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Abstract 

Metropolitan Halifax surrounds Halifax Harbour on the North Atlantic coast. The landscape is dominated by a stony till 
plain and drumlins made of fine-grained tills. These rest unconformably on a folded and metamorphosed sedimentary 
rock sequence of Cambrian-Ordovician slate over metasandstone. The folds trend southwest and abut Devonian granitoid 
plutons. Only in the mid-Holocene, with post-glacial sea-level rise, was the Harbour converted to a marine embayment 
with typical estuarine circulation. Seismic hazard is relatively minor in the Halifax area. Other, local hazards are 
arsenic contamination in some mineralized gold districts, radon contamination in granitoid and granite-rich till ter
rain, rapid shore recession of the Atlantic coast, and flooding at times of storms, high tides or tsunamis. The bedrock is 
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an excellent foundation material, with the granitoids and metasandstories rating somewhat higher in quality than the 
more closely fractured slates. The tills, typically dense with low compressibility, also provide good foundation condi
tions. Construction aggregates are readily available. Geotechnical concerns for construction are readily managed; the 
few issues include: moisture ingress and strength loss in fine-grained tills; and unpredictable or low strengths of fill, 
peat, and harbour mud. Most data used in engineering practice arise from boreholes drilled by consultants. Environ
mental protection procedures minimize acid drainage from excavation of sulphide-rich slate, or toxic metal release from 
dredging of contaminated harbour sediment. Local lakes provide abundant water supplies of high quality. Basal imper
meable clay-bearing tills and sandy tills for cover materials facilitate landfill development for disposal of solid wastes. 
The continued disposal of sewage in the Harbour is an outstanding environmental issue. 

Resume 

Lo region metropolitaine de Halifax qui est situee sur la cote nord de /'At/antique s 'etale et formant une couronne 
autour du port de Halifax. Le paysage est principalement constitue d'une plaine sur fond de moraine pierreuse et de 
drumlins a grains fins. Ces depots reposent en discordance sur une sequence plissee et metamorphisee cambro
ordovicienne de schistes ardoisiers reposant sur des gres metamorphiques. Les plis de direction sud-ouest se butent a 
une intrusion granitoide devonienne. C'est n'est qu'au moment de la hausse postglaciaire du niveau de la mer, a 
/'Holocene, que la region du port est devenue une baie de mer avec des caracteristiques circulatoires de type estuaire. 
Les risques de seismes sont relativement faibles dans la region de Halifax. Les autres risques dans la region incluent la 
contamination par /'arsenic causee par les activites de certaines regions minieres auriferes, la contamination par le 
radon dans /es terrains morainiques riches en materiaux granitoides au granitiques, l' erosion rapide de la cote at/antique, 
et /es inondations du rant la periode des fortes tempetes, des hautes vagues au causees par des raz de maree. Le socle est 
un excellent materiau de fondation, /es granitoides et /es gres metamorphiques surpassant quelque peu Les schistes 
ardoisiers fractures. Les moraines, generalement denses et peu compressibles, constituent egalement un ban materiau 
de fondation. Les sources d' agregats de construction sont nombreuses. On trouve facilement des solutions aux problemes 
geotechniques rencontres, qu 'il s 'agisse de la penetration d'humidite et de la perte de resistance dans le cas de moraines 
a grains fins au de la faible resistance au l 'imprevisibilite de la resistance de materiaux de remblai, de la tourbe et des 
boues du port. La plupart des donnees utilisees proviennent de sondages realises par desfirmes de consultants. L'utilisation 
de procedes ecologiques minimise les ejfets nefastes sur l'environnement du ruissellement acide du aux excavations 
dans /es schistes ardoisiers riches en sulfures, ou a la liberation dans le milieu de metaux toxiques provenant du dragage 
des sediments contamines du port. Les lacs de la regionfournissent une eau abondante et de haute qualite. L'existence 
de couches de base de moraines argileuses et de materiaux de couvertures sablonneuxfacilite l 'amenagement de decharges 
pour l'enjouissement des dechets so/ides. Le deversement continu des eaux usees dans le port constitue unformidable 
probleme environnemental. 

INTRODUCTION former Nantucket Whaling Company from 1785 to 1792 
(Martin, 1957). 

The urban areas of metropolitan Halifax consisting 
of Halifax, Dartmouth, Bedford, Sackville and East
ern Passage are located on or near Halifax Harbour, 
on the Atlantic coast of Nova Scotia (Fig. lA). The 
Harbour has long been recognized as a desirable place 
for human activity and urban development. In 1607, 
Samuel D. Champlain described the harbour, then 
known as "Chebooktook" and later as "Chebucto", as 
"a very safe bay'' (Payzant, 1985). A British garrison 
established Halifax town and fortress in 17 49 ( Collins, 
1975), with a mill for wood sawing on the opposite 
side of the Harbour. This British North Atlantic mili
tary stronghold countered the French fortress of 
Louisbourg on Cape Breton Island (Raddall, 1971). 
In the next year, 1750, the village of Dartmouth was 
settled on grounds cleared for the saw mill. The Hali
fax and Dartmouth hinterlands were first settled by 
British military personnel and civilians; after 1775, 
these settlements were augmented by loyalists from 
the American colonies, some of whom took up farming 
in the surrounding areas. The Dartmouth townsite was 
the base for commercial whaling operations by the 
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Although the establishment of Halifax and Dart
mouth was motivated by international politics, their 
specific locations were chosen because of their geo
logical attributes. The most distinctive feature of the 
Halifax site is its large, deep, navigable harbour (Fig. 
2), carved by rivers, enlarged by glacial action and 
inundated by geologically recent relative sea-level rise. 
The depth and extent of the harbour led De Labat to 
estimate in 1711 that it could hold "a thousand" ships 
(Payzant, 1985), an estimation borne out in World 
Wars I and II when it was used as a staging area for 
cross-Atlantic ship convoys. A second feature of the 
Halifax town site was a drumlin hill which provided 
a sweeping view of the Harbour and its approaches. 
Now known as Citadel Hill, this drumlin with its cap of 
easily excavated till was an ideal location for the prin
cipal fortification of Halifax City and Harbour (Fig. 3). 

Another important physiographic attribute of Hali
fax Harbour is its connection to the Bay of Fundy 
through a chain of lake basins in Dartmouth and the 
Shubenacadie River valley (Figs. 1, 4), once a spill
way for large glacial lakes in central Nova Scotia (Stea 



EARTH SCIENCE AND ENGINEERING: HALIFAX, NOVA SCOTIA 

and Mott, 1989). This connection was used as a canoe 
and migration route for the Mi'kmaq native people 
who summered and fished on the Atlantic coast and 
wintered near the Bay of Fundy. They also used this 
corridor to raid the early British settlers (Payzant, 

New 
Brunswick 

1985). Starting in 1826, this natural corridor was 
eventually transformed into the Shubenacadie Canal 
to link the Bay of Fundy with Halifax Harbour for 
commerce from 1861 to 1870 (Martin, 1957). The rail
ways rendered the canal obsolete. 
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D Cambrian- Ordovician: metasandstone and slate (Meguma Group) 

Figure 1. Regional setting of the metropolitan Halifax region with respect to the (A) physiographic regions 
(after Goldthwait, 1924) and (B) bedrock geology of Nova Scotia (simplified from Keppie, 1979). 
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Figure 2. Shaded relief bathymetric image of Halifax Harbour constructed by digital processing of multibeam 
bathymetric data collected by the Canadian Hydrographic Service (from Courtney, 1993). Abbreviations: s, sedi
ment drift; m, moat; d, dredged drumlin. Site of the 1917 Halifax explosion is marked X (Fader, 1994; 1995). 
Lines show location of geophysical records illustrated in Figures 18 and 20. Inset map shows bathymetry and 
nomenclature of the physiographic divisions of Halifax Harbour; contour interval is 10 m. See Miller and Fader 
(1995) for further description of the floor of the Harbour. 
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The influence of geology in modern metropolitan 
Halifax is clearly evident (Fig. 5). High-rise buildings, 
easily founded on the near-surface bedrock, now chal
lenge the views from Citadel Hill. Residential devel
opments have utilized most areas with easily exca
vated drift, and developers must now contend with 
excavating that same near-surface bedrock in order 
to provide houses with basements (Fig. 6). Suburban 
horticulturists struggle in their gardens with acid 
stony soils on slaty till. Older buildings are con
structed of quarried stone. A collision of munition 
ships in the Harbour narrows in 1917 resulted in one 
of the largest non-nuclear explosions, which destroyed 
urban areas adjacent to the northern part of the Har
bour (Ruffman and Howell, 1994), and affected the 
age distribution of buildings in modern Halifax. One 
result of the rehabilitation following the 1917 explo
sion is a distinctive, wholly planned neighbourhood 
constructed of "Hydrostone", a pre-cast concrete build
ing block manufactured from sand and gravel at East
ern Passage (Clarke, 1994). More recently, explora
tion of the harbour floor has shown how its sediments 
have recorded aspects of urban and harbour develop
ment. The harbour is the long-term depocentre for 
sewage, one of the outstanding environmental issues 
of the region (Fader and Buckley, 1997). 

Long the capital seat and centre of government for 
Nova Scotia, the area continues as the focus for Ca
nadian maritime military strength. Its population has 
surpassed 320,000 (Census MetropolitanArea of Hali
fax: Statistics Canada, 1992), and it has become the 
leading industrial, educational, financial and research 
centre in Atlantic Canada. In this paper, we explain 
and highlight attributes of the geological setting which 
have provided opportunities, enhanced or constrained 
building decisions and influenced engineering prac
tice during the development of the region. The geol
ogy of metropolitan Halifax is first described, includ
ing the anthropogenic imprint on the surficial geol-

ogy, followed by discussion of attributes which affect 
engineering and decision-making in urban develop
ment: geohazards, engineering properties of founda
tion materials and geotechnical construction issues 
and geoenvironmental issues. 

PHYSIOGRAPHY AND REGIONAL SETTING 

Metropolitan Halifax is located along a rugged, low 
relief ria-fjord coastline created as post-glacial 
sea-level rise drowned glacially modified river valleys 
(Fig. lA). The outer Atlantic coast, which borders a 
200-km wide shelf to the continental slope, is highly 
irregular at a small scale. It is characterized by nu
merous embayments ranging from shallow flooded 
valley estuaries to glacially overdeepened basins such 
as Bedford Basin in Halifax Harbour or St. Margaret's 
Bay to the west (Piperet al., 1983). The coast is fronted 
in some areas by many small bedrock islands, reflect
ing the complex bathymetry of the inner shelf (Piper 
et al., 1986; Forbes et al., 1991). Apart from areas of 
extensively exposed metasedimentary bedrock, zones 
of granitic outcrop, particularly west of Halifax, are 
characterized by bold, sediment-starved shorelines 
with few beaches, typified by Chebucto Head near the 
mouth of Halifax Harbour. Much of the South Shore, 
Eastern Shore, and the northern shore of Chedabucto 
Bay is dominated by drumlin headlands composed of 
Pleistocene glacial tills, which feed sediment to a wide 
variety of adjoining barrier beach and back-barrier 
coastal sedimentary systems (Forbes et al., 1990). 

The rivers of the Atlantic coast are incised into Pa
leozoic rocks of the Meguma Terrane, forming a broad, 
southeast-sloping peneplain termed the Southern or 
Atlantic Uplands (Goldthwait, 1924) (Fig. lA). This 
flattened surface is a result of many cycles of uplift 
and erosion, the last major erosional event being in 
the Tertiary ( Grant, 1989) when much of the present 
topography was exhumed from a thick cover of Cre-

Figure 3. (overleaf) Historical views across Halifax Harbour showing progressive development of Citadel Hill 
drumlin. (A) Looking northwest ca. 1760 (G. Shutlak, personal communication, 1995) from the small Harbour 
island, Georges Island. The early Halifax fortifications appear at left on the unmodified summit of a typically 
rounded drumlin hilltop; the Fort Needham site is on the next drumlin to the right (from an engraving by J. 
Mason published 1777 by J. Boydell based on a drawing by R. Short painted by Serres; courtesy Public Archives 
of Nova Scotia). (B) Looking southeast ca. 1800, across landscape now urbanized, from Fort Needham drumlin 
to Halifax Citadel drumlin 2. 6 km distant (right middle distance); note the extensive farmland and the dug moat 
with earth wall at right in the foreground (from an engraving by G.l. Parkyns published 1801; courtesy Public 
Archives of Nova Scotia. (C) By early 1800s, the drumlin crest appears fiatter, as a result of removal of the top 12 
min 1761 and 4 min 1795-1796 (Greenough, 1983), and supports an enlarged fort in this view looking northwest 
(from an engraving by G.l. Parkyns published 1801; courtesy Public Archives of Nova Scotia). (D) Early mid-
1800s view looking south across Halifax Harbour from Dartmouth while the fourth and present citadel was 
under construction 1828 to 1864; (Greenough, 1983) on the clearly fiattened summit of Citadel Hill drumlin, at 
right; fortifications are also evident on Georges Island (origin of Figs. 3A and 3C) and at Fort Clarence in the 
distant left on the Dartmouth shore (from aT/, engraving by W.H. Bartlett published 1842; courtesy Public Ar
chives of Nova Scotia). 
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(A) About 1760 
NWView 

(B) 1800 
Sea View 

( C) Early 180.0s 
NW View 
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40' 35' 63° 30'W 25' 

Figure 4. A colour shaded-relief map (lOx vertical exaggeration) showing landforms and the many lakes which 
characterize the metropolitan Halifax region. The ocean and lakes are shaded black. This map is based on a 
digital elevation model constructed from contour data in parts of the 1 :50,000-scale digital maps 1 lD 11, 1 lD 12, 
11Dl3, and 11D14 of the National Topographic System. Elevation data are colour coded in spectral order from 
light blue for low elevations to red for high elevations; the maximum elevation in the map area is 181 metres 
above sea level. The illumination for the shading is from an azimuth of315 degrees at an altitude of 45 degrees. 
A heightened three-dimensional effect can be obtained if the map is viewed with ChromaDepth TM 3-D glasses. 
Abbreviations: B, Lake Banook; C, Lake Charles; CH, Citadel Hill drumlim; DC, Dartmouth Cove; EP, Eastern 
Passage urban area; F, Lake Fletcher; FN, Fort Needham drumlin; G, Governor Lake; GI, Georges Island; H, 
Hartlen Point; HC, Herring Cove; L, Long Lake; LI, Lawlor Island; M, Micmac Lake; MI, McNabs Island; NA, 
Northwest Arm; 0, Otter Lake; S, Springfield Lake; SP, Sandwich Point; T, Topsail Lake; Th, Lake Thomas; W, 
Lake William. Map prepared by A.G. Sherin, Geological Survey of Canada (Atlantic) using Arc Info (version 
7.0.3) Tin and Grid Module software. 
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taceous sediments (Stea, Forbes et al., 1992). The 
trends of many of the rivers were localized by a set of 
northwest-striking transcurrent faults across the 
Uplands. 

Glacial erosion and deposition, and wave erosion 
during sea-level rise and fall are the dominant physi
cal processes that shaped the metropolitan Halifax 
region. Areas of subglacially scoured bedrock are com
mon, especially at topographic highs northeast of the 
peninsula of Halifax bounded by Bedford Basin, the 
Inner Harbour and NorthwestArm (Figs. 2, 4). Drum
lin hills are prominent landscape features on the Hali
fax peninsula and in Dartmouth (Figs. 4, 7). Bedford 
Basin is a bowl-shaped, glacially eroded basin, while 
the Central and Outer Harbour comprise a narrower 
trough (Fig. 2). Erosion along the trend of this trough 
may have been localized in weaker metasedimentary 
rocks, possibly faulted, along the margin of a large 
body of relatively erosion-resistant granite (South 
Mountain Batholith) which outcrops west of the Har
bour (Fig. 8; Table 1). The variations in width of the 
harbour may relate to variations in the effectiveness 

Figure 5. Modern aerial view of Halifax Harbour 
looking southeast toward the Central Harbour and 
NorthwestArm (upper right) in the distance. The Nar
rows section of the harbour, visible between the two 
bridges, opens into Bedford Basin in the foreground. 
The ''peninsula" of urban Halifax lies to the right and 
Dartmouth to the left of the harbour in this view. The 
small Georges Island lies opposite the downtown Hali
fax waterfront and the much larger McNabs Island 
appears behind it in the distance. Eastern Passage 
passes between McNabs Island and the Dartmouth 
shore. The near bridge is the A. Murray Mackay bridge 
built in 1972 and the bridge 2. 7 km farther south is 
the Angus L. Macdonald bridge built in 1955. The site 
of the 1917 explosion was in the small cove on the Hali
fax side of The Narrows between the twci bridges. From 
a photograph by R. Belanger, Bedford Institute of Ocea
nography; the Institute buildings and ship jetty are in 
the centre foreground. 
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of glacial erosion between two differing metasedimen
tary rock types. The Narrows and Halifax peninsula 
are underlain by slate (Halifax Formation) whereas 
the basin and the southern, wider part of the Har
bour ( Outer Harbour) are underlain by metasandstone 
(Goldenville Formation) (Fig. 8). This type of differ
ential erosion is paradoxical·when one considers the 
relative hardnesses of slate (softer) and metasand
stone (harder). Two types of sub-glacial ice erosion 
are abrasion and quarrying. More widely spaced frac
tures and thicker bedding rendered the Goldenville 
Formation more susceptible to block quarrying by the 
glacier (Goldthwait, 1924). Blocks as large as several 
metres across were removed. Blocks of this kind are ' 
commonly found today, strewn randomly on the sur
face of till and bedrock near the Atlantic shore. These 
may have been removed and transported through 
combined processess of hydraulic jacking, freez~-thaw 
or glacial streaming (Rea and Whalley, 1995), result
ing in relatively extensive erosion. In contrast, the 

Figure 6. In areas of thin overburden, basement ex
cavations for new housing must be chipped or blasted 
from bedrock, in this case chipped from metasandstone 
of the Goldenville Formation in Bedford. Photograph 
by B.B. Taylor. 
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Figure 7. Surficial geology map of the metropolitan Halifax region, showing also the sediment distribution on 
the fioor of Halifax Harbour, and a topographic profile and cross-section of the Halifax peninsula. Onshore 
geology modified by R.R. Stea from Finck et al (1992), Stea, Conley et al. (1992) and Stea (1995); harbour 
sediment distribution by G.B.J. Fader. 
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Figure 8. Simplified geological map of metropolitan Halifax, modified after Faribault (1908, 1909) and 
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Block diagram represents a sketch of the fold geometry for the Eastern Passage and Lawrence town anticlines, 
illustrating how their plunging character is refiected in the surface distribution of the Halifax and Goldenville 
formations. Abbreviations: MI, McNabs Island; AF, Arm fault; MCF, Mill Cove fault; HCF, Herring Cove fault. 
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slate of the Halifax Formation is more closely cleaved 
and has thinner beds, so the glaciers were only able 
to remove much smaller fragments (Goldthwait, 
1924). The net geomorphic effect of this combination 
of glacial erosion, and bedrock structure and bedding 
was the positive relief of the peninsula of Halifax and 
the negative relief of the Bedford Basin depression. 
Erosion by southward-flowing ice streams in the 
Dartmouth region may have overdeepened the bed
rock surface in depressions now occupied by lakes 
Charles, Micmac and Banook, and Dartmouth Cove 
of Halifax Harbour (Fig. 4). Buried bedrock depres
sions on this trend also occur beneath the Central and 
Outer Harbour (Fader et al., 1991). The Dartmouth 
chain of lakes also acted several times as a spillway 
for glacial meltwater. Large glacial lakes in central 
Nova Scotia were impounded by ice streams in the 
Minas Basin and flowed across a sill north of Lake 
Charles at approximately 30 m elevation (Stea and 
Mott, 1989). 

Bedrock exposures along the Circumferential (No. 
111) Highway around Dartmouth and the Bicenten
nial Highway (No. 102) northeast of Halifax are stri
ated and grooved, with several directions of ice flow 
indicated. In Dartmouth, south of Interchange 6, the 
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;;;;i 
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Table 1 

Table of Fonnations (compiled with additions from 
Keppie, 1979; Stea, Conley et al., 1992). 

Anthropogenic Layer - fill, spoil, shipwrecks, 
sewage 

Organic soils - peat, poorly drained 
Q,l terrain 

= Q,l La Have Clay - silty clay, clayey silt 
CJ (Inner Harbour) = -= Sable Island Sand and Gravel - sand, gravel = (veneer) 

Estuarine beds - peat, mud, sand ------
Glaciolacustrine / -mud 

= Lacustrine beds (depression fills) 

ti! 

= Beaver River Till - Stony Till Plain with .... 
fl.I granite, metasandstone 

= and slate till facies = CJ Lawrencetown Till - sandy facies fl.I ... - reddish muddy till 

~ (drumlins) 

Hartlen Till - grey, silty compact till 
( drumlin cores) 

Sangamonian? Interglacial Beds -peat, clay 
------
TERTIARY? Bridgewater Conglomerate - indurated, Fe-cemented 

diamicton 

DEVONIAN South Mountain Batholith - granitoids 
Musquodoboit Batholith - granitoids 
Kinsac Pluton - granitoids 

CAMBRIAN- MEGUMA GROUP 
ORDOVICIAN Halifax Fm - slate 

Goldenville Fm -metasandstone 

land surface passes from a rough, glacially sculpted 
bedrock terrain onto a rolling terrain characterized 
by a series of southeastward-trending lakes and drum
lins (Figs. 4,7). The drumlins are composed entirely 
of glacial drift with thicknesses up to 40 m at their 
highest points. Lakes abound in the region; some are 
sources for municipal water supply. Topsail Lake (Fig. 
4) serves the Dartmouth region, and Pockwock Lake, 
about 6 km west of Springfield Lake (Fig. 4), serves 
the Halifax, Bedford and Sackville regions. The wa
tershed lands of Long Lake (Fig. 4), a former water 
supply area, are now a Provincial Park Reserve, pro
viding a pristine natural region near the urbanized 
Halifax area. 

Catastrophic, subglacial meltwater fluxes have 
been put forward to explain many glacial landforms, 
such as tunnel valleys, tunnel channels and drumlins 
(e.g., Wright, 1973; Shaw et al., 1989; Gilbert, 1994). 
Offshore, multi-generational depressions on the 
Scotian Shelf have been proposed as tunnel valleys 
and attributed to subglacial meltwater erosion (Boyd 
et al., 1988). Subglacial meltwater scour is indicated 
by bedrock fluting on the inner shelf of the Eastern 
Shore, and a subglacial drainage system is thought 
to have played a role in the development of a valley 
complex crossing the inner shelf as an extension of 
the Halifax Harbour depression (Forbes et al., 1991). 
Also, channels (rinnentaler) are mapped on the inner 
shelf of the South Shore (Piper et al., 1986). However, 
the areal extent and till composition of the drumlin 
field in central Nova Scotia appear to be incompat
ible with a late-glacial catastrophic flood origin (Forbes 
et al., 1991). Furthermore, the presence of over-deep
ened basins and elevated rock sills at the mouths of 
relatively straight, U-shaped valleys along theAtlan
tic coast, suggest a similarity to classic, high-relief 
glaciated fjords rather than meltwater discharge 
routes. Also, bedrock surfaces adjacent to Halifax 
Harbour are ubiquitously striated and do not exhibit 
unequivocal evidence of subglacial meltwater ero
sional forms, such as potholes, crescentic s-forms, and 
braided and spindle flutes (Shaw, 1988; Kor et al., 
1991; Gilbert, 1994). The timing of subglacial melt
water flows and the manner in which they have in
fluenced the morphology of the metropolitan Halifax 
area are not yet clear . 

Cores of the harbour bottom sediments and side
scan sonar images of a former bouldery shore zone 
(Fader, 1995) show that the Bedford Basin was a fresh
water lake controlled by an outlet through The N ar
rows before 7.7 ka. It was fully inundated with salt 
water due to rising sea level about 5.8 ka (Miller et 
al., 1982). Sea-level rise continues today as evidenced 
by tide-gauge data from Halifax Harbour, rising at 
an average rate of3.6 mm·a-1 (Shaw and Forbes, 1990; 
Shaw et al., 1993). 
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BEDROCK GEOLOGY 

Geological Setting 

The Meguma Terrane is characterized by a generally 
conformable sequence of Cambrian to Devonian 
metasediments and metavolcanics, which is domi
nated by the Cambrian-Ordovician Meguma Group, 
and Late Devonian (ca. 370 Ma) granitoids (e.g., the 
South Mountain Batholith) (Table 1; Fig. lB). The 
Avalon Terrane to the north is separated from the 
Meguma Terrane by the Cobequid-Chedabucto Fault 
System (Fig. lB). The boundary between the two ter
ranes is overlapped by Carboniferous and Mesozoic 
cover rocks. 

Middle Devonian (Acadian) regional deformation 
and metamorphism resulted in northeast-trending 
folds and development of a penetrative cleavage in 
the Cambrian to Devonian succession (Henderson et 
al., 1986). Folding is characterized by kilometre-scale, 
open to tight folds with chevron and box-fold geo
metries (Fletcher and Faribault, 1911). Regional meta
morphism ranges from greenschist to amphibolite 
facies and narrow contact aureoles are associated with 
the granitoid intrusions.Northwest-directed compres
sion of the region continued until at least the Permian, 
resulting in northeast-trending contractional struc
tures (thrusts and folds), northwest-trending exten
sional structures (joints, veins and dykes) and east
west dextral strike-slip faults. These structures influ
enced granitoid emplacement (e.g., South Mountain 
Batholith; Home et al., 1992) and the development of 
Carboniferous basins in the adjacent Avalon Terrane 
(e.g., Stellarton Graben; Yeo and Gao Ruixiang, 1987). 
A system of northwest-trending transcurrent faults 
throughout the Meguma Terrane have been inter
preted to reflect Mesozoic rifting (Williams et al., 1995). 

The Halifax area is underlain by the Meguma 
Group, which occurs throughout the Meguma Terrane, 
and granitoids of the South Mountain Batholith, 
which extend from the Halifax area to near the 
westernmost end of the province (Fig. lB). The South 
Mountain Batholith crosscuts the folds and cleav~ge 
in the Meguma Group rocks. A narrow contact aure
ole is marked by hornfels and cordierite; andalusite 
and sillimanite porphyroblasts are variably developed. 
A more detailed description of the geology of the 
Meguma Group and South Mountain Batholith within 
the metropolitan Halifax region follows. 

Meguma Group 

Lithology 

The Meguma Group within the area comprises the 
lower metasandstone-dominated Goldenville Forma-
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tion and the upper slate-dominated Halifax Forma
tion (Faribault, 1908; Fig. 8).Although no recent map
ping of these rocks has been done within the area, 
mapping elsewhere has established further subdivi
sions of the Meguma Group, particularly in the Hali
fax Formation and the transition zone between the 
two formations (O'Brien, 1988; Waldron, 1991; Horne, 
1993; Ryan, 1994). The Goldenville Formation is typi
fied by thickly bedded metasandstone with minor 
interbedded metasiltstone and slate (Fig. 9C). The 
Halifax Formation in the area typically consists of 
black slate with interbedded thin (2-10 cm) metasand
stone beds (Fig. 9B). The stratigraphy displayed in 
local sections of the Halifax Formation exposed along 
the railway tracks on the north side of the Northwest 
Arm (Fig. 8) is shown as logs in Figure 10. The re
sults indicate significant stratigraphic variation which 
is not conveyed by simplified designation as slate, as 
is generally applied to the Halifax Formation. The sig
nificant number of thick sandstone beds suggests 
proximity to the Goldenville Formation. This is con
sistent with the fact that these sections straddle the 
hinge of the Lawrencetown Anticline (Fig. 8) and 
therefore portray the stratigraphically lowest part of 
the succession in the area. The slates within the Hali
fax Formation commonly contain high but variable 
concentrations (0-10%) of sulphides. Sulphide miner
alogy is dominated by pyrite and pyrrhotite; however; 
minor arsenopyrite, cobaltite, glaucodot, chalcopyrite 
and covellite have been documented within the Meguma 
Group (Haysom, 1994). 

Structure 

The Meguma Group in the area is folded into several 
northeast-trending folds (Fig. 8). Regionally, fold axes 
are generally subhorizontal and erosion has resulted 
in linear, northeast-trending map boundaries. Locally 
however, southwest-plunging fold axes have resulted 
in continuous exposure of the Halifax Formation be
tween the Dartmouth and Cow Bay synclines, with 
the Halifax-Goldenville boundary trending northwest 
through McN abs Island and along the harbour shore
line in Dartmouth (Fig. 8, map and block diagram). 

Numerous mesoscopic structures related to fold
ing have been identified in studies on the railway sec
tion along the Northwest Arm and are summarized 
in Figure 11. Axial planar cleavage is characterized 
by well-developed slaty cleavage in the slate and 
poorly developed pressure-solution cleavage in the 
metasandstone. Several shear fractures are related 
to flexural slip (bedding-parallel slip during folding); 
these include bedding-parallel movement horizons; 
strike-parallel, bedding-discordant frontal ramps; and 
strike-discordant lateral ramps (Fig. 11). Northwest
trending AC joints (i.e., joints perpendicular to fold 
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Figure 9, Photographs of the principal foundation materials in metropolitan Halifax: (A) Granodiorite of the 
South Mountain Batholith showing a blocky fracture pattern dominated by sub-vertical and sub-horizontal 
joint sets; (B) Typical Halifax Formation, here subglacially sculptured, consisting of interbedded slate (dark 
bands) and metasandstone (light bands); (C) Typical thickly bedded metasandstone of the Goldenville Forma
tion; (D) Diamicton of the Stony Till Plain (Beaver River Till); (E) silty drumlin tills, grey Hartlen Till below red 
Lawrencetown Till separated by a sharp contact; (F) Iron-cemented "Bridgewater Conglomerate". Photographs 
(A) to (C) by R. Morrison, (D) to (F) by R.R. Stea. 
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hinges) (Figs. 11, 12A) are prominent in this section. 
These structures are variably developed along the rail
way cut; bedding-parallel movement horizons andAC 
joints commonly have a spacing ofless than 1 metre 
and lateral ramps are typically several metres apart. 
AC joints are notably more abundant in the meta
sandstone. All these fractures define significant planes 
of weaknesses in the rock which strongly influence 
its rock breakage and excavation properties as seen 
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in the railway section (Fig. 13). 
Several northwest-trending faults have been inter

preted to cut the Meguma Group in the Halifax area, 
two of which are coincident with Halifax Harbour (Mill 
Cove fault) and the Northwest Arm (Arm fault) (Fig. 
8; Cameron, 1949). These faults belong to a regional 
strike-slip fault system which is well defined along 
the eastern shore of Nova Scotia (Fig. 1), and which 
strongly influences topography, including the occur-
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Figure 10. Stratigraphic logs, measured in metres, for sections of the Halifax Formation exposed along the 
railway cut near the north shore of Northwest Arm in Halifax at sites A, B, C, D and E located in Figure 8. Note 
the large number of thick metasandstone and metasiltstone beds, suggesting proximity to the underlying 
Goldenville Formation. 
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rence of many harbours (Keppie, 1979; Williams and 
Hy, 1990). In the Halifax area, these structures were 
largely interpreted from air photographs and their 
existence is debatable, as no appreciable offset of geo
logical contacts (Fig. 8) or magnetic anomalies (Nova 
Scotia Department of Mines and Energy, 1960) is ap
parent across their proposed traces. In addition, off
sets are not observed in exposed rock structure imaged 
with sidescan sonar or bathymetric multibeam map-

II sense of shear 

I movement direction 
(sliclrenfibre) 

duplex 

offset marker 

Figure 11. Diagrammatic sketch of structures related 
to folding of Meguma Group rocks observed in the Hali
fax Formation along the railway section in Halifax 
(after Horne and Cutshaw, 1994). 

ping in the Harbour or its approaches (Loncarevic et 
al., 1992; Courtney, 1993; Courtney and Fader, 1994; 
Fader and Buckley, 1997). Lack of apparent offset and 
reversal in sense of apparent offset is common on these 
faults in the eastern Meguma Terrane. Williams and 
Hy (1990) and Williams et al. (1995) have proposed 
listric-normal faulting in association with strike-slip 
faulting to explain this paradox. In addition, further 
detailed subdivision of the rocks may reveal some hori
zontal offset. Some support for possible faulting be-

A N 

D 
N=45 

Figure 12. Contoured density Schmidt stereonets of 
poles (in 1% area) to (A)ACjoints in the Halifax For
mation exposed along the railway tracks in Halifax, 
and (B) fractures in the South Mountain Batholith 
exposed on NTS topographic map llD/ 12 which in
cludes the area of the batholith shown on Figure 8. 

Figure 13. Composite photograph of the northeast wall of a portion of the railway cut in Halifax showing 
numerous sub-horizontal bedding-parallel movement horizons. To avoid an unstable vertical cut, the excavation 
has been stepped back to avoid downslope movement of unsupported rock along the bedding-parallel movement 
horizons which dip toward the tracks in this area. A vertical AC joint is evident in the right-hand photograph. 
Photographs by R.J. Horne. 
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neath the harbour is shown in Eastern Passage, North
west Arm and Dartmouth Cove (Fig. 2) where bore
holes indicate evidence of shearing and fracturing 
within bedrock. For now, the presence of faults and their 
role in forming the Harbour is considered an hypoth
esis to be confirmed by further work. 

South Mountain Batholith 

Lithology 

Granitic rocks represent a portion of the lithologically 
zoned Halifax pluton, a part of the South Mountain 
Batholith (Fig. 8; MacDonald and Horne, 1988). The 
lithologic zones roughly parallel the Meguma Group 
contact, and include, from the contact inward, granodi
orite, biotite granite and coarse-grained leucomonzo
granite units. In addition, isolated bodies of fine-grained 
leucomonzogranite and leucogranite are present. Gra
dational contacts are interpreted between lithologies 
of the zoned sequence. Granite-related dykes (aplite, 
pegmatite) and quartz-greisen veins are common. 

Structure 

The granitic rocks are typically massive and nowhere 
exhibit a penetrative tectonic fabric (Fig. 9A). How
ever, regional syn-intrusive structures, including 
joints, veins, faults and unit contacts are interpreted 
to indicate syn-tectonic intrusion of the South Moun
tain Batholith during northwest-directed compression 
(Horne et al., 1992). Joint and vein orientations in 
the granitic rocks for NTS sheet 1 lD/12, which in
cludes the Halifax area, are shown in Figure 12B, and 
indicate a prominent northwest trend for these struc
tures, similar to that of the AC joints in surrounding 
rocks of the Meguma Group (Fig. 12A). 

A regional-scale, northwest-trending fault, referred 
to as the Herring Cove fault (HCF) (MacDonald and 
Horne, 1988), cuts the granites in the study area (Fig. 
8) and has been traced from airphoto lineaments for
over 30 kilometres. This fault defines the western coast 
of the outer harbour and can be traced onto the inner
shelf in the multibeam bathymetry (Courtney, 1993;
Courtney et al., 1993). The Herring Cove fault is
cataclastic in character and may reflect the same, pos
sibly Mesozoic, fault system which is proposed to lie
under Halifax Harbour.

TERTIARY AND QUATERNARY GEOLOGY 

The Tertiary and Quaternary deposits (Table 1) in 
many places constitute the surface foundation mate
rial, and thus are important for the development of 
the region. Their distribution is shown in Figure 7 
and they are described in the following sections. 
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Bridgewater Conglomerate 

The earliest Cenozoic deposits recognized on the At
lantic coast of Nova Scotia are enigmatic iron-ce
mented sediments, called the"Bridgewater Conglom
erate", overlying bedrock. This term is widely used to 
describe iron-cemented diamicton with clasts com
posed primarily of slate and granite (Fig. 9F). It has 
been variously interpreted as a breccia, a waterlain 
deposit and a till, and has been assigned a Tertiary, 
Early Pleistocene or a Late Wisconsinan age (Mac
N eill, in Prest et al., 1972). Many iron-cemented 
diamictons have been described in Nova Scotia (Stea, 
1978). In some cases these diamictons rest on stri
ated surfaces and are themselves striated (MacN eill, 
in Prest et al., 1972). In some areas an iron-cemented 
diamicton overlies a non-indurated, stony till com
posed of metasandstone clasts (Stea and Fowler, 1979; 
MacEachern and Stea, 1985). These observations im
ply that at least some "Bridgewater Conglomerate" 
was deposited after the onset of Cenozoic glaciations. 
Deposits of"Bridgewater Conglomerate" are quite lo
calized in the Halifax area, and are exposed at the 
head of Northwest Arm near the contact between 
South Mountain Batholith granite and Halifax For
mation slate (Fig. 7). The common denominator in 
these deposits seems to be their mixture of granite 
and metamorphosed slate clasts. The deposits could 
be of several ages and origins. The cementation may 
be a result of groundwater percolation through the 
matrix. In this hypothesis, acidic, oxidizing ground 
water mobilized elements in the metal-rich slate clasts 
which were then precipitated through contact with 
weathered granitic debris. 

Maritime Ice-Flows of 
the Wisconsinan Glaciation 

Most of the glacial deposits and landforms seen today 
in the metropolitan Halifax region were formed dur
ing the Wisconsinan glaciation in the last 70 ka. Pre
ceding this major period of glacial activity was a long 
period of climatic amelioration (the Sangamonian In
terglaciation). In isolated localities around Nova 
Scotia, forests from this previous interglacial period 
of warmth are buried beneath several till sheets (Mott 
and Grant, 1985). 

The earliest and most extensive ice-flows of the Wis
consinan glaciation in Nova Scotia were eastward and 
southeastward from anAppalachian or Laurentide ice 
source, designated Ice Flow Phases lA and lB (Fig. 
14). Igneous erratics from the North Mountain cuesta 
(Fig. lA) were transported southeastward and can be 
traced to the Atlantic Coast, up to 120 km down-ice 
(Nielsen, 1976). Bedrock striations in the Halifax re
gion generally trend southeastward. 
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The second major ice-flow (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. 14). This flow 
phase was called the "Acadian Bay Lobe" by Gold-
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thwait (1924) and the "Fundian Glacier" by Shepard 
(1930). Goldthwait (1924) envisioned southward flow 
from a Lauren tide source across the Gulf of St. Law
rence. Ice-flow trends in Prince Edward Island (Prest, 
1973) and adjacent New Brunswick (Rampton et al., 
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Figure 14. Phases of ice flow during the last glaciation of Nova Scotia (after Stea, Conley et al., 1992). 
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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 Meguma Terrane of mainland Nova Scotia 
along with distinctive Cobequid Highland erratics 
(Grant, 1963; Stea et al., 1989). The resulting fine
grained red material moved by glaciers, from what 
are now rich agricultural areas of northern Nova 
Scotia, forms the basis for the most productive soils 
along the Atlantic coast of the province (MacDougall 
et al., 1963). 

After Phase 2, ice flow was northward and south
ward from a divide (Scotian Ice Divide, Ice Flow Phase 
3; Fig. 14) across the axis of the Nova Scotia penin
sula (Stea et al., 1989). This divide may have formed 
as a result of marine incursion into the Bay of Fundy 
(Prest and Grant, 1969) or increased precipitation 
after recession of the Escuminac Ice Cap (MacN eill 
and Purdy, 1951; Hickox, 1962). Northward ice-flow 
from the Scotian Ice Divide was probably synchro
nous with an ice dome off Cape Breton Island pro
posed by Grant (1977). With late-glacial rise of rela
tive sea level, ice margins were probably destabilized, 
and the flow of ice may have been increasingly di
rected into the Bay of Fundy to merge with south
westward ice streams from New Brunswick (Ice Flow 
Phase 4; Fig. 14). 

Quaternary Deposits and Landforms 

Silty Till Drumlins 
(Hartlen and Lawrencetown Tills) 

Sea-cliff exposures of drumlins in the Halifax-Dart
mouth area show two distinct till units termed the 
Hartlen and Lawrencetown tills (Fig. 9E). The type 
section for these deposits is at Hartlen Point near 
Eastern Passage (Fig. 7; Williams et al., 1985). The 
basal Hartlen Till is greyish, silty and very compact, 
containing abundant local metasandstone and granitic 
clasts. It contains up to 40% gravel, 40% sand and 
20% mud (silt+clay) (Fig. 15). Within the matrix of 
the Hartlen Till, sand percentages are locally as high 
as 50% at the type section (Podolak and Shilts, 1978; 
Fig. 16). The Hartlen Till was formed during Ice Flow 
Phase 1 (Stea et al., 1989; Stea, Conley et al., 1992). 

A reddish, muddy till unit (Lawrencetown Till, Fig. 
9E) overlies the Hartlen Till with a knife-sharp con
tact. It has higher clay percentages than the Hartlen 
Till, is less compact, and is petrologically distinguish
able from the lower unit by its red colour and high 
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erratic content. Distinctive hornblende-bearing syeno
granites, foliated diorites, and volcanic erratics found 
in the Lawrencetown Till are derived from the Cobe
quid Highlands, 80 km north of Halifax. Including 
clasts, the Lawrencetown Till typically contains 20-
30% gravel, 30-40% sand and 30-50% mud (silt +clay) 
(Fig. 15). Within the till matrix, the percentages of 
clay and silt increase whereas the percentage of sand 
decreases relative to the Hartlen Till at the type sec
tion (Fig. 16). At many localities the Lawrencetown 
Till is overlain by a thin (1-4 m) hybrid till facies, a 
sandy facies, which is brownish and sandier, and typi
cally contains about 30% gravel, 50% sand and 20% 
mud (silt+clay) (Figs. 7, 15). Relative to the typical 
Lawrencetown Till, this facies has a greater number 
of Meguma pebbles and fewer pebbles of foreign and 
erratic lithologies. The Lawrencetown Till was formed 
during Ice Flow Phase 2 (ca. 30-17 ka) (Stea, 1995). 

Stony Till Plain (Beaver River Till) 

The Halifax peninsula and regions north of Inter
change 6 in Dartmouth are characterized by irregu
lar, hummocky topography or linear, en echelon ridges 
(ribbed moraine) with large metasandstone or gran
ite boulders (from < 1 m up to 20 min diameter) strewn 
on the surface (StonyTill Plain) (Fig. 7). The till mak-
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Figure 15. Envelopes of complete grain size distribu
tions for the Hartlen and Lawrencetown (drumlin 
facies) tills, including the sandy facies of the Lawrence
town Till, and the succeeding coarser Beaver River 
Till. 
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ing up these landforms has been called the Beaver 
River Till from a type section near Yarmouth, Nova 
Scotia (Grant, 1980; Williams et al., 1985; Finck and 
Stea, 1995). Till thicknesses vary widely, generally in
creasing from 1-5 m in upland areas (> 200 m eleva
tion) to greater than 7 m in lower elevations. 

In the metropolitan Halifax area the Stony Till 
Plain consists of a clast-supported, sandy olive-grey 
diamicton derived almost exclusively from local bed
rock sources (averaging 86% and generally greater 
than 90% local lithologies); it is characterized by a 
high percentage of angular cobbles and boulders (Fig. 
9D). The Beaver RiverTill shows distinct facies based 
on the lithology of its clasts which are usually similar 
to the local bedrock, specifically a slate, metasand
stone and granite facies within the metropolitan Hali
fax area. The grain size distributions in the Beaver 
River Till typically consist of 50% gravel, 40% sand 
and 10% mud (silt+clay) (Fig. 15). Locally, it has in
herited components of older tills, either directly as 
till inclusions or indirectly as higher erratic percent
ages. The Beaver River Till was formed during Late 
Wisconsinan Ice Flow Phase 3 (ca. 17-15 ka) (Stea, 
1995). 

In some drumlin sections a tripartite diamicton se
quence is recognized, with the Beaver RiverTill over
lying the Lawrencetown and Hartlen tills (Fig. 17). 
South of the approaches to Halifax Harbour on the 
inner Scotian Shelf, up to three tills can be readily 
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Figure 16. Grain size profiles for the till matrices of 
the Hartlen and Lawrencetown tills at the Hartlen 
Point section (Fig. 7) (after Podolak and Shilts, 1978). 

interpreted, separated by high amplitude reflections, 
in seismic profile data (Faderet al., 1993). Grant (1963) 
originally interpreted these diamicton units as tills 
formed by separate glaciations, with contacts (includ
ing boulder pavements and thin waterlain units) rep
resenting interstadial intervals. Nielsen (1976) de
scribed this widespread three-till sequence as a sin
gle depositional package from one ice flow encompass
ing lodgement, and englacial and supraglacial melt
out tills. A compromise interpretation has each till 
unit assigned to separate phases of ice flow from 
evolving ice centres and divides, without interven
ing nonglacial intervals (Stea, Conley et al., 1992; 
Stea, Forbes et al., 1992). 

Organic Deposits 

Post-glacial organic deposits onshore exist through
out the metropolitan Halifax region; the larger de
posits are shown in Figure 7. MacDougall et al. ( 1963) 
indicate that 3% of the land area of Halifax County 
(the area surrounding urban Halifax, Dartmouth and 
Bedford) is covered by these materials. The organic 
deposits consist mainly of peat formed in depressional 
areas, old lake beds, drainage channels and ponds. The 
peat deposits typically consist of a semi-decomposed 
surface layer of Sphagnum moss up to one metre thick, 
underlain by more decomposed darker peat. 

Fill 

Fill is an anthropogenic deposit which is extremely 
heterogeneous. Depending on location, it consists of 
excavated earth materials, grubbings (soil and veg
etation scrapings), demolition debris, ash and cinders, 

Figure 17. Photograph of an exposure of three tills at 
Smith Cove on the Eastern Shore of Nova Scotia (Fig. 
1). Silty compact Hartlen Till at the base is overlain 
by the Lawrencetown (middle) and Beaver River (top) 
tills with sharp contacts. Photograph by R.R. Stea. 
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and municipal solid waste, among other things. 
This unit is found in all areas of past or present 

development. The thickest and most significant de
posits occur along the shores of the Harbour, where 
fill has been placed for land reclamation. Fills are most 
common on the Halifax side of the Harbour, where 
their areal extent and depth can often be mapped by 
comparing shoreline positions and nearshore bathy
metry on old maps and charts of the Harbour with 
shorelines on up-to-date charts. Another significant 
accumulation of fill exists on the north end of the 
Halifax peninsula, at the former location of the Hali
fax dump (near A, Fig. 7). In many cases, excavation 
of older fill reveals artifacts of archeological value, 
and in that sense fill represents a cultural resource. 

Harbour Sediments 

As shown in Figure 2, Halifax Harbour consists of 
four physiographic divisions. From south to north 
these are the Outer Harbour, Central Harbour includ
ing Eastern Passage and Northwest Arm, The N ar
rows and Bedford Basin; The Narrows and Central 
Harbour together constitute the Inner Harbour (Fader 
and Buckley, 1997). 

Marine geological investigations based on seismic 
reflection profiling, sidescan sonar mapping and sedi
ment sampling and coring have led to compilations of 
sediment distribution and harbour geology (Stewart, 
1975; Fader et al., 1991; Fader et al., 1994; Fader and 
Buckley, 1997) (Fig. 7). Complementing these studies 
are recent (1992 and 1994) multibeam bathymetric 
surveys of the harbour by the Canadian Hydrographic 
Service. A new shaded-relief bathymetric image of the 
harbour (Fig. 2) with vertical and horizontal resolu
tions of 0.1 m and 1 m respectively, is a major aid in 
the interpretation of sediment distributions, harbour 
floor features and seabed processes (Courtney, 1993; 
Courtney and Fader, 1994; Miller and Fader, 1995). 

Till in the Harbour. A widespread distribution of 
till within the Harbour, indicated by seismic reflec
tion profiling, blankets the bedrock up to about 16-20 
m in thickness. The age and nature of this till is as 
yet undetermined. In The Narrows, relief on the bed
rock surface is mimicked through the till blanket to 
the present seabed. In other areas of the Harbour the 
till forms drumlins, such as Georges Island. Another 
drumlin, submerged in the central Harbour, was a 
shallow hazard to navigation, so its top was dredged 
to deepen the water above its surface (site d, Fig. 2). 
In the area to the west of McN abs Island, the till oc
curs as a series of east-west ridges that may repre
sent a series ofribbed moraines formed beneath a re
treating glacier. Where exposed in the Harbour, the 
till surface is mantled with a gravel lag containing 
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sub-rounded to angular clasts, a result of erosion and 
winnowing by waves and currents during the Holo
cene transgression. 

Lacustrine/estuarine sediments. Overlying the till 
in Bedford Bay, Bedford Basin, the Inner Harbour and 
bedrock depressions in the Outer Harbour, are a se
ries of sediment-filled depressions (Fader et al., 1991; 
1994) (Fig. 18). Acoustically, the sediments are recog
nized by high-amplitude continuous coherent reflec
tions that mimic the relief on the underlying till sur
face, suggesting deposition of the sediments as sus
pension fall-out in a glaciomarine or glaciolacustrine 
environment. Cores from the upper part of the sec
tion show that the sediments are estuarine muds 
(Edgecombe, 199-4) but the deeper sections have not 
been sampled. We suggest that they may represent 
glaciomarine to lacustrine deposition in isolated de
pressions within the Harbour when sea level was 
lower. The top part of these sediments displays small 
infilled channels, and the upper surface of this unit is 
a broad regional unconformity which truncates re
flection events. The unconformity is interpreted to 
have formed during the Holocene marine transgres
sion of the Harbour. 

Transgressive sand and gravel. Overlying the 
lacustrine sediments and the till is a thin unit of trans
gressive sand and gravel. This formed during the ma
rine invasion of the Harbour as pre-existing sediments 
were reworked in a surf zone. This unit is equivalent 
to the Sable Island Sand and Gravel unit of King (1970) 
and King and Fader (1986). It is generally a veneer 
deposit but can attain thicknesses of several metres 
in relic gravel barriers and sand-filled depressions. 
Unlike the adjacent Scotian Shelf, where the trans
gressive gravel is well-rounded due to the high en
ergy of the transgressing surf, the gravel in the Inner 
Harbour is more angular, probably as a result of re
duced surf action in this more sheltered environment. 

The seabed of The Narrows is largely composed of 
gravel because of the presence of strong currents 
which have prevented deposition of Holocene mud. A 
series of curvilinear relic beach berms is found in The 
Narrows indicating successive rises in sea level prior 
to the breaching of the sill of Bedford Basin. South of 
Sandwich Point, at the junction between the Inner 
and Outer Harbour, the seabed is dominated by only 
transgressive sand and gravel (Fig. 7). The Outer Har
bour contains a large sand-filled western channel, the 
ancestral Sackville River. To the east of the channel 
the seabed is largely boulder-strewn bedrock outcrop, 
flanked by pebble to cobble gravel aprons. Bedforms 
such as sand ribbons, megaripples, gravel circles and 
gravel ripples are widespread and attest to modern 
high energy tidal currents and waves which trans-



EARTH SCIENCE AND ENGINEERING: HALIFAX, NOVA SCOTIA 

port coarse-grained sediment. 

Holocene deposits and erosional features. North 
of McN abs Island the seabed is dominated by Holo
cene mud, a dark olive grey silty clay to clayey silt 
that reaches thicknesses of over 10 m in the Inner 
Harbour (Figs. 7, 18). This sediment is generally 
acoustically transparent and the surface is covered 
with anthropogenic debris; anchor marks disrupt the 
upper two metreE. The Holocene mud is gas-charged 
over large areas in central Bedford Basin and the Cen
tral Harbour. The gas occurs at a variety of depths up 
to 5 m and in some places it occurs at the seabed. The 
gas is interpreted as biogenic methane which presents 
a barrier to acoustic penetration and typically masks 
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deeper subsurface events in the seismic reflection data. 
The Holocene mud generally covers areas of Bed

ford Basin deeper than 20 m water depth. The mud is 
thickest north and southeast of Georges Island, and 
covers most areas of the NorthwestArm, Eastern Pas
sage and southern Narrows; it is absent in the north
ern Narrows and in the Outer Harbour. Large linear 
erosional scours (sedimentary furrows) and non-depo
sitional moats (Figs. 2, 18) occur adjacent to Sand
wich Point. The orientation, spacing and other char
acteristics of these features indicate formation by pe
riodic, strong incoming flow to the north on the Har
bour bottom (Miller and Fader, 1995; Fader and 
Buckley, 1997). This is consistent with the estuarine 
circulation of Halifax Harbour in which tidally driven 
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Figure 18. High-resolution seismic refiection profile in central Halifax Harbour between Georges Island (to 
right of profile section) and the Dartmouth shore (to left of profile section) showing a strong refiection from an 
unconformable channelized surface (U) beneath a surficial unit of acoustically transparent mud (Holocene mud). 
Faintly stratified sediments, probably of glaciolacustrine, lacustrine and estuarine origin infill a depression in 
bedrock (BJ beneath the unconformity. The seabed low is a moat (M) or zone of reduced mud accumulation where 
harbour currents are accelerated as they pass around Georges Island. See Figure 2 for location of profile (see also 
fig. 7 in Fader and Buckley, 1997). 
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currents flow inward along the Harbour bottom and 
the surface waters, freshened by runoff, flow outward 
(Fader and Petrie, 1991). 

Georges Island is a large obstacle in the path of 
inflowing currents. As these flows accelerate and re
tain sediment in suspension around the base of the 
island, a seabed depression or moat ofnondeposition 
forms. This is clearly evident in the multibeam bathy
metric image (Fig. 2) and seismic profile (Fig. 18). Once 
past the island, currents decelerate somewhat and the 
entrained sediment is deposited. As a result, a large 
sediment drift or depositional mound of Holocene mud 
over 6 m thick has formed north of Georges Island 
(Figs. 2, 7). Similar obstacle-induced depositional fea
tures were formed around two bedrock mounds on 
the seabed between McNabs and Georges islands. 

Anthropogenic layer. Anthropogenic features are 
widespread on the seabed of Halifax Harbour as iden
tified in extensive marine geophysical and geological 
surveys. Their greatest density and variety occur in 
the Inner Harbour and Bedford Basin (Fig. 19). They 
include anchor marks (Fig. 20), shipwrecks, dredge 
spoils, cables, borrow pits, sewage banks, pipelines, 
remains of a collapsed railway bridge (Fig. 21), sub
marine net marks, trawl marks, etc. The imprint on 
the seabed of shipping and development activity is so 
intense that in some areas it is difficult to find a site 
to sample undisturbed sediments in the harbour. The 
discharge of urban waste water at many sites around 
the harbour has resulted in accumulations of organic 
silts, most notably at the outfalls of the larger sew
ers, but also broadly distributed over the Holocene 
mud deposits in the Central Harbour. The anthropo
genic effects are thought to be cumulative, perhaps 
since the buildup of maritime trade and defence opera
tions after 1750 (Fader et al., 1991, 1994; Fader and 
Buckley, 1997). 

Geochemical and geochronologic studies of core 
samples have revealed a history of industrial and ur
ban development within the local drainage basin 
based upon the buildup and variations in waste prod
uct contaminants in Harbour sediment. For example, 
in a core from the Northwest Arm, hydrocarbon con
centrations increased about 100-fold from 1900 to 
1990. The widespread conversion from coal to petro
leum fuel within the region is reflected by a peak in 
the aromatic hydrocarbons in sediment deposited 
around the 1950s (Gearing et al., 1991). Copper con
tamination began around 1900 in most Harbour ar
eas. This metal and other indicators of contamina
tion or diagenesis are found in greatest concentra
tion in the Inner Harbour nearest areas of greatest 
urban and industrial activity. Metal concentrations 
for Hg, Pb, Zn and some forms of Cu reached peak 
values in the 1970s in the core from Northwest Arm. 
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These trends in the geochemical properties of sedi
ment cores reflect historical changes in industrializa
tion, urban growth, use of metals in paints and other 
chemicals and the nature of combusted fuels (Buckley 
et al., 1995; Fader and Buckley, 1997). 

Coastal Sediments; 
Shore Erosion and Barrier Migration 

In contrast to the sediment-poor western side of Outer 
Halifax Harbour, the Atlantic shore east of Halifax 
Harbour displays a series of lakes and estuaries ori
ented perpendicular to the coastline, flanked by spits 
and tombolos and fronted by barrier beaches with 
dunes. Intervening headlands of glacial deposits, 
mostly drumlins, act as anchor points for the beaches 
and are their primary sources of sediment. Similar 
beaches front the exposedAtlantic sides of Lawlor and 
McN abs islands in the Outer Harbour (Figs. 4, 7). As 
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Figure 19. Maps of the Central and Outer Harbour 
(lower) and Bedford Basin (upper) showing the wide
spread distribution of anthropogenic effects on the har
bour fioor, such as dredge spoils, moorings, borrow pits, 
cables and other debris. 
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the supply of sediment diminishes, the beaches erode 
and migrate landward, with sediment being trans
ferred via inlets and washover processes to the la
goons and lakes behind. Like the relic beach berms 
noted earlier in The Narrows of the Harbour, the pres
ent beaches of the eastern shore are the products of 
many evolutionary cycles involving barrier prograda
tion and retreat and destruction as the coast recedes 
under the influence of rising sea levels (Taylor et al., 
1985; 1996; Boyd et al., 1987; Forbes and Taylor, 1987; 
Forbes et al., 1990, 1991, 1995; Shaw et al., 1993). 

The fate of Barrie Beach at Eastern Passage and 
Silver Sands Beach at Cow Bay illustrates impacts of 
development which accelerated the natural reorgani
zation and recession of these beaches. Barrie Beach 
(Fig. 22) was a recreational sand beach until 1945. It 
failed through the 1940s and 1950s mainly as a re
sult of aggregate removal. By 1970 little remained 
but rocky shores and bouldery shoals (Hunter and 
Tress, 1970). Wave runup and washover resulted in 
the loss of sand from the beach to Eastern Passage 
where it formed a new beach that constricted a local 
shipping channel, shown by shoreline changes in topo
graphic maps between the 1940s and 1980s (Fig. 22). 
Historical evidence shows that this channel was an 
alternate route into and out of Halifax Harbour, so 
that, as late as World War II there was concern about 
submarines entering the Harbour through Eastern 
Passage. This channel was also the route taken by 
the US confederate ship Talahassee during its his
toric escape in 1864 from Halifax Harbour past a Yan-
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Figure 20. A sidescan sonogram illustrating distur
bance of the harbour floor by ships' anchors and an
chor chains. See Figure 2 for location of profile. 

kee blockade during the US Civil War (Martin, 1957; 
Raddall, 1971). 

Siiver Sands Beach in Cow Bay, another well
known recreational beach, was also diminished be
cause of the removal of aggregate for construction 
between 1954 and 1971 (Fig. 22) (Taylor et al., 1996). 
By the 1980s all that remained of the original beach 
was a steep gravel storm ridge, fringed by a veneer of 
sand covering the lower foreshore and inner nearshore 
slope. In contrast, although nearby Conrods and Law
rencetown beaches, 3 km to 10 km east of Cow Bay, 
were mined for aggregate from 1950 to 1960, they 
did not retreat to the same extent because their head
lands were adequate sediment sources for replenish
ment (Taylor, 1990).After 1971, many beaches in Nova 
Scotia were protected by provincial legislation (Bowen 
et al., 1975). Conrods and Lawrencetown beaches be
came part of a coastal heritage park system estab
lished along the Atlantic shore east of Halifax Har
bour in the 1980s. Geological surveys established the 
stability of various parts of the coastal environment 
and documented the main pathways of sediment 
transport (Boyd and Bowen, 1983). These observations 
were taken into account in the park development plan 
and in controlling access to the beaches, so that the 
dunes became revegetated and stabilized, and the 
beaches continue to be enjoyed as a recreational re
source (Taylor, 1990). 

Figure 21. Remains of this railway trestle and swing 
bridge, which crossed The Narrows from 1885 to 1893, 
were found during marine geological surveys of the 
harbour floor about 500 m south of the present A. 
Murray Mackay bridge (Fig. 5), and consist of boul
der-filled cribwork, rail track and pilings. The rail
way bridge, which was damaged in a severe storm in 
1891, was soon rebuilt, but floated away two years 
later (Martin, 1957). Courtesy PublicArchives of Nova 
Scotia. 
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EARTH SCIENCE, 
ENGINEERING AND DEVELOPMENT 

In this section we highlight some aspects of the earth 
sciences which have played or continue to play a role 
in decision-making for urban development of the met
ropolitan Halifax region. Geohazards have a bearing 
on the health and well being of citizens and their 
dwellings. Many topics have to do with constraints 
for construction, foundation conditions and long-term 
stability ofroads, buildings and urban infrastructure. 
Other topics have to do with protection of the envi
ronment, such as arise in connection with construc
tion or strategies for solid waste and sewage disposal. 

Geo hazards 

Seismicity and seismic hazard 

Though the Atlantic coast is on a passive continental 
margin (i.e., not a locus of differential plate motion), 
it does experience earthquakes (Adams and Basham, 
1989, 1991). Among earthquake effects which could 
pose hazards for urban development, such as ground 
shaking, surface faulting, subsidence and uplift, sedi
ment liquefaction and long period sea waves (tsuna
mis) (Keen et al., 1990), only modest ground shaking 
and tsunamis have been experienced. Analysis of 
instrumentally recorded earthquakes, and the histori
cal record of earthquakes over the past two centu
ries, have led to the recognition of seismic source zones 
with common attributes of earthquake magnitude and 

1km 1940s 

recurrence (Basham et al., 1985; Ruffman and Peter
son, 1988; Adams and Basham, 1989, 1991; Keen et 
al., 1990). For the 1985 seismic zoning of eastern Can
ada, the Halifax region was placed in an Eastern Back
ground zone of minor seismicity where magnitude 5 
earthquakes are expected less often than once per 
thousand years. Larger earthquakes are expected in 
adjacent source zones, for example, one earthquake 
per thousand years of magnitude up to 6 is expected 
in the Northern Appalachian zone about 150 km to 
the northwest, and one earthquake of magnitude > 7 
every thousand years is expected offshore in the 
Laurentian Slope zone about 575 km east of Halifax, 
defined by the 1929 "Grand Banks" earthquake. In 
an alternative model, large (magnitude > 7) earth
quakes are expected at the oceanic-continental crust 
transition in an Eastern Slope source zone every thou
sand years per thousand kilometres along the entire 
eastern Canadian continental slope (Adams and Ba-· 
sham, 1989, 1991). 

Significant earthquakes in adjacent source zones 
are felt in the Halifax metropolitan region (A. Ruff
man, personal communication, 1996). The large 
"Grand Banks" earthquake of 1929 (magnitude 7 .2) 
generated a large tsunami that inundated parts of 
Cape Breton Island and the southern coast of New
foundland to elevations of about 13 m. This tsunami 
was detected in Halifax Harbour as a greatly attenu
ated wave that was seen to flow briefly over the gates 
of a ship repair drydock. Ground tremors alarmed citi
zens in the Halifax region and were felt throughout 
Nova Scotia, but no structural damage occurred. In 

l km 1980s 

Figure 22. Maps of the Eastern Passage to Cow Bay area showing changes in shoreline configuration between 
the 1940s (left) and the 1970s to 1980s (right) based on two editions of National Topographic Map llDll 
(1:50,000 scale) published in 1951 and 1991. Black lines are roads. The shoreline changes are due to the natural 
reorganization of coastal sand deposits, exacerabated by the removal (mining and dredging) of beach sands for 
aggregates and construction purposes, especially between 1945 and 1970. Note 1) the complete disappearance of 
Barrie Beach and the growth of a new beach constricting Eastern Passage between the mainland and Lawlor 
Island, and 2) the loss of fringing barrier beaches on the west side of Cow Bay and the enlargement of a tidal 
channel into the lagoon northwest of the Bay where sand is being deposited. Because of continued erosion and 
recession of the shore, this urbanized coast has been defended, mostly by the placement of large blocks of rock 
(rip-rap) along reaches of the shoreline, marked by xs. 
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17 55, a similarly large offshore earthquake poorly lo
cated in the Gulf of Maine region, about 400 km south
west of Halifax, toppled chimneys in Boston, Massa
chussetts, andAnnapolis Royal, Nova Scotia, and per
haps was felt in Halifax. Some structural damage and 
perhaps significant inundation by a tsunami could be 
expected if a large offshore earthquake occurred closer, 
for example, on the Scotian slope about 200 km south 
to southeast of Halifax. The largest earthquakes in 
New Brunswick in the Northern Appalachian source 
zone to the west occur in the Maine-New Brunswick 
border area (magnitude 5.9, Leblanc and Burke, 1987) 
and in the Miramichi region 350 km north-northwest 
of Halifax where a moderate earthquake of magni
tude of 5.7 occurred in 1982 (Basham and Adams, 
1984). No structural damage from the Miramichi earth
quake was found though shaking at ground level was 
felt in the Halifax region. 

Estimates of earthquake-induced ground shaking 
are based on the magnitude-recurrence relations of 
earthquakes in the seismic source zones and are ex
pressed in the seismic zoning map of Canada (Na
tional Atlas of Canada, 1994). The seismic zoning in
formation appears in a supplement to the National 
Building Code of Canada, prepared by the Codes and 
Standards Section of the National Research Council 
of Canada and issued every five years (National Re
search Council, 1990). The Halifax region is assigned 
seismic zone 1 indicating minor but not negligible haz
ard. This minor ground shaking hazard is allowed for 
in the design of structures. For Halifax the ground 
motion parameters are computed as 5.6 cm·s-1 peak 
horizontal velocity and 5.6% g peak horizontal accel
eration with a probability of exceedence of 10% in 50 
years or0.0021·a· 1 (National Research Council, 1990). 

High Water Levels: 
High Tides, Storm Surges and Waves 

Halifax Harbour and the adjacent_Atlantic coast nor
mally experience semidiumal tidal variation with a 
range of 1.5 m on a mean tide and 2.1 m on a large 
tide. Higher tides occur each month and at longer in
tervals, 4.5 years and 18 years. Higher sea levels are 
also caused by onshore winds and waves, storm surges 
and tsunamis, described in the previous section 
(Taylor, 1990). Storm surges are the result of long 
surface waves propagated from the track oflow-pres
sure storm systems which develop most strongly in 
the Atlantic Ocean during the fall and winter seasons 
(Murty, 1984). Surges raise local sea level, sometimes 
in the absence of wind-driven waves. Combined tides 
and surges of extreme height caused flooding and 
alarm, for example, during the Saxby "gale" of 4 Oc
tober 1869 (Martin, 1957), and recently on 22 Decem
ber 1995 (R. Taylor, Geological Survey of Canada (At-

lantic), personal communication, 1996). Surges up to 
1.1 m return on average every 33 years and those 0.6 
m high occur with a mean frequency of 2. 7 per year 
in Halifax Harbour (Galbraith, 1979). In combination 
with higher tides, these effects cause flooding of base
ments and drains in waterfront buildings and inun
dation oflow-lying lands. All the high water hazards 
are gradually increasing with the long term rise of 
sea level (about 3.6 mm·a·l; Shaw and Forbes, 1990; 
Shaw et al., 1993). 

The Atlantic coast experiences intense winter 
storms with annual significant wave heights in the 7 
m to 8 m range. The ten-year largest significant wave 
height is 11 m on the Scotian Shelf(Neu, 1982). High 
winds and torrential rains may cause damage to struc
tures during severe storms, and exposed coasts may 
experience significant erosion and shoreline recession 
especially when large hurricane-generated waves are 
superimposed on higher sea levels. These conditions 
result in the recession of barrier beaches and drum
lins on the coast at rates commonly about 0.5 m·a· 1 

but up to 8 m in severe storms (Hunter and Tress, 
1970; Taylor, 1990; R. Taylor, Geological Survey of Can
ada (Atlantic), personal communication, 1996). Some 
coastal defence structures are required to preserve 
coastal roads and to protect the investment of house 
owners near the shoreline from eventual loss (Fig. 22). 

Natural Hazardous Substances; 
Radon and Arsenic 

Radon. Radon is a colourless, odourless radiative gas 
that comes from the natural breakdown (radioactive 
decay) of uranium minerals in bedrock and surficial 
materials (Health and Welfare Canada, 1989). Radon 
in the Halifax area can be found, for example in the 
Harrietsfield area, in areas underlain by granite or 
by tills derived from the granite bedrock, as uranium 
mineralization occurs in the South Mountain Batho
lith (Fig. 8). Potential radon-prone areas are indicated 
by anomalously high values of uranium and thorium 
on radiometric maps (Geological Survey of Canada, 
1979; MacDonald and Home, 1987). In open air, ra
don is so diluted that it is not a problem. In confined 
spaces, such as basements or drilled water wells, it 
can concentrate into relatively high levels and become 
a health hazard. Presently there are no regulations 
requiring testing for radon gas but guidelines exist 
suggesting acceptable levels. 

Arsenic. Arsenic poisoning has occurred in the Waver
ly area. Arsenopyrite, a natural source for arsenic in 
ground water, is a common mineral associated with 
gold districts in the Meguma Terrane. As the gold dis
tricts are localized within the culminations of anticli
nal domes (Faribault, 1899), these areas, such as the 
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one in Waverly (Fig. 8), may pose higher risks. Risks 
associated with arsenic and other toxic substances are 
identified and avoided by testing potential ground
water supplies before use. 

Constraints to Engineering and Construction 

Aggregate Sources 

Prior to 1970, aggregates for the region were obtained 
from sand and gravel deposits formed from glacial 
meltwaters. Sand and gravel were also dredged from 
the approaches to the harbour and within it (Fader 
and Miller, 1994). As mentioned earlier, sand was also 
mined from ocean beaches. For example, large barri
ers at Eastern Passage were reduced to supply ag
gregate for rebuilding Halifax after the explosion in 
1917, and for construction of the CFB Shearwater air
port near Eastern Passage in World War 11. Dredged 
sand was also used as hydraulic fill in the construc
tion of piers for handling container ships in the south 
end of Halifax. By the early 1970s these aggregate 
supplies were highly depleted. Since then, glacioflu
vial gravel from outside the region, and crushed rock 
from local quarries have been a source for aggregate 
in the metropolitan Halifax region (Fig. 8). The quar
ries all use the Goldenville Formation metasandstone 
for the production of aggregates, typically of excel
lent quality. However, some metasandstone contain
ing unstable forms of quartz (non-crystalline SiO2) is 
avoided because of its reaction with the alkalies in 

Portland cement which promotes expansion and de
terioration of the concrete in which it is used (MacN eill 
et al., 1993). Currently, these quarries produce about 
3 million tonnes·a-1 of aggregate for the metropolitan 
Halifax market. 

Bedrock Engineering Properties 

In general, the bedrock throughout the region pro
vides an excellent foundation material for virtually 
all types of development. The engineering properties 
which are typically used for foundation planning in 
the bedrock formations of the metropolitan Halifax 
region are presented in Table 2. Lithology, fractures 
and fracture spacing are important elements in the 
assessment of rock quality for engineering. Three 
methods for evaluating rock quality are used. The 
Rock Quality Designation (RQD) is measured in a core 
as the ratio of cumulative length of segments longer 
than 10 cm to the total length of core. 

Two systems of more comprehensive evaluation of 
rock mass quality, RMR (Rock Mass rating) and NGI 
(Norwegian Geotechnical Institute) Q Index (Table 2), 
have been applied to the bedrock of the metropolitan 
Halifax region. The RMR system was developed by 
Bieniawski during 1972-1973 and has been modified 
in subsequent years as more case histories became 
available (Bieniawski, 1989). This system classifies 
rock mass on the basis of significant parameters in
fluencing rock behaviour, such as strength of intact 
rock, Rock Quality Designation, fracture spacing and 

Table 2 

Bedrock engineering properties (Jacques Whitford and Associates Limited, unpublished proprietary data). 

Goldenville Halifax Formation South Mountain 
Formation (slate and minor Batholith 
(metasandstone) metasiltstone) (granitoids) 

RQD(%) upper 6 m 0-70 0-50 >75 
below6 m 70-100 50-75 >75 

Fracture Spacing 100-1000 20-200 300-3000 
(mm) 

close to wide very close to wide to very wide 
moderately close 

Unconfined Compressive Strength 50-200 25-75 50-150 
(MPa) strong to very strong medium to strong strong to very strong 

Rock Mass NGI Q Index 2-5 0.5-1 2-20 
Classifications 

RMR good fair fair-good 

Cohesion (kPa) 200-300 150-200 200-300 

Friction Angle (0 ) 40-45 35-40 35-40 
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character, and groundwater conditions. It is a method 
for determining the engineering properties of a rock 
mass for the preliminary design of stable slopes and 
foundations. The Q-system ofrock mass classification 
(Barton et al., 1974) was developed at the Norwegian 
Geotechnical Institute using the following 6 param
eters: RQD, number of fracture sets, roughness of frac
ture sets, degree of alteration along discontinuities, 
water inflow and in situ stress condition. This system 
was developed from over 200 case histories of rock 
tunnel construction. Variations in the rock quality rat
ings and the engineering properties are discussed be
low in the context of the bedrock formations described 
earlier. 

Goldenville Formation. These metasandstone rocks 
are the most competent of the local formations. They 
have unconfined compressive strengths in the range 
of 50-200 MPa, indicating the rock is strong to very 
strong. The rock mass is typically crosscut with or
thogonal fracturing, and commonly exhibits blocky 
structure (Fig. 9C). The spacing of the fractures ranges 
from close (100 mm) to wide (1000 mm) and the frac
ture surfaces are generally smooth with little evidence 
of weathering. The Rock Quality Designation (RQD) 
is high, ranging from about 0-70% for the top 6 m of 
Goldenville rock, and 70-100% at greater depths. The 
RMR and Q Index classification systems rate the 
Goldenville rock as good, with strength parameters 
of 200-300 kPa for effective cohesion and 40-45° for 
effective angle of internal friction. The Goldenville 
rocks provide good conditions for founding structures. 

Halifax Formation. The slate and metasandstone 
of this formation underlie most of the high density 
development in the metropolitan Halifax region (Fig. 
8). The extensive cleavage and fracturing in these 
folded rocks reduce their engineering quality relative 
to rocks of the Goldenville Formation. The fractures 
throughout the Halifax Formation tend to be well de
veloped, planar and smooth. Frequent sulphide coat
ings and iron stains are present; the staining is less 
apparent with depth. The fracture frequency (one per 
20-200 mm) in the Halifax Formation is an order of 
magnitude greater than in rocks of the Goldenville 
Formation. In addition, the presence of a weathered 
zone up to 3 m thick, where most construction takes 
place, further degrades rock quality. This is reflected 
in the Rock Quality Designation values which range 
from 0% to 50% in the upper 6 m, and 50% to 75% at 
greater depths (Table 2). Varying degrees of weather
ing may result in lateral changes in rock quality over 
short distances. Overall, the unconfined compressive 
strengths of the slates range from about 25-75 MPa 
indicating the rock is of medium strength; similarly, 
the RMR and Q Index classification ratings for the 

slate are fair, with an effective cohesion of 150-200 kPa 
and an angle of internal friction of 35-40° (Table 2). 

South Mountain Batholith. The granite of the 
South Mountain Batholith is generally massive with 
a large blocky structure (Fig. 9A) which shows little 
effect from weathering. The rock fractures, both sub
horizontal and vertical, are widely spaced (300-3000 
mm), continuous and rough. In some places, they have 
a relatively large aperture creating highly permeable 
zones. This rock is strong to very strong with uncon
fined compressive strengths ranging from 50 to 150 
MPa and Rock Quality Designation values greater 
than 75%. The RMR and Q Index classification rat
ings are fair to good with corresponding strength pa
rameters of 200-300 kPa for effective cohesion and 
internal friction angles of 35-40° (Table 2). 

Developments within the granite terrain are ex
pensive due to a general lack of overburden. Excava
tions for foundations often require extensive blast
ing. This rock is more difficult and expensive to blast 
than other rock types in the region owing to its widely 
spaced joints. 

Engineering Properties of 
Glacial Deposits 

The glacial tills are typically dense with low compres
sibility and provide good foundation conditions for 
most types of development. Typical engineering prop
erties and design values are listed in Table 3 and out
lined below for each of the tills described earlier. The 
strengths given are those which are commonly used 
in design. Higher values occur, but the values chosen 
allow for such factors as differential settlement and 
possible deterioration of the bearing surface during 
construction. Properties for the partially lithified 
"Bridgewater Conglomerate" (Fig. 9F) are highly vari
able due to the varying degree of its cementation, and 
cannot be generalized. 

Hartlen and Lawrencetown Tills. The Hartlen and 
Lawrencetown tills (Figs. 7, 9E, 17) are fine-grained 
cohesive materials having effective cohesion values 
of 10-20 kPa and undrained shear strengths in the 
order of 100-300 kPa with modest angles of internal 
friction (26-32°) (Table 3). The materials are overcon
solidated, a condition that gives them a relatively low 
compressibility and makes them suitable for most 
types of development. Typical design bearing pres
sures range from 150 kPa to 250 kPa. Other proper
ties are listed in Table 3. The low permeability ( < 10·6 

cm·sec•l) of these fine-grained tills renders them suit
able for construction of low permeability liners for 
such applications as petroleum tank farms, lagoons 
and landfills. 
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Beaver River Till The Beaver River Till (Figs. 7, 
9D) including ifs slate, metasandstone and granite 
facies, is typically a non-cohesive sand with varying 
amounts of silt and gravel grain sizes. A much higher 
cobble and boulder content is present compared to 
the fine-grained tills. The effective angle of internal 
friction is higher too, ranging from 32° to 38° (Table 
3); this angle increases in till facies with larger compo
nents of sand and gravel. These tills typically support 
structures imposing bearing pressures of200-400 kPa. 

Construction in these materials generally does not 
pose any particular difficulties. As their silt content 
increases, problems with moisture similar to those de
scribed below for fine-grained tills may occur. 

Moisture Ingress 
and Strength Loss in Fine-grained Tills 

The fine-grained Hartlen and Lawrencetown tills in 
the Halifax metropolitan region are frost-susceptible, 
and increases of moisture content can be significant 
within the depth of frost penetration. Strength re
duction from freezing and thawing often results in 
sloughing of cut slopes. Flat slopes, granular surfac-

ing and good drainage are usually required to control 
shallow slope stability problems. 

The prevention of excessive moisture content is a 
common construction problem when using local fine
grained tills as fill for site grading. Because of their 
low plasticity indices, small increases in moisture con
tent can produce dramatic reductions in strength and 
increases in compressibility. The use of these materi
als as fills for load support requires strict control of 
moisture content and compaction during fill place
ment. Earth work activities in these tills have to be 
carried out in dry weather or with provision for re
jecting material which becomes too wet for the re
quired use. 

The Hartlen and Lawrencetown tills are overcon
solidated as a result of ice loading during glaciation. 
When unloaded by excavation, highly plastic overcon
solidated clays can take up water and undergo a de
crease in strength (Holtz and Gibbs, 1956). This is 
not a significant problem with the local fine-grained 
tills because of their generally low plasticity. With 
these tills, an increase in moisture content and sof
tening associated with stress reduction occurs to only 
a very limited extent. 

Table 3 

Engineering properties of till (Jacques Whitford and Associates Limited, unpublished proprietary data). 

HARTLEN LAWRENCETOWN TILL BEAVER RIVER TILL 
TILL 

Drumlin Sandy Slate Meta- Granite 
facies facies 1 facies sandstone facies 

facies 

Colour greyish reddish reddish brownish greyish yellowish 
brown brown brown grey brown brown 

Grain Size2 Gravel(%) 10-20 5-15 5-15 20-30 20-40 20-40 
Sand(%) 35-50 30-45 35-50 30-40 25-40 30-50 
Silt/Clay 35-50 35-50 30-45 20-30 15-25 20-30 
(%) 

Consistency/Relative Density hard very stiff loose to compact to dense to compact 
to hard compact dense very dense to dense 

Strength3 c' (kPa) 10-20 10-15 0 0 0 0 
<I> (0) 28-32 26-30 30-34 32-36 34-38 32-36 
Su (kPa) 200-300 100-250 0 0 0 0 

Permeability (cm/sec) <10-6 <10-6 10-4-10-6 10-4-lQ-6 lQ-4.lQ-6 10-3- 10-5 

I Non-plastic 
2 Based on fraction finer than 75 mm 
3 c' = effective cohesion 

<I>' = effective angle of internal friction 
Su = undrained shear strength 
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Random- and Low-strength Soils 

Three types of surficial materials pose some chal
lenges because of their poor or unpredictable strength 
characteristics. These include fill, and organic depos
its (peat) onshore, and fine-grained sediments in the 
Harbour as previously described. 

Fill. Where fill has been placed around the periphery 
of the Harbour, it has had the benefit of providing 
usable additional land surface, a commodity which 
commands a premium within the limited confines of 
peninsular Halifax. However, fills in the metropolitan 
Halifax area have been placed in a random and uncon
trolled manner, often for the sole purpose of dispos
ing of surplus excavation 'or demolition debris. The 
extremely heterogeneous composition of most fills leads 
to a correspondingly haphazard distribution of strength 
and compressibility. The varying degrees of compac
tion, organic content and stage of decomposition make 
many of the filled areas suitable only for wharf backup 
lands, parking lots or lightly loaded structures, un
less suitable engineering measures are taken. Even 
those fills that may have been placed in a controlled 
manner using select material often have to be treated 
as suspect in terms of engineering behaviour unless 
quality control records have been maintained. 

Uncontrolled fills commonly are treated by exca
vation and replacement with structural fill under en
gineering supervision, or structures may have to be 
founded on piles driven to a competent bearing stra-

Figure 23. Much of the Harbour shore in urban Hali
fax has been reclaimed by land fill. The fill, which is 
typically heterogeneous and of unpredictable strength, 
is useful only for wharf backup space or parking lots. 
Here, equipment in the parking lot foreground is driv
ing piles to a competent stratum at depth below fill 
and underlying marine silt to support a major new 
building to be constructed on the site. Photogr.aph by 
B.B. Taylor. 

tum, such as till or bedrock (Fig. 23). Pile driving in 
fill can be difficult when it contains constituents such 
as timbers, boulders and rubber tires. 

Organic Deposits. The organic deposits which con-
• sist mainly of peat in poorly drained depressions are 
commonly rich in moisture, are highly compressible, 
and have very low bearing capacity. These deposits 
are usually not suitable as foundations for even light 
structures because of the excessive settlements which 
result from applied loads. 

Special techniques such as preloading can often be 
used to permit the construction ofroads, parking lots, 
and very light or temporary buildings over organic 
terrain. However, for most conventional structures, 
excavation and replacement of the organic materials, 
or the use, of deep foundations are required. 

Marine Sediments. The predominant marine sedi
ment within the central Harbour consists of Holocene 
mud as described earlier (Fig. 7). In engineering prac
tice, this sediment is classified as organic silt which 
has very low strength and is highly compressible. Be
cause of these properties and its low bearing capac
ity; the placement of structures in this material re
quires the silt to be dredged or foundation piles to be 
driven to underlying competent soil or rock. The same 
problem applies to the placement of fill in the Har
bour where organic silt is present. Significant heights 
of fill cannot be supported as the added fill undergoes 
large settlements because of the low strength of the 
underlying organic silt. 

The estuarine and lacustrine deposits in the Har
bour predate the marine transgression and are older 
and somewhat stronger than the marine Holocene 
mud. Still, they are unsuitable materials for struc
ture foundations. These materials are still outside the 
major developing areas, so they have not yet had a 
significant impact on construction. 

Geoenvironmental Issues 

Sediment Depocentres and 
Sewage Outfall Design 

Sewage and waste have long been disposed of in the 
Harbour through about 50 separate outfalls (Buckley 
and Winters, 1992). Since 1977, planning for updated 
wastewater disposal has called for the construction 
of collector sewers and a single regional sewage treat
ment facility to be built in the outer part of Halifax 
Harbour with an effluent outfall extending seaward 
into the approaches to the Harbour. The concept be
hind this plan was based on the traditional practice 
of diluting wastewater and its load of suspended 
particulate matter into a larger aqueous reservoir, in 
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this case the coastal ocean. 
Following intense scientific study and review of the 

Harbour marine system including its marine geology 
and geochemistry (Nicholls, 1989; Fournier, 1990), a 
new concept for containment rather than dispersion 
of wastes was favoured. An alternate location for the 
collected sewage outfall in the Central Harbour where 
Holocene mud is mapped (Fig. 7), was adopted. This 
decision was influenced by new knowledge of Holo
cene mud dispersal and deposition, and new informa
tion about contaminant dispersal from present outfalls 
to the modern sediment. It was understood that the 
particulate matter in the sewage effluent would then 
accumulate and stabilize in a known area as predicted 
by the Holocene geological history of the Harbour. 
Thus earth science data provided a basis for under
standing the present distribution and transport path
ways of sediments and contaminants, and a basis for 
predicting future changes in the sedimentary regime 
potentially resulting from different sewage manage
ment options (Fader and Buckley, 1997). 

Dredging of Contaminated Sediments 

Seafloor sediments within Halifax Harbour commonly 
contain high levels of contaminants, including heavy 
metals, PCBs and PAHs (Gearing et al., 1991). In 
many instances, contaminant levels are above those 
allowed for dumping at sea. The disposal of these 
materials is often a significant constraint on develop
ments where dredging is required. 

In the past, dredge spoils were usually placed in 
deepwater areas of the harbour (Fig. 19) where exist
ing contaminant levels were comparable, or by sim
ply sidecasting to areas adjacent to the dredge site if 
water depth was adequate. However, these methods 
became less acceptable as it was realized that indis
criminate dredging and disposal of spoil could mobi
lize toxic metals and other substances from buried 
layers of contaminated sediment. Redistribution of 
such spoil could recontaminate the Harbour. Conse
quently, more stringent procedures for disposal of 
dredged sediment are now employed. Contaminated 
dredge spoils are now carried to specially constructed 
containment facilities on land, even though suitable 
sites are difficult to locate and the design and con
struction of the required disposal facilities can be com
plex and costly. 

Acid Drainage from Slate 

Of major importance for development within the slates 
of the Halifax Formation is the potential which exists 
for the formation of acidic surface water drainage 
when these rocks are disturbed and exposed to the 
atmosphere. Because of the sporadically high concen-
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trations of sulphide minerals (0-10%), there have been 
numerous occurrences of unwanted acid drainage 
from exposed stockpiles of excavated slate. Present 
regulations require that in any development remov
ing more than 1000 m3 of slate having sulphide in 
excess of 0.4%, the excavated materials shall be re
moved to an approved site. Placement of the exca
vated rock below low tide level in seawater where ac
ids will be buffered is the main disposal technique at 
present. 

Solid Waste Disposal; Landfills 

In addition to social, economic and other factors, good 
sites for landfills are highly dependent on the surficial 
geology. Halifax area landfills in the past have suf
fered from leakage and contamination problems. Cur
rently, landfill design requires full containment of 
waste and any resulting leachate. An impermeable 
base material is generally required, with a nearby 
source of more permeable, free-draining material for 
covering layers of deposited waste. A relatively high 
silt and clay content is desirable in the base material 
to also provide a high degree of natural contamina
tion attenuation. 

Because of the prevalence of near-surface bedrock 
in the metropolitan Halifax region, good sites are lim
ited in number. An area south-southwest of Otter Lake 
(Figs. 4, 7) is currently being considered for develop
ment of a new landfill where the requisite topographic 
setting and soil materials are available. Here, the site 
requirements for soil materials can be fulfilled owing 
to the natural juxtaposition ofrelatively impermeable 
Lawrencetown Till (drumlin facies) for landfill base 
material, and more permeable sandy facies Lawrence
town and Beaver River (granite facies) tills for landfill 
cover materials (Table 3). 

ENGINEERING AND 
GEOSCIENCE INFORMATION SOURCES 

In 1971-1972 the Geological Survey of Canada (GSC) 
undertook, under contract, the collection of existing 
borehole data in major Canadian cities (Scott, 1973). 
A manual file was compiled at that time for the Hali
fax area, and was located with the Director of Engi
neering and Works of the City of Halifax. These hold
ings are independent of practicing engineers and geo
logists in the community who maintain their own data 
bases of boreholes drilled on behalf of their clients. 

Data on the bedrock and overburden are available 
from the Nova Scotia Department of Natural Re
sources; much has been compiled and interpreted for 
map presentation. For the metropolitan Halifax area 
these include the map Pleistocene Geology and Till 
Geochemistry of Central Nova Scotia (Stea and Fow-
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ler, 1981) and the Geological Map of Nova Scotia (Kep
pie, 1979) among others. Other maps include the Geo
logical Highway Map of Nova Scotia (Donohoe and 
Grantham, 1989) published by the Atlantic Geosci
ence Society and the Soil Survey Map of Halifax 
County (MacDougall et al., 1963) published by the 
Nova Scotia Soil Survey, Truro, Nova Scotia. 

GSC Atlantic (formerly Atlantic Geoscience Cen
tre) at the Bedford Institute of Oceanography, Dart
mouth, Nova Scotia, maintains a data base of geo
physical and surficial sample data for the coastal zone 
of Nova Scotia, the Scotian Shelf, and Halifax Harbour 
and Bedford Basin. This information is accessible to 
interested parties, and has been synthesized by GSC 
Atlantic scientists in the form of scientific publications 
and regional maps. 

Many borehole records from highway and bridge 
developments are held by the Nova Scotia Depart
ment of Transportation and Communications. How
ever, these are mostly outside the metropolitan area. 
In addition, Public Works and Government Services 
Canada has borehole records from various public 
works. 

Most consultants maintain their own records of 
boreholes drilled on behalf of their clients. These re
sources are probably the greatest of all listed here. 
Issues of proprietorship and liability hinder access to 
these, especially for the purposes of making individual 
borehole data available. Legislation requiring disclosure 
of data could perhaps eliminate or minimize this prob
lem. This approach has been applied to data collected 
for Nova Scotia offshore oil and gas development. 

SUMMARY 

1. The combination of high drumlins around a deep, 
20-km long, navigable, but defendable, harbour, stra
tegically positioned on the coast of the N orthAtlantic 
Ocean, were important factors that led to the found
ing of Halifax in 1749 as a British North American 
military stronghold. A cover of fine-grained till pro
vided local soils for production of food, and an easily 
excavated and manageable foundation material for 
the early construction of fortifications. Halifax devel
oped as a major centre of government, naval strength, 
trade, commerce, finance, education and research with 
an urbanized metropolitan region surrounding Hali
fax Harbour having a present population exceeding 
320,000. 

2. The Halifax metropolitan region is built on the 
eroded surface of Meguma Group rocks and the 
granitoids that intrude them. The Meguma Group 
rocks comprise a folded conformable sequence of Cam
brian-Ordovician, slate-ric;h Halifax Formation over 
metasandstone of the Goldenville Formation; their 
erosion resulted in northeast-trending outcrop bands 

of slate in synclines and metasandstone in anticlines. 
These structures plunge and abut the South Moun
tain Batholith, an extensive Devonian granitoid plu
ton, on the western margin of the region. Erosion of 
all three formations by rivers and glaciers resulted in 
a southeast-sloping peneplain with many valleys and 
coastal embayments, probably localized along a set of 
northwest-striking transcurrent faults. The granitoid 
pluton may have concentrated erosive action on the 
less resistant Meguma sedimentary rocks, leading ul
timately to the long, deep Halifax Harbour morphol
ogy. Wide and narrow sections of the harbour are at
tributed to differential glacial erosion of the metasand
stone and slate lithologies. 

3. Glaciers of the last glaciation formed the surficial 
materials into two types of landscape: a hummocky, 
stony till plain and streamlined drumlins up to 40 m 
thick. The drumlin deposits consist of a grey silty com
pact Hartlen Till with clasts oriented southeast, un
der a less compact, reddish muddy Lawrencetown Till 
containing distinctive erratics from 80 km north of 
Halifax. Bluish grey sandy Beaver River Till forms 
much of the till plain; it is the youngest till and is 
characterized by a large clast content whose lithology 
reflects the underlying or adjacent bedrock. These 
three tills have been variously interpreted as prod
ucts of separate glaciations and as facies variations 
of a single glaciation. They are now thought to be de
posits of separate phases of ice flow from successive 
centres and divides. Small drumlins, including 
Georges Island, and an undifferentiated till rest on 
bedrock in the Harbour. Only recently, in the mid
Holocene, with late- and post-glacial sea-level rise, 
was the Harbour converted to a marine embayment 
with typical estuarine circulation. A strong anthro
pogenic imprint on the surface geology is clearly evi
dent, mostly as fill deposits onshore and at the shore
line, and as anchor drag marks, sewage deposits, spoil 
dumps and sediment contamination in the Harbour. 

4. Geohazards for the region are modest. The Hali
fax region lies in seismic zone 1 indicating minor but 
not negligible hazard; ground shaking and tsunamis 
from large earthquakes in adjacent seismic source 
zones have been felt and detected. High seas are ex
perienced seasonally due to storms and high tides. 
High water hazards, shoreline recession and reorgani
zation of coastal barriers and beaches are enhanced 
by a rising sea level (about 3.6 mm·a· 1). Natural load
ing of toxic compounds in soils or ground water may 
be encountered in local areas: radon in localities of 
granite bedrock or granite-rich till, and arsenic near 
gold districts localized in the hinges of anticlines. 

5. The bedrock and glacial deposits are good to ex
cellent foundation materials. Lithology, fractures and 
fracture spacing are important elements in the as
sessment of rock quality for engineering. Rock mass 
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mouth, Nova Scotia, maintains a data base of geo
physical and surficial sample data for the coastal zone 
of Nova Scotia, the Scotian Shelf, and Halifax Harbour 
and Bedford Basin. This information is accessible to 
interested parties, and has been synthesized by GSC 
Atlantic scientists in the form of scientific publications 
and regional maps. 

Many borehole records from highway and bridge 
developments are held by the Nova Scotia Depart
ment of Transportation and Communications. How
ever, these are mostly outside the metropolitan area. 
In addition, Public Works and Government Services 
Canada has borehole records from various public 
works. 

Most consultants maintain their own records of 
boreholes drilled on behalf of their clients. These re
sources are probably the greatest of all listed here. 
Issues of proprietorship and liability hinder access to 
these, especially for the purposes of making individual 
borehole data available. Legislation requiring disclosure 
of data could perhaps eliminate or minimize this prob
lem. This approach has been applied to data collected 
for Nova Scotia offshore oil and gas development. 

SUMMARY 

1. The combination of high drumlins around a deep, 
20-km long, navigable, but defendable, harbour, stra
tegically positioned on the coast of the NorthAtlantic 
Ocean, were important factors that led to the found
ing of Halifax in 1749 as a British North American 
military stronghold. A cover of fine-grained till pro
vided local soils for production of food, and an easily 
excavated and manageable foundation material for 
the early construction of fortifications. Halifax devel
oped as a major centre of government, naval strength, 
trade, commerce, finance, education and research with 
an urbanized metropolitan region surrounding Hali
fax Harbour having a present population exceeding 
320,000. 

2. The Halifax metropolitan region is built on the 
eroded surface of Meguma Group rocks and the 
granitoids that intrude them. The Meguma Group 
rocks comprise a folded conformable sequence of Cam
brian-Ordovician, slate-rich Halifax Formation over 
metasandstone of the Goldenville Formation; their 
erosion resulted in northeast-trending outcrop bands 

of slate in synclines and metasandstone in anticlines. 
These structures plunge and abut the South Moun
tain Batholith, an extensive Devonian granitoid plu
ton, on the western margin of the region. Erosion of 
all three formations by rivers and glaciers resulted in 
a southeast-sloping peneplain with many valleys and 
coastal embayments, probably localized along a set of 
northwest-striking transcurrent faults. The granitoid 
pluton may have concentrated erosive action on the 
less resistant Meguma sedimentary rocks, leading ul
timately to the long, deep Halifax Harbour morphol
ogy. Wide and narrow sections of the harbour are at
tributed to differential glacial erosion of the metasand
stone and slate lithologies. 

3. Glaciers of the last glaciation formed the surficial 
materials into two types of landscape: a hummocky, 
stony till plain and streamlined drumlins up to 40 m 
thick. The drumlin deposits consist of a grey silty com
pact Hartlen Till with clasts oriented southeast, un
der a less compact, reddish muddy Lawrencetown Till 
containing distinctive erratics from 80 km north of 
Halifax. Bluish grey sandy Beaver River Till forms 
much of the till plain; it is the youngest till and is 
characterized by a large clast content whose lithology 
reflects the underlying or adjacent bedrock. These 
three tills have been variously interpreted as prod
ucts of separate glaciations and as facies variations 
of a single glaciation. They are now thought to be de
posits of separate phases of ice flow from successive 
centres and divides. Small drumlins, including 
Georges Island, and an undifferentiated till rest on 
bedrock in the Harbour. Only recently, in the mid
Holocene, with late- and post-glacial sea-level rise, 
was the Harbour converted to a marine embayment 
with typical estuarine circulation. A strong anthro
pogenic imprint on the surface geology is clearly evi
dent, mostly as fill deposits onshore and at the shore
line, and as anchor drag marks, sewage deposits, spoil 
dumps and sediment contamination in the Harbour. 

4. Geohazards for the region are modest. The Hali
fax region lies in seismic zone 1 indicating minor but 
not negligible hazard; ground shaking and tsunamis 
from large earthquakes in adjacent seismic source 
zones have been felt and detected. High seas are ex
perienced seasonally due to storms and high tides. 
High water hazards, shoreline recession and reorgani
zation of coastal barriers and beaches are enhanced 
by a rising sea level (about 3.6 mm·a- 1). Natural load
ing of toxic compounds in soils or ground water may 
be encountered in local areas: radon in localities of 
granite bedrock or granite-rich till, and arsenic near 
gold districts localized in the hinges of anticlines. 

5. The bedrock and glacial deposits are good to ex
cellent foundation materials. Lithology, fractures and 
fracture spacing are important elements in the as
sessment of rock quality for engineering. Rock mass 
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properties and bedrock strengths are categorized for 
each geological formation and its dominant lithology: 
the Goldenville Formation metasandstone, Halifax 
Formation slate and the South Mountain Batholith 
granitoids. The glacial tills are typically dense with 
low compressibility and provide good foundation con
ditions for most types of development. The Hartlen 
Till and various facies of the Lawrencetown and Bea
ver River tills are each classified by distinctive ranges 
in their densities, strengths and permeabilities. These 
physical properties of the geological units are essen
tial for engineering planning in the development of 
the region. 

6. Construction in the foundation materials of met
ropolitan Halifax generally poses no particular diffi
culties. Good quality aggregate is routinely processed 
and supplied from local quarries in the Goldenville 
metasandstone. Fine-grained facies of the tills are 
frost-susceptible and precautions must be taken to 
prevent excessive moisture content developing dur
ing construction. Special measures are also taken to 
establish stable foundations on weak materials, such 
as organic (peat) deposits onshore and marine mud 
in the Harbour, and on fill with. its characteristically 
heterogeneous and unpredictable strength properties. 

7. Geoenvironmental issues result from: (1) the 
weathering of sulphide-rich slate which can produce 
acidic surface drainage when disturbed or excavated 
during construction; this is now remediated by remov
ing disturbed rock to a site in seawater, (2) the remobi
lization of toxic contaminants in the Harbour by sedi
ment removal or dredging; standard practice now re
quires these materials to be disposed ofin appropri
ate sites onshore, (3) the long-term and ongoing dis
posal of sewage in the Harbour; a new plan of treat
ment and controlled disposal in stable depositional 
areas of the Harbour has been formulated, and ( 4) 
the need to locate landfill sites for solid waste dis
posal; good sites are limited, among other factors, by 
the need for surficial geological units with appropri
ate attributes of permeability and contaminant at
tenuation. 

8. Geoscientific information for the region is avail
able directly from and in publications and maps of 
the Nova Scotia Department ofN atural Resources and 
Geological Survey of Canada (Atlantic). Some govern
ment departments also have records of useful bore
holes from their projects. The greatest resource for 
engineering data resides with the consultants who 
maintain records of boreholes drilled on behalf of their 
clients. 
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