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! l | . i A The Bay of Fundy, located on the east coast of Canada between the provinces of Nova Scotia and New The backscatter strength data shown on this map, and on the other maps of the Bay of Fundy map series Hammerstad, E., 2000. EM Technical Note: Backscattering and Seabed Image Reflectivity; Kongsberg Technical
45°15' | ' = — = . L 45°15 Brunswick (Fig. 1) is a macrotidal estuarine embayment (Amos et al., 1980) with the highest tides in the (Fig. 1), have been integrated into a single regional coverage from multi-year, multi-source, acoustic Documentation, 5 p.
world (17 m according to O'Reilly et al. (2005) and Bishop (2008)). This map is one of a series of backscatter data using a range of theoretical and empirical corrections (Hughes Clarke et al., 2008). The . N ) .
»»»» seventeen contiguous maps that show seafloor relief of the Bay of Fundy in shaded-relief view and confidence in the mean backscatter strength is +2 dB. Therefore, subtle shifts in backscatter strength Hughes Cla_r'_(e' J.E., 1993. The potential for seabed classification using backscatter from shallow Wat_er multibeam
Bay 26, . backscatter strength (coded by colour) at a scale of 1:50 000. Backscatter strength is used to remotely- observed at the boundaries of the component survey areas (Fig. 2) are artifacts of the data processing SEUTCEETATSURNE CISSGNGN And MEEping ofthaiseniiad, (sd.JN.G. PAssArd.D.N. 1 anghbms; Procasdings
2, sense the geological nature of the substrate (Mitchell and Hughes Clarke, 1994). The backscatter and do not necessarily reflect differences in seabed physical properties. Keeping these limitations in ofthe InstiuteiotAcoustics, 15, Part?; pydg 1368,
W/ze/ ;2 strength maps are based on multibeam-sonar surveys covering 13,010 km’ of the seafloor. Water-depth mind, subjective interpretation of the backscatter strength data can be undertaken guided by the existing Hughes Clarke, J.E., lwanowska, K.K., Parrott, D.R., Duffy, G., Lamplugh, M., and Griffin, J., 2008. Inter-calibrating
@ : N = contours generated from the multibeam-sonar data are shown (in white) on the colour-coded backscatter knowledge of the sedimentary facies in the Bay of Fundy (e.g., Swift et al., 1969, 1973; Pelletier and multi-source, multi-platform backscatter data sets to assist in compiling regional sediment type maps: Bay of Fundy;
. strength image at a depth interval of 10 m. Bathymetric contours (in blue) outside the multibeam survey McMullen, 1972; Fader etal., 1977; Todd et al., 2010). in Proceedings of the Canadian Hydrographic Conference and National Surveyors Conference, Victoria, British
area, presented at a depth interval of 10 m, are from the Natural Resource Map series (Canadian The distribution of backscatter strength in the Bay of Fundy provides insight into ocean circulation and Columbia, Paper 8-2,22p.
A Hydrographic Service, 1967, 19744, b, ). related modern sea floor sediment transport processes not apparentin the companion seafloor relief map Mitchell. N.C. and Huahes Clarke. J.E.. 1994. Classification of sea f | ) i data from th
¥ The complete Bay of Fundy backscatter strength map coverage is composed of seventeen adjacent (Todd et al., 2011). Ocean circulation in the Bay of Fundy is subject to strong tides (Garrett, 1972; 'Cse t .S.han-MUQ eSG Tr . '1'2’1 143 ?gz cation of sea Tloor geology using multibeam sonar data from the
map areas at a scale of 1:50 000 (Fig. 1). This backscatter strength map has a companion seafloor relief Greenberg, 1983). The general current direction is northeast along the Nova Scotia coast and southwest rollalolell MAINEER00gyY ol p: baa—Ion
P \ map (Todd etal., 2011). along the New Brunswick coast with a counterclockwise gyre in the lower bay (Greenberg, 1984). The Mitchell, N.C. and Somers, M.L., 1989. Quantitative backscatter measurements with a long-range side-scan sonar;
Baxters A winnowing and transport of fine-grained sediment under the influence of currents results in remnant IEEE Journal of Oceanic Engineering, v. 14, p. 368-374.
Harbour AT - MULTIBEAM-SONAR SURVEYS coarse-grained deposits. The seabed of central and outer Bay of Fundy and Grand Manan Channel . ! o . .
el £n e (Sheets 1, 2, 3, 5, 6, 8; see Fig. 1) is dominated by till deposited directly onto bedrock beneath the ORelIIy., C.T., Solvason, R., and Solomon, C., 2005. Where ar.e the.world s largest tides?; in 2004 in review, Bedford
o £ 2 The University of New Brunswick, the Canadian Hydrographic Service and the Geological Survey of Laurentide Ice Sheet. The till is a poorly sorted sediment containing angular fragments of pebble to Institute; of Geeanographytanntial, report; (ed:):J; Ryan; Fisheresiand Geeans Ganada and Natural Resources
bA 58 & S . Canada conducted Bay of Fundy multibeam-sonar surveys from 1992 to 2009. During these eighteen boulder sized material, and sand-, silt-, and clay-sized sediments in varying proportions. Backscatter Canada, Dartmouth, Nova Scotia, p. 44-46.
- .f i = = years, nineteen surveys were undertaken using five different vessels equipped with five different strength of the till is high and appears dark blue on this map series. Pelletier, B.R. and McMullen, R.M., 1972. Sedimentation patterns in the Bay of Fundy and Minas Basin; in Tidal Power,
2 4 < s multibeam-sonar systems operating across a range of frequencies (Fig. 2, Table 1). Mud (silt and clay) has accumulated in northwestern Bay of Fundy between Grand Manan Island and (ed.)T.J. Gray and O.K. Gashus; Plenum Press, New York, p. 153-187.
McLe “\- % O The work employed the following survey vessels (also see year-by-year versionin Table 1): the coast of New Brunswick (Sheets 5, 7, 8, 10, 11; see Fig. 1). This depocentre is likely the result of ) ) . . - )
e Bééz int ) 3 Z A\ ¢ the Canadian Coast Guard Ship (CCGS) Frederick G. Creed, a SWATH (Small Waterplane Area Twin regional current circulation. Backscatter strength of the mud is low and appears light green on this map SW";\t/i s P"Spg_”et'er' BR., L;;all,ﬁ).OK., and Miller; JJ:#% 1969; Sedimentsof the Bay of Fundy-a; preliminary: report;
R / - = < Hull) vessel equipped with a Kongsberg EM1000 (prior to 2003) and a Kongsberg EM1002 (post- series. aritime Sediments, v. 5, p. 95-100.
el O > S 2003) multibeam-sonar bathymetric survey system with 111 beams operating at 95 kHz with the Sand occurs in broad sheets and as individual bedforms (metres to kilometers in size) throughout Swift, D.J.P., Pelletier, B.R., Lyall, A.K., and Miller, J.A., 1973. Quaternary sedimentation in the Bay of Fundy; in Earth
kb Z X {4 transducer mounted in the starboard pontoon, much of northeastern Bay of Fundy (Sheets 9, 12—16; see Fig. 1). This well-sorted sediment is mobilized Science Symposium on Offshore Eastern Canada, (ed.) P.J. Hood; Geological Survey of Canada Paper 71-23,
- O S 0 “\/ U o the CCGS Matthew equipped with a Kongsberg EM7 10 multibeam-sonar bathymetric survey system through the action of strong tidal currents. Backscatter strength of the sand is low and appears light green p.113-151.
% <, . o = :_‘\ with 200 o480 heams opermtingiahs0-58 Idwpwith the tansduser meunied nsar theresnire<ef the an ihismap S.enes' . Todd, B.J., and Shaw, J., 2009. International Year of Planet Earth 5, Applications of seafloor mapping on the Canadian
P B o2 X vessel, and Bedrock is exposed at the seabed only rarely in the Bay of Fundy (Todd and Shaw, 2009). Where Alianticeonfinental shelf-Geoscisncs Banada, v.56, . 81-64
; o . o 2 e e hydrographic survey launches Plover, Pipit, and Heron equipped with Kongsberg EM3000 (prior to bedrock outcrops in Minas Passage (Sheet 16; see Fig. 1), its backscatter strength is high. ' e '
SHERFIRL SAULT o : = 2005) and Kongsberg EM3002 (post-2005) multibeam-sonar bathymetric survey systems with 160 to Todd, B.J., Shaw, J., and Parrott, D.R., 2011. Shaded seafloor relief, Bay of Fundy, Sheet 13, offshore Nova Scotia—New
‘, o 2 254 beams operating at 300 kHz. Brunswick, Geological Survey of Canada, Map 2186A, scale 1:50 000. doi:10.4095/288690.
g 7 4 . E = 4 The Sl,‘"'\{ey systems US(? a sonar beam over an arc of abOUt,130° across the ship's tr?Ck and operate ACKNOWLEDGMENTS Todd, B.J., Brown, O., Fromm, S.A., Hayward, S.E., Jerosch, K., Kostylev, V.E., Li, M., Manning, D., Meslin, P.,
r 3 = N by ensonifying a narrow strip of seafloor along track and detecting the seafloor by resolving the retumned Middleton, G., Patton, E., Pledge, P.E., Robertson, A., Shaw, J., Spencer, PL., and Standen, G., 2010. Expedition
/, . z, echo into multiple bgams (Courtney and ShaYV, 2000)..The width of seafloor |mageq on each survey line report CCGS Hudson 2009—039: Bay of Fundy; Geological Survey of Canada, Open File 6684, 413 p.
Gt Bl > \ B was .generally.four. times the water depth. Line spacing was about two to three times water depth to B. MacGowan, M. Lamplugh and J. Griffin of the Canadian Hydrographic Service (CHS) organized the _ _ .
N : ! provide el:\sonlﬁ?atlon overlap .b.etV\{een adjacentlines. o . 3 multibeam-sonar surveys of the Bay of Fundy and oversaw data processing. The Canadian Wentworth, C.K., 1922. Ascale of grade and class terms for clastic sediments; Journal of Geology, v. 30, p. 377-392.
& 3 eir BE s 5 | AN Ol 3 The Differential Global Positioning System was used for navigation, providing pasitional accuracy of Hydrographic Service provided the data to the Geological Survey of Canada (GSC) for further processing
S T \ 2 4 % \ 3 m. Survey speeds averaged 12 knots (22.2 km hr) on the CCGS Creed (and slower on the other and interpretation. J.E. Hughes Clarke of the Ocean Mapping Group (OMG), Department of Geodesy
s N ! N~ 4 Z \ survey vessels), resulting in an average data collection rate of about 2.5 km® hr” in water depths of and Geomatics Engineering, University of New Brunswick (UNB), supervised the earliest collection of
€ s gt 2 % 35-70 m. The sound velocity in the ocean was measured during multibeam-sonar data collection and multibeam-sonar data in the 1990s, followed by systematic mapping of the coastal areas of New Table 1. Bay of Fundy survey by year, vessel, multibeam sonar instrument, and frequency of operation (adapted from D.
alls 0 ~ 3 2 7 e \ was used to correct the effect of sonar beam refraction. The data were adjusted for tidal variation using Brunswick. Multibeam-sonar data in Saint John Harbour, New Brunswick, were collected by D. Beaver Cartwright (unpublished report) and Hughes Clarke et al. (2008)). Note that all multibeam sonars are manufactured by
Ha Soe g 8, . s 2 . \ tidal measurements and predictions from the Canadian Hydrographic Service. During the 2008 surveys, (GSC), the University of New Brunswick and the Saint John Port Authority. D. Cartwright (OMG, UNB) Kongsberg. Colour-coded sonar types correspond with colour codes on Figure 2.
3 359. yos nipont ~\~Gienmont .' \ 7 vessel elevations were also acquired using a combination of real-time kinematic GPS systems (Church processed the backscatter strength data under contract to the GSC. The authors thank the masters and Year Vessel Multibeam sonar | Frequency (kHz)
1 - 4 . \ et al., 2008) and hydrodynamic tidal models developed by the Canadian Hydrographic Service and crew of the survey vessels for their efforts at sea. Geographical Information Systems and cartographic 1992
o u v - i 25 - Fisheries and Oceans Canada Coastal Oceanography Group (Dupont et al., 2005). support was provided by S.E. Hayward, E. Patton, P. O'Regan, G. Grant, and P. Melbourne. The authors
o ; k= i . D & AN Z The broad intertidal zone in the Bay of Fundy presented a particular surveying challenge to the thank M.Z. Li for scientific review of the maps. 1993
) . , S -~ Al i 2 = o <7 & coIIectiqn of baqkscatter .strength dalta. Historically, the intertidal zone was not surveyed due. to the 1994 CCGS Frederick G. Creed EM1000 95
o 2\ 2 f danger involved in operating vessels in coastal areas that dry between tides. As part of the multibeam-
» X East Halls/ % o 5 sonar mapping, the intertidal zone was surveyed at high tide using shallow-draft survey vessels, thus 1996
our Rogd ] ; o N overcoming operational challenges associated with deeper draft survey vessels. REFERENCES 1999
- , | i \» £ " *
} k Y ® S = O 2002 CSL Heron | Emsooo | 300
A ? ., \ \ —— s o . % BACKSCATTER DEFINITION Amos, C.L., Buckley, D.E., Daborn, G.R., Dalrymple, R.W., McCann, S.B., and Risk, M.J., 1980. Geomorphology and A EM1002 93/98
0 N 750 w! O ~ ‘ il : B e Y ) sedimentology of the Bay of Fundy; Geological Association of Canada, Field Trip Guidebook Trip 23, 82 p. 2006 CCGS Frederick G. Creed
) % M ‘
= : - 2 . Dill Bk - The backscattering coefficient of a given sediment type (mud, sand, or gravel as defined by Wentworth Bishop, R., 2008. Tides and the earth—-moon system; in Observer's handbook 2009; Royal Astronomical Society of CSL H_eron EM3002 300
0°fs ROCKWELL § 27 = ‘ \ AN 2 Bradicys ol r (1922) and modified by Folk (1954)) at a given frequency is an inherent property of that geological Canada, p. 183-187. CCGS Frederick G. Creed EM1002 93/98
(| )’ y g L # Mt /3 i . . . . . . =
3 - 0 3 IR S 2 - material and varies with angle of incidence of the sonar beam to the seabed (the grazing angle). This . . ) i ) ) CCGS Matthew EM710 71-97
100 - < 3l b Y dimensionless coefficient S, is defined as the ratio of power backscattered from the sediment surface P, Cang;i;an ngrct’gr.aph'c Fir\g(;%(;gg7 Natural Resource Chart 15136-A, bathymetry; Department of the Environment,
R g MOUNTAIN - J e ¥ 7 o W per unit solid angle (W steradian™), divided by the product of the acoustic intensity /, incident on the awa, Untario, scale 1: : 2007 CSL Heron
€ - \ N s \§ 3 A 0 surface (Wm?)and the effective insonified acoustic area A (m?) (Mitchell and Somers, 1989): Canadian Hydrographic Service,1974a. Natural Resource Chart 15144-A, bathymetry; Department of the Environment, CSL Pipit EM3002 300
= - 2 7 /X O » = i :
\ S . " = : . ‘Z‘Q : B S,=P,/IA. . . . . . . . . Ottawa, Ontario, scale 1:250 000. CSI Plover
P A ) & > i 2 b/ J \ . o 2 d .Bt;’:l(,ikzgatter strength is the logarithmic form of this expression, i.e., 10l0g,,S,, with the unit of Canadian Hydrographic Service,1974b. Natural Resource Chart 15146-A, bathymetry; Department of the Environment, CCGS Frederick G. Creed EM1002 93/98
‘ & > - = — B : 3 ; K o= ecibel (dB). Ottawa, Ontario, scale 1:250 000. -
XN O S, z a0 i ; e CCGS Matthew EM710 71-97
v ; ~— N " e PN { e il ¥ o = Canadian Hydrographic Service,1974c. Natural Resource Chart 15154-A, bathymetry; Department of the Environment,
. < = 7 \ o A 8 (%21 . DATA PROCESSING Ottawa, Ontario, scale 1:250 000. 2008 CSL Heron
4 ‘ i R/ —— K\ Sheffield ) Backscatter dat; ing is treated th hly by Hughes Clarke et al. (2008) and i ized ipi
5 . : e 8 Faid / \Kingnans ; i ! Sheffield ®e—""r% ackscatter data processing is treated thoroughly by Hughes Clarke et al. (2008) and is summarize Church, I, Hughes Clarke, J E., Haigh, S., Santos, M., Lamplugh, M., Griffin, J., and Parrott, D.R., 2008. Using globally- CSL Pipit EM3002 300
: \ : - e \ - o \ Mursh ve 2Mill ~ here. Kongsberg EM multibeam sonar systems (used throughout the Bay of Fundy survey) measure the tod GPS solutions & the viability of Fvdrod - deling in the Bav of Fundy: in P di Fth CSI Plover
. Harbourville z ] . P . B e e *e . ; ‘= Ay 2 e peak or average backscatter intensity as a voltage on the sonar receiver array. The value is a function of éorre(;_e Hvd SOl 'oh'?S gasfsess G V'Z II\II 3;_0 }|,er ynam'cgofe g V?t Y OB utn hy'C’"l rog_ee F',ngs 04 28
Sweeney Point % 2 : = — X\ Roll s n g ‘ ; 3 ? o =~ :Atlanta ¥ L S o = # the sonar system and its geometric parameters. To reduce the backscatter intensity to backscatter Zé’ma fan Hycrographic Lonerence and National surveyors Lonterence, Victoria, british Lolumbia, Faper 4-2, 2009 CCGS Matthew EM710 71-97
& 2 & A % i —i 4 Q el py ’ & S ] strength, the following factors must be accounted for: p- CSL Plover EM3002 300
7 ° / S VN % % me N s - = . o 0 Q Py 3 it o 1. Sonar source levels, pulse lengths, and receiver sensitivity, Courtney, R.C. and Shaw, J., 2000. Multibeam bathymetry and backscatter imaging on the Canadian continental shelf;
/ = O L s 7 !// \ / . Y. T et Y 1 2. Three-dimensional beam patterns of the transmit and receive arrays, Geoscience Canada, v. 27, p. 31-42.
B 4 9 ! K A G . . . . ] . .
\ : N : L '¢‘ \) ; E A NY g g S8 L 3. Spherical spreading and ocean attenuation coefficients of the frequency in question, Dupont, F., Hannah, C.G., and Greenberg, D., 2005. Modelling the sea level of the upper Bay of Fundy; Atmosphere-
23 . » 7 5 / - S A . . £ NS S 4. Application of real-time time-varying gains, Ocean, v.43, p. 33-47.
i : 2" / : P ; A \, s 2
e . \ Base Ling g / } ] = 2 SN ‘,“ A : o s = T = . 5. Local seabed Slopes.. . . . Fader, G.B.,King, L.H.,and MacLean, B., 1977. Surficial geology of the eastern Gulf of Maine and Bay of Fundy; Marine
; . N © * : lo ‘e 5 =~ - - r N *\e, d 221y T Nl " Kongsberg EM multibeam sonar systems use a data reductlpn scheme.thgt |pcludes corrections for Sciences Paper 19, Geological Survey of Canada, Paper 76-17, 23 p., 1 map, scale 1:300 000.
iS5 2N g i2 West Black // e b ; = 8T O - the five factors listed above (Hammerstad, 2000). However, this scheme is limited because there are
& " A 5 22 50 = = s B oll(B 4 e/ < i L ) 3 discrepancies between the design of the sonar hardware and its performance (1, 2, 4), and because Folk, R.L., 1954. The distinction between grain size and mineral composition in sedimentary-rock nomenclature; Journal
) = 7 ; . . % - - e .. T s@ environmental assumptions (3, 5) may not be realistic (Hughes Clarke , 1993). Given the suite of survey of Geology, v. 62, p. 344-359.
g s e / g - =\ b 3 = AN il vessels, multibeam sonar systems, and computer software and system hardware upgrades spanning the ) . .
S ) < % ~ g i % — 5 A =V. - Cepttrevillg .‘::_ %o e . A '—‘ eighteen years of the Bay of Fundy survey, computation of seabed backscatter strengthis challenging. Garrett, C.J.R., 1972. Tidal resonance inthe Bay of Fundy and Guif of Maine; Nature, v. 238, p. 441-443.
,‘ 2 A\, \ e N\ N e - ¥ Ty ’,Q Y wee/ E s - =y N~ .'"~\' I \ Because the sonars could not be calibrated, an empirical approach through inter-sonar comparisons Greenberg, D.A., 1983. Modeling the mean barotropic circulation in the Bay of Fundy and Gulf of Maine; Joumnal of
\ & X~ %o ,’/ @0 ¢ » x A% -} S KT 2 g e was undertaken (Hughes Clarke et al., 2008), including coping with: Physical Oceanography, v. 13, p. 886—904.
2 - Q. 3 s\ - A ¥ .:0" * e . . .
2 = : . N, 5 g 4 DA Lt 0 1 suEl ‘__ - 3 . * uncertainty inthe absolute Ievelof.backsc.atterstrengthforsedlmenttypes, Greenberg, D.A., 1984. A review of the physical oceanography of the Bay of Fundy; in Update of the Marine
S B _ _ = ; & j . S o g W 0\ ¢ & o L 'Upper Canard » sonar pulse length changes associated with water depth and other factors, Environmental Consequences of Tidal Power Development in the Upper Reaches of the Bay of Fundy, (ed.) D.C.
X 4 ) 2 " SNV * illtown s f 0° § ’." . i » empirical sonar beam pattern corrections that do not account for different sediment types, Gordon Jr. and M.J. Dadswell; Canadian Technical Report of Fisheries and Aquatic Sciences no. 1256, p. 9-30.
= = 3 \ s s - N\ o e = 4 < % ® A ,' % Dy ¢ variations in angular response for different sediment types,
ot L\ (== : LA\ A : T \ - 3 - - » Sl N » steep seabed slopes,
\ <@ A 2 i R | s 3 : = — i ' e ] 4 ‘:\ i ? ',"‘_ N - .’Upper vke 3 M ¢ imperfect path length attenuation due to estimates of water column properties, and
3 5 AP S e ; ’ > 2 i 730 ; & G - Y Villa, Y ¢ sonarfrequency-dependant backscatter strength from a given sediment type.
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Figure 1. Location map showing seventeen 1:50 000 map sheets covering the Bay of Fundy. Sheet 13 (outlined by red box) is in northeastern Bay of Fundy Figure 2. Location map showing the survey extents of multibeam sonar vessels and the year of survey inthe Bay of Fundy. Colours refer to five multibeam sounder
encompassing the waters around lise Haute and the approaches to Minas Basin. types (and frequencies)listed in Table 1.
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