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Figure 5. Detailed topog raphy of sand waves and m eg aripples on G eorg es Bank (u pper) and topog raphic cross section (lower). Direction 
of cu rrent flow and sedim ent transdport is from northwest to sou theast. Meg aripples occu r on the u p cu rrent slope, or stoss, of the sand 
waves. Meg aripples are less than 2 m  in heig ht; sand waves in this field reach 14 m  in heig ht.  

Figure 6. Detailed topog raphy of sedim ent waves on G eorg es Bank (u pper) and topog raphic cross section (lower).T he sedim ent waves 
reach 10 m in heig ht with an averag e base width of approxim ately 90 m . Distance between crests is abou t 150 m .

Figure 7. Detailed topog raphy of barchans on G eorg es Bank (u pper) and topog raphic cross section (lower). T he larg est barchan is abou t 10 m  in heig ht with a base width of abou t 140 m .
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DES CR IP T IV E N O T ES

G eorg es Bank is a shallow su bm arine bank that lies sou th of N ova S cotia and east of Cape Cod, 
Massachu setts (Fig . 1). It bou nds the seaward side of the G u lf of Maine and rises more than 300 m etres 
(m ) above the G u lf of Maine seafloor. T he bank is approxim ately 280 kilometres (km ) long  and 150 km  
wide and has an area of 42,000 squ are kilom etres (km ) in water depths less than 200 m  (Canadian 
Hydrog raphic S ervice, 1990, 1997; V alentine et al., 1992). T he Fu ndian Channel and G eorg es Basin 
bou nd G eorg es Bank to the north; N ortheast Channel bou nds the bank to the northeast and separates it 
from  Browns Bank on the S cotian S helf (Fig . 2).T he international bou ndary between Canada and the 
U nited S tates transects G eorg es Bank, and the eastern part of the bank (~7500 km ) lies in Canadian 
territory. Most of the Canadian portion of G eorg es Bank has water depths between 60 and 90 m .

T he bank waters are characterized by energ etic tidal cu rrents associated with the near resonance 
that exists between the principal lu nar semidiu rnal tidal component (M2) of the tide that represents 90% 
of the bank's tidal energ y and the natu ral oscillation period of approxim ately 13 hou rs of the Bay of 
Fu ndy–G u lf of Maine system  (Brown and Moody, 1987; G reenberg , 1990). T he m ajor axis of the 
sem idiu rnal tidal cu rrent ellipse is oriented northwest–sou theast across the bank, and the am plitu de of 
this cu rrent near the seabed increases from  less than 10 centim etres per second (cm /s) along  the deeper 
sou thern flank to g reater than 100 cm /s on the relatively shallow northern edg e of the bank (Bu tm an and 
Beardsley, 1987). O n the shallowest portions of G eorg es Bank (<50 m ), tidal cu rrents are so strong  that 
com plete vertical m ixing  of the water colu m n occu rs throu g hou t the year (Bu tman and Beardsley, 1987). 
T hese strong  cu rrents also form  larg e sand bedform s (Jordan, 1962; S tewart and Jordan, 1964; T odd and 
V alentine, 2012) and continu ou sly rework the su rficial sedim ents, thereby removing  m ost of the clay, silt, 
and fine-g rained sand and leaving  coarse-g rained sand and g ravel (T wichell et al., 1987; Bu tm an, 1987).

T his map shows the su rficial g eolog y of a portion of the Canadian seg m ent of G eorg es Bank at a scale 
of 1:50 000. S u rficial sedim ent type is coded by colou r on the map. T his su rficial g eolog y m ap has a 
com panion m ap of shaded-relief seafloor topog raphy (T odd et al., 2013) and backscatter streng th 
im ag ery that shows the relative reflectivity of the seafloor su bstrates in response to sou nd waves (T odd 
and Cou rtney, 2014). T he m aps are based on m u ltibeam -echosou nder su rveys condu cted in 1999 and 
2000 to m ap 11,965 km  of the seafloor (Fig . 3). Details of the m u ltibeam -echosou nder data collection 
and processing  are provided by T odd et al. (2013) and Todd and Cou rtney (2014). T he shaded-relief 
seafloor topog raphy and backscatter streng th data, su pplem ented by sediment g rain-size analyses and 
seabed photog raphs, provide a basis for interpreting  the orig in of seafloor featu res and the natu re of 
m aterials that form  the seafloor. O n this m ap of su rficial g eolog y, water-depth contou rs g enerated from  
the m u ltibeam - echosou nder data are shown (in white) on the colou r-coded su rficial g eolog y imag e at a 
depth interval of 10 m. Bathym etric contou rs (in blu e) ou tside the m u ltibeam  su rvey area, presented at a 
depth interval of 25 m etres, are from  the N atu ral Resou rce Map series (Canadian Hydrog raphic S ervice, 
1966, 1967, 1971, 1972).

T he com plete series of G eorg es Bank, Fu ndian Channel and N ortheast Channel seafloor 
topog raphic m ap coverag e com prises nine adjacent map areas at a scale of 1:50 000 (index m ap). In 
total, eig hteen m aps constitu te the G eorg es Bank, Fu ndian Channel and N ortheast Channel m ap su ite 
(two m aps showing  seafloor topog raphy and backscatter streng th per map area). O nly S heet 4 has an 
associated su rficial g eolog y m ap.

T he present morpholog y of the G u lf of Maine, G eorg es Bank, and the Fu ndian and N ortheast 
channels displays the im print of m u ltiple g laciations du ring  the P leistocene epoch. Du ring  the last 
g laciation of the P leistocene, the W isconsinan, the Lau rentide Ice S heet extended sou theastward from  
central Canada across Maritim e Canada and N ew Eng land to the present northern m arg in of G eorg es 
Bank and the continental shelf edg e off N ova S cotia. T he Fu ndian and N ortheast channels were a major 
ou tlet for g lacial ice to the Atlantic O cean (

S haw et al., 2006). Based on the m apping  of g lacial g ravel collected from  the seabed in the G u lf of 
Maine reg ion, P ratt and S chlee (1969) and S chlee and P ratt (1970) reported that g lacial ice lapped onto 
the northern m arg in of G eorg es Bank. 

2

2

2

IN T RO DU CT IO N

G EO LO G ICAL HIS T O RY
T he m orpholog y of the G u lf of Maine and G eorg es Bank is the resu lt of marine sedim ent deposition 
du ring  the Mesozoic (65–251 m illion years ag o) and Cenozoic (present–65 m illion years ag o) eras, 
erosion du ring  the Tertiary period (1.8–65 million years ag o), and g lacial erosion and deposition du ring  
the P leistocene epoch (11,430 years to 1.8 million years ag o) of the Qu aternary period (U chu pi and 
Bolm er, 2008). S eism ic reflection profiles show that beneath the su rface of G eorg es Bank there is a 
prominent u nconform ity form ed on late Cretaceou s and T ertiary sedim entary rocks (King  and MacLean, 
1976; Lewis et al., 1980). T he su rficial sedim ent overlying  the u nconformity form s a veneer of g lacial 
debris transported to G eorg es Bank and other G u lf of Maine banks du ring  the late P leistocene epoch 
from  continental areas to the north (S hepard et al., 1934; Knott and Hoskins, 1968; O ldale and U chu pi, 
1970; S chlee, 1973; S chlee and P ratt, 1970; Fader, 1984; Fader et al., 1988; T odd et al., 2007). Du ring  
the post-g lacial Holocene epoch (~12,000 years before present), sea level rose from  a low stand 120 m  
below the present sea level (Em ery and G arrison, 1967; King  and Fader, 1986) and the bank was 
su bm erg ed ~6000 BP  (radiocarbon years) (S haw et al., 2002). G eorg es Bank su rficial sedim ents were 
reworked and redistribu ted by m arine processes du ring  sea-level transg ression and continu e to be 
reworked u nder the m odern oceanic reg ime (Bu tm an, 1987; T wichell et al., 1987; U chu pi and Au stin, 
1987; V alentine et al., 1993).

Dyke et al., 2002; S chnitker et al., 2001; Hu ndert, 2003; S tea, 
2004; 

Moraines were emplaced on the northern part of the bank and 
sand and silt ou twash spread sou thward. T he g lacial m axim u m  was followed by a m u lti-phased retreat of 
the ice front and the incu rsion of m arine oceanic waters into the G u lf of Maine throu g h the N ortheast 
Channel. W ithin the g u lf, ice front retreat and g laciom arine deposition beg an as early as 18 ka with 
g rou nded ice absent from the G u lf of Maine by approxim ately 14 ka (King  and Fader, 1986; S chnitker et 
al., 2001).

Hig h-resolu tion seismic-reflection data were collected over G eorg es Bank, Fu ndian Channel and 
N ortheast Channel in 1999, 2000 and 2002 (Fig . 3; T odd et al., 2000, 2001, 2003) in order to complem ent 
the historical g eoscientific inform ation in the area and to assist the interpretation of the m u ltibeam -
echosou nder data. T he systems deployed inclu ded a Hu ntec Deep T ow S eismic (DT S ) boomer, a sing le-
channel sleeve-g u n seism ic reflection system , and a S imrad MS 992 sidescan sonar (120 and 330 kHz). 
T he g eophysical su rveys investig ated different seafloor types and featu res identified u sing  the 
m u ltibeam  bathym etric and backscatter data (T odd et al., 2013; T odd and Cou rtney, 2014).

U sing  a 0.75 m  Institu tt for Kontinentalsokkel-u ndersøkelser (IKU ) g rab sam pler, seafloor sedim ent 
sam ples were collected at sites best su ited for g rou ndtru thing  mu ltibeam imag ery and g eophysical 
profiles (Fig . 3). T he sites were chosen to collect seafloor sedim ent sam ples representative of broad 
areas sharing  similar g eom orpholog y (Todd et al., 2013) and acou stic backscatter response (T odd and 
Cou rtney, 2014). G rain size analysis provided the percentag e of g ravel, sand and m u d (silt+clay) in each 
sedim ent sam ple. T hese data were au g m ented by sedim ent sam ples and g rain size analyses from  the 
U S  G eolog ical S u rvey (P oppe et al., 2005). G rain size descriptions based on the sam ples adhere to the 
W entworth size class schem e for clastic sediments (W entworth, 1922).

T he m u ltibeam  bathym etric and backscatter data and the seism ic-reflection profile data were u sed to 
identify locations where seafloor photog raphs were collected u sing  Cam pod, an instru m ented tripod 
equ ipped with obliqu e-and downward-oriented video and still cameras (G ordon et al., 2007). Campod 
was deployed while the ship slowly drifted across sites of g eolog ical or biolog ical interest and was 
repeatedly landed on the seabed to obtain still photog raphs, thereby collecting  hig h-resolu tion imag ery 
along  transects of 30 minu tes du ration that traversed u p to 1000 m, depending  on the cu rrent speed. 
Abou t 10 still im ag es, each showing  an area of 0.96 m , were acqu ired per transect. In 2008, 401 seafloor 
photog raphs were acqu ired at 25 stations in the m ap area by the U S  G eolog ical S u rvey u sing  S EABO S S , 
a m u lti-instru m ented platform  equ ipped with a still cam era (Blackwood et al., 2000).

S yvitski (1991) showed that a com plete deg lacial sequ ence consists of som e or all of the following  
featu res: ice-contact sedim ents, ice-proxim al sediments, ice-distal sedim ents, parag lacial coastal 
sedim ents, and post-g lacial sedim ents. T he Qu aternary stratig raphy of G eorg es Bank described here 
follows this deg lacial sequ ence schem e. Earlier interpretations of su rficial g eolog ical form ations on 
G eorg es Bank were based on a reg ional u nderstanding  of the G u lf of Maine and S cotian S helf (Fader et 
al., 1988; Fader et al., 2004). T he form ation names corresponding  to the deg lacial sequ ence nam es 
described here are noted in the leg end and are shown in Fig u re 2. T he veneer of Late W isconsinan g lacial 
sedim ent em placed on G eorg es Bank likely consisted of, from  north to sou th, ice-contact sedim ents, ice-
proxim al sediments, and ice-distal sedim ents. T his veneer is 20 to 50 m  thick, is g enerally devoid of 
internal seismic reflectors, and is incised in places by channels (Fig . 4) (Lewis et al., 1980). T he bank is 
now isolated from  other sedim ent sou rces by deep basins, and the postg lacial sediments that now cover 
the m ap area were derived from the reworking  by cu rrents and waves of g laciog enic deposits. T he 
present-day sediments are equ ivalent to the S able Island S and and G ravel Form ation (Fig . 2, Drapeau  
and King , 1972; Fader, 1984). In som e areas, winnowing  of finer-g rained sediment (silt and sand) from  
postg lacial sedim ents resu lted in g ravel lag  deposits that effectively arm ou r the u nderlying  sand and 
g ravel ag ainst erosion. T he m orpholog y and extent of postg lacial sedim ents are interpreted from  the 
shaded relief m ap (T odd et al., 2013), the backscatter streng th m ap (T odd and Cou rtney, 2014), seafloor 
sedim ent sam ples, photog raphs, video transects, and g eophysical data (Todd et al., 2000, 2001, 2003).

Based on g eophysical, g eolog ical, and photog raphic evidence, two Qu aternary sediment u nits are 
m apped on G eorg es Bank. T he area desig nated as postg lacial sand and g ravel (P G ) is a well-sorted, 
g enerally coarse-g rained sand, g rading  to rou nded and su brou nded pebble and cobble g ravel (Fig . 5A), 
which form s a widespread su rficial lag . T he lag  is overlain in places by well-sorted postg lacial sand (P G s) 
occu rring  m ainly as bedform s (Fig . 5B). T he bedform s are the most prom inent g eom orpholog ical 
featu res on the bank, are form ed throu g h sedim ent transport by strong  tidal cu rrents. Mu ltibeam -
echosou nder sonar mapping  of the Canadian portion of G eorg es Bank has provided u nprecedented 
views of the morpholog y and distribu tion of these bedform s. In areas where g rou nd-tru th data were 
sparse, identification of sediment u nits was based on nearby backscatter and topog raphic im ag ery that 
had been g rou nd-tru thed u sing  sediment sam ples, photog raphs, and video im ag es.

Bedform s
At water depths of approxim ately 60 m  or less, sedim ent on G eorg es Bank is continu ally reworked by tidal 
cu rrents and episodically by storm-g enerated cu rrents, resu lting  in a hierarchy of cu rrent-g enerated 
bedforms in sand-rich areas. T hree types of bedforms are present in this m ap area. T he first type occu rs 
in sand-rich areas where m obile sand waves composed of m ediu m  to coarse sand are wave-like 
g eometric config u rations of the water–sedim ent interface that are form ed by flu id flow over an erodable 
g ranu lar bed. T he crests of the sand waves trend is approxim ately sou thwest–northeast, norm al to the 
m ajor axis of the sem idiu rnal tidal cu rrent (Bu tm an and Beardsley, 1987). S and wave crests display a 
com plex anastom osing  pattern in plan view (Fig . 6, u pper panel). S u perim posed on the sand waves and 
sharing  the sam e g eneral crest orientation are m eg aripples and ripples; these featu res have sm aller 
waveleng ths and heig hts and exhibit a complex three-dim ensional pattern in plan view. T he sand waves 
have waveleng ths of 50–300 m  and reach heig hts of 19 m. In cross section they are asym m etric with 
g ently-sloping  u pcu rrent (or stoss) faces, and steeply-dipping  downcu rrent (or lee) faces (Fig . 6, lower 
panel). T his cross-sectional attribu te of the sand waves, tog ether with their crest orientation and overall 
distribu tion on the bank, indicates that the reg ional direction of sedim ent transport is from  northwest to 
sou theast. T he presence of sand waves indicates that flu id velocities on G eorg es Bank are su fficient to 
erode and transport su rficial sedim ent. S and waves are m ig ratory featu res and their heig ht, waveleng th, 
and speed and direction of m ig ration are a fu nction of sedim ent g rain size in the eroding  bed, water depth, 
and cu rrent velocity (see su m mary of references in W hitmeyer and FitzG erald, 2008). 

T he second style sand wave occu rs within relatively sm all areas on G eorg es Bank. T hese bedform s 
have com paratively straig ht crests trending  sou thwest–northeast, similar in orientation to crests within 
the sand wave fields (Fig . 7). althou g h we lack direct sedim entolog ical evidence for the com position of 
these featu res, their backscatter streng th is sim ilar to that of the sand wave fields and su g g ests that they 
are com posed of well-sorted sand. T hese sand waves differ from  those in the sand wave fields described 
above in that their sim ple, relatively straig ht crests show no bifu rcation pattern. Also, in contrast to the 
asym metrical profiles of the m obile bedform s within the sand wave fields, these featu res are symm etrical 
in profile (Fig . 7). W e hypothesize that they are relatively im m obile. Another difference between the 
m obile and im mobile sand waves is their stratig raphic position. T he m obile sand waves are perched on 
top of the reg ional lag  g ravel su rface at relatively shallow water depths (<~70 m ), whereas the im m obile 
sand waves are located within bathym etric lows (>~70 m ) where tidal cu rrents velocities are presu m ably 
weaker. O nly the crests of the im m obile sand waves reach the bathym etric level (<70 m ) of the 
su rrou nding  terrain. T he ends of these featu res often term inate in distinct depressions, or m oats (Fig . 7), 
g iving  the visu al impression that they are carved ou t of the su rrou nding  m aterial. T hey closely resem ble, 
in their m orpholog y and orientation to tidal cu rrent direction, sand featu res m apped in the G reat S ou th 
Channel at the western end of G eorg es Bank, which are im mobile (bu t have m obile su rfaces) and are 
separated from each other by pebble and cobble g ravel lag  pavem ents (V alentine et al., 2002).

Finally, barchan du nes are present on g ravel lag  in sand-starved reg ions of the bank (Fig . 8). T hese 
du nes are com posed of m ediu m  to coarse sand (T odd et al., 2000), are crescentic in planform , and are 
convex to the northwest, with steep lee faces facing  sou theastward in cross-sectional view. T heir 
asym metry is sim ilar to the m obile sand waves and su g g ests sou theastward movem ent. Intrig u ing ly, the 
allom etric relationship between barchan heig ht and width on G eorg es Bank is different than the same 
relationship for barchan du nes m easu red on nearby Browns Bank (T odd, 2005). For a g iven barchan 
du ne width, their heig ht on G eorg es Bank is alm ost twice their heig ht on Browns Bank. T his m arked 
heig ht difference m ay be a resu lt of the m u ch m ore energ etic cu rrent reg im e on G eorg es Bank. 
O bservations (Moody et al., 1984) and models Xu e et al. (2000) indicate that tidal cu rrent speeds on 
G eorg es Bank (u p to 100 cm /s) satisfy the m ean velocity requ ired to erode and m ove sedim ent g rains to 
cau se barchan du ne m ig ration (~57 cm /s) (Miller et al., 1977), which possibly is accelerated u nder 
hig her-velocity, storm -indu ced cu rrents.

Based on mu ltibeam bathymetric and backscatter im ag ery of the reg ion and su pporting  g rou nd-tru th 
data, we have identified three major bedform  reg imes on G eorg es Bank: (1) m obile sand waves, the m ost 
widespread featu res, whose cross-sectional asym m etry su g g ests slow sou theastward m ig ration; (2) 
im m obile sandwaves located in bathym etric lows and separated by g ravel lag , whose cross-sectional 
sym m etry su g g ests no m ig ration; and (3) isolated barchan du nes located on g ravel lag  plains with sparse 
sand resou rces, whose cross-sectional asymm etry su g g ests m ovement to the sou theast. Repetitive 
m u ltibeam  sonar m apping  is requ ired to detect bedform  mig ration occu rring  over m onths or years.

G eoscientific data were collected on G eorg es Bank, in Fu ndian Channel, and in N ortheast Channel 
du ring  three expeditions of the CCG S   (1992-01, 2000-047, 2002-026), the CCG S   
(1989-001), the MV   (1982) and the MV   (1999). As well, the U S  G eolog ical 
S u rvey provided both archive data and m odern data for the analysis. Mu ltibeam  sonar data were 
collected and processed by the Canadian Hydrog raphic S ervice. G eog raphical Inform ation S ystems and 
cartog raphic su pport was provided by S .E. Hayward, W .A. Rainey, S . Hynes and P . O 'Reg an. W e thank J. 
S haw (G S C) and S eth Ackerman (U S G S ) for scientific reviews of the m ap.
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LEG EN D

POSTGLACIAL SEDIMENTS

GLACIAL SEDIMENTS

QUATERNARY

Postglacial se d im e nts re sult from  re working by oce an proce sse s of e arlie r glacial 
se d im e nts and  from  m od e rn se d im e nt transport and  d e position. Postglacial 
se d im e nts are  com m only d e note d  as Sable  Island  Sand  and  Grave l Form ation. 
Wh e re  filling ch anne ls in th e  und e rlying glacial se d im e nt, postglacial se d im e nt 
e xh ibits a re fle ction configuration of paralle l to subparalle l and  oblique  
prograd ational se ism ic re fle ctions.

Th e  e xte nt of Ple istoce ne  Epoch  glacial ice  on Ge orge s Bank h as not be e n cle arly 
e stablish e d . Wh e n d e posite d , glacial se d im e nts like ly consiste d , from  north  to south , 
of ice -contact se d im e nts, ice -proxim al se d im e nts, and  ice -d istal se d im e nts. Glacial 
se d im e nts are  com m only d e note d  as th e  Scotian Sh e lf Drift Form ation.

Postglacial sand and gravel:we ll-sorte d  sand , grad ing to round e d  and  subround e d  
grave ls form ing a wid e spre ad  surficial  grave l lag. Wh e re  filling ch anne ls in th e  
und e rlying glacial se d im e nt, postglacial se d im e nt e xh ibits a re fle ction configuration 
of paralle l to subparalle l and  oblique  prograd ational se ism ic re fle ctions.

Postglacial sand: we ll-sorte d  sand , with  ch aracte ristic paralle l to subparalle l, low 
am plitud e  re fle ctions. Occurs in wid e spre ad  be d  form s.

P G

P G s

Glacial sediment: unconsolid ate d  se d im e nt with  incoh e re nt se ism ic re fle ction 
configuration, probably consisting of a h e te roge ne ous m ixture  of clay, sand , grave l 
and  bould e rs varying in size  and  sh ape . Incise d  by ch anne ls in place s.

G

Ge ological contact (m ap unit bound arie s are  inte rpre te d  from  m ultibe am  sonar
bath ym e try and  ge oph ysical se ism ic profile  d ata and  are  infe rre d  contacts th at 
m ay be  grad ational or conce ptual in nature ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Figure 2. S tratig raphic map showing  an earlier interpretation of the distribu tion of 
su rficial g eolog ical form ations on G eorg es Bank, Fu ndian Channel, and N ortheast 
Channel based on pre-m u ltibeam  sonar su rvey data (Fader et al., 1988; Fader et al., 
2004). Red line shows ou tline of area m apped u sing  m u ltibeam  sonar. Black line ou tlines 
extent of map sheet.
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Figure 3. Data S ou rce Map showing  the distribu tion of g eophysical tracklines (seismic 
reflection profiles, sidescan sonar sonog rams) and seafloor sediment sam ples and 
photog raphs. Extent of map sheet in red.
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Figure 5. S eafloor photog raphs of (A) postg lacial sand and g ravel lag  (P G ) and (B) postg lacial 
sand (P G s). G rain size analysis of sedim ent sam ples at site A indicates the P G  su bstrate is 82% 
g ravel, 18% sand, and 0% silt (Hu dson 2000-047, station 105). At site B, the P G s su bstrate is <1% 
g ravel, 99% sand, and <1% silt (Big elow 08006, station 808077). T hree-dim ensional ripples in the 
P G s attest to frequ ent distu rbance and reworking  of the su rface of the sand wave. S ee m ap for 
locations of these sam ples desig nated A and B.


