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Figure .6  S idesc an image from N E of Cross Island showing disc rete stepped b eds in b edroc k 
outc rop, ac oustic shadows (white) b ehind the more elevated highs, and c urrent b edforms in the flat-
lying, sandy surrounding sediment.
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Figure .3 This littoral outc rop of the F eltzen F m. is glac ially smoothed, c utting the b edding 
plane at a low angle (b rown, sandier b eds). D eep striae and nearb y fluting along the view 
direc tion are nearly parallel to the regional faulting orientation and near-orthagonal jointing has 
allowed effic ient pluc king. G S C 2008-181
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Figure .4 The F eltzen F ormation outc rop, here near Blue roc ks, has more sandy b eds than the 
Cunard F m. G S C 2008-182
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Figure 17. Tight folding, jointing and possib le faulting in Halifax formation metasediments.
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Figure .7 Tight folding  jointing in Halifax . and  G roup metasedimentary roc ks

64°09'00W''64°09'30"W

44
°1
8'0
0N''

44
°1
7'3
0"N

0 500meters

Figure 16. A low relief ridge c omprising Goldenville G roup exhib its a tighter and orthogonal 
joint pattern than the flanking roc k which has a more rhythmic b edding. 
Figure .8 A low relief ridge c omprising Goldenville G roup exhib its a tighter and orthogonal 
joint pattern than the flanking roc k which has a more rhythmic b edding. 
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Figure 5. M agnetic  transec ts relating to interpreted b edroc k struc ture and c lassific ation. Transec t 
loc ations on F igure 15. M agnetic s from P iper et al. (1986), geologic  b oundaries modified from O’Brien   
et al. (1985).
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Figure .9 M agnetic  transec ts relating to interpreted b edroc k struc ture and classific ation. Transec t 
loc ations on F igure 1. M agnetic s from P iper et al. (1986), geologic  b oundaries modified from O’Brien et 
al. (1985).

D ES CR IP TIVE N OTES
IN TR OD UCTION
This c olour-c oded surfic ial geology map, in shaded relief view, is part of a three-map series of L unenb urg 
Bay and Approac hes, at a sc ale of 1:25 000. The series also inc ludes a c olour-c oded shaded sea floor 
relief map ( K ing and Beaver, 201  and a colour-coded shaded sea floor ac oustic  Open F ile 8177, 7b )
b ac ksc atter strength map ( K ing and Beaver, 201 ). S urveys were conduc ted in 2004 and OF 8176, 7a
2006 as a joint program b etween the G eologic al S urvey of Canada (N R Can) and the Canadian 
Hydrographic S ervic e (CHS , D F O). S urvey methods inc lude multib eam b athymetric  ec ho-sounding, 
from which the underlying shaded relief map is derived, together with limited high- and medium-
resolution seismic -reflec tion profiles and sidesc an sonar and seab ed samples. M ultib eam survey 
parameters are provided on the c ompanion maps ( ). A grey-tone image under the OF s 8176 and 8177
geology map units is presented with an artific ial sun illumination from the N E, an angle of 45° from the 
horizontal and a vertic al exaggeration of 5X. D ata from seismic  reflec tion profiling systems utilized in this 
c ompilation inc lude a 40  Halib urton air gun, a Huntec deep-towed high resolution b oomer and c ub ic  inch
a small-c raft mounted Oc ean D ata Eq uipment Corporation 10 kHz “S tratab ox” sub -b ottom profiler 
(innermost b ay only). S idesc an data b eyond the multib eam c overage provide high-resolution images and 
c ontrol for symb olized seab ed features. A K lein 595sidesc an  100 and 500 kHz covering a 300 m   atb oth ,
swath (G S CA expedition D N  91-018 ) and a K lein sidesc an (1987 survey b y G edoro, , F ader et al. 1993
unpub lished) were utilized. The mapping also b enefitted from interpretations from a single deep-towed 
sparker profile (N ova S c otia R esearc h F oundation “V-fin”), limited magnetic , surfac e towed b oomer, 
echosounder profiles and seab ed sampling (grab  and limited piston or vib roc ores) from earlier studies 
(P iper 1977), and an aeromagnetic image (Oakey and D ehler 2004).  
    The b ay has b een the site of long-term meteorologic al and oc eanography studies inc luding long-term 
mooring sites and c urrent modeling.  shows the  The ac c ompanying ac oustic  b ac ksc atter map OF 8176
geophysic al data distrib ution sample summary, oc eanographic mooring sites and some modelling 
results.

BED R OCK  GEOLOG Y 
Exc ellent seab ed exposure of the metasedimentary b edroc k (50% of the survey area) enab les 
c orrelation to c ontac ts and struc ture trends on land. N eoproterozoic to Early Ordovic ian M eguma 
S upergroup (W hite ), roc ks are charac terized b y a thic k (c a.15 km) and uniform wedge of turb iditic  2010
meta-sandstone of the Goldenville G roup and overlying slate of the Halifax G roup. They were folded 
along an E-W  trend, produc ing doub ly plunging folds and metamorphosed to greenschist fac ies during 
the late D evonian c adian Orogeny (W hite, 20 ).N eoa 10
 The Halifax G roup, represented b y the Cunard and overlying F eltzen F ormations, is differentiated 
offshore following the c ontac ts on land (O'Brien O'Brien 1985, O'Brien et al. 1985,  and W hite, 2012, ,
O'Brien 1988, Taylor 1969, and their GIS  versions F isher, 2006a, b  and c,). The Cunard F m. is dominated 
b y pyritiferous b lac k slate and thinly- to thic kly-b edded sandstone wh  the F eltzen F m. c omprises  eras
grey slate and laminated to thinly-b edded, fine-grained sandstone (O'Brien 1985 ). ,  and W hite, 2010
Bedroc k distrib ution and elements are shown in F ig. . hows an ob liq ue view of 1The F ig. 2 photograph s
c oastal outc rops and struc ture . The  and F igs. 3, 4 and 5 show finer sc ale elements on b eac h exposures
F eltzen/Cunard c ontac t is extended ac ross the b ay b ased on a pauc ity of metasandstone b eds in the 
Cunard F m. which results in a smoother relief, and on a variab le magnetic signature (magnetic  profiles, 
F ig. 13 of P iper et al. 1986) reflec ting its iron mineral c ontent. A b edroc k ridge south of Cross Island 
presents a greater mic ro-relief assoc iated with pervasive orthogonal jointing. It lies several kilometres 
down-sec tion in the Cunard F m. and c orresponds with a diminished magnetic  signature (P iper et al. 
1986), suggesting a resistant sandy lithology. It is tentatively assigned to the Government P oint F m. of the 
upper Goldenville G roup; the overlying M oshers Island F m. is undifferentiated. The gab b roic  S helb urne 
D yke trend eastward from East Ironb ound Island also passes s and through the southern map area (F ig. 
1), inferred from aeromagnetic  data (Oakey and D ehler 2004). 

S truc ture and M ineralization
The b edroc k exhib its small ridges and valleys, commonly 5 to 10 m relief along the b edding planes, 
illustrated in s.2, 3, 4, 5 photographs, 6 sidesc an image and F igs. 7 and 8 multib eam shaded relief F ig  
images, as well as F ig. 6 on OF 8177 (K ing and Beaver, 2017b ), reflec ting variations in the roc k type, 
largely dependant on the grainsize. F olds, faults and jointing elements are mapped (F ig. ). Broad b ed 1
folding and plunging gives rise to the “S ”-form patterns. Tighter folds and minor faults oc c ur at the nose of 
an antic line in the S E map c orner (F ig  ). S ome spatial adjustment was made to the axis trends mapped .1
on land where their b etter-defined marine counterparts warranted. A satellite image (G eob ase, 2008) 
formed the b asis for adjusting axes east of Blue R oc ks.
 The antic lines demonstrate an elevated and variab le signal in magnetometer transec ts   (F ig. 9)
representing elevated mineralization, prob ab ly pyrrhotite (P iper et al. 1986), b ut gold is also c ommon in 
the area. Gold is assoc iated with q uartz veins, generally related to post-Ac adian b rittle and flexural-slip 
struc tures (b edding-parallel movement) with c ooling of the orogen (Horne and Culshaw, 2001). Coastal 
mining of rich plac er gold was c onduc ted at Cunard Cove in the late 1800s and some c laim work 
c ontinues b ut the prec ise b edroc k antic linal sourc e has not b een loc ated. 
 F aulting mall assoc iated drag folds a dominant ES E fab ric (F ig. ). F ault trac es typic ally with s  has  10
extend for 200 to 400 m and upwards of 1.6 km, often manifest as troughs up to 5 m deep with assoc iated 
sand and gravel-fill. W ell-developed orthogonal jointing charac terizes the Government P oint F m.

Q UATER N AR Y FEATU R ES  
A glac ial imprint on the b edroc k area is mainly in the form of drumlins and fluting and pluc king on the 
surfac e. The fluting orientation trends are fortuitously nearly identic al to the . The b edroc k lineations
primary fluting is ES E, compatib le with the main L aurentide  (P hase 1a of S tea, 1992) b ut glac ial direc tion
a sec ondary southern flow, stemming from the Escuminac  ic e c enter, is also present. Glac ial later 
pluc king has resulted in conc entric  exc avations, c onvex up-ic e in plan-view, 20 to 35 m ac ross and with 
steep up-ic e flanks. onic al pits in the b edroc k surfac e, up to 0.5 m deep and several metres Enigmatic c
ac ross are c ommon in the Cunard mem b er mainly ac ross the large  relatively smooth exposures , ,  and
south of Cross Island(F ig. ). They oc c ur sc attered or in dense patches and c ommonly follow  1 dots
b edding planes, either as patc hes or individual chains. Glac ial pluc king or weathering an unexplained 
phenomenon The surfic ial geology understanding is enhansed b y may have c reated these this feature. 
the seismic  data; interpreted transec ts are presented as geologic c ross-sec tions (F igs. 11a, b  and c).

D rum lins
M ost till c over on land oc c urs in drumlins. The red till matrix reflec ts a provenanc e from the Carb oniferous 
L owlands to the north b ut there is a predominanc e of loc al b edroc k c lasts in the glac igenic  deposits of the 
b ay (P iper et al. 1986). S ome of the highest c onc entrations of drumlins in N ova S c otia oc c ur in the 
L unenb urg area, yet drumlins or their remnants only oc c ur in inner Lunenb urg Bay.  The drumlin seaward 
limit oc c urs near Battery P oint and corresponds to the edge of a dense net of land drumlins; only a few 
drumlin oc c urrenc es extend to the headlands. Three of the b est developed drumlins oc c ur b etween 
Battery P oint and M oshers Head, with smaller features found landward of this (Head R oc k and Haddoc k 
R oc k). D rumlins within the b ay are smaller than their land counterparts with only 5 to 7 m relief. Long 
S hoal, off Battery P oint, is prob ab ly b edroc k-c ored and planed off at ab out 3 m water depth, presumab ly 
during transgression, leaving littoral deposits on its shoreward flank. This shipping hazard may also have 
b een dredged in times b efore registration of such ac tivities. Any drumlins that may have b een present 
elsewhere in the b ay have b een eroded, exposing the b edroc k platform. Indeed, F igure  shows a 12
partially eroded drumlin at Battery P oint and the R ed Head drumlin, east of Battery P oint, which were 
largely removed through wave ac tion in only dec ades. Here, drowned or destroyed drumlin remnants 
(map unit P G gb ) indic ate over 700 m of shoreline rec ession oc c urred here b ut even 300 m is c ommon 
along the wave-exposed Blue R oc ks shore. 

Ic e Contac t D elta
P iper et al. (1986) identified a “late till” readvanc e b ased largely on a gravel and b oulder-topped, 
c onstruc tional glac ial deposit (their unit c) lying over an angular unc onformity which c uts b asin-filling 
glac imarine deposits (units a and b ). The mound lies ab out 2 km south of the map; its proximal flank is 
shown in . A nearb y core (91-018; P iper and F ehr. 1991) intersec ts the b rown the F ig. 11c c ross sec tion
muddy distal eq uivalents of this mound, dating it to c a. 14.2 ka BP . A prograding distal component and the 
ab senc e of a ridge geometry suggests a meltwater-derived ic e c ontac t deposit rather than a moraine.

S hallow G as
S hallowly b uried conc entrations of methane gas in the harb our muds are shown on c ross-sec tions  , F igs.
11a 11band . R esultant loss in ac oustic  penetration loc ally prec ludes differentiation from the till (G t-g).

Bedform s
S everal sandwave fields are present in the c entral map area. They are straight-c rested with gravelly 
troughs and are only 15 to 20 c m high with wavelengths of ab out 40 m and superimposed with smaller 
b edforms (F ig   on  ) They are perched on the .7 ac c ompanying OF 8177, K ing and Beaver, 2017b .
landward flank of the sediment depoc entre and may reflec t ac c eleration of currents here. S torm driven t
c urrents influenc ing the north shore c irc ulate southeastward to this area b ut a weak profile asymmetry 
(F ig. ,  ) suggests net transport may b e uphill (to N W ). S maller dunes 3c OF 8176, K ing and Beaver, 2017a
or megaripples are also present in the outer b ay b ut have limited extent (F ig. 6, sidesc an image and 
through on the main mapsym b ology ). They are mainly low amplitude straight-c rested forms within or 
near the deeper end of linear troughs in the b edroc k rientations indic at  trough-parallel flow, . O e
suggesting loc al topographic funneling. Their oc c urrenc e here corresponds to maximum tidal c urrents 
predic ted from modeling (F ig ,  ) as do megaripples in the shorefac e off 3OF 8176, K ing and Beaver, 2017a
Corkum Island. W ave influenc e on seab ed sand and fine gravel is confirmed b y loc al oc c urrenc es of large 
wave ripples. W avelengths are b etween 0.5 and 2m and c restline orientations range from E-W , through 
N E-S W  to nearly N -S , reflec ting their ephemeral nature.
Curvilinear terrac e  in the c entral b ay apparently mark b oth depositional and erosional edges of  b rinks
sand b odies (and inferred salt marsh organic s) in sharp contac t with gravel, c ommonly in drainage 
channels. Typic ally with 0.5 to 0.7 m relief the terrac es are b est developed west of Cross Island and at the ,
b reak in slope at outermost R ose Bay. They attest to b oth channelized and less organized b ottom 
c urrents relic t featuresand are interpreted as , remnants of salt marshes analgous to the present (F ig. 13 
photograph).

M ud D epressions and M oats 
The mud of Lunenb urg Harb our exhib it b oth a smooth and sc ulpted surfac e loc ally, with linear and cone-s
shaped depressions of up to 2 m depth (F ig. , . Isolated depressions are 11a c ross sec tion, shallow end)
numerous, the largest exhib iting a b roadening and shallowing tail on the seaward side, suggesting 
dominant seaward-direc ted b ottom-current flow. S ome may nuc leate on mooring anc hors b ut their 
distrib ution extending well seaward of Battery P oint suggests natural nuc leation sites. L oc ally, strings of 
the depressions c oalesc e to form a moat. They are b est developed along the western flanks of larger 
features or example, around small till outc rops in the inner harb our, just b eyond the southern .F
shorefac e, along the eastern flank of small drumlins and a b ifurc ating example along the L ong S hoal and 
drumlin flank ig. ,  ). The depressions may also (b est illustrated in F 9OF 8177, K ing and Beaver, 2017b
inc lude gas-esc ape poc kmarks. The moats are assumed to reflec t areas of present-day c urrent 
ac c eleration although  may also have a relic t aspec t.some
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Figure .14  outer L unenb urg Interpreted environments and relative sea-level historyfrom an 
Bay ediment c ore penetrate  a lag and into a mud with a salt  s .This d sand and gravel down 
marsh and lagoonal affinity and into glac igenic  mud. It the mid  to further b arren samples dle
upper portion of the transgressive systems trac t (P gtst). seismic ally-mapped 
    The nearshore experienc ed emergenc e and eustatic -driven Atlantic coast of N ova S c otia 
transgression following glac ier retreat b ut experienc ing  with is presently  sub mergenc e
isostatic (b ulge) relaxation. This  a uniq ue loc ation n interveningis  c ore which c aptures a  
emergenc e 26 m dated at ~7 ka BP  wood /sub mergenc e at (present) water depth, (C-14, 
fragments). The waterlain glac ial sediment at the b ase represents input from a retreating 
glac ier sub seq uent presents two interpretation sc enariosmargin b ut the event evolution .
   , sea-level column and in F ig. 11c inferred to b e loc atedIf the hiatus (”U ” ) is  at the top of the 
b rown mud (103 c m), then the mud is part of Gm, deposited b efore glac ier map unit a minor 
readvanc e  Case 1 sea-level applies, such that most of the . In this sc enario, the c urve rec ord 
from the  periodwasremoved.  in the core the shallowing    If, however, no hiatus exists , then “U” 
horizon b asal lies b elow the core and the b rown glac igenic mud is a shallow marine or 
freshwater deposit formed marginal to the 14 ka glac ier  its final retreat to the c oast. ~ during
This sc enerio, Case 2, would  the 103 to 85 cm span a condensed sec tion and c onstrain as 
nec essitate a long period of stab le relative sea-level where eustatic and isostatic trends were 
in phase until isostatic  uplift out-pac ed eustatic  rise at ab out 7 ka, resulting in the finally 
emergenc e. Timing and amplitude of the relative sea-level swings for b oth ases 1 and 2, is C
q uite schematic . Interpretation and c ore sketc hes modified from S c ott & M edioli, 1982 and 
P iper et al. 1986.

Figure 2. Ob liq ue photograph showing the transition from marine to land in a b edroc k exposure 
setting similar to S c ulpin S hoal in the map area. F old struc ture in the F elzen F m. is c lear. 
S eaweed-c overed b edroc k outc rop with surrounding sand and gravel has a patchy till c over on 
land. Viewpoint b edroc k insert . shown on b oth main map and , F ig. 1P hoto, Bob Guscott, Nova 
Scotia Departm ent of Natural R esources. G S C 2008-184

Battery P t. town ofLunenb urg

Figure 1.  Bedroc k map with selec ted struc tural and feature elements and figure loc ations. S haded relief multib eam (offshore) and satellite (land) images in b ac kground. M agnetic transec ts A-B, C-D  in F igure 9.
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Figure .10 R ose plot of the b edroc k lineations in the map area and their lengths (b ox). M ost are faults, 
some with small drag folds indic ating sinistral movement and fewer with dextral. These are apparent 
b road troughs, loc ally several metres ac ross, and sand- or gravel-filled. The axis of the inner b ay 
parallels the dominant fault orientation while the outer b ay parallels the sec ondary b edroc k and glac ial 
trends. S ome examples may b e glac ial fluting as its orientation is nearly c oinc ident with the faulting 
(photo, ig. ).F 3
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LEGEN D

POSTGLACIAL SEDIMENTS

LATE TO POSTGLACIAL TRANSGRESSIVE SYSTEMS TRACT (TST)

GLACIAL MARINE SEDIMENTS 

BEDROCK

QUATERNARY

PRE-QUATERNARY

HALIFAX G R OU P

GOL D EN VIL LE G R OU P

Deposits derived m ainly from wave reworking of glacial sedim ents during the early 
postglacial m arine transgression (ca. 15 ka to present). Includes littoral gravel and sand 
lag deposits from various degrees of coastal washing in a transgressive system s tract. 
I deposited in areas of relatively n the late stages of sea-level rise, m ud blankets 
dim inished . L  is also recognized.wave and tidal currents  im ited anthropogenic m aterial

Sub- and pro-glacial m arine sedim ents deposited with retreat of the glacier to land and 
a subsequent m inor re-advance and retreat. T ill has a strong acoustic scattering affect 
generally registered as an acoustically incoherent signature. Blanket deposits, 
moraines and stacked tills are registered on ultra-high and high resolution seism ic 
profiles south of the m ap area. H owever, till in innermost Lunenburg Bay cannot be 
penetrated with the high frequency seism ic profiler utilized there. Deposit morphology 
surficial tex ture and im m ediately adjacent till on land is the basis for identification of the 
till. T he till is largely the equivalent to the Scotian Shelf Drift in the offshore (King and 
Fader, 1986) and the glacim arine is a shallow water, approx im ate equivalent of their 
Em erald Silt. Late P leistocene age from the Late W isconsinan glaciation.

LAT E NEO P R O T ER O ZO IC T O  EAR LY O R DO V ICIAN METASANDST O NE AND 
SLAT E O F T H E MEGU MA SU P ER GR O U P :  folded and jointed. O pen to tightly
R egionally m etamorphosed to greenschist facies. U ndifferentiated on surficial m ap 
(unit Mms). U nit and feature distribution and structure shown in Figure 1.

Ice-contact deposit: Acoustically incoherent and prograding signature in a 
constructional deposit unconform ably overlying transgression-cut glacim arine basin-fill 
deposits(Gm). Gravel and boulder lag on top and landward m argin. O ccurs two km 
south of the m ap, shown at southern ex tent of geologic profile A-A’A’’ only .   (Fig. 11c)
Deposit m arks the ex tent of “late till” of P iper et al. 1986. Seism ically correlated with a 
brown m ud in a nearby core dated at ca. 14 ka BP. (P iper and Fehr. 1991). T his 
represents a re-advance of the glacial m argin following transgression.

Glacimarine mud: Acoustically weakly or non-stratified, ponded in bedrock valleys or 
troughs. U nsampled in m ap area yet a m ud with significant sand and gravel com ponent 
is inferred from eroded derivatives. Deposited by proglacial m eltwater plum es, likely in 
shallow water, influenced by wave energy. Shown on geologic profiles only. 

Shallow gas: Subsurface accum ulation of interstitial gas. T his m anifests as an 
acoustic m asking or as enhanced horizon reflectivity in otherwise weakly reflective 
strata in the m ud. Biogenic m ethane escape m ay be responsible for the conical 
depressions (current-modified pockm arks). See tex t for ex planation. Subsurface data 
too lim ited to m ap distribution but generally associated with harbour m ud. Shown on 
geologic profiles only.

Till or shallow gas: U ndifferentiated; the profiler transects in the innermost bay and 
harbour are from a high frequency source and acoustically reflective and scattering 
shallow gas occurrences com monly m ake differentiation of this gas from the till surface 
equivocal. Shown on geologic profiles only.

Sandwaves / large sub-aqueous dunes: Field of composite flow transverse 
constructive bed feature of m edium to fine sand with coarse sand or gravel in the 
troughs, nearly sym m etric in profile and with slightly sinuous, sem i-parallel crestlines. 
Am plitudes from to several decim etres. Indicate periodic sand mobility/disturbance but 
direction or net flux uncertain. Fig   .11cintersects sandwaves about m id-profile.

Till: largely in the form of drumlins in the innermost bay and thin, discontinuous 
erosional remnants on bedrock. Land deposits are a largely heterogeneous m ix ture of 
clay, sand, gravel and boulders (diam ict) and in the m arine setting a surficial boulder 
cobble or sand and gravel lag is com mon. T his lag is m apped as unit P Ggb where it 
overlies the till. O therwise, till is shown only in the geologic profiles. 

Megaripples / small sub-aqueous dunes: Field of flow transverse discrete bedform s 
com posed of medium to coarse sand ex hibiting a sim ple ripple-like profile and 
moderate coherence in crest spacing (direction; not shown). Generally asym m etric in 
profile and with slightly sinuous, sem i-parallel crestlines or more rarely 3-D or highly 
sinuous crestlines. Com monly very thin sand on a gravel lag. Am plitudes unm easured 
but m ay be up to several decim etres. Indicate periodic sand mobility/disturbance. 
Generally unresolved on m ultibeam im ages .

MEGU MA SU P ER GR O U P : U ndifferentiated m etasedim ent .ary rocks

FELT ZEN FO R MAT IO N: grey slate and lam inated to thinly-bedded, fine-grained 
sandstone. (O ’Brien et al. 1985).

MO SH ER S ISLAND FO R MAT IO N: m etasiltstones, m etasandstones and slates at the 
base of the Cunard Form ation but here undifferentiated for lack of morphological or 
lithologic evidence.
GO V ER NMENT  P O INT  FO R MAT IO N: m etasiltstones interbedded with 
m etasandstones and slates ( W hite 20 ).O ’Brien and 12

CU NAR D FO R MAT IO N:  dom inated by black slate and thinly- to thickly-pyritiferous 
bedded sandstone (O ’Brien et al. 1985). Likely includes undifferentiated upper 
Goldenville Group.

Anthropogenic: Fill in the wharf areas, inferred. Also dredge spoils dumped south of 
Cross Island, im m ediately beyond the m ap boundary. Likely also present north of Cross 
Island but location unknown.  Dredge spoils shown with sym bols.

Vegetation: R ecognized locally only and in geologic profile. Identified from strong, 
point-source acoustic reflections above the seabed, probably due to  bubbles in gas
seaweed.

Salt Marsh: In cores only (Fig. 1). Brown and olive grey m ud with sand and gravel and 4
organics, including wood fragm ents. Salt m arsh foram iniferal fauna.

Littoral sand and gravel: Beach-ridge com plex with constructional geom etry. 
Generally occurs as flanking spits and landward tails on drumlins. 

Sand: W .ell sorted or silty or gravelly sand, som etim es with a shell com ponent 
G ex hibits is enerally  a smooth upper surface (only dm relief) and confined to valleys or 
bedrock-governed troughs. T hickness is generally less than a m etre but it m ay reach 
several m etres in the m id-bay depocentre. H ere it also contains a significant salt m arsh 
(organic m uddy) and gravel com ponent and a late glacial m ud at its base (all 
undifferentiated). It is locally reworked periodically into sandwave fields and 
m egaripples. T he sand generally overlies gravel and is derived from very local 
washing/reworking of underlying glacim arine or till deposits during the transgression.

Sand and gravel:  ravel with interspersed or patchy sand, som etim es with a shell G
com ponent. Smooth upper surface (only dm relief) and confined to valleys or bedrock-
governed troughs. T hickness is generally less than a metre. Derived from very local 
washing/reworking of underlying glacim arine or more locally, till deposits during the 
transgression.

Gravel and boulders:  W ith patchy sand between mounds and ridges. Differentiated 
from P Gg m ainly by its greater relief and occurrence on thick till, m ainly drumlin 
remnants. A thicker gravel deposit is inferred. Multibeam im age depicts a uniform but 
rough tex ture registering boulder/cobble ridges and mounds generated in high energy , 
littoral zone. Backscatter strength is generally high but mottling suggests a sand 
com ponent, especially on the north shore, partially derived from longshore drift. 
Derived in a littoral environm ent from thick, heavily washed/modified till in a slow 
transgression. P rovenance is local. Coastal drumlins have eroded back over 300 m and 
up to 700 m  Blue R ockson the wave-ex posed  shore.

Gravel: A partially or well washed lag over glacigenic deposits. Includes sm all surficial 
sand patches and com monly has a m ud com ponent. In prox im ity to till and bedrock 
outcrops the gravel is locally derived, reflecting its origin from underlying or adjacent 
thin till and/or glacim arine deposits washed in a littoral and sub-littoral environment. 
T he m ud com ponent m ay be derived directly from the till. In the inner bay, some of the 
m ud com ponent may be recent. In the central bay depocentre, the shallow sub-littoral 
(T ST ) deposits were locally channelized, leaving the gravel lag; here the m ud 
com ponent m ay be a salt m arsh derivative.

Recent mud: Acoustically transparent or weakly stratified on seism ic profiles. 
Generally with a smooth upper surface ex cept where artificially dredged or where 
current moats and conical depressions up to 2 m deep are present.  Deposits are either 
ponded in basins south of the m ap area (equivalent to unit d of P iper et al. 1986), or as a 
blanket deposit, often with abrupt tapered depositional m argins in the inner bay. 
T hicknesses of at least 3 m are registered. Com monly shallow gas is m anifest within 1 
to 2 m of the seabed. Mud distribution in the outer harbour is governed by storm and 
wind-driven currents which carry the fine component of coastal till eroded in storms 
im pacting the north shore (Blue R ocks vicinity) to the Battery P oint area and then south 
and east to deposit almost as far as T he O vens. Inner harbour distribution is restricted 
to lower energy areas in progressively decreasing water depths toward the inner 
harbour, reflecting dim inishing wave and tidal influence.  Eel grass is com mon. Derived 
m ainly from washed/modified coastal till deposits at the late stages of a transgression 
environm ent. Sea-level constraints, though loose, indicate a late H olocene age.

U transgressive system s tract (T ST ) deposits the  (cross ndifferentiated in sub-surface
sections)but    differentiated on the seabed as various sand and gravel m ap units
(below).T hese units lie on a nearly continuous seism ically-defined angular  
unconform ity on glacigenic deposits , (“U ”, ) to 75 m  or bedrock in cross sections, Fig. 11
water dept and on topographic highs to 100 m water depth  form ed by wave h . Deposits
base and littoral  with postglacial modification of m ainly glacial m aterial the -
transgression. T his was interrupted by the ca.14 ka glacial re advance, and continues -
to the present; thus it is highly tim e-transgressive. , despite the “P G” Accordingly
designation,it spans the late glacial re advance. Generally the sub-units of this T ST   -
cannot be differentiated seism ically. R ather, cores, deposit features, geom etry and 
relations together with backscatter from m ultibeam are to interpreted infer 
environm ents of proglacial m arine m ud, transgression lags, littoral and sub-littoral 
sands and gravel, m uds from a restricted bay and salt m arsh organic muds. and T hese 
are differentiated at the seabed into the P G m ap units below.
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Q UATER N AR Y D EP OS ITS
D ifferentiation of Q uaternary horizons and deposits is b ased on geomorphology, geophysic al rec ords, 
limited sampling and an understanding from adjac ent land and areas farther offshore. A c omposite 
summary of the follows.seq uenc e of seismo-stratigraphic units 

1. Till (G t or G t-g), oc c urs as drumlins and disc ontinuous deposits, up to several metres thic k, infilling 
b edroc k topographic lows. The till generally has a washed gravel-c ob b le “pavement” with interspersed 
sand c over.  
2. Glac imarine muds and diamic ts (G m), generally with a weak, rhythmic ac oustic  stratific ation, 
unc onformab ly infilling b edroc k topographic lows and c onformab ly overlying till. The muds are generally 
c apped with paleo-littoral and -sub littoral sand and gravel seab ed veneers (map units inc luded in P G tst, 
c m to dm thic kness) derived from redistrib ution of c oastal erosion produc ts and with continued c urrents 
and wave ac tion in shallow areas. 
3. An unc onformity, loc ally angular over the glac imarine mud, lab elled “U” , is derived b y ,  in c ross-sec tions
glac ial sole erosion or b y b asal marine transgression (ravinement surfac e of a transgressive systems 
trac t) and has a signific ant diachronic ity.
4. A thic k construc tional deposit (G ic) lying on the unc onformity, loc ated immediately south of the map 
b oundary, with an overlying distally-situated (seaward) ponded and well stratified mud fac ies. The 
proximal side of this deposit is intersec ted on the southernmost part of F igure  . S ee “Ic e Contac t 11c
D elta” under “Q uaternary F eatures”.
5. Estuarine and lac ustrine deposits identified from sediment cores tidal-flat and drainage channel and 
seab ed morphology in the ,  b etween Cross Island and R ose P ointmid-b ay landward of the b edroc k sill . 
Though such deposits have not b een rec ognized in the seismic profiles, the paleo tidal flat environment 
has likely preserved ample remnants in areas protec ted from erosion, such as b etween b edroc k ridges or 
in low-lying topography.
6. Glac ial and c oastal deposits have b een cut, eroded and the aggregate redistrib uted into thin b lankets 
(loc ally up to several metres thic k) b y littoral and shallow sub littoral proc esses at times of lower sea level. -
These seab ed sand and gravel fac ies of unit P G tst generally c ap b edroc k or older glac ial deposits. They 
extend b eyond the headlands, generally within the c onfines of lower-lying topography where apprec iab le 
thic knesses developed. Those with a c onstruc tional geometry are not well preserved exc ept for 
numerous shallow b oulder ridges in ab out 3.5 m water depth and gravelly ridges approximately 0.5 m 
high along the landward side of two outermost harb our drumlins. A linear interpolation of sea-level 
change sinc e the mid-b ay emergenc e indic ates drowning of this drumlin less than . one millennium ago
The pauc ity of coastal deposits is likely due to wave destruc tion. This is consistent with the ab senc e of 
drumlins over the well-washed b edroc k platform despite their presenc e on adjac ent land.
7. Ac oustic ally transparent mud (P G m), oc c urs either ponded in the harb our, as a b lanket deposit, or as 
c urrent-governed tongues extending to just b eyond Battery P oint. The latter have a slight c onstruc tional 
geometry indic ating their influenc e b y currents oriented along the b ay axis. Harb our-situated muds may 
have b een tidal flat/marsh which eventually flooded with the transgression, at which time invigorated tidal 
c urrents eroded the depressions and moats. Alternatively, periodic ally mud supply from mid b ay c oastal 
erosion is transported to the harb our. S uch proc ess rates must b e low, given that dredging shovel sc ars 
from 2 dec ades or more ago remain exposed. The mud c ommonly exhib it b iogenic methane gas just 
b elow the seab ed.

G L ACIAL  AN D   P OS T-G LACIAL  EVOL UTION  
Beginning sometime after a mid-W isc onsin interstadial (ic e-free conditions 25 to 40 ka), the W isc onsinan 
glac iation covered all of N ova S c otia, evolving through several phases of flow direc tion, pattern and 
thic kness with changing regional and loc al ic e divides (c.f. S tea et al. 1998). It reac hed the continental 
shelf-b reak and retreated diachronously in a pattern from S W  to N E, from ab out 22 to 18 ka, with 
punc tuated shelf-b ased still-stands and minor re-advanc es (K ing 1996) retreating to the headland areas 
b y ab out 13 ka b efore diminishing to loc al land-b ased c aps. This was followed b y a signific ant c limate-
driven advanc e ab out 10.5 ka b ut restric ted to northern parts of the provinc e (S tea, et al. 1998). 
 W ithin this framework, findings spec ific to the map area inc lude a large mollusk dated to ~28 ka, 
reworked into transgression-related sands just south of Cross Island (P iper and F ehr 1991). This 
provides perhaps the b est time c onstraint on the interstadial on the S c otian S helf. Ic e flow phases are 
represented in striae at the Ovens N atural P ark, for example, and show a swing from east south east to 
southeast and then southerly followed b y latest flow, prob ab ly more nomal to the c oast (S E) again. Both 
the early W isc onsinan Hartlen Till and the L ate W isc onsinan L awerenc etown Till eq uivalents are present 
in the area (S tea et al. 1998). D rumlins developed in the S E phase b ut loc ally nuc leated on older forms 
(Hartlen Till eq uivalent). The late glac ial still-stand or readvanc e  represented b y the ic e contac t delta just 
seaward of the map area was restric ted to the L aHave to eastern M ahone Bay area (P iper et al. 1986)  . It
has a minimum ~14.2 ka  age, dated from overlying b rown mud (P iper and F ehr 1991). The marine rec ord 
offshore of this shows a return to more proximal stratified F ac ies A of the Emerald S ilt (K ing and F ader 
1986), prob ab ly assoc iated with this re-advanc e. S tea (1995) termed a similar event on the eastern N S  
shore the “Yankee Bank” F m; this may b e a c orrelative. 
 The interplay of post-glac ial sea-level rise and isostatic adjustment c om b ined with the paleo-
geography setting has resulted in preservation of some c oastal deposits which are not generally 
rec ognized elsewhere. The transgression effec tively erode  and redistrib ute  most sediment and even d d
modifie  the b edroc k surfac e. hort sediment c ores c ollec ted in the sill-protec ted c entral b ay (1978-9) d S
(F ig. ) intersec t the glac ial and overlying deposits which are rec ognized in the c ross-sec tions b ut 14
undifferentiated seismic ally. They reveal b arren b asal red stratified muds (glac igenic), overlying peb b ly 
sands and muds prob ab ly c orresponding to the ravinement surfac e and overlying peaty mud with a dated 
wood fragment (7ka) followed b y salt marsh b rown muds b ounded ab ove b y nearshore sands. This  
indic ates glac ial retreat from the c entral b ay followed b y b asin filling with proglac ial material, evolving to a 
tidal and marsh environment as the sea incurred at ab out 7 ka. There must have b een short-lived fluvial 
drainage through the paleo-narrows b etween R ose P oint and Cross Island ac ross a sill at just over minus 
35m elevation. However, lac ustrine and estuarine environments lying near 26 m elevation were soon  
flooded and coastal proc ess then dominated. Existing deposits were reworked in the littoral and sub -
littoral zone throughout the sea-level rise with the c oarsest aggregate forming a protec tive lag and the 
mud produc ts pushed into the harb our and distrib uted ac c ording to hydrologic energy levels in a similar 
pattern to the present.
 
Table 1: summarizes the Q uaternary setting and events in relation to the map units.
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Figure .13 This salt marsh at Eel P ond, with its drainage channels is a present-day analogue of 
the -2 m  in the mid-Bay (P gsm). G S C 2008-183sub merged marsh (6 ) S ee also F ig. 14. Figure .12  A oriented eroding drumlin on the north shore of the b ay c omprises red southeast-

silty till with sparse b ut mixed erratic s. The adjac ent offshore eq uivalents (G t) would b e similar. 
The littoral b oulders and cob b les are the eq uivalent of unit G P gb ; the largest are granites. 
G roundwater seepage has a c olour influenc e . G S C 2008-180 in this b luff exposure

Figure .5 The south shore of R ose Bay has near vertic alstanding dark fissile slates of the -
Cunard F m. The cleavage is at an ac ute angle to the b edding. M inor faulting nearly normal to 
the b edding (S E trend) shows ab out the same throw as lateral offset. G S C 2008-185

Applies to b oth S urfic ial G eology (main) map and Bedroc k M ap, F ig. 1, lower left.

Geological contact (m ap unit boundaries interpreted from m ultibeam-sonar
 bathym etry and geophysical seism ic-profile data  nferred contacts that )I
 m ay be gradational or conceptual in nature; 
 defined, approx im ate, lim it of mapping  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T rawl m arks (parallel sets of lineations in  the seabed  reated from the disturbance cut to )C
 of sedim ents by otterboards or scallop dredges during bottom trawling . . . . . .. . . . . . . . . . . . . . 
Anchor scour urvilinear scar from disturbance by anchor drag) . ... . . . . . . (c seabed   
Dredge spoil (ircular mound, enerally underc debris dum ped from sea surface) G
 higher than am bient15 m diam eter with  acoustic backscatter (coarser tex ture). 
 generally  “doughnut”- shapedIn m ud occurrences it has a low relief (<0.5 m)
 circular berm around a central pit. R s  eflect seabed im pacteffect and subsequent
  m udcurrent-induced moat developm ent. Most m aterial originatesfrom harbour 
  dredging but som e m ay be from outer-harbour till dredging attem pts. Most recent
 beyond spoils were placed south of Cross Island the m ap boundary . . . . . . . . . . . . . . . . . . . . . .

P ower cable (lectrical transm ission cable  o Cross Island. Shown only where im agede )T
  on sidescan sonograms in sandy seabed areas. Burial state is probably ephem eral;
 ( )            ex posed, buried   . .. . . . . . . . . .. . . .. .. . . . . .. .. . . . . . . .. . . .. . .. . . .. . .

Sandwaves / large sub-aqueous dunes (ield of com posite flow transverse f large 
 constructive bed feature  edium to fine sand with coarse sand or gravel in s)M
 the troughs, nearly sym m etric in profile and with slightly sinuous, sem i-parallel 
 crestlines. Amplitudes  to several decim etres. Indicate periodic sand up
 mobility/disturbance but direction or net flux uncertain.  Fig  ) . . . . . . . .(intersected on .11c
Megaripples / sm all sub-aqueous dunes (ield of com posite flow transverse f sm all 
 constructive bed feature omposed of medium to coarse sand ex hibiting as) C
 sim ple ripple-like profile and moderate coherence in crest spacing (direction;
 not shown). Generally asym m etric in profile and with slightly sinuous, sem i-
  parallel crestlines or more rarely 3-D or highly sinuous crestlines. Com monly
 very thin sand on a gravel lag. Am plitudes unm easured but m ay be up to several
 decim etres. Indicate periodic sand mobility/disturbance. Generally unresolved
 ;on m ultibeam im ages
 (3-dim ensional, 2-dim ensional)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
W ave/O scillation R ipples (ield of straight-crested bed feature  orm ed by oscillatory f s)F
 nearbed flow over coarse sand and fine gravel (in the troughs), sym m etric in 
 profile and with parallel or occassionaly birfurcating crestlines. Indicate periodic 
 seabed disturbance by storm waves. W avetrain aligned with direction of current. 
 U nresolved on m ultibeam im ages.  Approx im ate crestline orientation shown. 
 ee Figure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . s also 6
P ockm ark (one-shaped depression resulting from erosion of mud by venting gasc )
 Cone is commonly elongated. Association with shallow gas suggests m ethane 
 escape and erosion/flushing of the m ud as a prim ary origin but the elongated 
 ex am ples, generally confined to the southern harbour, are current enhanced 
 despite weak tidal currents here. Som e ex am ples m ay be entirely 
 current-induced, nucleating on hard, protruding anchor blocks or boulders  . . .. . . . . . . . . . . . . . 
Moat (rough in m uddy sedim ent enerally following the base of a flank, t )G
 occasionally ex posing coarser sedim ent below. Form ed from either erosion or 
 non-deposition of m ud from topographically accelerated currents. Som e genetic 
 relationship to pockm arks, probably as nucleation sites where onlapping m ud 
 preferentially degasses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Drainage channel (paleo-channel robably tidal-dom inated in a salt marsh )P
 environment. U p to 1 m relief, generally with a fine gravel base . . . . . . . . . . . . . . . . .
Drumlin (ill-cored streamlined hill or ridge ong ax is parallels direction of glaciert ) L
 flow and demonstrate a strong SE flow trend with less than 25 degrees variation. 
 T he m arine ex am ples are heavily armoured with gravel and cobble . . . .. . . . . . . . . . . . . . . . .  

Boulders (large enough to cast acoustic shadow on sidescan sonogram  )
 Equivalent toP Ggb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bedrock (utcrop with m inor cover of gravel, sand and/or boulders picted only o )De
 in areas along survey tracks with sidescan sonogram and no multibeam 
 backscatter coverage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shelburne Dyke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(gabbro intrusive) See Figure 1

Fault (ineation with m inor offset of bedding planes ffsets generally inferred from l )O
 land in features with sim ilar orientation but sm all drag folds locally registered. 
 Sinistral and less commonly dex tral motion. ee ig ) . . . . . . . . . . . . . .(S also F ures 1, 3,10
Joint (ineation with no offset of bedding planes enerally short with orthogonal l )G
 pattern. Most com mon in sandier Ggp and H fel units. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Anticline (certain, inferred, concealed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Syncline (certain, inferred, concealed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U ndifferentiated (folds in the vicinity of the nose of a plunging anticline) . . . . . . . 
Bedrock pit (circular pit on the ex posed bedrock surface  n the upper Cunard Fm. )I
 Diam eter from 4 to 6 m and depth from 0.5 to 2 m. O rigin unknown; possibly 
 carbonate nodule weathering or glacial plucking. No such features are 
 observed on glacially smoothed land ex posures along strike . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P hoto site (photograph viewpoint and direction) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Shoal or Ledge     . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .
Cross section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Core location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
O ceanographic moorings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dredge lim its . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Magnetic transects  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (See Figures 1 and 9)
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