emerald Silt, Fig 20) 

These units are rooted in the moraine ridges and are therefore defined as till-tongues I liese 

tongues are several hundred metres tc 10 oi more kilometres lonj- (Fig 20), but till-tongue 

lengths can be exaggerated in oblique and transverse sections 

The Country Harbour Moraine differs from other SSEMC moraines in four respects 

1 Shallower water depths (the moraine segment with the greatest seabed 

relief ranges from 84 to 115 m water depth) 

2 Muhple till-tongues within an exceptionally thick glacial marine section 

(King and Fader, ;98o,p 22) 

3 An extensive, planar erosional surface seaward of the moraine wh rh 

truncates till-tongues and Emerald Silt 

4 Lack of an extensive basin or trough on the north side of the moraine 

I 
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Figure 19 Sleevegun record and interpretation of transect C-D Section is NW-SE across 

the Country Harbour Moraine (see Fig 18) Three massive acoustic units can be 

differentiated in this moraine segment The asterisk refers to the truncated root of the till-

tongue (cf King et al, 1991) 
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Figure 20 Sleevegun and Huntec acoustic records and interpretations of transect A-B (see 

Fig 18 for locations) Till-tongues are numbered 1 through 6 (at their distal ends) These 

tongues are separated by Emerald Silt of variable thickness The scale on the left is water 

depth in metres Note the truncation of acoustically incoheient till tongues and Emerald Silt 

reflections by the seabed surface The proximal end of Till Tongue 3 has an arcuate, 

asymmetric profile with a steep and gentle slope and may represent a former morainal 

position 
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The moraine is a complex, interdigitating succession of till-tongues and intercalated Emerald 

Silt facies A King and Fader (1986) counted 9 till-tongues in a vertical section across the 

NE-trending section of the moraine 6 till-tongues were identified along with their truncated 

"roots" (King et al, 1991) in Section A-B (Fig 20) They are 10 to 50 m thick, less than 

1 Kir. to 20 km long, and are horizontal, or nearly so, at their distal end The orientation of 

these tongues with respect to the main morainal segments is not certain, so these distances 

can be misleading A planar erosional surface truncates the roots of distal tongues 5 and 6 

(Fig 20) Interpolating the tongues and intercalated Emerald Silt above the truncation 

surface a former morainal fragment can be reconstructed (Fig 20) The erosional surface can 

be traced to the distal part of an distinctly asymmetrical morainal ridge (Fig 19) The 

morainal ridge itself does not appear to be extensively eroded, as it exhibits some variable 

local relief It has 18 to 25 m of seabed relief The sleevegun record shows a series of 

acoustically incoherent units each linked to a till-tongue and truncated by the proximal slope 

of the morainal ridge (Figs 19,20) 

3.4.4.2 Lithology 

IKU grab samples 82, 83 and 84 were taken from the upper surface of the Country Harbour 

Moraine IKUs 85 and 86 were obtained from a till-tongue exposed on the erosional surface 

(Fig 18) IKUs 82, 84 and 86 consisted of olive-grey sandy-mud, matrix-supported 

diamicton IKU 83 grades from an olive-grey sandy-mud diamicton at the surface to a grey 

clay with few stones at the base The top sample of IKU 83 contains 41 7% gravel whereas 

the basal sample of IKU 84 contains 32 2% gravel comparable to other SSEMC samples 

(Appendix 9) IKUs 85 and 86 are from a till-tongue exposed on the erosional surface IKU 

85 grades from an olive-grey sandy-mud, matrix-supported diamicton at the surface to a grey 
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clayey mud with few stones at the base (gravel content 3 5%) IKU 86 is a homogenous, 

olive-grey, sandy-mud diamicton It contains only 8% gravel, 68% sand and 24% mud 

(Fig 14) Core samples through a till-tongue from the Country Harbour moraine by King and 

Fader (1986, p 38) revealed a structureless silty-clay with an average composition of 1% 

gravel, 7% sand, 43% silt and 49% clay 

IKUs 82 and 83 both display subangular to well-rounded clasts with 7-9% striated clasts in 

the basal samples, respectively In IKU 83 the percentages decrease from 7 at the base to 

0 at the top IKU 84 has a higher percentage of rounded stones, some of which appear to be 

recycled, and has 3% striated pebbles There is a significantly greater degree cf rounding in 

these KUs than previous SSEMC diamictons (Fig 15) Striated pebbles were not found in 

IKUs 85 and 86 but most of the clasts were angular, soft marlstones, not amenable to 

retaining striae 

IKUs 82, 83, and 84 contain 82-88% Meguma metagreywacke, 1-6% SMB granitoids and 

2-6%o foreign and 5% Tertiary or Cretaceous brown marlstones The foreign lithologies are 

dominated by volcanic rocks and some pink, probably K-feldspar-bearing intrusive rocks 

Also noted were andalusite'? and cordierite?~beanng schists derived from high grade 

metamorphic terranes north of the section IKUs 85 and 86 on the till-tongues contain 6-17% 

Meguma metasedimentary rocks, 70-90% buff-brown soft Mesozoic marlstones, 1 -3 % SMB 

granites, and 3-17% foreign lithologies 

3.4.4.3 Age 

Radiocarbon dates were obtained from two sites in the morainal complex, the morainal crest 
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(IKU 83) and the erosional surface south of the moraine (IKU 89) The base of IKU 83 

contained a shell hash of pelecypods and barnacles including Chalmys islandicus and 

Placopecten magellamcus giving an age of 8320±200 yrs B P IKU 89 was taken from 

tnincated Emerald Silt B (Table 1) facies above a till-tongue on the erosional surface Shell 

fragments include Placopecten magellamcus and Palholum stibimbrifer Barnacles {Balanus 

crenatus) were most abundant and were radiocarbon dated at 11,770 ± 200 yrs B P 

The erosional surface, found distal to the morainal ridge, formed sometime during or after 

deposition of Emerald Silt glacial marine strata overlying the youngest till-tongue The 

surface appears to truncate reflections from part or all of Emerald Silt-Facies B and older till-

tongues intercalated with Emerald Silt facies A In a basin west of the Country Harbour 

Moraine, King and Fader (1988a) dated the top of the Emerald Silt Formation at 10,580 

±110 yrs B P The erosional surface must therefore must be 10 5 ka or older if the 

correlation with the adjacent basin is valid The exceptional thickness of Emerald Silt south 

of the moraine makes correlation with the adjacent northeast Emerald Basin difficult Facies 

may be repeated in successive advance-retreat depositional seismic sequences The age of the 

erosional surface can only be estimated at somewhere between 10 5 ka and 14.2 ka (base of 

Emerald Silt Facies B at a reference section in the northeast Emerald Basin, King and Fader, 

1988) The 11 7 ka date obtained from the surface of the moraine may represent a 

"maximum" age for this erosional event if one assumes that the barnacles lived during 

sediment deposition and younger material above the dated horizon was removed 

Alternatively, the barnacles may have grown on the erosional surface during a lowstand at 

11 7 ka (Stea et al, 1994 - see discussions of the Country Harbour Moraine in Truncation 

Zone subchapter) 
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The early Holocene age for the shell hash on the moraine crest (IKU 83) may be explained 

by accretion of marine muds, epifaunal growth and subsequent (later) Holocene erosion by 

submarine currents. 

3.5 DEPOSITIONAL MODEL FOR THE SCOTIAN SHELF END MORAINES 

(SSEMC) 

3.5.1 History of Ideas 

The origin of these ridges has been debated since their discovery (King, 1969). They were 

originally interpreted as grounding-line moraines at the terminus of a Late Wisconsinan glacier 

either in advance or retreat (King, 1969; King et al, 1972). This interpretation was based on 

the location of the moraines; poised on the edge of a deep trough, at a presumed critical 

buoyancy depth. 

MacDonald (1982) developed a conceptual model of four consecutive northward-retreating 

ice margins represented by the thickest part of the ridges, and readvance positions marked by 

till-tongues. King and Fader (1986) reinterpreted the mode of formation of the SSEMC as 

a subglacial ice-shelf moraine, based on the discovery of till-tongues on the northern edge of 

some moraines, notably the Country Harbour Moraine 

King et al. (1991) synthesized work done on shelf ice margins off Norway and Nova Scotia 

and reassessed the sub ice-shelf origin of the SSEMC. They devised a classification of 

moraines relating to floating ice fronts based on the presence of till-tongues rooted in 

morainal ridges. The SSEMC was classified as a "linear grounding-zone moraine" deposited 
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at the grounding line of a floating ice front Powell (1984) and Syvitski (1991) pointed out 

that ridge formation is unlikely under the constraints of an ice ceiling King et ol. (1991) met 

this objection by proposing that the ridges built up synchronously with rising sea level 

To recapitulate, the SSEMC moraines have these salient characteristics 

1 Asymmetric ridge morphology, steep landward side and gentler seaward 

slope 

2 Stacked, incoherent acoustic facies that, at least on the surface, are 

composed of an olive-brown, gravelly-sandy-mud (27% gravel, 73% matrix, 

Table 4), matrix-supported diamicton with striated (16%, Table 4) and 

facetted clasts of predominately local origin (88% Meguma Group, 7% 

foreign, 3% Meguma Zone granite, Table 4) 

3 South-(seaward) facing, stacked till-tongues with morainal roots cut off by 

the steep, north-facing slope Tongues composed of muddy diamictons and 

mud (see also King and Fader, 1986, p 15) 

4 Ice-berg furrowing above 180 m (Fader, 1991) 

5 Absence of closely-spaced reflections and sorted sediments on the surface 

of the moraine such as would characterize subaqueous outwash-grounding 

line fan-lobes (Powell, 1990) 

6 Anastomosing character in plan view (Fig 9) 

The incoherent internal configuration and absence of high frequency reflections within the 

morainal segments and till-tongues suggests that massive diamicton-till or unlaminated ice-

loaded glacial marine sediments are present and (Belknap and Shipp, 1991, Syvitski, 1991) 
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MARINE SEDIMENTS 

UNITS 

No.-> 

Gravel% 

Matrix% 

Ratio 

No.-> 

Meguma% 

Granite% 

Foreign% 

No-> 

Striae% 

SM 

10 

27 

73 

0.4 

25 

88 

3 

7 

22 

16 

MZ 

12 

45 

55 

0.9 

12 

86 

3 

8 

12 

15 

UB 

3 

51 

49 

2.1 

11 

84 

4 

11 

10 

10 

UC 

3 

88 

12 

9.2 

11 

88 

2 

8 

5 

4 

SSSG 

2 

60 

40 

1.5 

12 

87 

7 

5 

12 

2 

ES 

5 

13 

87 

0.1 

14 

74 

5 

5 

14 

8 

Table 4 Average values of lithic parameters for marine sediments in the study region (SM) 

Scotian ShelfEnd Moraine Complex (MZ) Morainal Zone (UB) Unit B (UC) Unit C 

(SSSG) Sable Island Sand and Gravel (ES) Emerald Silt 
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Piper (1988) and Syvitski (1991) suggested that coarse waterlain deposits may also be 

present, but undistinguishable from till Surface sampling of the SSEMC, however, produced 

only massive diamictons and muds Matrix-supported diamictons were most common on the 

moraine ridges, with striated and facetted clasts indicative of subglacial erosional processes 

(Dreimarii:, 1989) Sorted, waterlain deposits were not found, although well-rounded clasts 

were found in poorly-sorted muds and diamictons of the Country Harbour Moraine (Fig 15) 

Grab samples of the Scotian Shelf Drift (largely from the Gulf of Maine) taken by King and 

Fader (1986, p 31) have sorting (sigma) values >3 (very poorly sorted) and average textural 

analysis of 38% gravel, 41% sand, 11% silt and 10% clay Similarity in composition and 

texture between the SSEMC samples and samples of the Morainal Zone (see p ) and the 

textural and lithologic homogeneity between top and bottom IKUs suggest that ice-berg 

turbation (ice-keel turbate, Vorren et al, 1983, Josenhans and Fader, 1989) is not a major 

factor is the formation of these diamictons 

Grounding line fan lobes, common at the mouth of channel conduits at tidewater margins 

(Powell, 1984, 1990, Ashley et al, 1991) are not apparent either from the digital model of 

echogram profiles from the Eastern Shore Moraine (Fig 9) or from surficial mapping across 

the region (King and MacLean, 1970) 

The absence of high frequency bedding or laminations within the moraine as evidenced in the 

high resolution Huntec and NSRF sparker records (eg. Fig 12) strongly suggests 

homogeneity of composition Grounding line fans, on the other hand, exhibit stacked, 

complex stratified sequences with variable bed thicknesses, often less than 2 m (Ashley et al, 

1991) 
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Isostatically-elevated, tidewater moraines in Maine and New Brunswick (Fig 3) are 

characterized by complex sedimentology dominated by coarse glaciofluvial and fine-grained 

glacial marine facies (Smith, 1982; Nicks, 1988). Bedded units within these moraines with 

large grain-size contrasts i.e. (clay-sand rhythmites; sand-gravel beds) have strong impedance 

contrasts and would produce reflections on seismic records. The morphology of some of 

these moraines (Fig. 21) also differs substantially from the SSEMC moraines. 

3.5.? Modern and Pleistocene Analogues 

The SSEMC moraines appear to have elements in common with both the modern polar ice 

shelf and temperate valley glacier settings. Table 5 is a comparison of the characteristics of 

landforms and deposits produced at ice marginal grounding lines in Alaskan temperate 

tidewater glaciers and polar glacier ice shelves. Ice shelves inhibit the formation of morainal 

banks (Powell, 1984) but wedge-shaped, ice-marginal diamicton bodies (tili-tongues) have 

been postulated and observed (Alley et al, 1989; Anderson and Bartek, 1992 Drewry and 

Cooper, 1981; Hambrey et al, 1992; Powell, 1991). Diamicton facies are dominant in ice 

shelf environments (Anderson etal, 1991; Hambrey et al, 1991) while tidewater termini are 

characterized by complex sedimentology and structure (Powell and Molnia, 1989). The 

tidewater environments described in Alaska are dominated by diamictons and proximal 

glaciofluvial sediment fans (subaqueous outwash, Rust and Romanelli, 1975, Powell, 1984; 

Powell and Molnia, 1989). The implied absence or rarity of bedded fluvial facies in the 

SSEMC suggests an incompatibility with the tidewater-morainal bank model. 

The moraine created by the surging Brasvellbreen glacier in Spitsbergen is a possible analogue 

to the SSEMC (Elverh<bi etal., 1989). The scale and morphology of the morainal 



94 

Margin type/ 
Property 

Topography 

Sediments 

Stratigraphy 

Tidewater/ 
Tem .̂ )rate 

Linear, asymmetric ridges, 
(morainal banks) elongate, 
slump scars on the distal side, 
mud flow fans at the base of the 
ridges, subaqueous outwash fans 
also prevalent. 

Muddy diamictons, poorly-
sorted regions of sandy-gravel 
and sand with boulders 
common. Rhythmically-
laminated muds and sand. 

Glaciotectonic deformation; 
interdigitating diamictons, 
laminated muds and outwash, 
distal muds. 

Ice Shelf/ 
Polar 

Flat or low relief, lobate 
fan-shaped areas tens of 
kilometres long. 

Muddy diamictons 
predominately, often 
texturally homogenous. 

Deltaic clinoforms, made 
up of diamicton strata (till 
deltas). 

Table 5. A sediment and landform comparison of temperate tidewater and polar ice shelf 

glacial margins. 
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ridge is similar to the SSEMC moraines (Fig. 21) but a surge hypothesis cannot explain the 

volume of glacial marine sediment interfingering with the SSEMC moraines. After a surge, 

the glacier profile is markedly lowered and large areas become stagnant as a new active front 

is initiated upstream (Paterson, 1981). Meltwater production at the surge front is reduced 

or curtailed as the hydrostatic head is reduced. In the case of the SSEMC moraines, the onlap 

and interfingering relationships between the moraine and laminated, coarse and fine-grained 

glacial marine sediment (Emerald Silt facies A) imply a quasi-stable, active ice margin and a 

substantive meltwater flux. 

Holtedahl (1989) described a 60 km long submarine morainal feature (Ra Moraine-Fig. 21) 

oif Norway that can be traced onto land. It has an asymmetric shape (steeper side facing 

landward) and is composed of diamicton with ice-push structures. Holtedahl (1989) 

interpreted it as a featuie formed at the margin of an advancing ice-front. Barnett and 

Holdsworth (1974) studied lacustrine moraines from the Barnes Ice Cap, Ba.Tin Island. They 

postulated that moraine formation occurs in a wedge-shaped 5,r>ace beneath a tapered section 

of ice (ramp) by meltout. 

3.5.3 Till-tongues 

Till-tongues are wedge-shaped deposits lacking in coherent internal reflections, interbedded 

with stratified glacial marine sediment and rooted in large constructional moraines (King and 

Fader 1986; King et al, 1991; King, 1993). They were originally interpreted by King and 

Fader (1986) as the result of buoyancy-line fluctuations of a grounded ice shelf. King (1993) 

later envisioned formation by combined processes of sediment-gravity flowage from the 

grounding zone of a floating-front glacier and upstream deformation during advance and 
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Figure 21 Profiles of moraines in the study are compared with other worldwide examples 

Note in all cases a marked asymmetry, steeper on the landward side, and gentler slope on the 

seaward-down glacier side Data from Elverhcbi (1989), Holtedahl (1989), Nicks (1988) 
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retreat of the grounding zone The deformation till-tongue model is analogous to the till-delta 

hypothesis (Alley et al, 1989) In this model, deforming till under an ice stream, responsible 

for the motion of the glacier, forms horizontal till-topset beds over inclined, foreset gravity-

flow deposits at the grounding line The overlying ice shelf does not accommodate morainal 

ridge formation Banks or ridges imply a cessation of motion or stability and sediment 

accumulation (Powell, 1984) Bank or ridge formation in King's (1993) model postdates till-

tongue formation and occurs during ice retreat Deposition occurs when sea-level rises and 

the glacier separates from the bed In the case of the Scotian Shelf, however, isostatic 

recovery during deglaciation would cause initial sea-level fall and grounding of the glacier 

Alternative origins for till-tongues have been presented which include 

1 Slumping at a tidewater margin (cf Syvitski, 1991, King, 1993) 

2 Glacial marine deposition (Vorren etal, 1991) 

The details of the mass movement processes in hypothesis 1 have not been elucidated A 

slump is a type of slide whereby the movement is essentially rotational, and the mass of 

sediment is not deformed or fluidized Debris flow is a moving fluidized mass that when 

deposited, can exhibit lateral grain-size variations (Lee et al, 1993) Grain-size variations 

between till-tongues and their morainal roots (Fig 14) suggest a mass-flow process rather 

than slumping The morphology of tongues from this study area (Figs 12, 19, 20) and the 

type sections in the Gulf of I faine (King and Fader, 1986, p 14) differ from classic debris 

or mud flows (Edwards et al, 1993, Fig 22) Head scarps are not apparent in the sections 

although it could be argued that these were eroded by subsequent ice movements Instead 



99 

Figure 22 Contrasting the morphology of till tongues and mudflows Mudflow morphology 

(Edwards etal, 1983) 1 Amain scarp at the head of the slope failure that marks the point 

of detachment of the flow (Head Scarp) 2 An arcuate amphitheatre-shaped region of 

erosion (Evacuation Zone) whereby sediment is removed and constitutes the main body of 

the mudflow downslope 3 The edge of the flow is generally marked by a thickening bulge 

of sediment (Toe Bulge) Till tongue morphology 1 Abrupt contact with distal sediments, 

undulating under surfaces and flat upper surface near the thin or "feather edge" (King and 

Fader, 1986, p 48) 2 Horizontal distal margin 3 Moraine-ward thickening 
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MUDFLOW MORPHOLOGY 

Head scarp 
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TILL TONGUE MORPHOLOGY 

Morainal ridge 

Figure 22. 
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of marginal thickening (toe bulge), till-tongues generally thicken towards the moraine source, 

sometimes quite markedly (Figs 12, 19, 20, King and Fader, 1986, p 14, 48) An 

evacuation zone is not apparent in any of the moraine profiles although some of the tongues 

have steep surface slopes at the margins The volume of sediment required for the tongues 

and the low repose angles also mitigate against a simple mass-wasting origin Tongues with 

a more complex shape than the idealized forms, may have been modified by minor syn-or 

post-depositional slumping, but in general these features do not display the characteristics 

of either slumps or debris flows (King etal. 1991) 

Vorren et al. (1991) argue for a suspension-fallout marine origin for transparent, wedge-

shaped facies in the Barents Sea based on preservation of relict iceberg furrows underneath 

the features and a proximal to distal decrease in backscatter along the "tongues" Core 

samples from these wedges produced overconsolidated and fissile, muddy diamictons which 

Vorren etal. (1991) attributed to post-depositional glacial modification 

Wedge-shaped, incoherent-chaotic, seismic facies have been observed on the continental slope 

(Mosher et al, 1989) but are not rooted in morainal ridges Some of these may be true 

mudflows or slides The term till-tongues should be restricted to those forms that are clearly 

rooted in morainal ridges and exhibit marginal thinning ("feather edge", King and Fader, 

1986) 

King and Fader (1986 p 38) cored a till-tongue (till-tongue 7) south of the Country Harbour 

Moraine They found that the tongue was texturally identical to Emerald Silt facies A 

Samples from the eroded surface of a distal to proximal till-tongue from Country Harbour 

(IKU 85-86, Fig 19) consist of a muddy diamicton and mud Minor deformation of Emerald 
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Silt strata is evident on underside of some till-tongues on an erosional surface that truncates 

till-tongues off Country Harbour (Fig. 23). Selective "homogenization" of Emerald Silt was 

also observed on this truncation surface. (Fig. 23). Fader (pers comm, 1994) cored till-

tongues off Newfoundland and found that they were largely composed of mud, and less 

consolidated than morainal banks, but with higher shear strength than Emerald Silt. 

3.5.4 Genesis of the Scotian Shelf End Moraine Complex 

The author found King et al. (1972) and MacDonald's (1982) original interpretations of the 

SSEMC compelling and in accord with most of the evidence. The asymmetric profiles of 

the SSEMC moraines have not been stressed in the previous literature (cf. King and 

Fader, 1986; Piper et al, 1990), but indicate that the ice front was closer to the proximal side 

than the distal. The Alaskan tidewater and polar ice shelf models do not satisfy many of the 

SSEMC characteristics, for reasons discussed earlier. Barnett and Holdsworth's model 

appears to be a compromise between ice-shelf and vertical tidewater fronts. Ridge formation 

occurs under an ice ramp rather than proximal to a vertical ice front (Fig. 24). Diamicton is 

deposited directly on the ice ramp-till bed by conveyor-belt recycling and lodgement (Powell, 

1984) or push-squeeze processes (Boulton, 1986). Rock outcrop, thin drift and basins behind 

the SSEMC, and the steep morainal slope suggests erosion behind the grounding line. 

Erosion of previous till was accomplished through freeze-on (Powell, 1984). Changes in 

mass balance, sea level drop or buildup of the morainal bank (Powell, 1984) dictated further 

forward movement. Till-tongues were formed by grounding-line advance and smearing-out 

of the moraine in the proximal part, then deformation of Emerald Silt in the distal regions (cf. 

Boulton, 1990; Hart and Boulton, 1991). Increased buoyancy in deeper water caused the ice 

sheet to decouple from the substrate forming the "feather edge" till-tongue margin. 
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Figure 23 Huntec seismic profile and interpretation of a till-tongue cut by an erosional 

surface south of the Country Harbour Moraine (see diamicton zone in section A-B, Fig 18) 

Note apparent transformation of Emerald Silt reflections into a "massive zone" and 

deformation of some Emerald Silt reflections 
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Figure 24 Moraine and till-tongue formation a schematic model 1 Quasi-static ice front 

at approximately 300 m water depth (critical buoyancy thickness) Ice erodes the proximal 

side of the moraine and builds-up the distal side by "conveyor-belt" transportation and melt-

out 2 A change in mass balance or sea level drop'? causes ice to advance into deeper water 

and truncate the former moraine surface, smearing-out moraine diamicton (A) in the proximal 

part and forming a deformation till in the distal part (B) of the tongue with no debris in transit 

3 Ice retreat and secondary bank formation, with deposition of Emerald Silt 



ICE 

-

y^^^-^^^ 

1 
— , SEA LEVEL 

^^ \ 

" ^ / „ - - - " . — ; ** 

^ ^ ^ ^ ^ ••- -ll-'r'^- - - > 

106 

.'*' y' 

" • • • • • ' ' ' • • • ' ' ' 

M 

/s 

^ x ^ 
~ - ~ -

1 > 

Figure 24. 



J 07 

Following this decoupling phase the ice either spread out as an ephemeral ice shelf or rapidly 

retreated through calving A new margin was established in shallower water near the region 

of thicker morainal deposits left behind at the former margin (Fig 24) Implicit in an ice-

advance model for till-tongues is synchroneity of tongues across the shelf Age dating of the 

tongue margins will provide a test of this hypothesis 

There is an apparent lack of sorted gravel and sand within and distal to the SSEMC moraines 

Grounding-line fans have not been identified (Fig 9) This is not compatible with a 

temperate-tidewater margin as described earlier (Table 5) A limited meltwater flux is 

indicated by glacial marine mud intercalated with the moraines High porewater pressures can 

result when glaciers override till and impermeable bedrock substrates like those of the inner 

Scotian Shelf (cf Boulton, 1990) Weertman (1966) suggested that meltwater in these 

environments is relegated to a thin film which emanates from the ice base as sheet flow The 

rapid transition from till to laminated muds which characterizes the Scotian Shelf End 

Moraine Complex can be explained by the interaction of low-velocity sheet flow and 

subglacial processes This relationship may also indicate that the glacier is in positive mass-

balance; with frontal advance balanced by ice-berg calving In this case, meltwater generated 

at the surface of the ice sheet under high hydrostatic pressure would be minimal The 

tidewater moraines in New Brunswick and Maine (Fig 3) formed around 14 ka, during a 

period of enhanced worldwide glacial melting (Fairbanks, 1989) 
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3.6 BASIN ZONE 

3.6.1 Introduction 

North of the Scotian Shelf End-Moraine Complex is a series of narrow depositional troughs 

filled with glacial marine and marine sediments (Figs. 7, 8, 11, 16, 18). This region is tended 

the Basin Zone. Within the Basin Zone are two primary depositional areas termed the Sheet 

Harbour and Halifax sub-basins. 

3.6.2 Sheet Harbour Sub-Basin 

The Sheet Harbour sub-basin is a 7 km x 30 km trough located landward of the Eastern Shore 

Moraine in water depths greater than 145 m (Fig. 16; Map 2). At the type section (C-D; 

Fig. 16), six seismic sequences (SH1-SH6) with a total thickness from 12 to 30 m overlie 

acoustic basement (Fig. 25). Over most of the Sheet Harbour sub-basin, acoustic basement 

(internal reflections cannot be detected within this unit) occurs beneath a strong reflection 

with irregular relief marked by numerous side-echoes which extend 20 to 50 ms down-record. 

It is interpreted as Meguma Group bedrock (King and Fader, 1986). Bedrock is sporadically 

overlain by a unit with incoherent backscatter interpreted as the Scotian Shelf Drift (Table 1). 

At the type section, the lowest sequence (SHI; Fig. 25) consists of hummocky, coherent 

reflections of low continuity and low to moderate amplitude. Er.ierald Silt facies A and C are 

represented in this sequence (Table 1). These reflections are draped over the underlying 

bedrock and drift topography. Isopach data show that SHI is thickest (12 m) on the north 
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Figure 25. Huntec seismic profile and interpretation of the type section (C-D; Fig. 16) 

of the Sheet Harbour sub-basin. Seismic sequences (SH1-SH6) and erosional sequence 

boundaries (SHA-SHC) are shown. Water depths are in metres below sea surface. 
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side of the Eastern Shore Moraine, and thins markedly in a northward direction to the till-

tongue moraine on the northern boundary of the sub-basin (Fig. 16; 26). 

Reflections within the overlying sequence (SH2) exhibit moderate to high continuity and 

amplitude. SHI and SH2 appear conformable at the type section, but SH2 laps onto SH1 at 

the basin margin. Small and large scale undulations on the bounding surface between SH 1 

and SH2 are largely concomitant with the dips and rises in underlying bedrock. In the 

Emerald Basin, Gipp (1989, p. 116) reported steep, erosional features on the Emerald Silt 

surface marked by hyperbola and depressions and interpreted these as buried pockmarks and 

iceberg furrows. These features are rare or absent in the inner shelf Basin Zone. Isopach data 

shows that SH2 has variable thicknesses, thickening on the northern and southern boundaries 

of the basin (Fig. 26). The reflection configurations of SHI and SH2 are compatible with 

the Emerald Silt facies "A" as defined by King and Fader (1986) (Table 1). 

An erosional sequence boundary (SHA) separates SH2 and SH3. This sequence boundary 

is best developed where it merges with an erosional surface that truncates sequences SH 1 and 

SH2 on the northern side of the Eastern Shore Moraine (Fig. 25). This boundary in the rest 

of the basin is formed by downlap of Sequence SH3. It can be traced across the Sheet 

Harbour sub-basin and the entire Basin Zone. 

Sequence SH3 is characterized by moderate reflection amplitude and continuity and high 

frequency. It is ponded in broad hollows within the underlying sequence (SH2). SH3 and 

SH4 are separated by an erosional sequence boundary (SHB). SH4 is characterized oy low 

amplitude, discontinuous reflections which lap onto Sequence SH3 at the basin margins, 

SHI through SH4 drape over underlying topography to a lesser degree for each successively 
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Figure 26. Isopach data from Sequences 1 through 6 in the Sheet Harbour sub-basin. The 

contour interval is 2 m. Sample locations along tracklines are indicated as small boxes. 

See Fig. 16 for trackline locations. 
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younger unit SH3 and SH4 are composed of Emerald Silt facies "B" (Table 1) Isopach data 

shows a broad area of SH3 that exceeds 4 m in thickness just north of the Eastern Shore 

Moraine, while SH4 is thickest in the middle of the basin (Fig 26) 

The SH4/SH5 sequence boundary (SHC-Fig 25) is marked by erosional truncation of the 

underlying units Sequence 5 (SH5) is characterized by a return to high amplitude, coherent 

and continuous reflections (Er~?rald Silt facies A) which lap on broad hollows in the SH4/5 

boundary surface Above SH5 is a thick, transparent unit with some barely discernable, low 

amplitude reflections (SH6) This unit appears conformable with SH5 but the contact 

relationships are not well resolved SH5 and SH6 are thickest in the middle of the Sheet 

Harbour sub-basin (Fig 26) SH6 is also very thick (>20 m) in channels located in the 

southwest part of the Sheet Harbour map area (Fig 16, 26, Map 2) 

SHI and SH2 (Emerald Silt facies A) pinch out on the landward side of the Sheet Harbour 

sub-basin (Fig 16, Map 2) Where bedrock lies close to the seabed, SHI and SH2 are 

truncated by an unconformity at the sea floor SH6 (LaHave Clay Formation) overlies 

Emerald Silt in basins between topographic highs in water depths from 137 to 124 m At the 

landward boundary SH6 (LaHave Clay) pinches out abruptly against a rise in acoustic 

basement 

3.6.2.1 Lithology 

This basin was not cored or otherwise sampled 
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3.6.3 Halifax Sub-Basin 

The Halifax sub-basin is an irregular trough landward of the Halifax Moraine in water depths 

greater thdti 150 m (Fig. 11) The type section comprises a series of sparker records (Fig 27) 

located several km north of a segment of the Halifax Moraine (D-E-F, Fig 11) Six seismic 

sequences can be recognized in the NSRF sparker and Huntec seismic profiles at the type 

section These units are separated by sequence boundaries of erosional and lapout nature 

The lowest unit (Scotian Shelf Drift) is characterized by incoherent backscatter, high 

reflectivity, high surface relief and occasional point source diffractions It has some internal 

structure and less surface relief than the acoustic basement of the Sheet Harbour sub-basin 

A coherent reflection found underneath the Scotian Shelf Drift may be bedrock 

The Scotian Shelf Drift is overlain by Sequence HI which has a draped geometry, and is 

characterized by moderately continuous to discontinuous reflections of low to medium 

amplitude. Point-source diffractions (boulaers) are visible within HI The contact relations 

between acoustic basement, the Scotian Shelf Drift and HI are obscure HI is composed of 

both Emerald Silt facies "A" and "C" Isopach data show that HI is thickest in proximity to 

morainal segments (Halifax Moraine) (Fig 28) In topographic hollows in the basin, H1 is 

overlain by a unit with reflections of higher amplitude and continuity (Sequence H2) 

Reflections within H2 lap onto HI at basin edges Sequence H2 also appears to be thickest 

adjacent to morainal fragments especially in the eastern part of the Halifax sub-basin (Fig 28) 

Sequences H2 and H3 are separated by a high intensity reflection which represents a major 

sequence boundary (HA) The boundary is predominately lap out in nature, although 
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Figure 27. Three segments representing the type section for the Halifax sub-basin. 

Sequences are indicated by boxed numbers shown on the figure. The locations of segments 

D, E, and F are on Figure 11. Sequences H1-H7 and boundary erosional unconformities 

(HA-HC) are described in the text. The arrow marks a prominent unconformity near top 

of Sequence 4 (HC) probably formed during the deposition of Sequence 5. 
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Figure 28. Isopach data for Sequences HI to H6 from the Halifax sub-basin. Contour 

intervals are 2 m. Tracklines from the Basin Zone area are included for clarity (see 

Fig. 11 for trackline geology). 
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evidence of erosional truncation can be found at basin margins The magnitude of the 

acoustic impedance boundary represented by the unconformity is indicated by a "double" 

reflection which may indicate an abrupt grain size change or the presence of gas (Belknap et 

al, 1991, Bacchus, 1993) 

Sequences H3 and H4 are differentiated from H2 by lower amplitude reflections with less 

continuity H3 contains a higher percentage of point-source diffractions (boulders) and 

slightly higher amplitude reflections than H4 These sequences also display a ponded, onlap-

fill style of deposition The base of H4 is characterized by a thin zone of high amplitude, 

continuous reflections The rhythmic reflections evident in sequences H2, H3 and H4 may 

result from acoustic impedance contrasts between sand and silt layers and massive muds. The 

sequence boundary that separates H3 and H4 (HB) is another high amplitude "double" 

reflection H3 is truncated at the sequence boundary (HB) (Fig 27) Isopach data shows that 

H3 and H4 are thickest in the middle of the basins north of the Halifax Moraine (Fig 28) 

An erosional and hiatal (lapout) boundary (HC-Fig 27) separates sequences H4 and H5 

This hiatal boundary can be traced to a planar erosional surface developed on the basin 

margins, where H3 and H4 are clearly truncated (arrow-Fig 27) 

Sequence H5 consists of extremely high amplitude reflections (Emerald Silt Facies A) in 

marked contrast to H4, with a conformable depositional style The correlative unit in the 

Sheet Harbour sub-basin (SH5) has a contrasting onlap-fill morphology H5 is 4 m thick in 

the east and west end of the Halifax subzone north of the Halifax Moraine (Fig 28) South 

of the moraine the unit appears to thin out 
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H6 has reflections of low amplitude and continuity which lap onto H5 and boundary HC. It 

is the seismostratigraphic equivalent to the LaHave Clay Formation of King and Fader (1986), 

It is thickest in the northern end of the Halifax sub-basin concomitant with the thinnest 

regions of Emerald Silt (H1-H4, Fig 28) A sequence boundary H6/H7, recognizable on the 

sparker records in the Halifax sub-basin is not seen in the Huntec records of the Sheet 

Harbour sub-basin H7 is marked by reflections of slightly higher amplitude than H6 

3.6.3.1 Lithofacies 

The Halifax sub-basin >vas piston cored at a location 2 5 km north of the Halifax Moraine 

(Fig 13) The core is located 46 km south of the present coastline in 168 m water depth 

(Fig 13, 29) A distinctive, high amplitude seismic horizon just below the LaHave Clay and 

above the Emerald Silt was targeted because of suspicions that it could relate to the Younger 

Dryas climatic event (G Fader, pers comm, 1992) The core penetrated 9 36 m of sediment 

and 8 20 m of core was recovered The core lithostratigraphy is described in Figure 30 

3.6.3.2 Biofacies and Ages 

A total of 72 samples from this core were qualitatively analyzed by D Scott (pers comm., 

1992) and Costello (1994) for foraminiferal content and their results are summarized below 

with some modifications to defined biofacies and with additional data on marine pelecypod 

fauna. Seven major biofacies were defined (Fig 31) Radiocarbon dates were obtained from 

intact shell valves, or valve fragments, and samples of total foraminifers 
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Figure 29 Huntec seismic profile at core 91018-53 location (Fig 13) Core placement 

within the seismic section is based on matching high amplitude refections with coarse 

sediment beds in core 91018-53 and age dating core sediments Numbered boxes refer to 

seismic sequences described in the text The core lithostratigraphy is shown on Figure 30 
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Figure 30. Lithoiogy-lithofacies and sand percentages of core 91018-53 Dashed pattern 

refers to predominately clay-silt strata Dotted pattern refers to sandy-mud horizon 

(Lithofacies 5) Grave! percentages in the core are uraformly less than 1 percent Silt and clay 

(mud) make up 95 to 100% of the sample weight 
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Figure 31 Graph showing percent foraminifera versus depth in core 91018-53 (after 

Costello, 1994) A-I are biofacies represented by foraminiferal assemblages (modified after 

Costello, 1994) See text for assemblage description 
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Figure 32 Summary diagram of core 91018-53 showing -ates of sedimentation and the 

correlation among foraminiferal assemblages (biofacies), lithofacies and seismic sequences 

Included are the interpolated ages of the boundaries between lithofacies-biofacies 

(foraminiferal assemblages) and seismic sequences (modified after Costello, 1994) 
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3.6.3.2.1 Biofacies G, H and I 

The upper metre of the core revealed a high diversity assemblage of calcareous foraminifera 

(planktic and benthic), with 4-14,000 individuals per lOcc (Biofacies G-I, Fig 31) The 

dominant species are Buhmina marginata, Nonionellina labradorica, Cassidulina laevigata 

and Bohvina subaenanensis These biofacies represent Holocene warm water basin faunas 

similar to the present day Emerald Basin (Scott et al, 1984) A radiocarbon date of 9220 ± 

90 14C yrs BP was obtained from total foraminifera at 98-100 cm (Fig 30) A shell fragment 

(Chnocardium sp) from 24 cm depth was dated at 3970 ± 60 14C yr B P The interpolated 

age at the base of biofacies G based on an age-depth curve is 9840 14C yrs BP (Fig 32) 

3.6.3.2.2 Biofacies E-F 

Abruptly, at 130 cm to 260 cm the fauna changes to one dominated by Elphidium excavatum 

j . clavatum and I'ttle else The total foraminiferal count drops to 66-207/1 Occ concomitant 

with the influx of sandy sediment (Figs 30, 31) Diatoms are common with this faunal 

assemblage, occurring in pulses of abundance Diatoms have been reported in association 

with sea or pack ice (Kennett, 1982) In this core interval there is an increase in reddish-

brown organic fragments (algae? twigs? and one spruce needle?) and pyritized organic 

fragments From 260 to 340 cm (Biofacies E) total foraminiferal amounts remain low (17-

132/1 Occ) but several other species can be identified including Nonionellina labradorica, 

Islandiella teretis, and Cassidulina reniforme The base of Biofacies E corresponds to the 

base of sandy lithofacies 5 (Figs 30, 31) A single shell valve (Yoldia thraciaeformis) at 

287 cm produced an age date of 11,340 ± 70 14C yr B P This shell fragment was probably 

reworked from older deposits, as erosion of previous deposits is clearly evident in seismic 

profiles at this stratigraphic level (Fig 27) The interpolated age for the base of Biofacies E-
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Lithofacies 5 is 10680 14C yrs BP (Fig 32) 

3.6.3.2.3 Biofacies D 

Between 340 cm and 370 cm the total foraminiferal count increases to 600/10 cc and then 

decreases to 300/10 cc Elphidium excavatum f clavatum is still the dominant species. 

Biofacies D was duplicate-dated to assess sampling variability Ages of 10,740 ± 90 and 

10,870 ± 70 14C yrs BP were obtained from separate shell fragments (Yoldia thraciaeformis) 

at 345 cm The age at the base of this interval is interpolated as 10,900 14C yrs BP (Fig. 32). 

3.6.3.2.4 Biofacies C 

From 370 to 520 cm the total foraminifera increase to average about 2000/1 Occ The fauna 

changes back into a cold water, normal-salinity fauna with the return of abundant 

Nonionellina labradorica, Islandiella teretis and other species of outer Labrador current 

affinities (cf Scott et al, 1984) (Biofacies C) Elphidium excavatum f. clavatum is the 

dominant species The faunal assemblage of Biofacies C persists to about 390 cm where 

Cassidulina reniforme begins to increase Nonionellina labradorica peaks and then 

decreases markedly towards the base of Biofacies C and total foraminiferal counts also 

decrease A age of 12,420 ± 80 14C yr B P was obtained from this zone from bulk 

foraminifera This date is slightly older than the shell dates and is offset on the age-depth 

curve (Fig. 32) "Old carbon" contamination may account for this discrepancy because these 

samples cannot be etched and pretreated Nielsen et al. (in press) describes a systematic 

offset of as much as 5000 years, between total foraminiferal dates and mollusc ages in the 

same core They interpret the offset as a result of reworking The interpolated age for the 
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base of Biofacies C is 11,650 14C yr B P 

3.6.3.2.5 Biofacies B 

Biofacies B from 520 to 620 cm depth is characterized by a marked drop in total foraminiferal 

abundances to 103-500/10 cc, similar to the values in Biofacies E-F Elphidium excavatum 

f. clavatum remains the dominant species but Islandiella teretis begins to decline and 

Nonionellina labradorica disappears Between 530 and 570 cm the counts drop to less than 

300/1 Occ There is an influx of detrital material including reworked organics and reddish 

clastic grains between 500 and 600 cm Shell (Yoldia thraciaeformis) ages of 12,020 ± 90 

(590 m) and 12,230±70 l4C yrs BP were obtained from this foraminiferal unit The 

interpolated age for the base of this interval is 12,203 14C yr B P 

3.5.3.2.6 Biofacies A 

Below 620 cm the dominant foraminiferal species are Elphidium excavatum f. clavatum and 

Cassidulina reniforme. The total counts increase to average about 2000 individuals/10 cc 

A single pelecypoda valve (Nucula sp ) from the base of the core (750 cm) was dated at 

13,050 ± 140 14C yr B P Sandy sediment residues in this unit were reddish-brown in colour 

The age at the base of the core is interpolated at 13,500 14C yr B P 

3.6.4 Core-Seismic Correlations 

The discrepancy between the apparent penetration (clay on the outer core barrel) and actual 

core recovery is 1 16 m This discrepancy may be due to 



133 

1 Sediment being forced away form the core barrel by the force of core 

penetration and core acceleration (bypassing, Buckley et al, 1994) 

2 Sediment compaction 

3 Incorrect scope length The piston did not start moving at the correct 

time(D J W Piper, pers comm, 1994) 

Assuming hypotheses 1 or 3 to be correct the core can be plotted on the seismic column 

displaced under the sea surface by 1 16 m The position of the core on the seismic line is 

shown on Figure 29 although there may be up to 100 m of horizontal uncertainty (Fehr, 

1991) The trigger weight core did not deploy with Core 91018-53, hence valuable 

information about the surface metre of sediment was lost 

The core and seismic stratigraphy can also be matched by correlating a unique event horizon 

in the core with a recognizable event in the seismic record The uppermost sandy horizon 

within lithofacies 5 at 2 3 m can be matched neatly with the top of Sequence H5 (Emerald Silt 

facies A) consisting of high amplitude reflecting horizons If this match is made, then the 

core is displaced under the sea surface by 1 2 to 1 8 m This is close to agreement with the 

penetration-recovery discrepancy 

Fehr (1991) tested the sediment-bypassing hypothesis (1) by extrapolating the age-depth 

curve from a dated core to the zero age of the core assuming a constant sedimentation rate, 

Extrapolation of the age-depth curve to the zero axis in Core 91018-53 (Fig 32) indicates 

that the seafloor is 1 m higher than the core surface This is also consistent with the 1 16m 

penetration-recovery discrepancy and indicates that sediment bypassing did indeed occur in 

the coring process 
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Using the previously-defined core placement within the acoustic section, the core seismic 

sequences, facies, lithofacies and biofacies can be correlated. This correlation is shown on 

Figure 32. Sequence H6 (LaHave Clay) can be correlated with lithofacies 5, 6 and 7 and 

Biofacies G-H-I and parts of F (Fig 31). H5 (ES facies A) matches well with the lower part 

of lithofacies 5 characterized by silt horizons. Biofacies E-F comprise most of Sequence H5. 

H4 (LaHave Clay seismic facies) is correlated with Lithofacies 3 and 4 and Biofacies C and 

D. H3 is correlative with Lithofacies 2 and Biofacies B and A. The boundary between 

Sequences H3 and H4 is marked by a drop in total foraminifera (Biofacies B-probably a 

response to sediment influx). The lowest part of the core, Lithofacies 1, matches with H2 

(ES facies A) and Biofacies A. 

3.6.5 "Proto" Moraines 

At several locations in the Basin Zone north of the Halifax Moraine, mounds or ridges of 

Emerald Silt facies C (Table 1) rest on bedrock topographic highs and are draped and 

surrounded by acoustically laminated sedimentary infill of the Halifax sub-basin. These 

features are asymmetric in form, steeper on the north (landward) side, 50 to 70 m high and 

200-400 m wide (Fig 33). HI interfingers with the mound on the south side, and overlies it 

on the north side (Fig. 33). HI is approximately 30% thinner north of the feature than south. 

Sequence H2 drapes over the feature. These forms are called "Proto" Moraines. Emerald 

Silt facies C is interpreted as an ice-proximal, massive, glacial marine diamicton formed by 

coarse clast deposition from icebergs in association with fines from meltwater plumes at the 

glacier tidewater terminus (Powell, 1984; Powell and Molnia, 1989; Syvitski, 1991). The 

position of the former terminus is placed just north of the moraine (Fig. 33). These features 

differ from lift-off moraines described by (King and Fader, 1986, p. 15) in 
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Figure 33 Sparker acoustic profiles and interpretation through the Halifax sub-basin (B-C, 

Fig 13) and close-up of "proto" moraines The Halifax Moraine is located on the south side 

of a small basin The "proto" moraine close-up reveals a zone of acoustically incoherent 

material till? or deformed glacial marine sediment that separates two sub-basins with varying 

thicknesses of Emerald Silt Emerald Silt reflections appear to curve over the feature on the 

north side and interfinger with it on the south side This feature is interpreted as a short-lived 

ice marginal stand where till was formed or deposited through melt-out or deformation, 
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two respects lack of symmetry and unequal thicknesses of Emerald Silt on either side of the 

feature 

3.6.6 Local and Regional Correlations 

The consistency of stratigraphy between the Halifax and Sheet Harbour sub-basins suggests 

that the six sequences found in each basin can be correlated one to one. Sequence H7 is an 

exception but was only resolved in the higher contrast sparker records in the Halifax sub-

basin. The uppermost sequences representing Holocene marine deposition (SH6, FI6) in both 

basins are correlative with the LaHave Clay Formation as defined by King and Fader (1986, 

1988a; Table 1) The interpolated basal date of 9 2 ka (Fig. 32) agrees well with the basal 

date of the LaHave Clay (9 4 ka) obtained in the northern Emerald Basin by King and Fader 

(1988a) In the southwest Emerald Basin, Gipp (1989), Fehr (1991) and Piper and Fehr 

(1991) defined five sequences designated in this report as SW1-SW5 (Fig 34). Piper and 

Fehr (1991) correlated SW4 and SW5 with the LaHave Clay Formation. The age of the base 

of SW4 is estimated to be 14 ka (Gipp, 1989) The 4000 year age discrepancy between the 

LaHave Clay in the inner and outer Scotian Shelf has been attributed to the time-transgressive 

nature of the boundary (Piper and Fehr, 1991) Deglaciation generally proceeded from the 

southeast to the northwest on the Scotian Shelf, therefore all glacial marine sequence 

boundaries will be diachronous to some extent. A 4000 year age difference between the 

stadial/interstadial boundary in two adjacent basins, however, seems excessive. This paradox 

can be resolved with a reassessment of the correlations The difficulty in correlation is due 

to the acoustic similarity between Sequences SW4 and SW5 in the Emerald basin and 

between Sequences 4 and 6 on the inner shelf Some of the acoustic similarities between 

Sequence 4 and 6 may be gain effects, but the lithic and biotic attributes are 
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Figure 34. Correlation of seismic sequences, facies and formations in the Gulf of Maine 

and Scotian Shelf. Seismic sequences are numbered 1 through 7. Sequence boundaries 

are shown as bold lines. Marine inner shelf stratigraphy ' is from Belknap and Shipp 

(1991). Maine outer shelf stratigraphy 2 is from Bacchus (1993). Generalized Scotian 

Shelf stratigraphy 3 is from King and Fader (1986). Emerald Basin seismic stratigraphy 

4 is from Gipp (1989) and Piper and Fehr (1991). 
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analogous The abrupt and distinctive break in the acoustic record marked by Sequence 5 

dated between 10 7 ka and 9 4 ka is correlative with an unconformity at the top of the 

Emerald Silt Formation, in the northeastern Emerald Basin, dated between 10 0 and 10 5 ka 

The boundary between SW4 and SW5 in the southwest Emerald Basin dated at 10 2 ka is a 

single strong reflection that Piper and Fehr (1991) attributed to the Younger Dryas climatic 

event Sequence 5 (inner shelf) characterized by Emerald Silt facies "A" with high amplitude 

reflections, has not been described in the southwest Emerald Basin, but is a marker horizon 

on the inner shelf The author proposes that the lower boundary of the LaHave Clay 

Formation be designated as the top of Sequence 5 in the inner shelf and its correlative 

unconformity (SW4/SW5 boundary) in the outer shelf basins The Emerald Silt Formation 

should be redefined as Sequences 1 through 4 in both areas comprising seismic facies A, B 

and C Sequence 5 is regionally mappable, has unique seismic, lithic and biologic 

characteristics and should be conferred with formational status I propose the name Yankee 

Bank Formation (the nearest geographical name to the type section) to apply to Sequence 5 -

Lithofacies 5 - Biofacies E-F, bounded on the bottom by the Emerald Silt Formation and on 

the top by tne LaHa^ Clay Formation (Table 6) 

The Yankee Bank Formation can be correlated with event horizons in other cores along the 

inner shelf Marsters (1988) described a core (77-15) off Mahone Bay (see also Piper et al, 

1986) with an oscillation in foraminiferal assemblages from an ice-marginal fauna (Elphidium-

Cassiduhna) (5 4-3 7 m) to a zone with low foraminiferal counts (2 5-3 m) and then to a 

Post-Glacial assemblage (0-2 m) characterized by increasing numbers of Islandiella teretis 

Marsters (1988) interpreted the "barren zone" as a period of rapid deposition The similarity 

in biostratigraphy and depth suggests that the "barren zone" is correlative with the Yankee 

Bank Formation The seismic record of this core site does not resolve any distinct 
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SEQUENCE FORMATION INTERPRETATION 
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Scotian Shelf 
Drift 

Acoustic 
Basement 

Holocene marine clay 

"paraglacial" deposit 

Glacial marine 
deposition-distal 

Glacial marine deposit-
proximal 

Till 

Bedrock-Meguma 
Group metasediments 

Table 6. Seismic sequences, Quaternary Formations, their correlation and interpretation for 

the study region. 
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horizon, but is of poor quality (Piper et al, 1986). Souchen (1986) described a core in St. 

Ann's Basin north of Banquereau with a turbidite horizon between muddy sediment facies 

with a Late-Glacial faunal assemblage and a Post-Glacial normal-salinity assemblage. In this 

case an excellent seismic record revealed a distinct acoustic horizon characterized by high 

amplitude reflections on top of Emerald Silt facies "B" and below the LaHave Clay. On 

Banquereau, Amos and Miller (1990) interpreted a conformably-bedded sand unit dated at 

11 ka as a proglacial unit based on the presence of an ice marginal foraminiferal fauna. 

Belknap and Shipp (1991) divided the inner shelf glacial marine sediments in the Gulf of 

Maine into ponded and draped units. Bacchus (1993), working in deeper water, used unit 

subdivisions based on seismic reflection configurations equivalent to seismic 'Tacies" 

(Table 7). Figure 34 is summary correlation diagram of formations, seismic sequences and 

seismic facies within the inner and outer Scotian Shelf and Gulf of Maine basins. Each region 

displays a general progression from Drift (massive-glacial marine) to Emerald Silt facies A 

and facies B (proximal to distal glacial marine) (cf. Syvitski, 1991). The distal glacial marine 

unit of Bacchus (1993) is a weakly stratified, ponded unit, similar to the uppermost seismic 

sequence (4) of the Emerald Silt which varies from acoustically transparent to weakly 

stratified. It may be correlative with the lower portion of the LaHave Clay or the uppermost 

Emerald Silt Formation (Fig. 34). Separating the transitional and distal glacial marine facies 

in the Gulf of Maine is a strong double reflection which has been termed the Truxton Event 

(G. Fader pers. comm., 1992). In some areas in the Gulf of Maine this horizon is series of 

high amplitude reflections. Cores through this unit revealed a distinctive, laminated, red-

brown, gravelly-sandy mud (Bacchus, 1993, p. 172). The "Truxton Event" in the Gulf of 

Maine was estimated to be between 14.4 and 12.5 ka based on amino acid racemization 

dating but the method has a 2000 year uncertainty (Bacchus, 1993). Possible 
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Unit 

6 

i 

4 

3 

2 

1 

Description 

Acoustically 
transparent 

Weakly stratified, 
conformable to 
unconformable 

reflectors 

Less densely stratified, 
conformable interna! 

reflectors 

Densely stratified, 
conformable internal 

reflectors 

Dense chaotic returns 

High intensity surface 
returns 

Interpretation 

Postglacial 

Ice-distal 

Transitional 

Ice-proximal 

Till 

Bedrock 

Designation 

M 

DGM 

TGM 

PGM 

T 

B 

Table 7. Seismic facies and interpretation from the Gulf of Maine (after Bacchus, 1993). 
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correlative horizons in the inner shelf study area are the Sequence 3/4 boundary and the 

Yankee Bank Formation (Fig 34) Syvitski (1991) compiled the stratigraphic sequences from 

twenty glaciated shelves around the world and found a common theme linking many of the 

sections His "composite section" consists of the following units summarized into genetic 

categories 

1 Till, drift or ice contact sediments 

2 Glacial marine sediment-proximal 

3 Glacial marine sediment-distal 

4 Paraglacial prodelta muds 

5 Post-glacial basin fill 

The first three genetic units are comparable to the sequence and facies progressions in the 

Nova Scotia inner shelf and the Gulf of Maine The "paraglacial" unit consists of deltaic 

wedges and may be more prominent in shelf areas close to the lowstand shoreline (see 

Truncation Zone) 

3.6.7 Depositional Processes 

Sequence boundaries as defined have no genetic connotations but are purely descriptive 

(Mitchum et al, 1977) In models developed by Vail et al. (1977) sequence boundaries are 

considered to result from varying eustasy, tectonics and sediment supply producing changes 

in relative sea-level (RSL) The basins in the inner shelf were always below sea-level, hence 

the sequence boundaries must have formed from marine or glacial erosion and submarine 

onlap Sea-level fall may have indirectly played a role in regions of the inner shelf basins As 
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sea level falls, storm wave reworking may become an increasingly important erosional agent 

RSL fall may have been sporadic rather than continuous, responding to advances of ice, and 

meltwater loading (Belknap et al, 1987, Stea et al, 1994) Resuspension by turbidity, tidal 

and storm wave-generated currents are probably the main mechanisms generating lapout 

boundaries and ponded geometries (Barrie and Piper, 1982) Erosional truncation surfaces 

can be produced by currents, density flows and by direct glacial erosion Wedge-shaped 

sediment geometries are indicative of tidal currents (Piper et al, 1983) 

3.6.7.1 Sequence 1 

Sequences 1 and 2 consist of Emerald Silt facies A and C and are thickest at the southern end 

of the basins nearest the moraines (Figs. 26, 28) It is assumed that they have common lithic 

characteristics with Emerald Silt facies A and C in the deeper basins south of the Scotian 

Shelf Morainal Complex (Table 1) In this study, Emerald Silt facies A was only sampled on 

erosional surfaces that were stripped of overlying seismic facies These samples were clay-

rich but contained a significant amount of gravel (23 8% in IKU 51-Fig 4, Appendix 7). 

Much of this gravel, however, may have been winnowed from overlying sediments by the 

erosional processes responsible for the unconformity 

Seismic facies A and C are characterized by draped geometries Reflections traceable for tens 

of kilometres are unique to facies A Two conflicting interpretations have been proposed to 

explain the properties of these acoustic units 

1 Rapid deposition beneath an ice shelf by suspension settling (King and 

Fader, 1986, Belknap and Shipp, 1991, Bacchus, 1993) 



146 

2 Suspension settling from overflow and interflow plumes away from a 

stationary ice front (Oldale etal, 1990) 

It is generally agreed that a draped geometry results from rapid suspension fallout and high 

sedimentation rates (Barrie and Piper, 1982, Belknap and Shipp, 1991, Syvitski, 1991) 

Models 1 and 2 both produce draped geometries if the sedimentation rate is rapid enough 

Facies "C" without bedding, has rarely been sampled and is interpreted either as a grounding 

line proximal deposit or a till (King and Fader, 1986) Rhythmic bedding can be produced 

by episodic deposition enhanced by low water temperatures which delay settling of fines but 

not coarse sediments (Cowan and Powell, ) 991) Episodic deposition can also be explained 

in both models by periodic changes in sediment delivery, by tidal action, and seasonal (varve-

like) variation in sediment supply (Phillips et al, 1991) The continuity of glacial marine 

sediments can be explained by both models 

Powell (1984), Oldale et al. (1990), Anderson et al. (1991) and Syvitski (1991) argued that 

ice shelves cannot form in temperate zones They presented these cogent arguments against 

ice shelf formation 

1 There are no modern examples 

2 Warm water under ice shelves would rapidly cause their demise by 

undermelt and enhanced calving 

3 Cold ice is required because ice at the pressure melting point has lower 

tensile strength and experiences easier fracture propagation 

4 Ice shelves could not withstand the onslaught of open-sea storms with 

breaking waves 
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These arguments have limited validity because they are based on modern, not ice age 

environments An ice shelf was postulated in the Gulf of Maine based on the lack of 

planktonic foraminifera (Schnitker, 1975) and diatoms (Schnitker and Jorgensen, 1986) in 

glacial marine sediments Diatoms are common in ice marginal environments today and 

absence implies light suppression Scott et al, (1984) proposed that a ice shelf existed in the 

Notre Dame Channel off Newfoundland based on the presence of the deep water estuarine 

foraminifer Fursenkoma fusiformis Belknap and Shipp (1991) countered the anti-shelf 

arguments 2, 3 and 4 by suggesting that Gulf of Maine ice shelf was fed by fast moving ice 

streams and buttressed by numerous pinning points Wide, shallow banks in the Scotian Shelf 

may have attenuated storm waves (Argument 4). Gipp (1989) argues for a short-lived ice 

shelf in the Emerald Basin based on these properties of the lowest seismic sequence (0): 

1 Sparse benthic foraminifera (8 tests/g) 

2 Lack of evidence of current or storm wave resuspension 

3 The absence of in-situ molluscs (cf Powell, 1984) 

4 The absence of buried ice-berg scours 

The most likeiy pinning points of a hypothetical ice shelf on the Scotian Shelf v/ould be the 

outer banks King and Fader (1986, p. 55) proposed that the Scotian Shelf End Moraine 

Complex (SSEMC) was formed underneath the ice shelf, at a sub-shelf pinning point, while 

till-tongues and interfingering glacial marine sediment formed simultaneously on the north and 

south sides of the moraines In this study, till-tongues were found only on the deep water 

sides of the SSEMC If the ice shelf was pinned on the outer banks and Emerald Silt formed 

simultaneously with the SSEMC, then sediment thicknesses should be approximately equal 

in basins north and south of the SSEMC, or perhaps thicker on the northern (glacier-
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proximal) inner shelf basins Sequence 1, however, markedly thins towards the north in the 

inner shelf basins (Figs 26, 28) Seismic records show a diachronous, onlap relationship 

between the moraines and the inner shelf basin sediments The "proto" moraines which 

separate sub-basins with varying thicknesses of Emerald Silt are interpreted as ice marginal 

stands Ice-rafted boulders within Sequences 1 and 2 also lend support to a proximal-ice 

marginal setting rathei than sub ice-shelf origin The lack of iceberg scours in the basin 

sediments of the inner shelf can be related to water depths Iceberg furrowing seems to be 

restricted to the top surface of the SSEMC in the study area in water depths less than 170 m 

(Fader, 1991) Sequence 1 strata were deposited duiing sequential retreat and slight 

readvances of the ice margin from various pinning points represented by the "proto" moraines 

3.6.7.2 Sequence 2 

Sequence 2 can be distinguished from Sequence 1 in the Halifax and Sheet Harbour sub-

basins by reflections of higher amplitude and continuity It can be traced northward as far as 

the Morainal and Outcrop zones (Fig 7) The synchronous, basin-wide extent and onlapping 

nature of this unit suggests deposition from overflow-interflow meltwater plumes by 

suspension fall-out followed by wave resuspension when ice was somewhat removed from 

the region The strong reflections imply impedance contrasts between mud and sand and/or 

gravelly-sand strata The unit may represent an enhanced period of melting This 

sedimentological interpretation is corroborated by biological data from core 91018-53 

Sequence 2 records an ice marginal Elphidium-Cassidulma fauna (Fig 32) 
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3.6.7.3 Sequences 3-4 

Sequences 3 and 4 are made up of Emerald Silt facies B and LaHave Clay seismic facies and 

are correlative with Biofacies B-D (Figs 32, 34, Table 1) Dominance of Elphidium within 

Biofacies B-D suggest an ice marginal environment (Scott et al, 1984), but Biofacies B-D 

also exhibits an increasing up-section trend to a cold water, normal salinity fauna similar to 

the lower part of the LaHave Clay (Fig 32) In the Newfoundland shelf foraminiferal 

assemblages associated with the upper part of Emerald Silt facies B could not be easily 

differentiated from the lowest parts of the LaHave Clay (Scott et al, 1984) Correlative 

transitional glacial marine units in the Maine inner shelf (Fig 34) have a similar lithology to 

the Presumpscot Formation on land (Belknap and Shipp, 1991) The onlap depositional style 

is due to resedimentation by currents and wave action (Barrie and Piper, 1982, Piper et al, 

1983, Gipp, 1989, Belknap and Shipp, 1991) or from reduced rates of deposition (Vorren et 

al, 1990) Asymmetric thickness distributions in the Basin Zone suggest wedging by tidal 

currents (Gipp, 1989) Higher percentages of point-source diffractions (boulder or boulder-

dumps), higher-amplitude reflections and increased sediment thicknesses in a seaward (ice-

distal) or southward direction (Fig 28) suggest that Sequence 3 was deposited closer to a 

glacial terminus than Sequence 4 The frequency of point-source diffractions implies that 

iceberg rafting played an important role in the deposition of this unit (Belknap and Shipp, 

1991, Bacchus, 1993) In the Halifax sub-basin, Sequence 4 has a uniform thickness, and a 

low frequency of point source diffractions suggesting that the ice source had retreated north 

of the area, possibly onto the land areas (Fig 28) The boundary between Sequences 3 and 

4 in the Halifax sub-basin is marked by erosional truncation, several high amplitude 

reflections, a drop in total foraminiferal count and species composition (Biofacies B; Fig 31), 

The increased sedimentation rate and erosion at the sequence boundary may be due to: 
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1 Falling sea levels and increased influence of storm waves with suspension 

and transport of material from shallower areas to the Basin Zone 

2 Glacier readvance, sea-level rise and increased sedimentation and current 

erosional activity due to the proximity of a grounding line A sequence 

boundary may be formed by subglacial erosion, in the case of truncation, or 

by proglacial erosion and by slump-driven turbidity currents adjacent to the 

grounding line Renewed crustal depression by advancing ice forms basin-

wide sequence boundaries by changing the accommodation space available for 

sediment fill 

Hypothesis 1 is favoured because sea level had dropped to its lowest point (-70 m) at about 

11 6 ka (see Stea et al, 1994) Sequence 3/4 boundary occurs in water depths from 140 to 

170 m, 70 to 100 m below the inferred lowstand As stated in the introduction to this 

chapter, Forbes (et al, 1991) observed that combined wave-current activity can entrain silts 

to depths of 100 m Erosion and deposition during the lowstand may have also been 

enhanced by the proximity of the paleo-shoreline to the Basin Zone 

Hypothesis 2 is less likely, because at the time of formation of the Sequence 3/4 (11 7 ka) 

boundary, ice had retreated from the land areas ofNova Scotia (Stea and Mott, 1990, 

Map 1) 

3.6.7.4 Sequence 5 

Sequence 5 is composed of conformably-bedded, Emerald Silt facies "A", marked by an influx 

of coarse material and a drop in total foraminiferal counts Two hypotheses put forward to 
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explain the sequence 3/4 boundary are also applicable to Sequence 5. Hypothesis 1 (sea-level 

change) is unlikely because at the time of Sequence 5 deposition (10.8 ka) sea-levels had 

already dropped to their lowest levels (11.5 ka) and were rising (Stea et al, 1994). A glacial 

marine environment (Hypothesis 2) may be indicated by the £7/>/ift/r;//M-domina^d 

foraminife-r.1 assemblage (Fig. 31) but the absence of Cassidulina is enigmatic as the two 

forms are normally found together in these Pleistocene glacial marine environments (Scott and 

Medioli, 1980a; Vilks, 1981; Seidenkrantz, 1993). Lowered salinities may have excluded 

Cassidulina (D. B. Scott, pers. comm., 1995). Diatom fluxes within Biofacies E-F may point 

to increased winter sea ice cover (Kennett, 1982). The ice source probably was not a calving 

margin because point source diffractions (boulders) are lacking. Sequence 5 thickens towards 

the south, away from the extensive Younger Dryas marine ice margin proposed by King 

(1994) and the less extensive terrestrial margins postulated by Stea and Mott (1989; Map 1). 

Erosional surfaces synchronous with Sequence 5 (Fig. 27) did not form by ice advances 

because lake sediment records indicate adjacent land areas were cleared of ice by 12 ka and 

Younger Dryas ice was restricted to northern Nova Scotia (Stea and Mott, 1989; 1990; 

Map 1). 

I interpret this event horizon as a response to a combination of increased storminess (cf. Gipp, 

1989), debris-laden sea ice and increased sediment supply from the devegetated coastline. 

The coastline was about 20 km seaward of present about that time (Stea et al, 1994). 

Permanent and semi-permanent snowpacks and small glaciers, terminating in shallow water 

provided plumes of low-salinity, sediment-laden water which may have spread over much of 

the inner shelf (cf. Map 1). Terrestrially-derived organic debris may have been borne by sea 

ice. 
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If correlations with the outer bank turbidite unit of Souchen (1986), the conformably-bedded 

sand of Amos and Miller (1990) and Gulf of St. Lawrence "paraglacial" units of Syvitski 

(i 991) are correct then a widespread climatic event is implicated Ice advances have been 

documented in the land areas adjacent to the Gulf of St Lawrence (Stea and Mott, 1989, 

Grant, 1989, LaSalle and Shilts, 1993). 

3.6.7.5 Sequences 6 and 7 

A major sequence boundary can be resolved in the LaHave Clay Formation at the Halifax sub-

basin type section (Fig 27) This boundary may be a response to changing climates and sea-

levels during the mid-Holocene hypsithermal interval. 

3.7 MORAINAL ZONE 

3.7.1 Introduction 

King et al. (1972) first described morainal ridges on the inner shelf north of the Scotian Shelf 

End-Moraine Complex LaPierre (1985) also identified transgressed till-cored ridges on the 

inner shelf off Petpeswick, Nova Scotia using sparker seismic profiles, sidescan sonograms 

and grab samples Fader et al (1991) and Stea et al (1992b, 1993) described a zone off 

Sheet Harbour characterized by morainal mounds and ridges The Morainal Zone is located 

40 km northeast of Halifax along the Eastern Shore (Fig 7, 8) Huntec seismic profiles reveal 

a unique acoustic morphology characterized by steep, irregular mounds and ridges 2-30 m in 

height and 100 to 300 m wide They are scattered throughout a shore-parallel zone in water 

depths of 65 to 145 m. Continuous, coherent reflection traces cannot be resolved within the 
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landforms, they are acoustically homogeneous Sidescan sonograms of the mounds reveal 

high intensity backscatter (gravelly-bouldery) areas of irregular pattern and ridge shapes (Fig 

35) Large boulders (1-4 m diameter) can be seen scattered randomly across the seabed 

These bouldei patches occur in ribbons on the sonograms and appear to be uniquely 

associated with the moraines These landforms were originally interpreted to be glacial in 

origin, eithei drumlins or moraines (Fader et al, 1991) 

The ridge morphology of the landforms in the Morainal Zone was defined by sidescan 

sonograms (Fig 35), mapping of closely-spaced tracklines (Fig 36) and a digital terrain 

model developed from echograms of the Canadian Hydrographic Service (Fig 8) 

Interpolation between widely-spaced tracklines was based on sea-bed depth contours obtained 

from the digital grid model (Fig 16, Map 2) Many of the Morainal Zone ridges are oriented 

northeast-southwest, parallel to the northeast-southwest orientation of the Scotian Shelf Lnd-

Moraine Complex In the northern part of the Morainal Zone ridge orientations change from 

NE-SW to NW-SE (Figs 16,36) 

Five main morphologic and stratigraphic categories of ridge-landforms were discerned from 

the seismic and sidescan sonar records 

1 Till-Tongue Moraine 

2 Symmetrical Moraine 

3 Hummocky and "Doughnut" Moraines 

4 Bedrock-Controlled (Ground) Moraine 

5 Asymmetrical Moraine 
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Figure 35 Sidescan sonograms of "doughnut" (A) and ridge-like (B) landforms in the 

Morainal Zone The scan width of the sonogram is approximately 400 m The morainal 

segments in the sonogram are 20-40 m wide and 300-400 m long Some of the moraine 

segments are buried under LaHave Clay, so are longer than they appear 
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Figure 36 An expanded view of a region of the Sheet Harbour Transect area (see Figure 16 

for location) showing mapping details of closely-spaced tracklines Patterned areas are 

morainal ridge segments mapped using Huntec profiles and sidescan records The intervening 

white areas are underlain by LaHave Clay Note the change in orientation of the ridges in the 

northern part of the transects from E-W to NE-SW 



Figure 36. 
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3.7.2 Till-Tongue Moraine 

Immediately north of the Sheet Harbour sub-basin (Fig 16, Map 2) are several mounds of 

acoustically-incoherent material equivalent to the Scotian Shelf Drift (Table 1) The largest 

feature, found in 124-135 m water depth, is a steep, asymmetrical ridge with 30 m of sea-bed 

relief connected to a lower, muted ridge (Fig 37) The ridges are composed of material 

lacking in coherent internal acoustic reflections A reflection representing acoustic basement 

can be recognized underneath the landform A till-tongue is rooted in the muted ridge and 

projects into Sequence SHI where it terminates in a feather edge Sequence SH2 appears 

to drape over the tongue and is not found on the landward side of the moraine Sequence 

SHI decreases in thickness from 11 m on the seaward side of the feature to 6 m on the 

landward side Sidescan records show a linear, high-intensity backscatter zone suggesting a 

gravel-boulder cover and ridge morphology These moraines are essentially smaller versions 

of the larger Scotian Shelf End Moraines and are transitional to the Morainal Zone in 

shallower water The main morainal fragment is likewise interpreted as formed by accretion 

of basal debris at a tidewater margin and the tongues by forward movement in the ice front 

which was halted by buoyancy forces 

3.7.3 Symmetrical Moraine 

The most common type of mound-ridge identifiable in the Huntec profiles has been termed 

"Symmetrical Moraine" These are defined as mounds or ridges with symmetrical sides 

consisting of acoustically-incoherent material (Fig 38) These are commonly found in water 

depths of 85-135 m (Fig 39) The symmetry of some of these landforms is quite remarkable 

(Fig 38) The shapes vary, however, from sharp-crested forms to those with 
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Figure 37. Huntec acoustic profile and interpretation of the "Till-Tongue" Moraine in the 

Sheet Harbour transect area (see location F on Fig. 16). Water^depth in m on the left. 
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Figure 38. Huntec acrustic profile (external) and interpretation of symmetrical moraines 

in the Sheet Harbour transect area. Section G-H is located on Figure 16. Inter-moraine 

seismic sequences Ml and M2 are described in the text. Acoustically incoherent material 

within the Morainal Zone has been designated as Scoiian Shelf Drift after King and Fader 

(1986; Table 1). 
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Figure 39 Notched box and whisker plots of the water depth relationships of the various 

morphological types of moraines The box and whisker plot is an effective way to 

demonstrate summary statistics graphically The notched plot (McGill et al 1978) 

corresponds to the confidence interval for the median, whereas the width of the box is 

proportional to the square root of the number of observations in the data set If the two 

notches on the boxes do not overlap (hatching) the median values of the data distributions do 

not significantly overlap at a 95% confidence level 
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plateaus on top The seabed surfaces of these features exhibit moderate to high reflectivity 

A horizontal reflection representing acoustic basement can be traced through many of the 

landforms although some appear to have a "shadow zone" that is propagated downwards 

from the sea surface and virtually eliminates all information below This zone often appears 

to be best developed in the most symmetric forms (Fig 38) This "shadow zone" may be the 

due to the dissipation of acoustic energy by a concentration of boulders on the moraine crests 

and/or energy scattering on the steep sides The intervening regions between ridges 

and mounds contain two acoustic sequences (Sequences Ml, M2, Fig 38) Sequence MI 

consists of low amplitude, draped reflections truncated by an onlap fill sequence (M2) of 

moderate to high amplitude reflections In deeper water areas a sequence consisting of 

LaHave Clay seismic facies (M3) infills inter-moraine depressions The lateral relationships 

between Sequence Ml strata and the moraines are uncertain In some cases reflections 

appear to lap onto the moraines while in other areas a gradational contact is observed, 

Late in this thesis study, multibeam bathymetric imagery became available (Costello el al, 

1993) A region of the inner shelf within the sampling area east of Lunenburg was surveyed 

(Stea and Fader, 1993, Loncarevic et al, 1994, Figs 1, 40) The image reveals three main 

topographic zones, the eastern area characterized by irregular topography, the middle region 

by closely-spaced, linear ridges and the western region dominated by crenulated, curvilinear 

ridges with intervening flat, basin regions These ridges generally trend northeast-southwest 

and are regularly spaced Huntec profiles across the ridges (Fig 40) show symmetrical 

moraines 4-18 m high Many of these moiaines are found on bedrock highs The linear 

ridges in the central region were found to be bedrock-controlled forms A later survey by the 

NSC Frederick G Creed (John Hughes-Clarke, pers comm 1993) over the moraines 

included camera reconnaissance and grab samples The moraines were composed cf a 
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Figure 40. Multibeam sonograph image of a region southeast of Lunenburg, Nova Scotia 

(Fig. 1) and interpretation. The sonograph area shows two types of ridges; anastomosing, 

curvilinear, ribbed moraines and straight bedrock ridges. The Huntec profile in the upper 

left corner is an acoustic cross section of a typical ribbed moraine in the sonograph area 

(from D. J. W. Piper, pers. comm, 1993). Huntec records across these features show that 

they are identical to symmetrical moraines (Fig. 38) and relate to topographic highs 

composed of acoustically incoherent material, underlain by a reflection representing 

acoustic basement. 
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matrix-supported, sandy-mud diamic:on, compared with silty-mud in the intervening flat 

regions 

3.7.4 Hummocky and "Doughnut" Moraines 

/ nother moraine type consists of ridge forms or mounds of acoustically incoheient material 

with two or more minor mounds superimposed on the upper t>; âce These are termed 

hummocky moraines On sidescan sonograms some of these hummocky forms appeal as 

closed loops of high backscatter regions with boulder shadowing ("doughnuts", Fig. 35 A), 

3.7.5 Bedrock-Controlled Moraine 

Some bathymetric highs consisting of acoustically incoherent mateiial appear to be 

conformable with the undulating trace of acoustic basement interpreted to be the bedrock 

surface These features are called bedrock-controlled moraine 

3.7.6 Asymmetrical Moraine 

Moraines in the Sheet Harbour transect area in water depths less than 82 m, and not less than 

65 m (Fig 39) have a distinctly asymmetric shap ;, with a steeper, landward side (Figs. 16, 

39,41) The external Huntec profile resolves indistinct clinoform beds on the seaward side 

of some of the asymmetrical moraines that are truncated by the landward slope The 

intervening areas between ridges consist of more transparent, incoherent acoustic material 

(M2-Fig 41) These moraines are similar in scale and morphology to terrestrial moraines in 

Nova Scotia (Fig 41) 
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Figure 41. Huntec seismic profile and interpretation of asymmetrical moraine ridges in 

the Sheet Harbour transect area (Location I- Fig. 16). The bottom figure is a profile of 

terrestrial ribbed moraines in the vicinity of Cobrielle Lake, southern Nova Scotia (Stea 

et al, 1992a), plotted using the same vertical exaggeration as the Huntec records. 
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3.7.7 Lithology 

Six samples were obtained from ridges or mounds north of the Scoiian Shelf End-Moraine 

Complex (IKUs 24, 25, 29, 49, 59, 64 - Appendixes 3, 4) Only one sample site produced 

complete recovery (IKU 29), the rest contained lag gravel (cobbles-pebbles) and lumps of 

olive-grey, matrix-supported, sandy-mud dianiicton It is assumed that the lumps are bits of 

the "true" moraine material from underneath a lag armour of cobbles and boulders 

The Morainal Zone grab samples contain subangular to subrounded clasts, with 8-47% 

striated, averaging 15% (Table 4) IKU 29 shows a significant increase in percentages of 

striated pebbles from the top to bottom subsamples (17%-Top, 47%-Bottom, Appendix 4) 

Sample 64, from 64 m water depth, contains subrounded to rounded clasts, none of which 

are striated Morainal Zone samples vary from 82 to 92% Meguma Group metasediments and 

average 86% (Table 4) They consist of an average of 45% gravel and 55% matrix weight 

percentages (Table 4) 

3.7.8 Truncated Emerald Silt Subzone (TESS) 

Another feature of the Morainal Zone is a large (approx 900 sq km) area of Emerald Silt 

outcropping at the seabed, truncated by planar erosional surfaces (Fig 8) This extensive area 

of erosion is found in water depths shallower than 140 m, at the contact between the Morainal 

and Basin Zones off Sheet Harbour, and widens to the northeast towards the Country 

Harbour Moraine (Figs 8, 42) Southeast of Country Harbour the surface is remarkably flat 

and featureless (Fig 19) Off Sheet Harbour, Sequences 1 and 2 (EmeP'H Silt facies A and 

C) are found at the seabed at water depths of 130-150 m (Fig 42) 
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Figure 42 Huntec acoustic profile of a region of eroded Emeiald Silt 30 km south of Sheet 

Harbour Vibra-core 91018-67 was obtained from this area, and revealed an olive-brown, 

sandy diamicton overlying a clayey-silt and silty-clay Seismic sequences, shown on the lell 

of the acoustic profile, are extrapolated from the type section (Fig 25). 
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Sequences 3 and 4 (Emerald Silt facies B) lap out on the earlier units before the TriSS 

surface Several channels were cut into the Emerald Silt and later infilled with LaHave Clay. 

At several locations an onlap unit (Emerald Si't facies B) is truncated by the erosional surface. 

King and Fader (1983a) correlated the erosional surface south of the Country Harbour 

Moraine to an unconformity at the top of the Emerald Silt Formation dated at 10.8 ka. 

3.7.8.1 Lithology 

An IKU sample from this subzone in the Sheet Harbour transect region (IK'J 57) recovered 

an olive-grey, muddy, matrix-supported diamicton with subangular to subrounded clasts 

Eighteen percent of the clasts are striated and several have distinct, bullet-like shapes with 

distal facets indicative of erosion in the basal traction zone of a glacier (Kriiger, 1984; Clark 

and Hansel, 1989). Eighty-seven percent of the clasts are derived from Meguma Group 

metasediments, 5% from Meguma Zone granitoids, and 8% are foreign to the Meguma Zone. 

Core 91018-67 (Fig. 42) taken on the TESS south of Sheet Harbour revealed an olive-

brown, sandy dip.iiicton over a grey cohesive clay with few pebbles. IKUs 85, 89 and 93 

were obtained from the Emerald Silt on the erosional surface in the Country Harbour Transect 

region (Appendixes 3, 4, F'g. 18) IKUs 89 and 93 consisted largely of a grey, massive, silty 

clay. IKU 85 revealed a more complex stratigraphy, with a cobble lag overlying an olive-

grey, sandy diamicton and a greyish mud with a few stones. Samples 89 and 93 contained a 

only a small percentage of striated stones (2-5%) 
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3.7.9 Age of the Morainal Zone 

In the deeper parts of the Morain-i! Zone, Sequence Ml (Emerald Silt facies B) onlaps the 

symmetrical moraines. Sequence Ml correlates with either Sequence 3 or 4 in the Basin 

Zone which were dj.ced between 12 75 and 10 7 ka (Fig 32) The Till-Tongue Moraine 

interfingers with Sequence 1 Therefore, the Morainal Zone formed between 14 0 ka 

(interpolated base of Sequence 1) and 10.7 ka (top of Sequence 4) (Fig 32) Sequence 2 can 

be traced as far landward as the distal side of the Till-Tongue Moraine and formed sometime 

after the moraine. In the Halifax sub-basin the top of Sequence 2 is dated at 12.75 ka 

(Fig. 32) 

The TESS seabed surface (Fig. 42) appears to have formed during or after deposition of 

Sequences 3 and 4 (Emerald Silt facies B) Sequences 3 and 4 lapout onto the TESS surface 

(Fig. 42) in the Sheet Harbour transect area However, off Country Harbour, erosional 

truncation of Emerald Silt facies B has clearly occurred (Fig 19) King and Fader (1988 a, 

b) and King (1994) proposed that the TESS surface was formed by a Younger Dryas ice 

advance In the northeast Emerald Basin they correlated the erosional surface with the 

Sequences 4/6 boundary dated at 10.8 ka 

Sea-levels reached their lowest point along the inner shelf (-65 to -70 m) around 11.6 ka after 

ice had retreated landward of the present coastline (Stea et al, 1994). Moraines or any other 

unmodified glacial landforms do not appear above the -65 m level, so it is assumed that they 

were destroyed by the post-glacial transgression The last glaciation therefore pre-dated 11.6 

ka across much of the inner shelf By this reasoning the Morainal Zone formed sometirr<; 

between 14.0 ka (deposition of Sequence 1 in the Basin Zone by the retreating glacier) and 
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11 6 ka, the time of the lowstand Sequence 2 is interpreted as the depositional response to 

the placial advance that formed the Moraina! Zone; so the time of formation of the Moiaina! 

Zone may be further bracketed between 13 5 ka and 12.75, the duration of Sequence 2 

(Fig 32) These delicate morainal features probably represent the last glacial advance to have 

affected tne inner shelf 

3.7.10 Genesis of the Morainal Zone 

Surface samples from the Morainal Zone ridges are composed of an olive-grey, matrix-

supported diamicton In the Morainal Zone diamicton samples, Meguma pebbles average 

86% whereas foreign pebbles average only 8% (Table 4). The gravel fraction averages 45% 

and the matrix 55% These diamicton samples average 15% striated clasts. This diamicton 

is similar in lithology and seismic character to the uppermost unit (3) of the Scotian Shelf 

Drift of the main morainal complex (Fig 41, Tables 1, 4). Morainal Zone ridges aie similar 

in scale and morphology to land ribbed moraines (Fig 41) 1 therefore interpret these 

constructional landforms as ice-formed The term "moraine" in the marine environment is 

defined as "positive morphological features in a glacially-dominated region" (Von Haugwitz 

and Wong, 1993) DeGeer Moraines are defined as low-straight to arcuate ridges of loose, 

sandy diamicton or sand/clay formed parallel to the former ice cliff edge (Goldthwait, 1989). 

Theories about the formation of DeGeer Moraines fall into two main groups; 

Group 1 The moraines represent successive, annual glacier-marginal 

stillstand or advance features with chronological significance (Smith, 1982; 

Larsen et al, 1991) 

r 
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Group 2 They are formed simultaneously by till-squeeze or meltwater inflow 

into basal crevasses some distance behind the ice front, and have no 

chronological significance (Elson, 1957, Hoppe, 1959, Zilliacus, 1989, 

Lundqvist 1989, Beaudry and Prichonnet, 1991) 

rl he definition of DeGeer Moraine may be too broad to be useful for genetic classification 

For example, Elverh(j>i el al (1989) document two types of DeGeer Moraine "esulting from 

a surge of the Brasvalbreen glacier in 1936, "squeeze up" ridges (Group 1) and annual "push" 

moraines (Group 2) Group 1 moraine formation is indicated by these features 

1 Parallel anu linear ridges 

2 Perpendicular to the regional ice flow direction 

3 An asymmetric cross-sectional profi'e 

4 A complex sedimentology, glaciotectoruc deformation, and inter-fingering 

relationships with adjacent sediments 

Group 2 moraines are more likely to display a simpler stratigraphy (I e till), and symmetric 

external form, but may be more variable in plan viev as are the crevasse patterns in surging, 

marine glaciers The surging Brasvalbreen glacier produced a rhombohedral pattern of 

crevasse-fill moraines (Elverhcbi etal, 1989) 

Parallel ridges ("Lift-off' Moraines) have been described in the basins south of the Scot'.an 

ShelfEnd Moraine Complex (King and Fader, 1986, p 15, Gipp, 1989) Lift-off Moraines 

vary in height from a few metres to 20 m and are composed of acoustically incoherent 

material overlain and interfingering with Emerald Silt facies A King and Fader (1986) 

I 
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proposed that Lift-off Moraines form simultaneously when buoyant ice lifts off the seabed and 

till is injected into subglacial fractures. Lift-off Moraines fall into the Group 2 genetic 

category' 

The Morainal Zone moraine types fall within both of the two broad genetic categories. The 

till-tongue moraine of the Basin Zone is similar to the Scox'an ShelfEnd Moiaines which fall 

within Group 1 The ''asymmetrical" moraines may also fall into this genetic category. The 

most abundant type, "symmetrical" moraines belong in Group 2. They appear to be identical 

in form to "Lift-Off' moraines without the cover of overlying Enteral' oill. The lack of 

Emerald Silt (facies A) between symmetrical moraine ridges in the Morainal Zone favours a 

simultaneous, subglacial origin, rather than as marginal features (Fig. 43), 

The Truncated Emerald Silt Subzone (TESS) is found in similar water depths to the Morainal 

Zone (Figs 8, 16, 18). iiinerald Silt facies A, C and B have been eroded. Formation of the 

THSS by surf-zone erosion is ruled out because of the depth of the erosion (130-! 50 in; see 

Truncation Zone subchapter) Direct subglacial erosion is unlikely especially in the case of 

the erosional surface south of Country Harboui because sediment was removed without 

widespread disturbance of the underlying beds (Fig. 20). The planar nature of the 

unconformity also mitigates against direct subglacial erosion. Subglacial deformation of the 

Emerald Silt has been proposed as a mechanism of the formation of till-tongues exposed on 

the surfpee, but these are clearly truncated by the TESS surface. The age of the erosional 

surface associated with the Country Harbour Moraine was discussed earlier, If it is 

synchronous with the -65 m lowstand (11.7 ka) then a sub-wave-base erosional origin may 

be plausible. Storm-generated bottom traction currents associated with the lowstand 

shoreline may have eroded soft, muddy sediments while leaving the till-cored landforms 

m 
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Figure 43 Formation of the Morainal Zone 1 Formation of "symmeti'cal moraines" by 

surges or readvances and stagnation Till is squeezed into subglacial crevasses as the ice 

settled back on the substrate after the rapid movement (cf Zilliacus, 1989) These features 

seem to located on acoustic basement highs, where a compressive flow regime favours 

vertical fracturing 2 Formatron of "asymmetrical moraines" during shoaling of the ice mass 

Moraines are formed proglacially by seasonal readvances, similar to "push" moraines of 

Boulton (1986) 
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such as in the Morainal Zone and SSEMC intact Erosion seem to be prevalent above 140 m 

or 60 m below the lowstand It is also possible that in areas where only Emerald Silt A and 

C outcrop on the seabed (Fig 42), erosion was accomplished either proglacially or 

subglacially, during the readvance of ice that produced the Morainal Zone After retreat of 

this ice, and isostatic uplift, deposition was inhibited by stronger bottom currents The 

absence of significant thicknesses of Holocene mud from these surfaces implies erosion or 

perhaps non deposition, resulting from strong bottom currents active at present, that may be 

sufficient to erode earlier glacial marine sediments More data has to be collected from these 

surfaces in order to assess the validity of erosional models 

3.8 OUTCROP ZONE 

The Outcrop Zone was first reported by King and Fader (1986) and described in detail by 

Piper et al. (1986), Forbes et al. (1991) and Stea et al. (1994) It is a broad area of high-

relief acoustic basement, largely devoid of surficial sediments, extending from 80 to 120 m 

water depth south and southeast of Halifax (Figs 13, 44) The Outcrop Zone merges with 

the Morainal Zone southeast of Halifax as the two zones occupy similar water depths (Figs 

8, 45) The contact between the two zones was not surveyed 

3.8.1 UnitB 

Within the Outcrop Zone, acoustic basement is sporadically overlain by a thin (1-10 m), 

incoherent, transparent seismic unit termed Unit B by Forbes et al. (1991) It can be found 

at the base of channels and isolated valleys, or as muted, ridge-like features visible in the 

multibeam image of the sea floor near the contact with the Truncation Zone (Fig 46) IKU 
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Figure 44 Huntec profile and location of the type section of the Outcrop Zone (see Figs 10, 

11 for legend and figure locations) Note the high relief and lack of sedimentary infill in the 

southeast part of the transect, located within the Outcrop Zone In the Truncation Zone, the 

amplitude of surface relief of the seabed surface lessens markedly 
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Figure 45. Surficial geology-landforms of the Halifax north transect area (Fig. I). See 

Figure 10 for legend. Locations of IKU (boxes with numbered leaders) and core samples 

(crosses with numbered leaders). Note the southwest-trending channel delineated by the 

100 m bathymetric contour. Dashed box indicates multibeam survey area (Fig. 48). Core 

91018-38 is located over the Sambro Delta. 
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Figure 45. 
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samples taken from Unit B include nos 14, 17, 32, 33, 63 and 91 (Figs 7, 16, 18, 45; 

Appendices 3, 4) in water depths ranging from 65 to 106 m The samples often consisted 

of gravel (pebble-cobble) and "lumps" of diamicton The lumps consisted of an olive-grey, 

sandy diamicton with subangular to subrounded clasts, with an average value of 10% striated 

clasts (Table 4, Figs 46, 47) It is assumed that these lumps represent remnants of an 

unmodified unit underneath a pebble-cobble armour on the sea bottom In IKUs 32 and 91, 

the "lag" samples were devoid of striated pebbles while percentages in the diamicton "lumps" 

varied from 3-40% Meguma pebble percentages vary from 74 to 98% with an average of 

84%o (Table 4) and foreign lithologies vary from 2-24%, averaging 11% (Table 4). IKUs 32 

and 33 have a higher percentage of Meguma lithologies in the diamicton lumps (Appendix 4) 

than the lag samples (74%/82%, 74%/83%) If the lag samples have been reworked through 

transgression one would expect a greater percentage of metagreywacke clasts in the lag 

gravels because of the durability of Meguma metagreywacke (Piper et al, 1986). The 

decrease in metagreywacke pebbles in the surface subsamples of the IKUs may be due to 

primary glacial depositional processes including englacial transport and melt-out deposition 

of far-travelled "foreign" components Unit B is interpreted as a till because of ridge 

morphology, diamicton sedimentology and striated pebbles 

3.8.2 Origin of the Outcrop Zone 

Three erosional mechanisms have been advanced to explain the widespread outcrop zone on 

the inner shelf (Fader, 1989a, Forbes et al, 1991) 

1 Coastal transgression and wave-erosion under lower relative sea-level 

2 Locally-intensified glacial erosion 

3 Subglacial meltwater erosion 
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Figure 46. Type Huntec profiles of "Unit B" in the northern Halifax transect area (Figs. 1, 

45). Middle Panel-Huntec profile of IKU 32. Note the undulating sea-bed topography. Left-

bottom and left panels-Huntec profile and stratigraphy of vibra-core 91018-36 Right 

bottom-right panels- Huntec profile and stratigraphy of vibra-core 91018-40. Unit B at this 

locality underlies the LaHave Clay. 
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Figure 47. Sea bed photographs of Unit B in the vicinity of core 91018-99 (Figure 18-

location), Scale is 10 cm long. Note the surface armor of subangular to subrounded clasts. 
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Hypothesis 3 was discussed at some length by Forbes et al (1991) They suggested that the 

smaller Nova Scotian ice caps and glaciers were not thick enough to produce or store the vast 

quantities of water required to produce catastrophic subglacial outbursts Wave-base erosion 

in the intertidal zone can be discounted as a primary erosional mechanism because of the 

water depth in which the outcropping bedrock occurs (120 m) and the interpreted low-stand 

position of-65 m (Stea et al, 1994, Loncarevic et al, 1994) The high relief and dearth of 

sediment within some valleys in the outcrop zone suggests that this region was not planed off 

by surf-zone erosion and then transgressed 

Glacial erosion is most effective in a wet-based ice zone and erosion is closeij .inked to 

deposition (Sugden and John, 1976, Boulton, 1979, Hughes, 1981) Linear fluting evident 

on the outcrcp zone (Fig 48) implies erosion by a wet-based glacier (Boulton, 1979) but the 

reason for the lack of deposits over this broad region is unclear Large areas of bedrock 

exposed in land areas along the Eastern Shore ofNova Scotia (Stea et al, 1992a) are 

surrounded by till-covered terrain These barren areas are generally constrained to local 

topographic highs On land, strike-ridges developed from Goldenville Formation rocks have 

similar amplitudes to the ridges in the outcrop zone and are free of intervening sediment in 

some areas Many of the bedrock areas are located near a Wisconsinan ice divide that 

straddled the axis of the Nova Scotia peninsula (Stea et al, 1989) Freezing and frozen bed 

conditions inhibit both erosion and deposition (Hughes, 1981) Glacier flow, deflected 

upwards by slight variations in the elevation between bedrock facies of differing competency, 

can create freezing or frozen bed conditions (Nobles and Weertman, 1971) J< is suggested, 

therefore, that the outcrop zone is a result of non-deposition rather than erosion This region 

of non-deposition can be explained by subglacial freezing zones at the margin of the former 

Scotian Ice Divide (Stea et al, 1989, 1992a) localized over the Nova Scotia 
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Figure 48. Multibeam image and interpretation in the north Halifax Transect area (see 

Figs. 7 and 45 for location). Note the muted, topography in the Truncation Zone 

compared with the starker, strike-ridge topography of the Outcrop Zone. Morainal ridges 

formed of Unit B are found south of the Truncation Zone. A major southwest-trending 

channel cuts across the map area. Southeast-trending lineations that cross-cut structures are 

interpreted as large scale glacial grooves or fluting. 
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peninsula during the last glacial maximum, or the relative competency of the metagreywacke 

strike ridges. 

3.9 TRUNCATION ZONE 

3.9.1 Introduction 

The Truncation Zone is defined as a region of the inner shelf from 90 m water depth to the 

present shoreline, characterized by muted acoustic topography, terraces and sub-bottom 

erosional surfaces truncating bedrock and surficial cover. The type sections for the 

Truncation Zone are acoustic profiles K-J and E-F (Fig. 49). These profiles, the trackline 

maps (Figs. 16, 18, 45) and the Halifax multibeam map area (Fig. 48) show a similar 

landward progression of depositional and erosional landform subzones. These are (seaward 

to landward): 

(1) Valley Subzone 

(2) Transition Subzone (shoreline) 

(3) Platform Subzone 

(4) Estuarine Subzone 

3.9.2 Valley Subzone 

Sediment-infilled valleys are commonly found in water depths of 65-90 m. These valleys 

trend southwestward and southeastward parallel to drainage systems on land (Figs. 16, 18, 

45, 48). They display a distinctive seismic architecture consisting of several seismic 



195 

Figure 49 Huntec profiles K-J (Fig 16) and E-F (Fig 18) northwest-southeast off Sheet 

Harbour and Country Harbour These are the type transects of the Truncation Zone The 

transect shows a parallel progression of landforms from sediment-infilled valleys (Valley 

subzone) to a ramp and terrace (Transition subzone) and finally a platform surface with 

truncation of both bedrock and surficial deposits (Platform subzone) (modified after Stea et 

al, 1994) 



K 

MORAINAL ZONE 

TRUNCATION ZONE 
VALLEY SUBZONE 

63 62 

TRANSITION 

SUBZONE 

PLATFORM SUBZONE 

0 14:0 m 

E 
TRUNCATION ZONE 

TS . PLATFORM SUBZONE 

water surface (m) 



197 

sequences with a ponded style of deposition, truncated by erosional unconformities in the 

subbottom and at the sea floor (Figs 49, 50) In the valleys, a basal, acoustically incoherent 

unit (Unit B), is overlain by a succession of ponded, onlap-fill acoustic units with moderate 

to high amplitude reflections In the Sheet Harbour map region several southeastward-

trending valleys or basins have been mapped (Fig 16, Map 2) The valleys are 700 to 1000 m 

wide and 40 to 70 m deep and incised into acoustic basement (Meguma Group bedrock) 

At the type section off Sheet Harbour (L- Fig 16, Fig 50), seven sequences are found within 

the Valley Subzone A conformable massive acoustic unit with occasional indistinctly 

stratified zones (Unit B) overlies acoustic basement Overlying and infilling channels within 

Unit B are a sequence with horizontal reflections of moderate to high amplitude (VI) VI 

is overlain by a sequence with reflections of higher amplitude and frequency (V2) V2 is 

overlain by two ponded, inclined seismic units, with low amplitude reflections varying in 

reflection amplitude and continuity (V3 and V4) These units are truncated by a major 

horizontal unconformity (VA) which is overlain by an acoustically transparent unit (V5) 

V5 is incised by channels infilled with V6 

3.9.2.1 Lithology 

Grab samples and cores were obtained within the Valley Subzone at various locations 

Samples taken within the Valley Subzone in Sequences V5 and V6 produced cobble lags with 

subrounded to well-rounded, discoid clasts (IKU 62, 76 Figs 16, 18) and no striated 

pebbles 
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Figure 50. Type section (L; Fig. 16) of the Valley Subzone. The ponded units (VI-V4) 

within this valley are truncated by an unconformity. Units V5 and V6 rest on this major 

subbottom unconformity and appear to be themselves truncated by an erosional 

unconformity represented by the sea bottom reflection. 



SEISMIC PROFILE 

INTERPRETATION 

Figure 50. 



200 

Two vibracores were taken in the Valley Subzone at the type sections (Cores 91018-78; 

91018-66, Fig 16, 18) The recovery was poor, but both revealed a cobble-lag of 

subrounded to rounded metagreywacke pebbles overlying coarse to medium sand and grey 

clay Samples of the bottom clay in both cores revealed a foraminiferal assemblage dominated 

by Elphidium excavatum and Cassidulina reniforme (E Collins, fers comm, 1992) This 

benthic foraminiferal assemblage is similar to that described for the Emerald Silt, formed near 

a temperate ice margin (Scott et al, 1984) 

3.9.3 Transition Subzone 

Landward of the Valley Subzone the sea floor topography abruptly changes from an 

undulating, irregular surface to a planar one (Platform Subzone) This transition between 

these two subzones is marked by a relatively steep ramp leading to a terrace and sometimes 

a terrace scarp (Fig 51) The surface of the Transition Subzone ramp can be an erosional 

unconformity, cut into Unit B, as in transect K-J off Sheet Harbour (Fig 49), or a 

depositional surface formed by clinoform beds of Sable Island Sand and Gravel (Table 1). 

A enlarged multibeam bathymetric image of the Transition subzone reveals a relatively 

narrow zone with a gentle dip, resembling the modern shoreface (Fig 51) The ramp at the 

type section of the Transition Subzone (Sambro-Delta Fig 51) extends from 75 to 60 m water 

depth Topographic profiles through the type region show the distinctive ramp-terrace 

morphology (Fig 52) Profiles C and D and the multibeam image reveal a terrace scarp at 

63 to 65 m water depth Similar terraces have been found on the Maine inner shelf at 55 to 

60 m water depth (Kelley et al, 1989, Shipp et al, 1989, 1991) and are interpreted as 

lowstand shorelines 
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3.9.3.1 "Sambro Delta" 

A progradational feature, the "Sambro Delta" is located in the Transition Subzone in the 

Halifax trackline map region, a region also covered by multibeam bathymetry (Figs 45, 48, 

51) It is interpreted as a delta primarily because of oblique terminations of clinoform 

reflections against the upper sea bed, wedge-like geometry, and its location in an embayment 

of the Truncation Zone (Figs 51, 53) The Sambro Delta surface can be seen as a flat 

depositional surface, roughly triangular in shape, on the enlarged multibeam image (Fig 51) 

Along the axis of a channel in deeper water the delta merges into a valley 

A strong, coherent and serrated reflection with point and cross hyperbolic diffractions, 

interpreted to be bedrock, occurs at the base of the progradational section (Fig 53) Above 

this reflection is an incoherent seismic unit (Unit B), 1-10 m thick Unit B is incised and 

infilled with another unit (Sequence 1) with moderate amplitude reflections and a ponded style 

of deposition Downlapping on unit 1 on the flank of a low hill are clinoform reflections that 

are obliquely terminated at the sea floor (Sequence 2) On the upper terraced surface another 

sequence (3) with chaotic, steeply-dipping reflections becomes prevalent Sequences 1, 2 and 

3 are interpreted as the topset, foreset and bottomset parts of a delta The clinoform 

reflections of sequence 2 could be interpreted as shoreface progradational beds or deltaic 

foresets, but oblique terminations are more characteristic of deltaic systems (Mitchum et al, 

1977) From a submersible, Forbes (1990) noted a pebbly sand on the foreset slope. 

Sequence 3 overlies or grades into an acoustically incoherent Unit (C) (Forbes et al, 1991) 

that outcrops at the sea floor over much of the Halifax transect area (Figs 10, 45) Forbes 

et al. (1991) interpret Unit "C" as glacial outwash, subaqueous in origin, based on the 

complex internal structures and gravelly-fcand lithology They noted that the unit is truncated 
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Figure 51 (A) A digitally-enhanced color SWATH image, enlargement of Figure 48, looking 

northeastward up an embayment in the Truncation Zone, revealing morphology and 

subdivisions The Valley Subzone is in the topographic low The Transition Subzone is a 

ramp leading to a planar surface (Platform Subzone) A is at the approximate location of the 

Sambro Delta B depicts the interpreted extent of the topset part of the paleo-delta (after 

Stea et al. 1994) (B) A terrain model of an offshore drumlin field described in Loncarevic 

et al. (1994) located SE of Lunenburg Nova Scotia (44° 19'N, 63 ° 49'W) compared with the 

digital terrain model of a similar-sized drumlin field from the Lunenburg drumlin field (Map 

1) Note the truncated surface on the drumlin (arrow) at -65 m Ribbed moraines are 

superimposed on the drumlins The colours in the diagram B are in 10m increments The 

offshore drumlin diagram keys are deep red - 70-60 m BSL, orange 70-80 m BSL, yellow 80-

90 m BSL 
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Figure 52. Topographic profiles across the embayment in the Truncation Zone (Figs. 46, 51). 

Note the distinctive ramp/terrace morphology and the terrace scarp at the landward end of 

the embayment. Four topographic profiles across the embayment show the ramp/terrace 

morphology of the Transition Subzone. The break from the ramp to the upper terrace is 

inferred to be the former lowstand. This occurs at -65 m (modified after Stea et al, 1994), 
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Figure 53. Nova Scotia Research Foundation sparker profile and interpretation of the 

Truncation Zone in the Halifax area (Figs. 1,4; Forbes, 1987). Description of core 91018-38 

on the right. Note the coarse surface layers underlain by fine sand (dotted pattern). A shell 

hash was found consisting entirely of mussel valve fragments (Mytilus eduli.s), One of these 

fragments was radiocarbon dated and an age of 11,650 +/-110 l4C years BP. Unit 

stratigraphy from Forbes et al, (1991). Core depths in centimetres (modified after Stea et 

al, 1994). 
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by the sea floor at depths less than 70 m Forbes (1990) also noted large boulders on the 

surface of Unit "C" on the upper slope of the "Sambro Delta" 

3.9.3.1.1 Lithology and Age 

Core 91018-38 was obtained from Sequence 2 (Fig 53) at 73 m water depth The top 70 cm 

of the core consists of grey, medium to coarse sand capped by a lag surface of well-rounded 

cobbles At 70 cm depth a shell hash was found consisting entirely of mussel valve fragments 

(Mytilus edulis) One of these fragments was radiocarbon dated and an age of 11,650 ±110 

14C yr B P was obtained, adjusted for isotopic fractionation The reservoir effect correction 

has not been assessed in this region, but a correction of 400 years can be applied representing 

a world-wide mixed layer oceanic average (Mangerud, 1972) The corrected age is the same 

as the pre-13C adjusted age of 11,250 14C yr B P 

The upper 40 cm of core 38 revealed abundant (> 1000/10 cm3) nearshore-type benthic 

foraminifera dominated by Islandiella tslandica, Cibicides lohatulus, and Islandiella teretis. 

The bottom 50 cm, however, is barren of foraminifera, probably implying higher 

sedimentation rates or lowered salinity typical of a glacial front deltaic system (Swift and 

Boms, 1967, Stea and Wightman, 1987) 

3.9.3.2 Country Harbour "Delta" 

Huntec records revealed progradational clinoforms at the contact between the Platform 

Subzone and Outcrop Zone in water depths of 68 to 75 m in the Country Harbour transect 

region (Fig 18) The Transition Subzone shoreline can be traced NE of Country Harbour in 
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water depths of approximately -70 m where Huntec and 3 5 kHz seismic profiles indicate a 

marked topographic transition from Platform Subzone to Outcrop Zone In water depths 

greater than 70 m, the seabed is marked by moderate to high relief bedrock ridges and h 

intervening basins filled with Emerald Silt At -70 m a terrace\scarp is developed Above 

-70 m the bedrock-dominated terrain becomes muted 

3.9.4 Platform Subzone 

The Platform Subzone of the Truncation Zone is defined as a low relief erosional surface with 

a seaward gradient of approximately 1°, cut into bedrock and surficial deposits, in water 

depths of -65 to -70 m The multibeam bathymetric images reveal a region of muted 

topography broken by occasional bedrock highs that rarely exceed 5 m of seabed relief 

(Figs 45, 51) The type section for the Platform Subzone is transect E-F which extends 

southeastward off Country Harbour (Fig 49) This remarkably flat erosional surface cuts 

bedrock and unconsolidated deposits 

3.9.4.1 UnitC 

A widespread, incoherent seismic facies (Unit C, Fig 45) overlies acoustic basement (Unit 

A) and Unit B in the Platform Subzone It varies from a metre to 10 m in thickness and has 

a blanket-like morphology It is best developed on the inner shelf near Halifax (Forbes et al, 

1991) The surface of Unit C is flat and featureless (Fig 54), in sharp contrast to Unit B 

(Fig 47) which can have undulating, or ridge and basin topography Two subunits can be 

resolved within Unit C, one distinguished by chaotic incoherent reflections, and the other with 

arcuate coherent reflections (Fig 54) These reflections are truncated by the sea bed in 
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Figure 54 Huntec seismic profiles of Unit C (locations on Fig 45) Contrast these records 

with Unit B (Fig 47) Surficial Unit C reflects more of the incoming acoustic energy than 

Unit B, hence the unit is darker, and sometimes obscures the trace of acoustic basement in 

the subbottom The lower section of Unit C (from Forbes et al, 1991) reveals some 

coherent, arcuate reflections 
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water depths between 50 and 70 m (Forbes et al, 1991) Sidescan sonograms show a 

variably reflective, light and dark (salt and pepper) surface interpreted as a cobble veneer, 

Bottom photographs of this surface from the Flalifax region show that it is armored with a 

cobble lag of well-rounded boulders (Sable Island Sand and Gravel, Fig 55). Eight IKUs 

taken from Unit C ranged in texture from diamictons to gravelly-sand, with relatively little 

matrix (12%, Table 4) and abundant gravel (88%, Table 4) Pebbles are subrounded to well-

rounded with an average of 4% striated pebbles compared to an average of 10% for Unit B 

(Table 4, Fig 56) The lag armour on Unit C can be considered to be equivalent to the Sable 

Island Sand and Gravel Formation of King and Fader (1986-Table 1) The boundary between 

Units B and C in the Halifax map area (Fig 45) occurs between 70 and 80 m water depth 

Unit C may be a composite of outwash, ice-contact stratified drift, or melt-out till overlying 

basal till, these deposits may not always be resolvable on seismic profiles The surface lag-

armour probably reflected much of the incoming acoustic energy, so low- impedance 

contrast, subbottom reflections were not resolved 

3.9.4.2 Valley Fill 

Isolated valleys or basins are found in the Platform Subzone incised into the acoust;c 

basement (Meguma Group bedrock) These valleys are several hundred metres to 2 km wide 

and 4-20 m deep and contain a sedimentary infill with a similar facies geometry to the Valley 

Subzone At the base of the valley sequence is a draped, acoustically incoherent unit (Unit B) 

Incised into Unit B aie channels filled with ponded sediments consisting of several sequences 

of moderate to high amplitude reflections These high amplitude sequences are truncated by 

a horizontal erosional unconformity often near the sea bed Overlying the unconfoi mity are 

two incoherent or indistinctly-bedded seismic facies 
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Figure 55. (A) Rounded gravels obtained from the Sable Island Sand and Gravel above 

Unit C in the vicinity of IKU 44 (Location Fig. 45). (B) Sable Island Sand and Gravel 

from IKU 79 (Location Fig. 18). (C) Bottom photograph of Unit C at IKU 31 (Water 

depth 64 m; Fig. 45). Contrast the pebble shapes evident from these photographs with 

those from Unit B (Fig. 47) in water depths greater than 80 m. 
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Figure 56 Plot of striated pebble percentages and sample sedimentology vs water depth for 

all IKU samples The sedimentology of the samples is clearly related to water depth, with 

diamictons and mud found generally below 65 m, whereas sand and gravel is restricted to 

water depths above this level Note also the marked reduction of striated pebbles above 

65 m, the inferred sea level lowstand position The landform-unit designations are indicated 

for each sample (see Fig 10). 
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Samples from the sea bed (Sable Island Sand and Gravel) in these valleys typically contain 

variable amounts of sand and gravel, the gravel fraction is overrepresented (60%, Table 4) 

due to sand wash-out upon IKU retrieval Pebbles in the gravel lag are typically subrounded 

to well rounded, and lacking or devoid of striations (2%, Table 4) Twelve gravel samples 

from valleys and basins within the Truncation Zone averaged 2% striated clasts (Fig 56, 

Table 4, Appendix 4) The uppermost incoherent and transparent seismic facies in these 

valleys encompass the Sable Island Sand and Gravel (Table 1) 

3.9.4.3 The Estuarine Subzone 

Forbes et al. (1991) and Boyd et al (1992) identified and mapped estuarine deposits in 

valleys confined to water depths less than 50 m Above 50 m water depth, north of the type 

section (E-F) of the Platform Subzone off Country Harbour (Fig 49), are a series of wedge-

shaped acoustic units composed of gravel and sand interpreted as a transgressed barrier 

system (Stea et al, 1993) Boyd et al. (1992) also identified transgressed barrier-lagoonal 

systems The Platform Subzone appears to have largely formed through erosion, whereas 

depositional processes were dominant within the Estuarine Subzone 

3.9.5 Origin of the Truncation Zone 

Erosional processes related to the regression and the post-glacial rise in sea level are largely 

responsible for the formation of the Truncation Zone and its constituent subzones The paleo-

shoreline or lowstand is interpreted to be the top of the Transition Subzone The Platform 

Subzone represents the transgression surface (Fig 46) 
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3.9.5.1 Valley Subzone 

The Valley Subzone is essentially a series of valleys and embayments that merge landward and 

are attenuated at the lowstand shoreline (Figs 8,49, 51) Some of these incisions merge with 

larger valleys that trend southwestward and cut the SSEMC ridges (Figs, 8, 11, 16), The 

origin of these incisions is unclear Some may be meltwater conduits of the ice cap that 

formed the Morainal Zone, as they appear to start at the Zone (Fig 16) Others formed 

before the last glacial advance because they are lined with Scotian Shelf Drift or Unit B, 

acoustic units believed to be tills The predominant south-westward trend of these incisions 

is also problematic, as it is at odds with the primary southeastward, fault-related trend of 

most river valleys on the Nova Scotia mainland 

Unconformities in the valley fill at the surface and sub-bottom may have formed by erosion 

at or below wave-base, or even by earlier glacial advances Erosional unconformities in 

glacial marine clays contained within these valleys, may indicate direct glacial erosion or 

current erosion that predated sea-level rise This is evident along the South Shore of Nova 

Scotia, where shell dates of 14 and 28 ka have been obtained from truncated glacial marine 

valley fill at -60 m (Piper and Fehr, 1991) An unconformity at the top of the Emerald Silt 

in valley fill at 71 m water depth was dated between at 14 ka and 9 ka (Piper and Fehr, 1991, 

D J W, Piper, pers comm, 1993) This unconformity is similar in age to the TESS surface 

and may be related to the lowstand at 11 6 ka 

The sand and gravel bodies on the surface of valleys in water depths from -65 to -90 m are 

a result of wave-current redistribution of shoreface deposits related to the lowstand (Lapierre, 

1982; Stea et al, 1994) The seaward margin of the Truncation Zone is essentially the limit 
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of subhttoral deposition and wave reworking during the lowstand The sui'ittoral Sambro 

Sand (Table 1) mapped by King (1970) represents the seaward limit of wave-base reworking 

King (1970) interpreted the contact between the Sable Island Sand and Gravel (Table 1) and 

the Sambro Sand as the lowstand Off Halifax this contact was mapped at -90 m 

3.9.5.2 Transition Subzone (shoreline) and Platform Subzone 

Three major lines of evidence suggest that the maximum sea-level lowering was only -65 m 

1 Till-moraines do not appear to have been modified or removed by a 

regression-transgression cycle as they have retained a distinctive 

constructional morphology They are found in water depths of 145 to 65 m, 

similar to the depth range of the Outcrop Zone 

2 The seabed surface changes markedly from one of low or subdued relief 

(Platform Subzone) above -65 m water depth to high or undulating relief 

seaward below -65 m Unit C and Sable Island Sand and Gravel are only 

found above -65 m 

3 Sediments below -65 m are largely mud and diamicton whereas above -

65 m gravel and gravelly-sand predominate (Fig 6) Pebble roundness 

changes from predominately subangular to subrounded below -65 m, to 

subrounded to well-rounded above -65 m and the percentage of striated 

pebbles decrease markedly above -65 m (Fig 56) 

At -65 m to -70 m the Transition Subzone ramp and terrace separates the Platform Subzone 

from the Valley Subzone (Fig 51) It is interpreted as a product of shoreface erosion during 

regression and transgression (Belknap and Kraft, 1981), in essence a ravinement surface 
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(Nummedal and Swift, 1987) or, in part, a deltaic surface The terrace surface is intcrpieted 

to be the paleo-shorehne, although the transgression may have been initiated at a slightly 

lower elevation The average ramp height of 10 m found in this study is similai to values of 

wave-base erosion cited by Suter et al (1987) At the type profiles (Fig 49) the base of the 

ramp represents the lower limit of wave-base erosion in late-glacial time 

From the Sambro Delta type locality, sea level is interpreted to be near the topset/foieset 

contact (Fig 52) which is approximately -65 m The presence ofMytilus eduhs in the coie 

indicates deposition of the foresets close to the intertidal zone Mussel shell hashes have been 

described in foreset beds of raised glacial marine deltas and moraines in the Saint John, New 

Brunswick, aiea (Nicks, 1988) The known deglaciation chronology does not negate a 

glacio-deltaic hypothesis Stea and Mott (1989) and Gipp (1994) estimated that the ice 

margin was close to the present coastline at about 12 ka Recent AMS radiocarbon dating 

of the base of Porters Lake, near Halifax, suggests deglaciation by 11 7 ka (D B Scott pers 

comm, 1994) The age of the Sambro Delta is close enough to the lake date to infer a glacial 

sediment source, but the evidence for meltwater drainage has been removed by the 

regression/transgression Thus, the deltaic hypothesis must remain speculative An 

alternative explanation for this zone may be a shoreface-coastal terrace Boulders noted by 

Forbes (1990) on the surface of the Sambro delta may be relict from till-chff erosion 

The Country Harbour and Sheet Harbour type transects (Fig 49), in water depths of less than 

-65 m show low gradient erosional surfaces cut into acoustic basement and unconsolidated 

deposits These planar surfaces are interpreted â  shore platforms, defined as surfaces of low 

gradient (1-5°) formed by mechanrcal wave erosion at or near sea level (Trenhaile, 1987) 

The Country Harbour transect (Fig 49) is a particularly striking example of a low gradient 
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shore platform These surfaces were cut during the regressive and transgressive phases of the 

Late-glacial period. 

Forbes et al. (1991) and Boyd et al. (1992) describe estuarine facies within a depositional 

zone (Estuarine Subzone) restricted to water depths of less than 50 m The reason for the 

lack of estuaries and relict barriers within the Platform Subzone below depths of 50 m is 

unclear One reason could be that they are there but were not found Another reason may 

be related to rapid initial transgression raies Belknap and Kraft (1981), however, suggested 

that preservation of estuarine sequences is more likely with higher rates of relative sea-level 

rise Climate may have also played a role in the production of estuarine sediments 

3.9.6 Revised Sea-level Curve for the Eastern Shore 

The recognition of ravinement surfaces, shore platforms and deltas graded to depths of 65 m 

BSL on the inner shelf, extends the sea-level curve for the region (Fig 57) Shell dates 

obtained from this study, and Piper and Fehr (1991) have been added to a sea-level curve of 

the inner shelf compiled by Forbes et al. (1991) from Scott (1977), Scott and Medioli (1982), 

Miller et al, (1982), and Honig (1987) (Fig 57) The curve before 9000 UC yr B P is based 

on shell dates The accuracy and precision of the data are controlled by the uncertainty of 

reservoir corrections and depth assignments The data after 7000 NC yr B P are better 

constrained because they are based on salt marsh peat cores whose RSL assignments are 

determined by foraminiferal assemblages accurate to ± 10 cm of RSL (Scott and Medioli, 

1978) Upon initial deglaciation, sea levels were higher than -60 m (Piper and Fehr, 1991, 

Forbes et al, 1991) The maximum RSL at this time is not known although Emerald Silt has 

been identified in 40 m water depth (Stea et al, 1993) RSL then fell to a lowstand of 
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Figure 57. Relative sea level curve for study region compiled from this study, Scott 

(1977), Scott and Medioli, (1982), Miller etal, (1982), Honig, (1987) and Forbes et al, 

(1991). Curve A represents the calculated RSL curve based on a maximum ice model from 

Quinlan and Beaumont, (1981). Curve B represents a curve of the minimum model of 

Quinlan and Beaumont, (1982). Also shown for comparison is Fairbanks (1989) Barbados 

sea level curve, (modified after Stea et al, 1994). 
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-65 m, followed by a rapid rise of 1 5 to 2 m per century until ca I lka Rates of sea-level 

rise decrease markedly at 11 ka and then increase starting at about 8 ka From 9 ka to 

present, rates of sea-level rise follow a step-like pattern with inflection points (Scott and 

Medioli, 1982, D B Scott, pers comm 1995) This curve is characterized by an initial high 

amplitude, short wavelength isostatic response, followed by step-like sea-level changes It 

is remarkably similar to the new curve obtained for the inner shelf off Maine, USA which has 

a lowstand position of-50-60 m followed by a RSL plateau between 11 and 9 (Barnhardt et 

al, 1992) All data points are within a 50 km radius, so the complexity of the curve cannot 

be explained by rebound variations relating to ice thickness or crustal variations New sea 

level data presented after this thesis was in preparation by Edgecombe (1994) suggests a more 

complex sea level curve after 9 ka than presented in Figure 57 

3.9.7 Glaciological and Geophysical Implications 

Clarke/al. (1978) developed a mathematical model which derived a relative sea level history 

from the earths Theological properties, ice sheet thickness and deglaciation history Quinlan 

and Beaumont (1981, 1982) utilized this approach to deduce the sea-level response of two 

contrasting ice models for the Maritime Provinces of Canada They divided the Maritime 

Provinces into four zones based on their model-derived RSL history Zone A (continuous 

emergence) to Zone D (continuous submergence) According to their model, these zones 

shift seaward with more ice and landward with less ice A primary factor governing the shape 

of the resulting sea-level curves is the peripheral forebulge, which migrates towards the 

former ice centres after deglaciation The maximum model represents a uniform ice cover 

over eastern Canada (1-2 km), thinning to the southeast, and a margin at the outer shelf (cf 

Flint, 1971) The minimum model (Grant, 1977, Grant and King, 1984) has much thinner ice 
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(<1 km), segregated over Nova Scotia, with margins near the present coastline and no 

grounded ice in the Gulf of St Lawrence Quinlan and Beaumont (1981) calculated 

theoretical relative sea-level curves for the inner shelf based on the maximum and minimum 

ice models At that time they found that the observed RSL field data were bracketed by the 

theoretical curves derived from the extreme ice models In a later paper (Quinlan and 

Beaumont, 1982) constructed a "compromise" ice model based on existing field RSL 

observations characterized by 

1 No grounded ice in the Gulf of St Lawrence 

2 Margins not substantially seaward of the minimum reconstruction 

3 Ice retreat from Nova Scotia by 14 'ca 

The "compromise" RSL ice model closely resembles the minimum model of Grant (1977) 

because both models feature an ice-free Gulf of St Lawrence Tushingham and Peltier's 

(1991) recent ice sheet reconstruction (ICE-3G) also based on existing field RSL data, 

produced a similar ice distribution and retreat pattern to the Quinlan and Beaumont (1982) 

RSL-denved model 

The new empirical RSL curve of the inner shelf (Fig 57) differs from the theoretical minimum 

curves of Quinlan and Beaumont (1981, 1982) and Tushingham and Peltier (1991) primarily 

in the high amplitude and short wavelength response of RSL change after deglaciation The 

maximum sea-level lowering is about 20 m below that predicted for the "compromise" 

minimum model and 40 m or more lower than predicted in the maximum model The 

transition from initial RSL fall to RSL rise occurs over a much shorter time span than 

predicted 
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The most recent theoretical RSL curve obtained from Peltier (pers. comm., 1993) also fails 

to predict the magnitude of sea-level lowering evident in the empirical RSL curve by 20 m but 

it does predict the response in the later Holocene rather well. The lowtand can be 

reproduced by either shifting the ice margin 2° westward or thinning the ice substantially to 

ice volumes comparable with the minimum model (Peltier, pers. comm., 1993). Muting of 

the pre-lowstand emergence pattern characterized by RSL fall, however, is concomitant with 

removal of the ice. 

If ice margins existed out on the outer shelf, as recent field observations suggest (McLaren, 

1988; Mosher et al, 1989; Gipp, 1994), then observed sea-level curves should be skewed 

toward the calculated curves for maximum ice (Fig. 57) which also predict raised strandlines 

along the Eastern Shore ofNova Scotia. Low-profile ice masses (cf. Boulton and Jones, 

1979) cannot be invoked to explain the discrepancies between extensive ice and minimal 

rebound because of the presence of local ice divides (Stea el al, 1992a, b) and the vast areas 

of Meguma Group metagreywacke outcrop on land and the inner shelf, which would tend to 

increase basai shear stresses and produce more parabolic ice masses (Forbes et al, 1991). 

Ice thicknesses in the Maritime provinces of Canada were more comparable to southern 

Maine, a region on the outer edge of the Laurentide Ice Sheet (Mayewski et al, 1981) 

The timing and mode of ice retreat are crucial factors affecting RSL history. A brief summary 

of the deglaciation history of the Atlantic shore ofNova Scotia is necessary to place the RSL 

curves in context with the position and timing of retreating ice. Till-tongues along the 

northern margin of Emerald Basin have radiocarbon ages of 15,000 to 17,000 l4C yr BP, 

(King and Fader, 1988; Gipp and Piper, 1990; King pers comm, 1994). Based on lake 

sediment chronologies, Stea and Mott (1989, 1990) and Gipp (1994) estimated that the ice 
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retreated to the present coastline by 12,00014C yr B P (Map 1) Southern Nova Scotia land 

areas, deglaciated by ablation and downwasting (Grant, 1989, Stea and Mott, 1989), are 

characterized by vast areas of melt-out tills, and hummocky topography without ice marginal 

moraines In contrast, the deglaciation of southern Maine proceeded by rapid calving and 

active-zone retreat marked by extensive morainal systems and was largely complete by 12 8 

ka (Smith and Hunter, 1989, Belknap and Shipp, 1991) The glacial marine Presumpscot 

Formation clay (Bloom, 1963) forms a widespread blanket over southern Maine below the 

marine limit The Atlantic coast ofNova Scotia has no raised marine features, although these 

are predicted to occur if ice extended as far as the outer banks (Quinlan and Beaumont, 

1981) The paradox is best explained by sub-ice emergence under a carapace of late-melting 

ice (Fig 58) Rapid deglaciation of the Nova Scotia inner shelf was probably hindered by the 

outer banks which acted as bastions to help buttress the ice sheets against sea-level rise (Gipp, 

1989) Ice sheet deflation occurred from the top down and large areas of the ice sheet 

stagnated Raised features did not form along the Atlantic coast because by the time the ice 

melted, RSL fell below the ice margin surface (Fig 58) 

The drop in RSL between 14,000 and 12,000 14C yr B P (Fig 57) on the inner shelf may be 

attributed to initial, rapid crustal response (rebound) as the ice retreated from the inner shelf 

The rate of RSL drop during this period, however, is largely unknown Differential uplift of 

various moraines across Eastern Shore indicates initial RSL drop assuming that the moraines 

were formed by grounded ice at similar water depths (-250 m) 70 m of differential uplift 

occurred between the Country Harbour Moraine (-84 m) and the Sambro Moraine (-160 m) 
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Figure 58 Schematic comparison of ice sheet-sea level interactions between Maine and Nova 

Scotia during the period between 14 and 12 Ka Rapid ice retreat of an ice stream in the Gulf 

of Maine allowed the formation of the Presumpscot Formation on the isostatically-depressed 

landscape Delayed retreat, ablation by downwasting and sub-ice isostatic equilibration of the 

Scotian Ice Divide prevented the formation of raised features along the Atlantic coast Arrows 

indicate uplift and ice retreat and downwasting 
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The amplitude and wavelength of RSL change is the late glacial period is not predicted by the 

geophysical models Barnhardt et al. (1992) and Shipp et al. (1991) made the same 

observation for the Maine continental shelf Josenhans et al. (1992) also noted substantial 

sea-level lowering adjacent to the Cordilleran Ice Sheet at 10 6 ka for the Pacific coast RSL 

lowering predicted in the maximum ice model (Fig 57) is only 20 m between 9 and 7 ka. 

Some of this discrepancy can be explained by underestimation of worldwide ice volumes, but 

the proximity of the age and depth of the lowstand to the RSL curve of Fairbanks (1989) 

suggests that crustal depression was not as protracted as predicted by visco-elastic earth 

models Variations in the strength and thickness of the lithosphere may be responsible for 

the disparity between models and data, but this effect was discounted by Tushingham and 

Peltier (1991) 

The rapidity of RSL rise after the lowstand from 11,500 to 11,000 l4C yr B P may be due 

entirely to melting, as rates of rise are comparable to the Fairbanks (1989) curve for this 

interval (Fig 57) The RSL plateau between 11,000 and 8000 14C yr B P can be explained 

by crustal uplift due to passage of a peripherai forebulge across the region This forebulge-

related plateau is evident on both the maximum and "compromise" minimum ice theoretical 

curves (Fig 57) In the Maritime Provinces, glaciers advanced during the Younger Dryas 

Chronozone (11-10 ka, Stea and Mott, 1989, Grant, 1989, King, 1994) Local ice advances, 

and by analogy local ice centres, are considered to have negligible effects on the RSL record 

because of the lithosphere's ability to support loads of small areal extent (Quinlan and 

Beaumont, 1981) 

The -65 m shoreline appears to be a level surface over most of the Eastern Shore ofNova 

Scotia J Shaw (pers comm, 1993) has documented a lowstand (as yet undated) in 
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Chedabucto Bay of only -35 m The amplitude of the RSL inflection is not known in these 

cases so the significance of these RSL fluctuations is unknown The discrepancy in 

Chedabucto Bay may also be explained by late ice Northern Nova Scotia was the breeding 

ground for the Younger Dryas glaciers postulated by King and Fader (1988) and Stea and 

Mott (1988, 1989) Although this area was deglaciated ca 12 4 ka (Stea and Mott, 1989), 

evidence of early marine incursion may have been removed by the late re-advance Local 

crustal depression caused by the Younger Dryas glacier would decrease the magnitude of 

lowering after removal of the load 

3.10 SUMMARY OF MARINE GLACIATION AND SEA-LEVEL EVENTS FOR 

THE EASTERN SHORE 

The author presented a preliminary interpretation of marine events on the inner shelf after 

initial seismo-stratigraphic rnterpretation (Stea et al, 1992b) Although details have changed, 

the basic six-phase evolutionary model is still valid (Fig 59) 

The composition and symmetry of the Scotian ShelfEnd Moraine Complex suggests that it 

was formed underneath the ramp-margin of a grounded glacier Diamicton was deposited 

directly on the ice ramp-till bed by conveyor-belt recycling and lodgement or push-squeeze 

processes Meltwater was restricted to basal sheet flow rather than being channelized The 

steep landward slope of the moraine probably reflects the former ice contact slope Till-

tongues rooted in the morainal complex represent short-lived readvances of the semi-buoyant 

ice front, smearing-out till on the morainal front and overriding and deforming previously-
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Figure 59 Six phase model of proposed deglaciation and sea level events on the Eastern 

Shore ofNova Scotia (modified after Stea et al, 1992 b) 

1 Scotian End Moraines form at a ramp-margin of a grounded glacier. 

2 Retreat to "proto" moraine Proglacial deposition of Sequence I 

3 Retreat, then a readvance-surge ca 13 ka forming the symmetrical 

moraines and Sequence 2 in the Basin Zone 

4 Retreat and shoaling of the glacier, increased wave-activity-turbulence and 

dropping sea levels entrain sediments Sequence 3 deposited in the Basin 

Zone 

5 Lowstand nadir Erosion at the lowstand nadir produces a shoreline 

(Truncation Zone-Transition Subzone ) and Sequence Boundary 3/4 in the 

Basin Zone Subsequent sea level rise and climatic warming Sequence 4 

deposited in the Basin Zone 

6 Climatic cooling, increases storminess, sea ice and ice bergs increase 

sedimentation rates during the Younger Dryas Sequence 5 is deposited in the 

Basin Zone 
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Sequence 1 in the Basin Zone (Emerald Silt) is interpreted to be ice proximal, glacial marine 

sediment deposited by overflow and interflow meltwater plumes, emanating from an ice 

margin Landward thinning of the Emerald Silt and the landward decrease in identifiable 

seismic sequences imply diachronous deposition from retreating ice margin rather than 

synchronous deposition under an ice shelf "Proto" moraines represent these short-lived ice 

marginal stands Sequence 1 in the Basin Zone was deposited from 14 5 to 13 5 ka 

The Morainal Zone formed after retreat of the glacier out of the Basin Zone and during the 

deposition of Sequence 2 in the Basin Z'Mie (ca 13 5-12 7 ka) Symmetrical Moraines 

probably formed synchronously, as a result of a readvance (surge?) Asymmetrical Moraines 

formed at the margin of a shallow-water tidewater glacier After this readvance (13 5 to 

12 7 ka), sea levels dropped rapidly, due to general isostatic recovery Wave turbulence and 

debrrs from the melting glacier suspended very large amounts of sediment Iceberg rafting 

was also an important mechanism for sediment delivery into the nearshore basins 

Sea levels dropped to their lowest point at -65 to -70 m around 11 6 ka A shoreline formed 

during a short period of crustal stability (Transition Subzone) Sea-level rose rapidly after 

11 6 ka and a large area of the inner shelf was transformed by erosion into a low-relief 

surface, barren of depositional features (Platform Subzone) At the lowstand nadir erosion 
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was prevalent below the lowstand to depths as great as 140 m above which substantial 

quantities of Emerald Silt were removed Synchronously in the Basin Zone an erosional 

sequence boundary was formed (Sequence 3/4) The rate of relative sea-level rise slowed 

markedly between 11 and 9 ka, a result of forebulge passage, and depositional features were 

again established (Estuarine Subzone) 

A distinctive seismic and lithic unit (Yankee Bank Formation) was deposited during the 

period from 10 7 to 10 0 ka This event horizon was a response to several possible factors 

increased storminess, debris-laden sea ice and increased sediment supply from the devegetated 

coastline The coastline was about 20 km seaward of present about that time Permanent and 

semi-permanent snowpacks and small glaciers in northern Nova Scotia extending slightly 

offshore provided pulses of low-salinity, debris-laden meltwater plumes and small bergs which 

may have spread debris over much of the mner shelf 



CHAPTER 4: TERRESTRIAL QUATERNARY GEOLOGY 

4.1 INTRODUCTION 

A fundamental understanding of the morphology, stratigraphy and lithology of terrestrial 

Quaternary deposits is essential for correlation with seismic records of the offshore. The 

scope of the terrestrial study of this thesis is limited The author will draw heavily on 

previously published material, especially the Surficial Geological Map of the Province of 

Nova Scotia (Map 1, Stea et al, 1992c) Several reference sections are examined in detail 

to provide a basis for land-sea correlation of till sheets 

Stea et al. (1992a) derived regional ice flow lines and the ice flow phase concept from their 

compilation of all striae, drumlin and esker orientations in Nova Scotia, verified with pebble 

and boulder trajectories from known source areas (Grant, 1963, Nielsen, 1976, Stea, 1984, 

Stea and Finck, 1984, Graves and Finck, 1988, Stea et al, 1989) These ice flow phases were 

correlated with till sheets in stratigraphic section based on detailed structural and pebble-

provenance studies (eg Stea, 1984, Graves and Finck, 1988, McClenaghan and Dilabio, 

1993) The relative chronology of ice flow phases developed through analysis of 

superimposed striae ("erosional stratigraphy" - Stea el al. 1992a) was verified by correlation 

with depositional stratigraphy 

About 20% of the Eastern Shore study region can be characterized as bedrock-controlled 

topography or bedrock (Map 1) This can be subdivided into greywacke and granite types 

of country (Goldthwait, 1924, Roland, 1982) Areas underlain by Devono-Carboniferous 
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granites consist of low, rounded hiils with relief amplitudes less than 20 m The topography 

is random and irregular Large, rounded perched boulders are common ranging from less 

than a meter in diameter to a maximum of 50 m Valleys between bedrock highs are 

commonly filled with sediment which may typically be a stony diamicton at the base, overlain 

by waterlain sediments and peat in low-lying regions 

The dominant bedrock type is metagreywacke of the Meguma Group (Schenk, 1971) The 

greywacke topography consists of long, low ridges running east to west Like the granitic 

areas, the intervening hollows are swampy and filled with a stony diamicton, sand and peat 

Trellis drainage is developed in many areas Small and large scale glacial erosional features 

are well developed on the bedrock surfaces 

Most ofNova Scotia is covered with glacial drift molded into a variety of landforms Two 

common glacial landforms in Nova Scotia are till plains and streamlined drift or drumlins 

Bonlton (1990, p 15) suggested that "there is no fundamental reason why subglacial 

scdiventxry processes should be different in kind between glaciers terminating in water and 

ilio^s terminating on land" The sedimentology and stratigraphy of onshore tills provide a 

model for the offshore In the following subchapters the stratigraphy, sedimentology and 

lithology of till sheets on land are examined in detail to determine the local and regional 

variability of till properties and hence the applicability of longer-ranged, onshore-offshore 

correlations 
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4.2 STONY TILL PLAIN 

4.2.1 Morphology 

A till plain is defined (Goldthwait, 1989, p 274) as a nearly flat, or slightly rolling, and gently 

inclined plain with mostly thick cover, often with multiple till layers (varying compositions) 

and nonglacial beds, completely masking bedrock undulations The "Stony Till Plain" is 

defined by irregular, hummocky topography or topography charactenzed by linear, en-echelon 

ridges (ribbed moraine) with large boulders (from < 1 m up to 20 m in diameter) strewn on 

the surface Ribbed moraine is best developed in southern Nova Scotia near Kejimikujik Lake 

(Map 1) and in the Chignecto Peninsula (Map 1, Stea et al, 1986) In land areas these ribbed 

moraine are occasionally found draped over drumlmoid landforms Ribbed moraine have also 

been identified in the offshore regions using multibeam imaging (Figs 40, 51) In the offshore 

areas ribbed moraine are also draped over drumlins (Fig 51) Drift thicknesses in the stony 

till plain vary widely, generally increasing from 1 -5 m in upland areas (>200 m elevation) to 

>7 m along the coast (Fig 60) 

4.2.2 Stratigraphy and Lithology 

Along the Eastern Shore study region the stony till plain consists of a clast-supported, sandy 

diamicton derived almost exclusively from local bedrock sources and characterized by a high 

percentage of angular, cobbles and boulders (Figs 14,61) It has been termed the Beaver 

River Till from the type section near Yarmouth, Nova Scotia (Map 1, Grant, 1980b, Williams 

et al, 1985) For this study three textural and lithologicai "facies" of the Beaver River Till 

have been differentiated: ST/A, ST/B and ST/C Facies "ST/A" is a olive-bluish grey, clast-

supported, sandy diamicton associated with ground or ribbed moraine regions It has a 
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Figure 60. Generalized cross-section through the "stony" till plain and drumlins along the 

Eastern Shore ofNova Scotia 
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Figure 61. Gravel/sand/mud ratios of tills along the Eastern Shore ofNova Scotia. Field A: 

Beaver River Till Field B: "Drumlin" tills- Lawrencetown and Hartlen Tills, (after Nielsen, 

1976). 
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homogenous, autochthonous composition with pebble percentage of the underlying or 

adjacent rock unit (in the sampling area mainly Meguma Group metasediments) averaging 

86% and generally greater than 90%, whereas foreign or non-Meguma Group pebbles 

average 6% (Table 8, Fig 62) ST/A averages 64% gravel or clast weight percent with a 

matrix weight percent average of only 37% and a clast/matrix ratio of nearly 2 (Table 8, 

Fig 61) Only an average of 2% of the clasts are striated (Table 8) Facies ST/A covers most 

of the Eastern Shore study region (Map 1) Facies "ST/B" is similar in colour and texture 

to ST/A, but is found near drumlin fields and on top of drumlins It has inherited components 

of older tills, either directly as till inclusions or indirectly with higher erratic percentages 

Meguma metasedimentary (local) pebbles average 79% while foreign percentages average 

19% Facies "ST/C" differs from the previous two facies with a coarser matrix texture and 

gravelly-sand and sand inclusions 

4.2.3 Mushaboom Reference Section 

A reference section for the stony till plain is a borrow pit described previously by Stea and 

Fowler (1979), located approximately 100 km east of Halifax, south of a contact between a 

large granitic pluton (Musquodoboit Batholith) and Meguma group metasediments (Keppie 

and Muecke, 1979, Fig 1, Section 61, Map 1) Several southward-trending Lawrencetown 

Till drumlins occur north of the section Bedrock outcrops nearby revealed parallel striae 

sets trending 175° (oldest) and 155° (youngest) (Map 1) 
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6 
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77 
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9 

8 
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10 
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16 

47 

4 

49 

15 

12 
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7 
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72.7 

0.4 

16 

59 

2 

39 

14 

18 
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7 

27.0 
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0.4 

29 

70 

4 

26 

20 

10 

Hartlen Till 

5 

24.1 

76.9 

0.3 

21 

68 

14 

18 

15 

9 

Table 8. Average values of lithic parameters for terrestrial tills in the study region. 
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Figure 62. Triangular plots of the ratio of percentages of Meguma metasedimentary pebbles, 

granitic (Meguma Zone granitic plutons) and "foreign" or erratic pebbles (from terranes 

outside the Meguma Zone). Sample locations given in Fig. 7 and data in Appendix 8 Beaver 

River Till facies ST/A and ST/B are lumped together as they show no significant differences 

in pebble percentages The same is true for Lawrencetown Till facies A and B. 
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4.2.3.1 Stratigraphy and Lithology 

At this site 14 m of bouldery, clast-matrix supported, sandy diamicton (Beaver River Till) 

overlies metagreywacke bedrock (Fig 63) The stony diamicton contains 55-75% 

metagreywacke clasts of the underlying Meguma Group Goldenville Formation and 21-45% 

clasts derived from the Musquodoboit Batholith, 100 m to the NW (Fig 63) The abundance 

of granitic clasts within the section implies southeastward clast dispersal from the 

Musquodoboit Batholith, rather than southward, parallel to the drumlin-forming flow phase 

which would not have crossed granitic rocks (Fig 63) The precise azimuth of flow is 

uncertain, because of variable and indistinct till fabrics (Graves and Finck, 1988) 

Clast/matrix weight ratios in this section vary from 0 9 to 2 0, compared with regional 

average values of less than 0 4 for the Hartlen and Lawrencetown Tills (Table 8, Fig 63) 

This stony diamicton is capped by a surface boulder layer dominated by granites Large, 

bluish, metagreywacke and smaller, white, megacrystic, granitoid boulders are found 

embedded within the section (Fig 63) The clasts are generally angular to subangular with 

no evidence of surface erosional markings such as striations Pebbles do not display the 

distinctive, glacier flat-iron shapes like the metagreywacke-dominated Hartlen Till at West 

Lawrencetown and Wine Harbour 

4.3 STREAMLINED DRIFT-DRUMLINS 

4.3.1 Morphology 

The most prominent glacial landforms in the Eastern Shore terrestrial study area are drumlins 

They have a characteristic shape defined by a steep, up-glacier facing (stoss) side 
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Figure 63 Location, stratigraphy, lithology and clast/matrix weight percent ratios of till 

samples of the Mushaboom section (Fig 1, Section 61-Map 1) The dashed .<*r̂ ern refers to 

Meguma metasediments whereas the dotted pattern to Meguma Zone (Musquodoboit 

Batholith) granitic lithologies On the lithology profile plot the non-shaded portion (2%) is 

the non-Meguma Zone component of the clast fraction 
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and a gentler lee slope (Fig. 51). Nova Scotia has 4 major drumlin fields with thousands of 

individual drumlins (Map 1). The long axes of drumlins are parallel to the ice flow that 

formed them (Flint, 1971). V-shaped, "palimpsest" drumlins are present in Nova Scotia 

drumlin fields with axes parallel to both earlier and later ice flow phases (Stea and Brown, 

1989; Stea, 1994). Drumlins are generally drift-cored and can exceed 30 m in total thickness 

at the stoss summit. 

4.3.2 Stratigraphy and Lithology 

Drumlin sections along the Eastern Shore reveal thick, predictable drift sequences which can 

be correlated regionally (Stea and Fowler, 1979). At the core of many drumlins is a grey, 

overconsolidated, matrix-supported, silty diamicton (Hartlen Till) overlain by a reddish, 

erratic-rich, matrix-supported, silty diamicton termed the Lawrencetown Till. The contact 

is sharp, often associated with striated, bullet-shaped boulder horizons or pavements (Grant, 

1963; Nielsen, 1976). The red matrix colour of the Lawrencetown Till is very distinctive, 

entirely foreign to the Meguma Zone, which is comprised largely of grey and black slates, 

metawackes and white granites. In some sections the Beaver River Till (ST/B) overlies the 

Lawrencetown Till with an erosive contact (Fig. 64). 

The Lawrencetown Till is divided into three textural facies (LT/A, LT/B and LT/C). Facies 

"LT/A" is a reddish, muddy diamicton with a high percentage of foreign (non-Meguma Zone) 

lithologies. It averages 20% gravel and 80% matrix regionally with a clast/matrix ratio of 0.3 

(Table 8). The percentages of Meguma Group and foreign lithologies are nearly equal (47 

and 49% respectively; Table 8). Facies "LT/C" is a brownish, sandy diamicton containing an 

average of 27% gravel and 73% matrix (sand+mud). It has generally higher percentages 



I 

251 

Figure 64. (A) Three tills exposed in a drumlin section near Smith Point, Nova Scotia. The 

lowest unit is the Hartlen Till, the middle unit is the Lawrencetown Till and the upper unit the 

Beaver River Till (ST/B) (B) Beaver River Till (ST/B) overlying oxidized Hartlen Till at the 

Wine Harbour Section. Note the abundant boulders in the younger Beaver River Till. 
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of Meguma pebbles (70%, Table) and less foreign or erratic lithologies (26%, Table 8) 

Facies "LT/B" is intermediate in lithic properties between these two "end-members" (Table 

8) In many drumlin sections a tripartite diamicton sequence is recognized, with the Beaver 

River Till (ST/B) overlying the Lawrencetown and Hartlen Tiils (Fig 64) Grant (1963) 

originally interpreted these diamicton units as tills formed by separate glaciations, with 

contacts (including boulder pavements and thin waterlain units) representing interstadial 

intervals Nielsen (1976) described this widespread three-till sequence as a single depositional 

package from one ice flow encompassing lodgement, and englacial and supraglacial melt-out 

tills (Nielsen, 1976) The author's present view is a compromise of these positions, with each 

till unit assigned to separate phases of ice flow from evolving ice centres and divides without 

intervening nonglacial intervals (Stea et al, 1992 a, c) 

4.3.3 West Lawrencetown Reference Section 

The West Lawrencetown section is in a wave-eroded drumlin located 3 km east of Cole 

Harbour near Halifax (Fig 1, Section 56-Map 1), first described by Grant (1963) and later 

by Nielsen (1976) The drumlin has a v-shaped, lobate form with a main axis trending 150° 

and another axis trending 185° (Fig 65) Between the two lobes is a circular depression, 

partially eroded by the sea with a base resting on a lower diamicton unit. The depression was 

originally interpreted as a kettle (Grant, 1963, p 107) Bedrock outcrop on the western flank 

of the drumlin complex reveals wide, parallel grooves 10-40 cm in width and striae that trend 

155° The sense of flow is determined by nailhead striae (Prest, 1983) Another distinct set 

of slightly divergent, finer striae trending 180-190° cut across the older grooves inscribing 

only the north-facing slopes (cf Lowell et al, 1990) Three sections were profile-sampled 

in order to assess local-scale lithic variations in the till sheets 
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Figure 65 Stratigraphy, till fabric, and locations of detailed profiles (1,2 and 3) at the West 

Lawrencetown reference section (Fig 1, Section 56, Map 1) Arrows on the map delineate 

distinct lobes of the drumlin Bedrock striae are shown on the upper map. Fabric 1 is located 

beside profile 1 (black square) Fabric 2 is located near profile 2 Till fabrics are represented 

by contoured lower-hemispheric, equal-area projections of the trend and plunge of the a-axes 

of 50 elongate stones (3 1) (modified after Stea, 1994) Black dots represent locations of 

stoss/lee (bullet) boulders with directional data presented in Stea (1994) 
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4.3.3.1 Stratigraphy and Lithology 

The southern, tapered end of the drumlin has been truncated by the sea. Two exposures 

separated by the inter-lobe depression reveal two compositionally-distinct diamicton units 

termed the Hartlen and Lawrencetown Tills (Fig. 65). The Hartlen Till was originally 

designated by Stea and Fowler (1979) for the indurated "core" diamicton of drumlins along 

the Atlantic Coast whose type section is at Hartlen Point a few km east of Cow Bay (Section 

55-Map 1). The Lawrencetown Till defined by Grant (1975) represents the reddish drumlin 

"mantle" till. The Lawrencetown Till type section is designated as Sandwich Point, south of 

Halifax (Section 53-Map 1, Grant in Williams et al, 1985). 

The Hartlen Till is a grey, matrix-supported, silty diamicton. It is compacted or 

overconsolidated, forming steeper slopes (60 degrees) than the overlying Lawrencetown Till. 

Bullet-shaped, stoss-lee boulders embedded within the Hartlen Till and at the Hartlen-

Lawrencetown Till contact (Fig. 65) trend parallel to the major drumlin axis (Stea, 1994). 

Fabrics in the Hartlen Till trend parallel to the main drumlin axis and local bedrock striae 

(Fig. 65). Pebble counts in the Hartlen Till average 59% metagreywacke, (derived from of 

the underlying Cambro-Ordovician Meguma Group), 23% whitish, megacrystic Meguma 

Zone (MZ) granitic pebbles and 17% erratic (non Meguma Group) pebbles (Fig. 66). Erratic 

lithologies include red and grey siliciclastic rocks, pink, alkali-feldspar granitoids, diorites and 

felsic and mafic volcanic rocks This pebble assemblage is derived from the Cobequid 

Highlands (Stea and Mott, 1990; Stea, 1994, Table 2). The percentage of MZ granite and 

erratic pebbles increase to 40 and 20% respectively towards the top of the Hartlen Till in 

profile 3 (Fig. 66). Gravel percentages in the Hartlen Till vary from 19.4 to 32.5% (Figs 66, 

67). Clast/matrix ratios in the Hartlen Till at this section vary from 0.2 to 0.4 (Appendix 9), 

Striae percentages vary from 4-13%. 
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Figure 66 (Top) Simplified geological map of central Nova Scotia showing the upland 

igneous and metamorphic complexes of the Avalon and Meguma Zones and the pebble 

assemblage source areas for the Hartlen and Lawrencetown Tills (Facies A) from Stea, 

(1994) (Bottom) Stratigraphy and vertical variation in pebble lithology and texture 

(clast/matrix ratio) for profile 1 (see Fig 65 for location) Flow directions for till units are 

indicated by erratic boulder assemblages in the Lawrencetown Till (after Stea, 1994) The 

patterned region between sample points on the pebble graph represents the variability between 

duplicates counts on the same sample 
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A reddish, muddy, matrix-supported diamicton (Lawrencetown Till Facies A) overlies the 

Hartlen Till with a knife-sharp contact It is distinguished from the Hartlen Till by its red 

colour and high erratic content (Figs 66, 67) The Lawrencetown Till can be divided into an 

upper, sandy (LT/C) and a lower clay-rich facres (LT/A) with sand inclusions It is thickest 

in the southern lobe section of the drumlin, whereas the Hartlen Till is thickest in the 

southeastern lobe of the drumlin (Fig 65) LT/A exhibits a southward-trending till fabric, 

parallel to the youngest striae set on the adjacent bedrock outcrop and lobate drumlin axis 

In all profiles sampled, erratic pebble percentages increase dramatically in the Lawrencetown 

Till concomitant with the decline in MZ granite and Meguma Group metasediment 

percentages (Figs 66, 67) The erratic fraction is dominated by distinctive hornblende-

bearing, equigranular, salmon-pink granites with varying textures, followed by granodionte-

diorites, and mafic and felsic volcanics in order of abundance Table 9 is a list of erratic 

lithologies visually identified by Dr H V Donohoe (pers comm , 1991) from a large sample 

(30) of sectioned boulders The source of the plutonic and volcanic erratics in the Hartlen and 

Lawrencetown tills is likely to be the eastern Cobequid Highlands, 80 km north of the section 

(H V Donohoe, pers comm, 1991, Fig 66) The dominance of granites and diorites would 

preclude the Antigonish Highlands as a possible source (Table 2) Gravel weight percentages 

in LT/A vary from as low as 8% to 35% (Figs 66, 67) The clast/matrix ratio varies from 0 1 

to 0 5 (Appendix 9) Clast striae percentages average 12% LT/C exhibits a marked increase 

in the percentages of local Meguma Group pebbles (av 57%, Figs 66, 67) and a sympathetic 

increase in clast/matrix ratio (0 3 -0 4, Fig. 66). Striae percentages vary from 7-11% in this 

facies (Figs 66, 67) 
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West Lawrencetown Section Erratic Boulder Assemblages 

A. white, megacrystic, biotite granodiorite; monzogranite 

B. metapelites; grey, red sandstones; limestone 

C. foliated, hornblende-bearing granodiorite 

D. Foliated pink alkali-feldspar granite 

E. felsic and mafic volcanics; subvolcanics 

F. metasomatized diorite; diabase; fine grained dark diorite 

G. rapakivi-textured granite; fractured granite; microporphyritic granite; hornblende 
monzogranite; hornblende granite; altered pink alkali-feldspar granite; micrographic 

syenite 

H. Amygdaloidal (zeolitic) and vesicular basalt 

Table 9. Lithologies from visual identification of sectioned boulders from the West 

Lawrencetown Section. 
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Figure 67 Stratigraphy and vertical pebble lithology variations in profiles 2 and 3 (see Fig 

65 for location) 
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4.3.4 Wine Harbour Reference Section 

The Wine Harbour reference section is located 180 km northeast of Halifax along the Eastern 

Shore at Wine Harbour Bay (Fig 1, Section 64-Map I) Two drumlins aie cut transveisc to 

160°-irending long axes The section is located on the easternmost of two drumlins Drumlin 

long axes trends vary f-om 150° to 175° within the region of the sections and in the Countiy 

Harbour drumlin field (Map 1) Bedrock striations mapped locally also show thiee mam 

trends, the oldest sets trending 150° to 160°, followed by minor sets of parallel striations with 

mean trends of 133 ° and 179° 

4.3.4.1 Stratigraphy and Lithology 

The Wine Harbour Section has been previously descnbed by Stea and Fowler (1979) and Stea 

and Brown (1989) They recognized four main drumlin diamicton unit from base to top 

1 A greyish-red to olive-grey, matrix-supported, silty diamicton with few 

stones (Unit 1) 

2 Becumbently-folded laminated silt, sand and clay strata (Unit 2, Pig 68) 

which may underlie Unit 1, but the contact relationships are unclear 

3 A brown, stony, silty diamicton (Unit 3) which comprises most of the 

drumlin 

4 A reddish, sandy diamicton (Unit 4) 

The section was revisited by the author in 1991 and 1992 Unit 3 was further subdivided into 

two units, a brown, matrix-supported, sandy-silt diamicton (Unit 3) which comprises much 
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of the drumlin and a sandy diamicton (Unit 4) with a higher clast/matrix ratio, which c„n 

be found on both flanks of the drumlin m gradational contact with Unit 3 (Fig 68) 

Separating Units 1 and 3 east of the drumlin core are lenticular pods or inclusions of silty-

sand with deformed strata The reddish diamicton is now termed Unit 5 

Unit 1 has the lowest percentage of local Meguma metagreywacke pebbles (57%) Local 

pebble percentages increase in Unit 3 to 66-72% (Fig 69) Unit 4 has the highest percentage 

of local Meguma Group pebbles (82%) Meguma Zone granites are only found in Unit 3 

from a sample in the centre of the drumlin attaining 3% of the entire pebble fraction (Fig 69) 

Erratic pebbles present in the Wine Harbour section fall into 6 main lithologicai groups 

(Fig 70) 

1 Hard, maroon to red mudstone 

2 Greenish and grey, coarse, feldspathic arenite 

3 Red-orange-purple-grey porphyritic felsic and intermediate volcanic rocks 

4 Reddish, aliered, porphyritic granitoid rocks 

5 Hard, green and black, finely laminated mudstone 

Unit 1 has the highest erratic percentages in the section (43%), dominated by volcanic rocks 

and hard, red mudstones, typical rocks of the Antigonish Highlands (Fig 70, Table 2) The 

Fraser Brook member of the Keppoch Formation in the Antigonish Highlands is the probable 

source of red mudstones and volcanics (Murphy Qt al, 1991) Green, hard, finely-laminated 
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Figure 68 Stratigraphy of the Wine Harbour section (Fig 1, Section 64-Map I). (A) Photo 

iog of the eastern half of the drumlin at Wine Harbour Bay. (B) Close up of folded and 

boudinaged sand beds and silt and clay laminae (after Stea and Brown, 1989). 

(C) "Photograph of the eastern part of the drumlin exposure showing Units 1 (Hartlen Till) and 

4 (Beaver River Till, see Fig. 64 B) (D) Interpretation of the drumlin section. 
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Figure 69. Pebble lithology of selected samples throughout the Wine Harbour Section, Pie 

diagrams show the percentages of local Meguma Group pebbles (metagreywacke), anJ the 

percentages of "foreign" and Meguma Zone granites (SMB-South Mountain batholith-type 

granites). 
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Figure 70 (Top) Dispersal of pebble and boulder assemblages to sample points along the 

Eastern Shore study area (Legend on Fig. 66) (after Stea and Murphy, 1994). Areas of 

geology in black are appinite-diorite complexes. Source areas are defined by pebble-boulder 

assemblages, distinctive erratics (ie hornblendite, appinite) and boulder whole-rock 

geochemistry (Stea and Murphy 1994) (Bottom) Structural data from the Wine Flarbour 

Section. Till fabric is represented by lower-hemispheric equal area projections of the trend 

and plunge of the a-axes of elongate stones (3:1) and simple rose diagrams depicting the long 

axis orientations of pebble-sided stones in till. Some structural data from the folded clay unit 

at the core of the drumlin (after Stea and Brown, 1989). Boulder long axis and upper surface 

striae orientation are depicted by striae symbols above boulders. 
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siltstones occur in the Moose River Member of the Keppoch Formation. White, megacrystic 

monzogranite or granodioritic lithologies are probably derived from the Sherbrooke Pluton, 

20 km to the northwest (Fig. 70). The How direction of Unit 1 interpolated from this pebble 

assemblage, is between 150° and 160°. This is parallel with the daimlin axis, and the oldest 

striation set on adjacent rock outcrops. Pebble fabric in the unit, however, shows a southwest 

orientation, nearly perpendicular to the presumed ice flow ba^d on provenance (Fig. 70). 

Stea and Brown (1989) interpreted this paradox as contour deflection of the formative ice 

around the incipient drumlin form. This anomalous fabric orientation persists into the drumlin 

core itself. A more likely explanation for the discrepancy of provenance and boulder and 

pebble fabrics is fabric overprinting or reorientation by a late southwestward (Phase 4) ice 

flow (Fig. 4), defined regionally by striae, erratic transport and esker orientations (Stea et al, 

1992a, Map 1). 

Unit 3 has lower erratic percentages than Unit 1 (28-37%) but the same pebble types are 

represented. The flow direction of Unit 3, interpolated from this pebble assemblage, is also 

between 150° and 160'. Glaciotectonic deformation in laminated, fine-grained sediments at 

the base of the drumlin section inuicate a southeastward flow (Stea and Brown, 1989), but 

pebble fabric and boulder orientations are largely southward-trending. 

Units 4 and 5, the uppermost till units, have the lov/est percentage of erratic lithologies (18-

28%) probably reworked from the older units. Till fabric, boulder striae and orientation 

indicate a southwestward ice flow (Fig. 70). Unit 4 can be correlated to adjacent ground 

moraine regions overlain by Beaver River Till (ST/A). Bedrock striations underneath sections 

of ST/A and till-embedded boulders are oriented 170° to 180°. The red coloration of Unit 

5 may be derived from flow across red-beds within Carboniferous basins to the north and 

northeast. 
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Units 4 and 5 formed during late southward and southwestward flow events mapped 

regronally (Ice Flow Phases 3 and 4, Fig, Map 1) The decline in forergn pebble percentages 

is consistent with reworking of the underlymg erratic-rich ..ill units (1 and 3) 

4.5 CORRELATION OF EASTERN SHORE TILL UNITS 

A correlation diagram of Eastern Shore sections described here and on the Surficial Map of 

Nova Scotia (Map 1) is presented (Fig 71) Compacted, drumlin-base and core diamicton 

units with low clast/matrix ratios and moderate to high erratic contents are all correlated with 

the Hartlen Till at the type and reference sections at Hartlen Point (Map 1) and West 

Lawrencetown At several sections, waterlain units and boulder horizons (pavements) 

separate the Hartlen Till from later till units The Lawrencetown Till comprises all the reddish 

to brown, erratic-rich diamicton facies (LT/A/B/C) which overly the Hartlen Till They are 

distinguished from the Hartlen Till by stratigraphic positi m, less consolidation, higher erratic 

content, sand-silt interbeds and inclusions (Table 8) Drumlins throughout the Eastern Shore 

region display varying proportions of the Lawrencetown Til! facies (Stea and Fowler, 1979) 

but all three facies are generally present within individual drumlins and drumlin fields The 

stony, locally-derived surface till (Beaver River Till) at Mushaboom, Smith Point (4 km east 

of Section 63, Map 1) and Holland Harbour (Section 65, Map 1) is the next youngest till unit 

It is lithologically and texturally distinct from the drumlin Lawrencetown and Hartlen Tills 

(Table 8) In areas remote from drumlin fields the Beaver River Till is compositionally 

uniform, consisting of 90% or greater local or underlying bedrock It is also distinguished 

from the drumlin tills by angular to subangular clast-shapes and few striated or bullet-shaped 

clasts (Table 8) 
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Figure 71 Correlation of major sections along the Er tern Shore of Nova Scotia: I. West 

Lawrencetown 2 Smith Point east (1) 3 Smith Point west (Fig 64)4 Wine Harbour 5 

Holland Harbour (Section 65-Map 1) 6 Mushaboom 

1 HT = Hartlen Till 

2 LT/A/C = Lawrencetown Till facies A and C 

3 ST/A/B = Beaver River Till facies A and B 



ST/A y Beaver River Till (end member (A) and inherited (B) facies) 

LT/C \ Lawrencetown Till (end member (A) and hybrid facies (C)) 
LT/A J nwfteia/eJy co»t/«icded, /tv/ynuc^K, nwAtjr-bti/i/iode*/, \«dtl<&A~Mc«»v tc 6uxoHj UauJf~i<Uu </<anu'c/fitii 

HT 
Hartlen Till 
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4.6 AGE 

The till sequences along the Eastern Shore are interpreted to span the enliie Wisconsinan (70-

11 ka) A correlative of the Hartlen Till in central Nova Scotia overlies forest beds believed 

to encompass the Sangamon Interglacial interval (Mott and Grant, 1985; Sections 117, 120-

Map 1) On the mainland ofNova Scotia, organic horizons have not been found within or 

between till layers, indicating continuous ice cover throughout the last glacial period (Stea ei 

al, 1992c) Mid-Wisconsinan interstadial inter-till fossiliferous and organic sediments have 

only been found in northern Cape Breton Island (Grant, 1989) 

4.7 INTERPRETATION 

Fabric, striation and provenance data strongly imply that the drumlin diamictons (Hartlen and 

Lawrencetown Tills) were formed by successive, divergent ice flows from differing ice 

centres These drumlin diamictons are interpreted as subglacial, primary till based on over-

consolidation, abundant striated bullet-boulders, and strong, unidirectional till fabrics 

(Dreimanis, 1989) Drumlins are largely relict from an early southeastward ice flow (Ice Flow 

Phase 1, Fig 4) During Ice Flow Phases la and lb, southeastward ice flows from an 

Appalachian source glacier produced a fine grained, matrix-dominated till (Hartlen Till) as 

ground moraine and drumlins (Fig 4) Some of the fine-grained matrix material may have 

been derived from interglacial residuum, and perhaps pre-existing glacio-lacustrine deposits 

(Fig 72) 

Some drumlins are palimpsest forms, moulded from proto-drumlins composed of the Hartlen 

Till during a southward flow that formed the Lawrencetown Till (Ice Flow Phase 2; Stea, 

F 
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1994). The southward ice flow brought the "flood" of red, fine-grained material from the red 

beds in the Maritimes Basin north of the Cobequid Highlands (Boehner et al, 1986) to the 

Atlantic Coast As the ice sheet crossed the Cobequid Highlands, red, fine-grained material, 

and highland clasts were shunted to an englacial position by upward vectors of flow and 

regelation (Boulton, 1975) or shearing (Sugden and John, 1976, Fig 72) 

The autochthonous, Beaver River Till (ST/A/B/C) represents the last stages of ice formation 

during the Late Wisconsinan Late, southeastward ice flow events (Ice Flow Phase 3) formed 

the Beaver River Till and associated stony till plain Striae associated with Phase 3 are hard 

to differentiate from relict, Phase lb southeastward patterns (Fig. 4) Coker et al (1988) and 

MacEachern and Stea (1986) defined southeastward (140° to 160°) dispersal trains from 

known ore bodies of gold and related elements within the Beaver River Till Phase 3 flow 

appears to have shifted to the south in the vicinity of the Wine Harbour section 

Ice Flow Phase 4 produced southwestward-trending striae, eskers and pebble-dispersal trains 

(Turner and Stea, 1987, Stea et al, 1989) in northeastern Nova Scotia (Map 1) This flow 

produced thin, discontinuous, stony tills (Unit 5-Wine Harbour) and a few constructional till— 

landforms. 

Diamictons termed the Beaver River Till are interpreted to be subglacial till based on these 

characteristics 

1. Local derivation and ubiquitous areal extent (MacEachern and Stea, 1986) 

2. Rapid transition from one dominant lithology to another across bedrock 
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contacts (Peltoniemi, 1985; Dreimanis, 1989). "Renewal" distances are 

generally less than 1 km (Graves and Finck, 1988). 

3. Erosive lower contacts and till-inclusions of older tills (Nielsen, 1976). 

A subglacial hypothesis is not supported by the lack of striated clasts and clast angularity. 

Stea etal. (1989) suggested that the contradictory properties of the Beaver River Till are an 

indicative of proximity to an ice divide, well documented over Nova Scotia (MacNeill, 1951; 

Hickox, 1962; Stea, 1984; Grant, 1989; Graves and Finck, 1988; Stea el al, 1992c;). It may 

have formed underneath a thermally-variable glacier, with cold-based and warm-based zones 

(Hughes, in Denton and Hughes, 1981). This divide was short-lived, so the lack of significant 

transportation and abrasion may be a function of time within the traction zone or "maturity" 

or in the sense of Dreimanis and Vagners (1971). Basal velocities in the ice divide 

environment are low, hence transport in the tractional zone is limited. The Beaver River Till 

can be termed an "ice divide till" (Fig. 72). 

Drumlins are rarely overlain by the lithologically homogenous, Beaver River Till, but rather 

"swim" within the stony till plain (Grant, 1963). A possible explanation for this phenomenon 

may be increased basal ice velocities due to sole lubrication (meltwater trapped in a low 

permeability clay till) and substrate deformation (Boulton and Jones, 1979; Clark, 1992; Hart 

and Boulton, 1992). Relatively high ice velocities will decrease mixing rates and maintain 

debris in transport (Clark, 1987). Lawrencetown Till facies C, is a result of "overprinting" 

by the ice from Scotian Ice Divide (Ice Flow Phase 3-Fig. 4). It is produced as fast-moving 

ice as it deforms the earlier drumlin tills (Fig. 72). 
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Figure 72 Schematic cross sections showing the genesis and source glaciers for the Eastern 

Shore till units 

1 During Phase la and lb, southward flow from Appalachian source glaciers 

(Fig 4) produced a fine grained, matrix-dominated till (Hartlen Till) as ground 

moraine and molded into drumlins Some of the fine-grained matrix material 

may have been derived from interglacial residuum, and perhaps pre-existing 

glacio-lacustrine deposits 

2 Ice Flow Phase 2 stemming from the Escuminac ice Centre (Fig 4), 

produced a reddish, fine-grained, matrix-dominated till (Lawrencetown Till) 

that mantles drumlins This till is largely derived from englacial debris, 

produced when the glacier crossed the Cobequid Highlands to the north The 

Lawrencetown Till also contains inherited components of the Hartlen Till, 

derived from local erosion 

3 During Ice Flow Phase 3 an ice divide developed over Nova Scotia itself, 

and a distinctive, sandy, clast-dominated till was produced This "ice divide 

till" is characterized by local transport, and lack of abrasion Drumlin tills were 

"overprinted" with local rocks creating Lawrencetown Trll facies C Ice Flow 

Phase 4 was produced from reactivated glaciers remnant from the Scotian Ice 

Divide and produced thin, discontinuous, tills similar in texture to the Beaver 

River Till 
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CHAPTER 5: CORRELATION OF MARINE AND TERRESTRIAL GLACIAL 

EVENTS ALONG THE EASTERN SHORE 

5.1 INTRODUCTION 

In the last chapter till-sheets were correlated and then linked to regional ice flow phases. All 

these ice flow events extended past the present day shoreline ofNova Scotia (Fig 4; Map 1). 

In this next chapter the author will attempt to correlate the terrestrial till sheets with offshore 

tills and morainal landforms. In this manner these former ice sheets can be reconstructed with 

both flowlines and margins. A complicating factor in this correlation is L a modification of 

seabed landforms and deposits between the modern shoreline and 70 m BSL by the post

glacial transgression. 

5.2 LAND-SEA CORRELATION BASED ON ICE FLOW PATTERNS 

Four ice flow phases can be traced to the present shoreline (Fig. 4). What evidence exists for 

ice movement beyond the present coastline, considering that the marine transgression may 

have removed former morainal margins? Erratics are present in almost all of the offshore 

diamicton samples (Figs. 6; 73). Dioritic, granitic and volcanic erratics are distributed in two 

distinct dispersal fans; southeastward (Phase lb) and southward (Phase 2) (Figs. 4; 73). The 

glaciers that formed these fans must have traversed the inner shelf, as most erratics have been 

transported at least that far. 

280 
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Figure 73. Erratic pebble percentages in marine and terrestrial samples (Fig. 6). Triangles 

represent the relative abundances of each pebble class. The source area geology is simplified 

after Keppie and Muecke (1979). The maximum extent of distinctive erratic assemblages is 

shown by arrows from lines connected to the upland source regions. Southeastward transport 

is indicated by the extent of North Mountain basalt pebbles (Ice Flow Phase 1). Dioritic, 

volcanic and granitic pebble assemblages down-ice from the Antigonish and Cobequid 

Highland source areas indicate southward ice flow (Ice Flow Phase 2). 
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It is generally true that end moraines are oriented normal to the direction of ice flow except 

at lobate margins (Flint, 1971). The prominent northeastward trend of the Scotian ShelfEnd 

Moraine Complex (Fig. 3) is compatible with two flow events. Ice Flow Phase lb, and Ice 

Flow Phase 3 (Fig. 4). Ice Flow Phase lb is a regional glaciation that crossed the Bay of 

Fundy and probably extended to the shelf edge based on erratic transport (Grant and King, 

1984). Ice Flow Phase 3 is the most likely candidate, but if buoyancy is a major factor in 

moraine formation then the flow orientation may not solely define the trends of moraines. 

Southward ice flow during Phase 2 may have been restricted to fast-moving ice streams (cf. 

Grant, 1963) that disintegrated rapidly, leaving no depositional record. Long-distance 

transport and the restricted areal extent of the Lawrencetown Till is compatible with fast ice 

flow and ice streams (Denton and Hughes, 1981). 

The symmetrical and asymmetrical moraines of the Morainal Zone are oriented NW-SE, 

indicating a change in ice flow directions from the prominent NE-SW trend of the Scotian 

ShelfEnd Moraine Complex (Fig. 16; Map 2). Southwestward-trending channels are found 

at the distal end of the Morainal Zone. Ice Flow Phase 4, a southwestward flow which 

postdates Phase 3, is normal to this morainal complex (Map 1; Figs. 3, 4) and can be traced 

offshore. The Morainal Zone is interpreted as a marginal depositional zone of this ice flow, 

centred in northeast Nova Scotia. The NW-SE portion of the Country Harbour Moraine may 

have also formed during Ice Flow Phase 4. 

Patterns of ice flow have been interpreted from the orientation of deeply-incised, "tunnel" 

valleys on the outer Scotian Shelf near Sable Island Bank (Boyd et al, 1989; Loncarevic et 

al, 1992; Fig. 74). The origin of these valleys is controversial. Previous authors have 

suggested glacial erosion of pre-existing river valleys (King el al, 1974) and subglacial 
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Figure 74. Digital bathymetry shadowgram of the Scotian Shelf southeast of Cape Breton 

Island (after Loncarevic et al., 1992). Some tunnel valleys are indicated by white lines. 

(A) Sable Island Bank and morainal complex. (B) Banquereau (C) Note the lack of tunnel 

valley incisions in the presumed offshore continuation of the Scotian Ice Divide (Map 1; 

Fig. 4). 
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meltwater erosion (Boyd et al, 1988, Loncarevic et al, 1992) Cross-cutting tunnel valleys 

suggest several glacial configurations (Loncarevic etal, 1992, Fig 74) 

The E-W orientation of Sable Island Bank and southward-trending tunnel valleys imply a 

southward-flowing ice sheet (McLaren, 1988) These flow patterns are consistent with Ice 

Flow Phase and an offshore continuation of the Scotian Ice Divide (Fig 4) Northwest-

trending tunnel valleys on the shelf west of Cape Breton Island are parallel to '•orthwestward 

ice flow patterns on Cape Breton (Grant, 1989) The undissected part of the shelf (C-Fig 74) 

between the incised zones may be the location of the Scotian ice Divide The northern edge 

of Sable Island bank may correspond with recessional margins of the Late Wisconsinan 

Escuminac Ice Centre and Scotian Ice Divide 

5.3 STRATIGRAPHIC CORRELATION 

Three seismic units can be discerned within the Scotian Shelf End Moraine Complex 

(Fig 17) Three incoherent acoustic units have also been noted within the nearshore basins 

of the inner shelf by Hall (1985), who correlated these units with three major till units on land 

near Halifax Piper et al. (̂  1986) defined and sampled two massive acoustic facies on the inner 

shelf off Mahone Bay termed the "Late and "Early" tills They correlated the shore-proximal 

"Late" till with the Beaver River Till and the distal "Early" till with the drumlin tills The 

tripartite acoustic divisions within the Eastern Shore Moraine (Fig 17) may be correlated 

with the three-till land sequences, the uppermost till in the moraine sequences being 

equivalent to the Beaver River Till "facies B" (ST/B) (Figs. 64, 71) The significant 

percentages of erratics within the Scotian ShelfEnd Moraine Complex samples (Tables 4, 8) 

suggests erosion of underlying Lawrencetown and Hartlen Tills. 
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These moraines may be palimpsest, sites of readvances or stillstands during several phases of 

ice flow Earlier accumulations of till would serve as pinning points for later readvances 

(Powell, 1984) 

Grant and King (1984) correlated both the Hartlen and Lawrencetown Tills with the Scotian 

Shelf Drift (Table 1) and proposed a shelf-wide, extensive southeastward glaciation in the 

Early Wisconsinan described as the "great red flood" They did not recognize the 

independent, southward flow (Phase 2) first elucidated by Chalmers (1895) then by 

Goldthwait (1924) and later by Prest et al. (1972) According to their model, after the major 

Early Wisconsinan glaciation, Late Wisconsinan ice extended slightly past the present 

coastline, not as far as the Scotian ShelfEnd Moraines I interpret the Scotian Shelf Drift as 

a composite of three glacial diamictons, formed from different ice centres spanning the 

Wisconsinan age 

5.4 MORPHOLOGIC CORRELATION 

The offshore Morainal Zone and the Stony Till Plain are correlative based on the presence of 

ribbed moraine (Fig. 41) and coarse, bouldery, surface deposits (Fig 36). The Stony Till 

Plain, which occupies most of the Eastern Shore study region, is expected to have an offshore 

counterpart Ribbed moraines on land have not been widely recognized, but may be more 

common than realized Ridges with amplitudes of less than 5 m, readily visible on the Huntec 

and the multibeam bathymetric records offshore (Figs 40, 41) may not be apparent on land 

due to tree cover. After deglaciation, land moraines were deflated by wind and water, 

Offshore moraines were spared subareal erosion below the transgression. 
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Drumlins are evident in the multibeam bathymetric image in the region south of Peggy's Cove 

(Loncarevic et al, 1994, Fig 51) Below -65 m, they are similar in size and shape to land 

drumlins of the Lunenburg Drumlin Field (Fig 51, Map 1) Ribbed moraines are draped on 

the drumlins, indicating that they formed later These offshore drumlins and ribbed moraines 

indicate that drumlin and hll-plain-forming Ice Flow Phases (1-3) extended well offshore 

5.5 LITHIC CORRELATION 

The lithic composition of the inner shelf diamictons is uniform (Fig 75) Offshore diamictons 

are generally olive-grey with some samples exhibiting a brownish hue (Appendix 3) The 

coloration reflects derivation from greenschist facies Meguma Group metasediments (Stea 

and Fowler, 1979) Other than isolated inclusions, no reddish matrix samples comparable in 

colour to the Lawrencetown Till were obtained (Appendix 3) The colour of offshore 

diamictons implies a correlation with the Beaver River Till 

The pebble lithology of offshore diamictons is also compatible with the Beaver River Till 

Offshore sediments consist of 75-98% autochthonous (local bedrock) components with a 

mean value of 86% (Tables 4, 8) Local rocks consist mainly of Meguma Group metawacke, 

except for samples from the Country Harbour Moraine and adjacent till-tongues, which are 

underlain by a wedge of gently-dipping Mesozoic or Cenozoic rocks (visible in the sleevegun 

records) and contain mostly brown marlstones (King and MacLean, 1974) Mean Meguma 

pebble percentages in the Beaver River Till facies vary from 77-86% (Table 7) The ground 

moraine facies of the Beaver River Till (ST/A) contains an average Meguma pebble 

percentage of 86% A box and whisker plot of foreign/local clast percentage ratios 
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Figure 75. Contour plot of Meguma Group metasedimentary pebble percentages in 

samples from the study area. Note the uniformity of the inner shelf diamictons and the 

lobes of erratic-rich till associated with drumlin fields onshore (Map 1). Also note the 

down-ice uptake of Mesozoic/Cenozoic brownish marlstone clasts in the marine diamictons 

south of the Meguma-Mesozoic contact (see also Fig. 2, indicating glacial erosion of the 

substrate, and supporting a primary or secondary till-origin for these diamictons. 
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graphically and statistically demonstrates the similarities between the Beaver River Till 

(ST/A/B/C) and the marine diamictons (Fig 76) Offshore sediments in all mapped terrain 

zones of the inner shelf have significantly different lithologicai ratios than the drumlin 

Lawrencetown and Hartlen Tills and are statistically indistinguishable from the Beaver Rivei 

Till (Tables 4, 8, Fig 76) 

The lack of a reddish, muddy component and low foreign content precludes correlation of the 

offshore diamictons with the drumlin Lawrencetown and Hartlen Tills Down-ice dilution of 

foreign components cannot explain lithologicai differences for these reasons. 

1 Lawrencetown Till samples on land show a negligible down-ice uptake of 

underlying bedrock (P Finck, pers comm, 1994) Regional mapping of clast 

lithology over the South Mountain batholith revealed a considerable "skip 

zone" with little uptake of local rocks in the Lawrencetown Till (Finck and 

Stea, 1990, Finck et al, 1994 a,b,c,d,e) "Renewal distances" can exceed 

30 km A regression curve of Lawrencetown Till samples over the South 

Mountain batholith in southern Nova Scotia (Fig 2) show negligible uptake 

of local rocks (Fig 77) The predicted foreign clast percentage in the 

Lawrencetown Till at the Scotian End Moraine complex is between 33 and 

i2% (Fig 77) This is a conservative estimate because only surface 

Lawrencetown Tills were used in this analysis and these are largely the 

overprinted LT/C type 

2 Lack of red matrix components in the offshore diamrctons The red colour 

persists in land sections 50 to 100 km south of the Carboniferous source 

regions and out to the edge of the shelf where anomalous red mud has been 
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Figure 76. Notched Box and whisker plots of foreign/local clast percentage ratios plotted 

for terrestrial till facies and offshore diamictons. The box and whisker plot is an effective 

way to demonstrate summary statistics graphically. The notched plot (McGill et al, 1978) 

corresponds to the confidence interval of the median, whereas the width of the box is 

proportional to the square root of the number of observations in the data set. If the two 

notches on the boxes do not overlap the median values of the data distributions do not 

significantly overlap at a 95% confidence level. The dashed lines show the overlap 

boundaries of the drumlin tills. 

Sedimentary Units: Onshore Tills 

1. Hartlen Till 

2. Lawrencetown Till facies A 

3. Lawrencetown Till facies B 

4. Lawrencetown Till facies C 

5. Beaver River Till facies A 

6. Beaver River Till facies B 

7. Beaver River Till facies C 

Offshore diamictons and gravels 

8. Emerald Silt 

9. Morainal Zone (Scotian Shelf Drift) 

10. Scotian Shelf End Morainal Complex (Scotian Shelf Drift) 

11. Sable Island Sand and Gravel 

12. UnitB 

13. UnitC 
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Figure 77. Regression plot of erratic percentages in Lawrencetown Till vs. distance down-

ice from the Carboniferous basin/Meguma Group bedrock contact in southern Nova Scotia. 

Data from a regional till survey over the South Mountain Batholith (Graves and Finck, 

1987a, b; Finck et al, 1993, 1994 a,b,c,d,e). The regression curve of Lawrencetown Till 

samples over the South Mountain batholith in southern Nova Scotia (Fig. 2) shows slow 

uptake of local rocks, an indication of englacial transport. The predicted foreign clast 

percentage in the Lawrencetown Till at the Scotian End Moraine complex is between 33 

and 12% with a median of 20% This is a conservative estimate because only 

"overprinted" surface Lawrencetown Tills were used in this analysis. 
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attributed to glacial transport (Hill, 1981, Mosher et al, 1989) 

3 Homogeneity of composition throughout the inner shelf Erratic dilution 

cannot be discerned from proximal to distal areas of the inner shelf In the 

Truncation Zone less competent pebbles may have been preferentially 

destroyed by the transgression, but a significant proportion of exotic clasts are 

competent lithologies Piper et al. (1986) found that the petrology of 

nearshore gravels were indistinguishable from parent tills onshore 

The stratigraphic position of the Hartlen Till would preclude correlation with seabed-

outcropping marine diamictons because it is invariably overlain by the Lawrencetown Till and 

sometimes the Beaver River Till in land sections The small (<10%) but significant 

percentages of non-Meguma lithologies in most morainal diamicton samples of the inner shelf, 

indicate that an underlying or nearby source of Lawrencetown or Hartlen Till has been 

eroded "End member" ground moraine facies of the Beaver River Tills (ST/A), removed 

from drumlin fields, contain virtually no foreign lithologies, but hybrid facies (ST/B), contain 

erratic percentages of greater than 10% (Table 8, Fig 62) Erratics within the "hybrid" 

Beaver River Till can be attributed to the proximity of Lawrencetown Till drumlins or 

subcropping Lawrencetown Till It is probable that the Lawrencetown Till extends out at 

least as far as the Scotian ShelfEnd Moraine Complex Significant grain size and density 

differences between the Beaver River Till and the Lawrencetown and Hartlen Tills would 

account for acoustic impedance boundaries as observed in the sleevegun profiles of the 

Eastern Shore Moraine (Fig 17) 
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Two factors which make the correlation between marine and terrestrial tills using gram size 

parameters difficult are 

1 Incorporation of marine muds (especially at grounding-line) by glacial 

erosion 

2 Sampling difficulties and loss of fines upon IKU retrieval This does not 

apply to matrix-rich moraine samples (Appendix 3) which were retrieved 

without loss of fines, however gravel percentages in Sable Island Sand and 

Gravel samples are anomalously high 

A box and whisker plot of the clast/matrix weight percentage ratios for the entire data set is 

shown on Figure 78 The Beaver River Till is clearly distinct from other onshore tills The 

Sable Island Sand and Gravel (Truncation Zone) and Morainal Zone samples are statistically 

distinct from the other marine sediments The Truncation Zone lag gravels are clast-nch 

because fines have been removed by wave action and sample retrieval The Morainal Zone 

"lump" or "matrix" samples (Appendixes, 3, 4) should be representative of the texture of the 

true morainal material Textural overlap with the Beaver River Till is apparent 

Detailed grain size analysis verifies the textural similarity between the Beaver River Till and 

the Morainal Zone samples and suggests similarity between the Beaver River Till and the 

Scotian End Moraine surface diamicton samples The Beaver River Till and offshore morainal 

samples overlap in the fine sand and silt size grades (3-5 phi, Fig 14) but are deficient in clay 

(>8 phi, Fig 14) unlike the clay-rich drumlin tills 
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Figure 78 Notched box and whisker plots of clast/matrix weight ratios plotted for terrestrial 

till facies and offshore diamictons See Figure 76 for box legend 

Sedimentary Units Onshore Tills 

1 Hartlen Till 

2 Lawrencetown Till facies A 

3 Lawrencetown Till facies B 

4 Lawrencetown Till facies C 

5 Beaver River Till facies A (ST/A) 

6 Beaver River Till facies B (ST/B) 

Offshore diamictons and gravels 

7 Emerald Silt 

8 Morainal Zone (Scotian Shelf Drift) 

9 Scotian ShelfEnd Morainal Complex (Scotian Shelf Drift) 

10 Sable Island Sand and Gravel 

11 UnitB 

12 UnitC 
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The Scotian ShelfEnd Moraine samples have lower clast contents than the Beaver River Till 

and are comparable with the drumlin tills, probably as a result of incorporation of Emerald 

Silt at or behind the grounding line (Figs 14, 78) 

The highest percentages of striated clasts occur in the Scotian Shelf Drift and the lowest in 

the Beaver River Till (Tables 4, 8, Fig 79) Assuming correlation of these two units, this 

discrepancy can be explained by differing basal processes of till formation between the Scotian 

Ice Divide and its margin (Fig 4) Outward from the Scotian Ice Divide (Fig 4) basal sliding 

velocities increased Clast abrasion, comminution and matrix formation are enhanced with 

higher ice velocities, hence the decrease in clast modes and increases in clast-surface striae 

(Figs 72, 78) The change in till properties from divide to margin could be summarized as 

follows 

Striated clast percentages increase-> 

Clast weight percentages decrease-> 

Ice divide-> Stony Till Plain -> Morainal Zone ->SSEMC 

5 6 ICE DYNAMICS AND THICKNESSES 

Glacier ice physics can be used to elucidate the processes of formation of the Scotian Shelf 

End Moraines and their relationship to the Scotian Ice Divide Ice Flow Phase 3 overtopped 

the 300 m high Cobequid and Antigonish Highlands in northern Nova Scotia (Stea and Finck, 

1984, Map 1, Fig 4) Ice thickness over the highlands was sufficient to allow for basal-

melting and basal slip over the substrate and the production of erosional and depositional 

landforms (Denton and Hughes, 1981) An initial ice thickness value of 3 00 m may be 

assumed based on the temperature distribution of modern glaciers (Paterson, 1981) The 
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Figure 79. Scattergram of clast weight percentages vs striated clast percentages for 

terrestrial till units and offshore diamictons. 

Offshore diamictons 

1. Scotian Shelf End Morainal Complex (Scotian Shelf 

Drift) 

2. Emerald Silt 

3. UnitB 

4. Morainal Zone (Scotian Shelf Drift) 

Onshore tills 

5. Lawrencetown Till (LT/C) 

6. Lawrencetown Till (LT/A/B) 

7. Hartlen Till 

8. Beaver River Till (ST/A/B/C) 
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height of the Scotian Ice Divide can then be calculated from this initial starting point, using 

a simple ice model based on equations of ice motion for a perfectly plastic ice sheet (Paterson 

1981) 

H = (2t0L/pg)1/2(l) 

Here p is ice density (0 91 g/cm3, assumed constant), and g is acceleration due to gravity 

(981 cm/sec2) x0 is the yield or shear stress, L is the distance to the ice margin, FI is the ice 

thickness The author modified an iterative scheme by Schilling and Hollin (! 981) to model 

Nova Scotia ice caps with variable bedrock topography based on equation (1) to include 

variable basal shear stresses (Appendix 8) The ice thickness equation for this iterative 

scheme is 

H (i+1) = Hi + TAX/ pgti (2) (Appendix 8) 

where Hi = initial ice elevation (including bedrock elevation) 

AX = iterative step length 

ti = initial ice thickness 

In this model steady-state equilibrium is assumed and isostatic adjustments are ignored, 

because for this discussion ice thickness is the primary concern 

The ice profile was constructed in a north to south transect across the former Scotian Ice 

Divide (Ice Flow Phase 3, Fig 80) The model starts with an initial (minimum) ice thickness 

of 300 m where Ice Flow Phase 3 overtopped the Cobequid Highlands at 300 m elevation 

The Cobequid Highlands have a rouph, bedrock-dominated surface topography, Basal shear 
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Figure 80. Calculated profiles of the Ice Flow Phase 3-Scotian Ice Divide and an estimate 

of the thickness of the earlier Phase 2 ice cap (Escuminac Ice Centre). The solid line in 

the Phase 3 glacier reconstruction represents iterated ice sheet profile calculations from a 

program modified from Schilling and Hollin (1981). Dotted glacier profiles are 

interpolated using the previous ice slope calculations. (B) Bedrock areas with basal shear 

stress set at 0.8 bar. (D) Deformable beds with basal shear stresses set at 0.2 bar. Ice Flow 

Phase 2 ice thickness estimated from isostatic rebound at Scotian End Moraines (maximum 

thickness). 
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stresses in this environment would be relatively high A minimum value of 80 kPa (0 8 bar) 

is assumed (Schilling and Hollin, 1981) The Minas Basin region south of the Cobequid 

Highlands is a till plain Boulton and Jones (1979) calculated shear stresses of 20 kPa (0 2 

bar) for till substrates The South Mountain region (like the Cobequid Highlands) is a 

bedrock-dominated environment with a thin veneer of bouldery till A basal shear stress 

value of 80 kPa was also used in this region With these model constraints, the height at 

the centre of the Scotian Ice Divide is calculated to be 978 m (Fig 80) 

Another estimate of ice thickness can be derived from the depth relationships of the Scotian 

Shelf End Moraines With the exception of the Country Harbour Moraine, the morainal 

ridges of the Scotian Shelf End-Moraine Complex are found in water depths of 140-160 m 

King et al (1972) originally suggested that the consistent depth of most of the morainal 

ridges implies that ice buoyancy may be a formational factor The depth of water required 

for flotation is governed by this relationship from Reeh (1968) 

h(w)=(pw/pi)hi (3) 

(h(w)=water depth, hi=ice thickness, pi=density ice, pw=density water) 

If ice advances into water approximately 1 1 times its height, then the ice mass will become 

buoyant As it does, basal shear stresses tend towards zero and the ice mass spreads out and 

thins This thinning will result in retreat of the grounding line until an equilibrium is attained 

between ice production through surface accumulation and lateral advection and ice wastage 

by bottom melting and calving (Thomas, 1979) Powell (1991, p 78) suggested that a 

maximum or critical water depth exists for calving glaciers, independent of ice thickness, 

beyond which the front becomes unstable At this water depth calving rates greatly exceed 
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ice flux to the terminus (Powell, 1991) The grounding line of unconfined glaciers along the 

polar East Antarctic glaciated shelf are commonly found at 200-300 m water depth (Schilling 

and Hollin, 1981) Similarly, the maximum depth of the grounding line in temperate Alaskan 

tidewater glaciers was found to be around 300 m (Brown et al, 1982) The modal maximum 

height of modern icebergs in the Labrador Shelf of eastern Canada is 300 m (Hotzel and 

Miller, 1983, Josenhans and Fader, 1989). 

During moraine formation at about 16 ka (Gipp and Piper, 1989), RSL lowering in Barbados 

was 115 m (Fairbanks, 1989) Assuming gravitational and hydro-isostatic effects to be 

minimal, much of the present day continental shelf would have shoaled to water depths that 

would not support ice with an assumed "critical" lift-off thickness of 300 m The formation 

of grounding-line moraines on the Scotian Shelf implies that isostatic depression compensated 

for the eustatic decrease in sea-level. It is assumed that isostatic depression of the crust under 

the moraines resulted from a major ice flow to the shelf edge (Phase 2, Fig 4) The amount 

of crustal depression can be calculated from the difference between the present day moraine 

depths and the depth of moraine formation during eustatic minima with a simple equation 

similar to that used by Morner (1971) and Belknap et al. (1987) using present day sea-level 

as datum (Fig 81) 

I = B+S (4) 

B = E+300m (5) 

where I = isostatic uplift at the outermost moraines 

E = eustatic sea-level depression (115m) 

S = present day average Scotian Shelf Moraine depths 

(-150) 



Figure 81 Schematic diagram illustrating the concepts of isostatic recovery at the Scotian 

ShelfEnd Moraine Complex 

I = isostatic uplift at the outermost moraines 

E = eustatic sea-level depression (115 m) 

S = present day average Scotian Shelf Moraine depths 

(-150) 

B = critical buoyancy depth at eustatic minima (below 

present sea level) = 415 m 
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B = critical buoyancy depth at eustatic minima (below 

present sea level) = 415 m 

Therefore I = 265 m 

If isostatic equilibrium is established then a thickness h of ice will depress bedrock by 

(Weertman, 1961) 

h (pi/pr) = I (6) 

using I = 265 m, 

h = 795 

Using an approximate 1/3 ratio of ice density to rock density (Hughes, 1981) an ice thickness 

of 795 m is produced for the Scotian Moraines This is a crude estimate, but a reasonable 

one, because factors affecting the model such as greater ice volumes, ice-water attraction, 

disequilibrium etc would tend to both increase and decrease the estimate of I The Scotian 

Shelf End Moraines are generally found in water depths of 140-160 m The Country Harbour 

Moraine crest is a notable exception in only 85 m water depth This may reflect thicker ice 

over the site 

It is important to remember that these values represent ice thicknesses overlying the Scotian 

ShelfEnd Moraines from the previous larger ice mass (Escuminac Ice Centre; Ice Flow Phase 

?, Figs 4, 80) that extended out to the shelf edge I am proposing that rebound-induced 

stabilization of the ice front during rapid recession of phase 2 ice may have been responsible 

for the formation of the moraines 
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5.7 CORRELATION OF MARINE AND TERRESTRIAL DEGLACIATION 

RECORDS 

Seismic sequences within the sedimentary infill of the Basin Zone and valleys of the 

Truncation Zone record deglaciation and sea-level change The sedimentary record of Core 

91018-53 within the Halifax subzone spans the time from 13 ka to 2 ka On land, lake core 

records span the same length of time (Mott et al, 1986, Ogden, 1987) and can be used for 

correlation 

Most lake cores in Nova Scotia show successions of pollen zones and lithostratigraphy that 

indicate climatic fluctuations (Livingstone and Livingstone, 1958, Mott et al, 1986, Ogden, 

1987) At the base of most lake cores is inorganic sand or mud, sometimes rhythmically-

laminated In southern Nova Scotia, this is succeeded by black or brown organic mud 

accumulation (gyttja) which has been radiocarbon-dated between 13 and 12 ka (Jette and 

Mott, 1989, Stea and Mott, 1990) The pollen successions in lake gyttja during this time 

invariably record a change from tundra to spruce forests indicating climatic amelioration 

(Railton, 1972, Ogden, 1987, Jette and Mott, 1989) Around 10 8 ka an abrupt and 

pronounced climatic deterioration occurred that strongly affected the landscape and its 

vegetation cover Lake cores reveal a sedimentological "oscillation" that marks the Younger 

Dryas Chronozone (11,000-10,000 ka, Mangerud et al, 1974) This oscillation is defined by 

a distinct inorganic clay layer that separates gyttja near the base of the cores (Mott et al, 

1986) from gyttja that constitute the rest of the cores Changes in pollen assemblages in these 

lakes, imply a warmer-colder-warmer climatic cycle In southern Nova Scotia, the clay layer 

may have formed by solifluction of the adjacent devegetated slopes during the reversion to 

cold climatic conditions (Mott and Stea, 1990, 1994) or runoff from ephemeral or permanent 
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snowpacks (Stea and Mott, 1992) The remaining record in the lake cores indicates an initial 

rapid warming and climate fluctuations during the Holocene (Ogden, 1987) In northern 

mainland Nova Scotia, stratigraphic sections reveal diamictons, clay and sand overlying peats 

that predate the distinctive inorganic and clay layer in the lake sediment records Radiocarbon 

ages from wood and peat increments at the top of the peat layer cluster around 10 8 ka (Mott 

and Stea, 1994) Stea and Mott (1989) interpret the overlying sediments as largely glacigenic, 

implying a renewed glaciation in this region 

The offshore seismic sequences and events can be correlated to the onshore lake stratigraphy 

The Yankee Bank Formation is correlative with the Younger Dryas clay layer in the lakes and 

the glacigenic sediments that overly peal in land sections On land and sea a zone of increased 

inorganic sedimentation is bracketed by organic strata with biota indicating a warming trend 

The inorganic sedimentation events were initiated at around 10 8 ka and represent climatic 

cooling and snowfield/glacier buildup on land and increased sea-ice/icebergs in the marine 

realm The land and ocean events appear synchronous, in spite of the postulated 400 year lag 

time of oceanic 14C equilibration (Mangerud, 1972) Isolation from the ocean may have 

decreased the mixing time within these nearshore basins 

5.8 SUMMARY 

In this chapter, a direct land to sea correlation of glacial deposits and landforms was made 

These are the salient conclusions 

1 Ice Flow Phases 1 and 2 extended to at least as far as 

the Scotian Shelf End Moraine Complex because erratic 



dispersal trains, associated with each flow phase, can be 

traced to the SSEMC moraines (Fig 82) 

2 The Scotian ShelfEnd Moraines represent a margin of 

Ice Flow Phase 3 based on direct correlation between 

Beaver River Till formed under the Scotian Ice Divide and 

the morainal diamictons (Fig 82) The SSEMC was 

probably a recessional margin that originally formed when 

Ice Flow Phase 2 retreated from the outer shelf 

Rebound-induced stabilization of the ice front at the 

moraines may have been partly responsible for the buildup 

of the Scotian Ice Divide Flow from the Scotian Ice 

Divide may also have briefly extended past the morainal 

complex as an ephemeral ice shelf during readvances or 

surges that formed till-tongues 

3 The Morainal Zone represents the margin of Ice Flow 

Phase 4, the last, till-forming, widespread glacier advance 

in northeastern Nova Scotia (Fig 4) Sequence 2 (ca 

12 9) in the Basin Zone, probably formed during this 

event 

4 A climatic event ca 10 8 ka to 10 ka that is recorded 

in land sections and lake cores is also recorded in the 

offshore basins by the Yankee Bank Formation 

(Sequence 5) 
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Figure 82 Schematic cross section through the Scotian Ice Divide to the outer shelf showing 

correlation of till units and major depositional zones (A) Scotian Shelf End Moraine 

Complex (B) Drumlin fields (C) Stony Till Plain (D) Bedrock and residuum 
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CHAPTER 6: DISCUSSION AND CONCLUSIONS: WISCONSINAN GLACIAL 

AND SEA LEVEL HISTORY OF EASTERN CANADA AND THE 

CONTINENTAL SHELF 

6.1 INTRODUCTION 

The processes, correlations and sea-level history established for the inner Nova Scotian 

shelf are crucial in the interpretation of glacial events for the entire Eastern Canadian-

Appalachian region. Previous Wisconsinan glaciation models discussed in the introduction, 

are simplistic, and not in accord with the land and sea evidence. The author will present 

a new empirical model of ice advances and retreats and relative sea-level changes for 

Eastern Canada incorporating the inner shelf study area concepts. Some of these ideas are 

speculative, but should serve as a basis for further study and a development of ideas on the 

glaciation of the onshore-offshore region. The new compilation of Wisconsinan flow paths 

for Eastern Canada (Fig. 83) which includes offshore margins is a major step forward 

from the previous ice flow phase concept (Fig. 4). L.H. King (pers. comm., 1994) has 

also proposed a similar marine-land ice flow model based on the author's ice flow phase 

concept. 

6.2 ICE FLOW PHASES 1A AND IB 

The oldest observed ice flow patterns in Maritime Canada are eastward and southeastward 

(Ice Flow Phases la, lb). Eastward flow patterns (Phase la) prevalent along the 

Northumberland Strait region (Map 1; Fig. 83), were originally interpreted by Chalmers 

(1895) to be the Appalachian-derived Northumberland Glacier. This flow phase 
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Figure 83. Evolution (advance and retreat) of ice divides and domes over Maritime 

Canada during the Wisconsinan (70-10 ka). (A) Ice Flow Phase la in Atlantic Canada and 

margin. (B) Phase lb (C) Ice Flow Phase 2 from the Escuminac Ice Centre and Divide 

on the Magdalen Plateau. A retreat margin over Sable Island, Western, Emerald Banks 

(after Boyd in McLaren, 1988). (D) Advance and retreat of Phase 3 ice (Scotian Ice 

Divide) (E) Ice Flow Phase 4. Ice flow data from Chalmers, 1895; MacNeill, 1951; Prest 

and Grant, 1969; Rampton et al, 1984; Pronk ef al, 1989; Rappol etal, 1989; Stea el 

al, 1992a). 
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may represent a separate, older phase of glaciation. The ice configuration later changed 

to a centre in New Brunswick (Gaspereau Ice Centre; Rampton et al, 1984) which 

produced southeastward striae flow patterns on die southern New Brunswick highlands 

(Caledonia Phase; Rampton et al, 1984) and distinctive till units in Nova Scotia (Hartlen 

Till-East Milford Till; Stea et al, 1992a, c). The East Milford Till has been assigned 

an Early Wisconsinan age because it postdates the last interglacial interval and is overlain 

by recessional sediments and Late Wisconsinan tills. Land and offshore deep sea oceanic 

records show a major glaciation at this time (Clark et al, 1993). The Hartlen Till is 

correlated with the middle of three major reflections seen in the Scotian Shelf end 

moraines and the lowest wedge-shaped, massive reflections on the Scotian Slope 

interpolated to be Early Wisconsinan by Mosher et al. (1989). Evidence of the passage 

of Laurentide ice across New Brunswick is equivocal (Rampton et al, 1984; Pronk et al, 

1989; Rappol, 1989). Shield anorthosite boulders in western Prince Edward Island (Prest 

and Nielsen, 1987) and in the Gulf of St. Lawrence (Loring and Nota, 1973; Stea, 1991) 

indicate that Laurentide ice may have been confluent with ice from the Gaspereau Ice 

Centre (Fig. 83). 

Ice Flow Phases la and lb left a strong imprint on the Nova Scotia landscape. These flow 

patterns can be traced throughout the Maritimes region (Fig. 83) and across the inner 

shelf. They represent the most "vigourous" ice flow events characterized by extensive 

erosion and deposition of thick, overconsolidated, matrix-rich tills (cf. Grant, 1977, 

1989). The margin of these events are placed at the shelAslope break at water depths of 

approximately 300-600 m, the maximum depth of relict iceberg furrowing (Mosher et al., 

1989; Dodds and Fader, 1986). 
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6.3 ICE FLOW PHASE 2 

Late Wisconsinan ice flow trends across much of northern Nova Scotia are southward and 

southwestward. Along the Nova Scotia - New Brunswick border region, ice flow recorded 

by striae is largely southwestward (Prest, 1973), (Stea and Finck, 1984, Rampton et al, 

1984; Foisy and Prichonnet, 1991). Northward ice flow has been reported in the 

Magdalen Islands (Parent et al, 1990). These flow trends have been attributed to an ice 

dome or divide near Prince Edward Island, termed the Escuminac Ice Centre (Rampton 

etal, 1984; Fig. 84). Northward flow features in the Baie des Chaleurs region of New 

Brunswick have been attributed to the development of the Escuminac Ice Centre (Pronk 

etal, 1989). H. Josenhans (pers. comm., 1990) interprets an incoherent seismic unit that 

pinches out in the Lauremian Channel as a till formed by ice from the Magdalen plateau 

region. Flow from a centre in the region of Prince Edward Island was likely responsible 

for the "flood" of red mud (cf. Grant and King, 1984) from the vast areas of 

Carboniferous red-beds in northern Nova Scotia onto igneous and metamorphic terrains 

to the south. Anomalous red muddy diamictons have been described in some offshore 

cores adjacent to the Lunenburg (Piper et al. 1986) and Chezzetcook drumlin fields 

(Forbes et al, 1988) but were not encountered in grab samples in this study. The Sable 

Island and Western Bank regions are characterized by high percentages of red-stained 

(hematite) detrital quartz grains with a possible Carboniferous red bed source (Cok, 1970). 

Cok (1970) also describes a sizeable "skip zone" with little or no red-stained quartz across 

the inner shelf, which corresponds to the extent of Ice Flow Phase 3 (Fig. 83). Amos and 

Miller (1990) reported abundant red siltstone lithic fragments in the cores of southwest 

Sable Island Bank. Piston cores in continental slope regions to the south and west of the 

Sable Island and Western banks have a characteristic, consistent stratigraphy consisting of 
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an olive-grey mud, overlying a red-brown mud (Hill, 1981; Mosher et al, 1989). 

Conolly et al. (1967) also described a similar stratigraphy in cores on the slope off the 

Laurentian Channel. Hill (1981) determined a Carboniferous source region for the red 

mud based on reworked Carboniferous palynomorphs. According to Hill (1981) the red 

unit was deposited from suspension fallout from the ice sheet that formed the 

Lawrencetown Till. The olive-grey unit is Holocene in age and derived from adjacent 

banks. 

The "red flood" of Ice Flow Phase 2 crossed the inner shelf to the outer banks and slope, 

in 300 m water depths (Dodds and Fader, 1986; Mosher et al, 1989). The timing of this 

flow event is between 18 and 21 ka (Mosher et al, 1989; Baltzer et al, 1994). The 

inferred maximum extent of Phase 2 is shown in Fig 83. This is comparable to the 

"maximum model" and consistent with the ice thickness estimates on the inner shelf (1 km) 

obtained earlier (Fig. 80). Ice outflow from the Escuminac Ice Divide and Centre during 

Phase 2 may have been in the form of ice streams or ice "currents" (Grant, 1963). These 

rapidly flowing ice streams would have converged into inter-bank channels, drawn by 

rapid calving of the ice margin in deeper water. 

Late Ice Flow Phase 2 ice flow indicators along the northern part of the study region 

appear to veer to the southeast parallel to the earlier Phase lb ice flow (Fig. 83). The 

east-west orientation of Sable Island and Banquereau and north-south trending tunnel 

valleys imply a major southward-flowing ice sheet (Fig. 74; Boyd et al, 1988b). The 

southeastward flow trajectory in the Wine Harbour area may be due to a localized ice 

stream that merged with southward-trending streams from an extensive, former ice divide 

across the Magdalen Plateau and possibly, Cape Breton Island. This divide (Escuminac 
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Ice Divide) may have formed during the Middle to Late Wisconsinan (Stea et al, 1992a) 

when Laurentide Ice was removed from the Laurentian Channel, cutting off Magdalen 

Plateau ice from a Laurentide source (Occhietti, 1989). Alternatively, (Phase 2) 

southeastward ice flows may represent later, radial flow from a remnant centre (Fig. 83). 

6.3.1 Retreat of Phase 2 Ice 

Retreat of the Phase 2 ice margin was hastened by calving at the marine shelf/slope break 

margin. Calving was a primary feedback mechanism for initiation of the retreat of the 

northern hemisphere glaciers (Denton and Hughes, 1981). Mosher et al (1989) reported 

Late Wisconsinan iceberg furrowing at 300 m adjacent to the margin. Rapid retreat of Ice 

Flow Phase 2 ice from the shelf edge margin and from the Laurentian Channel may have 

contributed to the formation of Heinrich events in the deep ocean dated 18.9-21.4 ka 

(Heinrich, 1988; Broecker et al, 1992; Bond et al, 1992; Grousset etal, 1993). Ice 

streams in the Laurentian Channel emanating from a Newfoundland Ice Cap (Grant, 1989) 

and the Escuminac Ice Divide (Fig. 83) eroded large quantities of limestone from the 

Anticosti and Magdalen Basins and also carried a substantial quantity of Appalachian 

terrane debris. Based on the sand mineralogy of continental rise sediments off southeast 

Canada, Piper et al. (1994) suggested the development of Appalachian ice caps during 

marine oxygen isotope stages 4 and 2. A Baffin Bay source has been postulated for 

Heinrich layers, based on petrography and geochemistry (Grousset et al, 1993), but the 

technique cannot rule out iceberg debris derived from the complex bedrock terranes of the 

eastern Canadian margin. Individual Heinrich layers (Hll and H12) appear to thicken 

towards the Appalachian margin (Grousset et al, 1993). The ice margin may have 

initially retreated as far as the inner shelf. Boyd (in McLaren, 1988) and King (1994) 
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proposed that Sable Island Bank was the site of a significant ice, marginal stand. 

According to these authors, a glacier grounded near sea level produced an outwash-delta-

dominated moraine. Boyd (in McLaren, 1988) correlated this margin across Western and 

Emerald Bank as far as Georges Bank. 

6.4 ICE FLOW PHASE 3 

Flow from the Scotian Ice Divide was northwestward into the Bay of Fundy and 

southeastward over the Eastern Shore, veering southward east of Country Harbour 

(Fig. 83). It was also funnelled northward into Georges Bay and the Cape Breton Channel 

from Cape Breton and the mainland. At an early stage of development, the Scotian Ice 

divide merged with glaciers in the Baie des Chaleurs in New Brunswick to flow northward 

through the Shediac Channel into the Laurentian Channel (Fig. 83). An ice dome off Cape 

Breton Island proposed by Grant (1977) was probably part of this divide which can be 

traced eastward through Chedabucto Bay onto the continental shelf. Offshore tunnel 

valleys, oriented northeastward towards the Laurentian Channel and southward towards 

Sable Island (Boyd et al, 1988b), converge in an undissected zone, probably the offshore 

location of the Scotian Ice Divide (Figs. 74, 83). 

Tliree hypotheses can be invoked to explain the formation of the Scotian Ice Divide; two 

based on autocyclic, self-regulating mechanisms, and one based on external factors. They 

are: 

1. Ice retreated rapidly, through calving, into the marine channels 

bordering Nova Scotia including the Gulf of Maine-Bay of Fundy (Prest 
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and Grant, 1969), and Cape Breton Channels. In this manner Nova Scotia 

ice was cut off from the Escuminac and Gaspereau ice sources (Fig. 83). 

2. Stabilization of the retreating Phase 2 ice margin at the Scotian Shelf 

End Moraine complex due to crustal rebound and marginal sediment 

accumulations. At Sable Island, crustal depression was minimal, and 

outwash deltas formerly graded to a sea level of 75-80 m bsl (McLaren, 

1988). 

3. Change in climatic factors, favouring snow accretion on the Nova Scotia 

mainland (MacNeill and Purdy, 1951). 

Simple drawdown (Hypothesis 1) may not completely explain an ice sheet whose flow-

lines can be traced across ihe northern mainland highland areas exceeding 400 m. A 

combination of all 3 formative mechanisms is likely. Snow accretion may be favoured if 

jet stream position and seasonal storm tracks were shifted southward around the larger 

Laurentide ice sheet (Shinn and Barron, 1989). 

The Scotian Ice Divide may have extended as far as Sable Island Bank and the series of 

banks which line the outer shelf. The southern margin of the Scotian Ice Divide may have 

been a short-lived ice shelf, with ice rises briefly acting as centres of outflow during 

recession (Gipp, 1989; 1994). Ice later settled at the Scotian End Moraine Complex, the 

site of former ice retreat margins from earlier advances (Phases la, lb) and Banquereau 

Bank (Fig. 83). These margins are nearly equidistant from the inferred divide (Fig. 83). 

The Scotian ShelfEnd Moraine Complex formed at approximately 15.5 ka in the northeast 
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(Gipp, 1989; Gipp and Piper, 1990), but ages in the southern portion are not well 

constrained. 

6.4.1 Retreat of Phase 3 Ice 

Calving retreat of the Scotian Shelf and Banquereau ice margin was initiated when sea 

levels rose again following the outer shelf lowstand at 17-15 ka (Amos and Miller, 1990; 

King, 1994). By 14 ka the ice margin was close to the present day coastline over much 

of Nova Scotia (Piper et al, 1986; Stea and Wightman, 1987; Stea and Mott, 1989; 

1990; Piper, 1991; Gipp, 1994), but it stubbornly remained there for at least 1500 years 

(Stea and Mott, 1989; Gipp, 1994). The lack of raised features along the Atlantic Coast 

of Nova Scotia indicates that an ice carapace prevented shoreline formation during isostatic 

recovery. This was not the case on the Gulf of Maine and Bay of Fundy, where vigourous 

ice stream drawdown cleared ice from these regions (Mayewski et al, 1981; Belknap et 

al, 1991). Raised beaches, deltas and marine deposits dated from 16 to 12.6 ka are found 

along the Bay of Fundy (Grant, 1980a, b, 1989; Scott and Medioli, 1980a; Stea et al, 

1986; 1987; Honig and Scott, 1987; Stea and Wightman, 1987). In northern Nova Scotia 

deglaciation was delayed by as much as 2000 years until the region around Georges Bay 

was cleared of ice by landward propagation of a calving bay in the Cape Breton Channel. 

The rapid calving-style retreat of the Phase 3 ice margin can be correlated with the 

youngest of the Heinrich events (13.4-15.0 ka) in the deep North Atlantic ocean (Grousset 

et al, 1993). Sequence 2 of the inner shelf Basin Zone records much of the iceberg 

activity in the form of point-source diffractions (boulders and boulder dumps). Bacchus 

(1993) and Gipp (1994) also report extensive iceberg activity in the Scotian Shelf and Gulf 



329 

of Maine at this time. From 15 to 13 ka much of the ice was removed from the Gulf of 

Maine-Bay of Fundy system and the Laurentian Channel (Piper, 1991). 

6.5 ICE FLOW PHASE 4 

During this phase ice caps remnant from the Scotian Ice Divide briefly reactivated 

(Fig. 83). These small ice caps or glaciers formed over Southern Nova Scotia, (South 

Mountain Ice Cap-MacNeill, 1951), the Chignecto Peninsula (Chignecto Glacier-

Chalmers, 1895) and Antigonish Highlands in northern Nova Scotia (Chedabucto Bay 

Glacier Complex-Stea et al, 1989; Figs. 4, 83). During Phase 4, ice was strongly 

funnelled westward into the Bay of Fundy and southwestward to the Atlantic coast and 

beyond. Rapid advance of Phase 4 ice offshore formed the Morainal Zone. 

Southwestward-trending channels which cut the Phase 3 ice margins and are initiated at 

the Morainal Zone (Fig. 16; Map 2) may have served as meltwater conduits from this 

glacier. Truncation of Emerald Silt in water depths between 140 and 160 m may have 

been synchronous with the Phase 4 margin. 

The Country Harbour End Moraine is a complex, palimpsest feature. The southwest-

trending ridge may have initially formed during Ice Flow Phase 3. Phase 4 ice eroded and 

reshaped the NW-SE segment, probably at the same time as the formation of the Morainal 

Zone. The complex-interdigitating succession of till-tongues and thick Emerald Silt 

section are a result of ice advance and retreat from the successive Phase 3 and 4 ice 

margins. 

Ice Flow Phase 4 on land can be traced to re-advance margins in the Annapolis Valley 
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(Hickox, 1962) and in southern Nova Scotia near Chester (Graves and Finck, 1988; Map 

1; Figs. 4, 83). In the Annapolis Valley this margin is marked by outwash deltas. Marine 

limit beyond the margin is +40 m whereas inside the margin it is <25 m (Stea et al, 

1987; Fig. 5). The time of formation is bracketed between dates on the oldest marine 

limit indicator south of the margin (ca. 14 ka, Grant, 1989) and the youngest, north of the 

margin (ca. 12.4 ka; Stea et al, 1987). This event may correspond with the erosional 

event that formed the Sequence 2 boundary in the Basin Zone dated at approximately 13.5 

to 12.7 ka. Ice Flow Phase 4 is correlative with the Robinson's Head advance in 

Newfoundland dated at 12.6 (Grant, 1989). 

6.5.1 Retreat of Phase 4 Ice and the Sea Level Lowstand 

After 12.6 ka, the climate warmed considerably (Mott and Stea, 1994) resulting in ice 

retreat to small, remnant terrestrial centres (Map 1). Trees migrated into southern Nova 

Scotia after 12 ka (Mott and Stea, 1994). Sea-level fall stranded Phase 4 glaciers into 

isolated pockets. Ablation by downwasting ensued, leaving tracts of hummocky ground 

moraine (Map 1) throughout the marginal regions. Phase 4 ice may have disappeared by 

11 ka (Stea and Mott, 1989; Gipp, 1994). Sea levels dropped to their lowest point at -65-

70 m around 11.6 ka. A shoreline formed during a short period of crustal stability 

(Transition Subzone). Sea-level rose rapidly after 11.6 ka and a large area of the inner 

shelf was transformed by erosion into a low-relief surface, barren of depositional features 

(Platform Subzone). The rate of relative sea-level rise slowed markedly between 11 and 

9 ka, a result of forebulge passage, and depositional features were again established 

(Estuarine Subzone). 
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6.6 THE YOUNGER DRYAS EVENT 

Around 11,000 yr B.P. an abrupt and pronounced climatic deterioration occurred that 

strongly affected the terrestrial landscape, its vegetation cover and the nature of 

sedimentation and fauna of adjacent oceanic basins. A wide variety of sediments covered 

organic sediments at many sites in the Maritime Provinces. Lake cores on land and the 

inner shelf basins reveal a sedimentological "oscillation" that marks the Younger Dryas 

(11,000-10,000 ka; Mott et al, 1986). Changes in pollen and foraminiferal assemblages 

in these depositional areas imply a warm-cool-warm cycle. Stea and Mott (1989) proposed 

that small glaciers developed from pre-existing ice or reformed during this time on land. 

King (1994) proposed a major glacial advance terminating at Sable Island. 

Using a general circulation model, Rind et al. (1986". predicted accentuated cooling in 

northern Europe and northeastern North America during the Younger Dryas with increased 

onshore wind flow, storm activity and precipitation. Shinn and Barron's (1989) climate 

model of the last glacial maximum also evokes a northward shift of storm tracks along the 

margin of the Laurentide ice mass and net increase in precipitation along the margin. 

According to their theory, storms over the region reached a maximum frequency when the 

retreating Laurentide and Appalachian ice masses were somewhat removed from the 

region. The increase in storminess, coupled with a North Atlantic meltwater-induced 

cooling (Broecker, et al, 1985) would explain a local buildup of ice during the Younger 

Dryas. 
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APPENDIX I: Mapping methods-marine geophysical data acquisition. 

Seismic data for the study were collected during Cruise 91018 (CSS Dawson; Fader et al 

1993) on the eastern inner Scotian Shelf (Fig. 1). The Huntec Deep Tow boomer system 

was used to generate analogue seismic data with vertical resolution of less than 1 metre 

(cf. Hutchins et al 1976). Operating frequencies ranged from 500 Hz to 2 KHz with a 

power output of 4-6 kV. Two recorders were employed, an internal transducer mounted 

underneath the towed sound source and an external array. The deep tow system is towed 

at 10-75m water to minimize the effects of surface swell and wave noise. Seismic 

reflection data with less resolution but more penetration were obtained using a 40 cubic 

inch Haliburton sleevegun system operating at 5-500 Hz. Bathymetric information was 

obtained using data produced by a hull-mounted 3.5 KHz acoustic profiler, from Canadian 

Hydrographic Service charts, and from the depth of the first multiple below the seabed in 

the Huntec records (Sylwester, 1983). Seafloor topography/reflectivity were obtained 

using the Bedford Institute of Oceanography-designed sidescan operating at 70 KHz with 

a range of 1 kilometer and Klein dual frequency sidescan sonar systems at 100 and 500 

KHz with a range of 100 to 400 m. 

Additional data were obtained from seismic records of a previous CSS Dawson cruise in 

1987 (Forbes et al. 1991). The Nova Scotia Research Foundation Corporation (NSRFC) 

deep-tow seismic system was deployed on this cruise and included a nine element streamer 

and a 30-tip sparker source operating at 200j. 

14.25 kHz echograms collected by the Canadian Hydrographic service in the 1960's for 

charting purposes were also used in the mapping of the offshore. A regiuu from Sheet 
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Harbour to Halifax was surveyed at a track spacing of 0.93 km (King et al. 1972). 

Late in this thesis study, high resolution swath bathymetry was made available to the 

author. A region of the inner shelf off Halifax was surveyed using the Simrad EM-100 

multibeam sounder. It provides a digital image of the sea floor. The coverage is 1.7 X 

water depth across track (80° angle) with 32 narrow beams, each about 2.5". It operates 

at 95 Khz and has a depth range of 10 to 600m. Spatial resolution of a single beam is 5 

metres (Costello et al. 1993). 

Offshore digital terrain data obtained from this system was gridded using GRASS GIS 

software (R. Courtney pers comm, 1992). The digitized bathymetric 14 kHz data was 

gridded and a terrain model produced using AUTOMINER software. Digital elevation 

data was also obtained from the Lunenburg drumlin field through the Land Survey and 

Registration Service (Prince Edward Island). This was also gridded and plotted using 

GRASS GIS software. 
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APPENDIX 2: Marine and terrestrial sampling methods and sample preparation. 

Most samples of the seafloor were obtained with a large (0.3 ton capacity IKU) wire-line 

grab (Fig). These grab samples were described carefully and subsampled on deck using 

a shovel and five gallon pails. If the IKU was full sampling proceeded from the top down. 

Five gallon pail samples were collected from the surface lag, from the zone in the middle 

of the sediment block, and from the bottom. The preservation of stratigraphy within the 

filled grabs suggest minimal modification of the sediment package by the sampler. At 

other sites, however, the grab did not "bite" into the substrate. These grabs brought back 

a surface lag of cobble and boulders and occasionally some matrix. Other, coarser-grained 

samples were thoroughly mixed when the sampler was discharged on the deck. 

Shallow cores in coarser, hard sediments were taken with a Brooke Ocean vibrocorer 

capable of 3m penetration. In softer sediments (muds) a modified benthos piston corer 

was employed v>fh a penetration capability of 20m. Cores were split, photographed, 

described <md Mibsampled for grain size and biostratigraphic analysis using foraminifera 

(Costello, 1994). 

2-5 kg till samples were obtained from road cuts, sea cliffs and borrow pits. Sixty-five 

samples of till pebble separates from a previous survey in 1977 (Stea and Fowler, 1979) 

were utilized to augment the pebble count databas \ The reference section at West 

Lawrencetown was systematically profile-sampled at regular intervals. One sample per 

metre of depth was obtained. 
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A 1-2 kilogram aliquot of sample was removed from the sample bags of terrestrial and 

marine samples. This portion was dried overnight rind then weighed with the container 

(aluminum pan). If the sample flowed freely then it was dry seived through 63mm, 4mm 

and 2mm pans. The clast fractions (>2mm) were weighed and the matrix fraction 

discarded. The >4mm <30 mm fraction was retained for pebble lithologicai analysis. 

Lumpy samples (clay-rich) were wet seived through 2mm screens after disggregation and 

dispersal in a calgon solution. The clast fraction was dried overnight and then processed 

like the previous dry samples. 



APPENDIX 3: Marine samples locations and field notes. 

SAMP aAMPLE 
» TYPE 

Vibro-Core data 

DAYTIME LATITUDE DEPTH GEOGRAPHIC 
(GMT) LONGITUDC (MTRS) LOCATION NOTES 

001 VIBRO 1551913 44 38 65N 219 
63 33 36W 

HALIFAX HARBOUR CATCHER SAMPLE IN A BUCKET 
(125 ML) ANN MILLER HAS TAKEN THIS 
SAMPLE TO WASH FOR FORAMS NO 
CUTTER SAMPLE SEISMIC TIME FROM 
NAVICULA 89009 DATA 

003 VIBRO 1561615 44 33 62N 310 
63 32 17W 

HALIFAX HARBOUR 1 BUCKET WITH CUTTER SAMPLE ANN 
MILLER HAS THE SAMPLE THIS IS THE 
BOT VIBROCORE NOT THE AGC 
VIBROCORE 

004 VIBRO 1561722 44 33 25N 24 0 
63 32 07W 

HALIFAX HARBOUR STOPPED VIBROCORING WITH 30CM 
TO GO BECAUSE OF THE LACK OF 
PENETRATION THROUGH SEDIMENTS 
OVER A FEW MINUTES FINE SAND VERY 
DRY GREEN-BLACK WELL SORTED FEW 
SHELL FRAGMENTS 

018 VIBRO 1591637 44 15 60N 56 0 SOUTH CROSS LATE TILL PIPERS YOUNG MORAINE 
64 10 43W ISLAND SOUTH OF CROSS ISLAND TILL MOUND 

LINER JAMMED IN THE BARREL! BUT 
THERE ONLY WAS A CATCHER SAMPLE 
C'NE GRAVEL AND A COBBLE IN THE 
CATCHER 

0?2 VIBRO 1601438 44 15 74N 
64 09 69W 

65 0 GOUGES IN THE CORE BARRELl, 
BOULDERS n SILTY SAND GRAY 
SULPHIDE- H2S SMFLL IN CORE BOTTOM 
GRAVELLY SAND (COARSE) WITH FEW 
PEBBLES IN CORE CATCHER CORE 
CATChER SAMPLE STORED IN A 1 GAL 
BUCKET SAMPLE CUT INTO 2 SECTIONS 
A-B = 152CM, B-C = 66CM SECTION A B 
SLUMPED(COMPRESSED) 20CM WHEN 
HELD UPRIGHT MAIN SECTION COARSE 
SAND, GRANULE, GREY (SLATE 
FRAGMENTS) NOT WELL SORTED 
ANGULAR ROCKS CORE ON DISTAL 
(LATE TILL) MOUND TOTAL RECOVERY 
2 2M INCLUDING CATCHER 

014 VIBRO 1621710 44 25 09N 82 3 EAST SAMBRO OLIVE GREY STONY DIAMICTON 
63 27 01W LEDGES ANGULAR SLATE FRAGMENTS SILTY 

CLAYEY MATRIX WITH GREY MOTTLING 
SEISMIC UNIT (C) SURFACE TOP 
CRUDELY LAMINATED MASSIVE 
ACOUSTIC UNIT TILL- GLACIAL MARINE 
PROXIMAL ?? CORE CATCHER 
IMPLODED CUTTER DAMAGED BY 
BOULDER CORE CUTTER SAMPLE 
BAGGED IN A BUCKET 

036 VIBRO 1621920 44 23 36N 80 5 OLD SACKVILLE OLIVE GREY SILTY CLAY DIAMICTON 
63 29 13W RIVER VALLEY FEW STONES COBBLING ON SURFACE 

SHELL FRAGMENTS MUCH MORE CLAY 
T H E N 0 3 4 S O M E S A N D 
HORIZONS-INCLUSIONS, SHELL 
FRAGMENTS ON SURFACE SEISMIC UNIT 
(C) OUTCROPS ON SURFACE APPARENT 
LAMINATION CORE CUTTER SAMPLE 
BAGGED IN BUCKET 
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Appendix 3 
VIBRO 1631200 44 28 65N 

63 24 86W 
73 0 DELTA ON FLANK 

OLD SACKVILLE 
RIVER 

039 VIBRO 1631330 44 47 95N 
63 2517W 

640 NORTH EAST OF 
SAMPLE 038 

KEPT CORE AS 1 PIECE BECAUSE OF 
COARSE NATURE OF THE SAMPLE. 
SAMPLE WOULD BE DAMAGED BY 
CUTTING. NO CATCHER OR CUTTER 
SAMPLES. POSSIBLE DELTA 7 MOUND 
WITH REFLECTORS DIPPING DOWN 
SLOPE TERMINATING ON FLAT 
HORIZONTALREFLECTORS AT BASE. TOP 
92CM OLIVE GREY COARSE SAND, 
GRANULES COBBLES ON TOP, SHELL 
FRAGMENT THROUGHOUT. SHARP 
CONTACT WITH LOWER 80CM C- OLIVE 
GREY SILTY FINE SAND WITH A FEW 
PEBBLES-MASSIVE NO SHELLS. 

CATCHER SAMPLE • 15CM SAMPLE 
BAGGED IN A BUCKET UNDER UNIT (C) 
OR (B) OUTCROPS ON BEDROCK 
CHANNEL FLANK UNIT (C)INCISEO IN 
CHANNEL AND FILLED BY YOUNGER 
SEDIMENTS (HOLOCENE)? TOP 15CM 
SANDY, GREY GREEN. COBBLES, SHElL 
FRAGMENTS CORE CATCHER GMEY 
DIAMICTON Wl TH REDDISH TINGE. SILTY, 
METAGRAYWACKE CLASTS 
(ANGULARSUBROUNDED), ABUNDANT 
SHELL FRAGMENTS CORE DID NOT 
SAMPLE UPPER UNIT BUT SAMPLED 
LOWER UNIT (C).PfcNETRATED2METRES 
WITHOUT SAMPLING UNIT. 

040 VIBRO 1631429 44 26 24N 80 0 SACKVILLE RIVER 
63 22 9hW SOUTHERN 

TRIBUTARY 

OLIVE GREY SILTY SAND (SOME CLAY). 
DIAMICTON COBBLEY SURFACE, NO 
VISIBLE SHELLS-TILL OR GLACIAL 
MARINE. METAGREYWACKE CIASTS 
(SUBANGULAR-SUBROUNDED). 1 
GRANITE CLAST 

041 VIBRO 1631620 44 30 48N 
63 28 95W 

60 0 DUNCANS COVE NO RECOVERY. 

053 BENTHOS 
PISTON 

1641630 44 17 72N 
62 58 12W 

168 0 HALIFAX MORAINE LAHAVE CUV AI'TTIOX 6M THICK. TOP 
22 FT .OLIVE-GREY SILTY CLAY BOTTOM 
5 FT GREY-BLACK, REDUCED MUD, H2S 
ODOUR.CUTTER SLIGHTLY DAMAGED 
ATTEMPT TO CORE COARSE UNIT AT 
B A S E O F L A H *V V E C L A Y . 
STRATIGRAPHY-LAHAVE CLAY OVER 
FACIES A, THIS COULD BE THE YOUNGER 
DRYAS EVENT (FACIES A) BENEATH 
LAHAVE CLAY. NO TRIGGER WEIGHT-
BARREL TOO LONG TO CLEAR THE HAIL. 

066 VIBRO 1671630 44 37 28N 
62 36 48W 

64 0 SOUTH OF 
MUSHABOOM 

OLIVE GHEY GREEN SILTY SAND WITH 
COBBLE LAG. BRITTLE STAR ON 
SURFACE. GREY SILT AND CLAY, NO 
STONES AT 20CM. DEPTH 3 (1 GAL) 
PAILS 1=TOP 10CM 2= BOTTOM2UCM, 1= 
CORE CUTTER. 

067 VIBRO 

078 VIBRO 

1671900 44 31 88N 137 0 SOUTH OF 
62 27 13W SHEET HARBOUR 

1681654 45 00 28N 80 0 SOUTH OF 
61 30 38W COUNTRY 

HARBOUR 

STRATIGRAPHY OF CORE UNIT-2 
OLIVE-GREY SANDY MATRIX, UNIT-1 
GREEN AND BROWN SILTY MUD FEW 
GRANULES (METAWACKE) 

SEISMIC OUTCROP OR OLDER UNIT 
(C)7 OLIVE-GREY SAND (20CM 
OVERLYING BLACK ORGANIC CLAY (4CM), 
CORE EXTRUDED INTO 2 (1 GAL) 
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BUCKETS 1 IS LABELLED 78TOP 20CM 
AND THE OTHER IS LABELLED 78 
BOTTOM 4CM CORE MOTOR HOUSING 
FRAME BROKEN WHILE HITTING THE 
SIDE OF THESHIP ONLY A FEW WELDS 
LEFT. ONLY BOLTS HOLDING THE FRAME 
ON THE VIBROCORE 

079 VIBRO 1681755 45 03 78N 45 0 SOUTH OF DOME, CUTTER CONTAINED OLDER UNIT (C). 
61 33 66W COUNTRY VENEERED BY SABLE ISLAND SAND 

HARBOUR UNIT 3=COBBLE-PEBBLE LAG 
METAGRAYWACKE QUARTZ VEIN 
GRANITE. UNIT 2= OLIVE-GREY COARSE 
TO MEDIUM SAND UNIT 1= GREY-BLACK 
ORGANIC CLAY SLOWED DOWN THE 
DESCENT OF THE VIBROCORE TO THE 
B O T T O M AND GOT B E T T E R 
RECOVERY/APP. PENETRATION RATIO AS 
A RESULT. 

080 VIBRO 1681836 45 04 50N 
61 34 73W 

36 0 SOUTH OF DOME, 
COUNTRY 
HARBOUR 

ONLAP OF THICK SABLE ILAND SAND? 
WEDGE ONTO DOME STRUCTURE. 
OLIVE-GREY SAND WITH BUCK SANDY 
BANDS APP. PENETRATION O F 2 1 
METRES (RECORDER) BUT ONLY 78CM 
RECOVERY MUCH OF THE SAMPLE MAY 
HAVE WASHED THROUGH THE CATCHER 

081 VIBRO 1681925 45 06 36N 
61 36 36W 

27 4 NORTH OF DOME, 
COUNTRY 
HARBOUR 

SEISMIC WEDGE OF SAND NORTH OF 
DOME OLIVE-GREY SAND. CORE 
SOCK DID NOT HOLD SAMPLE. 
EXTRUDED FROM THE BOTTOM ONLY 
40CM RETAINED. BAGGED IN A BUCKET. 

096 VIBRO 1701726 45 03 25N 
61 47.79W 

25 00 SOUTH OF INDIAN 
HARBOUR 

OLIVE-GREY SAND LITHOTHAMNION 
ENCRUSTED COBBLE ON TOP. BOTTOM 
IN COBBLY SAND. SEISMIC- BEDROCK 
CHANNEL FILLED WITH LAMINATE ON 
TOP FILL. SOCK IN CORE CATCHER 
PREVENTED SOME LOSS 1 GAL BUCKET 
WITH CORE CATCHER MATERIAL. 

097 VIBRO 1701820 45 00 76N 25.60 SOUTH OF INDIAN SEISMIC-CHANNELS IN BEDROCK 
61 48.03W HARBOUR FILLED WITH TRANSGRESSIVE ON TOP 

FACIES WITH UNIT (E). MYSTERY IN BASE 
OF CHANNELS OLIVE-GREY SILTY SAND, 
COBBLE PINK COVERED OUSTS ON 
SURFACE (LITHOTHAMNION). LAG, WELL 
SORTED. BLACK REDUC'-D ZONES 
MOTTLING (SULPHIDE) FEW GRANULES 
2 SUBSAMPLES (CUTTER-CATCHER). 

098 VI3RO 1701908 44 56 73N 47 00 SOUTH OF INDIAN CORING BASIN CHANNEL FILL UNITS 
61 48 46W HARBOUR (30CM),MAY GET INTO UNIT 2? UNIT 3 IS 

SABLE ISLAND SAND. UNIT 2- ESTUARINE 
UNIT 1- TILL-UNIT (C). UNIT 2-
OLIVE-GREY SILTY SAND WELL SORTED, 
COBBLE-PEBBLE LAG. UNIT 1-
GREY-BLACK SILTY CLAY REDUCED-
ORGANIC- SULPHIDE MOTTLING. FRAME 
AROUND THE MOTOR WAS DESTROYED 

099 VIBRO 1711840 44 55.12N 89 00 SOUTH OF CORE HIT STONE IN UPPER UNIT(3) 
61 3913W LISCOMB TILL AND CONTINUED TO PENETRATE 

WITHOUT FURTHER RETENTION. THE 
RESULTANT CORE WAS AN OLIVE-GREY 
SAND (UNIT 3), THE TOP AN APPARENT 
TRANSGRESSIVE SAND. THE OUTSIDE OF 
THE BARREL WAS COVERED WITH A 
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TYPE 
SAMPLE OF JULIAN LATITUDE DEPTH GEOGRAPHIC 
NUMBER IKU DAY/TIME LONGITUDE (MTRS) LOCATION NOTES 

002 IKU 1561448 44 33 62N 
63 32 17W 

31 0 HALIFAX HARBOUR GREENISH GREY COMPACTED MUDDY 
SEDIMENT WITH QUOHOG SHELLS IN 
SEDIMENT HIGHLY DISTURBED SO NO 
PUSH CORE TAKEN SAMPLE STORED IN 1 (5 
GAL) BUCKET SMALL SAMPLE 

005 IKU 1581231 44 19 50N 
64 09 17W 

20 00 LUNENBURG 
HARBOUR 

POCKED BEDROCK SURFACE ON SIDE 
SCAN HALIFAX SLATE COBBLES 

006 IKU 1581247 44 19 46N 22 00 LUNENBURG BEDROCK SURFACE POSSIBLY HALIFAX 
64 09 14W HARBOUR, NORTH SLATE 3 (5 GAL) BUCKETS TAKEN IN 

CROSS ISLAND AREA OF BEDROCK ON THE SIDESCAN WITH 
I UNUSUAL PITS AT SEABED POSSIBLY OLD 

MINING PITS BY SEAGOLD 

007 IKU 1581326 44 17 08N 
64 06 09W 

62 0 LUNENBURG 1ST ATI tMPT JAWS OPEN BROUGHT 
BACK ROCKS IN THF. JAWS 

008 IKU 1581334 44 17 08N 
64 06 21W 

62 0 LUNENBURG NO RECOVERY 

009 IKU 1581345 44 16 95N 
64 06 34W 

62 0 LUNENBURG MUDDY SANDY GRAVEL MOSTLY SLATE 
SAMPLE STORED IN 5 (5 GAL1 BUCKETS 
PANNED SAMPLE HEAVIES MAGNETITE 
GARNET, ILMENITE NO GOLD SUBSAMPLES 
- GRAVEL FINES 

010 IKU 1581409 44 16 12N 
64 04 46W 

65 0 LUNENBURG SAMPLE STORED IN 4 (5 GAL) BUCKETS 
2 PHOTOS TAKEN 

011 IKU 1581441 44 15 23N 
64 0341W 

67 0 LUNENBURG SAMPLE ROCKS/MACPOFAUNA SAMPLE 
STORED IN 1 (5 GAL) BUCKET 

012 IKU 1581608 44 09 89N 
63 56 40W 

106 0 LUNENBURG NO RECOVERY 

013 IKU 1581618 44 09 89N 
63 56 40W 

106 0 LUNENBURG NO RECOVERY 

014 IKU 1581624 44 09 90N 106 0 LUNENBURG SAMPLER JAMMED OPEN WITH LARGE 
63 56 43W BOULDER 1/3 FULL PANNED SUBSAMPLt. 

NO GOLD BOULDERS COBBLES SAND SILT 
AND MUD STARFISH (BRITTLE) GREENISH 
BROWN COLOR AREA OF EXPOSED 
BEDROCK WITH SAND AND GRAVEL IN 
RIPPLES BETWEEN RIDGES 

015 IKU 1581825 44 01 22N 
63 39 23W 

165 0 PENNANT PT 3 PUSH CORES (AREA E) 40CM EACH 
GREY MUD NO STONES (LAHAVE CLAY) 
FEW SHELLS MORAINE TOP SAMPLE 
(PENNANT PT) MAY HAVE MISSED 
TOPOGRAPHIC HIGH MISSED TILL GOT 
LAHAVE CLAY ALL MUD NO STONES 
SAMPLE STORED IN 3 (5 GAL BUCKETS) 
LABELLED - SURFACE LAG JUST BENEATH 
SURFACE, BOTTOM 

016 IKU 1591236 43 55 27N 
63 45 41W 

LUNENBURG ICEBERG FURROWS ON SEABED GOOD 
TILL-SOUTH S H O R E M O R A I N E 
SLATE FACETTED-STRIATED SOME GRANITE 
CLASTS GREY BROWN MUDDY MATRIX TOP 
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A p p e n d i x 3 SAMPLE PANNED- 2 SUBSAMPLES 1= 
PEBBLE 2=GnANULE SAMPLE STORED IN 5 
(5 GAL BUCKETS) 1 TOP, 2 MIDDLE, 2 
BOTTOM PUSH CORE WAS STARTED IN THE 
MIDDLE OF GRAB AVOIDED SURFACE LAG 
PUSH CORE LABELLED AS 91-18-015 
SUBSAMPLES LABELLED AS IKU-16 PEBBLE, 
IKU-16 GRANULE 

017 IKU 1591424 44 05 16N 
64 02 71W 

82 3 LUNENBURG (SEISMIC) SABLE ISL SAND ON REWORKED 
TILL.CLASTS ANGULAR AND ROUNDED 
SLATE GRANITE 5-10 %, SANDY MATRIX, 
COARSE GRANULES GREY QTZ VEIN IN 
FLOAT 2 SUBSAMPLES IKU-17 GRAVEL 
GRANULE, IKU-17 GRANULE SAMPLE 
STORED IN 2 (5 GAL) BUCKETS 1 BUCKET 
RETAINED FOR PANNING 

019 IKU 1591746 44 15 60N 
S4 10 43W 

56 0 SOUTH CROSS 
ISLAND 

JUST RECOVERED ROUNDED BOULDERS 
OF METAGRAYWACKE 1-2 FT IN DIAMETER 
10-12 BOULDERS IN 4 TRIES 

020 IKU 1591838 44 14 85N 
64 09 40W 

53 0 SOUTH CROSS 
ISLAND 

(SEISMIC) BOULDERY SURFACE 
INTERMIXED WITH GRAVEL TILL OR 
BEDROCK COVER MAYBE LATE TILL? 1 
BOULDER RETAINED BOULDER IN FIRST 2 
ATTEMPTS, WATER IN THIRD 

021 IKU 1591928 44 12 96N 
64 16 75W 

40 0 LUNENBURG GRAVEL RIPPLES IN BEDROCK FIRST 
ATTEMPT WAS WATER SECOND ATTEMPT 
BOULDERS AND SOME GRAVEL SAMPLE 
STORED IN 1 (5 GAL) BUCKET 

023 IKU 1601650 44 19 33N 
64 1501W 

20 0 DIRECTLY OFF 
OVENS PARK 

8 ATTEMPTS- ONLY ONE HAS SMALL 
SAMPLE MUDDY GRAVEL- OTHERS HAVE 
BOULDERS IN JAWS UNUSUAL BOULDERS 
OF BRIDGEWATER CONGLOMERATE IN ONE 
ATTEMPT MUDDY GRAVEL WASHED DOWN 
3 BAGED SUBSAMPLES FROM PANNING 1 = 
GRAVEL SAMPLE, 2=GRANULE SAMPLE 3= 
HEAVIES SAMPLE 1 BUCKET SAMPLE OF 
BRIDGEWATER CONGLOMERATE 

024 IKU 1601850 44 18 19N 
64 00 06W 

70 0 LUNENBURG MATRIX-SILTY-SAND, SOME CLAY GRAVEL-
PEBBLES GREY BROWN LARGE CLASTS 
SOME STRIATED HALIFAX SLATE TOP OF 
INTERPRETED DRUMLIN (SEE SIDESCAN) 
DRUMLIN EXPOSURE 3 (5 GAL) BUCKETS OF 
URGE CUSTS 1 BAG OF MATRIX 

025 IKU 1601915 44 17 33N 
64 00 96W 

71 0 LUNENBURG DRUMLIN EXPOSURE- TOP OF DRUHnLIN 
1 (5 GAL) BUCKET SAMPLE GOOD TILL, LOTS 
OF MATRIX GREY-BROWN, SILTY-SAND 
MATRIX 

026 IKU 1611148 44 35 95N 
63 21 36W 

18 0 SOUTH OF 
UWRENCETOWN 

SAMPLING BOULDER ARMOR SOUTH OF 
UWRENCETOWN BEACH 2 (5 GAL) 
BUCKETS OF GRAVEL ROCKS 

027 IKU 1611240 44 2968N 
63 19 65W 

62 0 SOUTH OF THREE 
FATHOM HARBOUR 

HUMMOCKY TILL SURFACE BOULDERY 
ROUNDED AND ANGUUR CUSTS S A N D Y 
MATRIX 3 (5 GAL) BUCKETS + 1 BAG OF 
MATRIX STORED IN A (1 GAL) BUCKET 

028 IKU 1611432 44 12 75N 
63 17 83W 

164 0 HALIFAX MORAINE BROWN-GREY SILTY TILL, STRIATED 
CUSTS SURFACE U G BOULDERY, SOME 
EDGE ROUNDING INCLUSIONS OF 
UNOXIDIZED GREY-BUCK SILTY TILL(DRY) 
WITHIN BASE OF GRAB THIS WAS SAVED AS 
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. J' 1 A B A G SAMPLE. HALIFAX MORAINE 

A p p e n d l X 3 CONTINUATION, MOUND OF TILL (SEISMIC). 
1 PUSH CORE UBELLED 91-18-028 AND 4 (5 
GAL) BUCKETS PUSH CORE WAS BENEATH 
SURFACE U G BUCKETS UBELLED AS 1= 
TOP, 1= MIDDLE AND 2=BOTTOM, 

029 IKU 1611640 44 01 13N 
63 13 SOW 

81 0 HALIFAX HARBOUR NORTH SAMBRO BANK- TILL MOUND OR 
MORAINE SAMPLE GREY-BROWN STONY 
TILL SILTY-CUY-SAND MATRIX CUSTS: 
METAWACKE, PINK GRANITE. INCLUSIONS 
OF RED SEDIMENT FEW SHELLS EDGE 
ROUNDING SAMPLE STORED IN 5 (5 QAL) 
BUCKETS. 1 TOP, 2 MIDDLE AND 2 BOTTOM 
1 PUSH CORE UBELLED 91-18-029 REFER 
TO 3 5KHZ RECORD AT 161/1640, 

031 IKU 1621415 44 29 85N 64 0 OLD SACKVILLE SURFACE TILL? SHEET TRANSGRESSED-
63 19 98W RIVER VALLEY SANDY MATRU SUTE-METAWACKE CUSTS, 

EDGE ROUNDED, LOOKS LIKE BEAVER 
RIVER TILL LOCAL LITHOLOGY LARGE 
BOULDERS COBBLES. 2 (5 GAL) BUCKETS 
URGEBOULDERS PEBBLES SOME MATRIX 
RECOVERED PUT IN BUCKO. 

032 IKU 1621440 44 28 41N 82 0 EAST OF OLD SURFACE TILL SHEET OR OUTWASH 
63 19 97W SACKVILLE MOUNDS 7 GRAVEL SURFACE 

RIVER VALLEY (SIDESCAN) GREY-BROWN SANDY MATRIX 
METAWACKE CLASTS ROUNDED 10 
SUBANGULAR BEAVERRIVER TILL ? LARGE 
BOULDERS SAME AS PREVIOUS TILL! 3 (5 
GAL) BUCKETS 2 BOULDERS- PEBBLE LAGS 
1 BUCKET OF MATRIX-TILL. 

033 IKU 1621650 44 27 52N 64 0 SOUTH OF T ILL-SHEET HUMMOCKY SURFACE, 
63 23 49W DARTMOUTH (SIDESCAN) GRAVEL-BOULDERS GREY 

SANDY MATRIX (SILT < 20%) UNWASHED. 
CLASTS SUBROUNDED TO SUBANGULAR 
METAGRAYWACKE > 90% GRANITE < 5% 
SHELL FRAGMENTS-PELECYPOD BEAVER 
RIVER TILL 3 (5 GAL) BUCKETS 2 FOR TOP 
U G AND 1 FOR BOTTOM TILL 1 SUBSAMPLE 
OF MATRIX TILL FOR GRAIN SIZE LABELLED 
AS 91-18-33 

042 IKU 1631709 44 35 59N 
63 23 39W 

27 4 SOUTH CONRODS 
HEAD 

SAMPLE STORED IN 5 (5 GAL) BUCKETS. 
T I L L S U R F A C E - B O U L D E R Y -
HUMMOCKY-REWORKED SURFACE, WELL 
ROUNDED AND DISCOIDAL COBBLES 
PEBBLES GRAVEL AND SAND, GREY 
BROWN, BUCK ORGANIC ZONE. INNER 
MIXED (ESTUARINE?) LITHOLOGIES 
METAGRAYWACKE GRANITE, RED 
SANDSTONE (WIDE VARIETY) 

044 IKU 1631825 44 29 73N 55 0 TILL SHEET, COBBLES-FEW BOULDERS SEISMIC-
63 23 73W SOUTH CONRODS SIDESCAN COBBLE UG-SUBROUNDED 

HEAD TO SUBANGULAR METAGRAYWACKE 
CLASTS, < 2% GRANITOID (SOUTH MTN). 
MATRIX-COARSE SAND, OLIVEGREY SOME 
MATRIX RETAINED IN GRAB. (BEAVER RIVER 
TILL 7) SAMPLE STORED IN 2 (5 GAL) 
BUCKETS 

047 IKU 1631904 44 29 30N 54 0 INNER SHELF, SAMPLE STORED IN 2 (5 GAL) BUCKETS 
63 24 31W SOUTH OF UBELLED MATRIX AND U G BUCK 

HALIFAX SIDESCAN COBBLE SURFACE, A FEW 
B O U L D E R S D I A M I C T O N - T I L L , 
COBBLE-BOULDER U G OLIVE GREY SILTY 



A p p e n d i x 3 SAND TILL UNDERNEATH U G SURFACE 
PROTECTS AN UNDERLYING TILL MATRIX 
WHICH IS NOT WASHED > 90% 
METAGRAYWACKE CUSTS, SANDY MATRIX 

048 IKU 1631940 44 29 53N 53 0 INNER SHELF, SAMPLE STORED IN 2 (5 GAL) BUCKETS 
63 26 46W SOUTH OF UBELLED MATRIX AND U G TILL-

HALIFAX SECTION (SEISMIC INTERP) OLIVE- GREY 
SANDY MATRIX, UNWASHED- SUBROUNDED-
SUBANGUUR CUSTS, U G SURFACE OF 
M E T A G R A Y W A C K E 1 L A R G E 
METASOMATIZED ? GRANITE BOULDER 

049 IKU 1641211 44 24 18N 
63 02 50W 

128 0 EASTERN SHORE 
MORAINE 

050 IKU 1611320 44 15 35N 
63 01 88W 

164 0 NORTH OF 
EASTERN SHORE 

051 IKU 1641415 44 15 79N 
62 59 54W 

165 0 

SAMPLE STORED IN 4 (5 GAL) BUCKETS 
UBELLED AS 1=TOP, 1=MIDDLE, 1=BOTTOM 
AND 1 UBELLED RED UYER TILL MOUND 
ADJACENT TO POSSIBLE LIFTOFF? MORAINE 
OLIVE GREY SAND ( SILTY DIAMICTON-TILL 
STRIATED FACETTED METAGRAY-WACKE 
CUSTS AND GRANITE CUSTS ANOMALOUS 
RED GREY UYER IN TILL (SAMPLE) 

TILL MOUND SURROUNDED BY GUCIO 
MARINE EMERALD SILT OLIVE GREY SILTY 
TILL MORAINE GREY SAND AND RED CUY 
INCLUSIONS SHELL FRAGMENTS 
METAGRAYWACKE CUSTS, SUBROUNDED 
TO SUBANGUUR, SURFACE COBBLE 
UG-TILL DOMINATED BY PEBBLE-SIZED 
CUSTS 1 PUSH CORE FROM AREA (E) 
SAMPLE STORED IN 4 (5 GAL) BUCKETS 
UBELLED 1=TOP, 3=BOTTOM 

SURFACE LAG SILTY-SANDY DIAMICTON-
TILL? WITH SUBROUNDED TO SUBANGUUR 
CUSTS-METAGRAY-WACKE (>90 %) RED 
SILTSTONE.VOLCANIC, METAMORPHIS 
CUSTS <5%,GRADES INTO MASSIVE 
GREYISH CUY-SILTY-CUY FEW STONES 1 
PUSH CORE OF BOTTOM SILTY-CUY 
SEDIMENTS POSSIBLE EMERALD SILT (A) 
(SEE SEISMIC) GRAB WELL STRATIFIED, NOT 
MIXED INSITU 1SUBSAMPLE OF LITHOLOGY 
SAMPLE STORED IN 5 (5 GAL) BUCKETS 1 
FROM TOP, 2 FROM MIDDLE AND 2 FROM 
THE BOTTOM 

052 IKU 1641500 44 16 85N 
62 56 41W 

171 0 HALIFAX MORAINE OLIVE GREY SANDY-SILTY DIAMICTON 
(TIU-)SAND INCLUSIONS, COBBLE-BOULDER 
U G SURFACE METAGRAYWACKE CUSTS 
>90 % SUBROUNDED TO SUBANGUUR, 1 
PINK GRANITOID CUST ON SURFACE 
(SYENITE) SAMPLE STORED IN 4 (5 GAL) 
BUCKETS LABELLED 1=TOP, 1=MIDDLE AND 
2 FROM BOTTOM 1 SUBSAMPLE OF ERRATIC 
GRANITE IN A BAG 

055 IKU 1651428 44 28 90N 128 0 EASTERN SHORE TOP OF MORAINE-ICEBERG 
63 19 88W MORAINE FURROWS? OLIVE-GREY SILTY SANDY 

MATRIX (DIAMICTON) METAGRAY-WACKE 
>90 % GRANITE, MUD CUSTS (CARB ?) (<5 
%)- SANDY INCLUSIONS BURROWS INSIDE 
SAND 2 BUCKETS FROM THE TOP AND 2 
FROM THE BOTTOM BASE OF CUSTS-
METAGRAYWACKE GRANITE, MUD CUSTS 
' GREY GREEN MUDSTONE 

056 IKU 1651630 44 25 61N 128 0 EASTERN SHORE TOP OF EASTERN SHORE MORAINE 
62 3108W MORAINE SURFACE UG-BOULDER-COBBLE UYER 
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Appendix 3 
M E T A G R A Y W A C K E ANGULAR 10 
SUBROUNDED, CUSTS (> 90%) S O M E 
FACETTED AND STRIATED BECOMING 
CUYISH AND LESS STONY BENEATH THE 
SURFACE MATRIX OLIVE-GREY SILTY-CUY 
SAND RED-BROWN CUYEY UYERS-
INCLUSIONS 1 GRANITE CUST SOME 
CUSTS VERY ANGUUR AND SOME WITH 
EDGE ROUNDING SAMPLE STORED IN 5 (5 
GAL) BUCKETS 2 FROM TOP, 2 FROM 
BOTTOM AND 1 OF CLASTS 

057 IKU 1651749 44 31 93N 142 0 NORTH OF EMERALD SILT (ERODED) COBBLE-
62 27 43W EASTERN SHORE BOULDER SURFACE U G MET AGRA Y-

MORAINE WACKE >90% SILTY-CLAY SAND MATRIX 
BELOW OLIVE GREY SILTY DIAMICTON 
COBBLE-PEBBLE SIZED CUSTS BOULDERS 
ENCRUSTED WITH POLYPS- URGE WORM 
RECOVERED 1 BAG OF PURPLE SLIME OF 
UNKNOWN ORIGIN SAMPLE STORED IN 3 (r. 
GAL) BUCKETS 1 FROM THE TOP AND I 
FROM THE BOTTOM 

059 IKU 1651930 44 37 37N 910 DRUMLIN FIELDS HUMMOCKY MOUNDS OF TILL BOULDERY 
62 30 59W U G IN IKU. METAGRAYWACKE GRANITE 

SOME MATRIX (OLIVE GREY SAND), VERY 
BOULDERY SAMPLE STORED IN 2 (5 GAL) 
BUCKETS 1 OF U G BOULDERS AND 1 OF 
MATRIX 

060 IKU 1671150 44 42 25N 
62 39 28W 

37 0 SOUTH OF 
TANGIER ISUND 

SAND BEDFORMS OVERLYING ARMOUR 
UNCONFORMING ESTUARINE/GUCIOMARINE 
SEDIMENTS (SEISMIC) ARMOUR Or 
COBBLES BOULDERS, DISCOIDAL CUSTS 
(SHINGLE) OVERLYING OLIVE GREY BUCK 
SILTY SAND MATRIX, TILl? (DIAMICTON) 
SAMPLE STORED IN 3 (5 GAL) BUCKETS 1 
UBELLED U G 1 UBELLED MIXED AND 1 
UBELLED MATRIX 

061 IKU 1671215 44 43 11N 38 0 SOUTH OF SAND BODY (WHITE ON SIDESCAN) 
62 3917W TANGIER ISUNU COBBLE UG-DISCOID CUSTS (SHINGLE 

SHAPE) METAGRAYWACKE. GRANITE 
LITHOTHAMNION ENCRUSTATION ON 
CUSTS, MATRIX, SAND 2 (5 GAL) BUCKETS 

062 IKU 1671320 44 41 40N 79 0 SOUTH OF BEACH GRAVEL (SEISMIC) DISCOID 
62 32 56W MUSHABOOM CLASTS METAWACKE-GRANITE SAND 

MATRIX WAS WELL SORTED GREY-GREEN IN 
COLOR (BEACH) MISSED ON 1ST ATTEMPT, 
OVERSHOT, 2(5 GAL) BUCKETS 

063 IKU 1671337 44 41 23N 80 0 SOUTH OF UNIT-C OUTCROPS ON SURFACE BETWEEN 
62 32 59W MUSHABOOM 2 DEEP VALLEYS FILLED WITH BEACH 

(UNIT-B) AND ESTUARINE SEDIMENT (UNIT-G) 
(SEISMIC) OLIVE-GREY STONEY SANDY 
DIAMICTON (TILL) METAGRAYWACKE 
CLASTS 1 GRANITE CUST 3 (5 GAL) 
BUCKETS OF MIXED SAMPLE ( U G • 
SUBSURFACE) (SMALL VOLIJMN IN GRAB) 

064 IKU 1671428 44 37 28N 64 0 SOUTH OF TILL MOUNDS (SEISMIC) OLIVE-GREY 
62 36 48W MUSHABOOM STONEY DIAMICTON (TILL) SUBANGUUR TO 

SUBROUNDED C L A S T S , MOSTLY 
S U B R O U N D E D SANDY MATRIX 
METAGRAYWACKE CUSTS >90% SAMPLE 
WELL WASHED DURING RECOVERY 4 (5 
GAL) BUCKETS 1= TOP, 3= MATRIX 
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Ofifl IKU 1681127 45 05 78N 
61 35 92W 

27 0 

Appendix 3 
MOUTH OF 
COUNTRY 
HARBOUR 

OLIVE-GREY MEDIUM GRAINED SAND WITH 
ABUNDANT SAND SIZED SHELL 
FRAGMENTS SAMPLE ALSO CONTAINS 
ABUNDANT SAND DOLURS 4 (5 GAL) 
BUCKETS 

069 IKU 1681147 45 0546N 
61 35 54W 

31 0 MOUTH OF 
COUNTRY 
HARBOUR 

DESCRIPTION- OLIVE-GREY MEDIUM SAND 
WITH SAND SIZED SHELL FRAGMENTS 
NICE SMELL TO THE SAMPLE"!!' PROBABLY 
A HIGH CONCENTRATION OF HEAVIES IN 
SAMPLE SAND DOLURS AND QUOHOG 
SHELL 4 (5 GAL) BUCKETS 

070 IKU 1681202 45 05 11N 
6135 22W 

27 0 MOUTH OF 
COUNTRY 
HARBOUR 

ON THE DOME GRAVEL U G OVER MATRIX 
MUDDY SAND LITHOTHAMNION ON ALL 
ROCKS 2 (5 GAL) BUCKETS OF MATRIX 
ONLY 4 (5 GAL) BUCKETS OF FULL SAMPLE 
THIS IS A SPECIAL SAMPLE FOR ASSAY 
SAMPLE ACCUMULATED IN 4 GRABS AT THIS 
SITE 

071 IKU 1681226 45 05 12N 29 0 
61 35 29W 

MOUTH OF 
COUNTRY 

MUDDY GRAVEL CUSTS ARE COVERED 
WITH L I T H O T H A M N I O N SLATE-
METAGRAYWACKE >90% 1 (5 GAL) BUCKET 
PANNED SAMPLE, NO VISIBLE GOLD LOTS 
OF HEAVIES (GARNET) 

072 IKU 1681236 45 04 81N 33 0 
61 35 16W 

MOUTH OF 
COUNTRY 
HARBOUR 

OLIVE-GREY MEDIUM SAND WITH GRAVEL 
CUSTS SUTE METAGRAYWACKE >90%-
GRANITE-QUARTZ VEIN (NO VG) 1 (5 GAL) 
BUCKET PANNED SAMPLE NO VISIBLE 
GOLD BUT LOTS OF HEAVIES 

0/3 IKU 16B1242 45 D4 BON 31 0 
61 35 13W 

MOUTH OF 
COUNTRY 
HARBOUR 

OLIVE-GREY MEDIUM SAND (NO GRAVEL) 
SAND DOLURS 2 (5 GAL) BUCKETS 

074 IKU 1681329 45 04 52N 35 0 
61 34 98W 

MOUTH or 
COUNTRY 
HARBOUR 

OLIVE-GREY MEDIUM SAND FEW 
COBBLES SAND DOL URS (SAND 
WEDGE SEISMIC) PANNED SAMPLE -
ABUNDANT GARNET, A FEW COBBLES 
SILT-SIZED 3 (5 GAL) BUCKETS SAMPLER 
WAS 1/4 FULL 

075 IKU 1681349 45 03 70N 
61 33 74W 

35 0 SOUTH OF 
COUNTRY 
HARBOUR 

GRAVEL AND COBBLES SANDY MATRIX 
OLIVE GREY DISCOID CUSTS. SUTE-
(DOME) METAGRAYWACKE > 90% SOME 
GRANITE, REWORKED TILL (SEISMIC) SABLE 
ISLAND SAND-GRAVEL 2 (5 GAL) BUCKETS 
SAMPLER WAS 1/8 FULL 

076 IKU 1681437 45 0O43N 
61 30 46W 

73 0 SOUTH OF 
COUNTRY 
HARBOUR 

(SEISMIC) SABLE ISLAND SAND-GRAVEL 
BROAD CHANNEL COBBLE U G 
METAGRAYWACKE (DOME) SUBANGUUR TO 
SUBROUNDED MOSTLY SUBROUNDED, 
MATRIX OLIVE-GREY (<5%) SAND MEDIUM, 
NOT AS MUCH ROUNDING AS PREVIOUS 
SAMPLE SAMPLE THOROUGHLY WASHED 
ON RETRIEVAL 1 (5 GAL) BUCKET SAMPLER 
WAS 1/4 FULL 

077 IKU 1681630 44 59 61N 
61 29 85 W 

40 0 SOUTH OF 
COUNTRY 
HARBOUR 

SEISMIC RIPPLE ZONE BETWEEN 2 ROCK 
KNOBS OLIVE-GREY STONY 
DIAMICTON-METAGRAYWACKE (DOME) 
CLASTS > 90% SUBANGULAR TO 
S U B R O U N D E D ( W I D E R A N G E ) 
SILTY-CUY SAND MATRIX SOME BUCK 
ORGANIC CUY IN MATRIX 3 (5 GAL) 
BUCKETS OF MATRIX SAMPLE U G LEFT 
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082 IKU 1691250 44 50 95N 
61 31 71W 

82 0 

Appendix 3 
SOUTH OF 
COUNTRY 
HARBOUR 

BEHIND SAMPLER WAS 1/2 FULL 

ON TOP OF BRASS NUT MOUND, 
TRANSGRESSED COUNTRY HBR 
MORAINE, U G GRAVEL OVER TILL 
UG-COBBLE BOULDER SUBROUNDED, TILL; 
OLIVE-GREY SANDY DIAMICTON, 
SUBROUNDED TO ANGUUR CLASTS. 
METAGRAYWACKE > 95% 2 (5 GAL) 
BUCKETS SAMPLER WAS 1/4 FULL 

08? IKU 1691320 44 50 18N 
61 31 55W 

82 0 SOUTH OF 
COUNTRY 
HARBOUR 

ONSIDE OF MOUND (BRASS NUT) COB >LH-
BOULDER U G SUBANGULAR TO 
UNIT-3. SUBROUNDED, METAGRAYWACKE 
AND QUARTZ VEIN OVERLYING 
GREY-BROWN SANDY DIAMICTON. 20CM. 
UNIT-2 OVERLYING GREY CUY WITH 
SHELLS, FEW STONES UNIT-1 (EMERALD 
SILT) 3 (5 GAL) BUCKETS, 1=TOP, 1=M!DDI E 
AND 1= BOTTOM SAMPLER WAS 3/4 FULL 

084 IKU 1691409 44 40 25N 
61 24 11W 

82 0 SOUTH OF 
COUNTRY 
HARBOUR 

MORAINE MOUND (TRANSGRESSED) 
COBBLE-BOULDER LAG QUARTZ VEIN 
IN BOULDER (MORAINE) METAGRAYWACKE 
>95% TILL UNDERNEATH OLIVE-GREY 
SANDY DIAMICTON METAGRAYWACKE 
SUBROUNDED TO SUBANGULAR. 
METAGRAYWACKE >95% 1 (5 GAL) BUCKET 
OF U G DEPOSIT AND 1 (5 GAL) BUCKET OF 
TILL BENEATH (BOTTOM) SAMPLER WAS 1/2 
FULL 

085 IKU 1691615 44 42 46N 
61 21 71W 

109 0 SOUTH OF 
COUNTRY 
HARBOUR 

SEISMIC MOUND MORAINE OVCRLAIN BY 
VENEER OF EMERALD SILT SAMPLE 3 
UNITS TOP (MORAINE) TOP UNIT-
COBBLE-BOULDER U G METAGRAYWACKE, 
MIDDLE UNIT- (10 40CMJOLIVE GREY-SANDY 
DIAMICTON UNIT 3-(+ 40CM) GREY-BROWN 
(REDDISH TINGE) CUY WITH TEW STONES. 
3 (5 GAL) BUCKETS 1= TOP U G , 1= MIDDLE 
SAMPLE, 1= BOTTOM SAMPLER WAS 3/4 
FULL 

086 IKU 1691650 44 40 08N 
61 20 95W 

107 0 COUNTRY 
HARBOUR 

SURFACE OUTCROPPING TILL TONGUE 
OVERUIN BY EMERALD SILT. THEN 
TRUNCATED BY MARINE EROSION ? 
COBBLE-BOULDER U G METAGRAYWACKE 
SUBROUNDED TO SUBANGUUR OVERLYING 
OLIVE-GREEN-GREY SANDY DIAMICTON. > 
95% METAGRAYWACKE CUSTS A THIN 
CLAY UYER NOTED AT BASE PROBABLY 
OVERLIES EMERALD SILT PANNED SAMPIE 
CLASTS MOSTLY SUBANGULAR QUARTZ 
VEIN NO VG (VISIBLE GOLD) ILMANITE 
GARNET 2 (5 GAL) BUCKETS, 1= LAG 
(SURFACE), 1= BOTTOM, SAMPLER WAS 1/2 
FULL 

089 IKU 1691920 44 44 62N 
61 45 35W 

106 0 COUNTRY 
HARBOUR 
MORAINE 

BOTTOM- UNIT-1 GREY-SANDY CUY-SILT< 
CUY MASSIVE, SHELL BEARING, 
HEAVY > 6CM MIDDLE- UNIT 2 OLIVE GREY 
SILTY SANDY DIAMICTON 2-6CM TOP- UNIT 
3 BOULDER COBBLE U G , SUBANGUUR TO 
SUBROUNDED METAGRAYWACKE > 95%. 
PUSH CORE WAS TAKEN UNDERNEATH THE 
SURFACE U G SAMPLE STORED IN 3 
BUCKETS. 1 (2 1/2 GAL) BUCKET UBELLED 
TOP 1 (2 1/2 GAL) BUCKET UBEU ED 
MIDDLE 1 (5 GAL) BUCKET UBELLED 
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346 

BOTTOM APPROX 70CM FROM TOP TO 
BOTTOM SAMPLER WAS FULL TO BRIMMING 

091 IKU 1701248 45 02 53N 73 0 SOUTH OF TOR BEDROCK RIDGE LAG DEPOSITS (SEISMIC) 
61 18 24W BAY COBBLE-BOULDER UG- WELL ROUNDED 

COBBLES -BOULDERS M.XED WITH 
SUBANGULAR COBBLES- PEBBLES, 
O V E R L Y I N G GREY D I A M I C T O N , 
METAGRAYWACKE >95% SOME RED 
INCLUSIONS IN MATRIX DERIVED 
UWRENCETOWN TILL 1 (2 5 GAL) BUCKET 
UBELLED BOTTOM CONTAINS UNDERLYING 
TILL MATRIX AND 2 (1 GAL) BUCKETS 
L A B E L L E D T O P C O N T A I N I N G 
TRANSGRESSIVE U G + 1 BAG OF MATRIX 
FOR GRAIN SIZE SAMPLER WAS 1/2 FULL 

092 IKU 1701340 45 01 77N 93 0 SOUTH OF TOR ERODED UNIT (C)7 TILL ? IN BEDROCK 
611871W BAY CHANNEL (SFISMIC) COBBLE BOULDER U G 

SUTE-ANGUUR (>80%) ROUNDED GRANITE 
(CANSO PLUTON?) UNDERLYING 
GREY MD BROWN SILTY CUY DIAMICTON 
FEW STONES NOTE REDDISH TINGE TRIP 
ARM WAS BENT NEEDED 2 ATTEMPTS 2 (1 
GAL) BUCKETS LABELLED TOP U G AND 1 (2 
1/2 GAL) BUCKET OF UNDERLYING TILL 
UBELLED BOTTOM + 1 BAG OF GRANITE 
(CUST LITHOLOGY) 

09J IKU 1701414 44 57 07N 112 0 SOUTH OF NEW ERODED EMERALD SILT (A) AT LOW SEA 
61 21 64W HARBOUR LEVEL POSITION (SEE HUNTEC, 

RIVER SIDESCAN) PEBBLE-LAG (5CM) 
B R O W N I S H - G R E Y D I A M I C T O N 
METAGRAYWACKE >90% (UNIT-3) 
OVERLYING GREYISH-GREEN SANDY SILT 
DIAMICTON (UNIT-2) OVERLYING (15-40CM) 
CUY WITH HEDDISH INCLUSIONS (SHELL 
FRAGMENTS) (UNIT 1) 4 (1 GAL) BUCKETS 
2= TOP 1=MIDDLE AND 1= BOTTOM PUSH 
CORES (BLOW BY) 4-10CM OF SEDIMENT 
(COMPRESS) SAMPLER WAS FULL 

094 IKU 1701633 45 03 86N 
61 48 87W 

11 00 WINE HEAD WINE HEAD SAND SAMPLE FIRST 
ATTEMPT HAD KELP AND MUSSELS 
WASHED AND REWORKED GRAVEL AND 
COBBLES WITH ORGANIC SILTY SAND 
(SECOND KELP) 1 (5 GAL)BUCKET + 3 BAGS 
SAMPLER WAS 1/2 FULL 

095 IKU 1701648 45 03 85N 
61 48 60W 

18 00 WINE HEAD BROWN COBBLY-SAND OXIDIZED OVER 
BLACK ORGANIC SILTY-SAND WITH 
PEBBLES (ESTUARINE) 3 BAGS UBELLED 
TOP BOTTOM AND SURFACE GRAVEL 
SAMPLER WAS 1/2 FULL 
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MARINE SEDIMENT DATA 

91018-DAWSON CRUISE 

SAMPLE TYPES, ASSOCIATED LANDFORMS AND LITHOLOGIC AND SHAPE 

OBSERVATIONS 

1 = Sample number 

2 = Sample type (0=full. 1= surface lag, 2-matrix, 3=top, 4=middle, 5= bottom.) 

3 = Sediment Class (G-Gravel, GS-Gravelly sand, D-Diamiclon, S-Sand, M-Mud) 

4 = Landform (TD-Transgressive deposit, UC- Unit C, UB- Unit B, RM-Moraines 

(Morainal Zone), SM-Scotian Shelf End Moraines. 

5 = Duplicate status (D-Duplicate if true .T) 
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F 
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Comments 

Rounded to well rounded, Foreigns include North Mountain basal, 
volcanics, pink, k-spar granitoids. 

Subangular to subrounded. 

Subangular to subrounded. Foreign include North Mountain basalt, 
volcanic fragments and pink k-spar granitoids. 

Angular to subrounded. 27 Fragments of an indurated diamict. Foreign 
include coarse, feldpathic sandstone, pink granitoid. 

Subangular to subrounded. Foreigns include amygdaloidal basalt, red and 
grey clastic sedimentary rocks, volcanics? 

No granule or pebble-sized clasts in sample. 

Subangular to subrounded. Foreigns include foliated granitoids (gneiss), 
volcanic, red and grey elastics, pink k-spar granitoid. 

Subangular to subrounded mostly subangular. Metapelilic lithologies with 
abundance of siliceous, greenish (Epidote?)alteration and disseminated 
sulphides. Foreign include mafic granitoids, porphyritic felsic volcanics, 
and red metasiltstone. Presence of an indurated grey diamict, possible 
older tills? 

Subangular to subrounded.Foreigns include mafic and felsic volcanics, 
grey and red clastic sedimentary rocks, pink, k-spar granitoids. 

Angular to subrounded. Forein include mafic and felsic volcanics, red and 
grey felsic volcanics, pink K-spar granitoids. 

Subangular to subr~>»rtded. North Mountain Basalt Volcanic, red and grey 
sedimentary 

Subangular to subrounded. Foreign include pink k-spar granitoids. 

Subangular to subrounded. Foreigns include foliated granitoids, gneiss?, 
grey sandstone. 

Subangular to subrounded. Foreigns include granitoiii.Mwolcanics, mostly 
unrecognizeable. 

Subangular to subrounded. Foreign lithologies include foliated mafic 
igneous rocks, granitoids. 
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Comments 

Subangular to subrounded mostly subangular. Meguma metapelitic 
clasts mineralized-chalcopyrite?. 

Subrounded to subangular. 

Mostly subrounded to subangular, no rounded clasts; two or more 
directions indicated on some clasts; One mineralized Meguma clast 
(sulphides -grey metallic-arsenopyrite-galena?) 

Subangular to subrounded. Foreigns include grey and red clastic 
sedimentary rocks, pink, k-spar granitoids, diorite, and felsic 
volcanics. 

Subangular to subrounded most of the larger clasts (>8.00) m are 
striated. Quartz vein fragments mineralized with pyrite. Foreign 
include 1 amygdaloidal basalt fragment, 3 k-spar granitoids and 
aphanitic granitoids. 

Subrounded to subangular. Foreign include volcanic, pink k-spar 
granitoids, limestone (micrite) with brachiopod shells-Windsor 
Group?),red mudstone, grey sedimentary. 

Subangular to subrounded.Foreigns include pink kspar granitoids, 
diorite, red and grey clastic sedimentary rocks. 

Rounded to subrounded mostly rounded. No surface markings. 
Many stained with iron oxide. Foreign include volcanics. 

Rounded to subrounded. No striated clasts. Foreigns include 
sandstones, volcanic, granitoids. 

Subrounded; bullet-nose clasts modified by abrasion, edge 
rounding, foreigns include foliated granitoids with pink k-spars. 

Subangular to subrounded, mostly subrounded. Foreign clasts 
include red and grey clastic sedimentary, pink, granitoids and 
felsic volcanic. 

Rounded to well rounded clasts some discoid. No striations. 
Foreign components consist of greyish diotitic granitoids with 
porhyritic textures, volcanics and sandstones. 

Subrounded to rounded. No striations. Some bullet clasts, 
apparently reworked. Several greenish (silicified) metapelites. 
Surface foreigns include sandstones and granitoids. 
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Comments 

Subangular to subrounded,mostly subrounded. A 
mineralized,subangular and striated clast has flecks of chalcopyrite. 
Also appears silicified. 

Subangular to rounded, mostly subrounded, surface feature 
obliterated by algal growth; a mineralized clast seen, may be 
chalcopyrite. 

Angular to rounded; felsic volcanics, pink granitoids, red-grey ss, 
dioritc-gabbro. 

Meguma clasts largely greenish metapelite few slate, Foreigns 
include porphyrytic felsic volcanics, grey sandstone, pink kspar 
granitoids. 

Pebbles more rounded than 50 Bottom; subrounded mainly, a few 
subangular; Foreigns include porphyritic aphanitic microgranitoid, 
mafic igneous rocks, red ss, pink, k-spar granitoid-Meguma mostly 
grey metapelite 

Roundness sorting value high angular to rounded two distinct 
populations apparent, well rounded and glacial clasts; felsic 
prophyritic volcanic, ss, granitoids 

Sample contains subangular to subrounded clasts one rounded 
Mineralized clast disseminated shiny in greenish metapelite 
note*5=bottom4=middle 3=top 2=matrix 1 =lag 0=full codes 
for ikutype. 

Angular to rounded; wide range of grain shapes in sample 51. 
Foreign include volcanic with phenocrysts, grey and red 
clastic sedimentary rocks, pink k-spar granitoids. 

Subangular to subrounded. Meguma mostly black 
metapsammite-pelite with a few schistose fragments. Foreign 
include pink, k-spar granitoids, red and grey 
clastic sedimentary rocks. 

Subangular to rounded. Only a few rounded. Foreign include 
an amygdaloidal basalt fragment, red sandstone and 
conglomerate and phenocrystic volcanics. 

Angular to rounded; wide range of particle shapes. Meguma 
mostly grey metapelite and metapsammite. Foreigns include 
mafic igneous (diorite); pink K-spar granitoids and volcanics. 
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Comments 

Angular to subrounded. Foreigns include diorites, 
porphyry, k-spar pink granitoids, red mudstone, 
sandstone, rhyolites. 

Angular to rounded. Meguma lithologies consist mainly of 
greenish metapelites and metapsammites. Foreigns 
consist of sandstone, volcanic porphyry, pink k-spar 
granitoids. 

Angular to subrounded. Meguma clasts have disseminated 
sulphides, veinlets of quartz. Foreign include grey and red 
mudstones and felsic volcanics. 

Angular to rounded. Meguma lithologies consist primarily 
of grey metapelite. Foreigns include porphyritic volcanics, 
grey and red clastic sedimentary rocks, pink, k-spar, phanerilic 
and aphanitic granitoids. 

Angular to subrounded, mostly subrounded. Foreign include 
red and grey clastic sedimentary rocks, greenish volcanics and 
pink granitoids. 

Subangular to rounded, mostly subrounded. Meguma consists of 
grey and greenish metapelite and metapsammite. Foreigns include 
grey and red clastic sedimentary rocks, volcanic porphyry, and 
•jink k-spar granitoids. 

Angular to rounded. Foreigns include gneiss and pink k-spar 
granitoids, volcanics and red sandstone. 

Subangular to subrounded. Some well rounded, discoid clasts. 
Foreign include red mudstone, granitoids, volcanics. 

Subangular to subrounded. Foreigns include granitoid clasts and 
grey clastic sedimentary rocks. 

Subangular to subrounded. Meguma lithologies consist of grey and 
green metapelite speckled with sulphides. Foreigns may be 
volcanic, origin doubtful. 

Subrounded to well rounded. No striated clasts. 

Subrounded to rounded. Foreign include volcanic?, grey sandstone. 

Subangular to well rounded. South Mountain type large granitoids. 

Subrounded to rounded. Foreign include phenocrystic volcanic and 
red clastic sedimentary rocks. 
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Comments 

Angular to subangular. Till sample taken on land while in port at 
Sheet Harbour. One clast appears to be a transitional bullet-nose 
form. Foreign includes red sandstone. 

Subangular to rounded. 

Subrounded to well rounded. Meguma lithologies with sulphides. 
Foreign include granitoids, sandstone. 

Subrounded to well rounded. Greenish metapelites and spotted 
slates. 

Subangular to rounded. Meguma lithologies include schistose 
rocks, mostly metapelites, some hornfels. 

Subrounded to well rounded. Meguma lithologies mostly 
metapelite, a few schistose, muscovite-biotite bearing rocks (higher 
meta grade?) 

Subangular to subrounded. Meguma metapelites.. 

Subangular to rounded. 

Subangular to subrounded. One clast appeared to be a 
glacially-reworked beach? pebble; well rounded with a basal facet 
and striations. Foreigns include banded volcanic rocks, and 
porphyritic granitoid. 

Subrounded to rounded. Foreigns include volcanic, granitoids, 
sandstone. 

Subangular to rounded with many rounded clasts. Wide variety of 
Meguma lithologies including grey, greenish metapelites, 
metapsammites and buff metawackes. Foreigns include granitoids 
and volcanics. 

Subangular to well rounded. Meguma lithologies also include 
staurolite-andalusite? schistose fragments. Foregins include pink, 
K-spar granitoid, red sandstone. 

Subangular to rounded, mostly rounded. Evidence of reworking of 
glacial clasts. Foreign clasts include a buff marlstone of unknown 
age (Tertiary?) as well as sedimentary and volcanic species. 
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Comments 

Subangular to rounded with many rounded clasts. Wide variety of 
Meguma lithologies including grey, greenish metapelites, 
metapsammites, and buff metawackes. Foreigns include granitoids 
and volcanics. 

Rounded to subrounded. Abundance of soft, buff-coloured 
marlstones Tertiary?. 

Subangular to rounded. Many fragments of brownish marlstone. 
One fossiliferous limestone. 

Subangular to subrounded, but no striated. This in unusual because 
many diamictons with this angularity have striated clasts. Foreigns 
include small granitoids. 

Subangular to subrounded. Foreigns include two fossiliferous 
limestones (corals?, crinoid stems, brachiopods). Others include 
granitoids, volcanics, red and grey sedimentary rocks. 

Subangular to subrounded. Granitoid and volcanic clasts in foreign 
component. 

Angular to well rounded, an extreme mix of grain shapes. 
Foreigns include red mudstone. 

Angular to subrounded mostly subangular. 

Angular to subrounded mostly subangular. Meguma lithologies 
consist of coarse metapelite. Foreign include volcanic, pink 
k-spar granitoid. 

Subangular to rounded. Foreign include conglomerate, sandstone, 
pink, k-spar granitoid, volcanics? 

Subangular to subrounded. No striations in spite of the angular 
nature of the Sediments. Foreigns include red mudstone, grey 
sandstone and pink granitoids. 

Subangular to rounded. One porphyritic felsic volcanic clast. 

Subrounded to rounded. None striated. Metapelites with 
greenschist to biotite grade metamorphism. Foreigns include red 
and grey clastic sedimentary rocks, felsic, porphyritic volcanics, 
mafic igneous rocks. 



APPENDIX 5: Terrestrial till data: locations and till types. 

Year 

77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
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77 
77 
77 
77 
77 
77 
77 
77 
77 

Sample 

64 
69 
74 
75 
77 
90 
92 
94 
95 

107 
109 
110 
158 
159 
160 
160 
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163 
164 
164 

66 
176 
183 
183 
193 
194 
231 
232 
233 
234 
236 
238 
239 
241 
243 
262 
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325 

Subsample 

A 
A 
A 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
A 
A 
A 
B 
A 
A 
A 
C 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

Till type 

HT 
ST/C 
ST/C 
ST/A 
ST/A 
ST/A 
ST/C 
LT/B 
LT/B 
ST/A 
ST/A 
ST/A 
ST/A 
ST/A 
LT/C 
LT/B 
ST/B 
LT/A 
LT/C 
ST/B 
LT/A 
ST/A 
ST/B 
LT/A 
ST/A 
LT/C 
ST/B 
ST/A 
LT/C 
ST/A 
LT/B 
ST/A 
HT 
ST/A 
LT/A 
ST/A 
ST/A 
ST/A 

Longitude 

61.73014 
61.56564 
61.39558 
61.48980 
61.60095 
61.64258 
61.93847 
61.83418 
61.84689 
61.86919 
61.68249 
61.65649 
61.63575 
61.61308 
62.05431 

62.06434 

62.13225 

62.19589 
62.12851 
62.20861 

61.48954 
61.43427 
62.26777 
62.30107 
62.33472 
62.35785 
62.29171 
62.48550 
62.47671 
62.44132 
62.37730 
62.43856 
62.54700 
62.57714 

Latitude 

45.44721 
45.31369 
45.18779 
45.18929 
45.14439 
45.19892 
45.08022 
45.06245 
45.09790 
45.26071 
45.19708 
45.16264 
45.21909 
45.18955 
44.95482 

44.99698 

44.95856 

45.01237 
44.99997 
44.94857 

45.40858 
45.40133 
44.93763 
44.92199 
44.91516 
44.94648 
45.02237 
44.89981 
44.87709 
44.86236 
44.92864 
45.12236 
44.92115 
44.86847 



Subsample 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
1 
1 
1 
2 
3 
1 
2 
1 
1 
1 
1 
1 
2 
1 
3 
1 
1 
1 

Till type 

ST/A 
ST/A 
LT/C 
ST/A 
ST/C 
ST/C 
ST/C 
LT/B 
LT/C 
QT/C 
LT/C 
LT/C 
LT/C 
ST/C 
ST/C 
ST/A 
LT/B 
LT/C 
LT/C 
ST/C 
LT/B 
LT/A 
LT/A 
ST/B 
ST/A 
3T/A 
ST/A 
ST/A 
ST/A 
ST/A 
LT/A 
ST/A 
LT/B 
HT 
LT/C 
ST/A 
LT/C 
ST/A 
ST/A 
LT/B 

355 

Longitude Latitude 

62.58152 44.83184 
62.60700 44.83455 
62.70129 44.89455 
62.73842 44.91497 
62.97166 44.88868 
62.95979 44.84658 
62.93624 44.86105 
62.89075 44.88071 
62.81097 44.76729 
62.82658 44.75207 
62.79351 44.77658 

62.74448 44.78923 
62.69157 44.80472 
62.67401 44.79732 

63.04565 44.77752 

62.92059 44.72674 
62.32274 44.63863 

63.64666 44.74387 
62.85139 44.73656 
63.26731 44.99708 
63.31821 44.72676 
62.62114 44.82839 
62.58103 44.86441 

62.53726 44.92404 

62.47232 44.84832 

62.37694 44.92679 
62.17400 44.97889 
62.11889 44.95561 
62.01560 44.97583 

62.02256 44.97706 

61.96125 45.10642 

61.95941 45.10235 
61.82242 45.07032 



Year Sample Subsample Till type Longitude Latitude 

91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
92 
92 
92 
92 
92 
92 
92 
92 

14 
14 
15 
15 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 

6 
8 
8 
8 
8 
8 
8 
8 

2 
5 
1 
2 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
1 
1 
2 
3 
4 
5 
6 
7 

LT/B 
LT/B 
LT/C 
ST/B 
LT/C 
HT 
LT/B 
LT/B 
LT/A 
LT/A 
LT/A 
LT/A 
HT 
HT 
HT 
LT/C 
LT/C 
LT/B 
LT/A 
LT/A 
LT/A 
HT 
HT 
HT 
HT 
LT/C 
LT/A 
LT/A 
HT 
HT 
HT 
HT 
LT/B 62.33714 45.04977 
LT/C 62.05431 44.95782 
LT/C 
LT/B 
LT/C 
HT 
HT 
HT 



r 

357 

Year 

92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 
92 

Sample 

8 
8 
8 
8 
8 
8 
8 

10 
10 
10 
10 
10 
10 
12 
13 

Subsample 

8 
9 
10 
11 
12 
13 
14 
1 
2 
3 
4 
5 
6 
1 
1 

Till type 

HT 
LT/C 
LT/C 
LT/C 
LT/C 
LT/C 
LT/C 
HT 
ST/B 
LT/C 
LT/C 
HT 
LT/C 
ST/B 
ST/A 

Longitude 

61.83418 

61.84193 
62.48818 

Latitude 

45.06245 

45.04784 
44.98640 



APPENDIX 6: Terrestrial till data 1977-1992 

Lithology and Shape parameters 
YEAR (YR) 

SAMPLE NUMBER (SN) 
SUBSAMPLE (SBB) 
TOTAL COUNT (T) 

MEGUMA PERCENTAGE (MG) 
GRANITE (MEGUMA ZONE) PERCENTAGE (GR) 

FOREIGN PERCENTAGE (FR) 
STRIATED CLAST PERCENTAGE (STR) 



YRSNSB T MGGRFR STR COMMENTS 

77 64 A 337 90 10 0 4 

77 69 A 279 77 0 23 0 

77 74 A 238 67 16 18 5 

77 75 B 138 94 0 6 0 

77 77 A 198 100 0 0 0 

subangular shapes. Meguma- pelites and 
psammites. Foreigns- red and brown sandstone, 
quartz and feldspar fragments, volcanics 
subangular shapes. Meguma- pelites and 
psammites. Foreigns- grey sandstone, quartz and 
feldspar fragments. 
subrounded- subangular. Meguma-psammites and 
pel.>*s.Foreigns- till fragments, grey sandstones, 
quartz. 
subangular shapes. Meguma mostly 
psammites.Foreigns- quartz, grey sandstones, 1 
diorite. 
subangular shapes. Meguma-psammites. 

77 90 A 246 91 2 7 0 

77 92 A 557 76 12 3 0 

77 94 A 248 65 1 35 43 

77 95 A 128 72 0 28 18 

77 107 A 215 84 0 16 0 

77 109 A 303 93 5 3 1 

77 110 A 320 96 0 4 0 

77 158 A 228 93 0 7 0 

77 159 A 248 97 0 3 0 

subangular shapes. Meguma- mostly 
psammites. Foreigns- quartz, grey sandstone, 
diorite, red sandstone. 
subangular shapes. Foreigns- till fragments, red 
sandstones, grey sandstones, diorites, 
quartz fragments, syenite. 
subangular to subrounded. Foreigns- greenish 
sandstone, hard red sandstone, pinkish granitoid, 
felsic volcanic 
subangular to subrounded shapes.Coarse 
feldspathic-arkosic sandstone, purplish red 
sandstone, granitoids. 
subrounded subangular shapes.Meguma-
many unusually large schists 50 %. Foreigns-
grey and brown sandstone, volcanics, micaceous 
sandstone, quartz and feldspar fragments. 
more subangular than subrounded. 
Purple sandstones, syenites, quartz 
fragments, diorite. 
subangular shapes. Meguma mostly psammites. 
foreigns- micaceous sandstone, diorites, syenites, 
feldspar fragments. 
subrounded-subangular shapes. Meguma- mostly 
psammites, some schists. Foreigns- quartz, grey 
sandstones, volcanics, diorites 
subangular shapes, meguma- mostly psammites. 
Foreigns- quartz sandstones. 



360 

YRSNSB T MGGRFR STR COMMENTS 

77 160 A 305 79 0 21 15 

77 160 n 392 82 0 18 24 

77 162 A 301 93 2 6 3 

77 163 A 251 65 0 35 24 

77 164 A 357 54 0 46 37 

77 164 B 269 81 0 19 5 

77 166 A 372 36 0 64 22 

77 176 A 324 95 0 5 7 

77 183 A 263 91 0 9 4 

77 183 C 74 70 0 30 0 

77 193 A 281 92 0 8 0 

77 194 A 305 27 0 73 0 

77 231 A 239 71 0 29 21 

77 232 A 408 94 0 6 1 

77 233 A 167 52 0 48 13 

77 234 A 284 71 3 26 10 

subrounded shapes. Meguma- mostly psammites. 
Foreigns- grey and red sandstones, volcanics, 
diorites, granites (SMB) 
subangular to subrounded shapes. Foreigns- hard 
red siltstones, grey sandstone, syenitic granite, 
volcanic-felsic,mafic ?, 2 Quartz, 
subangular to subrounded shapes. Foreigns-
pink purple felsic volcanic, granitoids, 
subrounded to subangular shapes. Meguma-pelites 
Foreigns- red/purple sandstones, till 
fragments, dioites, volcanics, syenites, 
subangular to subrounded shapes, foreigns- red, 
grey sandstones, volcanics, diorites, syenites 
subangular shapes, foreigns- grey sandstone, 
volcanics, brown sandstone, coarse grained 
sandstone, quartz fragments, diorite. 
subrounded shapes, foreigns- red sandstones, 
sandstones,syenites volcanics, quartz and feldspar 
fragments. 

subrounded to subangular shapes. Meguma mostly 
psammites. Foreigns- grey sandstones, volcanics. 
subangular shapes. Meguma- mostly psammites. 
foreigns- pink volcanics, grey sandstones,syenites, 
subangular to subrounded. foreigns- pinkish 
granitoid, diorite, pink felsic volcanic, 
subrounded-subangular shapes. Foreigns- red 
and grey sandstone, quartz, 
subangular to subrounded shapes.Foreigns-
red sandstones, grey sandstones, quartz 
volcanics 
subangular to subrounded shapes. Foreigns-
red sandstone, grey sandstone, grey micaceous 
sandstone, syenites, quartz, volcanics. 
subangular shapes Foreigns- red sandstones, 
grey sandstones, diorite. 
subangular to subrounded shapes. Foreigns- red 
sandstones, coarse grained sandstones, volcanics, 
quartz and feldspar,syenites, concretion, 
subrounded- subangular shapes. Foreigns- red 
sandstone,grey sandstone, micaceous sandstone, 
quartz, diorite. 



YRSNSB T MGGRFR STR COMMENTS 

77 236 A 291 63 0 37 67 

77 238 A 325 96 0 4 25 

77 239 A 239 73 5 22 34 

77 241 A 200 98 0 2 0 

77 243 A 171 59 6 35 0 

77 262 A 306 99 0 1 0 

77 323 A 179 89 2 8 0 

77 325 A 211 74 24 2 0 

77 327 A 241 61 27 12 0 

77 329 A 325 70 14 16 0 

77 334 A 327 67 14 19 13 

77 335 A 367 5 89 6 0 

77 362 A 343 99 0 1 0 

77 364 A 268 72 7 22 0 

77 366 A 361 65 0 35 0 

77 367 A 201 55 0 45 15 

mostly subrounded shapes. Meguma- slates and 
metagreywackes. Foreigns- hard green siltstone 
(banded), diorites, syenitic granites, felsic 
volcanics 
subangular to subrounded. meguma mostly 
metawackes and psammites. foreigns- grey 
sandstone, hard brown siltstone, volcanic silicic 
volcanic. 
subrounded to subangular shapes. Meguma-
pelites (striated) and psammites. Foreigns- grey 
micaceous sandstone, purple quartz fragments, 
diorite. 
subangular shapes. Meguma- mostly psammites. 
subrounded shapes. Foreigns- red sandstone, 
syenites, volcanics. 
subangular shapes. Meguma- many 
schistose. Foreigns- sandstones, 
subangular to subrounded shapes, foreigns- grey 
sandstones, mudstone, volcanics. 
subangular shapes. Meguma- mostly psammites. 
foreigns- quartz and feldspar fragments, 
subrounded-subangular shapes. Meguma-
mostly psammites. Foreigns- quartz, syenites, 
grey sandstones, diorite. 
subangular shapes. Foreigns- grey sandstone, 
syenite, quartz. 
subrounded- subangular shapes. Foreigns- red 
and brown sandstone, volcanics, syenites, quartz 
and feldspar, diorite. 
subangular shapes, foreigns- quartz and 
feldspar fragments. 
subangular. Meguma- mostly psammites. 
Foreigns- quartz. 
subangular shapes, mostly psammites. 
Foreigns-grey sandstones, syenites, red 
sandstones, diorites. 
subangular shapes. Foreigns- till fragments, grey 
sandstone, diorite, quartz, syenite, 
subrounded- subangular shapes. Meguma- mostly 
pelites. Foreigns- red sandstone, grey sandstone, 
diorites, volcanics, syenites, quartz. 



YR SN SB T MG GR FR STR COMMENTS 

77 372 A 428 78 12 11 0 

77 373 A 161 93 0 7 0 

11 375 A 308 38 14 18 0 

77 V6 A 389 73 13 13 19 

77 376 A 325 64 14 22 4 

77 377 A 224 97 1 2 4 

77 378 A 414 74 22 4 48 

77 381 A 252 90 6 3 0 

77 393 A 202 59 7 34 0 

77 404 A 371 95 2 2 3 

77 428 A 96 66 15 20 0 

77 443 A 257 68 5 27 5 

77 446 A 207 73 2 25 21 

77 451 A 186 37 0 63 28 

91 1 1 441 38 2 60 11 

subangular to subrounded shapes. Foreigns- hard 
red siltstone, dioritic granites, volcanic ?. 
subrounded- subrounded shapes. M^guma-
mostly psammmites. Foreigns- grey sandstones, 
quartz, volcanics. 
subrounded to subangular. Foreigns-
grey sandstones, red sandstones, vclcamcs, 
diorhe, syenite. 
subangular to subrounded shapes. Foreigns- hard 
red purplish siltstone, granitoid, diorite. 
subangular to subrounded shapes. Meguma-
pelites and psammites.Foreigns- red and 
grey sandstone, syenites, quartz, diorite 
subangular shapes. Meguma- many 
pelites.Fc reigns- quartz, sandstones 
subrounded-subangular shapes. Meguma- many 
flat bullet nosed clasts. Foreigns- hard red 
siltstone,diorites, granitoids, 
subangular shapes. Meguma- mostly 
psammites. Foreigns- grey sandstone, syenites, 
subangular to subrounded shapes. Foreigns-
red sandstones, grey sandstones, syenites, quartz, 
more subangular than subrounded. foreigns- pinlc 
syenogranite, grey sandstone, volcanic, 
subangular shapes. Meguma- psammites and 
pelites. Foreigns- sandstones, diorites, 
syenites. 

subrounded- subangular shapes. Foreigns- reddish 
sandstone, diorites, grey sandstone, 
subangular shapes foreip is- reddish 
sandstones, syenites, volcanics, quartz and 
feldspar fragments, diorites. 
subrounded to subangular shapes, foreigns- red 
sandstones, grey sandstones, syenites, diorites, 
quartz fragments. 
more subrounded than subangular shapes. 
Meguma-some schistose. Foreigns- red 
sandstones, grey sandstones, green-grey 
sandstones, syenites, diorites, volcanics, quartz 
and feldspar fragments, till fragment. 



363 

YR SN SB T MG GR FR STR COMMENTS 

91 2 1 328 72 14 14 2 subrounded- subangular shapes. Foreigns- grey 
and red sandstone, micaceous sandstone, 
volcanics, quartz and feldspar fragments, pinkish 
sandstone with multiple quartz veins. 

91 3 1 527 72 25 2 0 subangular shapes, foreigns- grey 
sandstone,diorites, syenites, micaceous 
sandstones. 

91 3 2 509 55 43 3 0 subangular shapes. Meguma- mostly 
psammites. Foreigns- grey micaceous sandstone, 
syenites, red 
sandstone. 

51 3 3 377 78 21 2 0 angular to subangular shapes. Meguma-mostly 
psammites. Foreigns- diorites, volcanics, 
sandstones. 

91 4 1 429 97 0 3 0 Mostly subangular-subrounded shapes, foreigns-
grey and hrown sandstone, micaceous sandstone, 
quartz fragments. 

91 4 2 385 93 0 7 0 subangular shapes, meguma- mostly psammites, 
some schists. Foreigns- grey and red sandstones, 
quartz fragments, micaceous sandstone. 

91 5 I 329 90 2 9 3 subangular shapes. Meguma- mostly 
psammites. foreigns- diorites, grey sandstones, 
brown sandstones. 

91 6 1 361 40 6 54 0 subrounded to subangular 
shapes. Meguma-psammites, pelites, schists. 
foreigns- red sandstone, grey sandstone, brown 
sandstone, svenites, diorites, volcanics, fe 
cemented conglomerate. 

917 1 232 97 0 3 0 subangular shapes, meguma- mostly psammites. 
foreigns- grey and brown sandstone, micaceous 
sandstone, quartz fragments. 

9 1 8 1 640 60 0 39 7 subangular to subrounded shapes Foreigns-red and 
grey sandstone, brown sand«tjne, micaceous 
sandstone, volcanics, syenites, diorites, quartz 
fragments. 

91 9 1 373 83 0 17 7 subrounded shapes, foreigns- grey sandstones, 
diorites, volcanics, quartz fragments, red 
sandstones. 

91 9 2 212 75 0 25 5 subrounded to subangular shapes. Foreigns- grey 
mudstone, grey micaceous sandstone, volcanics, 
syenites, quartz fragments. 



364 

YRSNSB T MGGRFR STR COMMENTS 

91 10 1 448 83 0 17 3 subangular to subrounded shapes. Meguma- some 
schists, psammites. Foreigns- grey sandstones, 
diorites, syenites, volcanics, quartz fragments. 

91 10 3 178 80 0 20 8 subrounded to subangular shapes. Foreigns- grey 
sandstones, volcanics, syenites, red sandstones. 

91 12 1 210 99 0 1 0 subrounded to subangular shapes, foreigns- basalt, 
volcanic. 

91 13 1 243 97 3 0 0 more subangular than subrounded shapes. 
Meguma- pelites, psammites, conglomerate, 
and biotite schists. 

91 14 1 206 49 3 48 0 more subrounded than subangular shapes. 
Foreigns- red sandstone, grey sandstone, 
micaceous sandstone, syenites, volcanics, coarse 
grained red quartzite, concretion. 

91 14 2 197 60 2 38 8 more subangular than subrounded. foreigns- red 
sandstone, grey sandstone, micaceous sandstone, 
brown mudstone, green siltstone, volcanics,qt^rtz 
fragments. 

91 14 5 161 35 82 5 more subangular than subrounded shapes. 
Meguma- psammites, pelites, and 1 schist. 
Foreigns- purplish mudstones, felsic volcanics, 
mafic basalt, micaceous sandstones. 

91 15 1 200 54 44 21 0 more subrounded than subangular. Meguma-
many schists foreigns- grey micaceous sandstone, 
red sandstone,quartz fragments. 

9 1 1 5 2 416 74 42 3 2 subangular to subrounded shapes. Meguma-
mostly psammites. Foreigns- red sandstone, grey 
sandstone, coarse grained 
sandstone-conglomerate,micaceous sandstone, 
quartz fragments, 1 syenite. 

91 22 1 302 58 43 8 7 subangular to subrounded shapes. Meguma- some 
schistose. Foreigns- red sandstone, 
brown sandstone, grey sandstone, 
syenites, diorites, volcanic, 
rhyolite/mylonite fragment. 

91 22 10 194 59 26 15 7 subrounded to subangular shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey 
sandstone brown sandstone, syenites and 
diorites. 



SB T MGGRFR STR COMMENTS 

91 22 11 254 74 7 19 0 

91 22 12 234 47 3 50 6 

91 22 13 293 53 3 44 11 

91 22 14 224 42 2 56 12 

91 22 15 212 44 5 51 0 

91 22 16 228 48 5 47 0 

91 22 17 197 43 1 56 11 

91 22 18 446 65 22 13 0 

91 22 19 238 55 36 9 0 

91 22 2 280 62 33 5 4 

91 22 20 233 63 21 16 12 

more subrounded than subangular. Meguma-
many pelites striated. Foreigns- grey micaceous 
sandstone, quartz fragments, 1 red sandstone, 1 
syenite. 
subrounded to subangular shapes. Meguma- some 
schistose. Foreigns-red sandstone, grey sandstone, 
grey-green sandstone, brown sandstone,syenites, 
diorites, concretion. 
subangular to subrounded shapes. Meguma- some 
schistose. Foreigns- red sandstone, brown 
sandstone, grey-green sandstone, syenites, 
diorites, quartz fragments. 
subangular to subrounded shapes Foreigns- red 
sandstone, grey sandstone, syenites diorites, 
quartz fragments, volcanics, conglomerate. 
subangular to subrounded shapes. Meguma- some 
schistose. Foreigns- red sandstones, grey 
sandstones, brown sandstones, syenites, diorites, 
volcanics, quartz fragments, and 
rhyolitic/mylonitic fragment. 
subangular to subrounded shapes. Meguma- some 
schistose foreigns- red sandstones, red-brown 
sandstones, grey-green sandstones, syenites, 
diorites, and quartz sandstones. 
subangular to subrounded shapes. Meguma- some 
schists. Foreigns- red sandstones, grey 
sandstones, grey-green sandstones, syenites, 
diorites, volcanics, conglomerate. 
subrounded to subangular shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey 
sandstone, brown sandstone, syenites, and quartz 
fragments. 
subrounded to subangular shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey 
sandstone, syenites, conglomeritic sandstone. 
subrounded to subangular shapes. Foreigns- red 
sandstone, brown sandstone, grey micaceous 
sandstone, syenites, diorites, volcanic, 1 rhyolite. 
subangular to subrounded shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey 
sandstone, syenites, quartz fragments. 



366 

YR SN SB T MG GR FR STR COMMENTS 

91 22 21 226 61 19 19 0 subangular to subrourled shapes, meguma- some 
schists. Foreigns- red sandstones, grey 
sandstones, green-grey sandstones, syenites, and 
diorites. 

91 22 22 192 56 4 40 0 subangular to subrounded shapes. Meguma- some 
schists, psammites. Foreigns- red 
sandstones, grey sandstones, syenites, volcanics, 
quartz fragments, diorites. 

91 22 23 182 4 1 2 57 4 subangular to subrounded shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey-green 
sandstone, brown sandstone, syenites, 
diorites, quartz fragments, till fragment, and 
concretion 

91 22 24 174 44 2 53 12 mostly subangular to subrounded shapes. 
Foreigns- grey sandstone, red sandstone, syenites, 
diorites, micaceous sandstones, quartz fragments. 

91 22 25 261 41 34 25 13 subangular to subrounded shapes. Foreigns- grey 
sandstones, red sandstones, grey-green 
sandstones, syenites, diorites, volcanics, quartz 
fragments, till fragments. 

91 22 26 267 43 41 16 11 Subrounded to subangular shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey 
sandstone, brown sandstone, syenites, diorites, 
and volcanics. 

91 22 27 241 63 29 8 8 subangular to subrounded shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey-green 
sandstone, one dioritic pebble. 

91 22 28 245 70 19 11 8 more subangular than subrounded. 
Meguma-mostly psammites, some 
schists. Foreigns- grey sandstone,red sandstone, 
quartz fragments, syenites, diorites. till 
fragments. 

91 22 3 281 59 4 38 0 subangular to subrounded shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey 
sandstone, green sandstone, syenitic granite, 
dioritic granite and quartz fragments. 

91 22 4 280 42 6 52 6 subangular to subrounded shapes. Meguma-
mostly psammites.Foreigns- red and grey 
sandstone, diorite,syenite, volcanics,quartz 
fragments, micaceous sandstone, gneissic ?. 



MGGRFR STR COMMENTS 

91 22 5 323 41 10 49 9 subrounded to subangular shapes, some 
well rounded. Foreigns- red sandstones, grey 
sandstones, syenites, diorites,volcanics, micaceous 
sandstones, quartz fragments. 

91 22 6 239 45 5 50 9 subrounded to subangular shapes. Meguma- some 
schistose. Foreigns- red sandstone, grey 
sandstone, brown sandstone, 
grey-green sandstone, syenites, diorites, 
volcanics, qtz fragments 

91 22 7 243 48 5 47 10 more subrounded than subangular. 
Meguma-psammites and pelites some 
schists. Foreigns- red and grey sandstone, 
micaceous sandstone, quartz fragments, 
volcanics,syenites, diorites. 

91 22 8 129 60 7 33 10 subangular to subrounded, meguma lithologies 
-some schistose, foreign include red-brown ss, 
grey brown ss, syentic granite, grey green ss. 

91 22 9 213 54 23 23 9 subangular to subrounded shapes. Meguma- some 
schistose. Foreigns- grey sandstone, brown 
sandstone, diorites, volcanics. 

92 6 1 267 74 0 26 0 subangular shape. Meguma-mostly 
psammites. Foreigns- grey sandstone, red 
sandstone, quartz fragments, syenites, 
volcanics. 

92 8 1 251 74 12 5 0 loosely compactedlight brown silty 
till meguma-green metapelites and psammites 
foreigns 1. coarse quartz-rich areni'e 2. 
ignimbrites 3.granitoids 4. siltstone 

92 8 10 252 78 0 22 0 subangular to subrounded shapes. Meguma-
mostly psammites. Foreigns- red sandstone, grey 
sandstone, coarse grained 
sandstone-conglomerate, micaceous sandstone, 
quartz fragments, 1 syenite. 

92 8 11 298 86 0 14 0 subangular to subrounded shapes. Meguma- some 
schists, psammites. Foreigns- grey sandstones, 
diorites,syenites, volcanics. 

92 8 12 243 88 0 12 0 subrounded to subangular shapes. Foreigns- grey 
sandstones, volcanics, syenites, red 
sandstones. 



368 

YRSNSB T MGGRFR STR COMMENTS 

92 8 13 294 85 4 11 0 

92 8 14 351 85 0 15 0 

92 8 2 375 82 0 18 0 

92 8 3 285 76 1 24 0 

92 8 4 288 85 0 15 0 

91 8 5 414 56 0 14 0 

92 8 6 370 85 0 15 0 

92 8 7 288 85 0 15 0 

92 8 8 234 90 0 10 0 

92 8 9 268 88 0 12 0 

92 10 1 183 57 0 43 0 

92 10 2 213 82 0 18 0 

92 10 3 247 72 0 28 0 

92 10 4 185 72 12 6 0 

subrounded to subangular shapes. Meguma-
pelites are striated. Foreigns- red/purple 
sandstones, till fragments, diorites, volcanics, 
syenites. 
subrounded to subangular shapes. Foreigns- grey 
sandstones, volcanics syenites, red sandstones, 
subangular shapes. Meguma- mostly psammites. 
Foreigns- quartz sandstones, 
subangular to subrounded shapes. Meguma- some 
schists, psammites. Foreigns- grey sandstones, 
diorites, syenites, volcanics, quartz fragments, 
subangular to subrounded shapes. Foreigns- hard 
red siltstones, grey sandstone, syenitic granite, 
volcanic-felsic, mafic ?, 2 Quartz, 
subrounded-subangularshapes. Meguma- mostly 
psammites, some schists. Foreigns- quartz, grey 
sandstones, volcanics, diorites 
more subangular than subrounded. Foreigns-
purple sandstones, syenites, quartz fragments 
subrounded shapes. Meguma- mostly 
psammites. Foreigns- grey and red sandstones, 
volcanics, diorites, granites (smb?). 
subrounded, subangular shapes. Meguma- many 
unusually large schists-50 %. Foreigns- grey 
and brown sandstone, volcanics, micaceous 
sandstone, quartz and feldspar fragments, 
subangular shape. Meguma-mostly 
psammites. foreigns- grey sandstone, red 
sandstone, quartz fragments, syenites, 
volcanics. 
subangular shapes. Meguma mostly 
psammites. Foreigns- micaceous sandstone, 
diorites, syenites, feldspar fragments, 
subrounded to subangular shapes. Foreigns-
basalt, volcanic. 
more subangular than subrounded shapes. 
Meguma- pelites, psammites, conglomerate, and 
biotite schists. 
more subrounded than subangular shapes. 
Foreigns- red sandstone, grey sandstone, 
micaceous sandstone, syenites, volcanics, coarse 
grained red quartzite, concretions. 



369 

YRSNSB T MGGRFR STR COMMENTS 

92 10 5 274 66 1 32 0 more subangular than subrounded shapes. 
Meguma- psammites, pelites, and 1 schist. 
Foreigns- purplish mudstones, felsic volcanics, 
mafic basalt, micaceous sandstones. 

92 10 6 278 69 3 28 0 more subangular than subrounded. Foreigns- red 
sandstone, grey sandstone, micaceous sandstone, 
brown mudstone, green siltstone, volcanics, 
quartz fragments. 

92 12 1 306 68 2 31 0 more subrounded than subangular. Meguma-
many schists foreigns- grey micaceous sandstone, 
red sandstone,quartz fragments. 

92 13 1 300 100 0 0 0 



APPENDIX 7: Grain size data 

SAMPLE: Sample numbers (see Appendixes 3-7) 
TT: Till type 

TOT: Total sample weight (dry) 
PHIl: Weight of •* 1 PHI fraction (Gravel) 

GR%: Gravel percentage 
MA%: Matrix percentage 

PWT: PAN WEIGHT 
RAT: GRAVEL/MATRIX RATIO 
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SAMPLE 

91-1-1 
91-2-1 
91-3-1 
91-3-2 
91-3-3 
91-4-1 
91-4-1 
91-5-1 
91-6-1 
91-7-1 
91-8-1 
91-9-1 
91-9-2 
91-10-1 
91-10-3 
91-12-1 
91-13-1 
91-14-1 
91-14-1 
91-14-5 
91-15-1 
91-15-2 
91-22-1 
91-22-2 
91-22-3 
91-22-3 
91-22-5 
91-22-6 
91-22-7 
91-22-8 
91-22-9 
91-22-10 
91-22-12 
91-22-13 
91-22-14 
91-22-15 
91-22-16 

TT 

LT/A 
ST/B 
ST/A 
ST/A 
ST/A 
ST/A 
ST/A 
ST/A 
LT/A 
ST/A 
LT/B 
HT 
LT/C 
ST/A 
LT/C 
ST/A 
ST/A 
LT/B 
LT/B 
LT/B 
LT/C 
ST/B 
LT/C 
HT 
LT/B 
LT/B 
LT/A 
LT/A 
LT/A 
LT/A 
HT 
HT 
LT/C 
LT/C 
LT/B 
LT/A 
LT/A 

TOT 

733.9 
840.0 
1212.6 
1137.0 
1372.9 
1442.3 
1317.4 
1071.8 
1296.0 
1509.0 
837.3 
811.0 
548 0 
840.9 
641.7 
897.6 
1292.0 
1063.3 
806.1 
974.3 
760.7 
877 3 
1179.1 
893.5 
1135.5 
1374.7 
1503.4 
1410.5 
1140.0 
1207.9 
1295.4 
1093.8 
1345.0 
1493.1 
1268.9 
1270.0 
1316.8 

Terrestri 

PHIl 

100.7 
50A 2 
833.1 
640.6 
664.0 
967.7 
880.3 
440.0 
382.5 
1086. 
225.6 
197.4 
105.1 
615.5 
303.0 
677.0 
852.8 
358.4 
221.1 
423.6 
145.2 
333.2 
358.4 
261.5 
277.0 
328.0 
523.5 
334.8 
280.9 
95.4 
417.4 
219.6 
240.0 
364.0 
217.5 
177.5 
178.2 

al samples 

GR% 

13.9 
60.9 
69.3 
56.3 
48.8 
67.6 
67.4 
41.5 
29.8 
72.5 
27.3 
24.7 
19.6 
74.1 
48.1 
76.4 
66.6 
34.1 
27.9 
44.0 
19.4 
38.5 
30.7 
29.6 
24.6 
24.1 
35.1 
23.9 
24.9 
8.0 
32.5 
20.3 
18.0 
24.6 
17.3 
14.1 
13.7 

MA% 

87.7 
40.5 
31.6 
43.7 
52.1 
33.2 
33.5 
59 6 
71.1 
28.2 
74.1 
76.8 
82.6 
27.1 
53.8 
24.9 
34.3 
67.0 
73.9 
57.2 
82.2 
62.8 
70.2 
71.7 
76.3 
76.8 
65.7 
76.9 
76.1 
93.0 
68.4 
80.8 
82.9 
76.2 
83.6 
86.8 
87.2 

PWT 

11.7 
11.5 
10.0 
0.0 
11.7 
11.0 
11.9 
11.4 
11.6 
11.0 
11.4 
11.9 
12.1 
10.6 
12.1 
11.7 
11.4 
11.3 
14.4 
11.3 
11.5 
11.4 
10.8 
11.5 
11.0 
11.5 
11.1 
11.7 
10.9 
11.5 
11.3 
11.8 
11.7 
11.3 
11.1 
11.5 
11.4 

RAT 

0.2 
1.5 
2.2 
1.3 
0.9 
2.0 
2.0 
0.7 
0.4 
2.6 
0.4 
0.3 
0.2 
2.7 
0.9 
3.1 
1.9 
0.5 
0.4 
0.8 
0.2 
0.6 
0.4 
0.4 
0.3 
0.3 
0.5 
0.3 
0.3 
0.1 
0.5 
0.3 
0.2 
0.3 
0.2 
0.2 
0.2 

p 



SAMPLE TT TOT PHIl GR% MA% PWT 

91-22-18 
91-22-19 
91-22-21 
91-22-22 
91-22-23 
91-22-24 
91-22-26 
91-22-27 
91-22-28 

HT 
HT 
HT 
LT/C 
LT/A 
LT/A 
HT 
HT 
HT 

1327.6 
1129.9 
1114.8 
1325.1 
1349.1 
1270.0 
1356.0 
1179.3 
1167.0 

369.1 
212.4 
213.6 
374.8 
187.8 
251.8 
337.5 
201.3 
296.5 

28.0 
19.0 
19.4 
28.5 
14.0 
20.0 
25.1 
17.2 
25.7 

72.8 
82.1 
81.7 
72.3 
86.8 
80.9 
75.7 
83.7 
75.4 

10.4 
11.7 0.2 

11.8 
11.6 
10.7 
11.4 
11.0 
11.3 
11.8 

0.4 
i 

0.2 
0.4 
0.2 
0.2 
0.3 
0.2 
0.3 

Marine Samples 

SAMPLE TOT PHIl GR% MA% PWT RAT 

on 0 
014 0 
015 5 
016 5 
016 5 
025 0 
028 5 
029 3 
029 4 
029 5 
029 5 
0310 
033 5 
049 5 
050 5 
051 5 
052 5 
055 5 
056 3 
056 5 
059 2 
064 2 
065 6 
070 0 
071 0 

15004.0 
32414.0 
2181.0 
1583.5 
1288.0 
1618.5 
1765.0 
1317.0 
1423.4 
1734.1 
2021.2 
19425.0 
1283.0 
1682.1 
1481.4 
3988.0 
1553.4 
1852.9 
1327.0 
1758.7 
945.5 
1489.3 
1794.8 
14529.0 
9743.0 

14805.0 
27369.0 
1.0 
300.0 
263.0 
780.5 
429.7 
576.6 
727.0 
564.5 
512.9 
19319.0 
422.6 
647.4 
382.6 
2140.0 
589.6 
345.7 
457.4 
356.4 
438.8 
1003.5 
1190.0 
8292.0 
6152.0 

98.7 
84.4 
0.0 
19.1 
20 6 
48.6 
24.5 
44.2 
51.5 
32.8 
25.5 
99.5 
33.2 
38.7 
26.0 
23.8 
38.2 
18.8 
34.8 
20.4 
47.0 
67.9 
66.8 
57.1 
63.1 

1.3 
15.6 
100.0 
81.7 
80.4 
52.2 
76.2 
56.7 
49.3 
67.9 
75.1 
0.5 
67.7 
61.9 
74.8 
76.2 
62.5 
81.9 
66.1 
80.3 
54.2 
32.9 
33.9 
42.9 
36.9 

1.0 
1.0 
1.0 
13.0 
12.9 
13.0 
11.9 
11.7 
11.4 
11.2 
11.7 
1.0 
11.7 
11.3 
12.1 
1.0 
11.3 
12.2 
11.2 
12.4 
11.0 
11.4 
12.7 
1.0 
0.0 

75.9 
5.4 
0.0 
0.2 
0.3 
0.9 
0.3 
0.8 
1.0 
0.5 
0.3 
199.0 
0.5 
0.6 
0.3 
0.3 
0.6 
0.7 
0.5 
0.3 
0.9 
2.1 
2.0 
1.3 
1.7 



SAMPLE TOT PHIl GR% MA% PWT F.AT 

077 2 
083 5 
084 1 
085 5 
089 5 
091 5 
092 5 

13073.0 
8081.0 
1725.4 
1212.2 
4612.0 
1450.1 
764.0 

8435.0 
3370.0 
551.1 
42.0 
696.0 
508.6 
152.2 

64.5 
41.7 
32.2 
3.5 
15.1 
35.3 
20.2 

35.5 
58.3 
68.5 
97.4 
84.9 
65.4 
81.3 

0.0 
0.0 
11.6 
11.2 
1.0 
10.1 
11.5 

1.8 
0.7 
0.5 
0.0 
0.2 
0.5 
0.2 
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Appendix 8 

C ABLAT.FOR: SCHILLING & HOLLIN: SURFACE PROFILES FOR VALLEY 
GLACIERS 
C 
C PROGRAM SOURCE: THE LAST GREAT ICE SHEETS, DENTON G.H. & 
HUGHEST.J.EDS, 
C WILEY 1981 pp. 212-3 
C 
C TAU IS THE BASAL SHEAR STRESS 
C RHO IS DENSITY OF THE ICE 
C GR IS THE GRAVITATIONAL CONSTANT 
C S IS THE "SHAPE: FACTOR" 
C G IS THE BEDROCK ELEVATION 
C H IS THE SURFACE ELEVATION OF THE ICE 
C T IS THE ICE THICKNESS 
C NOTE: LENGTHS CONVERTED TO METRES IN THE PROGRAM 
C ELEVATION AT SNOUT NOT ENTERED. 
C 
C MODIFIED BY: D.W.RIGBY, NSDME DEC 87 FOR MICROSOFT FORTRAN 
V3.0 
C 
C SUBROUTINES GETFIL/S A VFIL CALLED FROM ULIB. LIB AVAILABLE AT 
NSDME 
C FTAU -FIRST SHEAR FACTOR TA(3) 3 SUBSEQUENT SHEAR FACTORS 
C 

PROGRAM ABLAT 
C 

REALG(15),H(15),T(15),POS(15),FT(15),HS(15),TS(15) 
REAL DELX,S,TAU,FTAU,TA(3) 
INTEGER ITA(3) 
LOGICAL CTAU,CERR,IERR 
CHARACTER INFIL*12,OUTFIL*12,OTIT*30,ORD(3)*6,INP*8,ANS*1 

C 
DATA ORD/' First','Second',' Third'/ 

C 
WRITE (*,*)' WELCOME TO SCHILLING~S GLACIER SURFACE PROGRAM' 

C 
WRITE (*,'(/" INSTRUCTIONS? Y/N <Ret> =N > > M\)') 
READ(V(A1)') ANS 
IF (ANS.EQ.'Y'.OR. ANS.EQ.'y) THEN 
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WRITE (*,3) 
3 FORMAT (//' THE PROGRAM RECONSTRUCTS THE GLACIER SURFACE',/ 

' ',/ 
* ' INPUT FILE: 7, 
* ' Max 99 ground elevations in feet col 1-10 (Real #s)7, 
* ' Entered one per record with last record as 9999997, 
* i t ; 

* ' PROMPTED FOR:'/, 
* ' Output title - max 30 chars'/, 
* ' Horizontal step distance from ice snout'/, 
* ' Initial ice thickness in metres'/, 
* ' Shaping factor'/, 
* ' Initial basal shear stress'/, 
* ' Additional 3 stress factors after defined steps'/, 
* ' 7, 
* ' OUTPUT FILE:'/, 
* ' Prints/plots on printer ground and reconstructed'/, 
* ' ice surface.'//) 
ENDIF 

C 
C OPEN INPUT/OUTPUT FILES 

WRITE (*,'(/" Enter data filename > > "\)') 
CALLGETFIL(1,INFIL) 
WRITE (*,'(/" Enter output filename > > "\)') 
CALL SAVFIL (3,OUTFIL) 

C 
WRITE (*, ' ( /" Enter output title; <Ret>=* * > > "\)') 
READ(*,'(A20)')OTIT 

4 WRITE (*,5) 
5 FORMAT (/'Enter Horizonal step distance (metres): < Ret > =5000. > > 

*'\) 
READ(*,'(A8)')INP 
IFQNP.EQ.' ')THEN 

DELX = 5000. 
WRITE (*,'(1X,F8.3)') DELX 

ELSE 
CALL CTOR (INP,DELX,CERR) 
IF (CERR) THEN 

WRITE (*,'(" Please enter a number")') 
GOTO 4 

ELSE 



WRITE (*,'(1X,F8.3)') DELX 
ENDIF 

ENDIF 
C 

6 WRITE(*,7) 
7 FORMAT (/' Enter Initial ice thickness (metres): < Ret > =200. > > 

READ(*,'(A8)')INP 
IF(INP.EQ.' )THEN 

T(l)= 200. 
WRITE(*.'(1X,F8.3)')T(1) 

ELSE 
CALL CTOR (INP,T(1),CERR) 
IF (CERR) THEN 

WRITE (*,'(" Please enter a number")') 
GOTO 6 

ELSE 
WRTTE(*,'(F8.3)*)T(1) 

ENDIF 
ENDIF 

C 
8 WRITE (*,'(/" Enter "Shape" Factor: <Ret>=1.000> "\)') 

READ(*,'(A8)')INP 
IF(INP.EQ.' ')THEN 

S = 1.000 
WRITE(*,'(F8.3)')S 

ELSE 
CALL CTOR (INP,S,CERR) 
IF (CERR) THEN 

WRITE (*,'(" Please enter a number")') 
GOTO 8 

ELSE 
WRITE (*,'(IX.F8.3)')S 

ENDIF 
ENDIF 

C 
9 WRITE (*,'(/" Enter "Basal Shear Factor": <Ret>=0.8> "\)') 

READ(*,'(A8)')INP 
IF(INP.EQ.' ')THEN 

TAU = 0.800 
WRITE (V(F8.3)') TAU 

ELSE 
CALL CTOR (INP,TAU,CERR) 



IF (CERR) THEN 
WRITE (*,'(" Please enter a number")') 
GOTO 9 

ELSE 
WRITE (V(F8.3)') TAU 

ENDIF 
ENDIF 
FTAU = TAU 

C 
CTAU = .FALSE. 
WRITE (*, 10) 

10 FORMAT (' Change shear factor at 3 user defined steps? Y/N <Ret> =N 
* > > ' \) 
READ(*,'(A1)') ANS 
IF (ANS.EQ.'Y'.OR.ANS.EQ.'y) THEN 

CTAU = .TRUE. 
DO 20 I =1,3 

13 WRITE (*,'(/" Enter step > > "\)') 
READ(*,'(A8)')INP 
CALL CTOI (INP,ITA(I),IERR) 
IF (IERR) THEN 

WRITE (*,'(" Please enter an integer number")/') 
GOTO 13 

ENDIF 
C 

12 WRITE (*,'(" Enter shear factor at step ",13," > > "\)') 
*ITA(I) 

READ(*,'(A8)')INP 
CALL CTOR (INP,TA(I),CERR) 
IF (CERR) THEN 

WRITE (*,'(" Please enter a number")') 
GOTO 12 

ELSE 
WRTTE(*,'(F8.3)')TA(I) 

ENDIF 
20 CONTINUE 

WRITE (*,'(" ")') 
ENDIF 

C 
RHO = .91 
GR = 981. 
I = 1 
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SUM = 0. 
TU = TAU*1.E06 
C = TU/(RHO*GR*100.*S) 
WRITE (3,'(1X,A30//)') OTIT 
WRITE (3,44) 

44 FORMAT (1IX,'VERTICAL MEASUREMENTS IN FEET',/) 
WRITE (3,22) 

22 FORMAT (/, IX,'DISTANCE (KM),3X, GROUND LEVEL',3X,'ICE SURFACE 
*,3X,'THICKNESS',/) 

C 
READ (1,11) FT(1) 

C NOTE CONVERSION TO METRES 
G(l) = FT(1)* .3048 
H(l) = G(l)+ T(l) 
TS(1) = T(l)* 3.2808 
HS(1) = H(l)* 3.2808 
POS(l) = DELX/1000. 
SUM = SUM+ T(l) 
WRITE (3,33) POS(l),FT(l),HS(l),TS(l) 
I = 2 

C 
30 READ (1,11) FT(I) 
11 FORMAT (F10.2) 

C NOTE CONVERSION TO METRES 
IF (FT(I).GT.900000.) GOTO 99 

C 
C CHANGE BASAL STRESS FACTOR BY STEPS (CTAU TRUE.) 

IF (CTAU) THEN 
IF (I.GT.ITA(l)) TAU = TA(1) 
IF (I.GT.ITA(2)) TAU = TA(2) 
IF (I.GT.ITA(3)) TAU = TA(3) 
TU =TAU*1.E06 

ENDIF 
C 

C = TU/(RHO*GR*100.*S) 
G(I) =FT(I)*.3048 
H(I) =H(M) + (C/T(I-1))*DELX 
T(I) =H(I) -G(I) 

C 
C THE FOLLOWING CARDS STOP PROGRAM AT WUNATAKS 

IF(T(I).LE.25.)GOT0 89 
SUM = SUM +T(I) 
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HS(I) =H(I)*3.2808 
TS(I) =T(I)*3.2808 
POS(I) = (I)*DELX/1000. 
WRITE (3,33) POS(I),FT(I),HS(I),TS(I) 

33 FORMAT (1X,F9.2,6X,F9.2,6X,F9.2,6X,F9.2) 
I = 1 + 1 
GOTO 30 

C 
89 WRITE (3,41) 
41 FORMAT (/1X,'NUNATAK OR MAXIMUM HEIGHT') 
99 XI = 1-1 

AVE = SUM/XI 
AVEFT = AVE*3.2808 
WRITE (3,47) DELX,T(1),S,FTAU 

47 FORMAT (//' HORIZONTAL STEP DISTANCE = ,F6.0,/1X,'INITIAL ICE THI 
*CKNESS = ',F5.0,/1X,'SHAPE FACTOR = ',F5.3,/1X,TNITIAL BASAL SHEA 
*R STRESS = ,F5.3) 

C 
DO 50 I = 1,3 
WRITE (3, 25) ITA(I),TA(I) 

i 25 FORMAT (IX,'SHEAR FACTOR AFTER STEP ,13,' = ,F5.3) 
50 CONTINUE 

C 
WRITE (3,55) AVE, AVEFT 
55 FORMAT (///, IX,'AVERAGE ICE THICKNESS IN METRES: 

',F7.2,/1X,'AVERA 
*GE ICE THICKNESS IN FEET: ',F7.2,///) 

C 
CALL PLOT(FT,HS) 

C 
WRITE (*,'(/" OUTPUT IN FILE: ",A12/)') OUTFIL 
CLOSE (1,STATUS ='KEEP') 
CLOSE (3,STATUS = 'KEEP') 
STOP 
END 

C 
SUBROUTINE PLOT(G,H) 

C 
C WRITTEN BY RALPH STEA 1982 FOR FORTRAN IV ON CYBER 17C 
C 
C MODIFIED BY DOUG RIGBY DEC 87 FOR MICROSOFT FORTRAN V3.0 
C DIMENSION STATEMENTS CHANGED TO REAL 
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C MULTIPLE INITIALIZATION OF IG,IH OMITTED 
C MATRIX C CHANGED FROM INTEGER HOLLORITH TO CHARACTER 
C DOUBLE CHARACTER QUOTES CHANGED TO SINGLE QUOTES 
C SPACING CHANGED TO 8 BY 11 PAPER FOR 70 RECORDS 
C 
C CUMULATIVE HORIZONTAL DISTANCE (POS) REPLACED WITH J 
COUNTER 
C TO PLOT STEPS ONE PER COLUMN. 
C 

REAL G(15),H(15) 
CHARACTER C(35,15) 
INTEGER IG(15),IH(15) 

C 
DO 10.1=1,15 
IG(J)=IFIX(G(J))*0.025 
IH(J)=IFIX(H(J))*0.025 

10 CONTINUE 
D0 987J = 1,15 
DO 987 1 = 1,35 

987 C(I,J) = ' ' 
DO 11 J=l,15 
IF(IH(J).EQ.0)GOTOll 
1F(IG(J).EQ.0)IG(J) = 1 
KX=IH(J) 
LX=IG(J) 
KX = 36-KX 
LX=36-LX 
C(LX,J) = '#' 
C(KX,J) = '*' 

11 CONTINUE 
WRITE(3,33)((C(I,J),J = 1,15),I = 1,35) 

33F0RMAT(1X,' ',2X,T',15(A1,' ')/, 
*34(7X,T,15(A1,' ')/),7X,72('_')) 
END 

C 
SUBROUTINE CTOR (CVAR,RVAR,CERR) 

C 
C INTEGER TO REAL CONVERSION AND ALPHA ERROR TRAP 
C GETS CVAR: CHARACTER*8 
C CONVERTS CVAR TO INTEGER AND/OR REAL 
C RETURNS REAL AS RVAR 
C IF ALPHA CHARACTER, RETURNS "CERR" AS .TRUE. 



c 
C D.W RIGBY, NSDME DEC 87 

INTEGER IVAR 
REAL RVAR 
CHARACTER CVAR*8 
LOGICAL CERR 

C 
CERR = .FALSE. 

C IF INTEGER, CONVERT TO REAL; BUT FIRST FLUSH SCREEN BUFFER 
WRITE (*,'(" ")') 
READ (CVAR,*,ERR=50) IVAR 

C IF ERROR GOTO LABEL 50 
RVAR = FLOAT(IVAR) 
RETURN 

50 READ(CVAR,'(F8.3)\ERR=60)RVAR 
RETURN 

60 CERR =.TRUE. 
RETURN 
END 

C 
SUBROUTINE CTOI (CVAR,IVAR,IERR) 

C 
C Written by D.W. Rigby NSDME, Feb 5/88 
C Character to integer conversion and alpha error trap 
C Gets CVAR: Character*8 
C Converts CVAR to integer 
C Returns integer as IVAR 
C If real or alpha character, returns IERR as .true. 
C 
C D.W Rigby, NSDME Feb 87 
C 

INTEGER IVAR 
CHARACTER CVAR*8 
LOGICAL IERR 

C 
IERR = .FALSE. 

C Flush screen buffer 
WRITE (*,'(" ")') 
READ (CVAR,*,ERR=50) IVAR 
RETURN 

C If error go to label 50 
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50 IERR =.TRUE. 
RETURN 
END 

J 
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JSNofehiidd 

IbhiwccraWe 

e n p l s i b Itadiocartxa senes 38L600 ± 1300 As above Oatke«al M \veh 

ion (Red Head CSC4440) shell from Salmon I n « * « « ' " 

ced aid ccudiied Sal 

scfkestici A«ieiies(limiietelil I I ) 

ij»irt(Sahno« iM.Leu 24)ttgeesttmale IMflftO 

Lrossn basaltic torn 4 * from Salmon Rivet 

le sdr/diamrr Sand 

1) sin sands AASsenes (Grail 910) ageesli 

lierTcJI) drum rile I M H 1 shels cram 
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slel 
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Grant 19B0 Stea and Grant I9S3 

Prtniipal rererenee faherlWy StralB^teeTitii i toiiiRPi 

Grant 1981 

Grail 980 

Grant 1)80 

Grant iH 

uhsttlfng Radiocarbon series 39000 Granl llvAtJirndletiial Ml 

i l t a o t a i H C - B shell uigments Barn 

u i i r a i t l S d l W : l ( G S C I f f l ) s e a 

need rrt manne gravel 

gtey sit n i Mstfs(DLlaj)!)igees« Grail 1)80 

p i fa mate ! F f l ( F » B slel tragi 

Base to «p(lm) clavptai mono 
I* l i n e d s a i ' i l i 

Tree sttiratts etscited tci tall i m be ! » i 140 iGSCdR) let slip bidci and late, B O * B 

IDW MSL merrlaan b) estuaruie salt O t DO (GSC )l!)tjtt stump Saetal I f 

craters en ill 115 m 

Base to top (B ml grey MIIBCI LStea unpublished 
sdty diamicton gravely sand ted 
dish sdcyducitectonfbivviaiielcavn 
Till) oljvê rtes stotty sauidy cluriinc 
ton (Beaver River Tdl) drimbnet 
preen u t^u lpu tc ta cut tenant 
the top of tche drtimlin 

rStsTiuar lo above 

tee'iffeierj e n ? els 

•aririirJireal: redduh stv 

dtatnicion (bwett ivi Till) 

browrdsr) cuuriiucton with shtie debris 

Basetolop greyish silty diansjcton M 18)6 

COTiclcrri with basah stoiies erosus 

al ecsic: : i . ' , I n n tinted 

«>y diaiuctti with a in io i s 

quartz 

Base B t f grey e o r p l illy ii Stea 19S0 Stea and Broun 19S9 
mri'f'l'tir'd'Mii.'si 

clasts jointed SE fabric (Harden 

rut) reddish bronn sandy till Kith 

aheiiMgraniceandtesallcboul 

ders flivrencetosvn Till W i n 

aposure 

Sftio Type eipttsiire of the Bncjgewtiir MacNeil iPre le ta l If! 
Conglomerate ainorrcernentddi 
m r ii'liinJai; itrc si 
tins locality n oserlnes Fjedrock and its 
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tng ice l i s t e d to piedale the 
Lsl gfacEatton 
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sand) diamtcton ssich sand Rulings 

ardirclustons(Lawtencewnlil) 

dn i i i i i ip re 

HSIllielie B H l ' s i i - i j l j i - e a i i s l Ska el at I f tang el J 19(6 

nim reddish stony diamicton 

(Eatonvulei) stony sandy drarcae 

ton (Shulie Lak Till) The section is 

b l e d along an at margui related to 

a phnse 4 glacier tlovvirut vtithssest 

« r l » QtajBtoBi ftodi ofthe 

cnargin the Shulie Lake TiJ ground 

rrtonune is relatively flal with marcv 

hogs and ciiaeterced by nlted 

moraine dcselopcieni South ofthe 

contact the Eanonvdle Till terrain is 
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greater sod development on die 
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k leHil i i l innnii lh 

cf the ice nBtgin tecame ice free 

42 Spencers Island Al the nrioutii of Mahaney Brook a 14 M) J H (BETA I B M 0 Silat to tores, IW »lgnu»n 
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base s>rWiset beds) oveitan liy the delta bottomset beds 

p t a bedded said and gravel beds 
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Hed gravelly sand (lopsel beds) The 
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r O T S H j r a d c j s s l i r j 

r » | S i s h M * r ) These (el 
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Cape agnedoc The highest terrace 
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along ll» coast towirds Cipse 
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id !*M ttijlllll.lt. !i: 
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met soiree e M r M % « s 
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of the W i n 

k t o i f i i ' m i ^ s M i a m i 
on (Harter Till sard pockets to 
mi sand) ojamicion 

Thck Upe exposure or the slom till 
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•ft tort M MM 
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ion dmmlirn oil 

66 Sti nat; la contact delta compb Consists of 
ptanar ..uid npple lumitated sand tuid 
sill i t a M t beds) mrlain ty 
s h i p p i n g , s p d a l foreset 
beds of coaiw gravdly sand atad top-
set besds with boutdery diamictons 
High an ê reverse Guilts, oversleep-
ened beds and angular bouliLrs sug 
gestthepraun^y ofair w front Al 
ths^ilheStMaiysltiwlaks 
a U-turn into a steep ôrge Its form-
er paih la> down ihe Indian HartMur 
Lakes svstem eicw dairinKd bv glacsal 
debns 
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ni 
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ers 1990 
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diamicton (Eatonvdle tali 
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febnc thf fflncofgwly-saiid 
redd sh browri sJtv samK ui«**"ucton 

IMarlu tout Base la top fl m) met bench ai 4 m 
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61 Holland Hnboui 

fii Stillwater 

SMf^ahvtetript™ 

Base to topi greryiissh. silt)1, compact sii-
amictonc Irjiownish. Ttssile. sandy di-
arnicton; loose, storrv. sandy diamic
ton; d m * int. 

Ice corrtticl delta complex. Consist!, of 
planar and ripple laralnaledsaisJ and 
ail (tatonisel beds) cwrlain by 
steeply-dipping, siasnoidal foreset 
bods of coarse gravelly sand and top-
set beds with taldeiy diaitiiclons. 
High angle reverse faults, oversteep-
enedltdsanditifiilaibonlderssiii' 
gest the prourrlryofanice front. At 
this point the St Mary's River ttikes 
a U-turn into a steep goiije. Its fbrni-
er path lay cktwn the bsdiart Harbour 
Laalies system now datumed ty glacial 
debris. 

Dates (jrB.P.) Prijcipalrcfcftnre 

Stea and Fowler, S B 

Stea and Fcwler, 1979: Stea et al.. 
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68 Glen Alpine 

Base to top (3m) purplish, silty d 
aiTiicton with peat tayere ami sirti|er 
oxidized zone; brewn; stony, sil^ d 
smitten (Eatoiwilk-HanB Till). 

Base to top (3 m): brwvn, fissUe, silty 
diamicton (Eatonville-Hants Till); 
grey, stony diamicton {Toney River 
Till), 

Stea and Myers, 1990 

Myers and Stean 1986; Stea and My
ers, 1990 

.SV h W 

// V A \ kflONAlJI'A , 

I9 Audington Rsrks Etase to top: purplish, silty diaî kton: 
organic sift, peat, clay; resd̂ iish-orown 
d iar ies i f i l i r m f c f t a Till), 

SHOO (GSC-*); JiJO t m W t t J . 19ft m aid Gram. 
0-3236): wood in peal, 1915 

jr\' x.»*M*i. 

CSidWinf, 

TO Jimtowti 

TI M a t e s toint 

Base to top (12 m): compact, silty, 
clasl-poor diarrjeton, north-south 
fabric; thjn zone of gravelly-sand; 
reddish-brwn, silty-saody diamicton 

Basetotop(21m):rackbenchat4m 
elevation with striae on surface trend
ing 110 degree; greyish-brown,, silty 
diamicton with fragments of Mer-
cfirwnij jjp.; thin sandj layer; reddish, 
silly-sand diamicton with north
eastward striking fabric 

Stea md Myers, 1990 

Myers and Stea, 1986 
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ganic mud: lacustrine sediments; drag 
liiteirjsire i n k Georgia Pacific 
Co gypsum quarry. 

132Whycocomagh Ba«mtop(15m):diamfcawn;strati- MUOO ( ( » ml ,,„ ,, „ „ 
liedclay-iibpiciliMiip^ ' ' » l l«'"ta,9fl 
wrad: sand with organic silt: stem)-
diamicton. 

M t a Basei.,ci,(|0„,:t|wp>tl; m m m t 

orange sand »iUi peW«,; motttod ™ ' * ' 
day: grey silty cby with organic! and 
s»«xi; sand: red. clay dianiicton. 

« « • « | |-t,,W|,in,,„« » ( o s c , , w . ^ ^ 

DS0Mh, a s s : as*""* •*«•««-*« 
gteyishfld. sir, diamicu, ( l i t , . UcTh'disccniilibriiim.scries: W D a-
miintl hi l l •• ' • i i ' ' ' 
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s^ 1 . IWtk diamicton (Bennett tBay 
Till); cmS'lttided sand and red .silt; 
pebbly-gnvel, tarralally limted, 
The uppermoji unit is probably a 
beach deposit. It sits 0 m above 
MSL, Raised beach deposits arc 
W a ^ i k N o r t M r n a i i i m s i 
ranging inelMionfmamatimum 
of43mncarDelapsC(Wlol3mal 
teWkilro a l l o t s a dis
continuity in beacb level; at 
Margarets*. Here, an ice contact 
delta widusurficeehtto of 36 m 
separaies raised beaches to die souti 
ihal are 35 m above MSL from 
beacb north ofik delta thai arc less 
ihaniflmabwHSL, 
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lie.it 
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S5 Eden Lake 

f>6 Trafaltjat 

*] Nw Glasgow 

Base 11 tap (111 n): t w ^ , silty. 

compact diamtcton. eastward rilric; 

Wer)1, loose damictori wilt sand 

bjets; said aad sill will defamed 

lasers "ruling irdo coarse sard; red-

dish diamidon witli wudtjes intntcjĉ  

sand anil; draalinarflscre. 

b 10 lof (1 • ) ; tcddisl. sieiv1, 
compact, siln'-saraly cliamictiiii with 
rtortfawest to (Eatotrs'lHe-Hanb 
Tdll: grev; stoo)1, sandy diairacati: 
reJdish. stony dlarracuin. 

Base to tap (4 m): reddish. Hit)' Ji-

• i c n f t a t i i l e - r l a i III); red-

stained qaanzite bouldeTs; grcsisli, 

storrj', sandy diamictcin (Traiej' River 

H i ; exposure ol 11 isolated 

hifflirncL 

Base to top (3 m): grev, oiitfced, ctt)1 

diamcctoti; brown, scoiry, silty diamic. 

t»(taiMailiI). 

Slca. uapaisM 

ScsiiJ livers, Iffl 

,4s a k 

,\sil,w 

Sleaiid«strs.l» 

BDeta l ie 

EDttffl 

BlTriro 

104 Upper Biookside 

105 Ink 

Bktsetctop: 

c a i r , ) - ; 

dydcunicto 

Qebert Lab 

two daamicti 

tali. 

Sit of M o , 
ed points c 
fclsontCb 
ta l i s . Site 
laminated sa 
in origin. 
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V11Â - hW\ 

X f N i l v 

* « j ^ IpW / 

l A 

Prhdial rtference 

http://lie.it


tr 

/v, I 

AAAV'X 
I X I 

A \ 

^/jftiT 

,,ix*!rtAX'' 
X Avail A ' '. 

ra î raph Uwiptaon Bates I BP 

flint [ l i i p l m groat-ednam ijjfjfj 1 iC I m l 
Dngres laywdhmlfngtren fragm r 

lav sand itrjdmtcs Old 
lat a n mil said TOSS 

bedded rg u lay and sand 
prate™ ^s| [tat'm 

110 BO CSC I mil f i t 
stamp! - I n deliilBL 

Pnn pa refren 

Snail Fid HI 

dunlBlale t l 

I D i l O C H tump 
ed m 

ton l»d ndlU n 

N H M U I ; StraligraplnVDesicription Danes (yr B.P.) 

81 Big Inland Base to top |10 ra): greyish, silty, 
compact (taiictopeasraardtibtlc; 
ttoulder>', loose diamicton with sard 
layers; sand and sit widi debed 
layers grading inn coarse sand; red
dish dtomitt win) wdges inlnrdcs 
sand unit; cinimliri csposure. 

frineipirtrtnee 

Stea, anpullishcd 

Hvtennitnaev Ik sKutMrii ftalo good i n u t l l f C S W f ) vvsnlSi 
example i glaciated iky II u rgi i 1 » 
shaped and iwenteepercsd. A10 m aa-
pisnrcnthefnc in dksrev 
eal rgam 1 until w. -d fragtrte is 
and stamps overlain ly rhydinically 
tedded sailutj ay dtu 
ton, and coarse grastlh1 .sand. Fell 
laic, at tie head of die valley, is 
dammed at its northern end ra>' 4G na 
sir more csf ice contact stratided drift. 

ilea uipH I 

§4 Untile 

l i Eden l i t 

10 Trafalgar 

PlWrJrttaY 

MKr-jiiK, te.l'tij 
17 - \ 

Base li top (! m): reddish, sto | 
compact, silty-sacndy diamicton with 
nnrifrwest fabric (EammtileHanB 
Tel); grey, storey, sandy dratracton; 
reddish, stony diamicton 

Base lo top [4 m): ralciisJa, silty di-
amictoniEaionvHanBl); red-
stained tprttjt runUtis; greyish, 
stony, sandy diairdclon (Toney River 
Till); exposure ol an isolated 
humttoi 

U M i s g o w TJase to top [3 m): grey, tsidbed. clay 
diamicton. hntwn, stony, sity diamic:-
ton fEatonville-liints Till). 

l l S c d B i i l Base to top (11 m}. reddisli, sLty, day 
dirictoi IMcCitron Ircot Till): 

Stea aid 11)0, m 

foahove 

,4s atsne 

101 Deben Lake Busesotcap: redtlisli, staony. ssllty. satad 
(iie»:gieyisl-tr»n. stony sat-
dy ciiamicionc many drillholes in tfie 
Deben Uke area ertcouncered these 
can diamictons. lath Interpreted as 
t a i l s 

RDttttl SMN»liiiiai<KU|i«ciiF.i- I * i III (MM), charcoal 
ed pan cf a nlc.ci siiralar I) leant material, cat tepttstnls It 
Folscsm-Clovis found along with m a M e c f 18 dates cleaned at at 
hearths. Sit hariedtyep loi roof sit 
Jaaninuted sand bdleved n> be eolian 
in origin. 

lOlTnno Base to top (3 m>: nesddtsh. sandy di- t l lB; f f l ( (5C4S! | ,k ln in 
amtcton with martemus stoics; peat of pest; 1I.4B01150 (OSC-4265}. 
tat; * h , said; diamicton till pat inclusion ii upper diamicton. 
few stones: roadside section esposed 
daring fagfrwayccffislruclion. 

Ml'pttiBreotal! Basel) lop (3 m). reddish-brown di- l l , » i l M S C - J i J 4 ) , t a * 
) « ' • : organic sand; reddish did o p i t kyet; UO i 111 
diamicton. (GSC-M! is) if buried oigarae 

to. 
S« and Micas, i ) 

I M o i d e 

Stea aid Myers, M Hiverside Site shoniiig superimposed striation 
sets. He oldest set i a i B d e j m 

fat, * 

fcNd, m 

SKa md Mott. 1989 

tdnteial.iri 

Sta initio1, Mil 

Stea and Find, W 

taiWL.il; Stratijraphvlltapliin laie lit IF.) 

IB Ciiahndee C M 

W I I S I I M C K 

IB liopvilt 

l l l lcclcn Bach 

If #4 
J 1 A A X 
«XX, A v*a' 

• M X 
11,1 * mt 
fXlAXA'''1?* 

Wm^i 

IIHSIIcr Creel Quart;' Base»op (J) j); gnyi, clay j -
amiclon with organic ddris (Miler 
Creel Til); ytlijti, ottatl i-
arnictim with dolomite fronts; 
pea: 'I'll clay and wcxl iragricncs, 
ilynhnieily-redded sinn" s , | ; 
cross-bedded sand grading upwes 
• gravtly-said; greyish-red, a l 
caieiKnKi«,sili;iiiiiton;>j 
few slants (tail Wilford lillj; ni-
dish, sanely, silt diauitii (Hans 
Till)t section of Qualemary depcuils 
In the Fiandy Gypsum quarry. Two 
disllcd fkcies of organic beds aire 
»«l,it*icf(df«wteilllsiifli 
base il [he .section. One facts con-
iffiat'acompressd rat afrttt with 
its) fragment, He other j a 
orcinc-ncl sill wids irJnc frac-
mcnis as w.tll as ivuod. The strati-
trjfii relationships tetwees chest 
r*ofearcuncciaia.'Iliepcaifj-
cies contains polleri domiiialcd by pine 
aril sprace will sonie tattles 
sfecies siach as oak, elm and maple 
present. The sill facts, on the other 
hard, is duminaced fry spruce [ever 
SOSf and sedge pollen in die upper 
pn.indding&orealtwcfflidi-
i iaAiastcstaslwashdis-
sedate with these organic teds. 

JiMiOSC-lfdi.mlflkrsp 
from organic Pad; E d i t K l 
(1-Jlli). «c«d. 

II! B a i l 

IB l a s 

110 las Milford 

fe to lop (in): ereyish-rel. mis
sive, silty U n (Eas Milford 
Til!); sill atvj claret: saw, clay di-
micron (NonTili), 

Base to top p at); rhydiicâ ly-
tedded clay and sill, massive clay; 
yellowish, gravelly-sand; teat with 
mod frapwnts: rtddish, cliry diaraic-
a with tew stones, icitercalated, 
thyOimically-lieddnl clay-sais): Ci»s-
Mrd. gravelly-sand grading into 
clavv^jfisurcnlhehiic'c^rryol' 
L E. Shaw Ltd. 

Base ntcpfVmtgitim sorb, 
grey, dty damicmn win gvtmrn 
ctes: toun, clay diaminon with tew 
clasts aaid conctttiuns; grey, coarse 
illiiilMtalljt.f-l 
sill; landed silt wiii peaty layers and 
•si!.JSdi>i,iB!lisisi ireiii.; 
nf. sly dtanictm (East Ifnrd 
Til); yellnsl. osidieed said; 
reddish-hrown, sandy diamicton 
(Hants Til); striping i l l eicesum 
in the Natanal Gypswn Co. l̂arry: 
detailed polka analyses cf peat sec-
tioasiaUcltetaJ.'.K 

n + IMiGSC-Mf.taof HI 
p i ; i P i » i G S C - » i c t , t ! 1*1 
pa: 11311 + I B (OSC-nilj, cal
careous concentration in leaver clav 
unit; <«% ± HO iOSC-KM3j; wod 
in upper sand ail. 

Wocartn series: )J«rj[G! 
ihtii'.mmMlml i 
Miseries: m tM(ll)T 
i l i l M l IU0 'Iff-ii: 
wswd 

CI Uilfanl Station 

E SUuvndii Base to lop IS m): massive dry; 
jmstlly sand; peat; sand; exposure in 

l l«li(OSC«),loiio( St 

PtaPinn, 

;s3*' l l«cnpl» 

'mligttyWdiamic-
i grey clay with AWMXI ffagmems, 
c M Hiythrnitjest enddized 
coarse, gravelly-sand, cross-

tied; o p e layer and sand 
:t«s out upslope at9 m above high 
htl. 

Dates (yrW,) 

I W i UJ P 
ftagBI. 

8180 ± 130 (GSC-7 
sturapat-Brunei 

ed al - 5 m. 

, 1 1 1 , 1 a good B i D l l G S C ' 
irjeofaglaeitdiilli)', l> lis) front o p t st 
^aiaiewtdeeteied. ArDmex-
ureuidtlootoftheiileites1 

c-n-ic- l iJl i lwilt i f l iB 
slumps oseilain by rtrjihmirally 
fc,!:.«ilia i » 
and come gravtll) sani Hly 

at die tetd of the wUey, is 
y a t t i » n t o i e n d ^ 4 0 i 
bore of ks contact strabfied drift. 

to top: reddish, staray, silty. sand 
hidon; greyisli-tawn. stotty, san-
Biamicron; imrry drilltoles in die 
(Mlitnammreredmest 
faitttnti, lx> ditetp*11'' 
til 

icfW»liifa«tiiriat«i.Fll- l * i * If 
' • - ra tnidiuor. similar to rath material, da 

_ _ . j twnd along with rnoefal natuc of 18 dsi 
C St ted kip tolmof » 

itsarilteliifdttes.* 

ngm. 

BPiH 3 m); raldisii, sandy di-
|ctori whb turnteroiis sttrties; peat o l p r i t w t 

mlclisli. sandy itascttui wilh peat inciusion m uh 

stones; toatlsidc settsoa exposed 
|r,i kghu D.W.OJ] 

Utc«(lm):«dd«hl)ic»il- 11.700 ± IB (GSC-
oreaiic sail; * h ried organic Issyer: 

(GSC-M30) top ol 
ijet. 

s tar i iujetm^Mvl siricci: 
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r v xx,r + IxvvL % x » , ?< WX,: >£ v 

AA"1 ' \ f x-#f«x K:x ' 
fivf ,\* \\<r\1 i,'"'" I A». W'«MA< "»-

JtWfrl X M f e \ 

I31 Whyuwrnd 

133 Hill,wo 

horeai <u rctic ci in. 

BdW to top ((.omposite settion 
10 m) velKwisti oKidued s\\h di 
rWMn grcy&li stivdumiLiini with 
wxxl frigraents and dis-semimtej nr 
games wood greyish rid sill) Ji 
amnion broM ailly diamitfon or 
game mud tanK sediments drag 
line exposure in the Georgia Paulii, 
Co gypsum quarrv 

Base to top (15 ra] dtaun cton strati 
feltMi organic silt with fotind 
wood sand «ili iDpK sit MOM 
diamicton 

Base lo lop (10 m) clayey grasel 
orange sand with pebbles mottled 
dor git) silly clay with organic1! and 
wod sand red clay diamicton 

>49O0O (GSC T2B9J m i 36^00 Blake Ml Blak B \ 
+ 13S0(GSCM)silitaoridn 
icWuiba«i)fwi)ii 11J00O tQO 
(GS037S) o p e r a n d 

)44*)0 OSC290) A U ] 

>51000 (GSC iTO) wwl 

\ lmj i lPr is t l%7 

Mm and N I 

Waal and peal overlain cy outsvash 
and tdl 

N u i M M i r , StntitriphifDtsrnpiint tstvrBF) Princi|ial nfertnee 

rJ|«f«"fJl la'afinl 
Vl,(H|r Hint. 

w •• •• * tc .<= " 
"tloalanhd ° Vhlc 

Dales (it I P ) Prncipal reference 

l o i p M mistMtddraniic WKJO ± 130 (OSC3M3) vwxxl Stea and Finck I I 
grey clay wdhuood fragments fragments 
ctysWifiytkiites oxidized 
coarse gravelly sand cross 

ded organic layer and sand 
lies eat tfSbpttSinalnit high 
level 

1110 i ISO (GSC757) sum) tarn W o n and Blale m 
slump at SmbelcnvMSL 

:070 ± 130 (GSC 957) stump rool London and Blake 191 
ed at 5 rn 

ia7H0± I00(GSC49291 wocdfSj Stea unpublished 
k ) from organic sdt layer 

Alcock SM 

I W ? i III ( f ! W charcoal MacDonald M l 
hearth material date represent, die 
nwM valise nf 18 a t e obtaiBJal Its 

• to top (3 m) reridisli, sandy di 12DC0 ± 12C(CSC4297i basalpan Sua and Me* 1)19 
cton witti nuaneiDiiai srtonts, taeat of peal II400 i W ( O S M 8 ) 
r reddish sandy tfaanucton with peal inclusion in upper diamtcton 
st ies rojls idesatoiapstd 

rghgkfflcorstNctBn 

11700 ± U0(GSC3774) taseofbu Moll etal I * 

ned organic layer, II BO i ID 
(GSC 2930) top of bursal nrganic 
kryer 

Stea nnd Finck 1911 

Stea and Finck 1914 

113 Cambridge Cove 

lit Bass Brook Cos 

lb Bishopsdle 

IIS Aberdeen Beach 

11) Miller Creek Quarry Base lo top (10 ra) giesrsn claydl 

llltaslon 

lit Lantt 

COFaslMllfom 

111 Milford Station 

12: Shubenacadie 

anucton with nrganic debris fMdler 
Creel Till) yellowish oudtaed dt 
anucton with dolomne ftngmems 
peal with clay and wood fragments 
thytkuciallytKdded sdt and sand 
cms bedded sand graduig upwards 
into gravelly sand greyisirrej) cal 
caretsis massiive silty dianiicton with 
lew stones (EastMJford Till) red 
dish sandy sdt diamicton (Hants 
Tdll section of Quaternary deposits 
in ihe Fundy Gypsum quarry Two 
distinct facies of organic beds aie 
found sandwiched between tills, at the 
base of the section One fates cun 
vistas d a comprised mat of peal with 
weed fragments The other is an 
nrganic rich silt with mollusc frag 
ments as well as weed The strati 
graphic relanonahips between these 
two facies are ancertainle peat fa 
cies contains pollen dominated by pine 
and spruce with some therrrtophilous 
species sucti as oak elm and maple 
present lite sdt faces on the other 
hand is dominated by spruce (over 
10H) and sedge pollers in Ihe upper 

pan inflating boreal forest coridi 
nons Aitiastnoontuskwasfoundas 
soeialed wen these organic teds 

Base to top (5 m) greyish red mas 
save silty dtanrclon (East Milford 
Tdl) sit and city grey storty claydl 
anucton ( W o n Till) 

Base to top 11 m) rhydnmcally 
bedded clay and sill massive cuary 
yeUowtsh gravelly sand peat with 
wuodliagmeits reddish clay d u e 
ton wirh few stones intercalated 
rhythmically tsedded clay saaid cross 
bedded grrfy-sand grading into 
clay exposure in the bnck quarrv of 
L E Shaw Ltd 

Base to top (10 m) gypsum surface 
grey clay diamicton wrdl gypsum 
clasts brown chrydiaamcton with few 
clasts and concretions grey coarse 
sand yellowish tainted sand and 
sdt banded sdt with peaty layers and 
wind reddish gravelly sand greyish 
red 'ill) dianJctM (East Milford 
H i yellowish oxidized sand 

reddish brown sandy dianuclon 
(Hants Tall) sinpping wall eiposure 
in t e National Gypsum Co Quarry 
detailed pollen analysts of peal sec 

tuns n Mol el al 1)11 

Base to lop (20 m) tiBive clay 
gravelly sand pal sand aposure in 
*>« •¥ Hrl 

>52O)0 (GSC 26M) mood ftmu sp 
from nrganic bed 1)200 J 2000 
i P B l ) wood 

11 S O t 100 (CSC 3774) hat of 
peal Hll,900 ± 90(CSC 3771) topof 
peat I I 1 1 0 i l l ! ( G S C 1411) cal 
careous concentration in lower clay 
imt 9600 ± IB(GSC-««1 «rjorl 
in upper sand unit 

Radiocarbon senrs ) J J P ( 0 S C 
33)wood -5afJi»(GSCliS42) vrood 
UOTi series M 9O0 ± i.500 (UtJT 
IIS) 842001 II KJO(UfJT IIS) 

wond 

H4DOfllO(GSC-4)l?)bc«omof 

peat bycr m O O : » ) (GSC Di l l 

lop of peal layer 

Stea I K Stea 1914 

Stea 191! 

Stea 1912 

Stea 1912 

Stea and Hemswoith 19T9 Stea 
19121)84 MacNeill 190 

Stea 1)8! 

Mol et al H Stcl and Melt 
1)19 Stea and Moll 19)0 

Mol el al 1911 Mod and Grant 
W 

Hughes SS' 

Stea and Mott 19(9 

OS Green font 

116 ton Haul 

131 Caniphell 

Base in lop (20 m) oxidized haul 
derv p e l peat wwd anil day 
greyish rai (ill) diamicton (Rich 
moid Tilll SE fdbm ra) day di 
anucton coa«htal exposure of fljted till 
plain 

Baieintop reddish tony silty-tlav 
diamicton stranded wnd uiih m -
dy detritus reddish stony siltv-da, 
diamicton sand) p w l p i w l 
h ilc infill 

w to lop (3 m) sand peai sand 

OH Bemcadie to nt Base lo lop (3 m) diaiml in 
diamicton 

119 Beudilic 2 Base to lop sand peat o p i c s 11 
didmicion 

HO Benaudie 4 Base to top (2 4 m) dumictim oi 
p i c silt iJumiLtin "id with i \ p 

141 ^ lu iJ t s^ BuxitHup 4 m) dumicion o p 
it Mil und pei organic w\\ 
diamicton 

14! Casik %$ M lo top indurated gravel strati 
fed deltaic and d finely laminated 
o p i silt collimwri diaimuon 
w m M d i l l ) 

143 Edit h Complex cliff seciton with ciarse lo 
mtdium gravels at the base uverlam 
by a diaraiuon Three distuiit k ir , 
tiopc^diinentiareeiWrOfjedb) 
gravels Unit I .(impact *ood) 
pcjl Unit 1 iiltv clays mierbedded 
with peal and m d Unit 3 orpnit 
A The three organic facies jl«i 
shw/ ctistinct pollen seances termed 
palynostrattgrapiiic units The com 
pai.n peal (Lnit I) is distinguished ty 
i poflen êqiie-̂ e dominated by oak 
while pine 'aid haidwmd genera 
The alty cays (Unit!] are domiwt 
ed by Balsam fit Mthsometiardwod 
polkn The organic silts (Unit )̂ are 
charanemed ^ umiferous pollen L*I 
pccidllv spruce and pine with abun 
dani nonartxireal pollen Unit 1 
reprewnts d true interglacial with a 
poilen spectra ireiicatiiig a wanrerch 
male than itxlay U mis 2 and 3 are in 
tersladial assemblages wilhwoleidi 
mate affinities 

WEasiBay Base to top diamicton peat 10300 i W (GSC IST8) pui 
diamicton 

>5300U fGSC JJ17) wnid BIJU. 1984 Crni jnd Ktng I' 

Radiocarbon stries )"(Kfi(GSC BldU iHW i W i il u al 
33201 wiod 
L/Th iliiequilibnum series JI7 400 — 
IOfXfl(U(PI) wifll 

10250 ±2400762) 1000 ± 170 l U u TO luarn. UT4 
(GSC 540] wul 

iaS00-100(GSC389^> ipofiht \l n jl \% 
peal union 11300 200 
(GSCJUI) tamp&it II 0 0 ; 
200 (GSC 1211} bulk 

10SK»; B O f C S C F l op of M J C V I I « J M J W L I J I W b 
ptl2IOOX(10(GSC3900)U 
IMOO + »(CSC % ) bull llfTO 
+ l?0(ICT)bi ,a 

IISTO + 390fUQj»li iut Moicul 

12310 ± b0(UQ-3^1) pulton M u i u u l 

11400 - l20lGSC40t)3] lopnf Motuul 

put raoot ratGsc-40t>:i m 
bin cf put IPSO: 200 W 9701 
bulk pem 

Miocjitwn i w SJ1000 (GSC 
1577) orgniniL. s,|i )52B0O (GSC 
1619) wnxl from oivanic s II 
AAR s i w (Xchetii and Rutiir 
1982) D l W L S t h d k f a m up
per iliamicton 

Radaarbon series (*mxl) Lmt I 

>S0flD0 (CSC 3861) U in 2 «9000 
(csasiii \}\]i\)mm 
(GSCIffll 
U Th di»quilibnum icr cs (WAHI) 
Unitl DfiL«tt->- B00OCUQTI7S) 
121400 i)ocoo(U(?ri7ej m/uo 
+ 9600 <L<JPT10B 608001 TO 
{LQTI79) Um2 W i l i O O O 
fUQri09)Unit3 62(00 + 50011 
(LOJI77) % M i 10500 
(LQT 227) 50200 : 5000 
(UQTBO 

U 1984 Grant mdk HE l( 

di Vinul u J 
Gum I9B5 

Gram Wl 

145 Leitches Creek Base to lop (36 ml brown silty di 
anucton grey silty diamicton com 
pissed peat with wod greyish cob* 
bly diamicton orgsiuc silly clay with 
wod fragments greyish sandy di 

} 5 2 P (GSC 267S) peat for upper M t NM Mmi 1971 

organics 
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NumbtrMly StralrgraiMleKri^itni 

Tllievat 

BlirHr,) Principal reference 

Mtcrs irtd Stea, 19B6: Stea d it.. 

If, i l 

Ifcrs aid Slca. I t Sta etal, 

IKS 

Myers and Stea, l » ilea et al, 

If, li 

13 Living* Brail 

!4fjpeCennj Base tilop fit m): m l bench l i ra 

above highest t i t lestl; ltd, (lean, 

wnllscsled sand; grave] ly-sarid; red-

disti, sidy damicttsn. 

5!a laniesC»e Base lo top (33 m): |te>'ijli-rerl, silly 

diamicton with shell fragrnents der-

ised from ice flow across the 

Northumberland Strait: rcddish. san

dy diamiclon with atwnclam Ami-

finish Hpaleiiancs derived i ro 

ice flow across tic hilars! regions 

totescwtwesl. 

76 Cape George Pesitit Baste Its top (34 m): wive cul bencli l a d k a t t a i a D R . Grant, p te and Stea, i l l ; Sua it i 

to4marxrveMSL,withpolliuleson C O M J ^ M I W I I I « I t iipablished 

in i l k fine, well-soiled sand; y a m f ( M ) ; 35,600 i tjtj 

crudely-stratified, gravely diamicton (GSC-41]; 

tiaignlaiclasts; reddtsl.sty li- a i t , m : OlLeuJW), agees-

•ieton with shell f iaj i teisl* ' r k e l l M * ) ; 

mriipjl lrei i l . ) l i n i i in Icnest lianiti. 

ESR series: age esltmate 

J M f M e n M i i i p in low

er darca'clan 

77 Livingstcne Riint Sa el al, f i . I i 

78 Livingstone ( k Asubovc 

7) Moral , Aaibnc 

IlilignailCtii As above 

IlArisaig Asatot 

IHismore lasi»t tr j (1«). ttddish sand; 11.9001 H»(GSC4li3),bottomof Mol et al, l i b ; S B and ifon, 

oijanic-ricli f*at; sandr,' peat; reddish o p e del peat; Hid i ID 1 1 

sand wit sil layers. (GSC4152). contact ol sandv peal 

ami peal; IftSOO i l20(GSC415tTi, 

topof sandy peal. 

Kintherkiily StnlinltiDNrinlini llaleiyrBJ!) 

Base al top (3d ml: greyish, silo; 

compaxn sliarr.kton, cast̂ dixl fabric; 

tddery. Inse diamicton with sand 

lasers: wod and sill with deformed 

layers grading into coarse sand; red

dish diamiclon widi wedges intrudes 

sand unisr dmmlln eipMC, 

34 Wocdside 

Mi lie 

HI Trafalgar 

87 tscw Glasgow 

iUfclfc 

ft] Toney River 

91 Capjc Ititirt 

toe to top (3 m); reddish, stony, 

compact, salty-sandy Jiamictim wit 

r a i n s ! Sine ( te i i lc-fats 

III): grey, siiiy, sandy i i i i c l j : 

reddish, sliny diamicton. 

Base t sip (J m); reddish, silty di-

imieiiitovile-HaisIilltred-

slalncd tjuaruite couldets; greyish, 

stony, sandy ditiera (Toney Risvar 

Till): exposure of an isolated 

hummed 

k n » p (3 m): grey, o d d i t i s 1 

diamicton; brewn, scon)', silty cltamk-

ttfto'ManrsTilli, 

Bavelcl^tllmlreddislsi'l cue 

Jiarnilin I McCarron Brol HI] 

grave Iv sand layer anishrcd 

niMv sandy silt diamiclon will 

northward fabric (tasille-rlants 

T i i i k r m u M l said I an 

redji h «in) dramuan Tone, Ri te 

Til 

base lo cop 00 nil; greyish-red, mis

sive, silly diamiclon overlying 

hedro;Uiteascaaidst[ae(McCar-

nai Bml HI): reddish, stony, sidy 

diamiclon (Enmville Hll, 

te to tap (4m): reddish, SMTS; si

dy diamiclon (Eatonville Till); 

greyish, bouldery duimiclon [Toney 

Riser rill): sseclion overlies bedrock 

snrtainscnbahtoseisofsdi-

ae, die older tretvtinit eastwird and (he 

younger sotrtwesrward. 

Base to lotj (13 en): teddish-broiin, 

city dinllonoveriycaghekk sur-

lace with easfsv.iird striae; tr -ylsh-red, 

sity diamicton (MeCirrot Broal 

Tdl):din»lkrwialMiinnn 

Ihe McCarron Hrcol T t reddish, 

saidy duimacton with Cobequid Hiŝ i-

land boulders. 

92 South Shore 

13 Bergeman Pejint 

HSprilghill 

95 Moose Riser 

% Ecijnomv fountain S a p t o l t d t s t l t p f i i a t t r i i 

basalt of Ecoromy Mauntain. The 

saprolile is believed to haw fbtmed 

during a lengthy vara period, per-

hansteltitiarv.il i s is I t ten 

(idle or no glacial erosion has oc-

cuned duniit> the many ice attes lhat 

have characterized llie Quaternary. 

ftindpal reference 

Siea. urpjbl is ld 

SB ail Mies, K 

As above 

As l b s 

SkwiTyas, 1990 

Sta Md Mvets. BS0 

Stea ml h i , H 

SnsndFiiclBM 

ilea aid Fad. DU. l i 

SftandflnitSl 

Stea and Finck, WS 

StaindFiiil.fi 

StaandFincl.il 

RnnerlidaidTnaclei.1) 

ifcnlViley lite***! 
naitfle of a gkcij 

shaped atrliiiiiqit: 

mite in die h i of 

d s organic s« " i t 

and amunps cjverlaaan 

IjddtdAsarilaieil 

ton, and coarse gravel 

l i e , at tin 

dammed at its ttorthej 

ornme 

Ii! Deta lale 

IS Men 

lag to to: n i l , s i 

dumictonigreynt-btcr 

dvdkitt .mai | i lW 

Deta lale itea a « ~ 

iwdanctons, bodt| 

has) is. 

itiffif-tklll 
ed points of a bidiilj 

Folsoctflasis tad 

heatfc Site hurled r»| 

tatiated sand bAis | 

in origin. 

J ! Trim Base to top (3 ra): reddl 
amttun with numetouj 

layer, reddish, sandy^ 

few sNrries; roadside 

dating highway constt 

104UpperBrookside l a s t D l o p l l m j i r t d B 1 

amicton; organic s 

diamiclon. 

I? Riverside 

M Riverside Site shewing supcrjnp 

sets, tali j ] tea 

and is preserved in car 

the same trend on a met 

crop. The grows and 

anions n stained 

mflnganesc-iron? o.tldgj 

ply soil formation in 

nora-glacial Inten-al. t̂cu] 

cul across these anme 

III Eagles fiest Mil Base to top (3-5 rr.): ra 

ton with Cobequid Htril| 

trassitt, sand, sit; gieyl 

ton wit gypsum' 

silty etaiicton widi Cc 

land erratics ( 

and elay; reddish, silty, 

let(Bants U t a h At 

ernitics: aposures alontj 

ley vails of the Shiahjer 

I lnerSelmah 
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p fas » j Sta, l i ; Stea el 

irsi.) R D I t a r o h l i s l i t 

111 I n * Head 

III Noel Lake Base to top ijjmjtgrel 

a tom with limesicr] 

bedded, ctmpaci clay 

burnish peat, sill at 

and shell ftagmems; raj 

aittcin wit ahuidaj 

Highdamd erratics fEastf 

tnidized at lot): clay; ra 

dinctonilliiunlanl 

fewer enatics (Hants TiS 

ofttuWes, 

linenitytape Quarry (Juarry surface rcreali 

SttSOVtlllUllflWIldi 

alcwr_ 

with few stones (East 

Jdn.flflEtr.il 

(Hats Tl A Hcj 

Mriunragiinltt 

suit us rami embel 

rlantsTill. 

t i t t t>B i i 

Stea etal. If, I f 

Asaknt 

Asakne 

As above 
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MttisaiStt S Sea nil 
1)17 I I 

Myers and Stea Dlb Statu! 

RIM 

Myers ltd Stea I I Sta o i l 
MI I I 

(a) loney Rivet 

pen Mven 
' ? ) M l 

ltd Stea N i Sta etal 
H I unpublished 

)l Cap: John 

Stea etal I f 1)18 

Asatae 

92SoinhS3wre 

h t t t i i l P l 

1! Brg Island Base ti lop f t i ) greyish silly 
compav.1 diamicton easliwd labnc 
bouldery I r a duration widi sanl 
lavers sand and sih with deformed 
layers grading into coarse sand red-
tshdiamrcraiwidi wedges intrudes 
sard una drumlin exposure 

dfat i ide Base to icp (1 ra| reddish stem 
compact sihv sandy i i imi i i i wit 
rortwesl labnc ( t a b l e Hants 
Till) gicy slony ^nds diamicton 
reddish suns iimcton 

talilnpllml reddish ally di 
netoalEaBvik Baals Tdl) red 
stand p i t * boulders grensl 
dony sinds dssmictrii (Toney River 
Till) esnosute of al isolated 
hlHIDCl 

R7 New Gbsgjnv Baselotopll m) gr^ ittrdaed ibtv 
diMtuctcn bnr*n satiny siltv dî nac 
l o i l t a i M a i l s T i i ) 

v l l l n ' r l Blslletup(ll ml reddish l lh ells 
diamtcton ftlcCatron Bowl Til 
gravelly sand layer greyish ltd 
blocky sandy silt daaitucton ivith 
nnrtWd fabnc (Ealosvdle Hants 
Til) dtrauonzonewidisaidlaytrs 
reddish straw diamicton (Tbney River 

8) Sams Hunt BasetotopflOmlgresish red mas
sive silty diamicton ow ing 
hedrrsUidi eastward strae'McCai 
ton Bmi H I reddish stony sihv 
dimicloi(LalniiilleHI) 

Baseaitpllm) reddish stonv son 
dy diamicton (Eatoavdle 111) 
greyish bsutery diamicHn (Tonev 
Rivet HI) section werltes bedrock 
surtaccuncnbcdwittwoselsofstn 
ae tfae older trendtng eastuanj and the 
vrjiger soitwestwird 

Base to top (II m) redds! hmn 
clay I t i t iaMly tghednt t sir 
fcwi^sltaiititM 
sihv dflnucton (McCarron Brook 
Hll} thin saaad larger wrttl alteiaaon on 
te MtCarmn Brook Tdl reisb 
sandy diarmctoii with Cobenuid High
land Guilders 

<S*Jt 

Asaho* 

(tSpitngtl 

95 Ucose Riser 

Astiot 

mi l Mean el al Dlfb Stea and Mott 
Id tw 

peal 

»| 

»Ectii i i(Mt«itati Sapltdett l ipr icnti l iJeini 
s i i Ectnry Mettait The 
saproltc is behaved tn have formed 
danntj a lengthy warm pernid, per 
lips i t M a i ) If lbs is line do 
little o t » g l i a l emsioi has cc 
ciirred during tile many ice ages that 
have characteruted the Quaternary 

Prapalrtferen 

111 phi I d 

ID tonrt Vdlev Tire wtnlwiirdi Valley o a awl 
ample f a glaciated vallev U 
stuptdl tversleetwned ALOtrex 
fsssure in inc dm if tellies res 
eats onanic sill»ith wood hagmenu 
and stumps iwibtrhydncallv 
hettded sill sand and clav J dtamtc 
en and ceiarse gravels sand Hit 
b i t I te lead of te valley i 
dammed at its fit itherta end h, 40 rr 
oimon-rficevunlactsliauficddnh 

I fTOr l i lGSMlWr i Su unlinked 
In hum n̂ naMh layer 

tal 1)14 

SeaaidllicislU 

As above 

A. atvni 

Sta ard liver- M 

S u a t J M v m W 

k Li lip reddish stonv silty sand 
damtclsn gnjfishbnwn slony seal 
dvdramui many drillholes in die 
Debert Lake area encotiMered these 
taodBrcaclonv lot interpreted as 
cud tills 

Site of Paleo-tndian occapation Bit « ; II! (FllMl ihareetl MacDonald [ 
ed cons el a nditon similar to beaetli maltnal date represents te 
Folsum Ckrvts fouad along will a ^ v i i l s of IB dales chad aide 
b i n Sit buried cy up In Intel sit 
latmnated sard telieiti! lo he eoltaii 
in ongui 

HUM lab 

KCDcta 

lljTriro Base in top (ii)'ieddtsb sandy di ! • ! [ ! ) « » ! ) Wpari Sta aid Ik) 1)8) 
amiton with niretms stones pal ol peat II H i M |0SC4!(S| 
layer reddish sandy dlamittrm widi peal melasion in upper dumttn 
few sines rcatadc&lionciraised 
dunnghigto construction 

10%iBrootiide Base ie> tof (3 mi reddish brown dt ] l ! f ll(GSCFl<|biseoft« Miafelil I * 
amicnai oiganc sand reddish ned organic layer II100_ 100 
dim non (GSC 29301 top ol huned oigurn 

layet 

Wivtrside Sta and F r i 1)88 

106 Riverside Site shuwinj stipcnnitxised stnation 

iwufdcirvarcunccrtain inert. 
ceawtvillendumuatdtapux 
and sprua wit some tcrroophicu: 
vccciessuchascat elm and maps 
pteserst The silt ladies LH the rstrw 
W o-dommatd bv spruce ( M I 
B l and dgeplleim me upper 
part inJicattng boreal fatt viisdi 
inn, AmavWjonOivlwasWas 

vcc atd ailhtpe organic beds 

UlRjiian Basc'clep[5mj ucvisn'cd oov 
sive . i t Jiamilon 'East Miltord 
TillsiliindobyiieyMi clash1 

JWiniRawdonTl 

III* I K i up (1 mi rhsliitalli 
hedded clav and silt massive via) 
yellowish graveUvwl pea! wit 
svuod aragmenis reddish vlay diamic 
ton wit few sines intercalated 
rhytmuily hedded claviand cross 
hailed grascllj sand grading into 
elaveicsnareindiehnct^iivof 
lE to l td 

110 Eavl Milord Base to lop (10 m| ayfsum surface 
grer Jav dianucon wall eypsum 
clasts hnavn clay dumcsin wit bv 
lasts and concretions pies coarse 

sand yellowish benuiaduindand 
t̂lt banded silt widi peals to and 

wood reddish r̂avellv sand grey isb 
led silts diamiclon (last Milford 
Till tellowisb bSidned sand 
reddish hrtwn saidv diimiJin 
i H r t HI) stripping wall exposure 
in dtSalionalGytsum Co Quarts 
dctiledpsteninalvsescf pises 
inns ir Mitt cl al ] ) ! ' 

LllMillVJStsIM 

i) 100* 01 (GSC i l ' l ) t i n of 
p i W W (GSC''linn* 
ca IIIiBSIGSCii al 
careous concenirauon in lower clay 
inn H i 110|GSC4Ki weed 
in annei sand una 

RadrcattMriea ) M ( G S C 
>l)woid'I l t l ) lGSCI(i: ,« I l 
LIPtwesMI!i»(yCiT 
Hi) 1 4 1 ; 111 (Dpi) 
wood 

IK fctwtrrl silk) is a goal 
# ol i glaciated silky II 
tqKidr-.erffltcftd U i o 
osure an Ihe flctir of the valley rev 
alstiptstii iMhgtiiiti 

ps overlaan by rhythmically 
e d c U a a i d i n d d i a d i i i c 

i tdccaistgttvi ly iai lMi 
ake at the headed tie sales is 
timid alts rattan end ty 40 m 
nTitctnBcUHifscrl 

ui 

ettl 

ase to rnp reddish, stony «ihy sand 
s i s n . c r e t i l t M stay • 
a diamictoi), many dnllhales in fhe 
-ben Late area ewcnuitered these 
> diaOTctarts, both mteqjreted its 

Sta and Finck » 

Sta and Find 1 4 1)1! 

SfaanJFiil 1)14 1)8! 

StaaidFiaclKl 

Sta and Find I I I 

Sta and Finck 1)81 

Sta and Fuck 1)81 

Rutherford and Thacker 13 

an.1 is preserved in large groaaves of 
drsantticndonameyrsinneoui 
crop Til gums ail die older stri
ations are stained with black 
nasngancsttniritoideThsnusim 
ph, sol (onnatioii an intervening 
rcngUnueiial hunger stnarjuns 
ciaacaoss tttese grooves trending 150 

IT! Eagles Ne,l Bum Basttotopf3 5 ml reddish diamic 
lonwitCnttfdlfighfandertancs 
massive sard sit grey silrydiamic 
Ion wit gypsum clasis greyish ted 
siltv diamtcton with Cĉ eqiaid Hieh 
land ertilics (East Bilttd Ti) st 
and clay reddish silty sarddumic 
ton (Hants llwidiAdaiuc Upland 
emrtjes eiiposiirei alcsnig the steep val 
IcuaisiilheShuh^adielki 

I I I L»tr Serial 

1'Ming Creel 

111 Btrncoat Head 

III Noel Lak» Base to lop OD in) grevtsh clay di 
aicton wit lunest/c fragments 
bedded compacl clay with layers uf 
brownish peal sill aid sand «»>l 
ardshellhagpnennreihshsihydi 
amicron wit M a i l Conaauid 
Highland erratics fEasi Mtlfbrd Hill 
n d r i a l t p J i ) reddish stony 
d t M t w t h abundant led clasis 
1- er erratics (Hatnls Till) anttposite 
of boreholes 

IIITeinyiapefjuirry Quarry suriice reveals three stnation 
sets crveclsun by raves diamicton units 
alowetgtevnhted sdtydamicton 
w(l few stones (East Mdlin) HI) 
arsdanuinttteddnhsdrydamiclon 
(Hants Tdl) A boulder of South 
' • loiMji-KBii icrfdhcrrt 
south was found embedded tn te 
Hants I i 

Eagles 1)51 Stea d ' t i U 

11! Sl ibraJ e t k lo lop 10 n| massive da) I I » i ISO GSM1T. tarn if to 
crasclls said peal sand escssun ui peat Lavei E30O ± 
teSki tacadtWdl i lcM lop ol peat lain 

Ba^aiiip 4 m) selWbicwn 
comjici vioni ( n m « dive 
brown stuns diutton overlyiag 
redrcclwtsoateasod trending 
M e n * ytfabbrown stvirrs 
Icsisediamcion wit strong scut 
wejcvaid fabnc Alienation (sod ?1 on 
the surracc t f the middle diamicton is 
veriinilaitcibeiatSiescil im 
plingicchcotdilionsmtrvening 
benn he deposilion j f te m 

[40acpsry;rt Baseonpitm grevish sands a) 
amiclm ironcemcntd boulder. ± 
amivton oo>e sandy sliny 
diacton 

Sta and Fuel 1)11 

Sta aril Fuel IW 

StaiidFirctl! 

Cnmishli Stud Fuel 11 

Ei lkwft i knop i lm rctllnhdn 
Jtwve MSL sand vamprtssed peat 
wit large wood Fragments sill 
gnr.nsh red stlry Jiatnician seaJiff 
esftsurc in lone benmn drumlins 

I K o l i i s N lastwpf l iml greyish red ills I l I tOiDt iOSMW) hananf 
d u i * peal wH m i l hjrneis peal layer IIWI r K» (GSC-flflt 
reddish brain story sdrvtamictr lop of pea! User K3.900 30 
exposure on Ihe flank cafa dnnn.inoid (GSC-MUl peal striate m upper 
hill diamtcton 

CClnsCosc Base ID top (31 an) peyish red silly 
diamtcton with boulder pavements in 
diviung eastward ice tow reddish 
war, siltv Jinnim drumlit 
eipoJie 

S B i r d f D i B Stea 5*1 Stea 
H i 1)871)11 

M B T O N S£CI»S 
te Only raa|or sections "ill be presented for Cape Breton Island Other seaions wtl 
coming memou by D 1 Grant«accottpati) Cape Breton sitfnal nip (Granl B 

llfi Jarvnn Island Dmrriurspcsure red sdrvdirac ) W $ 
i talMmriTilkoitai i i igslt i i 
I tanunniri) 

Got 

IS OP idle Shells m esker 11 111: Ml (GSC H l l shell On 

latfMtdiinuccirpatn Fill 
1 pouits of a tradition similar to 
o M L t v i ! tail a'.si; widi 
sarths. Site tuned ty up to I m of 
minated sand believed to be eolian 
ongin 

isetotop(im| raUsh sandvdi 12CC0± E01G5C 
m c B n w i i t i i n » n a n t a i of peal [4)1 J 
pet KUsI n i l l u c u ndi peat inclisioi a i 
i-nesiintttfcoe 

ing highway constnicttoti 

M t f l i m ) leddtsHmidi II TOO ± 00 (GSC 
M i organic sand reddish ned organic tayti 
imeton (GSCMIBp i 

te shownuj uipenniposed stnation 
ts. Ire oldest set tterids (h?0 degrees 
Jsissralailirppra.l 
:;i»»rdir,!rrasll«iv 
epp The grooves and the older sin 
loi i i t t saiec nib black 
re.'sst-ni'ailTirj,i 
snltntviinaintrong 

Dsn̂ aciol nterviaj ^buî er smatiaiG 
iMstiSiliwabainjlS 

SMfjiiirtlllfc 
o with Cobeqiud Htglitand enancs 

«sjj,sJgrcy,si;Jjia 
with gyitsum clasis, greyish red, 

t d i u t o i i i C u t a r / i l H i g l 
hd ensues (Ettsl Milftird Till) sill 
delay nttsh sdty sand d i m 
ki (Huts Till) with Adamc Upland 
ralca eftansalcitjdie steep «l 

> i U ' t i S b i ( f f l 3 l c l i > ; [ 

tsetatop(30m) greyish, clay di 
a wii Itrrerint f noa 
(Utad, Cffitipttct clay with layers of 
iwrush ptsat, sil and sand wood 
MiM.lliMilr 
icta with i M a i t Odtt f i l 

i f f l i B (East Miird Tdl) 
idaztxl at lop. citty redthsh stony 
nnj» i i ia in i .c la 
e«»(k«T]) composite 
borelsies 

tarry surbce reveals dtree stnation 

sistttatylwdtiiiM 
JUW jttjislHeii, ultj otacton 
IfsiiTK (East Mtt Til 
liprtlU,tllt)ltBCtlt 
nt TJ| A bcajlder i Sent 
• a t ! etanite nrtsjiMBd fnrni the 

w i i f r t e m W i k d f G 
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ttlCO±IOOGSC«)w««!(Sa 
In) tint organic sdi LOT 

Stea unpublished fawith Mdley is a good 
tatople nf a glaciated valley, l 
bated aid ovtidtqHied A lOmei 
aosiire in (he flcor of the valley rev 
als otpcsdi with svtiri Inputs 

Slumps mitalyitr.-liiiicills 
ecUtd salt sand and day a diamic 
» and ccarse gravelly sand roll, 

al t e head of lie vallev is 
tunnied at its northeni end b) 40 m 
(nort)! i s ctiriacl stratified dnf 

- ti) top reddish stony <alty, sand 
irriiBgreysl.-ortivn.sitysj 
• t a u t many dnllholes am the 
eben Lake area encountered these 
' factors tot interprtttd as 
a l * 

of tUetylndian txm|iation Flut 
I points of a rmdition stank to 
olsoi-Clotn found along nth 

tanhs. Set banal It up it (roof 
irrunated sand believed to be eolutn 

ongtn 

ase lo top (3 an) nxHish sandy di I2W14120(GSC-4291) U n i t Stea and Mod I 
rnictun will numerous sans tent of peal II4001150 (CSC4265I 

-r reddish sandy dianactnt wmb peat inclusion ui upper diamicton 
w ^ones. roadside section eaposcd 
nng highway cc 

Aleck I 

IW7 i III ( r a i charcoal MacDonald I 
hearth material dale represents t e 
mudal valuuof 18 dates obtained at die 

IIS Won 

II) Lata 

DO last Milford 

Otop(3m) reddish brown dt 11700 ± 110 (CSC 3774) base of bu Mott etal 
don organic sand reddish red organic layer II DO i 108 
"*" (CSC M ) input boned organic 

K M organic 
lanucton 

cies coicajns poller domirtated bv pine 
and spruce with some thermophiious 
species such as oalc elm and maple 
present The silt facies on the other 
band is dominated bv spruce (over 
80?) and sedge pilen in die upper 
pan indicating boreal tores! condi 
lions A mastodon ask was found as 
sociated with these organic beds 

Base lo top (J ml greyish red mas 
sive siltv diarrunon (East Milford 
Till) sdi and clay grey stony clav di 
amicron llmlon Till 

Base to lop (J m) rltvdnically 
bedded clay and silt massive clav 
yellowish gravelly sand peat with 
vwnd fragments teddtsh clay to 
ton with fe« stones intertilled 
rhythmicrally-bedded clay sand cioss 
bedded gravelly sand grading into 
clay eiposure in Ihe bncl quarry ol 
L EStawUd 

Base to top (10 m) gypsum surrke 
grey clav diamicton svtlh gypsum 
clasts brown cky diamicton widilsv 
chests and concretions grey coarse 
sand yedowish tailed sand and 
silt banded sill with peaty layers and 
wood reddish gravely sand greyish 
red sdty diamicton (East Milford 
Till) yellowish oxidized sand 
reddish brown sandy diamiclon 
(Hint. Tdl) stopping wall espesurc 
sn the NaDonal Gypsum Co Quarrv 
detailed pollen analyses of pent sec 
ions in Mott etal 191! 

141 AmagJidecs ase to tup (4 m) J ant cton organ 
it sill kind rut organic sill 
dianncion 

HICiMkBat 

Stea Bffi 

141 East Br, 

I I H H DI (CSC H 7 4 ) h e of 
p d l W + 9 0 (GSC l o l l o p of 
peal II110 i 125 (GSC 1*11) cal 
careous concentralion in leaver clay 
unit 9690± IH)(OSC-«M2) wood 
in u p sand ami 

kadiocarbnn sens ))3JJ00|OSC 
D M • 5QO00 (CSC hS«) wood 
UTh fries 84W0 ± 6,500 (ItgfT 
ll5)!lKrjill)«)(UOTISl) 
wood 

Mott et al m i l Stea and Mott 
1)8) Sua and Mot IW 

Mot et al 
* 

Bast to lop indurated gravel siran 
Fed deltaic ynd and Finely laminated 
organ sill (Avium dumidnn 
with'helt (till) 

Complei cliff section with aiare to 
medium gravels at the base overlain 
by a diamuni Three distinct hues 
of e p i c sedinerc are enveloped bi 
gravels Lml I compact svtody 
peat Until silt)claysinteibcdded 
withpealandwood Itnitl organic 
silts The three organic tacts also 
shoe d t t p r i e n sapiences tamed 
pdynostraiigiaphic units The com 
pact peat (Unit II is distinguished h) 
a polet sequence dotumrtd In; nal 
white pine and hardsvmd genera 
The siltv clays (Unit If ate dominai 
ed by Balsam fir vviih some hardawod 
pollen The organic silts (Unit 3) are 

i n n * U I I I W H W ) up 

peat W + B I G S C - W hot 
icmifput II"SO± 200(UQWD) 
bull Jul 

KadiKarbon sens J42O00 (CSC 
1)71 organic ill ma) (GSC 
P ) wDnHmmonuocsili 
M sens lOccbiem md Rultcr 
»!!) DUSPL15) shell Biriip-
per tJiam cton 

144 East Bay 

penally spruce and pine with abun 
darn nnnattoral pollen Unil I 
represents a true interglacial with a 
pollen spectra indicating a warmer ..li 
mate thaui today Units 2 and 3 are in 
ttnsladiai assettihlages. witji cooler tli 
mate affinities 

Base lo fop diamicton peat 
dcamicfnn 

Hadiocatbiin seres M l Unit I 
)!0iM[GSC]»l)Uni!>4)(«; 
(CSC jTBllnil 3)501(1) 

BLrki l » Cut in I km t 

tk Vim il it i IW 
Grant 1)85 

UfTh disequilibrium scries (wild) 
Until ftWiMUQTIni 
123,400 + 10000(UQTITi)l BWOl 
i 9G00 (UOTDBF) COWO i B̂O 
( U T O U m ! W i f f f l l 
(U(JTIt»)Unil] 62100 i 5000 
(UQTI77) MM + 10500 
(LQT227 5020O ± 511 
(UCJTIII) 

0 K IW (GSC 1378) put Grao I'll 

1 showing tii^nrnjnsed strtauon 
TTtddssarictds«:Ode{rt<s 

11. piescrved in large gasocwes of 
samettetidonametisdtsMool 

op The grooves and the older stn 
s ate stained witi black 

• p a - i r a ' o u t Tins o i , in 
iy sod jbrmalitri m an intervening 
i j g k i a r s j lorngerstivacors 

dt corjss these grooves vending 250 

Dtop-lJ-i m! rettshdlamtt 
m wtoi Cobequid Htghtand enattcs 
B » t sard, ill grey. sir. airr.ii 
mwnhgypBimcbts, greyish-red 

vtaci innlbCfiij i idHigh 
• enBtics (East Milford Till), silt 

tdclay reddish slly sand diattiic 
(Hants Till) wtlh AOanuc Upland 

lanes a | » » i i l n t g the stttpitl 
, walls of the Shuiipiacadie River 

to top (30 m) greyish, claydl 
racn with lunesi* fragments 
Kldtxl compact clay with laryers of 
cHisb peal, sdt aid and msd 
1 shell frajjiren;. reddish, sdr; in 
l ien with abondam Cobeqtnd 

IghU macs ( W f b n J Tdl) 
iitod it top clay, reddish stotty 
a i i c t 3 i » t a t i i k n : l c d c l i « 

l e n K ) ( H a i t i ) ctrepa' 
ttitho'es 

/ srjr&H reveals three stnauoii 
overlain by r*n diamî m un*. 

' g r e y i M silty dtanucton 
. 6»v aores (East Milford Tdll 

d an upper redchih, Eilry diamicton 
Til) A bouliei of South 

nndM gtaude atntdfaottead from the 
Uh was hind embedded in the 

UI 

Stea and Finck l » 

Stea and Finck IW 

121 Milford Station 

122 Shubenncadie 

121 Forest Hill 

H i g h 1)51 Sta ann Find I 

Stea and Finck 1)11 

Stea and Finck 1)11 

Stea and Finck I I 

Comish 910 Stea and Finck 1)11 

121 Moose tan 

126 Collins Hud 

127 Clems Cove 

StaandFutk F * Sta » S a 
etal ltd 1)11 

121 lattvnn Island 

ISGnnrville 

Base to top (20 m) massive clay 
gravelly sand peal sand exposureai 
die Shnbenacadie W i f e Fark 

Base to top (4 m) yeBrmsh-btown 
comtaact stony dmimctnn olive 
brown stony diamicton overlying 
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EXPLANfflU 

Tins map depicts llic tlisiribulion and nature ol Quaternary glacial and other snrlkul deposits in 

Nova Scona Outlined on ihe map is ihe glacial hisiory ol Nova Scuiia S i l iua l deposit? [ o n the 

parent niaicrials lor mosi soils in Nova Scotu The daia on this oiap arc ,m aid 10 environmental 

(Indies mineral cspioraiton agriciillore foitstryioduiTisiniclion 

Figure I is a summary ol ihe stratigraphic and temporal iclalionshtps ol Nova Scolia Quaternary 

deposits Quaternary lilhostratigraphic units in Nova Scolia arc arranged by region and tunc from the 

lowei! or curliest innis lo the highest or laiest anils The erosional slraligrapk record (slnaiions) is 

also shown on ihis Figure (see also Fig 2) Ice flow phases arc correlated with til l sheets by 

comparing regional ice flow dircciions with t i l l provenance and fabric Named Quaicrnarj 

Inhosiraligraphic units are shown on this itgarc and descnbed in more delail 00 back ol ihc map 

Reference s e e i w used to consiruct this diagram are numbered on ihe bottom ol Ihe diagram Refer 

10 the map on Ihe reverse side tor section locations and descripnons 

Coloors on F a r e I teler lo lilhogenelic units described in ihc legend (Le giecn units arc tills, 

orange -glaciolluviai, en I Screened regions on ihe diagram imply ice—tree conditions prevailing, 

uidicaied bv soil lomuiioi Arrows indicate lite uncertainly ol age assignments in this ampliation 

Dated lossil malerals ibi • shells wood and peat) aie depicted on ihe diagram in their stratigraphic 

and temporal corneal Reworked lossil materials 11 c shells 111 till) have arrows pointing to their 

presumed source beds Roman numerals correspond 10 pollen sirangraphic ttnih (see l id of sites on 

tailor further dcscnptioo) 

Intensely oxidized depot its iBndgewaicr Mabou Conglomerates) may predate Ihe earliest 

glaciation \ pre-lllinoiao interglacial interval (200 000-300.000 yr B P1 is indicated by dales on 

shells in n i l in southwest Nova Scotia The last micrglacial period, the Sanganionun 

1 1 J J I H M O O yr B P I. is represented by mannc and lerrestnal deposits underlying nils ofthe lasl 

glacial penod, the Wisconsinan The Salmon River Sand in southwest Nova Scolia has a warm water 

fauna indicating prcbent—day conditions. During this lime sea level was up to 5 m higher than al 

prcseni This higher sea level cul a shoreline whose remnants aie Hal. wave-cut rock benches 

underneath glacial deposits' Al ihe same lime lorcsis grew on land, These forest commuoilics 

changed trom hardwood-dominated ('Unit 1) during Ihc warm part ol Ibc interglacial lo spruce aod Itr 

foresisiUnil III) in Ihe colder phases 

It is not certain when glaciers firs! developed in the Wisconsinan, In northern Cape Brcion Island, 

ttc-lrce conditions ma; have persisted unnl 59,000 yr B P, oflshore in llic Cull ol St Lawrence 

perhaps later Continuous ice cover throughout most ol ihe Wisconsinan stage is indicated ou ihe 

mainland estcpt for indications (soils1, lacustrine deposition,! ol short-lived ice retreat al several 

sections 

The earliesi Wisconsinan ice flows in Nova S10111 were casiward (Phase la. Fig 2) iheii 

southeastward (Pbjse lb Fig 2) Several widely-spaced sinalion sties rev cal a disiinci eastward How 

preserved in bedrock Ice—side hollows and depressions later overrun by soulheaslward-ireoding 

slnaiions In fact Ihe easlward tec How may represent a separate, older phase ot glacuiiou The 

Hartlen, East Millord Richmood and Red Head Tills (Fig 1) were tamed dunug these ice Hows The 

East Millord Till contains boulders of igneous rocks from Ihe Cobequid Highlands and basallic roots 

from the North Mountain which were Iransportcd southeastward aod cao be traced lo the tolanlic 

Coast up lo 120 km down-ice This phase may represent glaciers with an Appalachian or Laurcnlidc 

source 

The second ma|0r ice flow ireod (Phase 2 Fig. 2j was souihward aod soulbwcstward Irani l l i i 
Escuminac ice Ccnicr 10 ihc Prince Edward Island rcgioo. This event is recorded b( 
southward-trending .striae crossing earlier soulheastvsard-lrendiog striae al many localities ou ihr 
upland regions ol Nova Scolia and New Brunswick The Lawrcncciowu and Eatonvillc Tills (Fig. I 
were lornied during this flow evcot. Material liom the vast area ol icdbcds in northern mainland Nova 
Scotia arid Carboniferous basins 10 Ihe Prince Edward Island region was transported southward (into 
the metamorphic and igneous lerranes o( mainland Nova Scolia Souihward dispersal ol disnotitvc 
Cobequid Highland mains occurred with the dispersal of ihc red material 

During the nest ice flow event (Phase 3) granites from the Atlantic Uplands Physiographic 

Province were transported northward onto fc North Mountain, The Hants and Beaver' River Tills 

were formed during this ice flow phase, Erratics from the Cobequid Highlands can be fouod 

throughout ihe Cumberland—Piciou Lowlands to the north. Northward-trending striations can be 

traced across Ihe northern mainland of Nova Scolia (Fig. 2) This well documented northward ice 

flow was clearly in response to fc developmenl of an ice divide in southern Nova Scolia (Fig. 2), Ice 

How was northward and souihward from this divide across the axis of Ihe Nova Scolia peninsula U m 

divide may have fo i led as a resull of marine incursion into ihe Bay of Fundy or a climatic event 
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I tw â lis (Italy 
*ty i t ten us i t 

6 m s»« Iciy ml 

»(.!)(Wis) lefSl) 

tins lot, la in 
wis sum j 
u n it \i 

Fo ms a blanke ol 

ma t al lie > 

wals a alias on 

o at o a slump 

Fato ge sop 

f i altyftatpl 

iopn ay al tan 

Slid tliy in i l l 

iMsi t raiSi t i t l l t ) 

SltllBldlMlllSmilljllI 

w l sill md mid) 

taiwsnd i 
S I 

c i i ys tn lc iy 

UIOFUIM 
DEPOSITS 

O O M I F W 
(EMS M l 
VWHT1MI 
clOSTti 

(AIMS 
m 
ism mm 

C w i l l siil t i n 
tdiewlatystjltd 
tont t l t jidaliiita 
SI»lSll(*pO!IS 

te said«sit d i * 
Ipputy l t * bettded 
taortileatjii Wsliulnj 
aid td i s laws common 

Dittwashcent » . , 
(VT) topset par* < ? / 
Silbert type delta. Yul 
(ill Fiji) j j f l 

iapsarn 
|MllklltS| 
rife, S5S 

anions steip ( lonstiips belween surf c jl an 

http://nkViliiclJpl.nil.pl
http://otrpti.ii


it j'W" u i" V*''1''"' 

tafl i f_ > 111 (I 

jTjl U •»* -Hal 

LEGEND 

Glaciofluvial deposits 

i Ground Moraine 

c. 

— r 

Stony Till Plain 
granite greywacke slate dewed facies 

Silly Till Drumlins 
Lawrencetown Till 

H H Harden Till 

J Residuum 

1 | Bedrock 

I urn i mi] i sin 11 io|a,i rj i i i l i u i u i u i o i i i I I « p i i i t i iv i .sun) 

Dtitmltns lliilitlltrrainjntlfi and dl iplulhtlk parallel M a l t a svibols fjinlulonrmtsisidcl 

Moraine ralgc tntlj.L>> perpendicular to tallow iiiajot m nor) 

Hummrfs (molds o l l i W s i n d i n d p v i l l 

Esktr (sinnoiis ndgc of said and gravel gtr inlh parallel to ice 'low diticliotcf tntllMct lion 

assumed or k i r n unknowi) 

Delia tkatnc nnlvvash) 

Ktliie (v. txular depression*, or p t<t Urge small) 

Mellwalerspillway channel niihitimdvalhswthrnvh'tsin.ains) 
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DEPOSITS 
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OUTWASH FANS 
Draw 
V A l L E t M l 
DEPOSITS 

M l ! FIELDS 
AND 
EStEl SYSTEMS 

Sphagnum » s s prat 
gyttja clay 

A complBX mixture ol glacial 
deposits weathemd and Ins 
shattered rock and sols 

Gravel sand a l bedded 
coarse al bast tar it top 
s i ren channels aenerally 
gravel y sand loodplaits sir 

Gravel satd sit clay tally 
overia n by peal [salt marsh) 

S l id stl clay a n a l t r j 
to massive massive or crudely 
stratified diamictons (mixiure of 
graml sand and mudi 

Gravel md s i d tedded 
dipping seaward 5 11° 
locally sill » d clay 

Giavel and sard massive 
lo hginiial ly stratified 
coarse to fine gradation within 
sections and deposits 

G I B said and sill diamicton 
layers pooily to well bedded 
tionzontal to angular beds faulting 
and collapse features commori 

fonts logs lets and 
swamtjs swamps generally 
foim along m valleys 

Forms a blanket of 
matetalsvei«ep valley 
walls i talus cine ot 
totaliooal slump 

Flat or gently slop ng 
river valley lloodplains and 
sloping alum! tans 

Beaches spis aid tors miertidal 
sill me sit and mod Hats leaches 
along Atantic coasts Cape 8 Eton 

land Sable Hard Northumberland 
Sf i i l sal marsh and mud flat many 
along Bay ol Fund) shoreline 

f l i t oi gently ml tog 
leraces perched above 
modem steam or river 
valleys 

Gently sloping shoreline 
above modem tide 1*1 
with protrudmg ridges 
raised teaches) and s e n s 

iv/ave cut terraces) 

fan shaped lobes at Ihe 
mouths ot valleys (0 F) belts 
ol outwash confined lo valleys 
IVI ) topset part of 
GNber type deltas |0 0) 
tee fig S) 

Sleep sided mounds ot hummocks 
Imoulin kamts) piled leraces on 
valley sides (kame terrace) 
sinuous steep sided ndges 
leskets) 

Bogs 1 m al the edge a n 
m the cent e swamps < 2 m 

meases l i o r t < l m a t i n 
op o l i l i t / i l ley trail oi slope 
o t m i Ihe te 

Thin sens < 1 n in small 
streams 

211 T i i large todplairu 

Beaches 2 8 m salt marsh 
< 2 m 

G « » i l y > 2 m cat attain 
30-40 it along major 
valley systems 

Shoielne deposit*; m y •nun 
4 5 m gravelly raised 
beach ridges 310 m 

Outwash lans i 3D m 
valley H i ! 5 SO m 
outwash deltas 5 25 m 

Generally 45 m 
kames 4-20 m 
kame terraces 3-30 m 
eskers 510 m 

Develop hy ir l i l i ig 
of ponds or river courses 
by vegetation 

fi lmed by penodsol 
dowsope creep and or 
miss movements abig 
valey sides 

Deposited by s tems 
did rivers a t e 
retreat of the last glac ers 

Formed by coastline 
sedimentation tircujh w e 
af lat longshore curents 
ate lides 

Deposited in a ponded 
body ol water e i t e in 
d ied contact n th ice 
» l e o by glacial meltwater 

Deoostis 'oimed as Ihe sea 
Hooded a lowered coastline 
depressed by the glacteis 
Might lis the ' i d rebounded 
alter Ihe glacier let the 
sine ine oas raised above sea 
level 

Deposition by freely wandering 
gacalstreams l i m i t o l a 
gacer(OF) meltwater 
steams m i n e d lo valey 
walls (VT) meltwater 
smims depositing materia f 
K i t e ocean (DO 

Stieams ot g ac er meltwater 
depositing material in holes it 
ice (M It) between glacier and 
valley slopes (Kl ) ir 
v r * (kame deli) it tunnels 

Source ol luel M B 
medicinal did it dustnapio 
ducts »el lams pievfle 
n'stng and le»ditg (latitats 
loiwildlitt p*at extracts 
cootam tarns l i l t g m j t t a 

Source ol aggregate ol peer 
gually valley sides n o be 
subiecl c lipid destructive 
sides celorestattoi can caose 
sevem erosion i n e ol spnrgs 
and seeps 

l a p soiree ol grojudwatei 
source of aggregate ulzed 
In oasljie land limlati««< 
for crop use and consiructor 
include fboding l i g h t * 
table ooor w a g e 

Wildllesaittuanes leedng 
grounds Kiealioral areas 

Clay Billed lorbfitlmakng 
p o l e i land iis»d loi pisUie 
taiatioisitcludepooi 
drainage and s a t e runo! 

Gravel and sand uil zed In 
aggregates cultivated lor 
crops useda<pasluelan' 
groundwater sourc* 

Scarce o1 quality aggregate 
loi concrete madtase especi 
J y n areas o1 hard rocks 
excellent aqufer sometiTies 
conltied by clay at the base 
(OD) rapid drainage and 
acidity mpede cultivator 
aquifer easily contaminated 

Source of agaregate of varied 
quality severe limitations to 
ciop use include s t a r e s 
apd drainage l t d lingular 

topography u l tied'or blue 
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I k c a r l t i f t s c o n s an a l i o s i No iScOliaier c I irdlPI c h F 1 kn 
soull us sard PhiSelbF " S t r l s i l l spaced sinai on cs t tc i l d s n c i e it id (In 
pre n d n bedrock lee- dc hoi ous in I defies ons law o err 11 b\ souil c sn t d-irciJi 
Ir t o s Ii faci t i c c ' l i ird cellos nas represcnlascpuile o ldc ip l i scoHcia inn Tie 

Hirik East Milford R chr end i d Red He id TII (Fi I wcrtloniicddin It s u e lows Hi 
E I \1ifofdf II contain boulders ol giicOustocUroiiihcCobequdHishliid n l b i 1 crocks 
Iron lite North Mountain »h tit »cre Iransp rltd o t he ism id ind c lie in ed lo h -t I en 
Cois j p o l Okmlotn-icc This phase mas represent liccr it thai \ppilteh no rhur t i 
Ou cc 

The e o id major tec fas irend (Phase1 Fit. ssa soulhw ir I and south sell s rd fron I 
Esci nit t tc Ice Ccnicr in the Pr ncc Eduaid I a id rcgiot This cicn! i rccor le I b 
sonhiiird ircnlnc ir c crossingearliersoulhttslsiard iruifin tsir e it utvlocililic mil 
upland re oni olbiova Scolia t id Net Brunswick TkLvsrcnceltwnailFiionvilclillsiFic 
werefomeddurmgthis flow eicnt Mulct al Irani the sasl area olrcdbcd iniorthcrt n inlmdNos 
Mil a and Carton Ictous basins n Ihc Pnntc Edward Island ret, on s s irnporlcd oulhn rdoiH 
Ihc niciamorph c and gncius tut i les ol m unland Nov t Scuts t Soull v, ml d per il of d I n 
ColxpudHil land erraiitsitiurrul mill ihedtspersilol Ihe red n leial 

Dining li c ncvl tec Hon unit (Phase j) ramies trom Ihc 4llani cUplands Phys ograph 
Pros ncc were transported northward onio he North Mountain The Hants and Bcaser R scr Tils 
were lormid dur ni this ne How phase Erratics from the Cobequid Hishl inds cm be loi t d 
throughout the Cumberland Piclou Lowlands lo ihc north Northward trending stral ons a n be 
traced across the northern n u il ind ol Nova Scolia (F g 2) This well documented north sard t i 
tlo v was death n response lo the development ol an ice divide in southern Nova Scolia (F«2 I e 
floww northvvardandsoulhwatdlromihtsdividecxiossltcav. oflheNoii'iiliapeninsul 1 
dtv dc mas h ite lornied as a result of marine incurs on inlo Ihc Bay ol Fundy or a cl n alic eVeffl 

Thclmalpba col allow resulted Iromremnani cecaps developed torn the Scoiian Ice Divide 
(Fi ") Esters and sin iltons cul BOSS Tenure loomed bv cat! er ice flews Ice caps or skiers tha 
lornied our the Chignecto Pen nsul i md oulhem Nova Scolia had margins on land noted b 
moraines abl it on till eLic olius al depostls and the pinch-out of stony till 'heels The Shulie L ike 
anil Tones River Tills were lornied during this lisi ice flow phase Ice (low during this I tsi phase v i 
tunnelled ncsiwird nio Ihc manic basins Erosional features and deposits clai ng to l b 
! tic slacialiecctps are restricted lo low lying areas 

Al the end ol the Late Wiscon man the sea encroached nio Ihe Bay of Fund) and cc r real 
occurred rapidlv throuji calving Glaciomarine deltas lornied along Ihc coasi daied from 14 jOO o 
12 60(1 vr B P Peat termed it depress ons on land stalling 12700 \r B P The climate wanned and 
spruce litis nicr Hed ntolhere ion alone with ce age mammals includng canton Indian fro 
hunted n Nova Scolia at Dcbctt 11000 sears ago Then suddenly the climate became cooler anil 
inhospitable Glaciers adv meed in some areas Irom highland remnanl soma nc nllcr 11000 j r B P 
Lale ilac al sues (Fig 3) record the chaise of climate Laks were inundated with sediment due o 
decreased vcgctaio covet Glacial sediments buned some former p a hi s 

Bs 10 000 M s ago all remain ng ice melted and the climate warmed raptdls Spruce lo c'ts 
it ere established in Iheearlv posl-glacial period 
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ol die lessening burden ol ice Stage ] l a I2.SH ir B P): Accelerating uplift nf the area 
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sections and deposits 

Gravel sand and sill diamiclon 
layers poorly to well bedded 
honiontal to angular beds M i n t 
and collapse features common 

Till ( m i * ol gravel sand and 
mud ol d i r t glacial origin) often 
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olwaierlati sediment 
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denvtd from local bedrock sources 
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ill erosion 

Beaches sots and bars inlertidal 
salt marsh and mud l i s beaches 
along Atlantic coasts Cape Breton 
Sand Sable Island Irihurnbeiland 
Stmt sail marsh aod mud fill mainly 
along Bay ol fundy shorelne 

Flal or gently rolling 
terraces perched above 
moden stream or nver 
valleys 

sloping shonelne 
a t e * modem tide level 
;<h protiudin; ndges 
( B e e beaches) and scan, 
(wave cut letraess) 

allhe 
mouths of valleys (OF) belts 
of outwash coritmed to valleys 

Gilbert type deltas (( 
(see fig SI 

Steep sided mounds or hi 
Imoolin tomes) pitied terraces on 
valley sides (tome terrace) 
s u n s step sided ndges 

Irregular ruugh topography local 
ndges (ribbed moiaine) 
depressions or ptls (kettles) 

flal lo tolling with many surface 
boulders drumlms-elingale oi 
oval hills veneered by stony til 
with underlying multiple till layers 
(see lime Space diagram! 

flal torn ling b surface boulders 
111 is lhi» enough to maslbedro'1 

undulations drumlins often wth 
multiple tills 
(see I n n " 

flat to singly mill) 

f l a m singly rolling 
ndges of hail rock 
exposed it thin till 
areas rook with stoss and le 
rocke moutonnie 

Beaches 2 8 m salt rr 
< 2 m 

Generally ^ 2 m can at 
30-40 m along maior 
valey systems 

45 m gravelly raised 
beach ndges i D m 

Outwash fans 5-30 m 
valley trains 5 SO m 
outwash deltas 5 25 m 

sedimentation t h r o u g h « 
aclion longshore currenls 

Deposited in a ponded 
body olwatei other u 
direct contact swith ice 
or fed tiy glacial meltwater 

i as the sta 
flooded a lowered coastline 
depressed by me jlatieis 
weight As Ihe land rebounded 
iter the glacier let Ihe 
shoreline was raised above sea 
level 

tomes 420 m 
lame terraces 3-30 m 
esters 510 m 

Deposition by Ireely wandenng 
glacial streams in front of a 
gfacief (OF) meltwater 
s'rearns confned to valley 
walls (l/T) meltwater 
streams depositing mateml in 
lo the ocean (OD) 

Streams ol glacier meltwater 
depositing matenal in holes in 
ice (M K) betvsreen glacier and 
valley slopes (KT) in 
water (kame delta) in tunnels 
in the ice (E) 

/ a t * Horn 2 25 m 

Till plain 220 m 
drumlin'4 30 m 

Till p a 3 30 m 
drumlins 4 30 m 

14m 

Materia (leased torn on lop 
ol or w i n stagnant 
toe masses by melting 
usually at ot near the 
m a p s ol these ice masses 

Matenal released from the 
base ol an te sheet by melt 
ir>g these tills deposited by 
oe sheets centered net 
Nova Scotia 
(see T me Space diagram) 

(lateral released Irom He base 
ol oe sheets by mellng or 
lodgment these tills deposited 
by ice sheets centered outside 
o l t o a Scotia (see Tire Space 
diagram) 

Mechanical and chem cal 
disintegration of bedtfct 
occurnng before and dunni 
glaciates 

Areas of glacier erosion 
and/or non deposition 

aoepMutainage 

Wiltfltle sanctuaries feeding 
grounds recreational areas 

Clay utilized lor bnckmaking 
pottery land used lor pasture 
limitations nclude poor 
drainage and surface runoff 

Gravel and sand utilized In 
aggregates cultivated lor 
crops used as paslure land 
groundwater source 

Source ol guality aggregate 
lor corcrete roadbase especi 
ally in areas of harcf rocks 
excellent aquifer sometimes 
confined by clay al the base 
(OD) rapid drainage and 
acdity impede cultivation 
aquifer easily contaminated 

Source of aggregate olvaned 
quality severe limitations lo 
crop use include sternness 
rapid drainage and irregulai 
topography AM loi blue 
bernes pastuieland 

Source ol aggregate ol poor 
ouaily severe imtatons lo 
crop use construction include 
sternness drainage topography 
and acidity poor buieni] 
capacity to acid rain 

Moderate limitations to crop 
use include slontness rapid 
drainage eiodiblty factors 
affecting use lor construction 
include shallowness stomness 
and high water table poor 
tiuffenng capacity for acid ratn 

Generally provide Ihe besl 
agricultural land in Ihe 
province moderate drainaoe 
and slomess moderate 'o good 
l u l n n j rapacity for acid ran 

Used lor road base aggregate 
severe limitations lor crop 
use general̂  forested aotd 
ran luffenng capacity 
depends on rock type bo 
general poor 

Forested regions little jse 
as crop land acid rain buffer 
capacity depends on rock 
type but generally poor 

Glacial units are classified by o r p and associated landforms according lo a system developed by Goldthwait (1911) 
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