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Abstract

Hudson Bay is a large Arctic/surctic shelf sea that covers an areapproximately
841,000 kr, and is estuarine in charactesith a large watershed and more than 40 rivers
discharging into the baySediment core data for 18 new cores in Hudson Bay was used to
understand the processes effecting sedimentation in theTb&ydata was interpreted together
with sedimentation rates and inventorie$’&b and'*’Cs from previously published articles,
archived cores, and geophysical data from the past four decades. Geophysical data shows that
the bulk of sedimentation ocauoffshore, between 100 and 150 m depth, on the east and
northwest coasts of the bay, localized depressions along the southern coast between 50 and 100
m depth, and basins in the center of the dayentories of'%Pb and*'Cs are variable but
overall $iow a trend of lower inventories in the northwest to higher inventories in the southeast.
Both geophysical and geochemical data show that sedimentation in the bay is largely transient
with sediment deposits at the base of slopes, in localized depressidmear the mouths of

rivers.
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Chapter lintroduction

Sedimentation rates control taecumulation and preservation (burial) of materials on
the sea floor. In offshie or pelagicsettings, sedimentation rates inform us about links
between pelagic and benthic systems. In more coastal settings, sedimentation rates inform us
about the intensgy of sediment supply from rivers or coastal erogioéry et al., 2005; Duboc
et al., D17) However, it is not uncommon to findrbe spatial variation in sedimentation
rates because of variation in sediment sources, transport processes, and depositional
environmen{Leivuori & Niemist6, 1995)Vastly different sedimentation rates can occur
under situations of very similar sedimesupply if the depositional regime is different. Within
ocean basins and even across a single continental shelf, variations in topography, bottom
roughness, slope gradients, and even the orientation of features relative to bottom currents
creates tremermais diversity in depositional settiide Haas et al., 2002)

Often, one of the ultimate applications of sedimentation rates is for constructing
budgets for carbon or for various types of contamindsHaas et al., 1997; C. Michelle
Kamula et al., 2020; Leivuori & Niemistd, 1995 he total sediment sink for the particular
ocean area of interest is generally calculated kingethe sedimentation rates determined at a
number of | ocations (i.e., from a number of
the total area of interest using some kind of map of surficial sediment distribution or other
surface properties (¢iCooper & Grebmeier, 2018A\n area with a strong sediment sink has
potentialto be a strong sink for organic carbon or for burying contaminants. Sediment budgets
also provide means of projecting the significance of various perturbations that could come
about, for example through human impacts or climate change.

Arctic shelves argricky placedor interpreting radioisotope profiles andsessing
sedimentation ratdsr the purposes adstablishing sediment budgerctic shelves and
other northern shelf seas tend to be largely floored by relict sedi(@enirews & Tedesco,
1992; De Haas et al., 199 Radionuclides such a¥Cs and'%Pb that can be used to date
sediment cores are often present in lower intiiecentrations in Arctic sediments because of
great distance from source areas or low annual precipitation and hence scavenging from the
atmosphere or low vertical particle fluxes and hence low scavenging from the water column

(J. N. and E. K. M. Smith, 1982; Thibodeau et al., 20Edjthermore, the g@lication of
1



radioisotopes to date shelf sediment cores is complicated by bioturbation, which may mix
tracer signals downwards a sediment column just as rapidly as accumulating materials bury
these signalgarticularly in areas of low sedimentati@ih. Josenhans et al., 1988wo

tracers often may be used together to estimate both sedimentation and mixing rates. If this is
notpossible, i.e., if rates just cannot be calculated because the assumptions implicit in
applying the tracers are not met, then at the very least, it is possible to use the vertical profiles
of tracers in sediment cores to assess sediment inventoriesksrissoens expressing how

much material is held in a certain depth interval of the sediment column. Comparing sediment
inventories of tracers can provide quite a bit of insight into the processes that are most
important at particular locations, even iftrlynat al | ow esti mati on of
(Kuzyk et al., 2013)

Degite the challenge, Arctic shelves are places where better understanding of
sedimentation rates is urgently neededn Can ad a 6 s and @canthavig thesér ct i c
areas arendergoing fundamental change duediatively high rates ofesidualisostatic
reboundrom previous glaciatiofShilts, 1986) Arctic shelf areas are albaghly susceptible
to impacts from ongoinglimate change and hydroelectric developn{éutboc et al., 207;
Hochheim & Barber, 2014as well as proposed shipping and leisure traffthashelf
watersbecome ice free for longer spans of time.

In 2009, the first steps were taken towards developing sediment and organic carbon
budgets for the Hudson Bay §gm, a large inland shelf sea at the southern margin of the
Arctic which is undergoing rapid change in both ice environments and watershed processes
(Hochheim & Barber, 2014; Ridenour et al., 20I8)e averageedimentation rate from 13
sediment cores cdmmed with an estimate of the area of active sedimentation in the Bay
(~15% of the seafloor), yielded a sediment sink in Hudson Bay of 138 (+64)d1f§Kuzyk
et al., 2009) The known sediment sources could account for only abouthorteof the
apparat sediment sink implying a large imbalance, possibly explained by a large contribution
of resuspended and laterally transported sediments to the burial flux. This sedimeimaey reg
would place Hudson Bay stark contrast to other northern shelves and seveneityiis

potential to act as a carbon and contaminant 8fiajor uncertainties in this preliminary



estimate of the sediment sink incluidsparse sediment core data esaigcin the northwest
guadrant of the bagnd a lack of geophysical (stlottom) data particularly for coastal areas
In this thesis, present new radionuclicendsupporting physical (particle size) and
geochemical (organic carbodata from18 sedimentores collectedcrossHudson Bay
(Figure 11). Mostcoreswere collected as part of the 2018 NSER@nitoba Hydro
ABay Sy s o0 p sooghttoeiplore thehinflieces of both climate change and
hydroelectric development within the Hudson Bay Systame the ofiles and inventories
of the radioisotopes to determine sediment mixing and accumutategito assess the
intensityof scavenging and burighnd to detect riverine sediment influenSecondly, |
combine this new sediment core data with previously published radionumilatgories and
sedimentation rateend assess spatial and statistical trends within the combined data sets.
Lastly, | interpretpresence/absence of surficial sediment deposits dtioknown publicly
availableseismic datdinescollectedacross Hudson Bayetween 197 and 2018
(representing tens of thousands of kilometteglssess how sedimentation is distributed on

theregionalscale
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Figure 1-1: Map of Hudson Bay withollected cores (filled circles), previous cores (empty
circles), and bathymetry. Batmetric contours are 15m, 30m, 40m, 50m, 60m, 70m, 80m, 90m,
100m, 150m, 200m, and 250&cde 1:12,000,000



In past studies of sediment deposition and attempts to construct sediment budgets in
Hudson Bay, there have been some critical gaps in thetdsdtied to large uncertainties in
conclusions Josenhanst al.in their 1988 paper providelgood map of the locations and
types of sediment within the bay but they lacked data for coastal regions. Iné&tayk
2009, a limited number of cores was ugedether with the Josenhaasd Zevenhuizen 1990
map,to estimatehe total sediment sink in Hudson Blayt cores were completely lacking for
the northwestern and western portions of the bay as well as the area of theTWinggkand
was also scarce along the southern and eastern sAdrepreliminary sediment budg
estimates included in Kuzyk et al., 2009 have been used as a basis for crafting a mercury
budget for Hudson BafHare et al., 2008nd a carbon budgéCapelk et al., 2020)These
applications reinforce the need for improved understanding of sedimentation in Hudson Bay
as a basis for future+evaluation othe sediment sink ants role in mercury and carbon
cycling.

Objectivesand Anticipated Significance

This study aims to reassesesdimentation and its primary contralghin Hudson Bay by
filling in gapsabout modern sediment coveragigh the analysis omore geophysical data
and reevaluating average and ranges of sedimentationuabega larger ad more
geographically distributedatabase of sediment coreSpecific objectives are as follows:

1. Reuvisit the previous estimate of the sediment sink for Hudson Bay
a. Map sediment deposits from subbottom data
b. Characterize surface aneéarsurface sediments using bulk properties and
radioisotopes
c. Where possibladetermine sedimentation and mixing rates using vertical profiles
of radioisotopes.
2. Use new and previous data to help determine the processes leagpagjabvariation in

sedmentation in Hudson Bay



Thesis Structure

This thesis is structured in six chapters. The first chapter is an introduction to the thesis
and the objectives. The second chapter is a literature review section to introduce the study
area anapplication ofradioisotopeso determinesediment mixing rates in modern marine
sediments The third chapter is the mettsahd data collection section of the thesis. The
fourth and fifth chapters consist of the results and discugsgspectively. The sixth chapter
contains the conclusions. Following the sixth chapter are the references and appendices.



Chapter A.iterature Review

Shelf Seas and Sedimentation

Continental shelves are areas of submerged continent that are shallower than 200 m
(Mackenzie et al., 1988)These continental shelf are@sform large seas such as the North
Sea, Baltic Sea, and Hudson Bay. They are typified by high sedimentation rates, which
support high burial rates of carbon and other elements,ingetirey are disproportionately
important, relative to their surface area, as sinks in global elemental budgets such as the
carbon budgefde Haas et al., 2002; Mackenzie et al., 1988)us, to be able to understand
the fate of carbon or the fate of other elements or pollutants that cycle in association with
carbon, it iIs iIimportant to determine sedi men
sediments also provide a number dfestimportant ecosystem services, including habitat for
marine life ranging from benthos to marine mammals such as walruses.

Sedimentation rates in shelf seas are fundamentally controlled by sediment supply.
Sediment is supplied to continental skegdhs by many sources with main ones being river
runoff, coastal erosion, ice rafting, and marine primary production (Keizgk2009).

Globally, river runoff is thought to provide 95% of the sediment entering the (Sgaitski

et al., 2003)however, in arctic shelf areas, where thawing permafrost destabilizes shorelines,
the sediment introduced by coastal erosion can exceed that supplied by rive(Steiof&
Macdonald, 2004)Continental shelf seas are also major sites of marine primary production
(de Haas et al., 2002)

Sedimentation patterns ghelf seas tend to be complex. Along the continental shelves
of eastern and northern North America, there are large areas showing ligtteivet
deposition and most surficial sediments are relict or reworked relict sedi(Rgrds, 1991)

In some shelf areas, very little fageained sediment derived from coastal erosion aregi
escapes from the coastal zone (Piper 1991). In other systems, fundamental controls such as
physiography and glacial isostatic adjustmantwave driverresuspensioareimportant
processscontrolling the distribution of sediment depogBaiteerasak et al., 2017 arctic

areas, ice rafting and icelgescour reworking of Quaternary sediments is com(Rgper,

1991; Whitehouse et al., 2007)



Sedimentation in Hudson Bay

Hudson Bay is anarinebody of water in central Canada that has an area of
approximately 841,000 khand an average depifi125 m (Kuzyket al, 2009). The
Laurentide ice sheet covered the Hudson Bay area during the last glaciation in the late
Wisconsinarand formed the Tyrrell Sea about 8,000 years ago when the ice sheet melted
(Pelletieret al, 1968). As a result of this glaciation and subsequent deglaciation, Hudson Bay
is undergoing isostatiebound. The rate of upliit southern Hudson Bayas aound 10 m
per century during deglaciation and has slowed to about 1 m per century at (irageiet et
al., 2002)

Sediment is supplied to and deposited in HudsonlBageveral different processes.
The first process is sedimenput from rivers discharging into the Bay. Hudson Bay receives
approximately 713 krof river runoff per yearand an associated estimated 11.6x@
sedimen{Kuzyk et al, 2009). The Hudon Bay watershecbvers approximatel$.7x1¢ km?
of Canaddhroughout Alberta, Saskatchewan, Manitoba, Ontario, Quebec, and N{Déwut
et al., 2005pnd comprises over 40 major rivé@odin et al., 2017)Although sediment
di scharge from the bayds rivers has not been
Hudson Bay Lowlands in southwest Hudson Bay and James Bay are rapidly incising into
fine-grained, uplifting glacial sediment€umming, 1968and, in satellite imagery, appear
much more reflective than rivers draining Canadian Shielthe case of the largest river, the
Nelson Rivetthat discharges to west Hudson BhagkeWinnipegtraps much of the sediment
from the watershenmnplying that sediment discharged to Hudson Bay is mostly generated by
bank erosion and algal productionr@servoirs along the lower reaches of the river
(Goharrokhi et al., 202Z1and see also the MSc thesisTaksiaStainton, 2019)in James Bay,
a southern extension of Hudson Bayythern rivers are under the influence of the great clay
belt (Dresser, 1913)esulting in extremely high suspended sediment I¢@eldelo et al.in
review).

Sediment is also redistributed by curremikich circulate in a generally
counterclockwiselirection in Hudson Bay (Pelletiet al.,1968).The counteiclockwise
coastal currens strong along the east coast of the bay particularly iffSallicier et al.,

2004) In May and June, the flow pattern in eastern HudsonrBegrses ande currents
8



flow in a clockwise direction, while currents in western Hudson Bay still @ounter
clockwise causing flow convergence near James @agienour et al., 2019Bottom currents
have not been reported.

A third important set oprocesesaffectingsediment depsition is icescourand ice
rafting. Hudson Bay is covered seaice for much of the year. Ice forrhgetweenate
October anddecember andhelts between May and Julgpending on location within the bay
(Hochheim & Barber, 2014)Themobile packce near the shore movesunterclockwise
around the Bay and when the ice mattgeposits the sediment it has accumulated (Pelletier
et al, 1968). There is alsanorerecent evidencéarber et al., 2021; Landy et a2017)
showing that théce is thicker in thesouthern osoutheastern portion of the blagth during
winter and during summer when overall ice extent is verydewvause of widespread méit.
large amount of pack ic&ten collects in southern Huds8ay in June because of northerly
and northwesterly winds moving the ice southward throughout wimiir the consequence
that there ipotential for a significant amount of sedimdsadien ice tanelt in the southern
aregjust west of James Baglthoughthe source of the sediment in the pack ice is not
known, suspension freezing during ice formation is suspected to be important. The very thick
ice that results from dynamic processes throughout winter (e.g., pack ice colliding with itself
or with landfasice) means that the ice in Hudson Bay may interact with the seabed at much
greater water depths than would be expected from the thermodynamic ice thicknesk®f 1.0
m. Thelatemeltingice observed in southwest Hudson BgyBarber et al. (2021) had an
average freeboard of 2.2 m, which corresponds to an estimated total thickness.dh18 m
eastern Hudson Bay, a zone of maximum ice scouring was found at water depths between 8
and 12 m and corresponded to a zone of maximum erosion of Holocene se@ieqotte
et al., 1999) Bottom scouring by dragging ice keels is believed to resuspend the sediments,
and neabottom currents subsequently redistribute the resuspended sediments.

There are large differences between coastdlinterior Hudson Bay in terms of river
influence, sea ice cover (landfast vs. mobile pack ice), primary production and many other
factors that may be expected to affect sedimentation. Coastal Hudson Bay is subject to
processes withithe Riverine Coaal Domain (RCD), which is a narrow, shallow, feature that

transports freshwater along Arctic cog&srmack et al., 2016)The RCD presumably

9



affects how landlerived sediment is transported within the bay although little is known about
this region because early studies (e.g., as reported in Josenhans et al., 1988) largely avoided
these poorly charted areas. The interior of the bay contairttyrgtasial sediment deposits

and has glacial features that are preserved on the seafégeunesse & SOnge, 2008;

Pelletier, 1986) The glacial sediment deposits consist of glaciomarine sediments deposited
during the retreat of the Laurentide Ice Sheet, paraglacial deposits and postglacial deposits
(Haberzettl et al., 2010)

Biological material is also very important to sedimentation. Hudson Bay has many
areas that havhigh primary productio(Sibert et al., 2011 which allows for more particle
scavenging, i.e., uptake fPb (and other particleeactive substances) dissolved in the water
column, and subsequently more deposi{idppleby, 2001) The northwestern portion of
Hudson Bay is the location of a large recurrent polynya during the WBdecier et al.,

2004) which appears to be a significant hotspot of spring primary prodydiatthes et al.,

2021) Spatial mtterns of primary production and export of produced material to the seabed in
Hudson Bay have been modeled; however, changing ice conditions throughout the bay
(Hochheim & Barber, 2014; Landy et al., 2017; Sibert et al., 20EBn that the blooms are
subject to change in the future.

In addition to the natural processes governing sedimentation rates and patterns in
Hudson Bay, there are also anthropogenic factors. Due to hydroelectric development, there
has been a change irethmount and timing of river runoff entering Hudson Bay as well as
the energy with which the water enters the bay ([2e€al 2005). It has been suggested that
hyperpycnites deposits from hyperpycnal flows related to ice jam formation on the Lower
Nelsan River- have decreased due to dam construction on this(udyoc et al., 2017)

Due to climate change the seasonal ice cover in Hudson Balyilstieg freezeup
approximately a month later and breakup a month earlier thardtto(Gagnon & Gough,

2005) which may ptentially lead to a change in sediment sources and sinks in Hudson Bay.

Geological Setting

The bedrock beneath Hudson Bay is comprised oPteeambriarsuperior Provincand
Trans Hudson Orogeand thePaleozoidHudson Bay PlatfornfDonaldson, 1986; Nosi
10



1986)(Figure 21). The Superior Province, which makes up the bedrock of the east coast of
Hudson Bay, largely consists of Archean and Proterozoic granitic plutons and gneisses as well
as a lesser amount of metamorphosed basalt and sedimentarfDocikison, 1986;

Henderson, 1989)

TheTrans Hudson Orogesomprises the western coast of Hudson Bay and is also
mostly granitoid igneous rocks and gneisses (Donaldson, 1888xomprised of the Rae
Craton,Hearne Craton, and the Chesterfield Crgt@ehrsson et al., 2013Hudson Bay
Platform is composed of Ordovician, Silurian, and Deanage shallow marine facigthe
bulk of which are limestong®orris & Sanford, 1968) There is also a coal rich Cretaceous
formation to the southwest of James Bay that is contributed into the bay by Moose River
(Nicolas & Armstrong, 2017)

The two widely dissimilar rock types have weathered and eroded to produce different
landscapes southwest vs. east of the bay and the contrasts apparently also extend to the
continental shelf as pronounced variations in bottom physiography in variousftheshay.
Coastalareadn the southwhere the bedrock issemposed of carbonate rocks, are more
susceptibléo erosion than both the western aastern coasts that are composed of more
resistant crystalline bedrock.

Ridges and valleys on the seafiddicate an old drainage system; the valleys are U
shapedindicating that they were eroded by glaciation (Pelletied.,1968). In the
Wisconsinarage severalglacialadvances took place with sea watatering the area when
the glacier recede(H. Josenhans et al., 1988; Shilts, 1982, 198®)is created many
episodes of erosion followed by the deposition of Bhilts, 1982) As the glaciereceded
for the final time it deposited more till and exposeduhkehaped valleys and ridges created
by the glacierwhich werethen infilled with seawatgiPelletier, 1968) Many of these
featuresare still present todayffecting where sediment is deposited in the (Rsfletier,

1986)
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Figure 2-1: Simplified bedrock geology of Hudson Bay. Orange and pinks are Precambrian
crystaline bedrock and blues and greens are Paleozoic carbonates

Application of Radioisotopes for Studying Modern Sedimentation

21%pp

21%Ppis aradioisotopeahat iscommonly used in dating sediment cores. LR&d is a
naturally occurring radioisotope that is part of the UranRB8 decay series (Appleby &
Oldfield, 1992) The?'%Pb content in sediment is comprised of two components, supported
219Pp and unsupported®b, which make up the totdPPb content. SupportédPb is

derived fromin situdecay of?®Ra in bottom sediments whereas unsuppd®b is derived
12



from the atmospher@uzyk et al, 2009) Unsupported'®Pb has two sources: particle
scavengig and runoff. Some of thfé°Rn produced by the decay®3fRa escapes from the
bottom sediment and is released into the atmosgApmeby & Oldfield, 1992. The???Rn
then decays inté'®Pb and is reintroduced to the water column through precipitafibe

lead is then scavenged by particles and deposited on the bottom of the body of water.
Unsupported'®Pb from runoff occurs wheit®Pb is introduced to the system through
precipitation on land into the watershed or from the decésPRé in soil(Appleby, 2001) A
large inventory of unsupportééPb in a core means that the area is depositional whereas if
there is only a small amount of unsupport¥Bb it is likely that tle area experiences a lot of
erosion or resuspension (Kuzgkal 2009). Where there are deep ocean basins with long
water residence times and low particle production and settling processes, di§$Bled
produced by decay of dissolv&dRa mayaccumulatén the water column, leading to the
procesof6 boundar y asowendthemmginsghgréte >°Pbrich water mass
encounters settling particles and rapid removal%®b occurgKuzyk et al., 2013)

Once asedimentore is obtainedsediment subsections or slices mayhalyzd to
determinghe downcore profile of!%®b. A typical *!%Pb profilein recently deposited marine
sedimentshows exces&%Pb decreasingxponentially (with decayp background levels
deeper in the core. Thisterpretation of decrease ift%Pb with depth being due solely to
accumulation of sediment at the seabed and decay of previously deptiBitedakes the
assumptiorof steadystate deposition, meaning ti&tPb is being deposited at a constant rate
(Appleby and Oldfield, 1992)This assumption is used when modelf4b in atwo-layer
advectiondiffusion model such as the one used later in this thésta/o-layer advection
diffusion model assumeseadystate as well as a top layer that is subject to bioturbation from
bentic organisms and a lower layer where bioturbation doetaketplacgKuzyk et al.,

2015) In a natural system, variation in the raté¢'8Pb deposition may be caused by changes
in particle size or composition, which alters the initial acti¢ttPb, or fluct@tions in the
amount of material being deposited (sediment flux).
137CS

Cesium 137 is a useful trader estimatingsediment fluxes as well as a useful check on

219pp sedimentation ratdsecausét does not naturally occur ihe environment¥'Cs is a
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human made radionuclide that derives from nuclear figsiosteret al., 2006; Kuzyk et al.,

2013; Walling & He, 2000) It was introduced into the environment primarily during the

period of nuclear weapons testing during the peak oCthéWar. Due to the large amount

of 13’Cs released into the atmosphere dutitig time, it can be used globally as a marker of

the 1950s to approximately 1963 when many countries agreed to faze out the use of nuclear
weapongZaborska et al., 2010)More recent sources b¥Cs are due to resuspension and
transport through watersheds and rur@tighton et al., 1997)

Profiles of'3’Cs typically show no cesium at the bottom of the core followed by a pulse
of 13’Cs followed by a steady decrease to the surf@oees that have secondary increase
near tle surface are likely getting a freshwatetershedgource of-*’Csdeposited into the
area(J. N. and E. K. M. Smith, 1982)Cores that havéttle or no*’Cs might have been
subject taerosion otthe 3'Cs might havenigrated in dissolved phase out of the sediments
(Oughton et al., 1997 third alternative is that th€'Csdecayed out completely based on
its short half life of 30.2 year@Vright et al., 1999)

Previous Work

Previous geophysical woskn Hudson Bay were done using Huntsitlescan, airgun,
and 3.5kHz seismic datdosenhanst al.,1988 Zevenhuizen & Josenhans, 199@d
sidescardataalone(Henderson, 1989) to map thestglacial sediment in Hudson Bay.
Henderson (1989) found thabgtglacial sedimentation was restricted to <100 m depth and
was often reworked by rivers and marine currents. Joseehah4998 usegbrimarily
Huntec to angize the sediment type determining whether it was glacial till, glaciomarine, or
postglacial ediment and 3.5kHz data to extrapolate from the Huntec data to map the sediment
type throughout the bay. They determined that glaciomarine and postglacial sediments are
largely restricted to localized depressions and river mouths with glacial till trooutite
bay. More indepth studies have been done in portigiaglean et al.(1992)conducted a
study of Hudson Strait and Ungava Bay using Huatet determined that there were large
basins that were the location for accumulation of postglacial sediment though those basins
were still glaciomarine predominantlgonthier et al.(1993)conducted a study near the

mouth of the Great Whale River using sidescan, 3.5 kHz profilers, and Hulrtieg
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determined that the sedimentation in the area has b in of Quaternary sediment in some
locations but only units 4 and 5 are postglacial.

Previous geochemical studies in Hudson Bay incideoce t  @017) 8tsdy of
sediment cores in the Churchill and Nelson estuaries, Thib@l¢au @017) dtsdyon low
Pb accumul ation in Huds o A%PBbadget of the:GresaeWhdle Be nt |
River delta, and Kuzyk t  @009) preliminary sediment budget for Hudson BByiboc
et al. (2017) found evidence of hyperpycnites in cores from the essuairthe Nelson and
Churchill rivers, indicating that ice jams caused damming and then large influxes of sediment
into the estuary. However, since hydroelectric damming has taken thiad¢s/perpycnites
have stopped occurring indicating that the cdntrevater flow has also changed the
sediment influx into Hudson Bay. Thibodeetal.(2017)found low levels of lead in Hudson
Bay despite increased anthropogenic liepditsin the last century. They determined that
there was low vertical export ofdd due to low primary production. Hulse & Bentley (2012)
determined that there was an offshore shift in sediment deposition near the mouth of the Great
Whale River. They also determined that 77% of the sedidedivered by the rivewas
being depositedven further offshore or elsewhere in the baley concluded that the
warming climate could cause more energetic conditions allowing for sediment to be carried
further fromits source. Kuzylet al.(2009) estimated a sediment sink of 138 (+64) &t &3
and calculated that only one thirdtbat is fromcontemporargediment sources to the bay.
This indicates that resuspension is a major factor in the sediment sink in Hudson Bay.
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Chapter Methods

Geophysical Dat&eview

Geophysical data was obtained from Nature Resources CanaReocdessoPatrick
Laeu nessed0s t eam ,alich hasa soaductetd)arseaberl mappingyprogram
throughout the Canadian Arctic as part of Arcticfg1032018. Data were collected from
areas of interest for oceanographic research as well as marine gedlaipe data is 3.5 kHz
acoustic soundings obtained through underway systems on various vEssdialk of the
datafor offshore areass from 1977 and 1978vhich was digitized by NRan

Overall, there was more than 100,000 km worth of data analyzed for this thegise
3-1 shows the distribution of the datath the light blue lines denoting the 1977 and 1978
data and remainder of the colours denoting the ArcticNet mappialysedthese datay
eye(Hougardy, 2014; Josenhans & Zevenhuizen, 1880)g a photo viewer prograwith
the goal of identifyingsurficial unconsolidatedieposits As referencel used a combination
of previous works on Hudson Béenderson, 1989; H. Josenhans et al., 1988; Pelletier,
1986)and other seismic survey stud{eékugardy, 2014; Todd et al., 1998)lder data was
anaysed using the method of classification that was used in Josestrelnk988 due to the
nature of the quality of the scans of the subbottom data. These data sets were largely lower
guality jpeg files in which reflections wenst clearly visible unlesghey were strong
reflections. For examplé was often difficult to determiniéthe sediment deposits were one
layer overlying bedrockue to the lack of reflectors many of the deposits. Due to the low
resolution of this data, the lack oflextions could indicate eithelargely homogenous unit
(no interbedded sands) (Hougardy, 20d@jhat the scanned image does not disfaggrs
that arepresent

Newer data from 2063018collectedfrom the CCGS Amundsen is high qualisee,
for example, Figure-3b)and was able to be viewedthreeprograms SE®Jp2 launcher
(NRCan) SounderSuitePostSurveyKnundsen)and Seisntraphix (SeismiGraphix |

used thesprograms to pick outecentsedimentatiomgain by eyeising all thee programs in
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tandem to be able to zoom in with higher resolutaoonfirm the presence of a deposit
(SeismGraphix), get a crisp, clear image of the whbfee (PostSurvey), analccess the
metadata attached to the lines (SBEJpX launchgr Belowin Figure 32 are screenshots of
the same subbottom file on all three prograr@sismiGraphixXFig. 3-2a) clearly has the
greatest amount of detail in the imatgelf, but it does not provide latitude and longitude for
any given point. PostSurvélig. 3-2b) also shows detail quiteell, but it does not have any
depth information or scale bars on the image which makes it difficult to get any information
about a selected deposit. SEGYJp2 launffigr 3-2c) is the only program of the three that
stitches thdine together properly if something interfered with the signal and progitidse
metadata for any given point selected. However, it does not provide as high quality of an
image and the zoom function makes the image blurry much faster than the other two
programs. Thereforé& was often necessary to use a combination of two or all three
acquire the most accurate determination of whether a sediment deposit was present or not.
The newer data andbility to view data in multiple programallowed for hgher
confidence in th@resence ofleposits picked out of the 20@B18 datalt was also easier with
the newer data to view units within a sediment de@sswell as being able to see a thin drape
of sediment with more eask is not likely that deposits thinner than 5m can be reliably detected
and the lack of an appeance of sediment in those areas does not mean that the seafloor is just
exposed bedrockAn example of the newer data is showrFigure3-1b, whereit is possble
to see a lower reflectiounit overtop of a higher reflection unit indicating that the upper unit is
likely mud compared to a sandier unit belowcit,(Hougardy 2014). The identified sediment
deposits from all data sets wdogged (Appendix 1) anglotted on a map of Hudson Bay
Notes were made regarding ttlearacteof the deposit, discrete veontinuous thin vs. thick
as well axharacteristics afeflections(Appendix 1)
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Figure 3-1: a) Map of 3.5 kHz subbottom data. Light blue lines are 1977 and 1978 data and the
remaining colours are 2003018 ArcticNet data. Scale 1:12,500,00. b) An example of the 3.5
kHz data from the ArcticNet data sttowing thenternal reflectors visible in these new data
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Sediment Core Collection

Eighteen new and previously unstudied cores were analyzed for this(fredsdes 31).
Five of the cores (405, 407, 408, 409, 411) were previously collected aboard the CCGS
Amundsn Icebreaker between August 10 42d 2007 These cores were obtaindm the
entrance tdames Bay anthe coastal area nelne Winisk River insouthwestHudson Bay
(Figure3-3). Core 840B was collected aboard the CCGS Amundsen during the summer of
2013from a location west of the Belcher Islands (FigeH®. The remaindeof the cores
(n=12)were collected aboard the CCGS Amundsen duhiegBaySys cruise in summer
2018

A box corer was used to collect all the sediment canelspush cores were then taksn
handfrom each box.Sites for sampling during tH2018 Amundsen cruise were selected by
thesciencesteering committeenboard the vessdlring meetingsand the decisiowhether
to box core was made based on-teéak subbottom data from the acquisition rodmhelp
avoidareas that had a rough subbottom that could damage the borrcareas that did not
appear to have a significant amount of sediméuish cores were taken only if the surface of
the mud in the box corer was undisturbed and there was still surfaceabvaterthe sediment
surface indicating that the box corer had properly sedlbd.geographic emphasis with the
new cores was northwest Hudson Bay (cores 17, 18, 19, 21, 24, and 28) and southwest
Hudson Bay west of the Midbay Bank (cores 32, 36, 38, 8Bh@H4gure3-3). This
distribution complements the distribution of previously studied qétesyk et al., 2009;
Thibodeau et al., 201,Avhich emphasized the central and eastern portions of the bay (see
emptycircles in Figure8-3). The 12 mw cores were obtained from bottom depths betv@den
and 203 mThecore lengths that werecovered varied fror@4 to 36 cm(Table3-1).
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Table3-1. Core IDs, year obtained, coordinates, bottom depth, and core length

Core Year Latitude Longitude Water Length Bottom
IDs (N) (W) Depth (m) of Core Water
(cm) Salinity
(PSU)

405 2007  54.674€0 -79.9523 62 375 30.5
407 2007 54.76417 -81.7163 27 31 29.7
408 2007 56.03733 -84.7403 103 26 32.6
409 2007  55.73983 -84.8338 58 30 31.2
411 2007  55.52883 -84.9505 26 30 27.2
840B 2010 58.41100 -83.303 175 26 32.0
10 2018 63.45071 -79.4452 203 22.5 32.6
17 2018 63.18458 -90.0337 92 31 32.9
18 2018 63.71968 -88.4021 122 28.5 33.4
19 2018 61.84316 -92.1328 86 325 33.0
21 2018 60.91407 -89.3385 149 26.5 33.0
24 2018 61.70548 -87.7845 186 36 33.0
28 2018 62.41676 -89.8175 162 24 33.1
29 2018 61.74867 -84.2958 177 34 32.8
32 2018 56.97127 -88.1301 34 27.5 31.1
36 2018 57.77581 -86.0279 127 34.5 32.6
38 2018  58.72343 -86.2957 180 335 33.1
40 2018  58.24775 -88.5965 90 27.5 32.6

Thecores were immediateblxtruded andgubsectioned arntie samplefrozen. Cores were
subsectioned into 1 cm slices for the first 10 cm of the core, 2 cm slices for the following 10
cm, and 5 cm slices from 20 cm to the bottom of the core, with a few exceptions. Cores 17,
18, and 19 were subsectioned into 1 cm slices for the first 10 @¢rth@n 2 cm slices for the

remainder of the core due to visible changes in grain sizedadr in the sediment. Core
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840B was subsectioned into 0.5 cm slices for the first 10 cm and 1 cm slices for the remainder
of the core.

3 Bay il
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Figure 3-3: Distribution of sediment cores in Hudson BRilled circlesare new cores analyzed

for this thesis aneémptycircleswith italic and underlined labels are previously published cores.
Bathymetric contours are 15m, 30m, 40m, 50m, 60m, 70m, 80m, 90m, 100m, 150m, 200m, and
250m.



Once all the samples were back in Winnipeg, the sediment was thawed and subsampled into
20 m vials. The sedimensamples in theials were freeze dried eé5°C for 3-4 days at the
University of Manitobao remove the water from the samplé¥et and dry weights were
recorded for each sample to allow fmrosity calculationsising equations through 4 The

dry weights of the sediment were then salt correasgag the bottom salinity obtained from

CTD data on the rosette from each coring aitdequations 5 through 8

Equationl
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WhereW = proportionof moisture, S = salinity (psu)p = volume of wateper unit mass of
total samplew = volume of solidper unit mass of total sample= in situdensity of the salt

water” = density of sedimergrains(constant used here is 2¢#én7), and = porosity.

Particle Size Analysis

Particle size analysis was done on the surface samples of all 18 of the cires on
Mastersizer 2006h the Richardson building at the University of Manitolézravel sized
particles were removed from the sample by é9ae gram of each sample was placed a
beaker with hydrogen peroxide for 24 hours and then placed on a hot plate to boil off the
H2>O>. This process removes the organic portion from the sample so that only the sediment is
analyzed Goharrokhi et al., 2021)The sample was then dispersed with sodium

hexametaphosphate before being analy@harrokhi et al., 2021)

Organic Carbornalysis

Seventeen out of the 18 cores were sent to the University of British Columbia (UBC) to
be analyzed for %otal nitrogen and % total carbon (which is broken down into the % of
carbonate carbon and the % of organic carbéije to six slices ofach core at
approximately 5 cm intervals were analyzed using a Carlo Erba908 Elemental Analyzer
(c.f. Verardo et al., 1990)The precision of the instrument is-88% for OC andt+/- 1.6% for
N (Verardo et al., 1990)

Radioisotope Analysis

The activities of*%Pb, 22°Ra and**'Csin the sediment core sectiowsre counted using
a combination of gammand alphapectrometryat theEnvironmental Radioisotope Lab
(ERL) at theUniversity of Manitoba.To prepare the sediment samples for radioisotope
analysishy gamma spectrometrireeze driecand groundsamplesvereput into petri dishes
and weighed. The samples were then sealed for 21 days to allow secular equiibrium
developbetweerf?®Raand itsradon progeny?€?Rn) nuclide’*Pb (Murray et al., 1987) The

samples in the petri dishes were measuredff@s by counting gamma emissions at 661
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keV. 2!%Pband?**Raweremeasued for some samples (cores 10, 17,18, 24, 405, 407, 408,
409, and 411) by counting gamma emissions at 46.5akeN852keV, respectivelySamples
were counted for 28 hours for'*'Cs and 24 hours fét%Ph. Detector efficiency and self
absorption were goected by counting reference material distributed by the International
Atomic Energy Agency (IAEA) within petri digls ofthe same geometZutshall et al.,
1983)

Particular attention was paid to QA/QC becairseradioisotope activities in the
sediments were very lowor 3'Cs repeatability of thggammaanalysis was assessed by
analyzing 11 samples in duplicaté’Cswas not detected in eight of 11 samples during the
first round of analysis and four of 1araples during the second round of analysis. The values
detected during only the second round of analysis avefa@g&sldpm/g which implies that
this value reflects the practical limit of detection for the analf&isthe three samples that
contained deectablet*’Csduring both rounds of analysikie average relativpercent
difference for the pairs of analyses was 37%. Note thdft@sactivity was low (average 7.3
Bg/kg) in the set of samples that were analyzed repeatedly, which implies that@/idep
an outsideestimate for the repeatability of the analysis. Better repeatabilily@sin the
order of8.8% is typically foundat ERLfor sediment samples containing high&€Csactivity
levels(c.f. C.M. Kamula etl., 2017) For?*®® b, the | abds typical repe
gamma spectrometer is 6% (cf., Kamula et al., 20HExe repeated analysis of one slice of
core 4Q which containedow 2'%Pbactivity, yieldeda coefficient of variation (relative
stardard deviation) of 19%n=5). Subsequent analysis thfe same lowevel samples by
alpha revealed that gamma results?@Pbwerebiased lowreflecting poor detection of very
low levels The cores that werfected by this showed almost no difacewhen both the
gamma and alpha data were modell@dl. the cores that were originally run gamma have
been run on alpha and that data replaced the gamma data with the exception of core 32 which
had such low levels 6f%Pb that there would beegligibledifferences between the two.

For alphaspectrometrythe method involves measurif§Pb indirectly bydetermining
the activity of its daughter isotop&Pa. It is assunedthat?°Pb ancf*%Po are in secular
equilibrium. The isotope peak 6t%Pois compared witta known activity peak of the isotope

tracer’®Po. Sediment samplesere preparedor alpha analysi®y measuring 0-1.0 g of
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dry sediment into a 1%Rptranérand 80ankof6N.HGleeeT hen 200
added to each sample aheé samplglaced on a hot plate for8hours at 18®. The
beakersvere removed from the hotplate and swirled to mix the solution, then allowed to cool
and settle. The clear liquwlasdecanted into a 250 mL beaker whicteatly contaiad 50

ml of distilled water and 5 mL of 10% ascorbic achlsilver disc with a sample ID etched

onto itwas placed into the beaker unmarked sidewgh he samplesvereplaced back on the

hot plate with a watch glass at®80overnight. Theext day, the samplegere allowed to

cool to room temperature, the liquiths pouredff andthe discavere rinsed with distilled

water and allowed to air dry. The disgere then counted on the alpha counter foi728

hours. Five samples of the samécs! of one of the coregcore 36)un on different detectors

on the alpha spectrometevealed a repeatability @D%. Sightly better repeatability (6%)

has been found previously for samples containing higher activitié®bfand all analyzed

on the same detect@amula et al., 2017)

Throughout the thesis, radioisotope results@perted in units of disintegrations per
minute per gram of dry sediment (dpm/g) after correcting the dry sediment mass for salt
content. Unsupportear exces$'%Pb was calculated as the difference between mea$(irixd
and??®Ra for those cores analyzby gamma. In the remaining coresces$Pb was
calculated as the difference between the meagtffeld activity in each slice arslipported

219pp estimated as the average activities deep in the cores.

Calculations of Sedimentation Rates

For cores tht appeared to meet the assumptions of stetadg sedimentation,
sedimentation rates wederivedfrom excesg'%Pb profilesusing a twelayer advection
diffusion model to account for biomixing and compaction with dégithKuzyk et al., 2015)
The moe! assumes that there is a constant suppt{P®bto the seaflooland that there is an
upper section of the core that is biomixed by bentheatures and a deeper unmixed layer
where theé!®Pbdecays to background level undisturi§égpleby, 2001; Kuzi et al., 2015)
ThemodelusedEq.9 above the surface mixed layer (SML) dbgl 10 below the SML.The
SML was identified by eye as the portion of the core near the sediment surfacé\Wiere
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activities were constant or near constant with dépthKuzyk et al., 2015)In cores where
137Cs was detected, validation of the sedimentation rates was attempted using MatLab (cf.
Kamulaet al, 2017) The modelling of*’Cs assumes that there is'3Csprior to 1954 with

an influx betweeri954 and 1963, and then decreasing towards the surface aftersdigoces
of nuclear testing in 1963. If the sedimentation rate derived froft®le dating, fits the

sedimentation rate 8f’Cs then the sedimentatioate is validated.

Equation9
re 1. .16
—, —. 20 —,
Ta T a T a B
Wherg is the sediment velocity (cm/yr), C is the exc@8b activity (dpm/ cr¥), z is the

5

depth, K is the diffusion coefficient (chh y r ) ,  anadiois@opd dscayt cbhnstant
(0.03114/yr).
Equation10
] _Ta

Where w is the sediment velocity (cm/y®), i s t he radioi sotope decay
and m is the slope of the natural log of the exé€8b.

Equation 11

‘l ” p l’)
Wherer is the sedimentation rate (g/cm/yr),is the density of sediment (2.65 gR)m s

the mean porosity, and w is the sediment velocity.
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Chapter 4Results

Subbottonseismic profiles

In total,only 414 distinct sediment deposits were locatéong the thousands of
kilometers ofinspectedseismic datdines.Figure 41 summarizsthefrequencydistribution of
thedeposits across water depitjtude,and longitudeSediment deposit&ere not located in
areasshallower than 50 ralthough, in places, seismic surgeyent into as little as 20 m water
depth However, over the depth range50to 212 m, the greatest numberd&positsvere inthe
shallowest %0 to 82 M) depth category (Figure ). There is a general decrease in sediment
depositswith increasing water deptfithedistribution of deposits with latitude is bimodal: the
area largenumber ofsediment deposiis the mostsoutterly portion ofthe bay(south of
56.38°N)andalso asignificantnumber ofdepositdroadly distributed across the middle
latitudes ofthe baybetween 57.68°N and 61.58°N (Figurd)4 There is also a trend with
respect to longitude with the bulk of the sediment depasittedin the easbetween80.8°E
and-78.6°E.
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Deposit Distribution by Depth
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Figure 4-1: Frequencydistribution of sediment deposltxated along seismic linegross water
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The geographidistribution of locatedediment deposiis shownwith respect to
water depth contouis Figure 42 andsimplified bedroclgeolog in Figure 43. Most of the
locateddeposis occurin soutreasernand easterikudson BayFigure 42), with the densest
distribution of eépositdying alongthe southeast coast between the entremdames Bay and
the Nastapoca Riveln this region, @éposits areery densely distribute¢hearly continuous)
alongtwo seismic lins that parallethe coastapproaching as close as 6 km in some places
(Figure 42). Depositsare also densely distributed alomgeismicline that crosses the
entrance to James Bay aextendswvestto the Winisk River mouthNear the Winisk River
mouth two acrossshore seismic linesalso showed very dense distributsai deposits
(Figure 42). Outside southeast Hudson Bagyeral othesmallareasn east and northeast
Hudson Bayhavedensely distributedepositsThere is dandof nearly continuoudeposits
alongaseismic linerunningroughly north southjust northwest of the RBIcher Islandsand
there is asecondbandof dense deposiia northeast Hudson Bag the southeast dflansel
Island(Figure 42). In general, there are quite a felustersof dense deposits along almost
all seismic lines ruming alongshore or acroshore in northeast Hudson Bay, especially
betweerMansel Island anthe Povungnitukiver mouth. Some of these located deposits
appear taoincide with the bottom dheslope(Figure 42), while othersarenearthe mapped
geologicalcontactthe Paleozoitimestone (blue) and Precambrian crystalline bedrock (pink)
(Figure 43).

In southwest Hudson Bagieposits are sparse compared to southeast and east Hudson
Bay. There are deposits concentrated near the mouttedfielsorHayes Rvers and the
Churchill River However, deposits come no closer td2kmfrom shoreon the western
side There are also deposits near the base of the slope.

In northwestern Hudson Bay, the majority of sediment deposits occur well beyond
(offshore from) te base of the slope (>18%9). A number of depositke in a bandffshore
from Chesterfield Inlet in relatively deep water well beyond the base of the slope (F@ure 4
This band of depositsppeas to lie nearthe mappedeological contadbetween Siltian and
Devonian limestone deposits (both in bl(iegure 43).

There are relatively fewocalized deposits in central Hudson Bélpwever, on two

separate sets of survey lines, deposits are found in one very deep area in theniatipart
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of the bay (Figure-2). Not a single deposit was found along the seismic line extending NNE

from the Winisk River across to the Mansel helaarea.
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Sediment deposits throughout the bay do not all appear theisdenms of thickness,
surface reflection, and presence of internal reflecfdong the southeast coast of Hudson
Bay, the sediment deposdse thin,continuous drapeith occasional wavy reflectiongithin
the depositgFigure 44).

In eastern Hudson Bathere aranany large, deep sediment depoaitsl long expanses

of contiguousdepositgFigure 45). Deposits in the east range from continuous, thick
deposits in large troughs to discrete, thick deposits where there is rougher bottom topography.
The depsits in eastern Hudson Bay also show clearer internal reflectors that are typically
linear or wavy parallel.

Southwesern Hudson Bays characterized by fairly smooth subbottom with sediment
deposits in localizedhallow but laterallyextensivedepressionéFigure 46). The sediment
in the southwest is either discrete, thin deposits in localized depressions or a continuous, thin
drape of sediment over 10s of kilometers. The bathymetry in this area indicates a much
gentler slope and little relief. Figu#e6 shows a continuous thin drape of sediment deposited
in between relative topographic higkgjich are only a few metres higher than the base of the
depression.

Northwestern Hudson Bag characterized by a rough, uneven subbottom with
deposits in loca@ed depressions within larger troughhe northwest is also typified by
discrete, thin deposits and oftdre depositshow no reflectorwithin them When the
deposits do show reflectotbey are ponded/onlap reflectors within small troughs and faint

linear reflectors whe there is a stretch of flatter topography.
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Figure 4-4: Typical sediment deposits along the southeast coast of Hudson Bay.
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Sediment Core Data

Particle SizeDistribution
Because wattempted to avoidoring atsites where coarse materials were evident in the

reattime multibeam backscatter dataostrecoveredcores were generally muddy. However,

at one site32), where there was a largecumulation of sedimettden ice at the timof
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sampling, the box recovergebble andcobblesized particlesKigure4-8). The pebbleand
cobblesized particles only occurred at the surfdumvever, visibly sandy layers were found
throughout the cord@.he pebble sized particles were hgmcked out of the surface sample

and estimated to represent about 15% (by volume) of the sediment matrix.

Figure 4-8: Photo of thecoarsegrained materials at theurface of core 32

Particle size analysis of the surface samples ofefmainingsediment cores revealed a
wide range of particle sized\ll thesampledad either sand or silt as the dominant particle size
(Table4-1). Theproportion of snd sized particles ranged fromd99%, silt sized particles
ranged from 0.3 to 84.6%, and clay sized particles ranged ftor808%.Sand dominated
(>92% in core 10, at the entrance to Hudson Bay, aridemearshorarea inthe northwest
portion of the baydoresl17, 18,and19) (Figure4-9). Sand also contributed significant
proportiong(9.6-48.5%)to the surface sediments tores21, 24 and 2& deeper water in the
northwest portion of the ba¥igure4-9). Sand also was present in proportions greater than 2.5%
in dl the coredrom water depths less than 100 m in southwest Hudsor{Tdye4-1).
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Figure 4-9: Particle size distributionn surface samplethroughout Hudson Bay. Yellow
denotes gravel sizgghrticles, grey denotes sand, orange denotes silt, and blue denotes clay.
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Table4-1. Percentage of clay, silt, sand, and gravel sized particlésarsurface sediment
sample okach sediment core.

Core %Clay %Silt %Sand %Gravel
405 18.2 81.8 0.0 0.0
407 19.4 74.3 6.3 0.0
408 20.4 73.6 5.9 0.0
409 19.6 78.4 2.0 0.0
411 22.6 67.1 10.3 0.0
840B 32.6 65.0 2.5 0.0
10 0.0 0.3 99.7 0.0
17 0.0 1.3 98.7 0.0
18 1.3 6.3 92.4 0.0
19 0.3 3.3 96.5 0.0
21 16.1 56.2 27.7 0.0
24 22.0 68.4 9.6 0.0
28 7.7 43.8 48.5 0.0
29 21.8 75.2 2.9 0.0
32 12.4 38.1 34.5 15.0
36 23.5 73.5 3.0 0.0
38 14.6 84.6 0.8 0.0
40 26.1 68.8 5.1 0.0

Carbonand nitrogercontent

Five to sixsectionsacrossl7 sediment coregereanalyzedor inorganic carbon,
organic carboyand nitrogercontent.The percentage of organic carbarthesurface
sedimensectionganged from<0.1% to 1.11% (Table 42). Cores 17, 19 and 32 had very low
levels of organic carbofi @4%) and at most 0.041% total nitrogen

Vertical profiles of organic carbon within the conearied widely among the cores
(Figure4-10). Decreases in organic carbon with depth occurred irsd@el 7, 19, 21, 2428,
36, 38 and 40. In core 18, there was no vertical trend in organic carbon. In core 29, organic
carbon decreased with depth to a subsurface minimum and then increased with depth in the
lower portion of the core. In core 32, orgaca&rbon increased with depdlown to maximum
values at the base of the cdFégure4-10). Total nitrogen had similar vertical profiles to
organic carbonAppendix2). Throughout the cores, émitrogen content was low at between
0 and 0.2%.

Molar ratios & carbon to nitrogen varied widely in the sedimenith valuesranging

from less than 6 to near80. In surface sediment sectiomdplar C:N ratiosshowed variable
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vertical trendsithin cores but in many cases increased with d@ptfure4-11). Cores 2
and 38 had anomalously low surface C:N ratios but beneath this layer C:N ratios decreased

with depth.C:N ratios also decreased with depth in core 40.

Table4-2. Carbon andhitrogen data for thesurface sctionsof each core

Slice
Depth

Core (cm) %0C %TN C:N
405 0-1 1.06 0.143 7.39
407 0-1 0.39 0.070 5.57
408 0-1 0.78 0.069 11.3
409 0-1 0.73 0.070 10.4
411 na na na na

840B 0-0.5 0.81 0.107 7.60
10 0-1 0.71 0.108 6.60
17 0-1 0.34 0.041 8.27
18 1-2 0.66 0.080 8.31
19 1-2 0.35 0.043 8.02
21 0-1 0.97 0.137 7.07
24 0-1 1.00 0.170 5.88
28 0-1 1.11 0.164 6.76
29 0-1 0.80 0.117 6.78
32 1-2 0.07 <0.029 2.48
36 0-1 0.96 0.136 7.09
38 1-2 1.02 0.184 5.56
40 0-1 1.07 0.166 6.47

nai not available
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Figure 4-10: Vertical profiles of organic carbon in the sediment cores.
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Porosityprofiles

Thirteen of thel8 cores shoeda typical porosity profile whene porosity decreask
with depth below the surfaestil a point in the central portion of tltereandthenstayed
near conwntwith depth throughout the lower portion of the core (Figi4iR). Cores 10, 17,
18, and 19 shoeda decrease in porosiiy the shallow suburfacdayersand then an
increasein porosity starting around 10 cm deptid extending down to the base of the core
Core 32 which contained the pebbles on the surf&egure4-8), showeda reverse profile
wheren porasity increasedwith depthover the entire length of the coren dl five cores with
atypical profiles, there werelatively large fluctuations porosityoverthelength of the

core.
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Figure 4-12: Porosity profiles in the sediment cores.
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Profiles ofPb-210, Ra226 andCs-137

Activities of 2?®Ra measuthroughout nine of theoreswere relatively constant with
depth within each core (Figudel3). Activities of 22%Pb were higher than activities fRa
in the upper portions of the corasddecreased with depth most cases reaching similar
levels to?*’Ra in deep sections of the co(Egyure4-13). Where?*Rawas not measured, it
was assumed based on previous results for Hudson Bay thaolostant levels of%®Pb
found deep in the cores were representathaipportecd r i b a ¢ K%Bllewelsn d 0
Profiles of exces$°®Pbcalculated from totad'®Pbminus??*Raor total?’®Pbminus
i b ack g#%bif ®awas not available are shown in Figurd4t Ten of the 1&ores
showeda typical profile where exce$¥Pb levels decreadavith depthdown to depths of
between 4and12 cm.In one core (405exces$%Pbremained high and steadily decreased
with depth throughout the recovered thickness of sedimentifdicatesa high ate of
deposition or downward mixing of the surfadeposited*®Pb in that areaNegative values
in figure 414 are a result of subtracting small numbers from each other and are within the
error. The negative numbers could also be a result of theiectored by averaging thetal
21%Pp near the bottom of the core that are determined to be sup&Pietby eye when using
alpha data opposed to subtracting®i®a from the tota#'Pb when using gamma data.

137cswasdetectednly in 9 of the 18 coreslt was generally absent from the deepest
sections of the coreSeven of the cores shedionly one or twesubsurface sectioribat
contaired*’Cs with thesectionsabovethese depthgeturning tonondetectablé®’Cs Core
40 showedan increase off’Cscontinuouslyfrom its introduction at 7 cm to the surface
(Figure4-14). In core 405'%'Cs was detected in every slice with the amount decreasing

towards the surface of the core.
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Figure 4-13: Profiles of Ra226 and Pk210 in the sediment cores.
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Figure 4-14: Profiles of Cs137 and excess Phl0 in the cores.
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Inventories of'%Pb and*"Cs

Inventories of1%Phxand*’Cswere @lculated by summingver the length of the cores
the product ofhemassdepth (g crif) of each sediment sectiamdt h e s excés€'®m 6 s
(**%Phy) or B'Csactivity (dpm gh). Note that the calculated inventories for core 405
underestimate the total inventories in this core because background levels were not reached.
The inventories fof'®Phsx and'*’Csareplotted in Figureg-15 and4-16, respectively,
together with previouglpublished values following correction of th€Cs inventories for
decay Plotted®®'Cs inventoriesvere all normalized to 196®revious published data were
sourced from various workefguzyk et al., 2009; Thibodeau et al., 2017)

Invertories of?!%Phsacross Hudson Bay sedimenasigal over almost two orders of
magnitudefrom 3.6dpm cm? in core 32to more thar237.0 dpncm? in core 405Figure4-
15). There were large inventories also in core 38 in the scenlral offshoreegion of the
bay. Aside from these site$ very high inventory (cores 405 and 38)ere was no obvious
spatial pattern in the inventories.number of locations distributed throughout the bay had
inventories of 50100 dpm cirTt.

Inventories of*’Cs rangd from Oto 16.5 dpmcm? with maximum values in core 405
(Figure4-16). The inventories have a clear spatial pattern with higher values in the southern
portion of the bay. Generallthe higher**’Csinventories occurred in cores close to the coast

andsediments in the central portion of the bay had low or negligible inventories.
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Sedimentation ratestimated by modelling'%Pb profiles

Figure4-17 shows attempts to fit the twlayer advectivadiffusive model to the
measured exce$¥Pb profiles in the coreélthoughthe model accounts for both
sedimentation and mixing (Kuzy al, 2009),careful consideration was given to the validity
in applying the model across all sediment coré® Modebhssumesteadystate in

sedimentation, i.ethat there is a steady supply of sedimentZRb to the surface of the
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seabed, anthat mixingwithin the sediment columoccurs at a steady rate until a specific

depth and then is negligible below that (Robbins, 1978; Lagtlé, 1985). Due to evidence

in the porosity profiles or other sediment core data of failure to meet these assumptions, six of
the cores could not balidly datedusing thei%Pb profiles and the selected mad€lores

10, 17, 18, 19, 24, and 32 all show a reversal in their porosity profiles indicating that porosity
does not decrease with depth but rather increases or chatge®ib higher and lower

porosity. Many of these cores also show irregfdPb profiles implying norsteady state
sedimentation. Several also had very fd%b activities, which increases the error in the
measurement, or shallow penetratior’@b inthe sediment colummfter excluding those

cores for which the assumption of steatigte sedimentation clearly is invalidigive of the

18 original ?*%Phy profiles (Figure 417) were modelled to estimate sedimentation rates in the
cores (Tablel-3). Calculated sedimentation rates ranged from 0i05.50cmyr? (Table4-3).
Mixing rates for the surface layer and other parameters were also estioali¢an the best
possible fitbetween the simulated and observed profitee uncertainties in the

sedimentation rates given in Tabl84epresent only those uncertainties obtained from the
95% confidence limits determined from linear regression analy$i8Rif,vs. depth and
represent minimum uncertainties in the ra@aution is required if using any of the presented
rates because they were not able to be validated ti@gprofiles (cf. Smith, 2001 due to

a lack of detectet?’Cs in most of the sediment cores.
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Table4-3. Sedimentation rates and other modelled parameters in the cores.

Core Water U average SML w r Co Kb1
Depth (cm) (cm yr?) (g cm?yr? (dpm (cm?
(m) cm®) yr?)
10 203 0.57 6 0.05(0.020.35)  0.06(0.030.44) 16 25
1 92 0.56 3 0.11(0.080.27)  0.13(0.080.30) 45 5.0
18 122 058 5 0.10(0.121.09)  0.22(0.121.14) 8 2.0
19 86 0.5 6 0.07(0.050.15)  0.05(0.030.11) 7 4.0
21 149 06l 5 0.14(0.100.22)  0.15(0.11-0.23) 7 1.0
24 186 0.73 3 0.12(0.110.14)  0.10(0.080.11) 8 20
28 162 0.65 9 0.10(0.040.15)  0.10(0.04-0.15) 8 25
29 177 0.60 2 0.10(0.080.11)  0.10(0.100.11) 13 4.0
32 34 0.47 n/a n/a
36 127 0.9 3 0.07(0.050.13)  0.08(0.060.14) 18 1.0
38 180 0.74 4 0.09(0.060.13)  0.06(0.040.09) 42 20
40 90 0.5 4 0.08(0.050.13)  0.09(0.070.16) 19 0.20
840B 175 055 45 005005008 007(0:060.09) a1 o
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Core Water U average SML w r Co Kb1
Depth (cm) (cm yr?) (g cm?yr? (dpm (cm?
(m) cm®) yr)
405 62 0.69 1.50(1.343.19)  1.39(1.363.25)
407 27 0.48 0 0.10(0.060.24)  0.14(0.09-0.35) 3 0.1
408 103 0.56 12 0.13(0.060.24 0.11(0.07:0.28) 21 10
409 58 0.5 3 0.12(0.100.36)  0.19(0.120.44) 8 6.0
411 0.48
26 4 0.09(0.030.15)  0.13(0.050.21) 5 4.0
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Chapter SDiscussion

Distribution of depositional basins across Hudson Bay

Based omeview ofmore tharb0,000km of geophysical survey lineanconsolidated
deposits cover a minority of the seafloor across Hudson®aiment deposits are scattered
throughout western Hudson Bay but are much spardbat region generallghan in eastern
HudsonBay. The difference between the type of depasitthe west and eadbes not
appear to have anything to do with water deggfart from none of the deposits befognd
shallower than 50 rwater depth. Onexceptionis the bandf deposits east of theeRher
Islands whichis largely sheltered from thaverall circulation of the bagHulse & Bentley,
2012)

The goal of reviewing the available geophysical data way to determine where
modern sedimentation is taking place atwda lesser extento aid in choosing coring
locations for the 2018 Amundsen cruidgue to the resolution of the 3.5kildeismic data, it
was notpossible to distinguishetween modern sedimentation gastglacial depositsit
alsowas na possible to determine distinct layers within most deposits similahéd
Hougardy, 2014 andosenhans, 1990 were able to determine usgiter resolution Huntec
data. The 3.5 kHz seismic dathd allow for an oveall view of the scope of sedimentation
and give insight into spatial variation within Hudson Baye results of the nedata
analysis and the finding of sparse sedimentation throughout most of Hudstardzy
agrees with the surficial sediment mapdarced by Josenhaes al.in 1988(Figure 51)
while also adding tanis early workby expandinghe analysis into are@toser to the coasts,
where it was thought deposits would be pressentyell aast of the Belcher Islands.

The findings of thewwbottom analysis largely agree with the findings of Josendtaals
1988thatmost of theseabed likelys comprised of glacial tillThe till has been estimated at
between 0 and 10 m thiclBecauselosenhanst al. 1988usedHuntec data instead of 3.5
kHz seismic datghey were able to detect sediment in the central area of Hudsgn Bay
whereas with the 3.5 kHz datae findlittle to no sedimentation in those aredsyou sample
thatcentral Hudson Bagreawith a box corethere would be sommuddysediment
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recovered (see discussion of sediment core results bieldw)jis material doesotrepresent
significantmodern sedimentation. The majority of the depdsitated from the examined
seismic data in this study lie ine&s in the western and eastern sides of the bay that are
previously mapped as either a mixture of glaciomarine sediment and modern sediment or
glacial till and modern sediment (Josenhanal. 1988).We alsolocated many deposits in
eastern Hudson Bay areas previously mapped lasdrock It is possible that these were

missed due to Josenhagtsal. (1988) using 3.5kHz data to laterally extrapolate the sediment
deposits where they overlapped Huntec and sidescan data, making it possible that localized
depaits were overlookedThe subbottom analysis in this study cannot be used to
differentiate between modern sedimentation gladial and posglacial sedimentation but

can be used to locate areas of high sedimentation vs low to virtually no sedimentation.
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Figure 5-1: Sediment deposits identified from subbottom data overlying Zevenhuizen and
Josenhans (1990) stratigraphic unit map

Sedimentation in Hudson Bay appearfolow spatial patternthat reflecta combination
of geological, fluvial, and oceagoaphicprocesses Figure4-3 showedthat the bulk of the
sedimentepositan the easterportionof Hudson Bay lay along or very near the geologic
contact between the Precambrian crystalline bedrock and Paleozoic carbonate bedrock. The
contact here appears toibegularallowing for sediment to be deposited in the valleys of the
contact(Grant, 1969) Throughout the &y, sedimentation alsmccurs at the bases of the
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Figure 5-2 Cross sections of the slope gradients in Hudson Bay

slopes on both the west and east sides of th¢Higyre 52). Complex bedrock topography
including discontinuous ridges and trougineviously hae been identified asnportant
components of the setting for thick sediment deposits along the southeast Hudson Bay coast
(Gonthier et al., 1993; Hilse & Bentley, 2012)

Sedimentation is also affected by bottom currentsrasaispensiofDuboc et al., 2017,
Thibodeau et al2017) Bottom currents in Hudson Bay simulated by the NEMO ocean
model (courtesyaul Myers University of Alberta, and sedsoRidenour et al., 2019, 2020
are shown irFigure 53. The bottom currents differ markedly from the surface currents,
whichinclude a fasflowing, northward coastal current along the eastern shore of Hudson
Bay (cf., Saucier et al., 2014). The bottom curremtsstrongestlong the shallow coastal
areas of the baguch as the southwest area between the Nelson River andrérce to
James Bay. Sediments that get resuspended along the western shore would tend to be moved
southsouthwestward while those that get resuspended along the southwest shore between the
Nelson River and entrance to James Bay would tend to be mowbéastward (Figure-58).
The bottom current directions are more variable around the entrance to James Bay and along

the eastern shor&he bottom currentare almost negligiblan the central, deeper portions of
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the bay. The distribution of fast bottom crents in shallow coastal areesrrelats well with
thescarcity of deposits in water depths less than 50 m but does not explain the absence of

sediment in central Hudson Bay.
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Figure 5-3: Bottom currents in Hudson Baymulated by the NEMO ocean modélre
courtesy of Paul MyerdJniversity of Alberta).
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Sediment core properties and sedimentation parameters in Hudson Bay

Northwestern Hudson Bayores

Thecores from theorthwesterrportion of Hudson Bay are typified Ipprosity profiles
that decrease with depth to approximately 10 cm andgperadically increase and decrease
through to the bottom of the comeith the exception of 28 which decreaseswdépth All
four cores have low!%Pb inventoiesand with the exception of one slice in core 17, have no
137Cs presentThis absence off’Csindicates thatthe sediment source for this area is largely
marinesince®'Csis largely sourcefrom riverine inputOughton et al., 1997)The low
219pp inventoriesre not expecteand likely refect dilution of the!%Phu flux by 2%Pb-poor
coarsegrained sediment. There idaage amount of primary production in this area due to the
polynya that covers the region during the wirf&bert et al., 2011and high spring primary
production(Matthes et al., 2021)Typically, intenseprimary production wouléhcreasehe
amount of1%Pb sorbed onto particles and deposited to the seafleoe,since the sediment
is primarily sand sized particles in this anéanay be thabnly organic matter from marine
primary productioris delivering dlux of 2%Phy,to the seafloofcoarsegrained sediments
having a negligible initial concentration because of their low surface &egnic matter is
degraded with depth as it settles, legdo often only 1%2% of the surface export reaching
the seabedvhich does not represent a very large flux, even if it does carry a high initial
activity of 21%Phs. It is well documented that amportant control 0R’%Pb deposition to
sediments is swa&nging by organic matter especially algal material (Kuaty&l 2013).
Although the %0OC is not high in the cores from the NW, if you were to normalize the %OC
to the norsand fraction, it would be really quite high. Itis likely that the %OC is soihigh
NW Hudson Bay due to the polynya during the winter months allowing for a lot of primary
production to take plag&ibert et al., 2011) The C/N ratios in this area (<10) indicate that
the OC in these cores is largely marine derived. It i$ylikewever, that the inventories of
21%p in these cores is still relatively low due to there not being enough biological activity to
promote more accumulation than horizontal export of#fRb to elsewhere in the Bay
(Thibodeatet al, 2007). The orgait matter reaching the seabed may not accumulate
permanently in this location but rather undergo resuspension and transport, in view of the
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relatively high bottom currents along the northwest coast. Sibert et al. (2011) also proposed
based on a biogeocheral ocean model that most of the organic matter produced in the
polynya is transported to other regions of Hudson Bay before reaching the seafloor.

Core 19 also has the presence of what appears to be Dubawnt Group sedimenastarting
20 cm depth. Similasediment was found kprevious workergHaberzettl et al., 2010y a
core in central Hudson Bay as well as one in Hudson Strait. Both ofpteaseusly studied
coresonly had this sediment preseaxitdepths greater tha®0 cm in the core, which could
further indicate that the northwestern area of Hudson Bay loas seldimentation rate overall

and/or is net erosional in places

Southern Hudson Bagores

The cores in southern Hudson Bagst of the entrance to James Bay quite variablén
their physical and chemical profileshich is to be expected with the subbottom profiles
showing very sporadic depositioore 32 is the only core that shosignificant gravel
sized particles as well as being the only core with a reversed ponaditg.pSince the grain
size is so large throughout this core, thetansost n?*®Pb present in the cordhis core
was obtained froma water depth of only 34 m in an area that had an abundance of sediment
laden icgBarber et al., 2021)Ne suspct that the coarsgrained sediment represents ice
rafted debris perhaps picked up by ice when it became grounded and froze to the bottom in an
intertidal setting.

Cores 36 and 38 both have a higtiem averagé®Pb inventoryand relativelylow *'Cs
inventory. When modelled, both of these cores appear to have-stasglgedimentation that
has been interruptdatiefly by a depositional eventt is likely that these cores came from an
areanearwhere a slump took pla@nd the sediment resuspendsdhe slump produced a
rapidly deposited layer ia setting that wastherwise characterized Isyeadystate
sedimentationThis interpretation is plausible considerihg proximityof the corego the
base oMidbay Bank which has digh-gradeslope(Figure 54). Sediment transported by
bottom currents towards the southeast along the southwest shore of Hudson Bay may

accumulate along the top of the bank and eventoaly steepen thaope leading to a
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submarine landslideVlidbay Bank has had scarce study despite it being an important

bathymetric feature of offshore Hudson Bay.

Station 38 Transect

Distance (km)

Depth {mj

160
180

Figure 5-4 Cross section of the Midbay Bank and its proximity to cores 36 and 38. Top left:
Subbottom imagehere core 38 was taken. Bottom left: Cross section of Midbay Bank (red line)
Right: Map showing location of core 38

Eastern Hudson Bay Cores

Coreson the eastern side of Hudson Bay are typified by Hiffbinventoriesand
comparatively high®’Csinventories. There are alsmany moredepositddentifiable inthe
subbottom data in eastern Hudson Bahe larger radioisotopand sediment supplgould be
due to theaccumulation of pack ice and tfieal ice melt in thespring taking place in the
southeatern part of Hudson BgyHochheim & Barber, 2014llowing for materiathat
underwent suspension freezing into thetabe deposited. This could also be due to the
abundance of riverine input southern Hudson Bay and James Bay and dloegastern
coast ofHudsonBay (Déry et al., 2005)Not only is river discharge higher in the southern
part of the bay but theoathern riverand especially those draining the Hudson Bay Lowlands
and the clay belt of northern Ontasad Quebe¢Dresser, 1913)robably carrhigher

suspended sediment loaosmpared taiversdischarging along the west coast. Finally,
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bottom currents will promote eastward transport of sediments that undergo resuspension along
the saithwest coast of Hudson Bay (Figur&)5b

Cores 40%nd 407 give us a unique look at the difference between deposition on the east
vs the west side of thentrance tdames Bay. Core 407 on the westwde of the mouth has
21%pp present in a normal deasingwith-depthtrend but it is a relatively low amount of
219, considering the proximity to the Winisk River as well as being a theoretical site where
resuspended material from along the southern shore would be deposited. Core 405 has very
high levels of®bcompared to any other core collected for this thesis, with the excess Pb
not reaching background levels by titom of the core. There is afs8Cs through to the
bottom of the coréndicating that this is likely all modern sedimentation as well as sourced
from riverine input{Appleby, 2001) There is possibly also addinal >*%Pb being deposited
here from resuspendadaterial from the south that has bypassed JamesTBaysite of core
405 represents an important degantre for modern sediment in Hudson Bay that warrants
further investigation.

Cores 411, 409, and 4@8mpriseatransect from the mouth of the Winisk River heading
northeast into the Winisk TrougiThe cores showigher?®b and*'Cs inventories closer to
the river mouth decreasing out into the trougihis surprising to see higher inventories here
than elsewhere near the coeshsidering the sparse number of deposits irstiuth,but this
is likely due to the shelter &¥inisk Trough and Midbay Bank to the west allowing for the

sediment to be deposited with less effect fiwavebasedesuspensioand icerafting.

Basinwide correlations of core results

Overall, there is a lack of correlation between grain size and water depth which further
indicates that the dominant influence on sedimentation are local factors. There is also a weak
inverse correltion between sedimentation rate and water defthositive correlation
between surface porosity and water depth shows a reduction in sediment settling processes
further down core (below the SML). There is also a moderate to strong correlation between
surface OC% and water depth as well as surface TN% and water depth. This suggests that

water depth has more control over OC and TN than local depositional controls.
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Comparison with other published cores

The cores from this study in additiongoeviouslypublished datallow for anear
complete coverage of the bay with the exceptiotheiortheast section of the bagar the
entrance to Hudson Stra&n overall trend from low#'®Pb and®*’Cs in the northwest to the
southeast is visible iRigures 55 and 56, respectivelyAmong the most striking results is
that éght of thenewcoresobtained from northwest and southwest Hudson tgdyzero*'Cs
(Figure4-14) and twenty of the corda the combined data skavea *'Csinventorybelow
2.0 dpm/cnf (Figure4-16). 1¥'Csbinds to clay sized particles farrestrial and freshwater
environments primarilyFoster et al., 2006; Kuzyk et al., 2013; Snéitkllis, 1982) which is
in part due to less competition witka" and K’ ions which are more abundant in saltwater
environmentgFoster et al.2006) 2*'Csenters Hudson Bay primarily through the river
discharge and erosion of terrestrial s@iester et al., 2006; Kuzyk et al., 2013)here is a
weak corelation between the latitude ahtdCs inventories indicating that moY&Cs is found
in the southerpart of Hudson Bay. This is to be expected because there is a higher amount
of river discharge in theouthern portion of the baypmpared tdahe northen half of the bay
(Déry et al., 2005) Furthermore®*'Cs deposition associated with atmosphericpoea
testing in the 1950s and 1960s varied with latifudecreasing northward in Canadarrie
et al., 1992; Walling & He, 2000)

Oneimportant factor in the very low?’Cs in the new data set is tihé sediment
texture in northwest and southwest Hudson Bdyere most of the new cores were collected,
is mostly comprised of silt sized particles with the exceptions of 10, 17, M@hith are
predominantly sand, and 3&hich has a significant amount of pebbileshe surface sample.
The proportion of claygizeparticles that would be expected to cdf4Cs originally
deposited on land is very low in the northwest and southwest regamtisle size
distributions also explain in part the lack of spatial pattethéd'Pbinventorie(Figure4-

9) becausé!®Pb adsorbs onto silt and clay sigetticles(Kuzyk et al., 2A5). This however
doesnotaccount for a highei*Pb inventorythan expecteih thesanddominated sediments
in the northwest portion of the bélyigure4-15). As described previously, we expect that
marine primary production delivers a high inii#lPb flux to the seaflodn northwest

HudsonBay, butthe sand dilutes this input.
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One way of exploring the processes involved in sedimentation (e.g., pardcéngng,
river sediment supply, lateral sediment transport and focusing) is t6'#lbtinventories vs.
137Cs inventories for sediment cores (FigG& see Kuzyk et al. 2013for the data
examined here,aze 38 in soutftentral offshore Hudson Bayaly stands out with
exceptionally high exce£$®Pb inventory relative to it§'Cs inventory. This is partly
because othe offshore locatiorof this core, which causes IW/Cs inventory because of low
riverine¥’Cs supplyand also partially due to h e @roximétydtsthe steep slope of
Midbay Bank. Core 38 as well as core 36 to a lesser degree, appear to have been influenced
by aslump which through scavenging, mdnave added moré®bto the sedimenthat
otherwise would not have been depain those location€onversely, cord08 has a high
inventory of'*’Cs(Figure4-18) and a very lovinventory of?!%Ph. This is likely due to core
4086s proxi mit yassuming®@ssuppliinrthissaretardgely comes from
riverine input (Smith and Ellis, 1982 Core 405 hatargeinventoriesof both*’Cs ancf!%Pb.
This is likely due to the large input sédiment into James Bay frasoutherrriversand
possiblyreflects sediment influxes from eventgh ad.a GrandeRiver reservoir flooding
(1979) and/or the decline of eelgrass meadows in east James Bay199885 The core
indicates that sediments from James Baybairg deposited at the mouth of the bag well,

a potential secondary sourgesediment to the core 405 site that may originate in Hudson

Bay is release ate rafted materigiBarber et al., 2021)
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Figure 5-5: Spatial trends of*°Pb in Hudson Bapased on the observed inventories and va
smoothing method€ourtesy of Dr. lan Ferguson at the University of Manitoba.
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Chapter 8Conclusion

Bay-wide sibbottomimages indicate that most of the sediment deposition in Hudson Bay
occurs along the west aedpeciallyeast coasts atvaaterdepth greater than 50 nThis is
due to coastal currents making depositemporary in shallow watecyclonic
(counterclockwis) circulation moving sediments generally eastward after resuspeastbn,
the ability for sediment teettle permanently topographic lows on the seaflooFhe
presence o& northsouth oriented band deposits along the east coast apptacoincide
with thegeologic contact between the Paleozoic limestone bedrock and the Precambrian
crystalline bedrock. Thecarcedeposits along the west coast appear to coincide with the
geologic contact between Silurian and Devonian limeshmmeations. The bullof
sedimentatiorsiteson both the western and eastern coasts also appear at the bottom of the
slopes. Sedimentati@long the southern coast of the lvegst of the entrance to James Bay
is scace and limited to topographic lovdsie to thdow-gradeslope and sediment being
moved by currents and icélodern sedimentation is also limited in the center of the bay
likely due tolow supply, withthe sedimenthat getgesuspendedlongthebap s s hor el i ne:
largely beingkept closer to the coasas it circuates based on surficial and bottom currents.
Sediment cores collected for this thesis show that théosv 21%Pb accumulation in the
northwest and southern portions of Hudson Ragt of the entrance to James Bawdhigher
21%Pp in the easind at the outflow from James BaJhe cores also show that there is little to
no B¥’Csaccumulatiorin the northwest portion dhe bay. Based orf*®Pb,¥'Cs, particlesize
data, and carbon and nitrogen dag&ismentin thenorthwestern portion of Hison Bay isot
accumulating on the seafloor at a rapid despite higher biological activityat leads to
relatively high %0OC in the sediments after accounting for the diluting effects of bgnds
of sandsized material presumably dilutes OC cartcations and'%Pb inventories in this
region.Sediment in the southern portion of Hudson Bay is largely being resuspamdied
laterally transported with currents, ice rafted to the southeastern/eastern portion of the bay.
The area east of the Belchslands is largely shelteredlowing for a large amount of

sedimentation in the area. Sediment on the eastern side of Hudssaddas to be both
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locally deposited sediment as well as sahthe resuspended sediment from the southern
portion of the bay

Future workwould benefit fromadditional subbottom data in a higher resolutguch as
Hunteg to allow for a moren-depthstudy of the sediment deposits amidether the modern
sediment is new, postglacial or paraglaciateas of interest include ¢hentrance to James
Bay and Midbay BankMore sediment cores to cover any still existing gaps in the siath
as areas in the Winisk Trough, as well as more cores in the center of Hudsaro8aybe
useful to heldlesh out the constraints on depositigithin the deeper areas of Hudson Bly.
is not possible at the present time to improve upon the estimate of the sediment sink as
proposed in earlier work. There is much spatial variation in sediment accumulation rates at
both regional and local scales. However, when considering the resute farger data set of
cores examined here and the larger geophysical data set compared to Josenhans, it can be
concluded that the sediment sink was not grossly-@ramderestimated in previous work,
despite the gaps in the data. It would appear #hahost 15% of the seafloor is presently
accumulating sediments, as previously proposed, and that sedimentation rates vary from
negligible valuesn places ugo values 0f0.15 cm yr* at other locations. There are also
exceptional sites like the one iddied at the entrance to James Bay where sedimentation
rates are very higfThere are no geophysical data for that dite to James Bay being largely
too shallow for the CCGS Amundsemhich should be remedied in future wor®oring
again in exceptionndocations, with a gravity corer or piston corer would also be suggested to
determine where the exced®b reaches background allowing for a more accurate
calculation of the sedimentation raf€he addition of this coring work will aid in the potential
for a future, more comprehensive sediment budget. The geophysical data will allow for the
most optimal coring sites to be chosen for future wdrkis work can also now aid in a
further understanding of the mercury and carbon cycles within the bagllessvielp create

a comprehensive budget.
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Appendix 1 Table of Sediment Deposits from Geophysical Data

10

11

12

13

Cruise

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

Date

242

242

242

242

242

242

242

242

242

242

242

242

242

Time

12:20:00 PM

12:34:51 PM

12:37:23 PM

12:42:17 PM

12:45:40 PM

12:48:32 PM

12:52:40 PM

12:54:32 PM

12:57:04 PM

1:06:59 PM

1:16:18 PM

1:43:00 PM

2:16:24 PM

Longitud
e

-83.6868
-83.6073
-83.5973
-83.5751
-83.5539

-83.543
-83.5158

-83.509
-83.4944
-83.4533
-83.3953
-83.2535

-83.1171

Latitude
56.1694
2
56.1448
6

56.1417
56.1347
8

56.1283

56.1249
4

56.1165
3

56.1144
56.1098
8

56.0974
56.0810
4
56.0407
2
56.0006
2

84

EndLon
g

83.6725

83.6022

83.5905

83.5587

83.5484

83.5261

83.5109

83.5011

83.4881

83.4261
83.2648
-83.129

83.0728

EndLat
56.1650
3
56.1432
2
56.1395
8
56.1297
4

56.1266
56.1197
3

56.115
56.1119
3
56.1079
4
56.0896
5
56.0440
2
56.0040
4
55.9885
1

Top

Depth

(m)
87.53
78.59
77.16
75.01
75.36
75.72
73.93
73.57
73.21
75.01
74.49

67.67

61.13

Bottom

Depth

(m)
92.03
80.39
79.67
77.16
78.59
81.46
77.52
80.03
75.72
81.82
84.04

72.22

64.64

Thicknes
s(m)

4.5

1.8
2.51
2.15
3.23
5.74
3.59
6.46
251
6.81
9.55
4.55

3.51

Length
(km)
1.00884
9
0.36688
3
0.48150
2
1.15651
1
0.39235
9
1.19824
9
0.34888
6
0.56447
6
0.44305
4
1.89550
6

9.0881

8.74558
9

3.06607
6



14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

242

242

241

243

243

243

243

243

243

243

243

243

243

243

243

243

2:28:08 PM

2:43:14 PM

10:38:48 PM

12:03:53 AM

2:22:02 AM

2:34:49 AM

2:47:44 AM

3:07:10 AM

3:20:16 AM

3:40:17AM

3:50:56 AM

4:18:00 AM

5:04:20 AM

5:45:11 AM

6:31:30 AM

6:51:19 AM

-83.0416

-82.952

-87.7988

-80.5933

-79.9379

-79.8722

-79.8176

-79.757

-79.6798

-79.5678

-79.5386

-79.4106

-79.2446

-79.0712

-78.8654

-78.7716

55.9797
55.9546
1

57.4144
55.1907
1
55.1773
3
55.1791
8
55.1801
1
55.1815
5
55.1848
1
55.1890
5
55.1902
1
55.1944
3
55.1972
2
55.2073
2
55.2143
9
55.2173
4

85

82.9846

82.9409

87.7832

80.5285

79.8989

79.8517

79.7775

79.6832

79.6489

79.5501

79.4775

79.3545

79.0859

78.8927

78.7739

78.7557

55.9641
1
55.9513
4
57.4102
4
55.1843
9
55.1784
1
55.1796
2
55.1808
3
55.1846
8
55.1860
1
55.1897
6
55.1922
8
55.1964
9
55.2060
7
55.2136
6
55.2172
8
55.2177
2

58.79

59.57

67.18

90.13

132.24

129.78

145.78

156.87

158.1

110.5

131.32

115.9

143.49

183.91

122.59

127.91

64.25

62.69

73.6

96.88

144.55

143.32

158.1

170.41

171.64

114.36

145.98

129.78

157.43

211.79

142.1

141.5

5.46

3.12

6.42

6.75

12.31

13.54

12.32

13.54

13.54

3.86

14.66

13.88

13.94

27.88

19.51

13.59

3.94726
5
0.77909
6
1.04279
5
4.17373
4
2.48295
9
1.30000
9
2.54778
2
4.69804
9
1.96556
2
1.12707
5

3.88504
3.56857
8
10.1226
2
11.3500
3
5.80708
1
1.01208
7



30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

243

243

243

243

243

243

243

243

243

246

246

246

246

246

246

246

7:01:56 AM

7:18:05 AM

7:26:51 AM

7:37:18 AM

8:10:44 AM

8:21:48 AM

8:47:35 AM

9:24:40 AM

10:36:03 AM

8:18:44 PM

10:00:34 PM

10:16:04 PM

10:20:56 PM

10:27:32 PM

10:30:29 PM

10:32:24 PM

-78.7372

-78.6554

-78.6179

-78.5739

-78.4078

-78.3654

-78.2467

-78.082

-77.8303

-77.8284

-77.7957

-77.7917

-77.7761

-77.7642

-77.764

-77.7629

55.2181
6
55.2200
2
55.2199
8
55.2197
9
55.2232
5
55.2247
9
55.2298
3
55.2355
5
55.2802
2
55.2837
8
55.3467
8
55.3568
8

55.3948
55.4173
7
55.4322
5
55.4377
4

86

78.6789

78.6241

78.5802

78.5267

78.3846

78.3399

78.1802

77.8421

77.8282

77.7988

77.7941

77.7778

77.7693

77.7654

77.7633

77.7608

55.2194

55.22

55.2198
5

55.2203
2

55.2240
6

55.2258
55.2324
9
55.2766
4
55.2824
2
55.3391
1
55.3507
6
55.3913
3
55.4127
4
55.4271
9
55.4360
1
55.4453
8

135.9

158.29

162.08

153.39

109.02

106.9

125.99

66.81

46.26

68.32

67.38

76.78

62.8

65.98

61.53

65.98

146.3

167.08

168.78

156.27

114.32

116.44

146.06

101.08

77.78

97.12

73.13

104.11

80.6

74.88

72.34

80.6

10.4

8.79

6.7

2.88

5.3

9.54

20.07

34.27

31.52

28.8

5.75

27.33

17.8

8.9

10.81

14.62

3.69567
3

1.98787
2.38716
8
2.99774
3
1.47113
5
1.62370
2
4.22768
6
15.8726
1
0.27996
4
6.43071
4

0.45346

3.92955
2.04215
5
1.09484
3
0.42156
1
0.86013
5



46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

246

246

246

247

247

247

247

247

247

247

247

247

247

247

247

247

11:08:57 PM

11:36:03 PM

11:49:47 PM

12:21:10 AM

12:36:50 AM

1:47:19 AM

1:55:51 AM

2:20:47 AM

2:27:30 AM

2:27:56 AM

2:30:19 AM

2:38:43 AM

3:04:32 AM

3:16:37 AM

3:32:40 AM

4:12:54 AM

-77.6892

-77.6034

-77.5541

-77.4358

-77.3837

-77.196

-77.1721

-77.0819

-77.0644

-77.0632

-77.0564

-77.0516

-77.0121

-76.9528

-76.9234

-76.8575

55.4972
3
55.5630
5
55.6009
1
55.6855
7
55.7283
9
55.8011
5
55.8010
2
55.8025
9
55.8154
7

55.8165
55.8222
1
55.8265
2
55.8630
2
55.9167
7
55.9422
8
56.0780
5

87

-77.634

77.5679

77.4772

77.4166
-77.184

77.1816
77.086-8
77.076_9
77.064_4
77.058_7
77.052_6
-77.013
-76.958
76.934:3:
76.864_6

76.7781

55.5367
5
55.5906
2
55.6556
2
55.7000
7
55.8010
8
55.8010
9

55.8016
55.8057
9
55.8154
7
55.8202
9
55.8255
8

55.8622
55.9122
5
55.9328
1
55.9978
1
56.0691
6

142.53

140.12

172.33

190.47

188.25

96.59

88.86

50.8

70.21

51.72

59.48

48.78

99.13

121.94

85.58

121.95

170.23

159.44

188.43

201.91

206.84

103.02

98

58.18

83.34

60.89

71.46

56.76

117.97

147.72

102.69

175.44

27.7

19.32

16.1

11.44

18.59

6.43

9.14

7.38

13.13

9.17

11.98

7.98

18.84

25.78

17.11

53.49

5.60380
5

3.79024
1

7.76399
2

2.01079
14.8806
7

0.90017

5.32994

0.47387

0
0.50556
7
0.44459
6
4.64154
6
6.42994
8
2.12488
5
7.17704
3
5.02603
3



62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

247

247

247

247

247

247

247

247

247

247

247

247

247

248

248

248

4:19:26 AM

4:33:19 AM

5:03:36 AM

5:09:47 AM

5:18:28 AM

5:23:23 AM

5:34:32 AM

5:38:55 AM

5:48:57 AM

5:59:08 AM

6:10:44 AM

6:12:42 AM

6:23:17 AM

12:30:28 AM

12:37:28 AM

12:53:09 AM

-716.7747

-76.7531

-76.6911

-76.6634

-76.6521

-76.6251

-76.6159

-76.5834

-76.5819

-76.581

-76.5813

-76.5807

-76.5801

-76.5717

-76.5829

-76.5828

56.0719
56.0864
9
56.1958
3
56.2378
6
56.2532
5
56.2923
3
56.3064
8
56.3551
8

56.3642
56.4374
8
56.4596
5
56.4929
8
56.5061
3
56.5526
8
56.5751
6
56.5910
2

88

76.7611

76.6858

76.6699

76.6545
76.628-8
76.621-4
76.586-5
76.582_1

76.5809
76.581_2
76.580_9
76.580_4
76.568_5
-76.578
76.582_8

-76.582

56.0813
4
56.1467
2
56.2284
9
56.2500
7
56.2867
1
56.2978
8
56.3500
7
56.3628
4
56.4231
2
56.4547
5
56.4888
6
56.5031
4
56.5390
6
56.5602
5
56.5832
3
56.6363
9

38.51

120.49

143.28

110.69

150.78

51.51

113.56

87.67

106.16

80.33

96.75

63.91

70.3

72.74

53.49

59.91

43.86

157.42

156.78

119.47

178.44

65.1

123.73

91.37

115.41

91.28

108.61

80.33

104.96

87.72

64.18

75.95

5.35

36.93

135

8.78

27.66

13.59

10.17

3.7

9.25

10.95

11.86

16.42

34.66

14.98

10.69

16.04

1.34812
5

7.88974
3.86010
3
1.46627
5
3.98877
2
0.65787
6
5.17322
8
0.85511
9
6.55111
6
1.92089
5
3.24854
3
1.12978
9

3.72939

0.92755
3

0.89681
9

5.04524



78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

248

248

248

248

248

248

248

248

248

248

248

248

248

248

248

248

12:58:21 AM

1:11:37 AM

1:35:03 AM

1:45:53 AM

2:04:11 AM

2:49:40 AM

3:48:29 AM

4:53:22 AM

5:12:10 AM

5:35:35 AM

5:51:43 AM

7:36:41 AM

7:50:53 AM

7:59:41 AM

8:09:05 AM

8:32:29 AM

-76.5822

-76.5857

-76.5826

-76.582

-76.5968

-76.6196

-76.6297

-76.7059

-76.7311

-76.8262

-76.8737

-77.1595

-77.2056

-77.2219

-77.2396

-77.3013

56.6460
5
56.6857
5
56.7434
4
56.8117
9
56.8605
8
56.9269
8
57.1485
1
57.3280
3
57.3812
5
57.4443
9
57.4574
7

57.6552
57.7148
1
57.7379
2
57.7622
9
57.8564
9

89

76.5843
76.5864

-76.582

76.5958

76.6027

76.6146

76.7036

76.7292

76.8172

76.8442

76.9383

77.1892

77.2125

77.2349

77.2634

77.3222

56.6759
5

56.6978
56.8085
3
56.8563
5
56.8814
8
57.0958
3
57.3224
4
57.3776
3
57.4423
2
57.4489
7
57.4719
6

57.6933
57.7245
7
57.7560
3
57.7968
1
57.8875
3

60.78

69.53

79.16

55.46

90.57

88.42

121.95

143.34

132.65

108.04

96.28

100.56

95.21

105.9

124.09

115.53

102.01

84.51

98.42

68.77

98.12

122.74

150.83

175.44

160.46

119.81

113.39

108.04

100.56

114.46

139.07

127.3

41.23

14.98

19.26

13.31

7.55

34.32

28.88

32.1

27.81

11.77

17.11

7.48

5.35

8.56

14.98

11.77

3.32721
3
1.34055
6
7.23809
2
5.02596
7
2.35094
3
18.7777
9
19.8458
6

5.6898
8.52823
2
1.19293
3
4.18659
2
4.58884
3
1.15990
5
2.15688
5
4.09092
7
3.66735
3



94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2004

2005

2005

2005

248

248

248

248

248

248

248

237

237

238

238

238

238

273

273

273

8:48:46 AM

9:11:26 AM

9:20:02 AM

9:24:34 AM

9:46:26 AM

9:57:19 AM

1:19:00 PM

1:21:21 AM

6:08:40 AM

12:54:41 AM

2:31:43 AM

1:42:36 PM

2:23:15 PM

6:58:31 PM

7:18:03 PM

7:27:43 PM

-77.3261

-77.4388

-77.4612

-77.5019

-77.5878

-717.6572

-78.1492

-76.1943

-78.5767

-86.1772

-86.7582

-91.4506

-91.7717

-78.1289

-78.0107

-77.936

57.8931
57.9605
3
57.9703
9
57.9880
3

58.0258
58.0540
4
58.4120
7
62.8687
4
62.8166
2
61.0650
6
60.9170
2
59.6909
7
59.6024
4
55.3296
3

55.3138

55.2972
4

90

77.4272
77.4583

77.4974

77.5195
77.6182

-77.761

78.1117

76.5062

79.0457

86.2821

86.8008

91.5277

91.8061
78.0578
77.9595

77.9034

57.9555

57.9691
2

57.9860
8

57.9957
58.0384
6
58.0977
6
58.4370
5

62.8743
62.7495
3
61.0411
6
60.9012
3
59.6695
4
59.5929
2

55.3239

55.3030
4

55.2841
9

123.02

125.16

129.44

124.09

118.74

128.37

46

354.45

401.23

235.67

213.13

131.76

123.21

120.88

79.16

86.65

140.14

133.72

146.55

138

128.37

139.07

60.98

361.72

418.95

242.12

217.96

135.32

124.64

135.86

93.07

105.9

17.12

8.56

17.11

13.91

9.63

10.7

14.98

7.27

17.72

6.45

4.83

3.56

1.43

14.98

13.91

19.25

9.15087
7

1.49647
2.75782
8
1.34156
9
2.27669
8
7.79995
8
3.53097
6
15.8265
8
24.9905
4
6.23850
8
2.89829
4

4.93926

2.20862
4

4.53868
9

3.45202
2.52761
6



110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

283

274

274

279

279

284

270

274

274

270

274

274

274

280

274

274

5:02:33 PM

12:45:17 PM

1:10:18 PM

4:45:34 AM

7:20:57 AM

8:42:30 AM

12:31:57 PM

3:13:35 PM

3:22:57 PM

4:32:56 PM

7:00:43 PM

7:25:00 PM

7:40:11 PM

5:12:43 PM

7:55:11 PM

8:05:59 PM

-91.6244

-77.9645

-78.0565

-80.8077

-81.1306

-90.3963

-78.8521

-78.0708

-77.913

-78.7982

-77.9239

-77.9539

-77.9373

-84.7002

-77.9063

-77.9694

57.5456
9
55.3019
8
55.3243
1
56.7199
3
56.9405
3
58.2886
6
62.1730
8
55.3878
4

55.4084
62.1174
5
55.4097
8
55.3389
3
55.3043
4
56.0125
2
55.2837
5
55.3009
7

91

91.6295

-78.012

78.1006

80.8062
-81.194

-90.167

78.8041
77.9263

-77.895

78.7882

77.9353

77.9585

-77.902

84.8741

77.9421

77.9865

57.5269
2
55.3135
2
55.3600
8
56.7124
6
56.9863
3
58.4129
3
62.1594
9
55.4074
6
55.4102
9
62.1202
9
55.3827
9
55.3178
6
55.2903
5
55.6802
2
55.2954
6
55.3053
4

S57.77

77.02

124.09

195.33

149.61

144.84

183.6

116.6

105.9

182.53

133.72

95.21

87.72

92.05

87.72

78.09

67.39

93.07

139.07

206.86

153.78

150.44

191.12

132.65

120.88

192.19

144.41

112.32

114.46

94.65

110.18

93.07

9.62

16.05

14.98

11.53

4.17

5.6

7.52

16.05

14.98

9.66

10.69

17.11

26.74

2.6

22.46

14.98

2.10950
1

3.27432
4.85853
7
0.83574
5
6.37986
3
19.2333
4
2.91520
9
9.37751
6
1.15884
9
0.61102
4
3.08603
8
2.36021
2
2.72494
6
38.5121
1
2.61776
3
1.18366
3



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

280

274

274

274

274

275

275

275

275

275

275

275

275

273

273

273

7:43:07 PM

8:21:26 PM

10:09:44 PM

10:54:22 PM

11:14:30 PM

3:01:26 AM

3:39:58 AM

4:50:09 AM

5:41:36 AM

7:06:34 AM

8:18:36 AM

9:58:25 AM

11:57:16 AM

3:34:01 AM

4:14:19 AM

4:51:51 AM

-84.9341

-77.9623

-77.8545

-77.9368

-77.9711

-77.84

-77.9327

-78.2022

-78.3902

-78.877

-79.289

-79.8305

-79.8603

-77.0254

-76.9891

-76.9572

55.5680
5
55.3062
3
55.2950
6
55.3175
6
55.3892
1
55.4407
5

55.3982

55.3446
9

55.1864
1

55.0923
55.0097
1
54.8920
5
54.6339
1
57.3928
1
57.2575
1
57.1743
1

92

84.9914

77.9033

77.9127

77.9475
77.9745

77.8723

78.0125

78.3155

78.6866

79.0477

79.5393

80.1542

79.8586

77.0149

76.9759

76.9171

55.449
55.2894
1
55.2084
8
55.3407
6
55.4018
4
55.4225
2
55.3812
9
55.2345
9
55.1266
6
55.0539
5
54.9605
4
54.7501
2

54.6331
57.3582
6
57.2262
9
57.0474
7

33.16

86.65

88.79

81.3

116.6

130.77

124.31

125.71

151.9

141.56

103.63

123.21

50.69

91.8

90.19

104.68

44.93

115.53

119.81

90.93

127.3

146.92

137.23

138.23

186.06

159.92

110.97

140.34

57.48

103.07

99.85

115.96

11.77

28.88

31.02

9.63

10.7

16.15

12.92

12.52

34.16

18.36

7.34

17.13

6.79

11.27

9.66

11.28

13.7193
6
4.17766
3
3.70315
8
2.66683
6

1.41991
2.87524
6
5.37907
4
14.1887
5
19.9658
5

11.6763
16.8774
6
26.0560
8
0.14154
6
3.89249
8
3.56122
5
14.3101
9



142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

2005

2005

2005

2005

2005

2005

2005

2005

2005

2005

2007

2007

2007

2007

2007

2007

273

273

273

275

273

273

276

276

280

281

220

223

230

221

221

223

5:28:27 AM

6:19:05 AM

11:46:43 AM

4:19:39 PM

1:56:34 PM

4:14:37 PM

4:49:28 AM

10:16:12 AM

11:54:48 PM

1:47:48 AM

11:06:57 PM

4:41:00 PM

4:39:16 AM

10:20:19 AM

10:28:55 AM

5:20:22 PM

-76.8916

-76.8369

-76.8918

-80.3545

-77.0001

-77.7005

-80.7307

-81.5666

-84.9521

-84.7969

-79.162

-81.7352

-94.1109

-80.3115

-80.298

-81.8249

56.9814
4
56.8520
1
56.2230
2
54.7007
3
56.0868
5
55.5561
7
54.7174
4
54.8419
7
55.5616
8

55.8153
56.7341
2
54.8781
2
59.0199
2
55.3892
6
55.3592
6
55.4393
2

93

76.8871
76.8491

-76.957

80.7342

77.6265

78.1075
81.4993

81.4795

84.9315

84.8005

79.2246

81.8166

94.1175
80.2833
80.2225

82.0835

56.9709
1
56.2771
2
56.1327
4
54.7123
7
55.6140
1
55.3675
7
54.7704
6
54.6612
2
55.5635
6
55.9082
6
56.7718
4
55.3926
3
59.1356
1
55.3264
8
55.2366
2
55.5951
6

103.07

127.23

162.66

106.97

175.55

138.51

60.98

64.18

34.5

95

67.74

40.12

47.53

98.33

96.24

59.92

107.91

148.17

181.99

113.39

188.43

156.22

68.46

71.67

46.6

105.59

73.47

44.29

50.72

106.7

102.51

63.57

4.84

20.94

19.33

6.42

12.88

17.71

7.48

7.49

12.1

10.59

5.73

4.17

3.19

8.37

6.27

3.65

1.20228
63.9293
9
10.8205
9
24.4237
6
65.5198
8
33.1365
2
49.6842
2
20.8609
2
1.31141
2
10.3391
6
5.67257
5
57.4444
3
12.8704
1
7.20372
6
14.4505
4
23.7783
5



158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

234

235

237

238

221

221

221

221

221

221

221

221

221

223

221

221

10:02:18 AM

10:40:23 AM

11:54:00 PM

10:26:15 AM

12:23:19 PM

12:53:22 PM

1:06:07 PM

1:19:41 PM

1:30:53 PM

1:46:32 PM

2:25:54 PM

3:04:43 PM

3:51:38 PM

7:32:04 PM

4:48:30 PM

5:23:16 PM

-92.4275

-92.0907

-92.0944

-90.5612

-79.8645

-79.6629

-79.6036

-79.5406

-79.4647

-79.3631

-79.1201

-78.9801

-78.6643

-82.0923

-78.4871

-78.0632

62.0515
62.7933
2
62.7953
1
63.2939
9
55.2369
2

55.242
55.2427
1
55.2437
3
55.2446
4
55.2467
4
55.2485
4
55.2501
2
55.2618
3
55.5981
7
55.2972
6
55.3822
8

94

92.4433
92.0912

92.0934

90.6771

79.7747

79.6275

79.5587
79.5032

-79.418

79.3006

79.0425

78.7777

78.4921
82.9093
78.1446

77.9311

62.0575
2
62.7941
2
62.7944
9
63.3267
1
55.2390
1

55.2424
55.2434
8
55.2441
5
55.2452
9
55.2479
6
55.2494
4
55.2541
7
55.2962
8
55.7429
9
55.3674
2
55.4063
1

42.54

33.61

29.7

52.94

150.3

117.75

1755

177.6

121.95

148.2

142.95

125.1

149.25

53.67

148.2

104.1

45.87

39.08

33.35

57.85

160.8

123

188.1

188.1

133.5

159.75

155.55

140.85

161.85

59.92

156.6

115.65

3.33

5.47

3.65

4.91

10.5

5.25

12.6

10.5

11.55

11.55

12.6

15.75

12.6

6.25

8.4

11.55

1.06130
2
0.09233
4
0.10569
3
6.83829
8
5.69776
5
2.24848
3
2.84772
5
2.36604
1
2.96152
7
3.96232
9
4.91842
2
12.8330
8
11.5611
1

53.7008

23.0219
2

8.76138
7



174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

223

223

224

224

222

222

222

224

222

222

222

224

224

222

222

222

10:27:43 PM

11:43:24 PM

12:14:48 AM

12:46:21 AM

12:24:06 AM

12:57:37 AM

1:13:46 AM

1:15:31 AM

1:25:14 AM

1:33:29 AM

2:14:09 AM

5:41:03 AM

8:27:13 AM

3:18:43 AM

4:02:32 AM

4:12:59 AM

-83.2239

-83.4373

-83.7523

-83.8689

-77.9348

-717.9467

-77.9638

-83.9774

-77.9738

-77.9807

-77.8823

-84.7168

-84.8351

-77.8606

-77.8162

-77.8243

55.7929
1

55.8273
5

55.8797
55.8975
6
55.4133
1
55.3841
1
55.3389
4
55.9159
3
55.3093
2
55.2875
4
55.3061
5
56.0297
7
55.7396
8

55.3029

55.3298
3

55.3234
6

95

83.2322

83.6873

83.7646
83.8689

77.9441

77.9498

77.9717

84.2315

77.9785

77.8927
77.869_6
84.71023
84.833:3:
77.815_2
77.822:5

77.8512

55.7943
2
55.8699
9
55.8814
2
55.8975
6
55.3903
9
55.3763
6
55.3153
5

55.9576
55.2951
3
55.3026
3
55.2957
2
55.8400
5
55.7400
8
55.3281
8

55.325

55.303

49.5

65.65

70.34

83.37

134.94

80.55

88.91

82.07

74.25

89.88

72.69

96.24

61.48

92.23

69.56

82.07

54.19

73.47

72.95

90.66

146.45

88.91

104.61

87.54

83.63

151.11

109.42

100.42

64.09

177.16

84.41

108.64

4.69

7.82

2.61

7.29

11.51

8.36

15.7

5.47

9.38

61.23

36.73

4.18

2.61

84.93

14.85

26.57

0.54120
3

16.3075
8

0.79046
1

0
2.61565
6
0.88512
1
2.67083
7
16.4876
8
1.60593
1
5.81893
7
141161
7
21.1001
1
0.12001
6

4.02236
0.66743

2.84196
5



190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

222

222

222

222

222

222

222

224

225

226

227

227

227

217

217

217

4:44:42 AM

6:54:53 AM

7:10:36 AM

8:03:49 AM

8:25:34 AM

9:10:23 AM

11:02:01 AM

9:28:05 AM

4:52:24 PM

12:20:33 AM

7:40:50 PM

7:53:14 PM

8:02:56 PM

2:07:30 AM

3:48:26 PM

4:41:09 PM

-77.8568

-77.8913

-77.8728

-77.9295

-77.9648

-77.9393

-77.9286

-84.833

-84.7978

-91.4024

-91.8074

-91.827

-91.8427

-78.1339

-78.5944

-78.4484

55.3000
9
55.3104
9
55.2957
1
55.2823
8
55.3181
5
55.3818
5
55.4069
4
55.7401
7

55.8244
57.5645
7
59.5547
1
59.6037
6
59.6393
3
62.6399
2
60.2120
3

60.0154

96

77.8843

77.8869

77.9251
77.9444

77.9577

77.9311

77.9389

84.8762

84.8238
91.4324
91.8171

-91.835

91.8531

78.2478

78.5645

78.4374

55.3143
9
55.3067
4
55.2782
6
55.2957
4
55.3381
7
55.4058
3
55.4082
3
55.6577
2
55.9018
7
57.5681
3
59.5805
8
59.6216
1
59.6637
8
62.6419
6
60.1732
4
60.0040
5

91.44

66.43

69.56

79.72

68

129.74

133.89

56.79

87.87

33.87

121.41

121.93

119.84

494.62

102.65

90.14

108.64

79.72

87.54

96.92

80.5

139.12

149.59

59.92

96.24

36.99

125.57

125.05

123.49

508.8

109.42

97.44

17.2

13.29

17.98

17.2

125

9.38

15.7

3.13

8.37

3.12

4.16

3.12

3.65

14.18

6.77

7.3

2.35535
9
0.50403
2
3.84056
6
1.76020
3
2.27194
2

2.71554
0.66673
8
9.55708
1
8.76529
6
1.83116
2
2.92740
1
2.03580
7
2.78109
9

5.82537

4.61858
7

1.40282
6



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

217

217

217

217

222

222

222

222

222

222

222

222

222

222

222

222

5:28:14 PM

6:32:52 PM

7:03:34 PM

7:08:37 PM

2:16:25 PM

2:35:14 PM

3:15:57 PM

4:22:58 PM

6:40:37 PM

7:51:38 PM

10:05:02 PM

10:24:44 PM

10:50:21 PM

10:53:30 PM

11:27:03 PM

11:46:58 PM

-78.4371

-78.4448

-78.4317

-78.4325

-77.9383

-78.0546

-78.118

-78.3982

-78.8313

-79.5909

-79.9533

-79.9527

-79.9421

-79.9553

-79.9536

-79.9658

59.9988
60.0015
6
59.9943
1
60.0031
3
55.3973
2
55.3708
7
55.3590
6
55.1819
2
55.1003
8
54.9472
6
54.6757
3
54.6746
3
54.6753
8
54.6758
1
54.6742
1

54.6798

97

78.4373

-78.435

78.4319

78.4346
78.0388

-78.093

78.3005

78.7855

79.5435

79.9661

79.9538

79.9418

79.9515

79.9565

79.9535

79.9775

59.9988
6
60.0032
7
60.0006
1
60.0116
9

55.3737
55.3637
3
55.2442
6
55.1083
7
54.9572
1
54.7668
5
54.6739
5
54.6743
9

54.6756

54.675

54.6734
9

54.6792
8

84.93

87.54

83.37

88.06

1147

105.27

117.06

150.83

135.12

110.98

62.01

54.19

53.67

44.29

62.53

58.88

88.06

92.75

88.06

92.75

125.7

113.91

125.7

174.4

146.91

119.58

78.16

63.05

60.44

45.33

83.37

65.65

3.13

5.21

4.69

4.69

11

8.64

8.64

23.57

11.79

8.6

16.15

8.86

6.77

1.04

20.84

6.77

0.01191
6
0.57645
6
0.69992
6
0.95897
9
6.87305
8

2.55683
17.2171
2
25.9330
7
48.1041
7

31.2875

0.20036
3

0.70476
5

0.60526
0.12085
2
0.08006
3
0.75357
8



222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

222

226

217

217

217

217

217

217

217

217

217

217

217

218

218

218

11:55:04 PM

2:57:27 AM

7:05:55 PM

7:11:37 PM

7:18:37 PM

7:24:50 PM

7:48:59 PM

7:52:08 PM

7:57:38 PM

8:16:48 PM

8:39:12 PM

9:03:55 PM

9:20:13 PM

11:29:20 AM

6:09:07 PM

8:19:56 PM

-79.9838

-91.5946

-78.4319

-78.4349

-78.4318

-78.4314

-78.4562

-78.4478

-78.4141

-78.4329

-78.459

-78.4373

-78.4656

-78.6553

-79.8046

-79.8741

54.6796
6
57.6582
2
59.9943
1
60.0150
1
60.0199
9
60.0083
7
60.0175
9
60.0099
1
60.0068
7
60.0094
7
60.0178
4
60.0016
9
60.0169
8
58.3166
6
58.0304
9
58.0034
8

98

-80.007

91.5977

78.4346

78.4378

78.4329

78.4241
78.4564

78.4331

78.4138
-78.453

78.4345

78.4425

78.4497

78.6615

79.8377

79.8781

54.6826
1
57.6575
9
60.0118
3
60.0199
6
60.0161
1
60.0003
5

60.0122
60.0087
1
60.0070
2
60.0096
5
59.9885
1
60.0178
6
60.0004
9
58.3152
5
58.0211
5
58.0012
8

66.17

67.74

87.02

90.14

87.02

88.06

87.54

90.66

85.19

91.44

92.23

88.58

90.66

86.76

142.85

143.52

72.95

71.91

91.18

101.08

91.71

92.75

93.79

100.04

91.44

100.04

95.35

94.31

95.87

90.66

149.4

145.6

6.78

4.17

4.16

10.94

4.69

4.69

6.25

9.38

6.25

8.6

3.12

5.73

5.21

3.9

6.55

2.08

1.52671
1
0.20130
1
1.95360
3
0.57487
2
0.43472
2

0.97819

0.59879
7

0.82727
5

0.02568
1.11521
2
3.53398
8
1.82058
4
2.03640
7

0.39433

2.20830
4

0.34261
9



238 2007
239 2007
240 2007
241 2007
242 2007
243 2007
244 2007
245 2010
246 2010
247 2010
248 2010
249 2010
250 2010

78HudsonBa
251 y

78HudsonBa
252 vy

78HudsonBa
253 vy

218

218

218

219

219

219

219

202

204

208

209

209

210

209

209

209

9:41:09 PM

10:25:07 PM

11:59:42 PM

2:19:35 AM
2:56:09 AM
7:12:50 AM
7:46:47 AM
12:55:05 PM
11:42:44 AM
5:05:10 AM
6:41:12 AM
1:06:49 AM
197807-
27T01:46
197807-
27T02:16

197807-
27T10:07

-79.8683

-79.836

-79.8886

-79.9943

-80.1236

-80.1463

-79.5303

-91.8423

-91.853

-91.9194

-88.5536

-88.7364

-85.2595

-88.8939

-89.132

-89.4675

57.9883
1
58.0250
8
57.9253
8
57.6980
1
57.4115
5

57.3437
56.9590
8
59.6092
9
57.4068
5
57.4343
7
57.6565
4
57.4337
5
55.6905
5
62.8304
4
62.8313
6
62.6696
9

99

79.869_6
79.836_1
79.943-4
80.012-4
80.130-9
-80.149
79.465-1
91.83123
91.760_5
91.803_4
-88.552

88.7568

84.7042
-88.933
89.1724

89.2282

57.9854
6
58.0205
6
57.7897
9
57.6647
7
57.3901
8
57.3355
9
56.9188
6
59.6121
8
57.4370
6
57.4657
9
57.6569
5
57.4039
8

56.0161
62.8302
1

62.832
62.6697
9

142.48

141.41

173.64

151.68

52.37

51.58

91.44

131.26

44.23

39.43

74.08

68.45

42.1

210

205

146.12

150.05

180.97

155.86

57.06

55.49

97.7

135.28

54.36

50.09

77.31

74.89

50.63

3.64

8.64

7.33

4.18

4.69

3.91

6.26

4.02

10.13

10.66

3.23

6.44

8.53

10

0.32658
1

0.50285
4

15.4224
5

3.85066
2.41622
5
0.91573
9
5.97069
1
0.69832
6
6.47334
2
7.76791
1
0.10575
1
3.52759
2
50.1167
6
1.98352
1
2.05213
4
12.2166
7



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
77HudsonBa

y
77HudsonBa

y

209

209

213

213

213

214

214

214

214

214

214

214

214

214

213

213

197807-
27T13:52
197807-
27T14:58
197808
02T16:22
197808
02T17:00
197808
02T17:52
197808
03T00:22
197808
03T01:13
197808-
03T1:43
197808-
03T01:15
197808-
03T01:52
197808-
03T702:10
197808-
03T12:54
197808
03T12:57
197808
03T13:00
197708
01T11:54
197708
01T15:57

-89.557

-89.7935

-93.5843

-93.351

-93.1626

-91.7162

-91.6148

-91.4974

-91.4679

-91.4383

-91.4087

-90.0838

-90.0495

-90.0152

-89.9434

-88.5082

62.3353
7
62.1826
8
60.7141
3
60.7157
6
60.7149
8

61.4163

61.4877
61.5653
3
61.5848
3
61.6043
3

61.6239

63.0058
3

63.0059
2

63.006

63.0792
7

63.0778
2

100

-89.617
89.837_5
-93.491
93.288:3
-93.037
91.623;3
91.517-2
91.487_6
-91.458
91.418_6
91.359_6
90.066_7
90.0321’:
89.998_1
89.906_7

88.3518

62.3016
6
62.1528
1
60.7147
8
60.7155
8
60.7143
8
61.4817
5
61.5523
3
61.5718
3
61.5913
3
61.6173
3

61.6574

63.0058
7

63.0059
6

63.0069

63.0792
2

63.0765
2

180

170

110

120

130

155

160

160

160

165

163

140

145

150

130

140

4.86247
7
4.03003
8
5.07532
2
3.41234
4
6.83582
5
8.79560
8
8.85709
3
0.89149
3
0.89102
3

1.78243
4.53961
6

0.86605
0.86644
9
0.86907
5
1.84830
1
7.87353
2



270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y

217

219

219

220

220

220

220

220

220

220

220

220

220

220

220

220

197708
04T03:14
197708
06T09:36
197708
06T22:46
197708
07T00:22
197708
07T02:28
197708
07T03:01
197708
07T04:30
197708-
07T06:00
197708-
07T06:33
197708-
07T06:42
197708-
07T06:51
197708-
07T06:57
197708
07T07:03
197708
07T07:21
197708
07T13:52
197708
07T19:33

-88.9983

-85.8693

-80.9934

-80.7189

-80.0375

-79.8392

-79.345

-78.8703

-78.6245

-78.5891

-78.536

-78.5006

-78.4449

-78.3639

-80.1383

-82.2178

59.3112
1

60.2445
1

60.2913
2

60.2907
60.2537
5
60.2481
5
60.2461
8
60.2468
5
60.2465
4
60.2464
6
60.2463
3
60.2462
5
60.2464
2
60.2474
2
60.4918
3
60.4977
1

101

88.9991
85.8193

80.9383

80.6307

79.9218

79.8226

79.2942

78.7662

78.6068
78.5714

78.5183

78.4829

78.4044

78.2828

80.2134

82.2357

59.2842
3

60.2445
4

60.2919
9

60.2834
60.2504
8
60.2478
1
60.2461
3
60.2468
8

60.2465
60.2464
2
60.2462
9
60.2462
1
60.2469
2
60.2484
2
60.4910
9

60.4976

125

200

140

155

175

171

149.6

116

110

90

90

100

80

70

158

150

12

10

10

10

3.00055
6

2.75946
7

3.03601
4.92481
9
6.39261
2
0.91307
7
2.80143
7
5.74169
2
0.97757
1
0.97718
5
0.97757
8
0.97719
4
2.23668
1
4.47357
6
411170
7
0.98310
9



286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

301

77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y

222

222

223

223

224

224

224

224

224

226

226

227

227

227

227

227

197708
09T05:59
197708
09T07:35
197708
10T19:24
197708
10T23:03
197708
11T00:06
197708
11T00:59
197708
11T01:45
197708-
11T06:00
197708-
11T07:20
197708-
13T08:4
197708-
13T20:39
197708-
14T18:30
197708
14T19:03
197708
14T20:06
197708
14T20:21
197708
14T20:33

-93.7311

-93.1165

-80.437

-79.0035

-78.6737

-78.4097

-78.59

-79.693

-80.0053

-90.8445

-86.7373

-78.8156

-78.6071

-78.2359

-78.157

-78.1567

60.5803
5

60.5845
7

60.5805
60.5812
2
60.5822
8
60.6043
3
60.6475
4

60.828

60.8338
7

61.0805
6

61.0756
7

61.0790
1

61.0819
61.0870
8
61.0918
7
61.1283
2

102

93.6622

93.0287

79.8228
78.8203

78.5367

78.4126

78.6449

79.9686

80.2616

90.8092

86.6462

78.7982

78.3585
78.1683
78.1568

78.1565

60.5812
5
60.5870
3
60.5815
4
60.5818
1

60.5814
60.6443
3
60.6477
1
60.8336
3
60.8354
2
61.0805
9

61.077

61.0792
5

61.0851
7

61.0885
8

61.1101
61.1465
5

100

130

150

120

140

70

120

120

130

122

200

80

80

85

85

85

10

15

10

3.76290
5
4.80286
3
33.5467
3
10.0088
8
7.48274
1
4.45086
7
2.99578
8

14.9508
13.8926
3
1.89657
9
490121
4
0.93293
1
13.3719
4
3.63817
9

2.02721

2.0271



302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
77HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y

2010

2010

2010

2010

2010

2010

227

227

231

231

231

239

218

226

226

227

191

191

191

191

191

191

197708
14T20:45
197708
14T21:03
197708
18T09:09
197708
18T09:18
197708
18T21:53
197708
27T23:02
197808
07T06:44
197808-
15T15:20
197808-
15T21:12
197808-
16T11:08

3:00:48

5:09:53

5:30:37

6:45:14

7:50:03

8:42:12

-78.1564

-78.1561

-78.4805

-78.4252

-82.0539

-79.6217

-88.6827

-80.0389

-79.9993

-80.1252

-80.1788

-80.1768

-80.0563

-79.8315

-79.1407

-79.435

61.1647
7
61.2012
2
61.4106
8
61.4113
5
61.6650
4
58.7983
4
63.3377
1
55.3440
2
54,9357
7
55.0801
3
63.0536
4
62.9485
5
62.8945
2
62.7969
7
62.7289
3
62.6746
4

103

78.1563

78.1568

78.4621

78.4068

82.4713

79.4785
88.5809
80.0303

80.0013

80.0106

80.2015

80.1669

80.0321

79.3035

79.1077

79.4508

61.1738
9

61.2183
3

61.4109
61.4115
8
61.6631
1
58.7995
7
63.3371
7
55.3361
2

54.9205

55.0824
62.9593
4
62.9441
8
62.8842
2
62.7023
1
62.7300
3
62.6627
6

80

80

80

70

200

147

180

100

110

120

286.56

282.47

297.33

330.64

369.89

330.37

288.57

283.75

301.12

337.25

374.17

336.81

10

10

10

2.01

1.28

3.79

6.61

4.28

6.44

1.01421
6
1.90280
5
0.98149
5
0.98112
4
22.0330
1
8.25107
4
5.07947
8
1.03446
5
1.70233
8
7.29770
7
10.5480
2
0.69989
8
1.67789
3
28.8671
4
1.68238
9
1.54795
9



318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
78HudsonBa
y
78HudsonBa
y
78HudsonBa
y
78HudsonBa
y

191

191

191

191

191

191

191

191

191

191

192

192

240

244

246

246

10:37:45
13:07:05
13:24:52
14:52:00
19:36:16
21:33:17
22:04:26
22:36:03
23:47:17
23:57:39
0:22:10
1:10:22
197808
29T03:37
197809
02T07:18
197809
04T21:40

197809
04T722:01

-79.4954

-79.4431

-79.3402

-78.8113

-78.8272

-78.9481

-78.9782

-79.0109

-79.0438

-79.003

-78.9368

-78.8043

-87.8334

-81.1928

-80.7302

-80.6193

62.6498
9
62.5390
3
62.4840
4
62.1791
4
61.6160
7
61.1988
7
61.0978
7
60.9790
7
60.6917
2
60.6487
8
60.5798
6
60.4256
7
57.3284
3
56.9998
8
56.5338
9
56.5339
7

104

79.5212

79.3547

79.1937

78.7769

78.8988

78.9531

79.0097

79.0244

79.0295

78.9465
78.900_2
78.819_8
-87.864
81.162_6
80.714_4

80.6039

62.6456
9
62.4921
4
62.4017
9
62.1591
9
61.3801
8

61.1822
60.9833
4
60.9295
5
60.6768
7
60.5904
5
60.5369
8
60.4296
1
57.3282
3
56.9989
5
56.5339
1
56.5338
9

322.32

166.87

154.94

178.8

133.78

120.27

119.08

119.44

130.95

121.86

116.18

119.02

100

240

324.47

178.8

169.85

187

139.32

123.63

124.14

123.78

132.65

125.84

120.16

125.27

2.15

11.93

14.91

8.2

5.54

3.36

5.06

4.34

1.7

3.98

3.98

6.25

10

1.39824
2

6.91167
11.8494
4

2.84964
26.5033
8
1.87261
1
12.8475
6
5.55474
3
1.82548
6
7.17960
3
5.17165
2
0.95997
9
1.83692
1
429.093
5
0.97109
1
0.94635
7



334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y

246

247

247

247

248

248

248

248

248

248

248

248

249

249

249

249

197809
04T722:34
197809
05T02:46
197809
05T08:47
197809
05T15:14
197809
06T11:06
197809
06T11:54
197809
06T12:03
197809
06T12:12
197809
06T12:30
197809
06T12:45
197809
06T13:24
197809
06T15:03
197809
07T04:13
197809
07T05:22
197809
07T07:04
197809
07T10:10

-80.4491

-80.7558

-81.1522

-80.0823

-80.0842

-79.9601

-79.9503

-79.9382

-79.9141

-79.894

-79.8463

-80.2703

-80.5862

-80.177

-79.5851

-78.4783

56.5330
5
56.7496
3
57.0196
9
57.5806
5
57.6650
7

57.7391
57.7597
6
57.7830
3
57.8295
8
57.8683
7
57.9596
7
58.0013
5
58.1351
5
58.1904
1
58.2672
3

58.3942

105

80.4336

80.8331

80.9092

80.0976
79.968-8
79.957-2
79.946-3
79.930_2
79.910_1
79.870_4
-79.836
80.285_6
80.195_4
80.140:3:
79.513_6

78.4421

56.5329
7
56.7496
7
57.0828
6
57.5807
6
57.7197
5
57.7455
5
57.7675
2
57.7985
5
57.8373
4
57.9137
3
57.9793
5
58.0013
7
58.1881
3
58.1949
8
58.2764
3
58.3965
1

0.94803
6
4,71282
8
16.2884
3
0.90959
7
9.16530
5
0.73704
9
0.89530
2
1.78969
6
0.89477
4
5.23311
8
2.27105
9
0.90186
4
23.6686
1
2.21082
7
4.30748
7
2.12238
9



350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y
78HudsonBa

y

249

249

249

251

252

253

254

254

254

255

255

255

255

255

255

255

197809
07T15:28
197809
07T18:31
197809
07T719:28
197809
09T03:26
197809
10T18:00
197809
11T15:31
197809
12T00:28
197809
12T718:59
197809
12T719:32
197809
13T00:12
197809
13T01:24
197809
13T02:06
197809
13T7T02:18
197809
13T02:27
197809
13T02:54
197809
13T3:00

-78.9565

-79.7656

-80.0121

-89.9979

-90.3627

-88.5803

-85.9526

-80.5874

-80.4261

-79.5473

-79.5402

-79.5398

-79.5395

-79.5393

-79.5385

-79.5383

58.4135
7
58.4152
7
58.4168
9
58.1670
9

58.7485
57.9987
2
57.9962
1
58.1506
7
58.1584
7

58.3968
58.5689
4
58.6731
1
58.7026
8
58.7248
6
58.7913
9
58.8061
7

106

79.0478

79.8313

80.0249

90.0138
90.347-7
88.567-2
85.936-9
-80.573
80.367_4
79.54123
79.540_2
79.539_7
79.539_4
79.539_2
79.538_4

79.5388

58.4137
4
58.4162
9
58.4168
7
58.1672
7
58.7486
3
57.9987
1
57.9962
7
58.1514
7
58.1612
7
58.2596
7
58.5763
9
58.6805
1
58.7100
8
58.7322
5
58.7987
7
58.8294
2

5.32020
6
3.82957
2
0.74688
8
0.93150
4
0.86404
6
0.76969
8
0.92393
8
0.84943
4
3.46060
2
15.2523
2
0.82840
3
0.82285
7
0.82285
7
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Appendix 2: Total Nitrogen vs Depth Plots
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Appendix 3: Field Notes and Core Photographs
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