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INTRODUCTION

This colour-coded surficial geology map, in shaded relief view, is part of a three-map series of Lunenburg
Bay and Approaches, at a scale of 1:25 000. The series also includes a colour-coded shaded sea floor
relief map (Open File 8177, King and Beaver, 2017b) and a colour-coded shaded sea floor acoustic
backscatter strength map (OF 8176, King and Beaver, 2017a). Surveys were conducted in 2004 and
2006 as a joint program between the Geological Survey of Canada (NRCan) and the Canadian
Hydrographic Service (CHS, DFO). Survey methods include multibeam bathymetric echo-sounding,
from which the underlying shaded relief map is derived, together with limited high- and medium-
resolution seismic-reflection profiles and sidescan sonar and seabed samples. Multibeam survey
parameters are provided on the companion maps (OFs 8176 and 8177). A grey-tone image under the
geology map units is presented with an artificial sun illumination from the NE, an angle of 45° from the
horizontal and a vertical exaggeration of 5X. Data from seismic reflection profiling systems utilized in this
compilation include a 40 cubic inch Haliburton air gun, a Huntec deep-towed high resolution boomer and
a small-craft mounted Ocean Data Equipment Corporation 10 kHz “Stratabox” sub-bottom profiler
(innermost bay only). Sidescan data beyond the multibeam coverage provide high-resolutionimages and
control for symbolized seabed features. AKlein 595 sidescan at both 100 and 500 kHz, covering a 300 m
swath (GSCA expedition DN 91-018, Fader et al. 1993) and a Klein sidescan (1987 survey by Gedoro,
unpublished) were utilized. The mapping also benefitted from interpretations from a single deep-towed
sparker profile (Nova Scotia Research Foundation “V-fin”), limited magnetic, surface towed boomer,
echosounder profiles and seabed sampling (grab and limited piston or vibrocores) from earlier studies
(Piper1977), and an aeromagneticimage (Oakey and Dehler 2004).

The bay has been the site of long-term meteorological and oceanography studies including long-term
mooring sites and current modeling. The accompanying acoustic backscatter map OF 8176 shows the
geophysical data distribution sample summary, oceanographic mooring sites and some modelling
results.

BEDROCK GEOLOGY

Excellent seabed exposure of the metasedimentary bedrock (50% of the survey area) enables
correlation to contacts and structure trends on land. Neoproterozoic to Early Ordovician Meguma
Supergroup (White 2010), rocks are characterized by a thick (ca.15 km) and uniform wedge of turbiditic
meta-sandstone of the Goldenville Group and overlying slate of the Halifax Group. They were folded
along an E-W trend, producing doubly plunging folds and metamorphosed to greenschist facies during
the late Devonian Neoacadian Orogeny (White, 2010).

The Halifax Group, represented by the Cunard and overlying Feltzen Formations, is differentiated
offshore following the contacts on land (O'Brien and White, 2012, O'Brien, 1985, O'Brien et al. 1985,
O'Brien 1988, Taylor 1969, and their GIS versions Fisher, 2006a, b and c,). The Cunard Fm. is dominated
by pyritiferous black slate and thinly- to thickly-bedded sandstone wheras the Feltzen Fm. comprises
grey slate and laminated to thinly-bedded, fine-grained sandstone (O'Brien, 1985 and White, 2010).
Bedrock distribution and elements are shown in Fig. 1. The Fig. 2 photograph shows an oblique view of
coastal outcrops and structure and Figs. 3, 4 and 5 show finer scale elements on beach exposures. The
Feltzen/Cunard contact is extended across the bay based on a paucity of metasandstone beds in the
Cunard Fm. which results in a smoother relief, and on a variable magnetic signature (magnetic profiles,
Fig. 13 of Piper et al. 1986) reflecting its iron mineral content. A bedrock ridge south of Cross Island
presents a greater micro-relief associated with pervasive orthogonal jointing. It lies several kilometres
down-section in the Cunard Fm. and corresponds with a diminished magnetic signature (Piper et al.
1986), suggesting aresistant sandy lithology. It is tentatively assigned to the Government Point Fm. of the
upper Goldenville Group; the overlying Moshers Island Fm. is undifferentiated. The gabbroic Shelburne
Dyke trends eastward from East Ironbound Island and also passes through the southern map area (Fig.
1), inferred from aeromagnetic data (Oakey and Dehler 2004).

Structure and Mineralization

The bedrock exhibits small ridges and valleys, commonly 5 to 10 m relief along the bedding planes,
illustrated in Figs. 2, 3, 4, 5 photographs, 6 sidescan image and Figs. 7 and 8 multibeam shaded relief
images, as well as Fig. 6 on OF 8177 (King and Beaver, 2017b), reflecting variations in the rock type,
largely dependant on the bed grainsize. Folds, faults and jointing elements are mapped (Fig. 1). Broad
folding and plunging gives rise to the “S”-form patterns. Tighter folds and minor faults occur at the nose of
an anticline in the SE map corner (Fig. 1). Some spatial adjustment was made to the axis trends mapped
on land where their better-defined marine counterparts warranted. A satellite image (Geobase, 2008)
formed the basis for adjusting axes east of Blue Rocks.

The anticlines demonstrate an elevated and variable signal in magnetometer transects (Fig. 9)
representing elevated mineralization, probably pyrrhotite (Piper et al. 1986), but gold is also common in
the area. Gold is associated with quartz veins, generally related to post-Acadian brittle and flexural-slip
structures (bedding-parallel movement) with cooling of the orogen (Horne and Culshaw, 2001). Coastal
mining of rich placer gold was conducted at Cunard Cove in the late 1800s and some claim work
continues butthe precise bedrock anticlinal source has not been located.

Faulting with small associated drag folds has a dominant ESE fabric (Fig. 10). Fault traces typically
extend for 200 to 400 m and upwards of 1.6 km, often manifest as troughs up to 5 m deep with associated
sand and gravel-fill. Well-developed orthogonal jointing characterizes the Government Point Fm.

QUATERNARY FEATURES

A glacial imprint on the area is mainly in the form of drumlins and fluting and plucking on the bedrock
surface. The fluting orientation trends are fortuitously nearly identical to the bedrock lineations. The
primary fluting is ESE, compatible with the main Laurentide glacial direction (Phase 1a of Stea, 1992) but
a secondary southern flow, stemming from the later Escuminac ice center, is also present. Glacial
plucking has resulted in concentric excavations, convex up-ice in plan-view, 20 to 35 m across and with
steep up-ice flanks. Enigmatic conical pits in the bedrock surface, up to 0.5 m deep and several metres
across, are common in the Cunard member, mainly across the large and relatively smooth exposures
south of Cross Island (Fig. 1 dots). They occur scattered or in dense patches and commonly follow
bedding planes, either as patches or individual chains. Glacial plucking or an unexplained weathering
phenomenon may have created these this feature. The surficial geology understanding is enhansed by
the seismic data; interpreted transects are presented as geologic cross-sections (Figs. 11a,b and c).

Drumlins

Most till cover on land occurs in drumlins. The red till matrix reflects a provenance from the Carboniferous
Lowlands to the north but there is a predominance of local bedrock clasts in the glacigenic deposits of the
bay (Piper et al. 1986). Some of the highest concentrations of drumlins in Nova Scotia occur in the
Lunenburg area, yet drumlins or their remnants only occur ininner Lunenburg Bay. The seaward drumlin
limit occurs near Battery Point and corresponds to the edge of a dense net of land drumlins; only a few
drumlin occurrences extend to the headlands. Three of the best developed drumlins occur between
Battery Point and Moshers Head, with smaller features found landward of this (Head Rock and Haddock
Rock). Drumlins within the bay are smaller than their land counterparts with only 5 to 7 m relief. Long
Shoal, off Battery Point, is probably bedrock-cored and planed off at about 3 m water depth, presumably
during transgression, leaving littoral deposits on its shoreward flank. This shipping hazard may also have
been dredged in times before registration of such activities. Any drumlins that may have been present
elsewhere in the bay have been eroded, exposing the bedrock platform. Indeed, Figure 12 shows a
partially eroded drumlin at Battery Point and the Red Head drumlin, east of Battery Point, which were
largely removed through wave action in only decades. Here, drowned or destroyed drumlin remnants
(map unit PGgb) indicate over 700 m of shoreline recession occurred here but even 300 m is common
along the wave-exposed Blue Rocks shore.

Ice Contact Delta

Piper et al. (1986) identified a “late till” readvance based largely on a gravel and boulder-topped,
constructional glacial deposit (their unit c) lying over an angular unconformity which cuts basin-filling
glacimarine deposits (units a and b). The mound lies about 2 km south of the map; its proximal flank is
shown in the Fig. 11c cross section. A nearby core (91-018; Piper and Fehr. 1991) intersects the brown
muddy distal equivalents of this mound, dating itto ca. 14.2 ka BP. A prograding distal component and the
absence of aridge geometry suggests a meltwater-derived ice contact deposit rather than a moraine.

Shallow Gas

Shallowly buried concentrations of methane gas in the harbour muds are shown on cross-sections, Figs.
11aand 11b. Resultant loss in acoustic penetration locally precludes differentiation from the till (Gt-g).

Bedforms

Several sandwave fields are present in the central map area. They are straight-crested with gravelly
troughs and are only 15 to 20 cm high with wavelengths of about 40 m and superimposed with smaller
bedforms (Fig. 7 on accompanying OF 8177, King and Beaver, 2017b). They are perched on the
landward flank of the sediment depocentre and may reflect acceleration of currents there. Storm driven
currents influencing the north shore circulate southeastward to this area but a weak profile asymmetry
(Fig. 3c, OF 8176, King and Beaver, 2017a) suggests net transport may be uphill (to NW). Smaller dunes
or megaripples are also present in the outer bay but have limited extent (Fig. 6, sidescan image and
through symbology on the main map). They are mainly low amplitude straight-crested forms within or
near the deeper end of linear troughs in the bedrock. Orientations indicate trough-parallel flow,
suggesting local topographic funneling. Their occurrence here corresponds to maximum tidal currents
predicted from modeling (Fig 3, OF 8176, King and Beaver, 2017a) as do megaripples in the shoreface off
Corkum Island. Wave influence on seabed sand and fine gravel is confirmed by local occurrences of large
wave ripples. Wavelengths are between 0.5 and 2m and crestline orientations range from E-W, through
NE-SW to nearly N-S, reflecting their ephemeral nature.

Curvilinear terrace brinks in the central bay apparently mark both depositional and erosional edges of
sand bodies (and inferred salt marsh organics) in sharp contact with gravel, commonly in drainage
channels. Typically with 0.5t0 0.7 mrelief, the terraces are best developed west of Cross Island and atthe
break in slope at outermost Rose Bay. They attest to both channelized and less organized bottom
currents and are interpreted as relict features, remnants of salt marshes analgous to the present (Fig. 13
photograph).

Mud Depressions and Moats

The mud of Lunenburg Harbour exhibits both a smooth and sculpted surface locally, with linear and cone-
shaped depressions of up to 2 m depth (Fig. 11a, cross section, shallow end). Isolated depressions are
numerous, the largest exhibiting a broadening and shallowing tail on the seaward side, suggesting
dominant seaward-directed bottom-current flow. Some may nucleate on mooring anchors but their
distribution extending well seaward of Battery Point suggests natural nucleation sites. Locally, strings of
the depressions coalesce to form a moat. They are best developed along the western flanks of larger
features. For example, around small till outcrops in the inner harbour, just beyond the southern
shoreface, and along the eastern flank of small drumlins and a bifurcating example along the Long Shoal
drumlin flank (best illustrated in Fig. 9, OF 8177, King and Beaver, 2017b). The depressions may also
include gas-escape pockmarks. The moats are assumed to reflect areas of present-day current
acceleration although some may also have arelict aspect.
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Figure 14. Interpreted environments and relative sea-level history from an outer Lunenburg
Bay sediment core. This penetrated a sand and gravel lag and down into a mud with a salt
marsh and lagoonal affinity and further into barren glacigenic mud. It samples the middle to
upper portion of the seismically-mapped transgressive systems tract (Pgtst).

The nearshore Atlantic coast of Nova Scotia experienced emergence and eustatic-driven
transgression following glacier retreat but is presently experiencing submergence with
isostatic (bulge) relaxation. This is a unique core location which captures an intervening
emergence/submergence at 26 m (present) water depth, dated at ~7 ka BP (C-14, wood
fragments). The waterlain glacial sediment at the base represents input from a retreating
glacier margin butthe subsequent event evolution presents two interpretation scenarios.

If the hiatus ("U”, sea-level column and in Fig. 11c) is inferred to be located at the top of the
brown mud (103 cm), then the mud is part of map unit Gm, deposited before a minor glacier
readvance. In this scenario, the Case 1 sea-level curve applies, such that most of the record
from the shallowing period was removed. If, however, no hiatus exists in the core, then the “U”
horizon lies below the core and the basal brown glacigenic mud is a shallow marine or
freshwater deposit formed marginal to the ~14 ka glacier duringits final retreat to the coast.
This scenerio, Case 2, would constrainthe 103 to 85 cm span as a condensed section and
necessitate a long period of stable relative sea-level where eustatic and isostatic trends were
in phase until isostatic uplift finally out-paced eustatic rise at about 7 ka, resulting in the
emergence. Timing and amplitude of the relative sea-level swings for both Cases 1 and 2, is
quite schematic. Interpretation and core sketches modified from Scott & Medioli, 1982 and
Piperetal. 1986.
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Figure 2. Oblique photograph showing the transition from marine to land in a bedrock exposure
setting similar to Sculpin Shoal in the map area. Fold structure in the Felzen Fm. is clear.
Seaweed-covered bedrock outcrop with surrounding sand and gravel has a patchy till cover on
land. Viewpoint shown on both main map and bedrock insert, Fig. 1. Photo, Bob Guscott, Nova
Scotia Department of Natural Resources. GSC 2008-184

Figure 3. This littoral outcrop of the Feltzen Fm. is glacially smoothed, cutting the bedding
plane at a low angle (brown, sandier beds). Deep striae and nearby fluting along the view
direction are nearly parallel to the regional faulting orientation and near-orthagonal jointing has
allowed efficient plucking. GSC 2008-181
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Figure 1. Bedrock map with selected structural and feature elements and figure locations. Shaded relief multibeam (offshore) and satellite (land) images in background. Magnetic transects A-B, C-D in Figure 9.
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Figure 7. Tight folding and jointing in Halifax Group metasedimentary rocks.
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joint pattern than the flanking rock which has a more rhythmic bedding.
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Conceptual geometry and stratigraphic relationships of the map units and features. Schematic; not to scale.
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seabed disturbance'by sto'rm waves. Wavefrain aligneq with.direc.tion of current. s - ' ,/7, N iy transgression. This was interrupted by the ca.14 ka glacial re-advance, and continues gIgC|at|on cgvered al! of Noya Scotia, evolylng .through several phases of flow direction, pattern and
Unresolved on multibeam images. Approximate crestline orientation shown. = v pGs EastPOINt Gl PGs to the present; thus it is highly time-transgressive. Accordingly, despite the “PG” ti’;:cll;ngss ‘Iiv'th ghar;gln? ze%llonzl and Iolca! lce dlvtltdes (fc £ StSe\jxvett a:\'lég?s)' B rgacpezzcé tthe fgr:(tmen?tar:
See also FigQure 6 . . . .. .. .. = m E2BOoh e A AN ) ) . i g ! o ] shelf-break and retreated diachronously in a pattern from 0 , from abou (o} a, wi
g e 1 -"%@Sg 2 SR designation, ,’t spans the latg g{ac:al re-advance. Genen ally‘ the sub-units of this TST punctuated shelf-based still-stands and minor re-advances (King 1996) retreating to the headland areas
Pockmark (cone-shaped depression resulting from erosion of mud by venting gas) ) Ao = caln?.ot be td/ffet; ent/atgtc,!] S‘ZS”;'(’CE’”Z' Ra;her, cor elts',bdeposd fea?utr es, gte‘;m?t’y 'a?d by about 13 ka before diminishing to local land-based caps. This was followed by a significant climate-
. . . ar i ! / . relations together wi ackscatter from multilbeam are Interpreted to Inier driven advance about 10.5 ka but restricted to northern parts of the province (Stea, et al. 1998).
g‘:;ep/es :,?CT ggg,{gn%zgﬁ;zdéﬁzzog%O;Sv:l:r;:]zfZvr%?; gggg;sgs}on’zztal’;zze Island & 'EaIStI POC;nt g AN T Hieslers ~ environments of proglacial marine mud, transgression lags, littoral and sub-littoral Within this framework, findings specific to the map area include a large mollusk dated to ~28 ka,
° . E lsland = 1% AN sands and gravel, and muds from a restricted bay and salt marsh organic muds. These reworked into transgression-related sands just south of Cross Island (Piper and Fehr 1991). This
examples, generally confined to the southern harbour, are current enhanced e £ s TR . . . . . - - ) . )
despit. K tidal ts h S I b tirel y are differentiated at the seabed into the PG map units below. provides perhaps the best time constraint on the interstadial on the Scotian Shelf. Ice flow phases are
espite wear tiaal currents here. some examples may be entirely e e e represented in striae at the Ovens Natural Park, for example, and show a swing from east south east to
current-induced, nucleating on hard, protruding anchor blocks or boulders ................. ° N ) SaltMarsh: In cores only (Fig. 14). Brown and olive grey mud with sand and gravel and southeast and then southerly followed by latest flow, probably more nomal to the coast (SE) again. Both
Sk N e o Py the early Wisconsinan Hartlen Till and the Late Wisconsinan Lawerencetown Till equivalents are present
Moat (trough in muddy sediment) Generally following the base of a flank, G P e organics, including wood fragments. Salt marsh foraminiferal fauna. in the a?lea (Stea et al. 1998). Drumlins developed in the SE phase but locally nugleated on olde‘i forms
occasionally exposing coarser sediment below. Formed from either erosion or . oy s (Hartlen Till equivalent). The late glacial still-stand or readvance represented by the ice contact delta just
non-Fiepogltlon of mud from topographically acr;e/er?ted currents. Some genetic Moshers TR = G Sand: Well sorted or silty or gravelly sand, sometimes with a shell component. seawarq gf the map area was restricted to the L{aHave to eastern .Mahone Bay area (Piper et a_l. 1986). It
relationship to pockmarks, probably as nucleation sites where onlapping mud Head G G Ilv exhibi h » v d i di fined " has a minimum ~14.2ka age, dated from overlying brown mud (Piper and Fehr 1991). The marine record
preferentially degasSeS . .. .. .. ...... . ————— - ¢ PGs enerally exhibits a smoot upper su a.ce (only dm relief) and is confine .to valleys or offshore of this shows a return to more proximal stratified Facies A of the Emerald Silt (King and Fader
' N N > bedrock—govern_ed troughs. Thickness is generqlly less thaq a me_tre _b_ut it may reach 1986), probably associated with this re-advance. Stea (1995) termed a similar event on the eastern NS
Drainage channel (paleo-channel) Probably tidal-dominated in a salt marsh JR several metres in the mid-bay depocentre. Here it also contains a significant salt marsh shore the “Yankee Bank” Fm; this may be a correlative.
environment. Up to 1 m relief, generally with a fine gravel base . .. .............. X_ XX Moshers i (organic muddy) and gravel component and a late glacial mud at its base (all The interplay of post-glacial sea-level rise and isostatic adjustment combined with the paleo-
(Y , g y g ! s
Cove undifferentiated). It is locally reworked periodically into sandwave fields and geography setting has resulted in preservation of some coastal deposits which are not generally
Drumlin (till-cored streamlined hill or ridge) Long axis parallels direction of glacier ”"'-'\; E/50N megaripples. The sand generally overlies gravel and is derived from very local recogpized elsewhere. The transgressiop effectively eroded ar?d redisgributed most sediment and even
flow and demonstrate a strong SE flow trend with less than 25 degrees variation. P N A washing/reworking of underlying glacimarine or till deposits during the transgression. ?'ltl)dlf;e“d) t'h(ta bedrtOfrI: sunl'faqel. Shé)rt seclil(nen; core§t collﬁptﬁd in the sﬂl-pro(tje.ctet?1 central bay t('1978l;g{
The marine examples are heavily armoured with gravel and cobble . . . .. ................ 19. intersec € glacial ana overlying aeposits which are recognized in the cross-sections bu
P Y g % AR Sand and I Gravel with int d fch J i th a shell undifferentiated seismically. They reveal barren basal red stratified muds (glacigenic), overlying pebbly
Boulders (i e ; Jic shad ” N and and gravel: Gravel with interspersea or patchy sana, sometimes with a she sands and muds probably corresponding to the ravinement surface and overlying peaty mud with a dated
oul er.s (large enough to cast acoustic shadow on sidescan sonogram) " P o R I Png component. Smooth uppersurface (only dm relief) and confined tq valleys or bedrock- wood fragment (7 ka) followed by salt marsh brown muds bounded above by nearshore sands. This
Equivalentto PGgb . . ... F ) Garretts e | governed troughs. Thickness is generally less than a metre. Derived from very local indicates glacial retreat from the central bay followed by basin filling with proglacial material, evolvingtoa
. . ) . ’ Cove AN washing/reworking of underlying glacimarine or more locally, till deposits during the tidal and marsh environment as the sea incurred at about 7 ka. There must have been short-lived fluvial
Bedrock (outcrop with minor cover of gravel, sand and/or boulders) Depicted only > A= s e transgression. drainage through the paleo-narrows between Rose Pointand Cross Island across a sill at just over minus
in areas along survey tracks with sidescan sonogram and no multibeam A4 i 35 m elevation. However, lacustrine and estuarine environments lying near 26 m elevation were soon
backscatter Coverage . .. .. ... ... N5 [ . AN T i . . . . flooded and coastal process then dominated. Existing deposits were reworked in the littoral and sub-
_ _ _ ol it Littoral sand and gravel: Beach-ridge complex with constructional geometry. littoral zone throughout the sea-level rise with the coarsest aggregate forming a protective lag and the
Shelburne Dyke (gabbro intrusive) See Figure 1.. ... ..., - e, o> Generally occurs as flanking spits and landward tails on drumlins. mud products pushed into the harbour and distributed according to hydrologic energy levels in a similar
25 pattern to the present.
[aVavavAW,
Fault (lineation with minor offset of bedding planes) Offsets generally inferred from I = . o ] o ] )
land in features with similar orientation but small drag folds locally registered. [ //’ S Splﬂdl@}f/ﬁg _f% A > R Gravel: A partla”y or well washed Iag overglaC/genlc depOSltS.' I’?CIUdes. small surficial Table 1: summarizes the Quaternary setting and eventsinrelationtothe map units.
Sinistral and less common/y dextral motion. (See also Figures 1, 3, 10) .............. //_:/ Cov ) “ 2 ey sand patches and Commonly has a mud Component- In proxtmlty to till and bedrock
S o ‘“;% DL outcrops the gravel is locally derived, reflecting its origin from underlying or adjacent Stratigraphic/ Setting or Event M nit
Joint (lineation with no offset of bedding planes) Generally short with orthogonal g % PGsg RN thin till and/or glacimarine deposits washed in a littoral and sub-littoral environment. chronologic estimate etiing or tve ap uni
pattern. Most common in sandier Ggp and Hfel units . . ... .............. ... ........... Lower he Wesze"n’ 22 b= The mud component may be derived directly from the till. In the inner bay, some of the : : : —
o o T z\ Houndse K mud component may be recent. In the central bay depocentre, the shallow sub-littoral o | 7katopresent cEnlt:nuedtt:‘ansg;essclion_, stlpw p;ogreS_flpnhang more gomplete r:ewofkmg in :GGQ, 7:%5«
Anticline (Certalnr /nferred, Concealed) --------------------------- —1— —_— —1— - $ - SOUth Cove \:c\“ : . ,} Tﬁe G‘Llﬂ@?"\ i (TST) deposjts were [oca/[y channelized, [eaving the grave[ [ag; here the mud 8 shallowest 4 m; fine derivatives deposit in harbour and approaches 9P, m
i L. & % ,:/ componentmay be a salt marsh derivative. % isostatic uplift outpaces eustatic sea-level rise, emergence in Lunenburg
Syncline (certain, inferred, concealed) .. .. .......... ... .. ... ... ... . .... _*_ — _*_ — .*. - Ne T ove T 7.1 ka* Bay at -26 m present elevation (salt marsh in core) and very narrow bay PGsm
) 3 ) o . - H i i . Di i th followed by submergence
1 1 o Gravel and boulders: With patchy sand between mounds and ridges. Differentiated mou
Undifferentiated (folds in the vicinity of the nose of a plunging anticline) . ........ . [ [ :the Ovens from PGg mainly by its greater relief and occurrence on thick till, mainly drumlin Scenario 1: last glacigenic input in Lunenburg Bay occured prior to
L ] . : remnants. icker gravel deposit is inferred. Multibeam image depicts a uniform bu transgression and the ca. 14 to 8 ka record was removed. various PGtst
Bedrock pit (circular pit on the exposed bedrock surface) In the upper Cunard Fm. :{Ovens Point ts. A thick / d t ferred. Multib depict f but ca. 14to 7 ka
Diameter from 4 to 6 m and depth from 0.5 to 2 m. Origin unknown; possibly ; e rough texture, registering boulder/cobble ridges and mounds generated in high energy ' Scenario 2: isostatic and eustaic sea-level rise in tandem (minor RSL facies
carbonate nodule weathering or glacial plucking. No such features lare littoral zone. Backscatter strength is generally high but mottling suggests a sand fluctuations) resulting in protected bay
observed on glacially smoothed land exposures along strike . . ... ....................... ° componept, e?PeCia”y on the north sho're, partia.lly derived fro”.7‘ /O”gShlore drift. final retreat of marine-ending glacier at least to near present coast, probably |
/I Poi Derived in a littoral environment from thick, heavily washed/modified till in a slow ca. 141* forced by continued eustatic rise; short-lived waterlain glacial input to \arious PGst
Photo site (photograph viewpoint and direction) . ... .......... ... . . . ... 6 S transgression. Provenance is local. Coastal drumlins have eroded back over 300 m and T Lunenburg Bay (base of core, Fig. 14); continued transgressive systems facies
PGsb o IV_IVeS tber ¢ Cross up to 700 m on the wave-exposed Blue Rocks shore. < tract evolution with reworking
arbour i o
@ . glacier readvance to several km south of map area, ice-marginal deposition .
Shoal or Led ISIand GLACIAL MARINE SEDIMENTS 5 ca. 1510 14 ka and renewed basinal glacimarine deposition (1-4 m) on inner shelf Gic and Gm
oalorledge ... ... ... .. 3]
A B Sub- and pro-glacial marine sediments deposited with retreat of the glacier to land and é transgression from about 75 m with wave base erosion to over 100 m "U" horizon
CrOSS SECHON - -+« o oo oo a subsequent minor re-advance and retreat. Till has a strong acoustic scattering affect 2 | begins ca. 15 ka | Present water depth, marine incursion to near present coast, unconformity |y oy
, o generally registered as an acoustically incoherent signature. Blanket deposits, 5 t:J ?0"20” and superimposed deposition of early transgressive systems PGtst
COre location .. ... moraines and stacked tills are registered on ultra-high and high resolution seismic ac
: : Y N profiles south of the map area. However, till in innermost Lunenburg Bay cannot be ca. 16? to 15? ka | glacier retreat, proximal glacimarine deposition in bedrock basins Gm
0Ceanographic MOOMNGS . . -+ -+ — \\ penetrated with the high frequency seismic profiler utilized there. Deposit morphology
DIEAGE IMIS - . - . -+ o o oo e e v The H |gh syrficial texture and immedia.tely adjacent till on land is the L?a§is for identiﬁcatio.n of the 227 to 167 ka glacial cover, drumlinization, mid-to inner shelf margin moraines and blanket Gt
A B - Hill till. The till is largely the equivalent to the Scotian Shelf Drift in the offshore (King and deposition
Magnetic transects (See Figures 1Tand 9) .. .......... .. ... .. ... ....... . - : Fader, 1986) and the glacimarine is a shallow water, approximate equivalent of their 28 Kka* no glacial cover; liing molluscs; bounding events not well constrained in not
g - Emerald Silt. Late Pleistocene age from the Late Wisconsinan glaciation. a time represented
*14C dating combined with stratigraphic evidence
Ice-contact deposit: Acoustically incoherent and prograding signature in a
~ 55000 Gic constructional deposit unconformably overlying transgression-cut glacimarine basin-fill
C - D deposits(Gm). Gravel and boulder lag on top and landward margin. Occurs two km ACKNOWLEDGMENTS
. L south of the map, shown at southern extent of geologic profile A-A’A” only (Fig. 11c).
: Deposit marks the extent of “late till” of Piper et al. 1986. Seismically correlated with a
: ~ 55600 @ brown mud in a nearby core dated at ca. 14 ka BP. (Piper and Fehr. 1991). This
; g represents a re-advance of the glacial margin following transgression. The authors have build upon survey data, samples and concepts from Dalhousie University surveys in
K . g B 5 > | the late 1970s by D. Piper and co-workers, Natural Resources Canada (NRCan) surveys in 1991 by G.
S es & e AU ) Glacimarine mud: Acoustically weakly or non-stratified, ponded in bedrock valleys or Fader and R. Miller and a short NRCan survey in 2007. R. Pickrill, NRCan, was instrumental in
l} c %« Blacki~* S Gm troughs_ Unsampled in map area yeta mud with significantsandandgrave/ component coordinating the mult_ibeam _sonar survey together with the Depa_rtment of National Defense and
= | o L Rock t ‘5 i Lepye> is inferred from eroded derivatives. Deposited by proglacial meltwater plumes, likely in gasnadlan Hydrographic %erwce (CHg)-g- Beac;/ er, NRCan and C. Reid, CHS scr:nag fleet, conducted the
=1l O N evy LEy= ; : ’ L Plover surveys and G. Rodger, CHS and C. Reid participated in the 2006 CHS Pelican operations.
g QO_ : ﬁ L 54800 h Ppm’f f_gy/e,yyé/ shallow water, influenced by wave energy. Shown ongeologic profiles only. D. Beaver performed the post-survey data cleaning. J. Shaw and P. Potter contributed acoustic
= . o > K] - |, 9 ,,.Q\Rocker P / /’/_ backscatter processing expertise. D. Beaver helped produce the bathymetric images. P. O'Regan
) S o) S “ g " E/ Y L GGV oS ) ) B _ ) provided cartographic support. C. White provided valuable bedrock insights. Thanks also to D.J.W. Piper
N P N P o g - / e = S Shallow gas: Subsurface accumulation of interstitial gas. This manifests as an and C. E. White for scientific review.
o) S D S E S S g acoustic masking or as enhanced horizon reflectivity in otherwise weakly reflective
w O w O ﬁ . E 2 56000 strata in the mud. Biogenic methane escape may be responsible for the conical
. S é/ oL depressions (current-modified pockmarks). See text for explanation. Subsurface data
: = ‘.’(D too limited to map distribution but generally associated with harbour mud. Shown on REFERENCES
: e . 55600 ” geologic profiles only.
: /L f". A . o Fader, G B J; Miller, R O; Stea, RR; Pecore, S S., 1993. Cruise report, C.S.S. Dawson 91-018, inner Scotian Shelf, June
i \,{ N B ; § Till or shallow gas: Undifferentiated; the profiler transects in the innermost bay and 4-21,1991; Geological Survey of Canada, Open File 2633, 30 p.
. U /,/' B 8 Gt-g harbour are from a high frequency source and acoustically reflective and scattering Fisher, B.E., 2006a. _Digital Version of Geological S_urvey of Canada, Map 1373, Geological Map of the Mah_one Bay
Q /,/é, . 55200 @ shallow gas occurrences commonly make differentiation of this gas from the till surface Area, Nova Scotia (Sheet D). DP ME 343, Version 1, [part of NTS 21A/08], scale 1:25 000, by B.H. O'Brien, P.D.
- () v i . Barrette, D.A. Kenney, G.F. Gouthro and S.E. Palmer, 1985.
N4 o : equivocal. Shown on geologic profiles only.
FRS B Fisher, B.E., 2006b. Digital Version of Geological Survey of Canada, Map 1225A, Geology, Annapolis - St. Mary's Bay
a o° i . . i . . . Area (East Half), Nova Scotia. DP ME 197, Version 1, [parts of NTS 21A/01 to 21A/03, 21A/06 to 21A/11, and 21A/14
7 Q - 54800 Till: largely in the form of drumlins in the innermost bay and thin, discontinuous to 21A/16], scale 1:126 720, by F. C. Taylor, 1969.
Figure 9. Magnetic transects relating to interpreted bedrock structure and classification. Transect Gt erosional remnants on bedrock. Land deposits are a largely heterogeneous mixture of Fisher, B.E., 2006c. Digital Version of Geological Survey of Canada, Map 1156, Geological Map of the LaHave Area,
locations on Figure 1. Magnetics from Piper et al. (1986), geologic boundaries modified from O’Brien et O C E A N clay, sand, gravel and boulders (diamict) and in the marine setting a surficial boulder Nova Scotia. DP ME 195, Version 1, [part of NTS 21A/01 and 21A/08], scale 1:25 000, by B. H. O'Brien, 1985.
al. (1985). Graveyard cobble or sand and gravel lag is common. This lag is mapped as unit PGgb where it Geobase® - Canadian Council on Geomatics Geospatial Database
- Rocks overlies the till. Otherwise, till is shown only in the geologic profiles. Satellite image s5_06415_4409_20060530_p10_1_utm20.tif. Accessed 03/25/2008. www.geobase.ca
. Horne, R. and Culshaw, N., 2001. Flexural-slip folding in the Meguma Group, Nova Scotia, Canada, Journal of Structural
Ki ngs 64°12'30"W 64°1225"W 44°19'35'N 64°12720"W Sandwaves / large sub-aqueous dunes: Field of composite flow transverse Geology, 23, 10, 1631-1652.
) i e 7 i constructive bed feature of medium to fine sand with coarse sand or gravel in the King, E.L. and Beaver,. D., 2017.a. Backscatter strength and ;haded seafloor relief, Lunfenburg Bay, Scotian Shelf,
I S .. . ., . ) , offshore Nova Scotia; Geological Survey of Canada, Open File 8176, scale 1:25,000. doi:10.4095/299687
N z troughs, nearly symmetric in profile and with slightly sinuous, semi-parallel crestlines. King, E.L. and Beaver, D., 2017b. Multibeam bathymetry and shaded seafloor relief, Lunenburg Bay, Scotian Shelf,
B_ed rO_CK ¥ A_mp Ill.‘udes from to sever: alndeCI.metres.. Indicate periodic sand mobil ’?y /disturbance but c;ﬁshére Nova Scot’ia; .C’-I‘eologiéal Survey of Canada, Open File 8177, scale 1:25,00b. doi:10.4095/2§9689 ’
Lineation | | direction or netflux uncertain. Fig. 11c intersects sandwaves about mid-profile. King, L.H., 1996. Late Wisconsinan ice retreat from the Scotian Shelf. GSABulletin 108.8. 1056-1067.
submarine onIy T~ ) . i King, L. H. and Fader, G. B. J., 1986. Wisconsinan glaciation of the Atlantic; Geological Survey of Canada, Bulletin 363,
NW — N NE Megaripples / small sub-aqueous dunes: Field of flow transverse discrete bedforms 72p.
1 faulting - composed of medium to coarse sand exhibiting a simple ripple-like profile and Oakey, G.N. and Dehler, S.A., 2004. Atlantic Canada Magnetic Map Series: Scotian Shelf and surrounds. Geological
and ~ ) l lles = moderate coherence in crest spacing (direction; not shown). Generally asymmetric in Survey of Canada, Open File 1814, scale 1:1 500 000.
p | jointing . - ond 3 profile and with slightly sinuous, semi-parallel crestlines or more rarely 3-D or highly O'Brien, B. H., 1985. Geological Map of the LaHave Area, Nova Scotia, Geological Survey of Canada, Open File 1156,
/ - \ 8 sinuous crestlines. Commonly very thin sand on a gravel lag. Amplitudes unmeasured scale 1:25000.
h \\ \ 3 but may be up to several decimetres. Indicate periodic sand mobility/disturbance. O'Brien, B. H., 1988. Astudy of the Meguma Terrane in Lunenburg County, Nova Scotia; Geological Survey of Canada,
. T z Generally unresolved on multibeam images. Qpen File 1823. )
\ \ T 9 O'Brien, B.H., Barrette, P.D., Kenney, D.A., Gouthro, G.F. and Palmer, S.E., 1985. Geological Map of the Mahone Bay
\ \\ 6‘30 2 Area, Nova Scotia, Geological Survey of Canada, Open File 1373, scale 1:25000.
‘ ‘ - M0 T PRE-QUATERNARY O'Brien, B.H. and White, C. E. 2012. Bedrock Geology Map of the LaHave Islands Area, NTS Sheet 21A/01, Lunenburg
| | : i County, Nova Scotia. Nova Scotia Department of Natural Resources, Minerals Resource Branch, Open File Map
W — — E Felsen Kap Moshers B BEDROCK ME 2012-090, scale 1:50 000.
\ '\ //7 each 0 PE \) : LATE NEOPROTEROZOIC TO EARLY ORDOVICIAN METASANDSTONE AND Piper, D.J.W., 1977. Studies of the nearshore zone, South Shore, Nova Scotia, Progress Report to the Department of
| \ Moshers F H tl . SLATE OF THE MEGUMA SUPERGROUP: Open to tightly folded and jointed. Energy, Mines and Resources on Research Agreement #EMR 22394 39/77. 54 p. plus maps.
\ T Pona £ ar lng Regionally metamorphosed to greenschist facies. Undifferentiated on surficial map Piper, D..J.W, and Fehr, S.D., 1991. Radiocarbon chronology of the late Qua}ternary sections on the inner and middle
. . P P Scotian Shelf, south of Nova Scotia. In Current Research, Part E; Geological Survey of Canada, Paper 91-1E, 321-
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\ N .
\ ) / Bay Piper, D.J.W, Mudie, P.J., Letson, J.R.J, Barnes, N.E., & luliucci, R.J., 1986. The marine geology of the inner Scotian
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Bay C Figure 6. Sidescan image from NE of Cross Island showing discrete stepped beds in bedrock MEGUMA SUPERGROUP: Undifferentiated metasedimentary rocks. Sheifoffthe south shore, Nova Scotia. Geological Survey of Canada, Paper 85-19.
Lineation - > outcrop, acoustic shadows (white) behind the more elevated highs, and current bedforms in the flat- Scott D.B. and Medioli F.S., 1982. Micropaleontological documentation for early Holocene fall of relative sea level on the
Len ths | - (% |y|ng Sandy Surrounding sediment. Atlantic coast of Nova Scotia. GeOIOQYr 10,5,278-281.
SW (metgres) n=406 // SE {O HALIFAX GROUP Stea, R. R., Conley, H. and Brown, Y. (compilers), 1992. Surficial geology of the Province of Nova Scotia; Nova Scotia
7 i1 FELTZEN FORMATION: ’ d lami J hinlv-bedded. fi ned Department of Natural Resources, Map ME 92-3, scale 1:500 000.
Mlnlmum: 60 L CZ o - grey slate and laminated to thinly-bedded, fine-graine Stea, R. R., Piper, D. J. W,, Fader, G. B. J. and Boyd, R., 1998. Wisconsinan glacial and sea-level history of Maritime
Maximum: 1500 Q}? sandstone. (O'Brien etal. 1985). Canada and the adjacent continental shelf: A correlation of land and sea events. Geological Society of America
Mean: 375 s /26/ 9 Bulletin, 110, 7, 821-845.
Grabble Taylor, F.C., 1969. Map 1225A, Geology, Annapolis - St. Mary's Bay Area, (East Half), Nova Scotia Geological Survey of

Figure 10. Rose plot of the bedrock lineations in the map area and their lengths (box). Most are faults, Covd CUNARD FORMATION: dominated by pyritiferous black slate and thinly- to thickly- Canada, Map 1225A.

some with small drag folds indicating apparent sinistral movement and fewer with dextral. These are / bedded sandstone (O’Brien et al. 1985). Likely includes undifferentiated upper White C. E., 2010. Stratigraphy of the Lower Paleozoic Goldenville and Halifax groups in the western part of southemn

broad troughs, locally several metres across, and sand- or gravel-filled. The axis of the inner bay 44°15' 44°15' Goldenville Group. Nova Scotia. Atlantic Geology, 46, 136-154.

parallels the dominant fault orientation while the outer bay parallels the secondary bedrock and glacial

?;)ehr:;jti. Fslgr'r‘]; examples may be glacial fluting as its orientation is nearly coincident with the faulting 64°20 5 o 64°7 GOLDENVILLE GROUP

MOSHERS ISLAND FORMATION: metasiltstones, metasandstones and slates at the
base of the Cunard Formation but here undifferentiated for lack of morphological or
lithologic evidence.
GOVERNMENT POINT FORMATION: metasiltstones interbedded with
metasandstones and slates (O’Brien and White 2012).
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