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R

epeat multibeam surveys of the prodelta slope ofdjd deltas are used to monitor and compare the tengral
evolution of the surficial morphology.

Six multibeam surveys of the temperate Squamish Rér Delta, over a period of 4 years, illustrate theyclic
evolution of the feeder gullies, axial channels, ah distributary lobes. The temporal evolution cleary
indicates that slope-transverse undulations are uppe-migrating bedforms, rather than slope creep
phenomena.

A second monitoring program has been initiated usig the same methods but in the fjords of Baffin Islad.
Maintaining the same survey accuracy at high latitdes is much more difficult due to low satellite geunetries
and lack of precise vertical control.

Introduction . Fjord deltas usually represent sites of enhancdiaremtation and mass wasting. The main
depocentres usually lie within a few kilometreshaf river mouth at depths of 100-200 m, and areetbee readily
accessible by surface-mounted multibeam sonars.tifite scales of morphological evolution are shaitth
measurable annual change. As such, they represeful small-scale analogs for much less frequergpdr-water
mass wasting environments. The physical proceste® @n a fjord delta reflect both the volume aypk of input
sediment, as well as the exposure of the deltd footidal, wave and potential iceberg activity.

Two parallel programs have been undertaken usifgbream bathymetry and backscatter in order to magmitor
and contrast the temporal and spatial evolutioactie fjord deltas in both temperate and Arctgioes. Six
surveys of the front of the Squamish delta in H&wend, British ColumbiaRtior and Bornhold, 1984) have been
completed over four yea(Brucker et al., 2007). In the Canadian Arctic, repeat multibeam sunaythree deltas in
Oliver Sound (Baffin Island), spaced two years ggmve been completed. Additionally, the firstvays of four
other deltas on northern Baffin Island have beguiémented for future resurvey.

The Surveying Challenge:ln order to meet the research objective of moirigpannual morphological change on
prodelta slopes, the typical scale of spatial ckangst be greater than the total integrated acguFac both
temperate and Arctic deltas, inter-annual changersmver scales as small as 0.5 m vertically,l€hch
horizontally. This change involves regional acaetand deflation, bedform migration, and mass wugsti
phenomena.

The resolution of the multibeam sonar is dependartardware, depth and geometry. Translating dselution
into absolute accuracy requires integration ofsirgar-relative solutions with commensurate accuiag@psition,
orientation and sound speed field. Particularbjfotic regions, achieving the necessary level etcfge integration
is a logistical challenge, which limits the abselability to monitor seabed change.

Methods. Surveys of the Squamish River Delta have beefiopeed using both EM1002 and EM3002S
multibeam sonars. The Arctic deltas were all suedeysing an EM3002S. Actively changing morphologsw
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noted at depths up to 200m. At these depths, tipgined spatial resolution of < 10m can easily be with the
beam widths of the sonar utilized (1.5 to 2°). Hiere the total achievable accuracy is primarityited by the
aiding sensor accuracy and integration issues rétla@ the sonar resolution itself.

For both regions, wide-area satellite-based GP@cey (CDGPS for Squamish and CNav for the Aratieye
utilized, which would normally provide <lm horizahtpositioning confidence. However, in both cades t
extreme masking of the surrounding fjord topograpimgl, for the case of the Arctic latitudes, lowedlde
elevations, would intermittently degrade the posithg accuracy. Gross positioning offsets were ,raral,
when present, easy to edit out. More often, ther matellite geometries caused slowly changingZomtal
errors on the 5-10m scale that only become appaiing the seabed change analysis. This had éffect on
the apparent depth in low slope regions, but in steeper-sloped areas, the horizontal positionirrgre
generated significant apparent vertical offsets.

For the Squamish region, excellent tidal contropisvided by both a permanent gauge at the moutthef
Sound and a temporary gauge, established in tred lacinity. For the Arctic regions, there are nermanent
tide gauges, and constituent measurements fronorltisgauges are often unreliable. Logistical chajles
provide no opportunity to establish a temporaryggau

In order to better manage vessel squat and loniggh&eave drifting, PPK GPS was employed for soifnthe
Squamish surveys and one of the Arctic surveys.eMmrquent use of PPK technology in the Arctic wésn
precluded due to low cloud restricting helicoptecess to shore.

In order to provide a proxy for traditional tidalemsurements in the Arctic, a hydrodynamic tidal eloslas
developed for the Eclipse Sound regid®hyrch et al., 2007) to predict the propagation of the tidal wave
through the narrow inlets. The model can thus mlevidal solutions at multiple survey sites witliie domain.
In addition, post-processed GPS using precise eptiennformation (PPP) is being examined as a jptessi
alternate means of vertical positioning.

As the deltas were examined during active rivercltisge periods, sound speed variability can induce
systematic biases in the data, degrading the changlysis. For all EM3002 surveys, densely-spacad
speed profiles were collected using an MVP-30 uwdgrsampler. For the EM1002 surveys though, whiehew
only part of larger regional mapping programs, ¢bkection of sound speed information was insuéiti

Because of the large and rapidly fluctuating sldpdford deltas, it is necessary to post-processkbcatter data to
separate the topographic from the textural sigeatudtherwise, slope- driven backscatter fluctuati@specially
over short wavelength relief such as the obseregliidom fields, could easily be confused with seditneariability.
Since the observed depth range approaches thetodirepth of the sonars, particular attentiordsde be paid to
proper choice of attenuation coefficients.

Results and DiscussionThe most comprehensive results so far have betinaldl from the temperate fjord
delta where gross evolution over a 24 year perigging 1973 and 1990 single beam surveys) and ddtail
evolution over a 4 year period is available.

Figure 1 presents a synthesis of two years of ¢ioslwof the active section of the Squamish prodé&can be
seen, the most change occurs over the summer pauidalg which the snow-melt river discharge peaksthe
summer of 2006, a 600,000°reection of the edge of the delta was removed, mbsthich was redeposited
within the main channel axis. This resulted in aximaum of 26 m of erosion at the edge of the deltfprm
and 10 m of deposition in the main channel.

Over the following winter, change was minimal, witie notable exception of slowly migrating bedformsa
secondary channel. Because the bedforms in thisnghghave moved less than half a wavelength over6th
month period, it is possible to clearly establishttthey migrate up-channel. Over the summer moisause
the bedforms migrate more than half a wavelengtis, hard to associate any particular crest witbtler crest 6
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months later, and thus migration direction is arabigs. Nevertheless, the morphology of the activdfdrens
during winter and summer is identical, and thus/thee all inferred to be migrating upslope (andréffi@re up-
current).

The following summer the reverse happened in this rolaannel. The scar in the upper reaches of tlaard,
left by the massive removal the previous summeieca@s a reservoir accumulating a comparable volafme
sediment with a peak of 24 m of accretion. Dowrsstigit is clear that the bedforms along the axighef
channel have been very active, but there is nodosignificant net accretion. The transverse pastef erosion
(up to 7m) and deposition indicate migration of beeliforms (direction cannot be discerned for tlzsoes stated
earlier).

Thus a cycle is apparent between the two summetbel first year, the pre-existing reservoir oféasilt in the
upper channel is discharged, and the second suthmesame reservoir is recharged, blocking (butshapping)
flux further down the prodelta.

On the proximal depositional lobe immediately doteeam of the axial channel, net accretion occumeet the
summer of 2006 (when the discharge occurred), butmthe summer of 2007. For both summers, howeter
clear, that active migration of bedforms on thexml lobe is taking place. In the summer of 2087
displacement of the bedforms results in both agmmednd erosion into the pre-existing surface hiea summer of
2006, in the locus of deposition, the trough lomagi do exhibit net accretion, but on the flankshef depocentre,
the bedforms displacement is continuing to erodie tine pre-existing surface.

Downstream of the area illustrated in Figure 1, BEM1002 surveys in 2004 and 2005 show morphological
evidence for downslope sediment transport extendimgard for more than 10 km. This indicates thghgicant
sediment is bypassing the proximal lobe. The faat the migrating bedforms on the proximal lobe @atially
eroding suggests that the more distal sedimentati@y be derived from resuspension of proximal lobe
sediments, rather than directly from dischargehefupstream reservoir.

Spring 2006 Summer - g4)1 2006 Winter  gpning 2007 | Summer Fall 2007

Difference Difference Difference
' 17 2 a

Seasonal Morphological Evolution, Prodelta Slope Squamish Delta, Howe Sound, BC

Figure 1. Evolution of the Squamish Delta over two years. Four EM3002 surveys, presented as sun-illuminated terrain
models, extending from the 2m contour (delta top) to ~ 170m depth. For each pair of surveys, the surface differenceis
presented a greyscale (white >=3m accretion, black >= 3m of erosion).

Notably, the temperate delta has a singular andenstnrongly developed channel than the Arctic delks
(2009) has inferred that the well-developed and domimiel channel, seaward of the main Fraser Riverttou
delta, may have been the result of artificial rigtabilization on the delta top. The Squamish Rilischarge has
similarly been focused through a training dyke aflstl in 1971. In both cases, the presence of a-nmeahe
barrier restricts the ability to naturally avulgéis contrasts strongly with the Arctic delta slaperphologies
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wherein multiple channels are apparent. Thin drapeglent in subbottom profiling and the backscatteps,
indicate that only one or two channels are curyeatitive. The inactive channels, however, maintagsurface
morphological appearance of the active ones, stiggethat they have been abandoned only recentyiah
photography of the delta tops indicates multipleliment pathways to the delta front and, of counse,
anthropogenic barriers to avulsion.

The Arctic deltas that have now been resurveyedwsh comparable level of activity to the Squamisiital
Those fed with fine-grained material (silty sanddafiner), exhibit the same transverse bedforms res t
Squamish. As with the Squamish, bedforms on theipral lobes also exhibit migration wherein troughearly
erode into pre-existing sediments. Uniquely, icgherpact marks overprint the Arctic deltas as sivalsmooth
depressions. The extent of iceberg impacts appeaeflect both the local availability of icebergsd the rate of
sedimentation. However, no evidence indicating massting triggered by iceberg impacts has yet been
obtained.

Conclusions. Sequential multibeam surveying of fijord deltas is effective tool to delineate the spatial and
temporal evolution of the surficial morphology. tlis manner, the active processes can be measattest than
just inferred. Our detailed understanding of thecpsses, however, is ultimately limited by comparsmvey
sensor accuracies and the integration of the susystem used.

The near-ubiquitous slope-transverse periodic freliethe Squamish Delta is shown to be upstreanratiigy
bedforms, rather than rotational slumping or crédps would suggest that turbidity currents, rattiean debris
flows, are the main mechanism for sediment trartsptumg the channels and across the proximal |dibe.
uppermost section of the main channel system iagets a reservoir for fluvial deposition immedIlgtseaward
of the delta front. Such a phenomenon has beerniqugly observed bill (2009) on the Fraser Delta. The
reservoir appears to be periodically flushed outiclv suggests that a significant fraction of theidity currents
that mould the prodelta slope are generated frasusension of reservoir accumulations, rather thegctly
from hyperpycnal flow as implied bylitchell (2005). There is, however, comparatively smaller volunaas$port
during the winter months in other lesser channeltesys, suggesting a secondary, but more continuous,
mechanism for generating turbidity currents. Thsighificant hyperpycnal flow cannot be ruled outtheiut
direct long term current observations.

The predominance of a single major channel seetherSquamish Delta, and the resulting tendencyaie a

single large reservoir, may be a function of thestmints placed on the delta by anthropogenidlstation. The

contrasting morphology seen on untampered Arctitadanay be more representative of processes ianhient

record. The higher density of channels and appafreouency of avulsing may preclude build up ofgkar
unstable sediment bodies. As most deltas in bpilareas have been stabilized, this may pose aageahrisk.
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