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67°12 10 05 67°00 55 50 45 40 35 66°33 INTRODUCTION K. Paul of the Canadian Hydrographic Service (CHS) organized the multibeam-sonar bathymetric survey
] | | | | | | | Georges Bank is a shallow submarine bank that lies south of Nova Scotia and east of Cape Cod, gf tLhe Nto_rtheast Chfagnel. M. é_arrllplugh and (t3 Coi:]eltlrc]) (gHS)d_org%nferﬁd thse rr;lultltfam-_scinar
42°28 42°28 Massachusetts and bounds the seaward side of the Gulf of Maine (Fig. 1). Water depths on the bank | ad y:ne I(/IIC su_rveyGo eoIngeS an |r} (t:rc])-ogeral 1on WII S € a?aclan q SGoSrg ca tq') ?sgqa ;ﬁn
/ / range from less than 5 m to 200 m. The bank is approximately 280 km long and 150 km wide, and has an Fn u; y Cr?ppm? T?tl;p. - beaver of the q eto ck)glcs C:Jrvey ct) anaFa (d | ) _ﬁ)_ﬁr |gpa © 'g i
. s area of 42 000 km’ in water depths less than 200 m. The Fundian Channel and Georges Basin bound u(rj\ Fland' arg;}e mu II eam-sonsr su(rjvey uIL I?La SR DY ejr\;va er dlne 00U nc.t 't?] tﬁorges d‘;‘.m
48°N72 i ] Georges Bank to the north; Northeast Channel bounds the bank to the northeast and separates it from %r]lr h ur |San I aAnne ”.‘atPS alred atse Mon mu |Geam-soréaél ala u?e Fl'n agFree(rjneln WII\/I It'tf anagian
66°39'W 66°38'W Browns Bank on the Scotian Shelf (Fig. 2). The international boundary between Canada and the United q tS ore scaliop SZObCIaCIanS n ESG%C e_II_F;]plng throup;ﬁn K thearwa ter |n§ oo Sf?ﬁ' Clé(lgse?:m-jona;z
States transects Georges Bank, and the eastern part of the bank (~7500 km?) lies in Canadian territory AIAWEIE PIOGESSED Dy and et WNe aulliorsthank e masieranc.crew orines redenc
Depth (m) andis the subject of this map series (Fig. 3) G. Creed and of the MV Anne S. Pierce for their efforts at sea. Geographical Information Systems and
The bankaaters are crf)aracterizeg.b .ener etic tidal currents associated with the near resonance cartographic support was provided by P. O'Regan (Data Dissemination Division, Natural Resources
that exists between the principal lunar serr):idiurngl tidal component (M,) of the tide that represents 90% of waada 5. Hegard, . Ration, k. f ainsy,aodl s.katesGet). stenlicresiensioliis map were
-85 the Barles Hidal P dpth Aty illati : (5) £ 2ty el 12 h P f the B o £ undertaken by G.D.M. Cameron (GSC), and L.J. Poppe and K.M. Scanlon (both U.S. Geological
€ bank's lidal energy an € natural osciiation period of approximately ours ot the bay o Survey). Any use of trade, product, or firm names in this publication is for descriptive purposes only and
Fundy—Gulf of Maine system (Brown and Moody, 1987; Greenberg, 1990). The major axis of the does notimply endorsement by the U.S. Government
) semidiurnal tidal current ellipse is oriented northwest-southeast across the bank, and the amplitude of o '
) this current near the seabed increases from less than 10 cm/s along the deeper southern flank to greater
than 100 cm/s on the relatively shallow northern edge of the bank (Butman and Beardsley, 1987). On the
shallowest portions of Georges Bank (<50 m), tidal currents are so strong that complete vertical mixing of REFERENCES
L o5 the water column occurs throughout the year (Butman and Beardsley, 1987). These strong currents also
2 form large sand bedforms (Jordan, 1962; Stewart and Jordan, 1964; Todd and Valentine, 2012) and
<« continuously rework the surficial sediments, thereby removing most of the clay, silt, and fine-grained sand Bigg, G.R., Wadley, M.R., Stevens, D.P., and Johnson, J.A., 1996. Prediction of iceberg trajectories for the North Atlantic
) and leaving coarse-grained sand and gravel (Twichell et al., 1987; Butman, 1987). and Arctic Oceans; Geophysical Research Letters, v. 23, p. 3587-3590.
This map s one of a series that show Sea_ﬂoor topography c_)fthe Canadian segment of Georges Bank, Brown, W.S. and Moody, J.A., 1987. Chapter 9: Tides; in Georges Bank, (ed.) R.H. Backus; Massachusetts Institute of
Fundian Channel, and Northeast Channel in shaded-relief view (depth coded by colour) at a scale of Technology Press, Cambridge, Massachusetts, p. 100-107.
1:50 000. This topographic map has a companion map of backscatter strength that shows the relative
100 ‘% reflectivity of the seafloor substrates in response to sound waves (backscatter strength) that will be Butman, B., 1987. Chapter 13: Physical processes causing surficial sediment movement; in Georges Bank, (ed.) R.H.
42°08'N published separately (B.J. Todd, P.C. Valentine, and J. Shaw, work in progress, 2012). Together, the Backus; Massachusetts Institute of Technology Press, Cambridge, Massachusetts, p. 147-162.
L 105 shaded seafloor topography and backscatter strength maps provide a basis for interpreting the origin of But B. and Beardslev. R.C.. 1987. Physical hy: in G Bank. (ed.) R.H. Backus: M husett
| ATLANTIC seafloor features and the nature of materials that form the seafloor. The maps are based on multibeam- ! T:]ir:i}utéi?TecE:L|§$’bre's§ Camt.;ridg?(li/?a;)sc:car?uosg;tatls g’glg_gzorges e
sonar surveys conducted in 1999 and 2000 to map 11 965 km” of the seafloor (Fig. 3). On this map, water- ' ' o '
- bt 15114 OCEAN N depth contours were computer-generated from the multibeam-sonar data and are shown (in white) on the Canadian Hydrographic Service, 1966. Natural Resource Chart 15116-A, bathymetry; Department of the Environment,
kilometres . colour-coded water-depth image at a depth interval of 10 m for water depths less than 200 m and at an Ottawa, Ontario, scale 1:250 000.
0 300 h ) ; 3
L ] |nterya| of 100 m for Water. depihs greater than 200 m. Eafhymetie gentours (in Blue) oulside the Canadian Hydrographic Service, 1967. Natural Resource Chart 15114-A, bathymetry; Department of the Environment,
multibeam survey area on this sheet, presented at a depth interval of 25 m, are from the Natural Resource Ottawa. Ontario. scale 1:250 000
40°N T T T 40°N Map series (Canadian Hydrographic Service, 1966, 1967, 1971, 1972); and bathymetric contours in ’ ’ ’ '
72°W 58°W Figures 1-3 are from the same sources. Canadian Hydrographic Service, 1971. Natural Resource Chart 15124-A, bathymetry; Department of the Environment,
EigureC1 .dLO_I(_:Ija]tion_ rrllaphsl':jowir;]g Ge(t){]ges Et’>antk Sfit?hated Sﬁ}tj)th of Nova Scotia and eas:r?f The complete series of Georges Bank, Fundian Channel, and Northeast Channel seafloor Ottawa, Ontario, scale 1:250 000.
. ape Lod. Ihe pink shade shows the exient ol the mullibeam-sonar coverage on ihe B ; topographic maps comprises nine adjacent map areas at a scale of 1:50 000 (Fig. 3). In total, eighteen . . . Y i i
25 Canadian segment of Georges Bank, Fun_dlan Channel, and Northeast Ch_annel. The green 25 maps constitute the Georges Bank, Fundian Channel, and Northeast Channel map suite (two maps Canadian Hydrogr.'aphlc Ser.wce, 1972. Natural Resource Chart 15126-A, bathymetry; Department of the Environment,
shade shows the extent of Georges Bankin U.S.A. waters. The red box outlines the extent of hoyit floor & o backsesanst th Ottawa, Ontario, scale 1:250 000.
this map sheet. Five-digit numbers refer to the Marsden Square System used for Natural showing seafloor topography and backscatter strength per map area). ) ) ) ) o
Resource Map series as 1:250 000 scale. The blue line shows the 200 misobath. Canadian Hydrographic Service, 1990. Georges Bank eastern portion, chart L/C 4255; Fisheries and Oceans Canada,
MULTIBEAM-SONAR BATHYMETRY DATACOLLECTION Ottawa, Oritario; scale:125000.
e, ST S Multibeam-sonar water-depth data are the basis for the seafloor shaded topographic map. The data were Canadian Hydrographic Service, 1997. Georges Bank, chart LC 8005; Fisheries and Oceans Canada, Ottawa, Ontario,
i I T I I collected as a collaborative effort between the Canadian Hydrographic Service (CHS), the Geological scale 1:300.000.
UaEy . Browns Bank / Surve_y of Canada (GSC):_ the_Canadian OﬁShor_e Scallop Industry Mapping GrOUF_), and the Ocean Courtney, R.C. and Shaw, J., 2000. Multibeam bathymetry and backscatter imaging on the Canadian continental shelf;
‘«\GUlf Of jviaine ' o Mapping Group of the University of New Brunswick. The survey systems use multiple sonar beams Geoscience Canada, v. 27, p. 31-42.
% 300 A0 angled downward and outward (from a location on the ship's hull) to ensonify a narrow strip of seafloor ) )
> 5 A B across the ship's track. The travel times of the outgoing sound waves and returning echoes from the Emery, K.O.and Garrison, L.E., 1967. Sealevels 7,000 to 20,000 years ago; Science, v. 157, p. 684-687.
oeorges basin seafloor are used to calculate the water depths of the ensonified area (Courtney and Shaw, 2000). On Fader, G.B.J., 1984. Geological and geophysical study of Georges Basin, Georges Bank, and the Northeast Channel
. 84 - - Georges Bank, the width of the seafloor swath imaged along each survey line was two to five times the area of the Gulf of Maine; Geological Survey of Canada, Open File 978, 531 p.
’ . Vertical exaggeration = 25 X | water depth; in the deeper water of Fundian Channel, the ensonification width increased to five to six
; | — Scale 1:12 500 times the water depth. Line spacing was approximately three to four times water depth to provide up to Fader, G.B.J., King, E., Gillespie, R., and King, L.H., 1988. Surficial geology of Georges Bank, Browns Bank, and the
un be ter d - 3pprox ur times wat . . .
\—\,ELOO — | 100% ensonification overlap between adjacent lines. Areas shown in white within the surveyed areas are southeastern Gulf of Maine; Geological Survey of Canada, Open File 1692, 3 sheets, scale 1:300 000.
e 92— places where no.multlbeam datawere C_o”eCted' Surveys V\_Iere Cond_UCted as fo”owS: . Greenberg, D.A., 1990; Chapter 5: The contribution of modeling to understanding the dynamics of the Bay of Fundy and
Z ¢ by the CHS in Northeast Channel in 1999 (area A, Fig. 2), using the Canadian Coast Guard Ship Gulf of Maine; in Modeling marine systems, (ed.)A.M. Davies; CRC Press, Boca Raton, Florida, p. 107—140.
42°N =) - . (CCGS) Frederick G. Creed, a SWATH (Small Waterplane Area Twin Hull) vessel equipped with a ] )
O 96— Depression Kongsberg EM1000 multibeam-sonar bathymetric survey system with 60 beams operatingat 95 kHz Jordan, G.F., 1962. Large submarine sand waves; Science, v. 136, p. 839-848.
o arrayed over anarcof 150 W't_h the transducer mounted inthe starbgard pontoon, ) King, L.H. and Fader, G.B.J., 1986. Wisconsinan glaciation of the Atlantic continental shelf of southeast Canada;
100 o t'])ggtge gg(?ogr(‘d theBCFa'naZd)lan _Oﬁ?rt‘o'l'\i\/s:anog ngUStry M_apF)'gg _ﬁ]roué) on (i)eorgeSE?/la?IO(Olg Geological Survey of Canada, Bulletin 363, 72 p.
an area B, Fig. 2), using the nne S. Pierce equipped witha Kongsberg ] ] ) ) ] ] )
multibeam-sonar bathymetric survey system with 111 beams operating at 95 kHz configurable over King, L.H. and Macl._ean, B., 1976. Geology of the Scotian Shelf; Canadian Hydrographic Service, Marine Sciences
104 anarc of up to 150° with the transducer mounted on a ram extended beneath the hull, and Paper7, Geological Survey of Canada, Paper74-31, 31 p.
325 200 400 600 800 e by Clearwater Fine Foods, Inc. in Fundian Channel in 2000 (area C, Fig. 2), using the MV Anne S. Knott, S.T. and Hoskins, H., 1968. Evidence of Pleistocene events in the structure of the continental shelf off the
Dist Pierce equipped as described above. northeastern United States; Marine Geology, v. 6, p. 543.
Istance (m) The Global Positioning System (with differential corrections) was used for navigation and provided a | i LS Sulvesisn LR B e TovtoheT D B Epariian. . TEBH, Shal P b
. . . . i + . ewis, R.S., Sylvester, R.E., Aaron, J.M., Twichell, D.C., and Scanlon, K.M., . Shallow sedimentary framework an:
Figure 4. Deta”ed topography O.f seafloor depressions (kettle hOIe.s)‘ northgrn Georges Bank (upper) and topographic positional accuracy Of_3 m. Survey speeds averzage_d 14 knots (26 km/h) onthe CCGS Creedresulting in related potential geologic hazards of the Georges Bank area; in Environmental geologic studies in the Georges
-sect f td | The |l d tely 15 m d an average data collection rate of about 48 km‘/h in water depths of 250 m. Survey speeds averaged : h :
cross-section of largest depression (lower). The large depression is approximately m.deep. : L . 2 Bank area, United States northeastern Atlantic outer Continental Shelf, 1975-1977, (ed.) J.M. Aaron; U.S
6 knots (11 km/h) on the MV Anne S. Pierce resulting in an average data collection rate of about 6.6 km“/h Gooloci I’S SeoniFil RepofBOZAT:A. o 81525 ’ ’ e B e
in water depths of 80 m. Sound velocity profiles were collected at regular intervals during multibeam- eological survey, Lpen-riie Report 60-220-A, p. o-1-9-29.
sonar bathymetric data collection and were used to correct the data for refraction of the sonar beams due Oldale, R.N. and Uchupi, E., 1970. The glaciated shelf off northeastern United States; U.S. Geological Survey,
| to density stratification in the water column. The bathymetric data were adjusted for tidal variation using Professional Paper 700B, p. B167-B173.
an innovative tidal model that was developed for the seafloor mapping project by the Ocean Sciences . . . .
i BT S Division of Fisheries and Oceans Canada at the Bedford Institute of Oceanography. The bathymetric Schlee, J., 1.973.Atlantlccontln.entalshelfand slope of the United States—sediment texture of the northeastern part; U.S.
41°N : f : : Geological Survey, Professional Paper 529-L, 64 p.
Depth (m) data were processed using software developed by the Ocean Mapping Group at the University of
£pin \m New Brunswick. Schlee, J. and Pratt, R.M., 1970. Atlantic continental shelf and slope of i
o s ,R.M., ’ pe of the United States—gravels of the northeastern
Figure 2. Data source map showing multibeam-sonar bathymetric survey coverage. Data were part; U.S. Geological Survey, Professional Paper 529-H, 39 p.
collected in area A in 1999 by the Canadian Hydrographic Service on the CCGS Creed using a
Kongsberg EM1000 system, in area B in 1999—2000 by the Canadian Hydrographic Service and BATHYMETRIC DATA DISPLAY Shaw, J., Gareau, P., and Courtney, R.C., 2002. Palaeogeography of Atlantic Canada 13-0 kyr; Quaternary Science
the Canadian Offshore Scallop Industry Mapping Group on the MV Anne S. Pierce using a | 120 The multibeam-sonar bathymetric data are presented at 5 m per pixel horizontal resolution on Georges Reviews, v.21,p. 1861-1878.
Kongsberg EM1002 system, and in area C in 2000 by Clearwater Fine Foods Inc. on the MV Anne Bank and 10 m per pixel horizontal resolution in Fundian Channel and Northeast Channel. The shaded- Shaw, J., Piper, D.JW., Fader, G.B.J., King, E.L., Todd, B.J., Bell, T., Batterson, M.J., and Liverman, D.J.E., 2006. A
S. Pierce using a Kongsberg EM1002 system. Water depths are in metres. rell_e_f _topogra_phl(_: image is p_resented_ with a vertical exaggeration ofothe bathymetry of 10 times and an C(;ncéptual }710del o%the de:cjlaciati(;n ofAiIanti(; Canalja; duate;na;y p—— I’Qevie\’/vs, .25 2059—2081i
artificial illumination of the relief by a virtual light source positioned 45° above the horizon at an azimuth of
315°. In the resulting image, topographic features are enhanced by strong illumination on the northwest- Shepard, F.P., Trefethen, J.M., and Cohee, G.V., 1934. Origin of Georges Bank; Geological Society of America, Bulletin
67°W 66°W 65°W facing slopes and by shadows cast on the southeast-facing slopes. Superimposed on the topographic v.45,p.281-302.
| ] l = | y I 140 Itrr?aggdaret co:ours aSSIQtnet(:] i Wattefr depth,tlranglng from retd (Zhaltlr?w)hto violer t((‘:leep).lln _order o aF:jptIy Stewart, H.B., Jr. and Jordan, G.F., 1964. Underwater sand ridges on Georges Shoal; inPapers in marine geology, (ed.)
i GUlf Of ine Browns Bank e widest colour range to the most frequently occurring water depths, hypsometric analysis was used to R.L. Miller; Macmillan, New York, New York, p. 102—114.
. 5 200 A calculate the cumulative frequency of water depth. Each figure has a unique colour ramp, and the colour ) ] ) o ] ]
} s B0 \_A_\\ ramp for an inset map showing topographic detail may differ from the colour ramp used for the main map. Todd, B.J.,_LeW|s, C.F.M., and Ryall, P.J.C., 1988. Comparison of trends of iceberg scour rparks with iceberg traje_ctorles
QO = / _ - The resulting colour ramp highlights subtle variations in water depth that would otherwise be obscured. anZdSeV|d1e3n7(:f %fsp;asleocurrent trends on Saglek Bank, northern Labrador Shelf; Canadian Journal of Earth Sciences,
\p\ \QO* 5 7| . -./ ad Some features in the multibeam data are artifacts of data collection and environmental conditions e B '
g2 = \ . during the survey periods. The orientation of the survey track lines can, in some instances, be identified Todd, B.J. and Valentine, P.C., 2012. Large submarine sand waves and gravel lag substrates on Georges Bank off
: 42°10N 180 by faint parallel stripes in the image. Because these artifacts are usually regular and geometric in Atlantic Canada.; in Seafloor geomorphology as benthic habitat: GeoHab atlas of seafloor geomorphic features and
B 7 appearance on the map, the human eye can disregard them and distinguish real topographic features. benthic habitats, (ed.) P.T. Harris and E.K. Baker; Elsevier, London, United Kingdom, p. 261-275.
f\ Todd, B.J., Valentine, P.C., Longva, O., and Shaw, J., 2007. Glacial landforms on German Bank, Scotian Shelf: evidence
200 - - 20 GEOMORPHOLOGY OF GEORGES BANK, FUNDIAN CHANNEL, AND for1lizte1\é\gsconsinan ice-sheet dynamics and implications for the formation of De Geer moraines; Boreas, v. 36,
NORTHEAST CHANNEL L
42°N . . .
Physiographic Setting Todd, B.J., Valentine, P.C., and S_haw, J., 201_ 3. Shaded seafloor relief, Georges Bank, Fundian Channel, and Northeast
Channel; Sheet 2, Gulf of Maine; Geological S f Canada, Map 2192A, scale 1:50 000.
Georges Bank flanks the seaward side of the Gulf of Maine and rises more than 300 m above the Gulf of annet Shee uirotiflaine: Beologleal sutvey o -anaca, Map seale
Maine seafloor (Fig. 1, 2). Most of the Canadian portion of Georges Bank has water depths between 60 m Twichell,_D.C., Butmar), B., and Lewis, R.S., 1987. Shallow structure, surficial_geology, and the processes curr_ently
and 90 m (Canadian Hydrographic Service, 1990, 1997; Valentine et al., 1992), but depths shallow to shaping the bank; in Georges Bank, (ed.) R.H. Backus; Massachusetts Institute of Technology Press, Cambridge,
42 m near 42°N, 67°W. The bank surface gradually deepens seaward and has an average slope of less Massachiisetts,p. 32-37.
than 0-0_5° (0.9 m/km). The 20_0 m isobath along the SOUtheaS_tem margin of Georges_Bank approxima?es Valentine, P.C., Strom, E.W., and Brown, C.L., 1992. Maps showing the sea-floor topography of eastern Georges Bank;
the continental shelf break (Fig. 1). Seaward, water depths increase down the continental slope, which U.S. Geological Survey, Miscellaneous Investigations Series Map 1-2279-A, scale 1:250 000.
has an average slope of 7° (123 m/km). The seaward margin of the bank in Canadais incised by a number . . . .
of submarine canyons, the largest of which are Corsair and Georges canyons (Fig. 2). Valentine, P.C., Strom, E.W., Lough, R.G., and Brown, C.L., 199(_5. Maps showing the _sedlmen@ry environment of
. . . 8 eastern Georges Bank; U.S. Geological Survey, Miscellaneous Investigations Series Map [-2279-B,
Georges Bank is bounded to the north by the Fundian Channel which comprises Northeast Channel scale 1:250 000.
to the east and Georges Basin to the west (Fig. 2). Georges Basin is the deepest portion of the Gulf of
AtlanﬁC Maine with a maximum depth of 377 m. The Fundian Channel north of Georges Bank is approximately
45 km wide and is bounded to the north by Browns Bank on the Scotian Shelf. The Fundian Channel
narrows southeastward into Northeast Channel, which is approximately 28 km wide. The seaward sill
kilometres n depthin Northeast Channel is 232 m, and the channel mouth is incised by submarine canyons (Fig. 2).
60 —
aoN = I . 1200 _| . .
I : LY [ | A B Recent geological history
) i i i — i i 100 - - Seismic-reflection profiles show that beneath the surface of Georges Bank there is a prominent
Figure 3. Location map showing nine 1:50 OQO map sheets covering Georges Bank,_ Fundian Vertical exaggeration = 125X unconformity formed on late Cretaceous and Tertiary sedimentary rocks (King and MaclLean, 1976;
Channel and Northeast Channel. Sheet 1 (outlined by red box) shows the southern region of the Scale 1:25 000 B Lewis et al., 1980). The surficial sediment overlying the unconformity is glacial debris transported to
I~ Canadian portion of Georges Bank. Water depths are inmetres. 120 . - Georges Bank and other Gulf of Maine banks during the late Pleistocene epoch from continental areas to
/,\ _ Bathymetric the north (Shepard etal., 1934, Knott and Hoskins, 1968; Oldale and Uchupi, 1970; Schlee, 1973; Schlee
< é \depression Stratified and Pratt, 1970; Fader, 1984; Fader et al., 1988; Todd et al., 2007). During the postglacial Holocene
\ = 140 serifmanis epoch (~12 000 years before prgsent), sea level rose from alow stand 120 m below the present sea level
Q (Emery and Garrison, 1967; King and Fader, 1986), and the bank was submerged about 6000 BP 8h 1(')0 140 18|0 22'0 26|0 —- - 986
8 (radiocarbon years) (Shaw et al., 2002). Georges Bank surficial sediments were reworked by marine
processes during sea-level transgression and continue to be reworked under the modern oceanic regime Depth (m)
160 (Twichell etal., 1987; Valentine etal., 1993).
The present morphology of the Gulf of Maine, Georges Bank, and the Fundian and Northeast
180 channels mapped here displays the imprint of multiple glaciations during the Pleistocene epoch (~12 000
years ago to 2.5 million years ago). During the last glaciation of the Pleistocene, the Wisconsinan,
0 500 1000 1500 2000 the Laurentide lce Sheet extended southeastward from central Canada across Maritime Canada
: and New England to the present northern margin of Georges Bank and the continental shelf edge off
Fi 5. Detailed hv of bath tric d DI.Stance”(rn) th th inof G Bank d Nova Scotia and the Fundian and Northeast channels were a major outlet for glacial ice to the Atlantic
¢ Igure h cane op?grarl) Yo 'al'h yr(;ne fic acpression para 91 IO 11e n(()jr sm margin of Georges Bank (upper) an Ocean (Shaw et al., 2006). Based on the mapping of glacial gravel collected from the seabed in the Guilf of
e o opographic cross-section (lower). The depression is approximately 11 m deep. Maine region, Schlee and Pratt (1970) reported that glacial ice lapped onto the northern margin of
66°50 66°49 Georges Bank.
Geomorphology of Sheet 1
1 | — 66°36'W 66°35'W The northwest margin of the Canadian portion of Georges Bank, western Fundian Channel, and southern
Depth (m) Georges Basin are shown on this map at a scale of 1:50 000. Inset maps at a scale of 1:25 000 (Fig. 4-8)
P highlight geomorphological features typical of the area. For each of these, the colour-range values are
. 285 hypsometrically optimized and differ from the colour-range values of the 1:50 000 scale map sheet.
A On the bank, at depths less than 70 m to approximately 80 m, the seafloor is relatively smooth and
featureless. The lack of bedforms in this area, known for strong tidal currents, suggests that the seabed
L 215 here is gravelly and that sand has been winnowed and transported downslope onto the bank margin.
In the southeastern part of the map sheet, in the 80-110 m depth interval, is a group of irregular
depressions in the seafloor (Fig. 4). The largest depression is 1200 m across and approximately 15 m
deep. These depressions are interpreted to represent kettle holes that formed when stagnant blocks of
ice located in front of a melting glacial margin were partly buried by glacial outwash sediment and
220 subsequently melted to leave depressions in the landscape.
Along the northern margin of Georges Bank in water depths from 120 m to 170 m, a curvilinear
' ' bathymetric depression, about 500 m wide, extends eastward from 66°52.5'W to 66°13.5'W (onto
15 %%g - B Sheet 2 of this map series, Todd et al., 2013), a distance of 59 km. This bathymetric depression (Fig. 5)
235 marks the southern extent of northwest-dipping stratified sediments that may represent a grounding line
240 42°20'N wedge deposited from an ice sheet on the bank. In places, strong current action has winnowed fine-
grained material and emphasized the edges of the sediment strata exposed at the seabed.
North of the relatively steep bank margin, the seafloor slopes gradually from 200 m to 360 m in
Georges Basin and Fundian Channel. The seafloor here has been incised with an intersecting pattern of
linear to curvilinear depressions, some over 5 km in length. The depressions, or scours, are interpreted to
represent the ploughing of seabed sediment by the keels of icebergs calved from the front of afloating ice
shelf during its retreat westward from the Fundian Channel into the Gulf of Maine during the deglaciation
of the Laurentide Ice Sheet. The iceberg scour marks occur from approximately 200 m to 350 m water
depth and are oriented generally west-east. Those in shallower water (Fig. 6) are numerous and relatively
well defined. Many are approximately 1 m deep and 100 m wide, and the seafloor in places is completely
scoured. In water deeper than 280 m (Fig. 7), scour marks are not as numerous, have a muted
42°12 appearance, and are 1-2 m deep and generally wider (150 m or greater) than the scour marks in
shallower water. As iceberg trajectory is dictated mainly by ocean-current direction (Todd et al., 1988;
Bigg et al., 1996), these iceberg scour marks document a dominant west to east current flow direction in
Fundian Channel during the last deglaciation.
Superimposed on seafloor features that have a glacial origin are postglacial sedimentary bedforms
that occur intermittently in the 100-180 m depth interval. Crests of these bedforms form transverse to
current flow with the steep slope facing downcurrent. The orientation of the features on the bank margin
suggests they were formed by currents flowing to the north, downslope (Fig. 8).
Figure 6. Detailed topography of iceberg scour marks, southern flank of Fundian Channel. The relative
age of scours is determined by the crosscutting pattern; younger scours crosscut older scours.
67°08'W 67°07'W
Depth (m)
Figure 7. Detailed topography of iceberg scour marks, central Fundian Channel. The largest scour
shows evidence of iceberg grounding, followed by a change in iceberg drift direction. Labelled drift 100
direction arrows are speculative.
42°11'N
125
e
150
i ﬁ;,gi ‘ m')
R o -
o
) i
o
i 42°10N
bt
100 — 10
110 - -
Vertical exaggeration = 25 X
Scale 1:12 500
Current
120 - - L —
direction
B .
= 130 Sediment
= \—""" bedforms
8
140 — —
150 : | I | :
42°07' 42°07" 0 200 400 600 800 1000
! ! ' ' ' ! ! ' ' Distance (m)
67°12 10 05' 67°00" 55' 50’ 45' 40’ 35 66°33 Figure 8. Detailed topography of flow-transverse sediment bedforms on the northern flank of Georges Bank (upper) and
topographic cross-section (lower). The largest sand waves are about 3 m high and 90 m wide. Sandwave crests are oriented
roughly east-west and their steep north-facing slopes suggest they were formed by currents flowing to the north, downslope.
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